
INTRODUCTION TO 

STATISTICS 
a Kieth A. Carlson | Jennifer R. Winquist 



WI
S 

_ 
WI
S 

_,
 

(
e
e
e
 

y
t
 

—
w
 

n
w
 

* 

: 
(
a
(
t
 

U)
 

N 
N 

N 
N 

AX
 

2 
Ex
 

1 
4
 

a
e
 

= 
WI
S 

u
l
i
 

= 
*w

4s
 

L
s
 

S
u
i
s
 

Ax
z=

 
“ss

 
|
 

Za
s(

t-
 

uv)
 

+ 
la

s 
(tw

) 
as
 

as
 

9° 
9 

O
S
S
)
 

F 
2Y
sy
eI
s 

4
 

=2
ed

S 
3
9
1
 

°7
 

] 
C
O
M
 

OR
S 

a
y
 

=
 

AJ
 

| 
‘G

O’
 

= 
9 

‘p
aj
le
q-
au
0 

47
 

.
 

96
°1

T-
 

10 
96

°L
 

=A
) 

uo
tb

ai
 

2
-
N
=
J
p
 

(C
as

t)
 

(
p
u
)
 

I
p
 

L
-
N
=
J
P
 

L
-
N
=
4
P
 

‘G
O°
 

= 
0 

‘p
ay
Le
z-
om
y 

JT
 

J
e
d
)
 

*€
 

| 
4 

(O
e 

ao
 

hc
ig
 

Y
a
 

i
e
e
e
 

i
H
 

ce
e 

W
e
e
 

L
 

O
F
 

H
e
 

4
e
o
=
 

n
H
 

O
O
]
 

t
e
 

4
 

Oo
L 

<a
 

a
 

o
o
t
 

>A
 

:'
y 

‘o
or

 
<n

 
2°

H 

ST
) 

40
 

40
 

40
 

NT
) 

:
 

<
0
 

Py
 

o
S
 

74
 

‘
e
e
n
 

ae
 

> 
n
y
 

O
s
o
 

S
a
n
i
a
 

oo
t 

<
:
'
y
 

‘o
ot
 

Sn
 

2H
 

Go
r 

<i
 

y
 

o
o
r
=
 

1 
4
 

| 
Po
}L
ej
-o
ug
Q 

pe
jl
ej
}-
ou
d 

Po
}L
e}
-o
u,
 

po
jl
ej
-o
ug
 

Pe
}L
e}
-o
UQ
) 

On
es

 
He

o 
=o
 

24
 

e
e
 

We
 

f
e
 

h
s
 

C=
 

n
H
 

o
S
 

"A
SH
 

OO
L 

Zz 
N
H
 

‘o
ot
 

=
H
 

oo
n 

n
H
 

o0
r 

=H 
oy
 

Pa
}l
ej
-O
M|
 

Po
jt

ej
-O

M]
 

Pa
jl
ej
-O
M]
 

Po
]l

ej
-O

M]
 

pa
yl

ey
-o

m|
 

|
 

s
a
s
a
y
z
o
d
A
p
 

*7
 

di
ys

uo
lj

ej
as

 
se
au
ty
- 

i,
 

A
Q
W
Y
s
e
p
a
d
s
o
w
o
y
-
 

ao
Ua

pu
ad

ap
uy

- 
ad
ue
UU
eA
 

Jo
 

Aj
la

ua
bO

WO
oH

- 
ao
ue
ue
d 

Jo
 

Aj
La

ua
bo

wo
yH

- 
ao
ue
ue
r 

Jo
 

Aj
ta

ua
bo

wo
y-

 
A
Y
e
w
s
o
n
-
 

ao
ua

pu
ad

ap
uy

- 
ad

Ua
pu

ed
ap

uy
T-

 
ao

ue
pu

ad
ap

uy
- 

ad
Ua

pu
ed

ap
uy

- 
ju
aw
ai
ns
ea
w 

ay
eL
id
oi
dd
y-
 

A
Y
e
W
I
O
N
-
 

AY
 

eW
IO
N-
 

A
 

eU
WO
N-
 

AU
 

ye
wi
on
- 

UO
SI

Pd
d 

10
4 

ju
aw

ai
ns

ea
w 

aj
ze
ui
do
id
dy
- 

|
 

ju
aw

ai
ns

ea
w 

aj
eu
id
oi
dd
y-
 

qu
aw

ai
ns

ea
w 

az
eL

id
oi

dd
y-

 
ju

aw
ai

ns
ea

w 
az

eu
do

id
dy

- 
|
 

s
u
o
y
d
u
i
n
s
s
y
 

*T
 

IE
 

(é
 

= 
‘O
OL
 

ue
wi
ea
ds
S—
je
ul
pi
o 

(u
aw

om
 

= 
1 

‘*
6a
) 

um
ou
yu
n 

(
G
r
=
2
 

0
 

SL
 

Ja
YR
LO
 

JL
 

‘U
OS

Ie
dd

g 
“S

A 
ua

l 
‘*

ba
) 

sd
no
ib
 

(q
so
d 

‘s
a 

ai
d 

‘*
b'
a)
 

© 
‘u
ea
w 

uo
lz

ey
nd

od
 

““
B3

) 
U
M
O
U
 

© 
‘
u
e
d
 

—S
sa

]q
eu

en
 

o1
7e

J 
JU
DI
AJ
JL
P 

W
l
}
 

pa
q}
de
}]
09
 

Su
ea

w 
aj
dw
es
 

e 
pu

e 
(8

6 
= 

W 
“’
b’
a)
 

uo
ij

ej
nd

od
 

e 
pu
e 

(8
6 

= 
W 

/\
eA
sa
UL
 

OM
} 

Ud
Aa
Mj
aq
 

su
ea

w 
aj
dw
ie
s 

0M
} 

pa
}e
}a
1 

OM
} 

Us
aM

ja
q 

ue
aw
 

aj
du

ie
s 

e 
Us

am
ja

q 
Br

a)
 

ue
aw

 
ay
dw
es
 

e 
uo
Lz
en
ys
 

di
ys
uo
ue
ja
s 

bu
ij

sa
y 

|
 

ua
am

jz
eq

 
ad
ua
ia
yi
p 

bu
rs
a,
 

as
dU
aA
ay
Lp
 

Hu
iy

sa
y 

ad
uU
al
ay
ip
 

Hu
iy
sa
y 

| 
us

am
je

g 
sd

Ua
Je

ay
ip

 
bu

ys
ay

 
ya

ie
as

ay
 

fa
 

U0
1}
D}
a1
10
) 

Sit 

} 
J
u
a
p
u
a
d
a
p
u
y
 

4 pajbjoy 

} 
ay

dw
is

-a
jb

ul
s 

ub
aw
 

aj
du
in
s 

v 
s
o
f
 

z
 



WO 4949 “ueueads 40 UOSIeag a9]aS- 

Xoq 

sa]qeue, 
OJUL 

Sa]GeUeA 
aAOW- 

aJeUPALG 
‘
3
1
 

e] 38110) 
‘azAjeuy- 
74S9] 

104 
saxe-A 

pue 
-x UO Sd]GeUeA 39k} q- aU4eq 49!]9- 4aqje95 a]dwis- ‘Joq/uayWeIS 

‘sbojeiq 

Adebaq 

‘yudeiy- 

:30}d199}e95 104 

‘Lan a
 

‘A
1]

 
1D

 
%S

6 
* 

= Yp) 4 ‘2 ajqeuen 
pue 

I a}qeue, 
usemjaq 

uoljzei90sse 
Jeaul] 

e 
(JOU 

Sem 
10) Sem 

aay] 

C
a
N
 

L 

(2) +(’z) 
UOSIead 

10} [) 

G2’ 
‘60° 

‘10° 

Uu0l}D]aLO0) 

0 AI49- 

xoqg 
sayqeue, 

}S
9]
 

OJ
UL
 

AQ
 

sA
oW
- 

UO
L}
LP
UO
D 

AT yoea azeubisap }eY} Sanjea 49}U9- sdnoig auyag 491))- 

xog 

a]qeue 

Hutdnoiy 0jUL AT eAow- 

3s9] 

| saj}dwes-juapuedapuy- sueay 
a1edwio)- 

azAyeuy- ‘azis affa ay] aquasap 

pup 

Jaybiy 

Ajjuvsifiubrs 

SDM 

UDA 

YILYM 

ajpa1pul 

‘ajpudoiddb 

fT 

‘Lan 

‘a1] 

19 
%S6 

“=p 

Teed” 

=p) 

2 

‘(as 

‘W) 

ueaw 

2 
ajdwes 

ayy 

pue 

(gs 

‘W) 

ueaw 

T ajdwes 
ay} 

uaamjaq 
JOUHAIYLP 

JUBIYLUBLS 
@ (JOU 

SEM 
JO) Sem 

aay] 

Ys
 

AO
 

AP
24
9-
 

XOq 
sa]qeue, 

paileg 
OJUL 

SUOL}LPUOD 

AI 
430g 

2A0W- ysa] | Saydwes-paieg- sued edwo)- 

azfjeuy- 

‘azis Joaffe ay} 

aquasap 

pup 

1aybiy 

Ajquoofiubis 

som 

uDau! 

YILYM 

a}DIIpUL 

‘aqoudoiddb fT ‘an 

‘€1] 

19 
%S6° 

=P 

“~=d* 

= 
(fp) 

‘(as 

‘W) 

ueaw 

a}dwes Juawjzeos} ysod ay} pue (a5 ‘W) ueaw aj)dwes quawjzeas}-a1d ayy UIIM}aq BDUBI4J4LP 

quesylubls 

e 
(JOU SeM 10) SEM Hayy 

N
I
X
 

Da 
\
e
 
(ep 

ed 
Y
/
-
a
5
)
 (°2) 

= (w- 
'w) 

JD
Ud
AI
HL
P 

UA
W!
 

10
} 

T)
 

s
e
e
 

(°
2)
 

Fw
 

ueaw 
yea 

10} T) } Juapuadapuy 

0 %P249- 

1 0} anjeA 
3Sa] 

Bbuey)- 
Xoq 

sayqeue 
}se, 

94} 
OFUL 

AQ 
sAOW- 

sa) 
7 a}dwes-auc- sueay aiedwo)- 

azfjeuy- ‘azis paffa ay} aquosap pup 

Jaybiy 

AjjuvsLfiubis 

som 

UDA! 

YILYM 

a}DIIpUL 

‘aqoudoiddb 

fT 

‘[gn 

G7] 

1) 
%S6 

“~~ 

=P 

teas 

80 

ou> 
GD)a 

‘(1) 

ueaw 

uolqeyndod 

ay} 

pue 

(gs 

‘W) 

ueau 

a}dwes ay} Uaamjaq 

JoUdIaHLp 

JURIYLUBLS 

® (JOU SEM JO) SEM JIB] 

3]qe]LeAe 
JON 

ate 

‘azis paffa ay} aquasap pup saybiy AjuooLfiubis 

SDM 

UDA 

YILYM 

a}zDILpUL 

‘aqoudoiddo fT ‘(an ‘91] 1D%S6° =p’ =d se ) z ‘(9 ‘f) ueaw Uuole}ndod ayy pue (gs ‘W) ueaw ajdwes ay} usamjeq 

JU
BI
}L
P 

JU
LI

YL
UB

IS
 

e (JOU sem 10) SEM adU] 

(
i
g
s
 

}
(
 

= 
C
H
 

'W
) 

JD
Ud

AL
LP

 
UL

AW
 

JO
} 

T)
 

A he (3) = OW 

Ueda 
YILA 

10} [) 

} 
pa
yn
ja
y 

as \(22) (4 w) 

J
I
U
D
I
I
L
P
 

U
P
B
W
 

IO
S 

T)
 

E
e
 

(92) 
E
w
 

ue
aw

 
aj
]d
wi
es
 

10
4 

[)
 

} a7dwins-ajbuis 

2
 

a
e
 

e
i
s
 

MY 
Je) 
(~W) 

JD
UH

IH
Lp

 
UB
AW
 

10
4 

[)
 

w
e
 
(
2
)
 

py 

ue
aw
 

aj
dw

es
 

10
} 

[)
 

ubay ajduins p sof z i aoe 

359} auUeILLUBLS JO} 

suol}onj}suL 

SSdS 

°8 
aZUeWUINS *7 

s]
eA

sa
qU

L 

au
ap
lj
uo
) 

*9
 

azis 199449 
°¢ 





An Introduction to 

Statistics 

Second Edition 



Sara Miller McCune founded SAGE Publishing in 1965 to support 

the dissemination of usable knowledge and educate a global 

community. SAGE publishes more than 1000 journals and over 

800 new books each year, spanning a wide range of subject areas. 

Our growing selection of library products includes archives, data, 

case studies and video. SAGE remains majority owned by our 

founder and after her lifetime will become owned by a charitable 

trust that secures the company’s continued independence. 

Los Angeles | London | New Delhi | Singapore | Washington DC | Melbourne 



An Introduction to 

Statistics 
AN ACTIVE LEARNING APPROACH 

Second Edition 

Kieth A. Carlson 

Jennifer R. Winquist 

Valparaiso University 



@SAGE 
FOR INFORMATION: 

SAGE Publications, Inc. 

2455 Teller Road 

Thousand Oaks, California 91320 

E-mail: order@sagepub.com 

SAGE Publications Ltd. 

1 Oliver's Yard 

55 City Road 

London, EC1Y 1SP 

United Kingdom 

SAGE Publications India Pvt. Ltd. 

B 1/| 1 Mohan Cooperative Industrial Area 

Mathura Road, New Delhi 110 044 

India 

SAGE Publications Asia-Pacific Pte. Ltd. 

3 Church Street 

#10-04 Samsung Hub 

Singapore 049483 

Acquisitions Editor: Abbie Rickard 

Editorial Assistant: Alexander 

Helmintoller 

eLearning Editor: Morgan Shannon 

Production Editor: Kelly DeRosa 

Copy Editor: Gillian Dickens 

Typesetter: C&M Digitals (P) Ltd. 

Proofreader: Jeanne Busemeyer 

Indexer: Wendy Jo Dymond 

Cover Designer: Rose Storey 

Marketing Manager: Katherine Hepburn 

Copyright © 2018 by SAGE Publications, Inc. 
fn a ee 

All rights reserved. No part of this book may be reproduced or utilized 

in any form or by any means, electronic or mechanical, including 

photocopying, recording, or by any information storage and retrieval 

system, without permission in writing from the publisher. 

All trademarks depicted within this book, including trademarks 

appearing as part of a screenshot, figure, or other image are included 

solely for the purpose of illustration and are the property of their 

respective holders. The use of the trademarks in no way indicates any 

relationship with, or endorsement by, the holders of said trademarks. 

SPSS is a registered trademark of International Business Machines 

Corporation. 

Printed in the United States of America 

Library of Congress Cataloging-in-Publication Data 

Names: Carlson, Kieth A., author. | Winquist, Jennifer R., author. 

Title: Introduction to statistics : an active learning approach / 

Kieth A. Carlson & Jennifer R.Winquist, Valparaiso University. 

Description: Second edition. | Los Angeles : SAGE, [2018] | 

Includes bibliographical references and index. 

Identifiers: LCCN 2016039108 | ISBN 9781483378732 

(pbk. : alk. paper) 

Subjects: LCSH: Social sciences—Statistical methods. | Statistics. 

Classification: LCC HA29 .C288 2018 | DDC 519.5—dc23 LC record 

available at https://Iccn.loc.gov/2016039108 

This book is printed on acid-free paper. 

/ Certified Chain of Custody 
eae Promoting Sustainable Forestry 

INITIATIVE Www. sfiprogram.org 
SFI-01268 

SFI label applies to text stock 

171819 20211098765432 



Contents 

Preface 

About the Authors 

Chapter 1. Introduction to Statistics and Frequency Distributions 

Chapter 2. Central Tendency 

Chapter 3. Variability 

Chapter 4. z Scores 

Chapter 5. The Distribution of Sample Means and z for a Sample Mean 

Chapter 6. Hypothesis Testing With z Scores 

Chapter 7. Single-Sample t Test 

Chapter 8. Estimation With Confidence Intervals 

Chapter 9. Related Samples t Test 

Chapter 10. Independent Samples t Test 

Chapter 11. One-way Independent Samples ANOVA 

Chapter 12. Two-Factor ANOVA or Two-Way ANOVA 

Chapter 13. Correlation and Regression 

Chapter 14. Goodness-of-Fit and Independence Chi-Square Statistics 

Appendices 

Index 

xix 

113 

145 

207 

241 

rap ls 

315 

367 

439 

513 

567 

597 

619 



Digitized by the Internet Archive 

in 2023 with funding from 

Kahle/Austin Foundation 

https://archive.org/details/introductiontost0000carl_e7n9 



Detailed Contents 

Preface xix 

About the Authors XXV 

1 Introduction to Statistics and Frequency Distributions 1 

How to Be Successful in This Course 1 

Math Skills Required in This Course 3 

Why Do You Have to Take Statistics? 4 

Statistics and the Helping Professions 4 

Hypothesis Testing, Effect Size, and Confidence Intervals 5 

Testing Causal Hypotheses 6 

Populations and Samples 7 

Independent and Dependent Variables 8 

Scales of Measurement 9 

Discrete Versus Continuous Variables 12 

Graphing Data 12 

Shapes of Distributions 15 

Frequency Distribution Tables 19 

SPSS 20 

Overview of the Activity 24 

Activity 1.1: Frequency Distrisutions 24 

Chapter 1 Practice Test 32 

2 Central Tendency 39 

Central Tendency 39 

Computing the Mean 42 

Find the Median 45 

Find the Mode 47 

SPSS 47 

Overview of the Activity 51 

Activity 2.1: Centrat TENDENCY 51 

Chapter 2 Practice Test 61 



Variability 

Population Variability 65 

Steps in Computing a Population’s Standard Deviation 66 

Step 1: Compute the Deviation Scores (K- Ul) 66 

Step 2: Square the Deviation Scores (X- 1)? 67 

Step 3: Compute the Sum of the Squared Deviation Scores, SS = X(X - u)® 68 

Step 4: Compute the Variance (o*) 69 

Step 5: Compute the Standard Deviation (5) 69 

Sample Variability 72 

Steps 1 Through 3: Obtaining the SS_ 73 

Step 4: Compute the Sample Variance (SD*) 73 

Step 5: Compute the Sample Standard Deviation (SD) 74 

SPSS 75 

Overview of the Activity 78 

Activity 3.1: VARIABILITY 78 

Chapter 3 Practice Test 91 

z Scores 

z for a Single Score 95 

Computing a z for an Individual Score 96 

Interpreting the z for a Single Score 96 

Using X to Find Important “Cut Lines” 97 

z Scores and the Standard Normal Curve 98 

Example 1: Positive z Score 100 

Compute the z Score 100 

Draw a Normal Distribution, and Shade the Area You Are Interested In 101 

Use a Unit Normal Table (Located in Appendix A of This Book) to Find 

the Area of the Shaded Proportion of the Curve 101 

Example 2: Negative z Score 102 

Draw a Normal Distribution, and Shade the Area You Are Interested In 102 

Use a Unit Normal Table to Find the Area That Is Shaded 102 

Example 3: Proportion Between Two z Scores 103 

Draw a Normal Distribution, and Shade the Area You Are Interested In 103 

Use a Unit Normal Table to Find the Area That Is Shaded 103 

Overview of the Activity 104 

Activity 4.1: z Scores AND Prospasitities 104 

Chapter 4 Practice Test 111 

5 The Distribution of Sample Means and z for a Sample Mean 

Sampling and Sampling Error 113 

Distribution of Sample Means 115 

65 

95 

113 



ZforaSample Mean 122 

Example: Computing and Interpreting the z fora Sample Mean 124 

Step 1: Compute the Observed Deviation 124 

Step 2: Compute the Deviation Expected by Sampling Error 124 

Step 3: Compute the Ratio Between Observed and Expected Deviation 

(z fora Sample Mean) 124 

Step 4: Locate the z Score in the Distribution 124 

Step 5: Look Up the z Score 125 

Step 6: Interpret the z Score 125 

Exact Probabilities Versus Probability Estimates 125 

Overview of the Activities 126 

Activity 5.1: Intropuction to DistrIBUTIONS OF SAMPLE MEANS 126 

Activity 5.2: Centrat Limit THEoREM 136 

Chapter 5 Practice Test 142 

Hypothesis Testing With z Scores 

Introduction to Hypothesis Testing 145 

Hypothesis Testing With z for a Sample Mean Example (One-Tailed) 146 

Step 1: Examine Vanables to Assess Statistical Assumptions 146 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 148 

Step 3: Define the Critical Region 150 

Step 4: Compute the Test Statistic (z fora Sample Mean) 154 

Step 5: Compute the Effect Size, and Describe It as Small, Medium, or Large 155 

Step 6: Interpreting the Results of the Hypothesis Test Using a z for a Sample Mean 

What Does It Mean to Describe Something as “Statistically Significant”? 157 

Errors in Hypothesis Testing 158 

Hypothesis Testing Rules 160 

What Is ap Value? 162 

Why Statisticians “Fail to Reject the Null” Rather Than “Accept the Null” 164 

Why Scientists Say “This Research Suggests” Rather Than “This Research Proves” 165 

Overview of the Activities 166 

Activity 6.1: Hypotnesis Testinc 166 

Activity 6.2: Crrticat Vatues, P VALUES, AND THE Nutt HypotHesis 177 

Activity 6.3: Statistical Power, Type I Error, AND Type II Error 182 

Activity 6.4: HypotHesis TestING AND Errect Size 195 

Chapter 6 Practice Test 204 

Single-Sample t Test 

Single-Sample t Test 207 

Conceptual Information 208 

One-Tailed Single-Sample t Test Example 211 

Step 1: Examine the Statistical Assumptions 211 

iS)// 

145 

207 



Step 2: State the Null and Research Hypotheses Symbolically and Verbally 212 

Step 3: Use Sample Size to Compute Degrees of Freedom and Define the 

Critical Region 213 

Step 4: Compute the Test Statistic (Single-Sample t Test) 214 

Step 5: Compute an Effect Size and Descnbe It 216 

Step 6: Interpreting the Results of the Hypothesis Test 216 

Two-Tailed Single-Sample t Test Example 217 

Step 1: Examine the Statistical Assumptions 219 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 219 

Step 3: Use Sample Size to Compute Degrees of Freedom and Define the Critical Regions 220 

Step 4: Compute the Test Statistic (Single-Sample t Test) 220 

Step 5: Compute an Effect Size and Describe It 222 

Step 6: Interpreting the Results of the Hypothesis Test 222 

Other Alpha Levels 222 

SESSmeees) 

Overview of the Activity 226 

Activity 7.1: Sincte-Samete t Test 227 

Chapter 7 Practice Test 234 

8 Estimation With Confidence Intervals 241 

Three Statistical Procedures With Three Distinct Purposes 241 

Logic of Confidence Intervals 244 

Computing a Confidence Interval for a Population Mean 245 

Computing Confidence Intervals for a Mean Difference 247 

Reporting Confidence Intervals in APA Style 249 

Confidence Intervals for Effect Sizes 249 

Interpretations of Confidence Intervals 250 

SPSS 5251 

Overview of the Activity 252 

Activity 8.1: Estimatinc SAMPLE MEANS AND SAMPLE MEAN DIFFERENCES 253 

Chapter 8 Practice Test 267 

g Related Samples t Test 271 

Repeated/Related Samples t Test 271 

Logic of the Single-Sample and Repeated/Related Samples t Tests 273 

Related Samples t (Two-Tailed) Example 274 

Step 1: Examine the Statistical Assumptions 274 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 275 
Step 3: Compute the Degrees of Freedom and Define the Critical Region 276 

Step 4: Compute the Test Statistic (Related Samples t) 277 

Step 5: Compute an Effect Size and Describe It 279 



10 

Step 6: Interpreting the Results of the Hypothesis Test 279 

Related Samples t (One-Tailed) Example 280 

Step 1: Examine the Statistical Assumptions 280 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 280 

Step 3: Compute the Degrees of Freedom and Define the Critical Region 281 

Step 4: Compute the Test Statistic (Related Samples t) 281 

Step 5: Compute an Effect Size and Describe It 283 

Step 6: Interpreting the Results of the Hypothesis Test 283 

Statistical Results, Experimental Design, and Scientific Conclusions 284 

SPSS 284 

Overview of the Activities 289 

Activity 9.1: HypotHesis TESTING WITH THE RELATED Sampes t Test (or Derenvent t Test) 289 

Activity 9.2: ComBininG SIGNIFICANCE TesTING, EFFect Sizes, AND CONFIDENCE INTERVALS 299 

Chapter 9 Practice Test 309 

Independent Samples t Test 

Independent Samples t 315 

Conceptual Formula for the Independent Samples t 319 

Two-Tailed Independent t Test Example 320 

Step 1: Examine the Statistical Assumptions 320 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 321 

Step 3: Compute the Degrees of Freedom and Define the Critical Region 322 

Step 4: Compute the Test Statistic 322 

Step 5: Compute an Effect Size and Describe It 325 

Step 6: Interpreting the Results of the Hypothesis Test 326 

One-Tailed Independent t Test Example 326 

Step 1: Examine the Statistical Assumptions 326 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 326 

Step 3: Compute the Degrees of Freedom and Define the Cntical Region 327 

Step 4: Compute the Test Statistic 328 

Step 5: Compute an Effect Size and Describe It 329 

Step 6: Interpreting the Results of the Hypothesis Test 329 

Other Alpha Levels 330 

SPSSaes30 

Overview of the Activities 336 

Activity 10.1: Hypotnesis Testinc With THE INDEPENDENT t Test 336 

Activity 10.2: A Two-TatLep InpePeNDenT t Test 347 

Activity 10.3: How to Cuoose THE Correct Statistic 353 

Activity 10.4: Comparinc InpEPeNDENT, MatcHeD, AND Repeatep Research Designs 355 

Acnivity 10.5: Conrrpence INTERVALS FoR MEAN DIFFERENCES BETWEEN INDEPENDENT SAMPLES 357 

Chapter 10 Practice Test 362 

315 



11 

12 

One-Way Independent Samples ANOVA 367 

Independent Samples ANOVA 367 

Other Names 368 

Logic of the ANOVA 368 

An Example ANOVA Problem 371 

Step 1: Examine Variables to Assess Statistical Assumptions 372 

Step 2: State the Null and Research Hypotheses 373 

Step 3: Define the Critical Value of F 374 

Step 4: Computing the Test Statistic (Independent ANOVA) 374 

Step 5: Compute the Effect Size and Describe It 380 

Step 6: Summarize the Results 382 

An Additional Note on ANOVAs: Family-Wise Error and Alpha Inflation 382 

SPSS) «383 

Overview of the Activities 388 

Activity 11.1: Computinc One-Way Inperenpent ANOVAs 388 

Activity 11.2: Computinc One-Way InperenpeNT ANOVAs 1n SPSS 398 

Activity 11.3: Inpepenpent ANOVA With SPSS 400 

Activity 11.4: UNbERSTANDING WITHIN- AND BetweeN-Group VartaBility 411 

Activity 11.5: Conripence Intervats 423 

Activity 11.6: Cuoose tHe Correct Statistic 428 

Chapter 11 Practice Test 431 

Two-Factor ANOVA or Two-Way ANOVA 439 

Purpose of the Two-Way ANOVA 439 

Describing Factorial Designs 440 

Logic of the Two-Way ANOVA 441 

Example of a Two-Way ANOVA 445 

Step 1: Examine Vanables to Assess Statistical Assumptions 445 

Step 2: Set Up the Null and Research Hypotheses 446 

Step 3: Define the Critical Region 450 

Step 4: Compute the Test Statistics (Three F Tests) 452 

Step 5: Compute the Effect Sizes 454 

Step 6: Writing Up the Results of a Two-Way ANOVA 457 

SPSS 457 

Overview of the Activities 464 

Activity 12.1: Two-Factor ANOVAs I 464 

Activity 12.2: Two-Factor ANOVAs II 476 

Activity 12.3: Two-Factor ANOVAs III 481 

Activity 12.4: One-Way ano Two-Way ANOVA Review 490 



13 

Activity 12.5: Cuoose tHe Correct Statistic 502 

Chapter 12 Practice Test 506 

Correlation and Regression 

When to Use Correlations and What They Can Tell You 513 

Review of z Scores 514 

The Logic of Correlation 515 

Direction and Strength of Correlation Coefficients 516 

Computational Formulas 519 

Spearman’s (r,) Correlations 521 

Using Scatterplots Prior to Correlation Coefficients 521 

Alternative Use for Correlation 523 

Correlation and Causation 523 

Hypothesis Testing With Correlation 524 

Two-Tailed Pearson’s Correlation Example 525 

Step 1: Assess Statistical Assumptions 526 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 527 

Step 3: Define the Cntical Region 527 

Step 4: Compute the Test Statistic (Pearson’s r) 528 

Step 5: Compute the Effect Size (r*) and Descnbe It 528 

Step 6: Summanze the Results 529 

One-Tailed Pearson’s Correlation Example 529 

Step 1: Assess Statistical Assumptions 529 

Step 2: State the Null and Research Hypotheses Symbolically and Verbally 529 

Step 3: Define the Critical Region 531 

Step 4: Compute the Test Statistic (Pearson's tr) 531 

Step 5: Compute the Effect Size (r*) and Describe It 531 

Step 6: Summanze the Results 531 

What If You Need to Do a Spearman’s Correlation? 532 

Confidence Intervals 532 

SPSS 43s) 

Overview of the Activities 536 

Activity 13.1: Corretations 536 

Activity 13.2: Conripence INTERVALS FOR CorRELATIONS 546 

Activity 13.3: SpearMAN’s CorreLaTIoN 550 

Activity 13.4: Intropuction To REGRESSION AND PrepicTIoN 552 

Activity 13.5: Cuoose THE Correct Statistic 560 

Chapter 13 Practice Test 563 

513 



1 4 Goodness of Fit and Independence Chi-Square Statistics 567 

Overview of Chi-Square 567 

Logic of the Chi-Square Test 569 

Comparing the Goodness-of-Fit Chi-Square and the Chi-Square for Independence 570 

Goodness-of-Fit Chi-Square Example 571 

Step 1: Examine Statistical Assumptions 571 

Step 2: State the Null and Research Hypotheses 571 

Step 3: Compute the df and Define the Cntical Region 571 

Step 4: Compute the Test Statistic (Goodness-of-Fit Chi-Square) 572 

Step 5: Interpret the Results 573 

Chi-Square for Independence 573 

Step 1: Examine Statistical Assumptions 573 

Step 2: State the Null and Research Hypotheses 574 

Step 3: Compute the df and Define the Cntical Region 574 

Step 4: Compute the Test Statistic (Chi-Square Test for Independence) 574 

Step 5: Compute the Effect Size and Interpret It as Small, Medium, or Large 576 

Step 6: Interpret the Results 577 

SPSS33578 

Overview of the Activities 583 

Activity 14.1: Goobness-oF-FIT CHI-SQUARE AND CHI-SQUARE FOR INDEPENDENCE 583 

Activity 14.2: Cuoose tHe Correct Statistic 588 

Chapter 14 Practice Test 593 

Appendices 597 

Appendix A 

Unit Normal Table (z Table) 597 

Appendix B 

One-Tailed Probabilities t Table 601 

Two-Tailed Probabilities t Table 602 

Appendix C 

FTable (a =.05) 603 
F Table (a =.01) 605 

Appendix D 

The Studentized Range Statistic (q) Table 607 

Appendix E 

One-Tailed Pearson’s Correlation Table 609 

Two-Tailed Pearson’s Correlation Table 610 

Appendix F 

Spearman’s Correlation Table 611 



Index 

Appendix G 

Fisher rtoz Table 612 

Appendix H 

Critical Values for Chi-Square 613 

Appendix I 

Computing SSs for Factorial ANOVA 614 

Appendix J 

Choosing Correct Test Statistics 616 

619 



vt¢a 



Preface 

THE STORY OF THIS TEXT 

Several years ago, we attended a teaching workshop in which the speaker described a common experi- 
ence in college classrooms and the pedagogical problems it frequently creates. Instructors carefully 
define basic concepts (e.g., population, sample) and gradually progress to applying those concepts to 
more complex topics (€.g., sampling error) as the end of class approaches. Then students attempt 
homework assignments covering the more complicated topics. All too frequently, students think they 

understand things while listening to us in class, but when they attempt homework on their own, they 

have difficulty. While some students can eventually figure things out, others become frustrated; still 

others give up. The teaching workshop made us recognize, reluctantly, this happened to us (and our 

students) in our statistics classes. While we did our best to address this problem by refining our lec- 

tures, our students still struggled with homework assignments, and we were disappointed with their 

exam performance. Students frequently said to us, “I understand it when you do it in class, but when 

I try it on my own it doesn’t make sense.” This common experience motivated us to change our stats 

classes and, eventually, to write the first edition of this text. 

We decided that we needed to change our course so that 

students came to class understanding basic concepts and 

students had an opportunity to use challenging concepts in class when we were there to answer 

their questions immediately, 

3. students started to interpret and report statistical results like researchers. 

NO 

We started by emphasizing the importance of actually reading the text before class. Even though 

we were using excellent statistics texts, many students insisted that they needed lectures to help them 

understand the text. Eventually, we opted for creating our own readings that emphasize the basics (i.e., 

the “easy” stuff). We embedded relatively easy reading questions to help students read with purpose so 

they came to class understanding the basic concepts. Next, over several years, we developed activities 

that reinforced the basics as well as introduced more challenging material (i.e., the “hard stuff”). 

Hundreds of students completed these challenging activities in our courses. After each semester, we 

strove to improve every activity based on our students’ feedback and exam performance. 

Our statistics courses are dramatically different from what they were a decade ago. In our old 

classes, few students read prior to class, and most class time was spent lecturing on the material in the 

book. In our current stats courses, students answer online reading questions prior to class, we give very 

brief lectures at the beginning of class, and students complete activities (i.e., assignments) during class. 

X1X 
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We've compared our current students’ attitudes about statistics to those taking our more traditional 

statistics course (Carlson & Winquist, 2011) and found our current students to be more confident in 

their ability to perform statistics and to like statistics more than their peers. We've also learned that 

after completing this revised statistics course, students score nearly a half a standard deviation higher 

on a nationally standardized statistics test that they take during their senior year (approximately 20 

months after taking the course) compared to students taking the more traditional course (Winquist & 

Carlson, 2014). 

Of course, not all our students master the course material. Student motivation still plays an impor- 

tant part in student learning. If students don’t do the reading or don’t work on understanding the 

assignments in each chapter, they will still struggle. In our current courses, we try to create a Class that 

encourages students to read and complete the assignments by giving points for completing them. We 

have found that, if students do these things, they do well in our courses. We have far fewer struggling 

students in our current courses than we had in our traditional course, even though our exams are more 

challenging. 

WHAT IS NEW IN THE SECOND EDITION 

If you used the first edition of the text, the first thing you might notice is that the second edition has 

14 chapters rather than 16, but the text is actually longer. In the first edition, all hypothesis tests fol- 

lowed the same five steps and statistical assumptions were addressed in Chapter 16. In the second 

edition, we eliminated Chapter 16 and included assessing the statistical assumptions as the first step 

of a six-step hypothesis-testing process. While talking about the statistical assumptions within every 

chapter is less concise, this repetition helps students recognize that different statistical tests analyze 

different types of variables. In addition, in response to reviewers’ comments, we also combined 

Chapters 6 and 7 from the first edition into a single chapter in the second edition. Finally, in the first 

edition, we introduced the basics in the chapter and then added more complex material in the activi- 

ties. Although this simplified the readings for students, it also made the book harder for students to use 

as a reference. In this edition, we include the more complex material in the chapters but kept the read- 

ing questions relatively simple. This way, students are exposed to the material prior to working with 

the more complex ideas in the assignments. Reflecting the rising prominence of confidence intervals 

in contemporary research and the most recent APA publication manual, we greatly expanded our 

coverage of confidence intervals in the second edition. We added integrative assignments in the related t, 
independent ¢, one-way analysis of variance (ANOVA), and correlation chapters to reinforce the differ- 
ent information researchers obtain from significance tests, effect sizes, and confidence intervals. 
These assignments encourage students to do more than “crunch numbers” by asking them to think 
like researchers, integrating information from significance tests, effect sizes, and confidence 
intervals. 

Other noteworthy changes to the second edition include the following: 

° New assignments are included on the hand calculations of a one-way ANOVA, running one-way 
ANOVA in SPSS, the differences between one-way and two-way ANOVA, and Spearman 
correlation. 
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Twelve of the 14 chapters have been rewritten using more interesting examples from 
psychological research. 

Assignments contain fewer open-ended questions so students can check their own answers more 
accurately. 

° Added coverage of effect sizes for pairwise comparisons. 

¢ Added practice tests at the end of each chapter. 

HOW TO USE THIS BOOK 

This text certainly could be used in a lecture-based course in which the activities function as detailed, 

conceptually rich homework assignments. We also are confident that there are creative instructors and 

students who will find ways to use this text that we never considered. However, it may be helpful to 

know how we use this text. In our courses, students read the chapters and answer online reading ques- 

tions prior to class. We allow them to retake the reading questions to correct any errors prior to class 

for half of the points they missed. We begin classes with brief lectures (about 15 minutes), and then 

students work for the remaining 60 minutes to complete the assignments during class. There are a 

number of advantages to this approach. One advantage is that students do the easier work (i.e., answer- 

ing foundational questions) outside of class and complete the more difficult work in class when peers 

and an instructor can answer their questions. Another advantage is that students work at their own 

paces. We have used this approach for several years with positive results (Carlson & Winquist, 2011; 

Winquist & Carlson, 2014). 

This approach encourages students to review and correct misunderstandings on the reading ques- 

tions as well as the assignments. Mistakes are inevitable and even desirable. After all, each mistake is 

an opportunity to learn. In our view, students should first engage with the material without concern 

about evaluation. Therefore, we provide the final answers to all assignments to our students. Students 

then focus on finding their answers, checking them, and then correcting mistakes. We collect their 

answers to confirm that they showed how they arrived at each answer. We give points for completion 

(and showing work). Over the years, these assignment points have constituted between 7% and 17% 

of students’ course grades. A simpler option we tried is telling students that completing the activities 

is essential to success in the course and not confirm activity completion at all. When we did this, we 

found greater variability in activity completion and exam performance. 

UNIQUE FEATURES OF THIS TEXT 

By now you probably recognize that this is not a typical statistics text. For ease of review, we've listed 

and described the two most unique aspects of this text: 

° Embedded reading questions—All 14 chapters contain embedded reading questions that focus 

students’ attention on the key concepts as they read each paragraphisection of the text. 

Researchers studying reading comprehension report that similar embedded questions help 

students with lower reading abilities achieve levels of performance comparable to that of 

students with greater reading abilities (Callender & McDaniel, 2007). 
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° Activity (Assignment) sections—All 14 chapters contain active learning assignments, called 

Activities. While the 14 chapters start by introducing foundational concepts, they are followed by 

activity sections in which students test or demonstrate their understanding of basic concepts while 

they read detailed explanations of more complex statistical concepts. When using most traditional 

textbooks, students perform statistical procedures after reading multiple pages. This text adopts a 

workbook approach in which students are actively performing tasks while they read 

explanations. Most of the activities are self-correcting, so if students misunderstand a concept, it 

is corrected early in the learning process. After completing these activities, students are far more 

likely to understand the material than when they simply read the material. 

OTHER HELPFUL FEATURES 

e Learning objectives—Each chapter and activity begin with clear learning 

objectives. 

e Practice tests—All 14 chapters conclude with a practice test for solidifying student learning. 

e IBM® SPSS® Statistics*—All chapters contain detailed step-by-step instructions for conducting 

statistical procedures with SPSS as well as annotated explanations of SPSS output. 

e Emphasis on understanding—Chapters use definitional formulas to explain the logic behind each 

statistical procedure and rely on SPSS for more advanced 

computations (e.g., factorial ANOVAs). 

¢ Writing results in APA format—Many activity questions highlight how to write about statistical 

analyses in scholarly ways. 

ANCILLARIES 

¢ Instructors’ manual—Includes lecture outlines and detailed answers to activities. 

¢ Blackboard cartridges—Includes reading questions, practice tests, self-test questions, and 

activity answers. 

¢ Empirically validated test bank questions—Exam questions that we used in our classes are 

available to instructors of the course. 

¢  Self-examination questions—Additional sample examination questions are 

available to students on the Sage Publications website. 

e Short PowerPoint slideshows for most Activities. 

APPROPRIATE COURSES 

This text is ideal for introductory statistics courses in psychology, sociology, social work, and the 
health, exercise, or life sciences. The text would work well for any course intending to teach the statisti- 
cal procedures of hypothesis testing, effect sizes, and confidence intervals that are commonly used in 
the behavioral sciences. 

“SPSS is a registered trademark of International Business Machines Corporation. 
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CHAPTER 1 

Introduction to Statistics and 
Frequency Distributions 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Explain how you can be successful in this course 

e Use common statistical terms correctly in a statistical context 

o Statistic, parameter, sample, population, descriptive statistics, inferential statistics, 

sampling error, and hypothesis testing 

e Identify the scale of measurement of a variable (nominal, ordinal, or interval/ratio) 

e Determine if a variable is discrete or continuous 

e Create and interpret frequency distribution tables, bar graphs, histograms, and line graphs 

e Explain when to use a bar graph, histogram, and line graph 

e Enter data into SPSS and generate frequency distribution tables and graphs 

HOW TO BE SUCCESSFUL IN THIS COURSE 

Have you ever read a few pages of a textbook and realized you were not thinking about what you were 

reading? Your mind wandered to topics completely unrelated to the text, and you could not identify 

the point of the paragraph (or sentence) you just read. For most of us, this experience is not uncommon 

even when reading books that we’ve chosen to read for pleasure. Therefore, it is not surprising that our 

minds wander while reading textbooks. Although this lack of focus is understandable, it seriously 

hinders effective reading. Thus, one goal of this book is to discourage mind wandering and to encour- 

age reading with purpose. To some extent, you need to force yourself to read with purpose. As you read 

each paragraph, ask, “What is the purpose of this paragraph?” or “What am I supposed to learn from 

this paragraph?” 
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1. Reading with purpose means 
Reading 

c a. thinking about other things while you are reading a textbook. 

Question 
(®) \ actively trying to extract information from a text by focusing on the main 

~ point of each paragraph. 

This text is structured to make it easier for you to read with purpose. The chapters have frequent 

reading questions embedded in the text that make it easier for you to remember key points from pre- 

ceding paragraphs. Resist the temptation to go immediately to the reading questions and search for 

answers in the preceding paragraphs. Read first, and then answer the questions as you come to them. 

Using this approach will increase your memory for the material in this text. 

Is it better to read the paragraph and then answer the reading question or to 

read the reading question and then search for the answer? It’s better to 

D, 
Reading ag 

Question read the paragraph, then answer the reading question. 

b. read the reading question, then search for the question’s answer. 

After reading the chapters, you should have a basic understanding of the material that will provide 

the foundation you need to work with the more complex material in the activities. When completing 

these activities, you will demonstrate your understanding of basic material from the reading (by answer- 

ing questions) before you learn more advanced topics. Your emphasis when working on the activities 

should be on understanding why the answers are correct. If you generate a wrong answer, figure out 

your error. We often think of errors as things that should be avoided at all costs. However, quite the 

opposite is true. Making mistakes and fixing them is how you learn. Every error is an opportunity to 

learn. If you find your errors and correct them, you will probably not repeat the error. Resist the tempta- 

tion to “get the right answer quickly.” It is more important that you understand why every answer is 

correct. 

3. Which of the following best describes the activities in this book? 
Reading 
Question (ar he material in the activities is more complex than the material in the readings. 

b. All of the new material is in the reading. The activities are simply meant to 

give you practice with the material in the reading. 

4. When completing activities, your primary goal should be to get the correct 

answer quickly. Reading 
Question Heer 

(6) False 

At the end of each chapter, there are is a “Practice Test.” After you complete the assigned activities 
in a chapter (and you understand why every answer is correct), you should complete the practice test. 
Most students benefit from a few repetitions of each problem type. The additional practice helps con- 
solidate what you have learned so you don’t forget it during tests. Finally, use the activities and the 
ractice tests to study. Then, after you understand all of the activities and all of the practice tests, assess 

ar understanding by taking an additional self-test on the SAGE website. Try to duplicate a testing situ- 
438 much as possible. Just sit down with a calculator and have a go at it. If you can do the self-test, 
hould feel confident in your knowledge of the material. Taking practice tests days before your 

actus! will give you time to review material if you discover you did not understand something. 
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Testing yourself is also a good way to lessen the anxiety that can occur during testing. Again, additional 
practice test questions are available on the SAGE website. 

5. How should you use the self-tests? 
Reading 

i a. Use them to study; complete them open-book so you can be sure to look up 
Question all the answers. 

(Pe \ 

\b. Use them to test what you know days before the exam; try to duplicate the 

testing situation as much as possible. 

MATH SKILLS REQUIRED IN THIS COURSE 

Students often approach their first statistics course with some anxiety. The primary source of this anxi- 

ety seems to be a general math anxiety. The good news is that the math skills required in this course are 

fairly basic. You need to be able to add, subtract, multiply, divide, square numbers, and take the square 

root of numbers using a calculator. You also need to be able to do some basic algebra. For example, you 
xX 

should be able to solve the following equation for X: 22 = a - [The correct answer is X = 66.] 

6. This course requires basic algebra. 

(a) True 

b. False 

Reading 

Question 

7. Solve the following equation for X: 30 -5 BiG esr @ 

a. 10 

@590 
You will also need to follow the correct order of mathematical operations. As a review, the correct 

order of operations is (1) the operations in parentheses, (2) exponents, (3) multiplication or division, 

and (4) addition or subtraction. Some of you may have learned the mnemonic, Please Excuse My 

Dear Aunt Sally, to help remember the correct order. For example, when solving the following equa- 

tion, (3 + 4)’, you would first add (3 + 4) to get 7 and then square the 7 to get 49. Try to solve the 

next more complicated problem. The answer is 7.125. If you have trouble with this problem, talk 

with your instructor about how to review the necessary material for this course. 

Reading 

Question 

Oe) at (4—1)2* 

(6-1) + (4-1) 

(2)ie (4 32 +56 | 68 -)) 

A 8. Solve the following equation for X: X = Gaye ais ip V 

Reading — @) 11.33 aaa) 

Question In, W525) 

You will be using a calculator to perform computations in this course. You should be aware that order 

of operations is very important when using your calculator. Unless you are very comfortable with the 

parentheses buttons on your calculator, we recommend that you do one step at a time rather than trying 

to enter the entire equation into your calculator. 
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9. Order of operations is only important when doing computations by hand, not 

when using your calculator. Reading 
Question ae de 

() False 

Although the math in this course should not be new, you may see new notation throughout the 

course. When you encounter new notation, relax and realize that the notation is simply a shorthand way 

of giving instructions. While you will be learning how to interpret numbers in new ways, the actual 

mathematical skills in this course are no more complex than the order of operations. The primary goal 

of this course is teaching you to use numbers to make decisions. Occasionally, we will give you numbers 

solely to practice computation, but most of the time you will use the numbers you compute to make 

decisions within a specific, real-world context. 

WHY DO YOU HAVE TO TAKE STATISTICS? 

You are probably reading this book because you are required to take a Statistics course to complete 

your degree. Students majoring in business, economics, nursing, political science, premedicine, psy- 

chology, social work, and sociology are often required to take at least one statistics course. There are 

a lot of different reasons why statistics is a mandatory course for students in these varied disciplines. 

The primary reason is that in every one of these disciplines, people make decisions that have the 

potential to improve people’s lives, and these decisions should be informed by data. For example, a 

psychologist may conduct a study to determine if a new treatment reduces the symptoms of depres- 

sion. Based on this study, the researcher will need to decide if the treatment is effective or not. If the 

wrong decision is made, an opportunity to help people with depression may be missed. Even more 

troubling, a wrong decision might harm people. While statistical methods will not eliminate wrong 

decisions, understanding statistical methods will allow you to reduce the number of wrong decisions 

you make. You are taking this course because the professionals in your discipline recognize that sta- 

tistical methods improve decision making and make us better at our si A 

110. Why do many disciplines require students to take a statistics course? 

Taking a Statistics course Reading 

Question a. is a way to employ statistics instructors, which is good for the economy. 

(©) can help people make better decisions in their chosen professions. 

STATISTICS AND THE HELPING PROFESSIONS 

When suffering from a physical or mental illness, we expect health professionals (e.g., medical doctors, 
nurses, Clinical psychologists, and counselors) to accurately diagnose us and then prescribe effective 
treatments. We expect them to ask us detailed questions and then to use our answers (i.e., the data) to 
formulate a diagnosis. Decades of research has consistently found that health professionals who use 
statistics to make their diagnoses are more accurate than those who rely on their personal experience 
or intuition (e.g., Grove & Meehl, 1996). 

For example, lawyers frequently ask forensic psychologists to determine if someone is likely to be 
violent in the future. In this situation, forensic psychologists typically review the person’s medical and 
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criminal records as well as interview the person. Based on the records and the information gained 
during the interview, forensic psychologists make a final judgment about the person’s potential for 
violence in the future. While making their professional judgment, forensic psychologists weigh the rel- 
ative importance of the information in the records (i.e., the person’s behavioral history) and the infor- 
mation obtained via the interview. This is an extremely difficult task. Fortunately, through the use of 
statistics, clinicians have developed methods that enable them to optimally gather and interpret data. 
One concrete example is the Violence Risk Appraisal Guide (Harris, Rice, & Quinsey, 1993). The guide 
is a list of questions that the psychologist answers after reviewing someone’s behavioral history and 
conducting an interview. The answers to the guide questions are mathematically combined to yield a 
value that predicts the likelihood of future violence. Research indicates that clinicians who use statisti- 

cal | approaches such as the Violence Risk Appraisal Guide make more accurate clinical judgments than 

those who rely solely on their own judgment (Yang, Wong, & Coid, 2010). Today, statistical procedures 
help psychologists predict many things, including violent behavior, academic success, marital satisfac- 

tion, and work productivity. In addition to enabling us to make better predictions, statistical procedures 
also help professionals determine which medical or behavioral treatments are most effective. 

Readi Il. Decades of research indicates that professionals in the helping professions 

eA Ing make better decisions when they rely on 

Question a) statistics. 

b. their intuition and clinical experience. 

HYPOTHESIS TESTING, EFFECT SIZE, AND 

CONFIDENCE INTERVALS 

The statistical decisions you will make in this course revolve around specific hypotheses. A primary 

purpose of this book is to introduce the statistical process of null hypothesis significance testing (NHST), 
a formal multiple-step procedure for evaluating the likelihood of a prediction, called a null hypothesis. 

Knowledge of null hypothesis significance testing, also called significance testing or hypothesis testing, 
is fundamental to those working in the behavioral sciences, medicine, and the counseling professions. 

In later chapters, you will learn a variety of statistics that test different hypotheses. All the hypothesis 

testing procedures that you will learn are needed because of one fundamental problem that plagues all 
researchers—namely, the problem of sampling error. For example, researchers evaluating a new depres- 

sion treatment want to know if it effectively lowers depression in all people with depression, called the 

population of people with depression. However, researchers cannot possibly study every depressed 

person in the world. Instead, researchers have to study a subset of this population, perhaps a sample of 

100 people with depression. The purpose of any sample is to represent the population from which it came. 

In other words, if the 100 people with depression are a good sample, they will be similar to the popula- 

tion of people with depression. Thus, if the average score on a clinical assessment of depression in the 

population is 50, the average score of a good sample will also be 50. Likewise, if the ratio of women with 

depression to men with depression is 2:1 in the population, it will also be 2:1 ina good sample. Of course, 

you do not really expect a sample to be exactly like the population. The differences between a sample and 

the population create sampling error. 

12. All hypothesis testing procedures were created so that researchers could 
Reading 
0 ti a. study entire populations rather than samples. 
uestion 

( B.) deal with sampling error. 
SF, 
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13. Ifasample represents a population well, it will 

(a) respond in a way that is similar to how the entire population would respond. Reading 

Question b. generate a large amount of sampling error. 

While null hypothesis significance testing is extremely useful, it has limitations. Therefore, another 

primary purpose of this book is to describe these limitations and how researchers address them by using 

two additional statistical procedures. Effect sizes describe the magnitude of a study’s results, helping 

researchers determine if a research result is large enough to be useful or if it is too small to be meaningful 

in “real-world” situations. Confidence intervals identify the wide range of plausible values that might occur 

if sample results are applied to the entire population. Each of these statistical procedures helps researchers 

give meaning to the results of a significance test. In fact, the American Psychological Association (APA) 

publication manual recommends that researchers use effect sizes and confidence intervals whenever 

significance tests are used (American Psychological Association, 2010). These three statistical procedures 

are most beneficial when they are used side by side. 

14. Effect sizes and confidence intervals help researchers 
Reading 

‘ a. interpret (i.e., give meaning to) the results of significance tests. 
Question 

b. address the limitations of significance tests. 

©) do both of the above. 

TESTING CAUSAL HYPOTHESES 

While this book’s main goal is teaching how to use the statistical procedures of hypothesis testing, 

effect sizes, and confidence intervals, you should know that there is a lot more to causal hypothesis 

testing than the statistics covered in this text. In many research situations, scientists want to know if 

manipulating one variable (the independent variable, or IV) causes a change in a second variable (the 

dependent variable, or DV). Testing causal hypotheses is particularly difficult because it requires care- 

fully designed experiments. In these experiments, researchers must (1) manipulate the IV, (2) measure 

the DV after IV manipulation, (3) control for extraneous variables, and (4) provide evidence of a “sig- 

nificant” relationship between the IV manipulation and the DV score. For example, if we wanted to test 

the causal hypothesis that cell phone use while driving causes poorer driving performance, we would 

need to manipulate the IV (i.e., cell phone use) by having people operate a driving simulator while 

talking on a cell phone and also while not using a cell phone. Then, we would need to measure the DV 

of driving performance (e.g., braking reaction time or number of times people swerve out of their lane) 

when using a cell versus not. In order for us to feel confident that using the cell phone caused poorer 

driving performance, we would need to know that the two groups of people were equally good drivers 
and driving in equally challenging driving conditions in terms of traffic density, weather, destination, 
and so on. In other words, we need to make sure the test is “fair” in that the only difference between 
the two groups of drivers is whether or not they were using a cell phone while they were driving. 
Finally, only after carefully manipulating the IV, measuring the DV, and controlling extraneous vari- 
ables do we use statistics to determine if the driving performances of those using cell phones versus 
not are so different that it justifies concluding that cell phone use while driving causes poorer driving 
performance. While the statistics you will learn in this text are a necessary component of testing causal 
hypotheses, they are not all you need to know. Causal hypothesis testing also requires mastery of 
experimental design. In a research methods course, you will learn how to design “fair” experiments 
that enable you to use the statistical procedures taught in this text to test causal hypotheses. 
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15. Testing casual hypotheses requires knowing how to 
Reading 

2 a. use Statistics. 
Question 

b. use research methods to design “fair” experiments. 

(C. )both of the above. 

POPULATIONS AND SAMPLES 

Suppose that a researcher studying depression gave a new treatment to a sample of 100 people with 

depression. Figure 1.1 is a pictorial representation of this research scenario. The large circle on the 

left represents a population, a group of all things that share a set of characteristics. In this case, the 

“things” are people, and the characteristic they all share is depression. Researchers want to know what 

the mean depression score for the population would be if all people with depression were treated 

with the new depression treatment. In other words, researchers want to know the population param- 

eter, the value that would be obtained if the entire population were actually studied. Of course, the 

researchers don’t have the resources to study every person with depression in the world, so they must 

instead study asample, a subset of the population that is intended to represent the population. In most 

cases, the best way to get a sample that accurately represents the population is by taking arandom 

sample from the population. When taking arandom sample, each individual in the population has the 

same chance of being selected for the sample. In other words, while researchers want to know a popula- 

tion parameter, their investigations usually produce a sample statistic, the value obtained from the 

sample. The researchers then use the sample statistic value as an estimate of the population parameter 

value. The researchers are making an inference that the sample statistic is a value similar to the popula- 

tion parameter value based on the premise that the characteristics of those in the sample are similar 

to the characteristics of those in the entire population. When researchers use a sample statistic to infer 

the value of a population parameter, it is called inferential statistics. For example, a researcher studying 

depression wants to know how many depressive symptoms are exhibited by people in the general 

population. He can’t survey everyone in the population, and so he selects a random sample of people 

A Pictorial Representation of Using a Sample to Estimate a Population Parameter 

fh gta (i.e., Inferential Statistics) 

Average number 

of depressive 

symptoms in sample 

after treatment is 8; 

therefore, we infer 

that the average 

for the population 

should be close to 8. 

Population of all depressed 

people 

Average number of 
depressive symptoms is 

unknown 

Sample of 100 

people with 

depression 
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from the population and finds that the average number of symptoms in the sample is 8 

(see Figure 1.1). If he then inferred that the entire population of people would have an average of 

8 depressive symptoms, he would be basing his conclusion on inferential statistics. It should be clear 

to you that if the sample did not represent the population well (i.e., if there was a lot of sampling 

error), the sample statistic would NOT be similar to the population parameter. In fact, sampling error 

is defined as the difference between a sample statistic value and an actual population parameter value. 

Readi 16. The value obtained from a population is called a 

Sage a. statistic. 

Question parameter. 

... | 17. Parameters are 
Reading |— ed 
Question a. always exactly equal to sample statistics. 

(b) often estimated or inferred from sample statistics. 

3 18. When a Statistic and parameter differ, 
Reading os ashi 

a. it is called an inferential statistic. 
Question 

(v) there is sampling error. 

The researchers studying depression were using inferential statistics because they were using data 

from a sample to infer the value of a population parameter. The component of the process that makes it 

inferential is that researchers are using data they actually have to estimate (or infer) the value of data they 

don’t actually have. In contrast, researchers use descriptive statistics when their intent is to describe 4 
data that they actually collected. For example, if a clinical psychologist conducted a study in which she 

gave some of her clients a new depression treatment and she wanted to describe the average depression 

score of only those clients who got the treatment, she would be using descriptive statistics. Her intent is 

only to describe the results she observed in the clients who actually got the treatment. However, if she 

then wanted to estimate what the results would be if she were to give the same treatment to additional 
clients, she would then be performing inferential statistics. 

Readin 19. Researchers are using descriptive statistics if they are using their results to 

A g a. estimate a population parameter. 
Question sr 

(b) describe the data they actually collected. 

Readin 20. Researchers are using inferential statistics if they are using their results to 

ue ae estimate a population parameter. 
uestl 

b. describe the data they actually collected. 

INDEPENDENT AND DEPENDENT VARIABLES 

Researchers design experiments to test if one or more variables cause changes to another variable. For example, 
if a researcher thinks a new treatment reduces depressive symptoms, he could design an experiment to test this 
prediction. He might give a sample of people with depression the new treatment and withhold the treatment 
from another sample of people with depression. Later, if those who received the new treatment had lower levels 
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of depression, he would have evidence that the new treatment reduces depression. In this experiment, the type 
of treatment each person received (i.e., new treatment vs. no treatment) is the independent variable (IV). In this 
study, the experimenter manipulated the IV by giving one sample of people with depression the new treatment 
and another sample of people with depression a placebo treatment that is not expected to reduce depression. 
In this experiment, the IV has two IV levels: (1) the new treatment and (2) the placebo treatment. The main point 
of the study is to determine if the two different IV levels were differentially effective at reducing depressive 
symptoms. More generally, the IV is a variable with two or more levels that are expected to have different impacts 
on another variable. In this study, after both samples of people with depression were given their respective treat- 
ment levels, the amount of depression in each sample was compared by counting the number of depressive 
symptoms in each person. In this experiment, the number of depressive symptoms observed in each person is 

the dependent variable (DV). Given that the researcher expects the new treatment to work and the placebo 

treatment not to work, he expects the new treatment DV scores to be lower than the placebo treatment DV 

scores. More generally, the DV is the outcome variable that is used to compare the effects of the different IV levels. 

21. The lv (independent variable) in a study is the 
Reading 

: a.) variable expected to change the outcome variable. 
Question 

b. outcome variable. 

? 22. The DV (dependent variable) in a study is the 
Reading 

: a. variable expected to change the outcome variable. 
Question 

b.) outcome variable. 

In true experiments, those in which researchers manipulate a variable so that some participants have 

one value and others have a different value, the manipulated variable is always referred to as the IV. For 

example, if a researcher gives some participants a drug (Treatment A) and others a placebo (Treatment B), this 

manipulation defines the IV of treatment as having two levels—namely, drug and placebo. However, in this 

text, we also use the IV in a more general way. The IV is any variable predicted to influence another variable 

even when the IV was not manipulated. For example, if a researcher predicted that women would be more 

depressed than men, we will refer to gender as the IV because it is the variable that is expected to influence 

the DV (i.e., depression score). If you take a research methods course, you will learn an important distinction 

between manipulated IVs (e.g., type of treatment: drug vs. placebo) and measured IVs (e.g., gender: male vs. 

female). Very briefly, the ultimate goal of science is to discover causal relationships, and manipulated IVs 

allow researchers to draw causal conclusions while measured IVs do not. You can learn more about this 

important distinction and its implications for drawing causal conclusions in a research methods course. 

23. All studies allow you to determine if the IV causes changes in the DV. 

a. True 3) \NOYASs 

(b. ) False i 

Reading 

Question 

SCALES OF MEASUREMENT 

All research is based on measurement. For example, if researchers are studying depression, they will 

need to devise a way to measure depression accurately and reliably. The way a variable is measured 

has a direct impact on the types of statistical procedures that can be used to analyze that variable. 

Generally speaking, researchers want to devise measurement procedures that are as precise as possible 
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because more precise measurements enable more sophisticated statistical procedures. Researchers 

recognize four different scales of measurement that vary in their degree of measurement precision: 

(1) nominal, (2) ordinal, (3) interval, and (4) ratio (Stevens, 1946). Each of these scales of measurement 

is increasingly more precise than its predecessor, and therefore, each succeeding scale of measurement 

allows more sophisticated statistical analyses than its predecessor. 

24. The way a variable is measured 

(a) determines the kinds of statistical procedures that can be used on that 

variable. 

b. has very little impact on how researchers conduct their statistical analyses. 

Reading 

Question 

For example, researchers could describe depression using a nominal scale by categorizing people with 

different kinds of major depressive disorders into groups, including those with melancholic depression, 

atypical depression, catatonic depression, seasonal affective disorder, or postpartum depression. Nominal 

scales of measurement categorize things into groups that are qualitatively different from other groups. 

Because nominal scales of measurement involve categorizing individuals into qualitatively distinct catego- 

ries, they yield qualitative data. In this case, clinical researchers would interview each person and then 

decide which type of major depressive disorder each person has. With nominal scales of measurement, it 

is important to note that the categories are not in any particular order. A diagnosis of melancholic depres- 

sion is not considered “more depressed” than a diagnosis of atypical depression. With all other scales of 

measurement, the categories are ordered. For example, researchers could also measure depression on an 

ordinal scale by ranking individual people in terms of the severity of their depression. Ordinal scales of 

measurement also categorize people into different groups, but on ordinal scales, these groups are rank 

ordered. In this case, researchers might interview people and diagnose them with a “mild depressive dis- 

order,” “moderate depressive disorder,” or “severe depressive disorder.” An ordinal scale clearly indicates 

that people differ in the amount of something they possess. Thus, someone who was diagnosed with mild 

depressive disorder would be less depressed than someone diagnosed with moderate depressive disorder. 

Although ordinal scales rank diagnoses by severity, they do not quantify how much more depressed a 

moderately depressed person is relative to a mildly depressed person. To make statements about how much 

more depressed one person is than another, an interval or ratio measurement scale is required. Researchers 

could measure depression on an interval scale by having people complete a multiple-choice questionnaire 

that is designed to yield a score reflecting the amount of depression each person has. Interval scales of 

measurement quantify how much of something people have. While the ordinal scale indicates that some 

people have more or less of something than others, the interval scale is more precise indicating exactly how 

much of something someone has. Another way to think about this is that for interval scales, the intervals 

between categories are equivalent, whereas for ordinal scales, the intervals are not equivalent. For example, 

on an ordinal scale, the interval (or distance) between a mild depressive disorder and a moderate depressive 

disorder may not be the same as the interval between a moderate depressive disorder and a severe depres- 
sive disorder. However, on an interval scale, the distances between values are equivalent. If people com- 
pleted a well-designed survey instrument that yielded a score between 1 and 50, the difference in the 
amount of depression between scores 21 and 22 would be the same as the difference in the amount of 
depression between scores 41 and 42. Most questionnaires used for research purposes yield scores that are 
measured on an interval scale of measurement. Ratio scales of measurement also involve quantifying how 
much of something people have, but a score of zero on a ratio scale indicates that the person has none of the 
thing being measured. For example, if people are asked how much money they earned last year, the income 
variable would be measured on a ratio scale because not only are the intervals between values equivalent, 
but there also is an absolute zero point. A value of zero means the complete absence of income last year. 
Because they involve quantifying how much of something an individual has, interval and ratio scales yield 
quantitative data. Interval and ratio scales are similar in that they both determine how much of something 
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someone has but some interval scales can yield a negative number, while the lowest score possible on a 
ratio scale is zero. Within the behavioral sciences, the distinction between interval and ratio scales of mea- 
surement is not usually very important. Researchers typically use the same statistical procedures to analyze 
variables measured on interval and ratio scales of measurement. 

Although most variables can be easily classified as nominal, ordinal, or interval/ratio, some data are 
more difficult to classify. Researchers often obtain data by asking participants to answer questions on a sur- 
vey. These survey responses are then combined into a single measure of the construct. For example, partici- 
pants may answer a series of questions related to depression, and then the researcher would combine those 
questions into a single depression score. Although there is not complete agreement among statisticians, 

most researchers classify summed scores from questionnaires and surveys as interval data (e.g., Carifio & 

Perla, 2007). Thus, in this course, summed scores from surveys will be considered interval/ratio data. 

25. Researchers typically treat summed questionnaire/survey scores as which scale 

of measurement? Reading 

Question a. Nominal scale of measurement 

b. Ordinal scale of measurement 

(C. Interval scale of measurement 

When trying to identify the scale of measurement of a variable, it can also be helpful to think about 

what each scale of measurement allows you to do. For example, if you can only count the number of 

things in a given category, you know that you have a nominal scale. Table 1.1 summarizes what you 

can do with each type of scale and provides examples of each scale of measurement. 

The Four Scales of Measurement, What They Allow, and Examples 

oe 

Scale of 

Measurement | What the Scale Allows You to Do | Examples 

Nominal COUNT the number of things within Pets: 5 dogs, 12 cats, 7 fish, 2 hamsters 

different categories 
Mantal status: 12 married, 10 divorced, 

2 separated 

Ordinal COUNT & RANK some things as having Annual income: above average, average, or 

more of something than others (but NOT below average 

QUANTIFY how much of it they have) 
Speed (measured by place of finish in a race): 

1st, 2nd, 3rd, etc. 

Interval COUNT, RANK, & QUANTIFY how much of Temperature: —2°F, 98°F, 57°F; 0°F is not the 

something there is, but a score of zero absence of heat 

does not mean the absence of the thing 

being measured 
Ie 

Ratio COUNT, RANK, & QUANTIFY how much of Annual income: $25,048, $48,802, 

something there is, and a score of zero $157,435, etc. 

of the thing bein ; 
Denne ee: 5 2 Number of text messages sent in a day: 

| 0, 3,351, 15, etc. 
a ee LL 
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26. The scale of measurement that quantifies the thing being measured 

; (i.e., indicates how much of it there is) is scale(s) of measurement. Reading 

Question a. the nominal 

b. the ordinal 

(c.) both the interval and ratio 

27. The scale of measurement that categorizes objects into different kinds of things 

is scale(s) of measurement. Reading 

Question @) the nominal 

b. the ordinal 

c. both the interval and ratio 

28. The scale of measurement that indicates that some objects have more of 

something than other objects but not how much more is scale(s) of 

measurement 

Reading 

Question 
a. the nominal 

the ordinal 

c. both the interval and ratio 

DISCRETE VERSUS CONTINUOUS VARIABLES 

Variables can also be categorized as discrete or continuous. A discrete variable only occurs in whole units 

rather than fractions of units. For example, the variable “number of siblings” is a discrete variable becal 

someone can only have a whole number of siblings (e.g., no one can have 2.7 siblings). A continuou 

variable occurs in fractions of units. For example, the variable “time to complete a test” is a continuous 

variable because someone can take a fraction of minutes to complete a test (e.g., 27.39 minutes). Nominal 

and ordinal variables are always discrete variables. Interval and ratio variables can be either discrete or 

continuous. 

20) If a variable can be measured in fractions of units, it is a variable. 

a. discrete 
BS . () continuous 

Reading 

Question 

GRAPHING DATA 

Graphing often helps you understand your data. For example, if you were looking at the number of siblings 
college students have, you could begin by looking at a graph to determine how many siblings most students 
have. Inspection of the graph also allows you to find out if there is anything odd in the data file that requires 
further examination. For example, if you graphed the data and found that most people reported having 
between 0 and 4 siblings but one person reported having 20 siblings, you should probably investigate to 
determine if that 20 was an error. 
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There are three basic types of graphs that we use for most data: (1) bar graphs, (2) histograms, and 
(3) line graphs. The names of the first two are a bit misleading because both are created using bars. The 
only difference between a bar graph and a histogram is that in a bar graph, the bars do not touch while 
the bars do touch in a histogram. In general, use bar graphs when the data are discrete or qualitative. 
The space between the bars of a bar graph emphasize that there are no possible values between any 
two categories (i.e., bars). For example, when graphing the number of children in a family, a bar graph 
is appropriate because there is no possible value between any two categories (e.g., you cannot have 1.5 
children). When the data are continuous, use a histogram. For example, if you are graphing the variable 
“time to complete a test” and creating a bar for each minute category, the bars would touch to indicate 

that the variable we are graphing is continuous (i.e., 27.46 minutes is possible). 

=o What type of graph is used for discrete data or qualitative data? 

@) Bar graph 

b. Histogram 

Reading 

Question 

31. What type of graph is used for continuous data? 
Reading 

a. Bar graph 
Question 

(b> Histogram 

; 32. Inbar graphs, the bars 
Reading 

Question 
a. touch 

(6) don’t touch 

33. In histograms, the bars 

touch 

b. don’t touch 

Reading 

Question 

To create either a bar graph or a histogram, you should put categories on the x-axis and the number of 

scores in a particular category (i.e., the frequency) on the y-axis. For example, suppose we asked 19 students 

how many siblings they have and obtained the following responses: 

©), 0), O, ©, VW, Aly AG 2s thy Wg Py Poy Onn Cn Oy O% 2 

To graph these responses, you would list the range of responses to the question, “How many siblings 

do you have?” on the x-axis (i.e., in this case, 0 through 6). The y-axis is the frequency within each cat- 

egory. For each response category, you will draw a bar with a height equal to the number of times that 

response was given. For example, in the bar graph (Figure 1.2), 4 people said they had 0 siblings, and so 

the bar above the 0 has a height of 4. 

34. Use the graph to determine how many people said they had 1 sibling. 

a. 4 

Deo) 

Reading 

Question 
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Faure 4.2 Bar Graph of Variable, Number of Siblings, 

‘ mmm Collected From a Sample of 19 Students 

Frequency 
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Number of Siblings 

The procedure for creating a histogram is similar to that for creating a bar graph. The only difference is 

that the bars should touch. For example, suppose that you recorded the height of players on a volleyball team 

and obtained the following heights rounded to the nearest inch: 

(6)5); (OM, OM, Wish, Cis), Cis}, ), OI, OS 70), 70), (il, 12 

Height in inches is continuous because there are an infinite number of possible values between any 

two categories (e.g., between 68 and 69 inches). The data are continuous so we create a histogram (i.e., 

we allow the bars to touch) (Figure 1.3). 

Figure 1.3 Frequency Histogram of Variable, Height in Inches, Collected From 
a Sample of 13 Volleyball Players 
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Frequency 
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Whenever a histogram is appropriate, you may also use a line graph in its place. To create a line 
graph, you use dots to indicate frequencies and connect adjacent dots with lines (Figure 1.4). 

Frequency Line Gr ine Graph of Variable, Height in Inches, Collected 
From a Sample of 13 Volleyball Players 

Figure 1.4 

Frequency 

ine) wo 

— 

66 67 68 69 70 71 

Height in Inches 

Whether the data are discrete or continuous should determine how the data are graphed. You 

should use a bar graph for discrete data and a histogram or a line graph for continuous data. Nominal 

data should be graphed with a bar graph. Throughout the text, we will use these guidelines, but you 

should be aware of the fact that histograms and bar graphs are often used interchangeably outside of 

statistics classes. 

di 35. Line graphs can be used whenever a is appropriate. 

Reading f@) histogram 
Question Factorial 

36. What type of graph should be used if the data are measured on a nominal scale? 
Reading 

a. Histogram 

RET lS Rees 

SHAPES OF DISTRIBUTIONS 

A distribution is a group of scores. If a distribution is graphed, the resulting bar graph or histogram 

can have any “shape,” but certain shapes occur so frequently that they have specific names. The 

most common shape you will see is a bell curve. The curve in Figure 1.5 resembles a bell-shaped 

distribution. Bell-shaped distributions are also called normal distributions or Gaussian distributions. 
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ate Frequency Histogram of Test Scores That Form a Normal Curve 
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One important characteristic of normal distributions is that most of the scores pile up in the middle, 

and as you move further from the middle, the frequency of the scores gets less. In addition, normal 

distributions are symmetrical in that the right and left sides of the graph are identical. 

For the purposes of this book, you do not need to know the exact mathematical properties that 

define the normal curve. However, you should know that a normal curve looks bell shaped and sym- 

metrical. You will use the normal curve frequently in this book. 

The normal curve is important because many variables, when graphed, have a normal shape, 

and this fact will be very important in later chapters. While normal curves are common, there are 

specific ways for graphs to deviate from a normal bell shape. Some of these deviations have spe- 

cific names. For example, graphs can deviate from the bell shape because of skew. A skewed distri- 

bution is asymmetrical, meaning the right and left sides are not identical. Instead, the scores are 

shifted such that most of them occur on one side of the peak with fewer scores on the other side 

of the scale. For example, the distributions in Figures 1.6 and 1.7 are both skewed, but in different 

ways. The positively skewed distribution (Figure 1.6) has the majority of the scores on the low end 

of the distribution with fewer scores on the higher end. The negatively skewed distribution is the 

opposite. Distinguishing between positive and negative skew is as easy as noticing which side of 

the distribution has the longer “tail” (i.e., which side takes longer to descend from the peak to zero 

frequency). In positively skewed distributions, the longer tail points toward the right, or the posi- 

tive side of the x-axis. In negatively skewed distributions (Figure 1.7), the longer tail points toward 

the left, or the negative side of the x-axis. There are statistics that you can compute to quantify 

exactly how skewed a distribution is (see Field, 2013, for an excellent discussion), but we will just 
eyeball the graphs to determine if they deviate from normal. 
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Figure 1.6 Positively Skewed Distribution 
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_ 37. The scores on an exam are distributed such that most scores are low (between 

Reading 30% and 50%), but a couple of people had very high scores (i.e., above 95%). 

Question How is this distribution skewed? : 
(2.) Positively skewed m= 

b. Negatively skewed 
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attig-M esi Example of a Leptokurtic Distribution 

Leptokurtic Distribution 

Frequency 
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Distributions also vary in kurtosis, which is the extent to which they have an exaggerated peak versus 

a flatter appearance. Distributions that have a higher, more exaggerated peak than a normal curve are 

called leptokurtic, while those that have a flatter peak are called platykurtic. Figures 1.8 and 1.9 display a 

ateiti¢-me em Example of a Platykurtic Distribution 

Platykurtic Distribution 
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leptokurtic and platykurtic distribution, respectively. As with skew, there are ways to quantify kurtosis in 
a distribution (again, see Field, 2013), but we will just eyeball it in this book. 

38. Distributions that are flatter than a normal distribution are called 

@.) platykurtic. pla + i Pook 

b. leptokurtic. 

Reading 

Question 

FREQUENCY DISTRIBUTION TABLES 

Graphing data is typically the best way to see patterns in the data (e.g., normal, leptokurtic, or platykur- 

tic). However, some precision is often lost with graphs. Therefore, it is sometimes useful to look at the 

raw data in afrequency distribution table. To create a frequency distribution table, you need to know 

the measurement categories as well as the number of responses within a given measurement category. 

For example, suppose that a market researcher asked cell phone users to respond to the following 

statement: “I am very happy with my cell phone service provider.” People were asked to respond with 

1 = strongly agree, 2 = agree, 3 = neither agree nor disagree, 4 = disagree, or 5 = strongly disagree. The 

responses are listed below: 

Wy tb 2p ay Cay De, 25 in Dy Sy Shy Sy ORG Se Oh Snes Oy Ob Oh. 6) 

It is probably obvious that a string of numbers like the one earlier is not a particularly useful way to 

present data. A frequency distribution table organizes the data, so it is easier to interpret; one is shown 

in Table 1.2. 
The first column (X) represents the possible 

response categories. People could respond with any 

number between 1 and 5; therefore, the X column 

(i.e., the measurement categories) must include all 

of the possible response values—namely, 1 through 

5. In this case, we chose to put the categories in 

Frequency Distribution Table 

Tei eieeee Of the Variable “I Am Very 

Happy With My Cell Phone 

Service Provider” 

ascending order from 1 to 5, but they could also be X if “| 

listed in descending uit from 5 to 1. Siananen ; aca 

The next column (f) is where you record the fre- 

quency of each response. For example, 4 people gave _| Agree 2 4 

responses of 5 (strongly disagree) and so a 4 is written Neither agree nor disagree 3 7 

in, the! ifr column across from the response category Disagree 4 6 ] 

of 5 (strongly disagree). | 
Strongly disagree 5 4 

39. The value for “f’ represents the 
Reading ; a. number of measurement categories. 
Question = 6) number of responses within a given measurement Category. 

40. In the above frequency table, how many people responded with an 

Reading answer of 3? 

Question ye 

b. 4 

me 
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SPSS 

We will be using a statistical package called SPSS (Statistical Package for the Social Sciences) to con- 

duct many of the statistical analyses in this course. Our instructions and screenshots were developed 

with Version 22. There are some minor differences between Version 22 and other versions, but you 

should have no difficulty using our instructions with other SPSS versions. 
It is likely that your school has a site license for SPSS allowing you to access it on campus. Depending 

on your school’s site license, you may also be able to access the program off campus. You may also 

purchase or “lease” a student or graduate version of SPSS for this course. Your instructor will tell you 

about the options available to you. 

Data File 

After you open SPSS, click on the Data View tab near the bottom left of the screen. Enter the data you 

want to analyze in a single column. 

We have used the cell phone data from the previous page to help illustrate how to use SPSS. In 

Figure 1.10, a variable named “happycellphone” is shown at the top of the column of data. To add 

this variable name, double click on the blue box at the top of a column in the Data View screen. 

areiticie EGO Screenshot of SPSS Data Entry Screen 

~ if) “Untitled? (DataSetd) - IBM SPSS Statistics Data Editor ‘ a fone xs) 
file Edit View Data Transform Analyze Graphs Utilities Addons Window Help 

SH2O-> #L3R 8 See 
24 Visible: 1 of 1 Vanabies | 

___[happycelipnone var em x a x 
i 2.00 

} | { 

ODN OH eR wn = 

nm 

IBM SPSS Statistics Processor is ready Unicode:OFF 
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Doing so will take you to the Variable View screen. You can also access the Variable View screen by 
pressing the Variable View tab at the bottom left of the screen. In the first column and first row of 
the Variable View screen, type the name of the variable you want to appear in the data spreadsheet 
(e.g., happycellphone—the variable name cannot have spaces or start with a number). To go back 
to the Data View, click on the blue Data View tab at the bottom left of the screen. 

The data file you created should look like the screenshot in Figure 1.10. The exact order of the data 
values is not important, but all 23 scores should be in a single column. As a general rule, all the data for 
a variable must be entered in a single column. 

41. The Variable View screen is where you 
Reading 

Question 
(a) enter the variable names. 

~~ 

b. enter the data. 

42. The Data View screen is where you 
Reading 

: a. enter the variable names. 
Question 

(b) enter the data. 

Creating Frequency Distribution Tables and Graphs 

SPSS can create frequency tables and graphs. To create a frequency graph of the data you just entered, 

do the following: 

e From the Data View screen, click on Analyze, Descriptive Statistics, and then Frequencies. 

e To create a graph, click on the Charts button and then choose the type of graph you want to 

create (Bar chart, Pie chart, or Histogram). Click on the Continue button. 

e Be sure that the Display Frequency Tables box is checked if you want to create a frequency 

distribution table. 

e Click on the OK button to create the frequency distribution table and graph. 

After performing the steps outlined above, a frequency distribution graph and table will appear in the 

SPSS output screen. Use the SPSS output provided in Figure 1.11 to answer the following three questions. 

43. How many people responded with a 3 to the question, “I am very happy with 

my cell phone provider?” 

Reading a. 2 
Question b. 4 

(e> ti 

44. What percentage of the respondents answered the question with a 

Reading response of 4? 

i a. 30.4 
? 

Question eae wy Donte 

(b. 26. 

c. 17.4 
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atic eeel Annotated SPSS Frequency Table Output 

Valid: 

Each measurement 

category (X) in the 

data file 

Frequency: 

Number of 

responses in each 

measurement 
category 

happycellphone 

\2 iif 

Percent: 

Percentage of 
responses in each 

measurement 
category: 

(f/N)(100), where 

N = total number 

of participants in 

the data file 

Valid Percent: 

Percentage of 
responses in each 

measurement 

category: 

(f/N)(100), where 

N = total number 

of participants 

who responded 

Cumulative 
Valid Percent Percent 

8.7 8.7 

Cumulative 

Percent: 

Percentage of 

responses at or 

below a given 

measurement 

category 

Reading or a lower value? 

Question Bes ils 

® 82.6 
Cc Woe 

é. 

45. What percentage of the respondents answered the question with a response of 4 
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Use the histogram in Figure 1.12 to answer the following two questions. 

ates ede Frequency Histogram of “I Am Very Happy With My Cell Phone Service Provider” Data 

Histogram 

[ Mean = 3.26 
Std. Dev. = 1.214 

64 aT N = 23 

| 
Frequency 

: 
0.00 1.00 2:00 3:00 4.00 5.00 6.0 

happycellphone | 

What is the most common response in the data? 46. 
Reading — — 

Question 6) ep 

c. 4 

d. 5 

47. How many people responded with the most common response? 

<a) 7 an 

b. 6 
Go 5 

d. 4 

Reading 

Question 

SPSS is a great tool for creating graphs to help you gain a better understanding of your data. However, it 

is not necessarily intended for creating presentation-quality graphs. You can customize graphs in SPSS by 

double clicking on the graph once you create it and then, once the image is open, double click on any aspect 

of the graph to change it. This is trickier than it sounds because there are a lot of options. We are not going 

to work on editing graphs in this book, but if you would like to edit graphs, you can use the help menu in 

SPSS to obtain further information. There are several other ways to create more advanced graphs in SPSS. 

You can explore these options by clicking on “Graphs” menu. 
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48. It is possible to change the appearance of graphs created by SPSS. 

(a) True 

b. False 

Reading 

Question 

OVERVIEW OF THE ACTIVITY 

In Activity 1.1, you will practice using the concepts introduced in this chapter, including samples, 

descriptive statistics, inferential statistics, populations, parameters, and sampling error. You will create 

frequency distribution tables by hand and using SPSS. When interpreting these tables, you will also 

learn about percentiles and how they can be obtained from a frequency distribution table. You will also 

create graphs by hand and using SPSS and describe their skew and kurtosis using the correct terminol- 

ogy. Finally, you will read research scenarios and determine what scale of measurement best describes 

the variables in the study. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Use common statistical terms correctly in a statistical context 

Construct a frequency distribution table from a bar graph 

Interpret data from a frequency distribution 

Use SPSS to create a frequency table 

Sketch a frequency distribution 

Identify distributions that are bell shaped, positively skewed, negatively skewed, leptokurtic, and 

platykurtic 

Identify nominal, ordinal, and interval/ratio variables in research scenarios 

Identify discrete and continuous variables in research scenarios 

THERAPEUTIC TOUCH 

There is quite a bit of evidence that human touch is beneficial to our psychological and physical health. 
Hugs are associated with lower blood pressure, skin-to-skin contact can help preterm infants gain 
weight, and touch can improve immune system functioning (e.g., Field, 2010). Although there is little 
doubt of the benefits of physical touch, a treatment known as “therapeutic touch” (TT) is far more 
controversial. Therapeutic touch involves no actual physical contact. Instead, practitioners use their 
hands to move “human energy fields” (HEFs) in an attempt to promote healing. Proponents of this 
approach claim that it can help with relaxation, reduce pain, and improve the immune system. 
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Emily Rosa (who was just 9 years old at the time) and 

her colleagues (including her parents) investigated the basis 

of these TT claims by putting a sample of actual TT practi- 

tioners to the test (Rosa, Rosa, Sarner, & Barrett, 1998). In 

their study, Rosa and colleagues designed a method to deter- 

mine if TT practitioners could actually detect HEFs. As the 

figure to the right illustrates, individual practitioners sat 

at a table facing a large divider that prevented them from 

seeing their own hands or Emily. The practitioners placed 

both of their hands through the divider on the table, palms 

up. Practitioners were told to indicate whether Emily was 

holding her hand above their right or left hand. Emily began 

each trial by flipping a coin to determine where to place 

her hand. She then placed her hand 8 to 10 cm above 

one of the practitioner’s hands. The practitioners had to 

“sense” the HEF allegedly emanating from Emily’s hand 

to determine if Emily’s hand was over their right hand or 

left hand. Each practitioner went through a total of 10 of 

these trials. 

If the TT practitioners can actually sense HEFs, they should be able to choose the correct hand far 

better than chance (i.e., 5 out of 10 times). However, if they really can’t detect HEFs and the practitioners 

were really guessing, you would expect them to choose the correct hand an average of 5 out of 10 times. 

Some may get more than 5 correct and others may get less than 5 correct, but the most common number 

of correct answers would be about 5 of 10, if the practitioners were guessing. 

1. Which of the following graphs represents the results you would expect if the practitioners were 

guessing? Explain your answer. 

Frequency 

OH NWFP UDO N WO O 

Frequency 

O- NWA UATAHON WO O 

© 2@SBesae 7 & © Wo O©OtBBSASRBS YY B Vie 

Trials Correct Trials Correct 



26 AN INTRODUCTION TO STATISTICS 

2. As mentioned previously, the researchers had a sample of TT practitioners participate in the 

experiment described earlier. They used the results from this sample to infer what the results 

would be if they had collected data from the entire population of TT practitioners. The purpose of 

their study was 

a. descriptive. 

(6) inferential. 

3. Use three of the following terms to fill in the blanks: parameters, statistics, inferential, descriptive, 

sampling error. 

If the sample of TT practitioners represented the population of TT practitioners well, the sample 

S would be similar to lg PoRuiston { ) and the study would 
C 

have a relatively small amount of S 

4. After the experiment was complete, the researchers counted the number of correct responses out 

of the 10 possible that were generated by each participant. The number of correct responses 

ranged between a low of 1 correct to a high of 8 correct. The variable “number of correct 

responses out of 10 trials” is measured on which scale of measurement? 

a. Nominal 

b. Ordinal 

€.) Interval/ratio 

“6. Is the number of correct responses out of 10 a continuous or a discrete variable? 

ca.5 Continuous 

b. Discrete 

The following bar graph is an accurate re-creation of the actual data from the experiment. The 
graph is a frequency distribution of the number of correct responses generated by each practitioner 
out of 10 trials. Use these data to answer the following questions: 

6. Create a frequency distribution table based on the graph. 

Frequency 

Opie i ae Om ee Oe mee Open ier OC ee Olas t() 

Number of Correct Results 
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7. How many practitioners were in the sample? 

a. 

lo. 10) 

©» 
8. How many practitioners did better than chance (i.e., did better than 5 correct 

out of 10)? a a 

ae) 

©) 6 
cam i 

9. What percentage of the practitioners performed at or below chance? 

E00 nse 
(b) 78.6 pen 
6.536 

10. Do the data support the conclusion that TT practitioners can detect HEFs or do the data support 
the conclusion that they cannot and instead are guessing? 

BL WES: many of the practitioners performed above chance level. Although the other practitioners 
could not detect the HEFs, the people who scored above chance could detect HEFs. 

®) No, most practitioners performed at or below chance levels. This suggests that, generally, the 

TT practitioners were not able to detect the HEFs. 

11. Some of the TT practitioners were correct on 6, 7, or 8 of the trials. What should the researchers 

do next? 

a. Conclude that these four individuals really can detect HEFs and encourage them to continue 

using TT to treat people. 

“(b) Do the study again with the same people and see if they can replicate their above-chance _ 

ba performance. 

GENERAL SOCIAL SURVEY 

Every 2 years, the National Opinion Research Center asks a random sample of adults in the United States 

to complete the General Social Survey (GSS). All of the GSS data are available at www.norc.org. You will 

be using a small portion of the GSS that we placed in a file titled “gss2010.sav.” You can access this file 

on the textbook website (http://www.sagepub .com/carlson/study/resources.htm). Load this file into SPSS. 

Part of the GSS assesses respondents’ science knowledge. In 2010, respondents answered questions 

from a variety of different sciences, such as “True or False. Antibiotics kill viruses as well as bacteria” 

and “True or False. Lasers work by focusing sound waves.” For this assignment, we created the variable 

“ScientificKnowledge” by summing the total number of correct answers each participant gave to 10 sci- 

ence questions. The resulting “ScientificKnowledge” variable was measured on a ratio scale and had a 

possible range of 0 to 10 correct answers. 

Use SPSS to create a frequency distribution table and graph of “ScientifickKnowledge” scores. To cre- 

ate a frequency distribution table and graph, do the following: 

From the Data View screen, click on Analyze, Descriptive Statistics, and then Frequencies. 

Move the variable(s) of interest into the Variable(s) box. In this case, you will move 

“ScientificKnowledge” into the Variable(s) box. 
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3), 

14. 

Ni). 

NO} 

ie 

18. 

IG). 

20. 

Make sure the Display Frequency Tables box is checked. 

To create a graph, click on the Charts button and then choose Bar chart. Click on the Continue 

button. 

Click on the OK button to create the frequency distribution table and graph. 

Use the frequency distribution table you created in SPSS to determine how many people 

responded to the “ScientificKnowledge” questions. 

ADH 
How many people got all 10 questions right? 

W4 
What percentage of people got all 10 questions right? You could compute this percentage yourself, but 

SPSS has already computed it for you. You will notice that there are two percentage columns in SPSS. 

One is labeled “Percent” and the other is labeled “Valid Percent.” These two columns differ in what was 

used as the denominator when computing the percentage. For the Percent column, the denominator is 

everyone in the data file, regardless of whether they answered the question. For the Valid Percent 

column, the denominator is the number of people who answered the question. For this course, we will 

always use the Valid Percent column. 

ay 

How many people got all 10 questions wrong? 

‘er 

What percentage of people got all 10 questions wrong? 

] ; eS 

All of the questions had just two response options. Thus, if people answered every question and 

they were guessing on every question, we would expect them to get 50% of the questions 

correct. What percentage of people got exactly 5 of the 10 questions correct? 

i} 
What percentage of people scored at or below chance (i.e., 5 correct responses out of 10) on this 

test? Use the cumulative percentage column to answer this question. 

After taking standardized tests, you typically get a raw score as well as a percentile rank, the 
percentage of scores a given score is higher than. For example, if you scored at the 95th percentile, 
you would know that you scored as well as or better than 95% of the people who took the test. The 
same thing can be done for this data file by using the cumulative percent column of the frequency 
distribution table. What Science Knowledge test score is at the 95th (.e., the 94.9th) percentile? 

What Science Knowledge test score is at the 9th percentile? 
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othr 

4. 

24. 

Zo. 

26. 

27. 

28. 

29. 

30. 

What is the percentile rank for a Science Knowledge test score of 7? 

What is the percentile rank for a Science Knowledge test score of 3? 

On the GSS, people were asked how many years of school they completed. Before you graph the 
data in SPSS, what two responses to this question do you think will be the most common in the 
United States? Be sure that you can explain why you think these answers would be given 
frequently. 

a. 8 

lo, Ke) 

@ We 

Gl. le 

Use SPSS to create a bar graph of the YearsofEducation variable. What was the most frequently 
occurring response? 

What percentage of the respondents completed exactly 12 years of school? 

What percentage of the respondents completed 16 or more years of school? 

What percentage of the respondents completed fewer than 12 years of school? 

As you work with data throughout this course, you will find that frequency distribution graphs 

(i.e., bar graphs and histograms) can look quite different for different variables. Look at the graph 

for the Science Knowledge scores that you created earlier. This graph is very close to a bell- 

shaped curve, but it is a bit skewed. Is it positively skewed or negatively skewed? 

ne 

Use SPSS to generate a histogram for the number of hours people report watching TV each 

day. When you create a histogram in SPSS, you can click on a box that says “show normal 

curve on histogram.” Select this option so that SPSS will also show a normal curve along with 

the data. Is the graph positively or negatively skewed? 

pos 
On the GSS, respondents were asked how old they were when their first child was born (variable is 

named AgeFirstChildBorn). Use SPSS to create a histogram for this variable. Do the data look to be 

positively skewed, negatively skewed, or bell shaped? 

DO 5 
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AL. As part of the GSS, respondents were given a vocabulary test that consisted of 10 words. Create a 

bar chart of the number correct on the vocabulary test (VocabTest). Do the data look to be 

positively skewed, negativety-skewed, or bell shaped? 

me - 
32. Scores on the vocabulary test are not perfectly normally distributed. Is this distribution 

platykurtic or leptokurtic? 

<P 
33. Ifa test is relatively easy and most people get between 90% and 100%, but a few people get low 

scores (10%-20%), would that data be positively skewed or negatively skewed? 

Nne4 

MEASUREMENT 

A researcher wonders if the age at which people have their first child is related to their level of educa- 

tion. To investigate this possibility, he divides people who have had children into four education brack- 

ets: high school or less, some college, college degree, and advanced degree. He then records the age at 

which each person had his or her first child. Circle the scale of measurement used for each of the 

variables listed below: 

34. Education bracket: Nominal Qrdina) Interval/ratio 

35. Age at birth of first child: Nominal Ordinal ( interval/ratid 

A researcher designs a study in which participants with low levels of HDL (high-density lipoprotein) 

cholesterol are randomly assigned to take either a cholesterol-lowering drug or a placebo each day. 

After 3 months, HDL levels are measured. Women and men often react differently to treatments, and 

so the researcher also records the gender of each participant. Circle the scale of measurement used for 

each of the following variables: 

36. Treatment (drug vs. placebo): (Nominal ) Ordinal Interval/ratio 

37. HDL cholesterol levels: Nominal Ordinal Interval/ratio 

38. Gender of the participants: ‘Nominal Ordinal Interval/ratio 

A researcher used government records to classify each family into one of seven different income cat- 
egories ranging from “below the poverty line” to “more than $1 million a year.” The researcher used 
police records to determine the number of times each family was burglarized. Circle the scale of mea- 
surement used for each of the following variables: 

39. Income category: Nominal “Ordinal, Interval/ratio 

40. Number of times burglarized: Nominal Ordinal Intervallratio, 
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Determine which of the variables are discrete and which are continuous. 

41. Number of times burglarized (Discrete Continuous 

42. Gender of the participants Discrete) Continuous 

43. Age at birth of first child Discrete Continuo 7 
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Chapter 1 Practice Test 

A marriage counselor measures anger toward one’s spouse by measuring the number of pins 

participants stick into a doll representing the participant’s spouse. What is the scale of 

measurement for anger? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 

In the previous question, is this measure of anger continuous or discrete? 

a. Continuous 

b. Discrete 

The marriage counselor wonders if men or women will display more anger and so he records 

the gender of each participant. What is the scale of measurement for gender? 

a. Nominal 

b. Ordinal 

c Interval/ratio 

A sports psychologist ranks swimmers according to their finishing place in a 100-m race (i.e., 

first, second, third, etc.). What scale of measurement was used for finishing place? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 

A sports psychologist asks swimmers to record the number of minutes they spend swimming 

each day. Is this measure of swimming continuous or discrete? 

a. Continuous 

b. Discrete 

To measure pain tolerance, a researcher asks participants to submerge their arm in a bucket of 
water that is 34 °F and to keep it there as long as possible. The total time the participant kept his 
or her arm in the bucket of water was used as the measure of pain tolerance. What is the scale of 
measurement for this variable? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 
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We 

ih, 

Wr: 

Is the total time the participant kept his or her arm in the bucket of water a continuous or a 
discrete variable? 

a. Continuous 

b. Discrete 

When do researchers typically use bar graphs? 

a. When the data are continuous 

b. When the data are discrete 

c. When the data are interval/ratio 

d When the data are ordinal 

When do researchers typically use line graphs or histograms? 

When the data are continuous 

When the data are discrete 

When the data are interval/ratio 

When the data are ordinal 

° 2 sl ol When the data are nominal 

Bridget received a score of 90 on an exam that put her at the 45th percentile. How did she do on 

this test? 

a. Her score of 90 is excellent; she scored better than 55% of the people in the class. 

b. She scored better than 45% of the people in the class. 

Ona chemistry exam, a few people received scores of 90% to 100%, but most received scores 

below 50%. How is this distribution skewed? 

a. Positively skewed 

b. Negatively skewed 

A marriage counselor measures anger toward one’s spouse by the number of pins stuck into a doll. 

Most people only stabbed the doll with 2 to 5 pins, but two people 

stabbed the doll with 52 pins. How is this distribution skewed? 

a. Positively skewed 

b. Negatively skewed 

After completing a documentary film about the history of different 

font styles, the producer wonders if people will find the topic a bit 

boring. To measure boredom, she asks people to watch the film and 

then videotapes them while they are watching the film. Later, a 

research assistant watches the videos and records the number of 

times each person yawned. The data are at right. 
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14. 

8), 

16. 

How many people were videotaped while they watched the film? 

al {3} 

Die Sil 

G, XE 

For the data described in Question 13, how many people yawned 7 times? 

2, © 

bees 

G 8 

For the data described in Question 13, what percentage of people did not yawn at all? 

a % 

bi5332% 

c 0% 

d. 1.2% 

For the data described in Question 13, what percentage of the people yawned 4 or 

fewer times? 

6.45% 

16.13% 

TOD Ho 

22.58% a1) tevmne; 

Which of the following is the best graph of the data described in Question 13? 

Frequency 

(ey ne) ee) SSS (op) NI es) ee) 
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Frequency 
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Frequency 

Frequency 
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20. 

Ze 

~ What is sampling error? 

a. The difference between qualitative and quantitative data 

~b. The difference between a sample statistic and a population parameter 

c. The difference between an inferential statistic and a descriptive statistic 

A polling organization asked a representative sample of 50- to 55-year-olds living in the United 

States to determine how much they had saved for retirement. The average amount saved was 

$125,000. Which of the following best describes this number? 

Sample parameter 

Ss Sample statistic 

c. Population statistic 

d. Population parameter 

A polling organization asked a representative sample of 50- to 55-year-olds living in the United 

States to determine how much they had saved for retirement. The average amount saved was 

$125,000. The pollsters use this information to make the argument that people in the United 

States are not saving enough for retirement. This is an example of a 

a. descriptive statistic. 

b. inferential statistic. 

Which of the following data files shows the correct way to enter the heights of 

six people into SPSS? 

68.00 55.00 69.00 71.00 54.00 63.00 

VARO0001 
68.00 

55.00 

69.00 

71.00 

54.00 

63.00 
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CHAPTER 2 

Central Tendency 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following; 

e Compute and interpret the mean, the median, and the mode 

e — Identify when to use the mean, the median, or the mode when describing a distribution’s central tendency 

CENTRAL TENDENCY 

You are probably already familiar with the notion ofcentral tendency. For example, if your five history exam 

scores for a semester were 33%, 81%, 86%, 96%, and 96%, the “center” of these scores summarizes your 

academic performance in history. However, did you know that your history instructor could use the mean, 

the median, or the mode to find the center of your scores? If your instructor used the arithmetic average (i.e., 

themean, 78.4%), you would get a C. Although the mean is the most common measure of central tendency, 

there are other options. She could use the middle test score (the median, 86%), and you would get a B. She 

could also use the most frequently occurring test score (the mode, 96%), and you would get an A. Clearly, the 

mode gives the most favorable picture of your performance, but which measure of center gives the most 

accurate picture? Researchers frequently must summarize large data sets by presenting a single measure of 

their center, and every time they do so, they must determine whether the mean, the median, or the mode 

offers the most accurate summary of the data. It should be clear from the history exam example that one’s 

choice of mean, median, or mode can dramatically change the interpretation of the data. Luckily, there are 

rules of thumb that help you decide when to use each of these measures of center. 

The mean is the arithmetic average (the sum of the scores divided by the number of scores). While the 

mean is the most common measure of a data set’s center, there are situations when it cannot be used. For 
example, when the data being summarized are nominal, the mean cannot be used. Suppose we recorded 

the academic majors of students in a class and 17 responded psychology, 9 nursing, 7 sociology, and 

8 social work. These academic majors are categories, not values; one cannot compute the average aca- 

demic major. In other words, academic major is a nominal variable. In this case, psychology is the most 

frequently reported academic major, and therefore, it is the center of the data. When the data are nominal 

(.e., when the data are categories rather than values), you must use the mode to summarize the center. 

39 
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What measure of central tendency is used when data are measured on a 

nominal scale? 

il 
Reading 
Question A, Mean 

b. Median 

(©. )Mode 

While the mode is the only option when data are nominal, the median is the best option when data 

are ordinal. The median of a distribution of scores is the value at the 50th percentile, which means that 

half of the scores are below this value and half are above it. For example, suppose we wanted to know 

the center class rank of students in a statistics course with five freshmen, seven sophomores, four 

juniors, and three seniors. We could assign ordinal positions to each class rank so that freshman = 1, 

sophomore = 2, junior = 3, and senior = 4. This would result in the following distribution of scores: 

1,1, 1,1, 1,2, 2, 2, 2,2, 2, 2, 3, 3, 3, 3, 4, 4, 4. Although we used numbers to represent the ordinal posi- 

tions, it would not make mathematical sense to compute the mean of class rank (i.e., freshmen, sopho- 

mores, juniors, seniors). When a variable is ordinal, the best measure of center is the median. After the 

scores are arranged from lowest to highest, the median is the score with exactly the same number of 

scores above it and below it. For example, after the 19 class ranks are arranged from lowest to highest, 

the 10th highest score would have nine scores above it and nine scores below it. The 10th highest score 

is a2: 1,1, 1,1, 1, 2, 2, 2, 2, 2, 2, 2, 3, 3, 3, 3, 4, 4, 4. Thus, the median value, or center value, is sopho- 

more. If a data set has an even number of scores, you find the median by computing the average of the 

middle two scores. 

2. What is the median for this set of scores? 3, 3, 3, 4, 4,5, 5,5 
Reading — 
Question () 4 

(, 6) 

3. What measure of central tendency should be used with ordinal data? 

a. Mean 

(6:)Median 

c. Mode 

Reading 

Question 

When working with interval or ratio data, you need to choose between the mean and the median to rep- 
resent the center. In general, you should use the mean to summarize interval or ratio data; however, if the 
data set contains one or more “extreme” scores that are very different from the other scores, you should 
use the median. For example, if you wanted to summarize how many text messages you typically send/ 
receive during a typical hour-long class, you could use the mean or the median because the number of 
texts sent/received in a class is ratio data. Suppose that during your last seven classes, you sent/received 
the following numbers of messages: 7, 9, 38, 6, 7, 8, and 7. The mean number of text messages would 
be 11.7, but this is not really a typical value for you. During the vast majority of classes (i.e., six of your 
last seven classes), the number of messages you sent was less than 11.7. The mean does not represent 
the center of these data very well because a single extreme score is inflating the mean, “pulling” it away 
from the center. Statisticians would consider the 38 value an outlier because it is a very extreme score 
compared with the rest of the scores in the distribution. The median is far less affected by extreme scores. 
The median would be 7 (6, 7, 7, 7, 8, 9, 38), and this would be a much better summary of your in-class 
texting habits. When to use each measure of central tendency is summarized in Figure 2.1. 
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aries as When to Use Measures of Central Tendency 

Measure of 

central tendency | When to use the measure 

Mean With interval/ratio data that are 

normally distributed; 

no outliers 

Median a ordinal data 

With interval/ratio data that are 

skewed or have outliers 

Mode With nominal data 

: 4. What measure of central tendency is obtained by adding all the scores and then 
Reading dividing by the number of scores? 

Question @ ah ats 
| 

b. Median 

c. Mode 

What measure of central tendency is the value that has half of the scores above 

Reading it and half of the scores below it? 

Question a Ea 

@) Median 

c. Mode 

2 6. What measure of central tendency should be used when the data are interval 

Reading |_° and there are extreme scores in the distribution? 

Question Bek errs 

Median 

c. Mode 

7. Extreme scores are also called 

(2) outliers. 

b. modes scores. 

Reading 

Question 

Another situation in which you should use the median even though you have interval or ratio data is when 

the distribution is asymmetrical, or skewed. A distribution of scores is skewed if the “tail” on one side of the 

distribution is substantially longer than the tail on the other side. The bar graphs in Figure 2.2 illustrate a 

symmetrical distribution and a negatively skewed distribution, respectively. The mean should be used for 

symmetrical distributions, and the median should be used for highly skewed distributions. It is worth noting 

that when a distribution is symmetrical (or close to being symmetrical), the mean, the median, and the mode 
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are all very similar in value. However, when a distribution is very asymmetrical, the mean, the mia and 

the mode are different. In asymmetrical distributions, the mean is “pulled toward the distribution’s longer 

tail. This fact is illustrated by the asymmetrical graph in Figure 2.2. 

. A Bar Graph of Symmetrical Data (Correct Answers) and a Bar Graph of Negatively 

Piguet Skewed Data (Classes Attended) 

Mode = 8 

Median = 7.2 

Mean, Median, 

and Mode = 5 

Frequency 

O-NWAUATDN WOO 

Frequency 

O-+-NWA AON WO O 

© i128 465 6 7 8 9 i@ Oe ee ZE ey Gy YF oe) WS Ke) 

Correct answers Classes attended 

Symmetrical distribution Asymmetrical (negatively skewed) distribution 

8. What measure of central tendency should be used when a distribution of scores 

Reading measured on the interval or ratio scale of measurement is skewed? 

Question mats 

(b) Median 

c. Mode 

9. When a distribution of scores is skewed, the median and the mean will be similar. 
Reading 

Question 

COMPUTING THE MEAN 

To compute the mean of the following sample of scores, you would add up the scores and then divide 
by the number of scores. If you do these calculations, you will find that the mean is 73: 

100, 70, 80, 90, 50, 60, 70, 80, 90, 40 
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Although this is probably something that you already know how to do without referring to a formula, 
you will need to be familiar with the following notation to understand the more complicated statistical 
formulas covered in later chapters. The formula for computing the mean (M) of sample data is 

ee: 
N 

The numerator of the formula (©X), read as “sum of X,” is using statistical notation to indicate that the 

scores (i.e., Xs) should be added. The sigma (2) tells you to sum, or add, whatever comes after it, so 1X 

means sum all the Xs. The N in the denominator of the formula refers to the number of scores. So, the 

statistical formula for the mean is literally a set of instructions telling you to add the scores and then divide 

them by the number of scores. In this case, the sum of the Xs (~X) is 730, the N is 10, and therefore, the 
mean is 73: 

ee 2& 100+ 70+ 80+ 90'+ 50:4 60+ 70 + 80+ 90 +40 SOOT; 

N 10 10 

In subsequent chapters, you will be learning statistical procedures that are more complicated than 

the mean. Understanding and computing these more advanced statistics will be much easier if you 

learn to read statistical notations (e.g., »X). In the long run, learning to read statistical formulas will be 

much easier than trying to memorize the exact order of multiple mathematical operations. 

10. What does »X tell you to do? 
Reading (@)Sum the scores (Xs) 
Question b. Compute the mean 

11. What does N represent? 
Reading 

= (a) The number of scores 
Question 

b. Measurement categories 

12. A statistical formula is 

Reading 

Question 

Frequency 

IE) )(-areeee Distribution Table of 

Variable Scores @a helpful set of instructions 

indicating how to compute 

something. 

b. a bunch of meaningless symbols I 

should skip when I’m reading. 

You will also need to be able to compute the mean 

from data presented in a frequency distribution table. For 

example, the test scores listed earlier could be presented 

in a frequency distribution table, as in Table 2.1. 

The frequency distribution indicates that there is one 

person with a score of 100, two people with scores of 90, 

two people with scores of 80, and so on. To obtain the sum 

of the scores, you could add each individual number, like 

you did previously, but with larger data sets, it is more 
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efficient to work with the data as they are presented in the table. There is just one person with a score 

of 100, and so we will include just one score of 100. However, there are two people with a score of 90; 

Rather than put two 90s into the equation, you can multiply 90 by 2. More generally, you will need to 

multiply each score by the number of people who had that score (x (Xf)). This is illustrated below: 

DX =100(1) + 90(2) + 80(2) + 70(2) + 60(1) + 50(1) + 40(1) = 730. 

Frequency 

1e1) (rere Distribution Table for 

a Larger Set of Scores 

Me 

Of course, the sum of scores is identical to what you com- 

puted earlier. As before, you must divide the sum of scores by 

the number of scores (N) to find the mean. The N, when data 

are presented in a frequency table, is the sum of the frequen- 

cies (~f). In this case, N= 2 f = 10, and so the mean is com- 

puted as 

N 10 

Knowing how to incorporate the frequencies, f, when 

computing the mean for data in a frequency table can save 

you time when working with larger data sets. For example, 

suppose that you had test scores from a larger sample of 

people (Table 2.2). 

You could find the mean of the scores in this frequency 

table in the following way: 

LX _ 100(5) + 90(7) + 80(8) + 70(10) + 60(6) + 50(9) + 40(3) 

N 

3,400 

48 

OBS 
48 

First you multiply each score by its frequency, then you add all those values together, and finally you 
divide by N. It is important to remember that N when working with a data set from a frequency table is 
always the sum of the frequencies (Yf), not the number of scores listed in the table. So, in this example, 
N is 48, not 7. 

13. Which of the following is the best way to compute the mean for the following 
Reading - data? 

Question 
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() M = (3(4) + 2(7) +1(5))/16 

b. M=(3+2+1)/3 

c M=(3+2+1)4+(44+7+5))/6 

The data in the previous problems came from samples. The computations are identical when you 
are working with a population. As with the sample, you will sum the scores and divide by N. However, 
the notation is a bit different. Greek letters are used to represent population parameters (i.e., p1, pro- 
nounced “myoo,” represents a population mean), while Arabic letters are used to represent sample 
statistics (i.e., M represents a sample mean). The formula for the population mean (1) is provided below, 
but you should note that it is computed in exactly the same way as the sample mean (M): 

Be ya 
14. The sample mean is represented by 

Reading 

Question 
Dae: 

c. both Mand p. 

15. The population mean is represented by 

a. M. 
Pn 

c. both Mand up. 

Reading 

Question 

FIND THE MEDIAN 

The median is the midpoint of a distribution of scores. When working with a list of scores, you begin 

by putting the scores in order from lowest to highest (or highest to lowest). For example, the test scores 

100, 70, 80, 90, 50, 60, 70, 80, 90, and 40 must be reordered as follows: 

40, 50, 60, 70, 70, 80, 80, 90, 90, 100 

The median is the middle score in the list. In this case, there are an even number of values, and so 

there is not one middle score but two. The two middle scores are 70 and 80. To find the median, com- 

pute the average of the two middle scores. Thus, the median would be 75. When the number of scores 

is odd, the median is the one value that is the exact center of the ordered list. For example, for the fol- 

lowing list of scores, the median would be 6: 

hy Uy Oy Oy B45 Dy i! 

When working with data from a frequency table, the scores will already be in order. But you will 

need to determine how many scores from either end of the list you need to “move in” to find the 

middle score. In Table 2.3, there are 48 scores (N = > f = 48), and so the median is between the 24th 

and 25th scores from either end of the list. If you start from the bottom, you will see that there are 



46 AN INTRODUCTION TO STATISTICS 

three people with scores of 40, nine with 50s, and six with 60s. So far, we have counted up 18 scores 

and we need to count up to the 24th and the 25th scores, which are 6 and 7 more scores up the 

order, respectively. The next category of scores, 70, has 10 scores in it. Therefore, the 24th and the 

25th scores must both be 70, and the median is the average of these two 70s, which is 70. 

Frequency Distribution 

Table for a Larger Set of 

Scores With Median 

Identified 

Table 2.3 

The 24th and 

25th scores are 

in this group of 

10 scores. 

16. Find the median of this list of scores: 5, 6, 4, 7, 8. [Hint: What is the 
first step to finding the median?] Reading 

Question ney: 

b. 5 
Ce) 6 

Reading 

Question 
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FIND THE MODE 

The mode is the most frequently occurring score in a distribution. To locate the mode in the frequency 
distribution table, you look for the measurement category (X value) with the highest frequency. In 
Table 2.4, the mode would be 70 because 10 people had scores of 70. 

Frequency 

Distribution Table for 

VEL )(iyeAR a Larger Set of 

Scores, With the 

Mode Bolded 

18. Find the mode of this set of scores: 
Reading 

Question | x f 

3 4 

2 7 

1 5 

a A teal \ \ 

(6) 
Cc: 

SPSS 

Data File 

To compute measures of central tendency using SPSS, you will need to begin by entering the data. As 

described in Chapter 1, all the scores for a particular variable should be entered in one column. You cannot 
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enter a frequency distribution table into SPSS; instead you must 

enter individual scores. For example, to enter the scores from 

Table 2.5, you would need to enter 100 once, 90 twice, and so ME }y) (ame 

forth. 
When you are done, your data file should look like the one 

in Figure 2.3. The exact order of the values is not important, 

but you should be sure that all 10 scores are entered ina single 

Frequency 

Distribution Table of 

the Variable Called 

Scores 

column. ice : 

z When entering data into SPSS, you can 90 2 

Reading enter a frequency table of the data; 80 2 

Question you do not have to enter each score =A ; 

individually. 

a. True 
60 1 

(6. aise 
RK (=) 

£9 “Untitled? [DataSet] - IBM SPSS Statistics Data Editor 
File Edit View Data Transform Analyze Graphs Utilities Add-ons Window Help 

SHS ho Shan Ses 
11: Test8cores 

| TestScores _ var var 

100.00 

30.00 

30.00 

80.00 

80.00 

70,00 

70.00 

60.00 

60.00 

40.00 

Visible: 1 of 1 Variables 

i 

(OO WIM mM BR wer = 

; IBM SPSS Statistics Processor is ready Unicode:OFF 

Obtaining Measures of Central Tendency Using SPSS 
Do the following to generate measures of central tendency using SPSS: 

e Click on the Analyze menu. Choose Descriptive Statistics and then Frequencies (see Figure 2.4). 
e Move the variable(s) of interest into the Variable(s) box (see Figure 2.5). 
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ateticcme am SPSS Screenshot of the Analyze Menu for Descriptive Statistics 

IBM SPSS Statistics Data Editor on 
4 nalyze Graphs Utilities Add-ons Window Help 

Bee eG SU Loe eveeeieenn tte neSReT SEY 

= ~ Descriptive ; Statistics Frequenc le P 

= 71 Compare Means > | re Descriptives... hy 

- E i » Hh 
400.00 oe Pie Model A budore | 

| Generalized Linear Models > |. L 
90.00 ; | BE Crosstabs... 

Mixed Models > F 
90.00 x | TURF Analysis 

Correlate a 
80.00 S ‘ - | fia Ratio... 

Regression i 
80.60 ‘ | AI P-P Plots... 
70.00 Loglinear » 

: Classify > c i] Q-Q Plots... 

70.00 - sewhiercca ma” 
: ; ” : 

60.00 Dimension Reduction 

50.00 Scale p 
46.00 Nonparametric Tests p 

Forecasting > 

Survival » 

Multiple Response b 

dad 2 Simulation... 

Quality Contro! r 

| S&S H 

ROC Curve... Jnicode:ON 

SOREN 

'¥ Display frequency tables 



50 AN INTRODUCTION TO STATISTICS 

e Make sure the Display Frequency Tables box is checked if you want a frequency distribution 

table. Uncheck the box if you do not want a frequency table. 

e Click on the Statistics button. 

e Click on the boxes for mean, median, and mode, and then click on the Continue button (see 

Figure 2.6). 

CM ChickiOk: 

atite-wAlm SPSS Screenshot of Choosing Measures of Central Tendency 

ta Frequencies: Statistics _o 

Percentile Values Central Tendency 

~ Quartiles if Mean 

~ Cut points for: equal groups ¥ Median 

) Percentile(s): ¥ Mode 

J Values are group midpoints 

Dispersion on Distribution 

| Std. deviation — Minirnum ' Skewness 

| Variance _ Maximum Kurtosis 

_ Range _ $.E. mean 

Output 

Your output file should look similar to that in Figure 2.7. Note that this data file had multiple modes 
because three different test scores each had a frequency of 2. SPSS only tells you one mode, but it does 
make a note that there are additional modes. To find the other modes, you need to look at the 
frequency distribution table. 

20. What was the mean of these data? 

(a.)73.0 
1D, 745) 

Cc, 740) 

Reading 

Question 
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aliiCcwavam SPSS Output for the Central Tendency of the Variable Score 

| 
testscores 

Cumulative 
Statistics Frequency | Percent | Valid Percent Percent 

testscores 

10 

0 

73.0000 

75.0000 

70.008 

a. Multiple modes exist. 
The smallest value is 
shown 

OVERVIEW OF THE ACTIVITY 

In Activity 2.1, you will compute measures of central tendency (mean, median, and mode) by hand 

and using SPSS. You will practice determining which measure of central tendency is appropriate for 

different types of data. Finally, deviation scores will be introduced because (1) they will help you under- 

stand the mean and (2) the mean and deviation scores will help you understand an important concept 

in the next chapter, the standard deviation. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Compute the mean, the median, and the mode for data presented in a frequency table 

e Identify whether the mean, the median, or the mode best represents the center of a given distribu- 

tion of data 

e Recognize from a graph when data will produce a misleading mean, median, or mode 

e Explain how the mean perfectly balances positive and negative deviations scores 

PART I: COMPUTING THE MEAN, THE MEDIAN, AND THE MODE 

You asked 10 fellow statistics students how many courses they were taking this semester. The 10 people 

gave you the following answers: 5, 4, 4, 4, 3, 3, 3, 2, 2, and 1. 
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1. Create a frequency table of the “Number of Courses” data. 

\ 

—_ 

) W 

—N ip 

2. Create a frequency bar graph of the “Number of Courses” data. 

3. Compute the mean for these data. 

Sil 
4. Find the median for these data. 

P 

a 
5. Find the mode for these data. 

both Si ee ey 
6. Which measure of central tendency would be the best in this situation? 

Mean 

b. Median 

c. Mode 

You should have found that the mean and the median were 3.1 and 3, respectively. There were 

two modes, 3 and 4. When it comes to choosing the best measure of central tendency, some statisti- 

cians would say that the number of courses is discrete and therefore the mean should not be used. 

They would argue that the value of 3.1 is not a good measure of central tendency because no one 

can ever takes 3.1 courses. However, other statisticians would argue that as long as you remember 

that no one actually takes 3.1 courses, the mean of 3.1 is a more accurate measure of the center 

than 3. In this book, we will use the mean as a measure of central tendency for both continuous 

and discrete variables as long as (1) the variable is measured on an interval/ratio scale, (2) there are 

no outliers, and (3) the distribution is “basically” symmetrical (i.e., not “very” skewed). 

PART II: CENTRAL TENDENCY GRAPH EXERCISE 

For each of the following situations, determine if you should use the mean, the median, or the mode 

as the measure of central tendency. 

7. The variable is nominal. Mean Median Mode) 

8. The variable is ordinal. Mean Median Mode 

9. The variable is interval/ratio. Meal Median Mode 

10. The variable is interval/ratio but is highly skewed. Mean Mode 

11. The variable is interval/ratio, but there are outliers. Mean Median Mode 

For the following problems, determine which measure of central tendency is the most appropriate. 
Be sure to consider the scale of measurement as well as the shape of the distribution. 
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a a > 
e 
3. 10 
E 

YO} 2ead eo 7 & gy 
Number of times you call your parents 

in a month 

U3). 
10 

Frequency 

®) dt Bo & | -f-G : 
Number of speeding tickets ' 

Frequency 

Agree Disagree 

These data came from a sample of college 

students who attend college at least 100 

miles away from their parents. They were 

asked how many times they called their 

parents in a typical month. The mean, the 

median, and the mode were 4.34, 4, and 4, 

respectively. Which measure of central 

tendency should be used, and why? 

@) The mean because the data are interval/ 

ratio and the distribution is not very 

skewed. 

b. The mode because the data are discrete. 

c. The median because the data are 

ordinal. 

d. All measures of central tendency are 

equally appropriate for these data. 

These data came from people attending a stock 

car race in Indiana. They were asked how many 

speeding tickets they had received in the 

previous 2 years. The mean, the median, and 

the mode were 1.45, 1, and 0, respectively. 

Which measure of central tendency should be 

used, and why? 

a. The median because the data are ordinal. 

b. The mean because the data are interval/ 

ratio. 

c. /The median because the data are interval/ 

ratio but skewed. 

These data came from clinical psychologists 

who were attending a professional conference. 

They responded to the question, “Do you agree 

that patients’ memories of past events are 

improved by hypnosis?” What is the best 

measure of central tendency for these data, and 

why? 

a. The mode because the data are ordinal. 

b. The median because the data are skewed. 

@) The mode because the data are nominal. 
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15. This graph presents the same data that 

500 were presented in the preceding graph. 

450 ea Why do the graphs look so eusaea ; 

@) The range of values on the y-axis is 

different in the two graphs. 

b. The second graph uses an interval/ 

ratio scale while the first uses a 

me nominal scale. 

Frequency 

Disagree 

16. Which do you think is a more accurate representation of the data, and why? (It is important to 

note that memories are not improved by hypnosis.) 

a. The first graph is better because it highlights the difference between the agree and disagree 

responses. 

The second graph is better because it shows the true range of values. 

17. These data were obtained from a sample 

of people in the supermarket. They were 

asked how many miles they ran in the 

previous week. The mean, the median, 

and the mode were 3.37, 5, and 0, 

respectively. In this case, no one number 

accurately describes the distribution of 

scores. In fact, one could argue that 

presenting only a measure of central 

tendency would be misleading. Which of 

the following is the best summary of 

these data? 

—h oi 

> 
co) 
c 
S o> 10 
® 
= 

ve 

a. The mean number of miles 

respondents reported running 

was 35.37 with a median of 5 anda 

mode of 0. 

Most respondents reported that they 

di n that week. Of those who 

did run, the reported miles ranged 

between 5 and 9, with a mean 

OlMOnoWe 

(> The number of miles people reported 

running varied between 0 and 9, with 

a mean of 3.37 and a median of 5. 

4 6 

Miles run in a week 
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PART ITI: UNDERSTANDING THE MEAN 

Part IITA: Using Graphs to Understand the Mean 

The mean, the median, and the mode are all used to represent the center of distributions of scores. 
However, the preceding questions made it clear that each of these statistics defines center differently. 
The mode defines the center as the most common score. The median defines the center as the middle 
score. Both of these definitions of center are easy to understand. The mean defines the center in a more 
sophisticated way. In this activity, we are going to use frequency bar graphs to explain how the mean 
defines the center of scores. 

> 
o 
f= 
o 
Ss 
a 
® 
- 
LL 

§ © 10 dil Ww Ww de Ws 

Scores on variable 

18. How many scores are in this distribution (i.e., What is N?)? | (0 

19. Compute the mean of this distribution by adding up all the scores (LX) and dividing by the 
De 

number of scores (N). M = ae 

me) 

You should have found EX = 160, N= 16, so M= 10. Make sure you understand how each of these values 

was computed. 

20. Although you have been able to compute the mean for a long time now, you probably don’t 

know “what the mean does” or how it “defines” center. The mean defines center by balancing 

deviation scores. In other words, the mean is the only value that perfectly balances all the 

positive and negative deviation scores in the distribution. What is a deviation score? Every wale 

in a distribution is a certain distance from the mean; this distance from the mean is the value’s 
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deviation score. In this case, we are working with a sample, and so the deviation score is 

computed as (X — M). For a population, the computations are the same, but the notation for the 

mean is pt rather than M; therefore, the deviation score notation when dealing with population 

is (X — p). To understand how the mean balances deviation scores, compute each value’s 

deviation score by using the formula (X — M). For example, all scores of 8 have a deviation 

score of (X — M) = (8 — 10) = —2. The following graph has three boxes: one for the six scores less 

than the mean, a second for the three scores at the mean, and a third for the seven scores 

greater than the mean. Compute the deviation scores for each score and put them in the tables 

below. After you have computed the deviation scores, sum the deviations (>(X — M)) that are 

above, below, and at the mean. 

Scores Below the Mean Scores At the Mean Scores Above the Mean 

Deviation 

(X — M) 
Deviation 

Frequency 
ine) Ww - oi (o>) N 

Ou hoe By Oe Oise Set 3 ae eet 

Scores on Variable 
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Zi 

Dn 

25) 

24. 

By. 

Record the sums of the positive and negative deviation scores below. 

The sum for all negative deviation scores = _— = 

The sum for all positive deviation scores = * % 

Now you should be able to see how the mean balances positive and negative deviation scores. 

The sum of all the positive deviations and the sum of all the negative deviations will always 

balance. The mean is the only value that perfectly balances all of the deviations scores. 

Therefore, if this always happens, the sum of all the deviations scores, \(X — M), will always 

equal what value exactly? _ ©) 

Does this really always happen? Below is a completely different distribution of scores. Compute 

the mean of these scores. Remember, this is a frequency distribution so you have one score of 2, 

two scores of 3, and so on. 

> 
o 
c 
o 
=] 
a 
o 
es 
LL 

A Onn nS) 

Scores on variable 

You should have found YX = 100, N= 20, so M=5. Make sure you understand how each of these 

values was computed. Ee 

Now that you have the mean of the above distribution of scores, compute the deviation scores 

for all of the scores less than the mean. 

= ~| 
What is the sum of all the negative deviations (i.e., 2s, 3s, and 4s)? 
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26. 

Ze 

28. 

7M). 

Compute the deviation scores for all of the scores greater than the mean. 

> 
What is the sum of all the positive deviations (i.e., 6s, 7s, and 8s)? lpn 

Finally, even when we use a completely different set of numbers, the sum of all the deviation 

scores, ).(X — M), is equal to  _ This will always happen! 

Which of the following statements about the mean is true? (Choose all that apply.) 

(a) The mean is ALWAYS the exact point at which the sum of positive and negative deviation 

“—~’ scores balances out. 

The mean is ALWAYS the score with the highest frequency. 

The mean is ALWAYS equal to the median. 

The mean is ALWAYS equal to the mode. 

The mean is NEVER equal to the median. 

a> (9 eh Gis The mean is NEVER equal to the mode. 

Part IIIB: Create Frequency Distributions 

20); Below is a frequency graph with 10 scores on the left and an incomplete frequency table on the 

right. Fill in the frequency table based on the scores in the frequency distribution. 

2 

3} 

4 

i 

> 
oO 
Cc 
o 
=} 
lox 
oO 
= 
LL 

Scores on variable 
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In the two displays above, the frequency graph and the frequency table convey similar 
information. You should become comfortable computing the mean, the median, or the mode 
from both of these displays. The mode is 4, the median is 4, and the mean is 4.5. Practice 
computing the mean using the STAT mode of your calculator. Don’t move on to the next 
problem until you are sure you can do this. If you don’t know how to use the STAT mode of 
your calculator, you can find instructions online by searching for your calculator. 

Part IIIC: Computing Central Tendency From Frequency Distributions 

31. Find the mode(s) for the data in the frequency distribution table below. 

(et 32. Find the median for the data in the frequency distribution table below. 

33. Find the mean for the data in the frequency distribution table below. 

X (Score) | f (Frequency) | M==—— 32 

2 il 

Part IIID: Compute Deviation Scores 

A deviation score represents the distance and direction by which an individual score varies from the 

mean. It is the number of units to the left or right of the mean that each score is located. Deviations to 

g the left of the mean are negative, and deviations to the right are positive. [Note: Deviation score = 

(X -— M) or (X — p).] 

34. List all of the scores from the frequency table in the chart below. For example, there are three 6s 

in the table, so you need to list 6 three times, each in its own row, in the chart. Then, compute 

the deviation score for each of these values. Remember that you already computed the mean for 

all 10 of these scores in Question 33. 
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Deviation Scores (X — M) 

35. Sum all of the deviation scores. What value do you get? 

PART IV: SUMMARY POINTS 

36. One of the key points of this activity is that the sum of the distances from the mean (i.e., the 

deviation scores) ALWAYS equals 0. The positive and negative deviations will ALWAYS balance out. 

This balancing of distances will ALWAYS occur even when the number of positive and negative 

deviations is unequal. Which of the following statements is always true about the mean? (Choose 

all that apply.) 

a. The mean will always be the middle score; it will have the same number of scores above it 

and below it. 

b. The mean will always be the most common score in a distribution. 

) The mean is the only value that exactly balances the distances of the deviations to the left 
= and right of the mean. 

37. The deviation scores for all distributions of scores always sum to zero. However, distributions of 

scores can vary quite a bit with regards to the typical distance scores are from the mean 

(deviation score). Which of the following distributions would have a greater typical deviation 
score? 

a. Aclass where everyone is between the ages of 20 and 21. 

b. Aclass where the ages range between 19 and 50. 

The next chapter introduces a measure that reflects how variable the scores are in a distribution 
by using the deviation scores. 
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Chapter 2 Practice Test 

1. When is the mode the best measure of central tendency? 

a. When the data are measured on an ordinal scale 

b. When the data are discrete 

) When the data are measure on a nominal scale 

d. When the data are continuous 

2. When is the median the best measure of central tendency? 

@ When the data are measured on an ordinal scale 

b. When the data are discrete 

c. When the data are measure on a nominal scale 

d. When the data are continuous 

3. When the data are measured on an interval/ratio scale and the scores are normally distributed, 

what is the best measure of central tendency? 

Mean 

_b—Median 4) 

c. Mode s 

4. When the data are measured on an interval/ratio scale and the scores are positively skewed, 

what is the best measure of central tendency? 

a. Mean 

(6) Median 

e—Mede_ 

5. What measure of central tendency is always at the 50th percentile? 

a. Mean 

Median 

c. Mode 

6. After completing a documentary film about the history of different font styles, the 

producer wonders if people will find the topic a bit boring. To measure boredom, she 

asks people to watch the film and then videotapes them while they are watching the 

film. Later, a research assistant watches the videos and records the number of times 

each person yawns. The data are at right. 

Compute the mean. 

as \ = 

(6) 5.45 | - ‘ 

c. 4.5 | 

d. 6.45 | 

eS, © | : 

ie, ov < . 
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7. What is the mode for the data described in Question 6? 

8. What is the median for the data described in Question 6? 

a, 8) 

b. 5.45 

c. 4.5 

d. 6.45 

6 
ores 

9. What is the sum of the deviation scores for the set of data described in Question 6? 

Ca) 0 

bt 
, iWMey? 

B45. 

e. It is impossible to answer this question without more information. 

10. Which of the following best describes the shape of the distribution of scores described in 

Question 6? (It may help to sketch the graph.) 

a Positively-skewed 

(b.) Negatively skewed 

c. Normally distributed 

11. What is the best measure of central tendency for the data described in Question 6? 
< A A ean. 

\ b. Median 

¢, Mode 

d-Allmeasures.are equally appropriate for these data. 

12. How do you compute a deviation score? 

G.. (a. )Subtract the mean from the score. 

b. Add the mean to the score. 

£, Subtract-the score from the mean. 

13. Which of the following statements about deviation scores is true? 

@) The deviation scores for any given set of data will always add up to zero. 

b. Each individual deviation will always be equal to zero. 

c. The deviation scores will never be negative. 
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14. A deviation score of 2 indicates that 

the X (score) is 2 above the mean. 

b. the mean 2 above the X (score). 

c. the mean will equal 2. 

15. Compute the mean for this set of scores: 8, 1, 6, 3, 0, 4, 5, 6, 2 

a. 4.22 

é) 3.89 

4 

dan6 

e. 5 

16. Find the mode for this set of scores: 8, 1, 6, 3, 0, 4, 5, 6, 2 

a. 4:22 

b. 3.89 

c. 4 

6 

e. 5 

17. Find the median for this set of scores: 8, 1, 6, 3, 0, 4, 5, 6, 2 

a. 4.22 

joy, S)t832) 

Or 
al © 

emo. 
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CHAPTER 3 

Variability 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Explain what the standard deviation measures 

e Compute the variance and the standard deviation for a population using a calculator i: 
e Compute the variance and the standard deviation for a sample using a calculator and SPSS 

SE FTI TNFR TESOL SIP OO ONS SL SO EOS ti 

POPULATION VARIABILITY 

You have already learned that the mean is commonly used to summarize the center of a distribution 

of scores measured on an interval or ratio scale. While the mean does a good job describing the center 

of scores, it is also important to describe how “spread out from center” scores are. For example, imag- 

ine you are a psychologist studying individuals’ dispositional mood. Some people might have very little 

change in their mood from day to day, while others might have dramatically different moods on differ- 

ent days. In this case, the variability in someone’s mood can be really informative to researchers. To 

illustrate this point, consider two people who both complete the same “happiness scale” for 7 days in 

a row. A score of 0 = no happiness and a score of 15 = a lot of happiness. George’s daily happiness 

scores are 3, 3, 3, 3, 3, 3, and 3 for Monday through Sunday. In contrast, Morgan’s daily happiness 

scores are more variable. Her Monday through Sunday scores are 2, 2, 5, 2, 6, 4, and 0. Even though 

the centers of these two data sets are identical (i.e., 1 = 3 for both), you would certainly want to describe 

the different ways that George and Morgan experience mood. Thus, you need to describe the variability, 

or “spread,” of each person’s daily mood ratings. There are a number of ways to describe the variability 

of interval/ratio data. The easiest measure of variability is the range, which is the difference between 

the highest and lowest scores. For example, Morgan’s range is 6 — 0 = 6. The range is a poor measure of 
variability because it is very insensitive. By insensitive, we mean the range is unaffected by changes to 

any of the middle scores. As long as the highest score (i.e., 6) and the lowest score (i.e., 0) do not change, 

the range does not change. A sensitive measure of variability changes if any number in the distribution 

changes. Researchers value this sensitivity because it allows them to describe the variability in their 

data more precisely. The most common measure of variability is the standard deviation. The standard 

deviation tells you the typical, or standard, distance each score is from the mean. Therefore, the standard 

65 
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deviation of George's daily moods is 0 because all of the scores are exactly equal to the mean. In other 

words, George’s daily moods have zero variability. Morgan’s daily moods do vary, and therefore, the 

standard deviation of her data is larger (i.e., 1.93; you will learn to compute this next). Although the 

standard deviation is the preferred method of measuring variability, it can only be used when the data 

are interval/ratio. When the data are ordinal, you must use the range. 

1. Why is the range a poor measure of variability? 
Reading 

(a. )n uses only two values rather than all of the values in the distribution. 

Question b. It is overly sensitive to changes in the middle of the data. 

2. What characteristic of a distribution of scores does a standard 

deviation describe? Reading 

Question a. How far scores are from the mean 

b. How spread out the scores are 

c. The variability of scores in a distribution 

“~(\q)) All of the above 

3. The smallest standard deviation that is possible is because this would mean 

(Met 

a. —1; all of the scores are negative 

Reading 

Question 

O; all of the scores are the same 

c. 1; all of the scores are positive 

4. What measure of variability should be used when the data are ordinal? 
Reading 

Question 
a. Standard deviation 

‘b.) Range 

STEPS IN COMPUTING A POPULATION’S STANDARD DEVIATION 

We are going to use Morgan’s moods to illustrate how to compute the standard deviation. Morgan’s 

daily moods are 2, 2, 5, 2, 6, 4, and 0. We are going to consider these seven scores to be a population 

because we are only interested in describing this one week of moods. Computing the standard devia- 
tion of this population consists of five steps. Focus on understanding what you are trying to do at each 
step rather than simply doing the calculations. 

Step 1: Compute the Deviation Scores (X - 1) 

The standard deviation measures the standard (or typical) distance each score is from the mean. Thus, 
to compute the standard deviation, you first need to determine how far each score is from the mean. 
The distance each score is from the mean is called a deviation score and is Computed as X — pt, where 
X is the score and 1 is the mean of the population. For example, this small population of seven scores 
(2, 2, 5, 2, 6, 4, 0) has a mean of 1 = 3. Table 3.1 displays a deviation score for each of the seven scores 
in the population. 
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5. A deviation score measures 
Reading 

‘a. the typical distance all of the 
Question scores are from the mean. 

@) the distance of an individual 

score from the mean. 

Step 2: Square the Deviation 
Scores (X — 1)? 

One logical way to find the typical deviation of scores 

from a mean is finding the average deviation score of 

a distribution. One could sum the deviation scores 

and divide their sum by the number of deviation 

scores, in this case 7. However, if you sum the devia- 

tion scores of any distribution, you get 0. Of course, if 

summing deviation scores always yields zero, this 

approach doesn’t help us differentiate between distri- 

butions with different amounts of variability. So we 

Table 3.1 
Computing Deviation 

Scores, Step 1 

Score (X) Step 1: Deviation Score (X — p1) 

231 

B= == 

Dr 

need some way to combine deviation scores without losing the variability among the scores. There are 

a number of ways to avoid this problem, but the one that statisticians use when computing the standard 

deviation is to square the deviation scores first and then to sum the squared deviation scores.’ The 

deviation scores have been squared in Table 3.2. 

WE))(-eepyas Computing Deviation Scores, Step 2 

Step 1: Deviation Score (X — pL) Step 2: Squared Deviation Score (X — pu)? 

1 It is tempting to talk about the standard deviation as the average deviation from the mean, but this is not 

technically correct because the deviation scores always sum to zero and so the average deviation is O. A dif- 

ferent measure of variability is computed by taking the absolute value of the difference scores. This measure 

of variability is called the mean absolute deviation. However, the mean absolute deviation is rarely used. You 

will sometimes hear people talk about the standard deviation as the average deviation. Although this isn’t 

technically accurate, thinking about the standard deviation as the average deviation is fine. 
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6. Statisticians square each derivation score so that 

Reading 
5 (a. when they sum them they will not sum to zero. 

Question = 
b. the standard deviation will be larger. 

Step 3: Compute the Sum of the 
Squared Deviation Scores, SS = >(X - p)’ 

Our goal is to compute the typical deviation score of the distribution of scores. Our next step is to 

compute the sum of the squared deviation scores (SS). To compute the SS, you simply add (i.e., sum) 

the squared deviation scores as was done in Table 3.3. 

IE) \CeceeM Computing SS With the Definitional Method, Step 3 

Score (X) Step 2: Squared Deviation Score (X — 1)? 

il 

Step 1: Deviation Score (X — py) 

9 

SS=d(X-p)=14+1+44+1+94+1+9=26 

Table 3.3 illustrates how to compute the SS using what is called the definitional formula, 

>(X — p)’. There is another way to find the SS that, most of the time, is a lot easier. The second method 
2 

: (2X) 
uses the computational formula, ) X°- Tae Rather than individually computing every score’s devia- 

tion from the mean, squaring them all, and then summing them all, as the definitional formula requires, 

the computational formula allows you to find the SS with less arithmetic. The computational formula 

requires you to sum all of the original scores (i.e., the Xs) to find 2X, square every X, and then sum them 
all to find 2X’. With this method, you don’t need to find each score’s deviation from the mean. The 
computations for this method are shown in Table 3.4. 

The computational method and the definitional method will ALWAYS give you the same answer. 
However, we highly recommend the computational method. Once you get the hang of it, it is much 
faster. Furthermore, when the mean of the scores is not a whole number (e.g., 3.4578), the definitional 
formula not only is very tedious but also will lead to rounding error. So, you should work to become 
proficient with the computational method for finding the SS. 
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7. SS stands for the 
Readi 
es a. standard deviation. Table 3.4 atthe Saas ae 

(b.) sum of the squared deviation acumen es 
scores. 

c. sum of the deviation scores. Score (X) Square Scores xX? | 

dy 2 ih 
i 8. The definitional method 

Reading for finding the SS and the 2 4 
Question computational method for 

finding the SS will always provide 2 Ge 

the same value, but in most 2 th i 

situations the method aT 

is faster and will not produce 

rounding error. 4 

a. Definitional method, 0 

_SS= 2X — yp)? 

b. Computational method, 
2 

SS =X’ - ee 

4 ; (21)° 
Step 4: Compute the Variance (o°) et alae 

Again, our goal is to compute the typical, or standard, 

deviation of the scores from the mean in a distribution SS = 89 — 63 = 26 
of scores. We cannot compute the average deviation ; 

score because their sum is always zero. So, instead, we 

compute the average squared deviation score, which is called the variance (o’, lowercase sigma 

squared). When computing any mean, we divide the sum of values by the number of values. Therefore, 

in this case, we divide the sum of the squared deviation scores by the number of squared deviations 

(i.e., N). The result is the mean of the squared deviation scores, the variance. 

SOM 
Population variance: o° = i = = =3.71. 

9. The variance (o”) is the 
Reading e ca) typical squared deviation from the mean. 

Question b. typical deviation from the mean. 

Step 5: Compute the Standard Deviation (0) 

We squared the deviation scores before we summed them and then divided the sum by N to get the 

variance. This means that the variance is the typical squared deviation of all the scores from the mean. 

While informative, the typical squared deviation from the mean is not very intuitive to think about. It 

is much easier to think about the typical deviation of scores from the mean. Therefore, we convert the 



70 AN INTRODUCTION TO STATISTICS 

typical squared deviation into the typical deviation by taking the square root of the variance. The square 

root of the variance is the typical or standard deviation of scores from the mean: 

[SS |26 
Population standard deviation: o = Vo* Seer ile 2/5), ff Il ONS). 

The standard deviation tells us the standard (or typical) distance of all the scores from the mean. In 

this population, the typical distance of all the scores from the mean is 1.93. Some scores are more than 

1.93 away from the mean and other scores are less than 1.93 away from the mean, but the “typical” 

distance of all the scores is 1.93. 

10. The standard deviation (0) is 
Reading 

Question 
a. how far al! of the scores are from the mean. 

(bythe typical distance of all the scores from the mean; some scores will be 

~~ further away and some closer, but this is the typical distance. 

The five steps to computing the standard deviation of a population are listed in Table 3.4. It is 

worth familiarizing yourself with the verbal labels as well as their symbolic equivalents because we 

will be using both in future chapters. You should notice that there are two SS formulas. While these 

formulas are mathematically equivalent (meaning they yield the same answer), researchers use the 

second formula when working with larger data sets. This computational formula is much easier to 

use with large data sets than is the first definitional formula. You will use both of these equations in 
a future activity. 

LED )K-Ree a Summary of Five Steps to Computing a Population’s Standard Deviation 

Population Standard Deviation 

Step | Verbal Label Symbolic Equivalent Equation 

il Deviation score (X — 1) 

adh lh 
2 | Square the deviation scores (xe 

3 Sum of squared deviation scores Definitional: $5 = x(X- nu) 
2 

Computational: ss =x? — (ex) 
N 

4 Population variance 

Population standard deviation 
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ile What symbol represents the standard deviation of a population? 

a. SS 
(b) cS 

€. 

Reading 

Question 

12. Which equation defines the sum of the squared deviation scores? 

C hy U(x iy 1) 

b.—2(X—p) 

Reading 

Question 

13. Which equation is used for computing the SS? 
Reading Bbss= 5 (x=) Question oe 3 

r b,) Ss =yxX’ oa (XX) 

N 

Ce eee 
N 

Once you have computed the standard deviation, you should interpret it in the context of the data 

set. For this population of Morgan’s daily moods, the happiness scores varied. In other words, Morgan 

was not equally happy every day. The standard deviation indicates how much her happiness varied 

across the week. Specifically, the standard deviation of 1. 93 means that the typical distance of all the 

happiness scores from the mean of 3-was x6 93) With a mean of only 3, a standard deviation of 1.93 

suggests that Morgan’s happiness scores varied quite a bit (e.g., 2, 2, 5, 2, 6, 4, 0). 

It may help you understand that the standard deviation is actually measuring the typical distance 

of all the scores from the mean if we very briefly consider a completely new data set. Suppose Elliot’s 

average daily happiness score is 9. Specifically, his happiness scores on Monday through Sunday are 8, 

8, 11, 8, 12, 10, and 6. Even though he is much happier than Morgan is on a daily basis, the standard 

deviation of Elliot’s daily moods is also 1.93. The standard deviations of these two data sets are iden- 

tical because both data sets vary equally around their respective means of 3 and 9. Use the space in 

Table 3.5 to compute the standard deviation of the new data to confirm that it is 1.93. 

IE) \(-me eee Example Table for Computing a Population Standard Deviation 

Score (X) Squared Score (X°) 

8 

8 



ie AN INTRODUCTION TO STATISTICS 

iati sr = 
Sum of squared deviations: Ss =>X*- are = 

3 , 9 oS 
Population variance: 0 = it = 

; SS 
Population standard devation: o = =a = 

In order for two data sets to have the same standard deviation, they must have 

the same mean. 

aE True- 

5 fals8 

14. 
Reading 

Question 

SAMPLE VARIABILITY 

Computing the variability of a sample of scores is very similar to computing the variability of a popu- 

lation of scores. In fact, there is only one computational difference that arises when you compute the 

variance (i.e., Step 4). To highlight the difference between the sample and population formulas, we 

will analyze the same scores we analyzed earlier (i.e., 2, 2, 5, 2, 6, 4, 0) as if they came from a sample 

rather than a population. 

In the preceding example, we used Morgan’s daily moods on each day of a week as if it were a 

population because we were only trying to describe the variability of Morgan’s mood for that week. 

We were doing descriptive statistics because we were working with data from an entire population. 

If we wanted to describe the variability of Morgan’s moods during all of last year, but she did not 

complete the happiness scale for the entire year, we could use the week’s data we have as a sample to 

estimate the standard deviation of her moods for last year. In this scenario, the week of data we have 

are a sample from Morgan’s entire population of daily moods from last year. In this new scenario, we 

would be doing inferential statistics, and therefore, there is one small change to how we compute the 

standard deviation. The reason for the change is that we are using a sample to infer or estimate the 

value of the population’s standard deviation, and the change helps correct for sampling error. 

15. When you are using a sample to estimate a population’s standard deviation, you 
are doing statistics. Reading 

Question a. descriptive 

(b.) inferential 

: 16. When computing a sample’s standard deviation, there to the 
Reading computation process relative to when you are computing a on s 
Question standard deviation. 

a. are many changes 

{is one change 
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Steps 1 Through 3: Obtaining the SS 

Computing the sum of the squared deviation scores (SS) is identical for a sample and population. The 
X scores were 2, 2, 5, 2, 6, 4, 0. Therefore, ©X = 21 and UX? = 89. 

oe (XX): ssayy ee Xx re 

aeaqgles 
7 

SS = 26. 

17. The SS is computed in exactly the same way for a sample and a population. 

g) True 

b. False 

Reading 

Question 

Step 4: Compute the Sample Variance (SD?) 

Although the SS computations are the same, there is a difference between the computation of a sample 

variance and a population variance. To compute the population variance, you divided the SS by N. To 

compute the sample variance, you divide the SS by N — 1. This is the only difference between the 

computation of a variance for a sample and a population: 

Sample variance: SD* = eo tg = = 4,33. 

Why we divide by N— 1 when using a sample to estimate a population’s variability rather than by 

N is a somewhat complicated issue. The simplest explanation is that samples are less variable than 

populations, and without the N— 1 adjustment, our variability estimate would be too low. For example, 

the variability of Morgan’s daily moods during a 7-day period, our sample, will be less than her moods 

during a 365-day period, our population. The small 7-day sample is going to have less variability than 

will the much larger 365-day population. More data tend to create more variability. The difference in 

variability between smaller samples and larger populations is a serious problem if you are trying to 

use a sample to estimate a population’s standard deviation. So, you need to do some kind of compu- 

tational adjustment when using a sample to estimate a population’s variability; if you don’t, your vari- 

ability estimate will tend to be too low. The computational adjustment statisticians determined to be 

most accurate in most situations is dividing the SS by N — 1 rather than by N. 

18. When using a sample to estimate a population’s variability, the SS is divided by 

N-— 1 rather than by N to correct for a sample’s tendency to Reading 

Question a. overestimate the variability of a population. 

(by underestimate the variability of a population. 
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Step 5: Compute the Sample Standard Deviation (SD) 

Take the square root of the sample variance: 

| SS [26 
Sample standard deviation: SD = = = = S535) = 2 (0s). 

The verbal labels corresponding to each computational step for a sample’s standard deviation are 

identical to those used when computing a population’s standard deviation. However, as indicated 

above, the sample’s symbolic equivalents are Arabic letters rather than Greek letters (Table 3.6). 

LEI \CaeMoM Summary of Five Steps to Computing a Sample’s Standard Deviation 

Sample Variability 

1 Deviation score ie M) 

2 Square the deviation scores , 

; 
cA arta 

3 Sum of squared deviation scores SS Definitional: $5 = ~ 

2 
Computational: ss = eee Be 

Sample standard deviation 

IS), 
Reading 
Question 

a.) SD 

joy <SIDe 

CG, Sis) 

On symbol represents the standard deviation of a sample? 

20. When computing the variance of an entire population, you are performing 
so divide the SS by ___ 

G) Descriptive statistics, N 

Reading 

Question 

b. Inferential statistics, N— 1 

Zila When estimating the variance of a population from a sample, you are 
performing so divide the SS by ___ 

a. Descriptive statistics, N 

Reading 

Question 
¢ \ 

(b. | Inferential statistics, N— 1 



CHAPTER 3 Variability 75 

SPSS 

Data File 

You can compute the standard deviation and variance of a sample (not a population) using SPSS. Begin 
by entering the sample scores (2, 2, 5, 2, 6, 4, 0) into one column in SPSS. This is what your data file 
should look like when it is done (Figure 3.1): 

latelticmeeeae SPSS Screenshot of Data Entry Screen 

File Edit View Data 

id] teases] Ge) BS! 

IB:Mood a ‘Visible: 1 of 1 Variables 

var 

Data View Variable View 

IBM SPSS Statistics Processor is ready Unicode:ON 

Computing Measures of Variability 

e Click on the Analyze menu. Choose Descriptive Statistics and then Frequencies (see Figure 3.2). 

© You can obtain descriptive statistics (e.g., mean, standard deviation) in a lot of different ways 

in SPSS. We are only showing you one way here, but if you explore the menus, you can find 

other ways to obtain the same statistics. 

e Move the variable(s) of interest into the Variable(s) box (see Figure 3.3). 

e Make sure the Display Frequency Tables box is unchecked if you do not want a frequency 

distribution table. 

e Click on the Statistics button. 

e Click on the boxes for mean, standard deviation, variance, minimum, and maximum, and then 

click on the Continue button, and then click OK (see Figure 3.4). 

e Important Note: SPSS computes the sample standard deviation and variance, not the population 

values. 
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SPSS Screenshot of Analyze Menu for Measures of Variability 

Compare Means 

General Linear Model 

Generalized Linear Models 

Mixed Models 

Correlate 

Regression 

Loglinear 

Classify 

Dimension Reduction 

Scale 

Nonparametric Tests 

‘Frequencies... aoe A Forecasting 
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if Display frequency tables 
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ariiCeepm SPSS Screenshot of Selecting Descriptive Statistics 

ta Frequencies: Statistics 

Percentile Values Central Tendency 

_ Quartiles if Mean 

_ Cut points for: equal groups © ¥ Median 

_ Percentile(s): ¥ Mode 

Sum 

__ Values are group midpaints 

Dispersion - Distribution 

iW Std. deviation Y Minimum | Skewness 

vf Variance ¥ Maximurn _  Kurtosis 
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f 

watangeld Lutleleias 

Output 

Your output file should look similar to the one below. Note that the results are the same as what you 

did by hand (Figure 3.5). 

22. What is the standard deviation of these data? 

g Reading Lag 
Question a 

CC) 2.08 

23. SPSS can only be used to compute the standard deviation of a sample, not a 

population. 

True 

b. False 

Reading 

Question 
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ara MeM SPSS Output for Descriptive Statistics 

Statistics 

Valid 

Missing 

Mean 

Median 

Mode 

Std. Deviation 

Variance 

Minimum 

Maximum 

OVERVIEW OF THE ACTIVITY 

In Activity 3.1, you will work with data sets to better understand variability and what causes variability 

in a data set. You will also practice computing the SS and the standard deviation for populations and 

samples using your calculator. 

Variability Activity 3.1 
Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Recognize how measurement error, individual differences, and treatments can create variability 

Determine which of two distributions has a higher standard deviation by comparing histograms 

Explain what the standard deviation is to someone who has not taken a statistics course 

Compute the standard deviation for population or sample data presented in a histogram or a 

frequency table 

Use the definitional and computational formulas to compute the SS 

Use the statistics mode on your calculator to find the SX? and the /X 
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PART I: CONCEPTUAL UNDERSTANDING OF VARIABILITY 

A developmental psychologist studying how the neonatal environment of infants affects their develop- 
ment is planning a huge national study. He needs to develop a reliable way to collect the physical 
measurements of newborn infants. He knows that the physical development of infants is carefully 
tracked during the child’s first year of life. At every doctor’s visit, the child’s height, weight, and head 
circumference are measured, typically by nurses. Consequently, he approaches nurses because he 
hopes that he can use the data they will collect from their future patients in his study. However, before 
he does, he wants to know how accurate their measurement procedures actually are. After getting the 
nurses’ agreement to participate, he brings a very realistic doll of a 1-year-old infant to the nurses and 
had each nurse measure the circumference of the infant’s head in centimeters. The 18 nurses’ 
measurements are graphed below. 

Frequency 

mM w -_ Oo 

oOo — 

43 44 45 46 47 48 

Head Circumference in cm 

1. Given that all nurses were measuring the head of the same doll, all of the head circumference 

measurements should be the same. In other words, there should be no variability in the 

measurements. However, the above graph clearly illustrates that there was variability in the 

measurements. Why was there variability in the measurements of the doll’s head circumference? 

(Select all that apply.) 

a. Some nurses held the tape measure tighter around the infants head while others held it 

looser. 

b. Each nurse put the tape measure in a slightly different place on the doll’s head 

Some nurses may have misread the tape measure. 

d. The doll’s head changed size between measurements. 

2. Inthe above question, all of the variability in scores was created by measurement error because 

everyone was measuring the same thing and, therefore, should have obtained the same score. 

Unfortunately, measurement error is always present. No matter what you are measuring, you 

will never be able to measure it perfectly every time. You can, however, reduce the amount of 

measurement error, In the context of measuring an infant’s head circumference, how could the 

developmental psychologist and/or nurses reduce the variability in scores created by 

measurement error (i.e., what could they do to increase the accuracy/reliability of each 

measurement?). Select all that apply. 
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ia Give the nurses a lot of practice measuring different dolls’ heads. 

‘b> Train the nurses to use a consistent degree of tension in the tape measure. 

c. Use dolls with heads made out of a soft, pliable material. 

) Use a tape measure that only records centimeters, not inches. 

The following week, different nurses measured the head circumference of 35 different infants. The 

head circumference measurements for 35 different infants are graphed below: 

N=35 

Frequency 

AYO) Zli| Bley Ale) AVAL lis ey lyf ifs) aI@) sO) Sy) Sz 

Head Circumference in cm 

3. Did measurement error create some of the variability in scores that are graphed above? 

aN No, there is no measurement error. The head circumferences are only different because 

different infants were measured. 

b. Yes, there is measurement error. There is always some potential for measurement error any 

time a measurement is taken. 

4. Inaddition to measurement error, something else is also creating variability in the distribution of 
35 scores (i.e., head circumferences). Besides measurement error, what is another reason for the 

variability in the above distribution of 35 infants’ head circumferences? (Select all that apply) 

a. Different nurses measured the head circumferences and each nurse may have used a slightly 
different measurement technique. 

(b) The 35 infants have heads that vary in size. 

In the previous question, the variability in head circumferences was created by both measurement 
error, which is always present, and the fact that the 35 infants’ heads actually varied in size. Researchers 
refer to this second source of variability as being created by individual differences. The fact that 
people are different from each other creates variability in their scores. 

5. Using highly standardized measurement procedures can reduce the amount of variability created 
Dye 
a. individual differences 

'b,) measurement error 
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6. In which of the following distributions of scores would there be more variability created by 
individual differences? 

a. The heights of 50 first graders 

The heights of 50 elementary school children (first through fifth graders) 

It should be clear to you that researchers need to understand the variability in their data and what is 
creating it. Researchers view measurement error variability as “bad” and attempt to minimize it. Researchers 

also recognize that individual differences variability will always create variability in their data, and they 

try to control this variability with carefully designed experiments. In addition, in many research situations, 

researchers actually want to generate variability by creating different kinds of treatments. 

For example, suppose the researcher thought that physically touching prematurely born infants would 

increase their growth. To test this hypothesis, the researcher could conduct a study with two samples of 

prematurely born infants. All of the infants in Group 1 could be touched with skin-to-skin contact for at 

least 6 hours a day. All of the infants in Group 2 could be touched only by someone wearing gloves. After 

4 weeks of these differing treatments, the circumferences of the babies’ heads could be compared. 

7. In this study, there are three things creating variability in infants’ head circumference. The fact 

that measuring an infant’s head circumference is hard to do accurately contributes to the 

amount of in this study. 

a. treatment differences variability 

b. individual differences variability 

(> measurement error variability 

8. The fact that the researcher gave some infants 6 hours of skin-to-skin touch a 

day and some other infants no skin-to-skin touch contributes to the amount 

of in this study. 

(ax. treatment differences variability 

b. individual differences variability 

c. measurement error variability 

9. The fact that infants naturally differ from each other in head size contributes to the amount of 

in this study. 

a. treatment differences variability 

@) individual differences variability 

c. measurement error variability 

10. If we measured each of the following variables for every person in this class, which variables 

would have the most measurement error variability? 

a) Students’ report of their parents’ annual income 

b. Parents’ annual income recorded from official tax forms 

11. If we measured each of the following variables for every person in this class, which variables 

would have the least individual differences variability? 

a. Number of siblings a person has 

(b) Number of fingers a person has 
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12. Understanding variability is important because some variables simply have more variability than 

others do. For example, in high school students, which of the following variables would have the 

largest standard deviation? 

1G Annual income of parents 

b. Age 

13. Which of the following variables would have the smallest standard deviation for high school 

students? 

a. Number of phone calls made in a day 

A v) Number of phones owned 

The following figure displays the head circumferences of 70 premature infants. Half of the infants 

were only touched by someone wearing gloves (the darker bars). The other half of the infants were 

only touched by someone who was not wearing gloves (the lighter bars). 

> 
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=] 
oy 
o 
= 
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Head Circumference in cm 

14. In the above figure, the variability created by the different treatments (i.e., touching infants while 
wearing gloves vs. touching infants while not wearing gloves) is depicted by the fact that 
a. all of the infants who were touched while wearing gloves do not have the same head 

circumference. 

b. all of the infants who were touched while not wearing gloves do not have the same head 
circumference. 

<c.)) the infants who were touched without wearing gloves (lighter bars) tended to have larger 
head circumferences than infants who were touched while wearing gloves (darker bars). 
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15. In most research situations, there will be variability that is created by measurement error, 
individual differences, and differing treatments. In the study described earlier, the researcher 
expected that touch would result in faster growth. Thus, the researcher compares the mean head 
circumference for a sample of the premature babies who were touched with direct skin contact 
to the mean head circumference for a sample of the premature babies who were only touched 
by someone wearing gloves. Suppose that the mean head circumference for the direct touch 
sample was 38 cm, and the mean for the other sample was 33 cm. Why can’t we just look at 
those two numbers and conclude that direct skin touching facilitated infant growth? Select all 
that apply. 

~=a== The variability between the sample means may have been created by a treatment effect. 

b) The variability between the sample means may have been created by individual 
S<_ differences. 

The variability between the sample means may have been created by measurement error. 

A primary goal of this course is to teach you how researchers determine if the variability you see in 

data (e.g., the difference between the head circumferences of infants who were touched in different ways) 

was likely created by a treatment difference or if the variability was likely created by individual differences 

and/or measurement error differences that exist between treatment conditions (i.e., sampling error). 

16. The primary goal of this course is to teach you how to 

a. design experiments to test treatment effects. 

\b. ) determine if variability is likely to be due to treatment effects or sampling error. 

c. eliminate measurement error and individual difference variability. 

As you know from the reading on variability, the standard deviation is commonly used to measure 

the amount of variability in a set of scores. Computing the standard deviation will not enable you to 

determine if the variability in the scores is created by treatment differences, individual differences, 

or measurement error. The standard deviation reveals the typical variability of scores from their 

mean. Later in the course, we will learn how to use other statistics to help us determine if treatment 

differences created variability in scores. 

17. The standard deviation is a measure of 

a. treatment variability in scores. 

b. individual differences variability in scores. 

Zon typical distance of scores (i.e., variability) from the mean score. 

If you understand the concept of variability, you should be able to “read” histograms. Specifically, 

you should be able to determine which of two histograms has more variability (i.e., a higher standard 

deviation). 

For example, suppose that a professor asked students at the end of the semester how much they 

agree with the statement, “I enjoyed taking this course.” Students may respond with 1 =strongly agree, 

2 = agree, 3 = neither agree nor disagree, 4 = disagree, or 5 = strongly disagree. Distributions from two of 

his classes are displayed on page 84. The first graph is from a research methods course, and the second 

graph is from a Statistics course 
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18. You should note that the mean rating for both courses was 3 (neither agree nor disagree). Which 

of the courses had more scores closer to its mean? 

@) Research methods 

b. Statistics 

19. Given that the standard deviation measures the typical distance of scores from the mean, which 

course has the smaller standard deviation? (Hint: Both distributions have a mean of 3.) 

(\ a) Research methods 

b. Statistics 

There is far less variability in the research methods course than in the statistics course. In the 

research methods course, the majority of students responded with a 3, and most responses were 

very close to the mean. However, in the statistics course, most people responded with either a 1 or 

a5, and most responses were relatively far from the mean. In other words, in the research methods 

course, most students gave the same answer (i.e., there was little variability in their responses). 

However, in the statistics course, there were greater differences of opinion (i.e., there was a lot of 

variability in responses). In general, graphs with a lot of data points “piled up” close to the mean (like 

the research methods distribution) have less variability (i.e., a smaller standard deviation) than graphs 

with a lot of data points “piled up” further from the mean (like the statistics distribution). 

While there are other factors to consider, looking at where the scores pile up relative to the mean is 

a good way to start “reading” the variability in a distribution of scores. Use this rule to “read” the vari- 
ability in the following pairs of graphs. 

For Questions 20 to 22, determine if Graph A has more variability, Graph B has more variability, or 

if they have similar amounts of variability. 
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Explain your choice: 

23. Ifa histogram has many scores piled up close to the mean value, the data set will tend to have 

a. alarge standard deviation. 

B» a small standard deviation. 

You should also note that there is no cutoff value for large or small standard deviations. In this case, the 

standard deviation for the research methods course was SD = 0.89, and the standard deviation for the 

statistics course was SD = 1.78. We can say that the standard deviation for the statistics class was relatively 

large because a standard deviation of 1.78 is large when the range of possible responses is only between 

1 and 5. A typical distance of 1.78 from the mean on a 5-point scale is quite large. However, if teaching 

evaluations were made on a 50-point scale, a standard deviation of 1.78 would be quite small. 

24, Which of the following standard deviations would represent greater variability relative to the 
range of possible scores? 

Ra.) A standard deviation of 2.51 for a variable measured with a 1-to-7 Likert scale 

b. Astandard deviation of 2.51 for a fifth-grade spelling test (scores could potentially vary 
between O and 100) 

PART II: COMPUTING THE STANDARD DEVIATION 

A group of four students reports their heights in inches as follows: 68, 61, 72, 70. 

25. Use the table below to help you compute the SS (sum of the squared deviation scores) using the 
definitional formula: 

A= 1a SS=(X —MY 
WW2 4 
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(X — M)? Score (X) 

68 . O6 
61 LS. Sb 

72 ae 0 

ic NOS el S 0b 

SS=Z(X-My = WS, 1457 

You should find that the M is 67.75 and the SS is 68.75. 

26. Although the definitional formula makes intuitive sense, it is not an easy formula to work with 

when you have a large set of scores. With large data sets, it is far easier to compute the SS using 
the computational formula: 

esas (x)? 

N 

The definitional and computational SS formulas will yield identical values. To avoid a common error 

when using the computational formula, be sure you understand the distinction between >X? and (~X)’. 

To compute »X’, you should square each score first, then sum them (X? = 68? + 612 + 72? + 707). To 

compute (3-X)’, you should sum all the scores first and then square the sum ((~X)*= (68 + 61 + 72 + 
70)*). The N is the number of scores. Use the table below to help you compute the SS using the com- 

putational formula. 

This is a very small data set, so it is probably not obvious that the computational formula for the 

SS can save you quite a bit of time. When working with large data sets or when the mean of the data 

is not a whole number, the definitional formula takes longer, and the final answer is likely to have 

rounding error. Another advantage to using the computational formula is that even cheap statistics 

calculators will compute the ©X* and >X for you. Therefore, if you learn how to use your statistics 

calculator, computing the SS will become quite easy. You can simply substitute the values of XX and 

YX? into the computational formula. Try to use the statistics mode on your calculator to find the EG 

and >X. 
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27. Use the SS you computed in Question 26 to compute the standard deviation, assuming the data 

came from a sample. You will use the following equation whenever you are analyzing data from a 

sample. You should get 4.79. 

Th Ge oh Ss 

SD ae eee 

28. Now use the SS you computed in Question 26 to compute the standard deviation, assuming that 
the data came from a population. You will use the following equation whenever you are analyzing 

data from an entire population. You should get 4.15. 

o= Ss OS. 73S s y 
VN en | 

29. Figure out how to use the statistics mode on your calculator to compute the standard deviation 

of a population and a sample. There should be one button you can push or one line in a display 

that shows you the sample and population standard deviation. Don’t skip this. Finding the 

standard deviation with your calculator will be extremely helpful later in the course. 

30. Compute the SS and the standard deviation for the following sample of five scores: 5, 6, 3, 2, 7. 

Compute the SS using the definitional formula 

Score (X) (X- M) (X - M)? 

5 5 (ul 5 ligt 

6 1.4 ia 

3 = eS 

2 . deals . » =pily 

f ang 5. 1b 
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M=22Y 

N= 
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Confirm that you obtain the same results using the computational formula: 

rrr y\ ~ 
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Compute the standard deviation: 

SS << as 
2 ea Ze Y — ie 

31. Inthe previous examples, you computed the SS using both the definitional and computational 

formulas. Although the definitional formula makes intuitive sense, it is far easier to use the 

computational formula. For all subsequent problems, you should use the computational 

formula. Compute the SS and the standard deviation for the following population of five 

SCOKGS leno eo Oe ea! 
el i 

SS= px? Gar 

Ho Be eo 

Ale ten On) 20.% 
5 
Wee. Ub. 

Compute the standard deviation: 

— SS 

at een 

-32. In most situations, which of the following formulas should you use to compute SS? 

ea ) 2 

b. SS=2(X-M) 
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33. The graph from the research methods course described earlier is reproduced below. Create a 

34. 

fe), 

frequency distribution table from these population data. 

> 
5) 
= 
o 
=} 
joy 
@o tes 
rs 

—_ —_t 

oo]—| Oo Loa No ao oc = 

2 3 4 

\a Research Methods 

Compute the standard deviation of the ratings in the research methods course. 

1+ 4 ey + AxtO ly ry =|¢ C brl/yrZ2S 1S Bess 

Sea 27 Ok it mee 
You should have found that the standard deviation was 0.87. What does 0.87 mean in the 

context of this set of data? 

a. The typical distance between scores is .87. 

“b) The typical distance between the scores and the mean is .87. 

c. The typical distance between the sample means is .87. 

36. After computing the standard deviations for the research methods course, the instructor realizes 

that some students did not complete the rating form, and so it was a sample, not an entire 

population. Recompute the standard deviation of the course as if it came from a sample. 

2 S| 
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Chapter 3 Practice Test 

1. A teacher asks nine of his students to read a book for 15 minutes, and he records the number of 
lines of text each student reads during that 15 minutes. The results are as follows: 

20915 35, 11,40, 29.15, 3821 fq 27.5 4 ie 
What is the mean for this sample of nine students? 

a. 22.00 

@,) 24.44 

C, MO@il 

d. 22.68 

2. What is the deviation score for the person who read 20 pages? 

a. 24.44 

b. —24.44 

€) -4.44 

d. 4.44 

3. What is the standard deviation for this sample of nine students? 

a. 24.44 4O0 +\4A ~10$Q+ L2\NLOor ser ela © 4 +225 = 320 

oats L330 - 4400 
d. 220 4 ag ai =e be 
e. 952.22 O320 524 aEgear = 10.24 

f. 14.88 

4. Which of the following statements is the best interpretation of a standard deviation? 

a. The typical distance deviation scores are from the population 

b. The typical distance scores are from each other 

c. The typical distance scores are from the deviation scores 

@) The typical distance scores are from the mean 

5. What is SS? 

Ca) The sum of the squared deviation scores 

b. The sum of the squared scores 

c. The sum of the squared standard deviations 

d. The square of the summed scores 

6. When is the standard deviation not an appropriate measure of variability? 

When the data are nominal or ordinal 

b. Wher the data are inierval or ratio 

c. -Wherrthe-data are leptokurtic 

d. When the data are normally distributed 
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7. Compute the standard deviation for this population of scores: ge 

oO | 

a. 11.20 62> 200 > QOL Bes Gl0-6% 
mee ee y 

90 °° —%2045 = 1754.55 ! (G 

| @ 10.68 1S 

100 100, 40* 40+ 90t90t90 + LO KOKRATGO 

=450 

mean= Bb, db 

10,000 H10000 7 ¥\004 €10° 
: Pa Phe peo 22" 

ee c ~ = =< ) 
U0,g00° +14 200 SS See 

8. An instructor gives a multiple-choice exam that is graded electronically. What type of error is 

this instructor minimizing by using a multiple-choice, electronically graded exam? 

a. Individual differences 

b. Treatment effects 

«.) Measurement error 

d. All of the above sources of variability would be reduced. 

9. Which of the following variables would have more variability due to individual differences? 

(a.) SAT scores of college students in the nation 

b. SAT scores of college students at your college 

10. The scores on the first exam in a statistics course had a mean of 78.32 with a standard deviation 

of 13.24. Scores on the second exam had a mean of 80 with a standard deviation of 11.32. For 

which exam were scores closer to the mean? 

a. Exam 1 

(b) Exam 2 

11. Scores on an exam for students in the same section of a chemistry course had a mean of 91.34 
with a standard deviation of 14.63. Which of the following are sources of the variability in the 
exam scores? You may select more than one. 

Ka Individual differences 

b. Treatment effects 

(c. Measurement error 

12. At the beginning of the school year, all of the students in three third-grade classes take a test to 
assess their current math skills. The mean and the standard deviation for each class are as 
follows: 

Class 1: Mean = 73.59, SD = 24.78 

Class 2: Mean = 65.42; SD = 8.43 

Class 3: Mean = 85.32: SD = 22.86 
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Which class do you think will be easiest to teach? 

a. Class 1. The standard-deviation is highest in Class 1, indicating that the students in that Class 

have higher math skills than the students in the other classes. 

b. Class 2. The standard deviation is lower for this class than Class 1 or 3. This suggests that the 

students are more homogeneous (similar) in their math skills and that it will be easier for the 

teacher to create lessons that will work for most of the students. 

Class 3. The mean test score was highest for this group of students, which suggests that these 

students have the highest math skills and the teacher can create lessons that will work well for 

this group of high-ability students. 

13. Can you use the statistics mode on your calculator to compute the mean and standard deviation 

for a set of data? 

(a? Dyes, no problem! 

b. 

C. 

I can do it if] have a set of instructions in front of me. 

No, I haven't been able to figure it out yet. 
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CHAPTER 4 

z Scores 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

¢ Compute and interpret az score for a given raw score 

e Solve for X if given az score 

e Explain what the sign of a z score indicates 

e Explain what the absolute value of a z score indicates 

© Locate az score within a distribution 

e Use aunit normal table to determine the proportion of scores above or below any given z score 

SS er TREE OER ENS TONES 
ee en ee ee SAS et ATT et TN YSTEMS ROBEY TSIEN ESTES RONEN IIT 

z FOR A SINGLE SCORE 

In Chapter 2, you learned that the mean perfectly balances the positive and negative deviation scores 

of a distribution. In other words, when you compute each score’s distance from the mean, the sum of 

the positive deviation scores will always equal the sum of the negative deviation scores. In Chapter 3, 

you learned that the standard deviation describes how much variability there is in a set of numbers. 

Together, the mean and the standard deviation help you interpret a distribution of scores by telling you 

the “center” of the scores and how much scores vary around that center. 

In a very similar way, the mean and the standard deviation can also help you interpret an individual 

score in a distribution. For example, suppose your score on the ACT was 25. This score alone doesn’t tell 

you much about your performance, but if you knew that the mean ACT score was 21 with a standard 

deviation of 4.70, you could interpret your score. Your score of 25 was 4 points better than the popula- 

tion mean. The population standard deviation was 4.70; this means that your score of 25 (i.e., +4 from 

the mean) deviated less from the mean than was typical (4.70). So you did better than average but only a 

little better because your score was less than 1 standard deviation above the mean. 

Clearly, knowing your score’s deviation from the mean, whether that deviation is positive or nega- 

tive and whether the deviation is smaller or larger than the standard deviation, helps you interpret your 

ACT score. In this chapter, you will learn to use the Z for a single score. This statistical procedure is the 

mathematical equivalent of using the mean and the standard deviation of a distribution to help you 

95 
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interpret an individual score. As is often the case with mathematical procedures, it has the advantage 

of being more precise than the logical analysis provided in the previous paragraph. 

1. The z fora single score is a procedure that 

Reading 

Question 
(ay tells if a score is above or below a population mean. 

b. informs whether a score’s deviation from the mean is relatively large or 

relatively small compared with the deviations of the rest of the data. 

€)both of the above. 

The z for a single score is useful for two purposes. First) as described earlier, it is used to locate a score ina 

distribution of scores. A z score will indicate if a given score is very good (far above the mean), very bad (far 

below the mean), or average (close to the mean). For example, when looking at ACT scores, larger positive 

z scores represent better performance and larger negative z scores represent worse performance. In the follow- 
ing section, you will learn how to compute and interpret z scores so you can evaluate an individual’s perfor- 

mance. Second, a z for a single score can help you compare two scores from different distributions. For 

example, the z for a single score can help you compare scores on the ACT and the SAT even though the maxi- 

mum score on the ACT is 36 and the maximum score on the math and verbal sections of the SAT is 1600. The 

z for a single score “corrects” for the differences in scale. Therefore, z scores can reveal if a score of 22 on the 

ACT was better than a score of 1100 on the SAT. 

2. Thez fora single score can be used to 

Reading Ca. Jocate a specific score in a distribution of scores and compare scores from 
Question different distributions. 

b. locate a sample mean in a distribution of means and compare means from 

different distributions. 

Computing a z for an Individual Score 

To compute a z for a single score, you need to know the score (X), the mean of the population (W), and 
the standard deviation of the scores. While the z for a single score can be computed with either the 
population standard deviation (o) or a sample standard deviation (SD), the sample standard deviation 
is used only when the population standard deviation is not known. Likewise, the sample mean (M) is 
used only when the population mean (j) is not known. For example, suppose that a student took the ACT 
and obtained a score of 22. The mean for this test is = 21, with a standard deviation of o = 4.70. To 
compute the z score, you first compute the deviation between the score and the population mean 
(X — py). You then divide this difference by the standard deviation—in this case, the population standard 
deviation (0): 

pa DTH _ 22-21 

oO A770) = 
Ors 

Interpreting the z for a Single Score 

The z score is positive because the student’s score of 22 was above the mean ACT score of 21. The 
numerator of the z formula is a deviation score (X — 1). It indicates how far the given score is above or 
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below the population mean. Thus, whenever a raw score is above the mean, you will obtain a positive 

z score, and whenever a raw score is below the mean, you will obtain a negative z score. 

The denominator of the z formula is the population standard deviation (co). The standard deviation 

is the typical distance scores are from the mean in the population. Using the population standard 

deviation as the denominator of the z score equation means that z scores should be interpreted as the 

proportion of standard deviation units a given raw score is away from the mean of the distribution. 

So, as described earlier, the z score reveals two really important bits of information. First, if it is 

positive, the given score was above the average score. In addition, the farther the absolute value of the 

z score is from 0, the more the score deviates from the mean. A z score with an absolute value of 1 

indicates that the score is 1 standard deviation from the mean. The standard deviation is the average, 

or typical, distance of scores from the mean. Thus, if the z score is greater than 1 (or less than —1), 

the score deviates from the population mean more than is typical. In this case, the student’s z score of 

+0.21 was above average but only slightly so. 

3. Ifa given z score is negative, then the raw score it is representing was 
Reading 

: a. above the population mean. 
Question 

7.) below the population mean. 

~c. atthe population mean. 

4. Which of the following z scores represents a raw score that is the most atypical 

(i.e., farthest from the mean)? 

ay —3.10 

b. +2.20 

c. —0.81 

d. +0.47 

Reading 

Question 

5. Azscore of +1.90 is above the mean more than is typical. 

&) True | we 

eae i. 

Reading 

Question 

‘ 6. Azscore of +1 is above the population mean by exactly 1 standard deviation. 

Reading ee 
i a. , True 

Question b. False 

USING X TO FIND IMPORTANT “CUT LINES” 

In some situations, you might be interested in identifying the specific score that is well above (or below) 

the average so you can use that score as a “cut line.” For example, perhaps youare interested in iden- 

tifying students who score “far above average” on the ACT so you can invite them to join an honors 

program. You might decide that you want to know what score represents performance that is 2 stan- 

dard deviations above the average score of 21 on the ACT. You could do this by using the z formula, 

inserting 2 for z and 21 for p. You would also have to know the standard deviation (i.e., o or SD). 
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Here is an example of solving for the raw score when given that z= 2, H= 21, ando =4.70: 

XU 
i 

ley 

_X=21 

TA 76 

9.4=X-21 

X = 30.40. 

A raw score of 30.40 on this test represents performance that is 2 standard deviations above the 

population mean (i.e., very good performance’). This value could be used to identify very motivated 

students who score far above average. 

Z SCORES AND THE STANDARD NORMAL CURVE 

We have learned that z scores are helpful because (1) they enable us to locate any score in a distribution 

of scores and (2) they provide a very systematic way to compare any score to any other score. For 

example, we know that positive z scores are above average and that positive z scores greater than +1 

are further above the average than is typical of the positive z scores. And, we know that a z score of 

+0.38 is slightly better than a z score of +0.21. z scores always provide these two abilities to researchers. 

Percentage of Scores Between Standard 

Deviations in a Normal Distribution 
Figure 4.1 

99.74% 

A 

95.44% 

) 

But, if the distribution of raw scores from 

which the z scores are derived is nor- 

mally shaped, z scores enable a third, 

even more powerful ability to research- 

ers. A normally shaped distribution of 

Z scores enables researchers to make 

very precise probability statements about 

any score in a distribution. Before we 

explain how this third more powerful 

ability of z scores is possible, we need to 

discuss what we mean by a normally 

shaped distribution. 

When statisticians talk about a nor- 

mally shaped distribution, or a normal 

curve, they mean a distribution of scores 

that has a very specific shape. Figure 4.1 

displays a normal curve. First, normal 

distributions are symmetrical, meaning 

their left and right sides are identical so 
the mean, the median, and the mode 
are all the same value. Second, they are 
bell shaped, so they follow a 68-95-99 
rule. In normal curves, 68.26% of all the 
scores in the distribution are between 
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1 standard deviation below the mean and 1 standard deviation above the mean (i.e., between —1 

and +1 in Figure 4.1). In addition, 95.44% of all scores are between 2 standard deviations below the 

mean and 2 standard deviations above the mean (i.e., between —2 and +2 in Figure 4.1). Finally, 

99.74% of the scores are between 3 standard deviations below and 3 above the mean (i.e., between —3 

and 3 in Figure 4.1). From this rule, you can see that scores 2 or more standard deviations above the 

mean are very rare in a normal curve. 

You might be thinking that this is very interesting, but how often do distributions actually conform 

to all of these specifications? More often than you might think. In actuality, it’s called a “normal” curve 

because it occurs quite frequently. A great many variables when measured in a population will generate 

a normal curve. Furthermore, because of a theorem you will learn about in Chapter 5, the central limit 

theorem, normal curves are extremely common in research situations. You will read more on why in 

the next chapter. The key point is that normal curves are quite common and you should understand 

the 68-95-99 rule, that approximately 68% of scores are between the z scores +1 and -1, 95% are 

between +2 and —2, and 99% are between +3 and —3. 

To return to our central point, when a distribution has a normal shape, we can use Z scores to make 

very precise probability statements about any score in that distribution. 

For example, you can determine what proportion of scores is higher or lower than a particular 

z score. So, if test scores were normally distributed, you could determine what proportion of people 

scored higher than (or lower than) you on that test. Similarly, if you randomly select one score from 

a distribution, you can determine the probability of selecting a z score of that size or larger from the 

distribution. Determining the probability of getting a specific z score at random, or by chance, will be 

extremely important when we learn about significance testing in Chapter 6. 

7. zscores can be used to make precise probability statements about the location 

Reading of a raw score relative to other scores only if the raw scores are normally 

Question distributed. 
£4) True 

b. False 

In a normal distribution of scores, 68.26% of the z scores fall between and 

: standard deviations of the mean. 

8. 
Reading 

Question aJ-1 and +1 

b. —2 and +2 

c. —3 and +3 

The first step to performing any of the above statistical procedures is to convert one or more raw 

scores into z scores. Any raw score can be converted into a z score simply by using the z for a single 

score formula (e.g., Z=(X — p)/o). If you convert all of the raw scores in a distribution into z scores, you 

will end up with a distribution that has a mean of 0 and a standard deviation of 1. 

9. If you convert an entire distribution of raw scores into z scores, the distribution 

Reading of z scores will have a mean equal to and a standard deviation equal to 

Question 
zl, ls @ 

fb) 0.1 
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As mentioned previously, although you can con- 

A Frequency Histogram of vert any set of scores into z scores, you can only 

ateiiCe eras Z Scores for a Normally determine the probabilities of scores if the original 

Shaped Distribution (or raw) scores are normally distributed. If the scores 

are normally distributed, the distribution of z scores 

will be a normal curve with a mean of 0 and a stan- 

dard deviation of 1. Converting raw scores into Z 

scores essentially “translates” the raw scores into a 

standard normal distribution that has a mean of 0 and 

a standard deviation of 1. 

As you can see in Figure 4.2 and is implied by the 

68-95-99 rule, in a standard normal curve, there are 

many z scores close to 0 (the mean z score) and fewer 

z scores that are far from 0. The “peak” of the curve is 

over O (the mean z score), and the height of the curve 

decreases as you move farther away from 0. Scores” 

that are common (e.g., 0) have a lot of “area” under 

the curve. Conversely, scores that are rare (e.g., -3 and + 3) have very little area under the curve. It is 

possible to get z scores that are farther from 0 than —3 and +3, but as the curve implies, this is rare. In 

fact, the normal curve allows us to say exactly how rare. 

10. Inanormal distribution of z scores, the most common z score value is 
Reading a 
uestion aa Questio aan 

(Ch 1% 

da3: 

Go. 

The following three problems exemplify how you can use z scores from a standard normal curve 

to determine the exact probability of any given score. 

EXAMPLE 1: POSITIVE z SCORE 

To make a precise statement about the location of a score in a distribution, begin by computing a z for 
a single score, as you did above. For example, suppose Harriet asks you to help her compare her ACT 
score to others’ ACT scores. Your first step is computing the z score for her ACT score of 22. As you may 
recall, the population mean score on the ACT is 1 = 21, with a standard deviation of o = 4.70. 

Compute the z Score 

This is exactly what you did at the beginning of this chapter. 

hel 2a 

oO 4.70 
tG =0.21. 
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From her z score of +0.21, Harriet knows that she scored slightly above the population mean. However, 

because the population of ACT scores is normally distributed, like many variables, you can describe 

her performance even more precisely. You can determine the proportion of ACT scores that were lower 

than her score of 22. In other words, she can find her percentile rank, the percentage of scores that are 
equal to or lower than a score. 

Draw a Normal Distribution, and Shade the Area 

You Are Interested In 

In this problem, you want to find the percentile rank for a z score of +0.21. You should (1) sketch a 

normal curve like that shown in Figure 4.2, (2) locate Harriet’s z score on this curve and place a mark 

at that location, and (3) determine if the problem your trying to solve requires you to find the area to 

the ieft of Harriet’s score or to its right. In this problem, we want to know the proportion of ACT scores 

that are equal to or less than 22, so we shade 

eee: : that area in the curve that is to the left of +0.21 

Figure 4.3 A z Distribution With the Target on the z score number line. Figure 4.3 illustrates 

Area Below z < 0.21 Shaded what your drawing should look like. After you 
have drawn a figure similar to the one shown in 

Figure 4.3, you determine the exact proportion 

of the curve’s area that is shaded by using a unit 

normal table. 

Use a Unit Normal Table (Located 
in Appendix A of This Book) to 
Find the Area of the Shaded 
Proportion of the Curve 

A unit normal table allows you to look up any 

z score and determine the proportion of scores 

| in the normal curve that are less than or more 
= than that z score. So, you need to know which of 

these options the question is asking you to find. 

In this question, you want to know the percentage of scores that are equal to or less than her score of 22. 

To use a unit normal table, you need to refer to your sketch (e.g., Figure 4.3) and determine if the 

shaded area is more than or less than 50% of the curve. If the shaded area is less than 50% of the curve, 

you will need to use the “tail” column in the unit normal table. However, if it is more than 50%, you 

¥ will use the “body” column in the table. 

° Ifthe shaded area is more than 50% of the distribution, use the body column in the table. 

e If the shaded area is less than 50% of the distribution, use the tail column in the table. 

11. If the area of the normal curve you want to find is more than half of the 

Reading distribution, you should use the column of the unit normal table to find 

Question its area. 

a. tail 

ie) body 
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Finding Harriet’s percentile rank is as easy as finding the z score of 0.21 in the z score column of 

Appendix A and reading the value next to that z score in the body column of the table. Again, we use 

the body column because the shaded area is more than half of the distribution. The body column 

indicates that the proportion of scores equal to or less than a z score of +0.21 is .5832. Therefore, 

58.32% of the population of ACT scores were equal to or lower than Harriet’s ACT score of 22. In other 

words, Harriet is at the 58.32nd percentile. This estimate of 58.32% is based on the assumption that 

the population of ACT scores is normally distributed. If the population distribution varies greatly from 

a normal shape, this estimate would be inaccurate. 

EXAMPLE 2: NEGATIVE z SCORE 

Antonio took the SAT. He wants to know the percentile rank of his combined math and verbal score on 

the SAT, which was 1005 (i.e., X = 1,005). The mean combined math-—verbal score on the SAT is 

t= 1008, with a standard deviation of 114. Again, the first step is to compute the z score for a 

combined SAT score of 1005. This is done below: 

Pee at! e005 —1008 

oO 114 
0.026. 

Distribution, 
: A z Distribution With the Target Cee alli 3 a as A 

Figure 4.4 Area Below z < —0.026 Shaded an ade the Area you Are 
Interested In 

The next step is to draw a normal distribution 

of combined SAT scores, locate the z score of 

—0.026, find the percentile rank of Antonio’s 

score, and shade the area under the curve that 

is less than the z score of —0.026. This is done 

in Figure 4.4. 

Use a Unit Normal Table to 

Find the Area That Is Shaded 

For this example, you want to know the pro- 

portion of z scores that are less than a negative 

Z score of —0.026. Note that the unit normal 

table does not include negative values. Therefore, you will always look up the absolute value of the 

z score you compute (i.e., in this case, you would look up 0.026) and then decide if you should use the 

body or the tail column based on your sketch. If the shaded area is more than half of the distribution, 
use the body column. If the shaded area is less than half of the distribution, use the tail column. In this 
case, less than half of the distribution is shaded, so we use the tail column for the z score of 0.026. The 
table in this book only goes two places past the decimal, so you should round 0.026 to 0.03. If you look 
up 0.03, you will find that the proportion of scores in the tail column is .4880. Therefore, approxi- 
mately 48.80% of the students who took the SAT had combined math-verbal SAT scores that were 
equal to or lower than Antonio’s score of 1005. 
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If you wanted to compare Antonio’s SAT performance (i.e., 1,005) with Harriet’s ACT performance 

(i.e., 22), the raw scores are not very helpful. However, Antonio’s and Harriet’s z scores of —0.026 and 

0.21, respectively, make it clear that Antonio scored slightly below the SAT mean and that Harriet scored 

slightly above the ACT mean. If you wanted to be even more precise in your comparison, you could use 

the percentile ranks associated with each z score. Antonio’s SAT performance was equal to or better 

than 48.80% of the SAT scores, and Harriet’s ACT performance was equal to or better than 58.32% of 

the ACT scores. So, Harriet’s ACT performance placed her approximately 10 percentile points higher in 

the ACT distribution than Antonio’s SAT performance placed him in the SAT distribution. 

When finding the area of the distribution that is above or below a negative 

z score, you Reading 

Question a. needa different z table with negative values in it. 

| b) simply look up the absolute value of the z score and then determine if you 

need to use the tail or body column of the table. 

What percentage of z scores are below a z score of —.50? (Hint: Draw a normal 

curve, locate —.50 on that curve, and determine if you should use the body or 

tail column of the unit normal table.) 

ee 

(b. \B085 

Reading 

Question 

EXAMPLE 3: PROPORTION BETWEEN TWO z SCORES 

Professor Jones wanted to know the proportion of students with ACT scores between 1 standard devia- 

tion above the mean (i.e., a z score of +1) and 1 standard deviation below the mean (i.e., a Z score 

of —1). The first step in this problem is to draw the dis- 

tribution of ACT scores and sketch in the area you are 

trying to find. This has been done below. 
A z Distribution With the 

atime Target Area Between z = -1 

and z = +1 Shaded. 

Draw a Normal Distribution, and Shade 

the Area You Are Interested In 

In this example, you are trying to find the proportion 

of students in the middle of the curve, with z scores 

between —1 and +1. The area between the z scores of 

—{ and +1 has been shaded in Figure 4.5. 

Use a Unit Normal Table to Find the Area 

That Is Shaded 

There are a number of correct ways to do this problem. 

One would be to determine the entire area greater 

than -1. Because this is greater than 50% of the distribution, we look in the body column for the 

zscore of 1 and find .8413. However, we aren’t interested in everything greater than 1. Specifically, we 
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want to exclude the area greater than the z score of +1, or the area in the tail for a z score of 1, which 

is .1587. Therefore, the area that we’re interested in, the area between the z scores of —1 and +1, is 

8413 — 1587 = .6826. Look at the figure above, and confirm that you understand why we had to sub- 

tract the area in the positive tail to get our answer. 

The proportion of ACT scores between the z scores of —1 and +1 was .6826. Therefore, 68.26% of 

all ACT scores are between 1 standard deviation below the population mean and 1 standard devia- 

tion above the population mean. In other words, most people (approximately 68% of them) have ACT 

scores between 16.3 (i.e., 21 — 4.7) and 25.7 (i.e, 21 + 4.7). 

14. If you want to determine the area of the normal curve that is between any two 

z scores, you will need to Reading 

Question Ete a different normal unit table. 

b. sketch the area you need and then subtract one area from another. 

OVERVIEW OF THE ACTIVITY 

In Activity 4.1, you will compute z scores and determine the probability of obtaining those z scores 

using the unit normal table. When talking about the probabilities of particular z scores, you will also 

identify which outcomes are more or less likely than other outcomes. 

‘Activity 4.1: z Score 
Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e¢ Compute z scores for individual scores 

e Determine the probability of a score (or z score) using a unit normal table 

e Identify likely and unlikely raw scores by using z scores 

PART I: z SCORES AND THE UNIT NORMAL TABLE 

1. In this activity, you will compute z scores and use them to (1) locate scores in a distribution, 

(2) compare scores within the same distribution and across different distributions, and 

(3) determine the probability of specific z scores. The chapter reading made the point that you 
can always use z scores to accomplish (1) and (2), but only in a very specific circumstance can 
you accomplish (3) with z scores. What is that circumstance? You can only use z scores to 
determine the probability of a score if- 

a. thezseoreis positive. 

——b. the Z score is negative. 
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G) the population distribution is normally shaped. 
a tage ent eerenem ere i 

i istribution i iti ewed. 

2. Ifthe population distribution of scores is normally distributed, you can use the unit normal table 

to determine the probability of getting a z score. However, to use the table correctly, you have to 

know when a problem is asking for a “tail probability” or a “body probability.” As indicated in the 

reading, you should sketch a normal curve, locate the z score, and determine if you need the 

probability of scores less than or greater than the z score. If the shaded area in your sketch is 

larger than half of the curve, use the of the unit normal table. 

body column 

b. tail column 

For Questions 3 to 6, determine if you need a body probability or a tail probability by creating a 

sketch of the problem on the provided normal curve. Then find the actual probability for each 

question by using Appendix A. 

3. What proportion of z scores are equal to or greater than a z score of +1.2 on a normal curve? 
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5. What proportion of scores are equal to or less than az score of +0.66 ona 

normal curve? 

PART II: COMPUTING z SCORES AND FINDING PROBABILITIES 

7. Unfortunately, Henry was in a motorcycle accident in which he suffered a serious head trauma. 
Dr. Gatz, a neurological psychologist, is giving Henry several cognitive tests to help determine if 
specific neurological pathways were damaged by the accident. For the first test, Henry had to 
listen to lists of words and then repeat them back. Dr. Gatz recorded how many words Henry 
could hear and then repeat back correctly. The adult population can repeat back an average of 
7 words with a standard deviation of 1.30 words (i.e., = 7; 6 = 1.30). Henry was able to repeat 
back 6 words. Use a z score to determine the proportion of people in the adult population who 
scored better than Henry on this memory test. Assume that the population of memory scores on 
this test is normally distributed. 

M > | 
O=1-50 
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8. Next, Dr. Gatz tested Henry's ability to identify simple line drawings of objects. In the adult 

population, the parameters were p1 = 10; o = 0.89. Henry named seven objects correctly. Use a 

z score to determine the proportion of people in the adult population who scored better than 

Henry on this object naming test. Assume that the population of object naming scores on this 

test is normally distributed. 

9. Finally, Henry performed the Stroop test. He was told to name the color of ink that a list of color 

names (e.g., blue, red, orange) were printed in. Each color name was printed in an ink color that 

was different from the color name (e.g., blue might be printed with black ink). The time it took 

Henry to name the ink color of all the words was recorded. For this test, faster times indicate 

better performance. It took him 15.70 seconds to complete the task. In the adult population, the 

parameters were p = 16.20 seconds and o = 1.30 seconds. Use a z score to determine the 

proportion of people in the adult population who scored better than Henry on this test. Assume 

that the population of Stroop test times is normally distributed. 

10. Now, Dr. Gatz needs your help to interpret the three z scores that you computed. Based on 

Henry’s z scores of the memory test, the object naming test, and the Stroop test, do you think 

Dr. Gatz should focus his future investigations on Henry’s memory systems, naming systems, or 

attentional systems (i.e., those assessed by the Stroop test)? Explain your reasoning to Dr. Gatz. 

PART III: BODY TEMPERATURE 

Almost all of us have had our body temperature measured at the doctor’s office. Not only is tempera- 

ture an indicator of physical health, but it is also associated with psychological health. For example, 

people with major depression tend to have higher body temperatures than people who are not 

depressed (Rausch et al., 2003). Conventional wisdom is that the average human body temperature is 

98 6 °F This value seems to have originated from Carl Wunderlich’s 1868 publication, in which he says 

that he measured the body temperatures of approximately 25,000 patients. However, more recent research 

(Mackowiak, Wasserman, & Levine, 1992) has revealed that the average body temperature (taken orally) 

of healthy adults is p = 98.2, with a standard deviation of o = 0.60. The following graph is a frequency 

distribution of body temperatures. 
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11. Locate the following individual body temperatures on the normal curve: 

zscore — 

raw score 95.8 964 97 976 982 988 B94 10 1006 

98.0 °F 97.5 °E 96.9 °F 965 °F Put an “x” on the number line of the graph for each temperature. 

12. Rank the four body temperatures in order from most likely t least hikely. 

9847-5, 4-4, 90-5 

13. How can you use the frequency distribution histogram of the population's body Teryperanures 

determine which of the preceding temperatures are most rare? Select all that apph: 

x) 
(3 Scores that are the farthest from the mean are the most rare. 

b—NegativeZ Sd0res are more rare than positive Z scores. 

© The height of the curve above a given score reflects how rare that score ix the Jower the carve 
line, the rarer the scores are at that location. 

In the previous questions, you visually inspected a frequency distridation graph % Getermine 
whether certain body temperatures were unusual. While this technique is informative, Bs Rot very 
precise. You can use z scores to determine the exact probability of obtaining any particular range of 
scores in a distribution. As you know from the reading on Z soores, You need TO Know the popalanon 
mean () and population standard deviation (o) for all body temperatures to Compute the F SOore Bor 
any given body temperature. We will use p = 98.2 and o= 0.6. 

14. Find zscores for the body téniperatures that follow. Then. shade the area of the graph that 
includes all of the scorestaae than the one you computed. Finally, use Appendix A t find the 
probability of obtaining az score that is equal to or more extreme (Le, farther from zero. ja TAS 
case lower) than the one you Computed. 
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Probability of 

obtaining a 

Z score equal to 

or lower than 

the z you 

computed 

15. Find z scores for the body temperatures listed below. Then, shade the area of the graph that 

includes all of the scores higher than the one you computed. Finally, use the z score table to find 

the probability of obtaining az score that is equal to or more extreme (i.¢., farther from zero, in 

this case higher) than the one you computed. 

Shade the graph 

Probability of 

obtaining a 

z score equal to 

or lower than 

the z you 

computed 

Once the probability of a z score or a more extreme Z score is found, you will still need to determine 

if that probability is small enough to be considered unlikely. Researchers frequently use a 2.5% cutoff, 

meaning that if the probability of obtaining a score that is as extreme or more extreme than a given 

score is less than 2.5%, it is considered rare or uncommon, 
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16. 

Whe 

18. 

IS). 

Find the z score cutoff that separates the top 2.5% from the rest of the distribution by looking up 

025 in the tail column of Appendix A. After you find .025 in the tail column, find the z score on 

that row. The z score is 1.96. A positive z score of 1.96 is the cutoff that separates the top 2.5% 

from the rest of the distribution. A z score of —1.96 is the cutoff that separates the bottom 2.5% 

from the rest of the distribution. Draw a vertical line at each cutoff point. 

zscore —4 

raw score 95.8 96.4 97 97.6 98.2 98.8 99.4 100 100.6 

Label each of the three sections that you created for the previous question as “likely scores” or 

“unlikely scores.” Two of the sections will be labeled as “unlikely scores.” 

Find the body temperature (i.e., raw score) that corresponds to the positive z score cutoff of 

+1.96 and the body temperature that corresponds to the negative z score cutoff of —1.96 by using 

the z score formula (a= — You know Z, pi, and o; you need to solve for X. 
9) 

£ 

GQ 271 
The temperature cutoff for the z of + 1.96 = 14. OU 

The temperature cutoff for the z of -1.96 = sha Be O 24 

Determining if a body temperature is unusual and possibly a sign of a problem can be difficult 

because there is quite a bit of individual difference variability in body temperatures. A physician 

could use z scores to determine if a body temperature is rare and may be a sign of a problem. 

Based on the z score cutoffs you defined above, which of the following body temperatures (from 
the previous problems) would be unlikely and should be investigated more closely? Use the 
zZ scores you computed in Questions 14 and 15 to answer this question. Circle all that are 
unlikely. 

98.0 97.5 (06.9 (96.5) 98.4 09.9 99.5 \99.9 
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Chapter 4 Practice Test 

1. Scores on an IQ test are normally distributed with a mean of 100 and standard deviation of 15. 

What is the z score for an IQ score of 122? 

a. -1.65 Ga Pee 

b. 1.65 ier i 

c. —1.47 

@)1.47 

2. Scores on an IQ test are normally distributed with a mean of 100 and standard deviation of 15. 

What is the z score for an IQ score of 93? 

(a.)-.47 Ly 
Nie on L (p WY 

b. .47 ; 

Ge .0D 

d. —.65 

3. Scores on an organic chemistry exam were normally distributed with a mean of 43 anda 

standard deviation of 7.6. What percentage of students had scores higher than 60? 

a 98-75% +a\\ Won BF 

(DB) 1.25% - 
69-875 % 

d. 125% | | se Wer ec 

4. Scores onan IQ test are normally distributed with a mean of 100 and a standard deviation of 15. 

To help identify people who need extra help in school, a school district needs to know the IQ for 

students who are in the bottom 10% of the IQ score distribution. What is the cutoff? 

ae OF 

lay, SYSZ 

(c.)80.8 

d. 84.7 

5. A math teacher gives students their exam grades back as z scores rather than as percentages or 

raw scores. A student gets his test back with a score of +2.2. How did this student do on the exam 

compared to the other students in the class? 

(a) Great! 

b. About average 

c. Below average 

d. There is no way to know without knowing the mean. What sort of teacher gives test scores 

back as z scores?! 
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6. 

le 

In a normal distribution, what percentage of z scores are between —1 and 1? 

a. 84.13% 

lo), WEG 

c. 31.74% 

(4. )68.26% 

Scores on a measure of racism form a normal distribution with a mean of 50 and a standard 

deviation of 11. What would the mean and standard deviation be if all scores in the distribution 

were converted into z scores? 

a», Mean = 0, standard deviation = 1 

b.-Mean = 1, standard deviation = 1 

c. Mean=0, standard deviation = 0 

d..Mean = 1, standard deviation =0 

A student in a math class receives a z score of +1.5 on the first exam. How should she respond to 

this news? 

“a. That’s great! I must really know the material because I did better than over 93 % of the 

students in the class. 

_b> That’s not so great. I only scored higher than about 6% of the students in the class. 

(owen, I’m glad I did better than the class average by more than was typical, but I don’t know 

‘how well I understood the material based on this score. Maybe we all did really poorly on the 

test and I just did better than average. 

d. Wow, we all really bombed this test! 

9. Which of the following z scores is the most likely to occur in a normal distribution? 

g=coe 

scree 

—d—19-— 

10. Ifa distribution of scores is very skewed (i.e., not close to being normally distributed), which of 
the following cannot be done? 

a. Find the median 

~ b. Convert raw scores into Z scores 

c. Use the unit normal table to identify the probability of scores 

“d. Alttof the above can be done with a skewed distribution 
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The Distribution of Sample 
Means and z for a Sample Mean 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: [ 
‘ 

explain how a distribution of sample means is created 

e Explain how a random sample is obtained 

e Determine the mean, the standard deviation, and the shape of a distribution of sample means 

e Explain what the standard error of the mean measures 

e Explain the central limit theorem and why it is important 

e Explain the law of large numbers 

© Compute az for a sample mean 

e Use the z for a sample mean and a unit normal table to determine how likely a given sample mean 

is to occur 

spect ea a eR IO STOP EP TE ECAR TE ET EI INSOLE NOL TOL 

SAMPLING AND SAMPLING ERROR 

In most situations, researchers want to learn about entire populations, but in most situations, it is 

impossible to study entire populations because they are too large. Consequently, researchers are 

forced to study a sample and to infer that the sample results represent what they would find if they 

studied the entire population. You learned in Chapter 1 that using sample statistics to infer popula- 

tion parameters is called inferential statistics. While absolutely necessary, the problem with all 

inferential statistics is they introduce sampling error. Sampling error occurs when the sample’s 

characteristics differ from the population’s characteristics. The greater the discrepancy, the greater 

the sampling error. For example, if a population is 75% female with a mean age of 21, the sample 

used in an investigation of this population should also be 75% female with a mean age of 21. Ifa 

sample had dramatically different characteristics than the population, it would provide sample 

113 
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statistics that are dramatically different from the population, creating a lot of sampling error. If you 

are trying to represent a specific population and get a poor sample, even if the rest of the study is 

executed perfectly, the sample results will not represent those of the population, and the entire 

purpose for doing the study is compromised. Therefore, obtaining a representative sample that 

minimizes sampling error is critically important. Researchers minimize sampling error with good 

sampling procedures. 

1. Using inferential statistics creates which of the following problems for 

researchers? Reading 

Question a. Statistical error 

(b) Sampling error 

When you take a research methods course, you will learn about the different sampling procedures 

researchers use to get representative samples that minimize sampling error. But, it is important that 

you understand the basics of sampling so that you recognize inferential statistics’ limitations. 

Suppose Dr. Reminder wants to study how aging affects prospective memory (i.e., one’s memory for 

doing future tasks like taking out the garbage before 8 a.m., taking a pill at 2 p.m., or going to an 

appointment at 4 p.m.). Dr. Reminder goes to a local senior citizen center and gets 25 people between 

the ages of 65 and 80 to agree to participate in his study next Tuesday at 3 p.m. However, only 10 of 

these 25 people remember to show up for the study. Clearly, concluding that the results from only 

those who remembered to show up represent the entire population, even those who forgot to show 

up, is problematic. Perhaps the people who remembered to show up have better prospective memory 

abilities than those who forgot to show up. In this case, Dr. Reminder’s sampling procedure was poor, 

so he ended up with a nonrepresentative sample of aging people. Therefore, even if he did every 
other part of his study perfectly, his results from this sample will misrepresent what the population’s 
results would likely be. The only way to fix this problem is to make the sample more representative 
by somehow getting more of the people with lower prospective memory abilities into the study’s 
sample. The key point is that if poor sampling procedures created a poor sample, the entire study is 
compromised until the sampling procedure is fixed. You need to recognize that statistical results are 
only accurate if the sample is representative of the population. 

2. One way researchers can address the problem of sampling error by using a 
good, nonbiased sampling procedure. 

gee True 

Reading 

Question 

b. False 

Experienced researchers take great care when obtaining samples because they recognize the criti- 
cal importance of representative samples. However, even if you use a good sampling procedure, it is 
likely that you will still have sampling error in your study. Thus far, we have talked about sampling 
error only in general terms as the discrepancy between a sample statistic and a population parameter, 
In this chapter, you will learn to compute the expected amount of sampling error in a study and learn 
how to minimize sampling error. 

Computing sampling error is relatively simple. You simply divide the standard deviation of the pop- 
ulation by the square root of N. Sampling error is also referred to as the standard error of the mean 
(SEM), and so the formula is 

S| 9 
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Thus, there are only two things that contribute to sampling error: the standard deviation of the popu- 

lation and the size of the sample. As o increases, the SEM also increases. As the sample size increase, 

the SEM decreases. In general, researchers have far less control over the population standard deviation 

than the sample size, and so efforts to reduce sampling error tend to focus on increasing the size of the 

sample. For example, suppose that you know that scores on a reading comprehension test have a popu- 

lation mean of 500 with a standard deviation of 100. You want to do a study of reading comiprehension 

and are considering using a sample of 10 people and want to know how much sampling error you could 

expect. To figure this out, you would just divide o by JN: 

This simple computation tells you that if you did your study with a sample of 10 people, the typi- 

cal distance you would expect between your sample mean and the true population parameter would 

be 31.62. 

What if you doubled your sample size to 20? In this case, your sampling error would decrease 

substantially from 31.62 to 22.36. 

fo) 100 
SEM ——— = ——— = 22.50, 

VN V20 

If you estimate your expected sampling error with increasingly large samples, you would find that 

as your sample size increases, sampling error decreases (see Table 5.1). 

Although reduced sampling error is important, you must also weigh the costs and diminishing returns of 

obtaining increasingly large samples when deciding on your study’s sample size. In this example, increas- 

ing the sample size by 30 people from 10 to 40 cuts 

the sampling error in half. However, to cut sampling 

error in half again, you would have to add another 

120 people to the sample. If you inspect Table 5.1 

carefully, you will notice that increasing the sample 

size by a factor of 4 decreases the expected sampling 

error by about half. Choosing an appropriate sample 

size for a study is a relatively complex topic influenced Sample Size Sampling Error 

by a number of factors that you will learn about in a 

research methods course. For right now, understand 

that as sample sizes increase, sampling error decreases. 22.36 

Relationship Between 
uF) )(-woye ee Sample Size and Sampling 

Error With o = 100 

31.62 

15.81 

DISTRIBUTION OF SAMPLE MEANS 

Computing the amount of sampling error expected 

in a study isn’t difficult. You simply divide o by the 

square root of the sample size (N). However, to 

understand why this simple sampling error formula 

works, you must understand distributions of sample 

means. A distribution of sample means is the popu- 

lation of all possible random sample means for a 

study conducted with a given sample size. In other 
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words, if a study was planned to have a sample of 25 people drawn from a large population of 

100,000, the distribution of sample means for this study would include the mean from every possible 

combination of 25 people from the population. Most of the statistics you will learn about in this book 

depend on your understanding the distribution of sample means. There is little doubt that you can 

memorize the definition, but fully understanding what the set of all possible random sample means 

for samples of a given size means requires a bit more work. 

To illustrate what a distribution of sample means is, we will work with a very small population 

of four scores: 10, 12, 14, 16. You want to create a distribution of all possible sample means you 

could obtain if you did a study with a sample size of N = 2. To do that, you must first create a list 

of all possible combinations of two scores from the population. When obtaining random samples, 

it is important to sample with replacement. Thus, each score has an equal probability of being 

selected for the first score in a sample as well as the second score in a sample. So, the score 10 must 

be paired with every score, including itself. The score 12 must be paired with every score, 14 with 

every score, and 16 with every score. If you generate this complete list of possible samples, you 

will have all 16 of the possible random samples when N = 2 from the population of four scores. All 

16 possible samples, labeled A through P, are provided in Table 5.2. The second and third columns 

contain the two scores in each of the 16 samples, and the fourth column is the mean of the two 

Distribution of Sample Means for Population of 

Four Scores and a Sample Size of 2 
Table 5.2 

Distribution of sample 

means: 

All possible random 

samples of a size of 2 from 

a population of four scores 

(10, 12, 14, 16) 
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scores in each sample. This final column is the distribution of sample means; it is the list of all 

sample means that are possible when the sample size is 2. 

The mean for each random sample of two scores is in the last column. This is the distribution of 

sample means. It is the set of all possible random samples of a size of 2 taken from this population of 

four scores. The distribution of sample means is displayed graphically in Figure 5.1. 

3. Which of the following would create a distribution of sample means? 
Reading 

A a. Taking all possible combinations of people from a population and computing 
Question their mean 

b. Taking 100 samples from a population and computing their mean 

Ce Taking all possible combinations of four people (i.e., all samples of 4) froma g§ all p peop p 
~ population and computing each sample’s mean 

Now you can start to appreciate the special relationships between the original population of scores 

and the distribution of sample means. You started with a population of four scores: 10, 12, 14, and 16. 

The mean of this population was 

S—= = 5, BX _52 
N 4 

[Ui 

The mean of the distribution of sample means, the 16 sample means in the last column of Table 5.2 

(i.e., 10, 11, 12, 13, 11, etc.), is also 13, as illustrated below: 

xX 208 
N 16 

Distribution of Sample Means for Samples of 2 From a 
Figure 5.1 Population of Four Scores 

Frequency 

12 13 14 

Sample Means 
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Thus, the mean of the distribution of sample means is equal to the mean of the population. This 

will always be true. The fact that the mean of the distribution of sample means is always equal to the 

mean of the original population shows that when researchers randomly select a sample to use in their 

study, selecting a sample that has the same mean as the population, or a mean close to it, is fairly 

common. The frequency bar graph of the distribution of sample means in Figure 5.1 makes it easy 

to see why. The sample means that are close to the population mean of 13 are common, and the 

sample means far from the population mean are relatively rare. 

In other words, sample means with low amounts of sampling error are common, and those with lots 

of sampling error are rare. 

Another noteworthy aspect of the relationship between the original population of scores and the 

distribution of sample means is the systematic relationship between the standard deviation of the 

population and the standard deviation of the distribution of sample means. The standard deviation of 

the original population of scores (i.e., 10, 12, 14, 16) was 

2 2 

(2X) = 696 = = 20. SS =>.X’ 

VN V4 

If we compute the standard deviation of the distribution of sample means, it will reveal the typical 

distance between the possible sample means and the population mean. This is the measure of sam- 

pling error. Below are the computations for the standard deviation of the distribution of sample 

means, beginning with the SS. Note that the N in the SS equation refers to the number of sample 

means (i.e., 16). 

oa : 
ss=yx? (2) 5 744 lees 776, 

N 16 

Compute the standard deviation of the distribution of sample mean by dividing the SS by N. 

SS __ [40 = =,/— =1.58. 
N 16 

This 1.58 is the typical amount of sampling error you should expect in your study. Most of the sam- 
ple means that are possible will be within 1.58 of the population mean. In this example, we computed 
the standard error of the mean (SEM) by first creating a distribution of sample means and then finding 
the standard deviation of all the possible sample means. However, in virtually all research situations 
in the social sciences, you must work with much larger populations and sample sizes; consequently, 
it is impossible to actually create a list of all possible sample means (i.e., the distribution of sample 
means) as we did in this example. Fortunately, you don’t have to. Instead of creating a list of all possible 
samples and then finding their standard deviation, you can use the simple formula we introduced at 
the beginning of the chapter to compute the typical sampling error of your study, called the SEM or 
standard error of the mean: 
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The standard deviation for the population (i.e., 10, 12, 14, 16) was 2.24. The N refers to the size of 

the sample, not the number of samples in the distribution of sample means. Thus, the SEM is 

SEM, =—= Cudibenyea 
Vn V2 

Amazingly, this value is identical to the standard deviation of the 16 sample means in the distribu- 

tion of sample means. Of course, the advantage to this formula is that all you need to know is the 

standard deviation of the population and the size of the sample. This formula is an extremely simple 

way to estimate the sampling error of a study. 
You now know that the mean of the distribution of sample means is always equal to the populations 

mean, p, and the standard deviation is always equal to the SEM, —_. The last thing you need to know 

about the distribution of sample means is its shape. If you create a graph of the distribution of sample 

means, as was done in Figure 5.1, you will see that it is approximately normally distributed (i.e., bell 

shaped). You can also look at the graph and see that the sample means clump up around the popula- 

tion mean of 13. All distributions of sample means will have a normal shape if the original population 

of scores has a normal shape. In this case, our population of four scores did not have a normal shape, 

but the distribution of sample means did approximate a normal shape. In general, as the sample size 

increases, the distribution of sample means will be more normal. If the original population is just 

mildly skewed, the distribution of sample means will be normally distributed with a fairly small sample 

size (€.g., 10), but when the original population of scores is highly skewed or has extreme outliers, you 

need a larger sample size (e.g., 40) to obtain a normal distribution of sample means. Because we often 

don’t know what the original population of scores looks like, statisticians use 30 as a rough estimate 

of the sample size necessary to obtain a normal distribution of sample means. This normality char- 

acteristic of the distribution of sample means is important because normal curves enable us to make 

probability statements about any value in that normal curve, much like we did in the previous chapter. 

You now know three things about the distribution of sample means, the set of all possible random 

samples of a given size from a population. First, this distribution has a mean equal to the population 

wiigzeriahen! fo) 
mean (1). Second, the standard deviation is equal to the standard error of the mean sem, = 2. a 

N 

measure of sampling error. Third, the distribution is normal in shape as long as the sample size is at least 

30 or the original population has a normal shape. 

Collectively, these three facts are known as the central limit theorem (CLT), and they tell you the 

shape (normal), center (1), and spread [ sem, —_°_| of the distribution of sample means for any study. 

Table 5.2 displays these the characteristics of the CLT. The CLT is powerful because (1) it suggests that 

samples tend to have means similar to the population from which they were drawn and (2) it enables 

us to compute the typical amount of sampling error any study is likely to generate. 

_and the standard 4. The mean of the distribution of sample means is 

deviation of the distribution of sample means is Reading 

Question a. the population mean; the population standard deviation 

b—the- standard error of the mean; the population standard deviation 

<Co>the population mean; the standard error of the mean or the typical amount 

of sampling error a study is likely to have 
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LEl(eeeM Three Components of the CLT and What They Do for Researchers 

Charactenstics of Any Distribution of Sample Means What Charactenstic Does for Researchers 

Spread (standard deviation) will always be equal 

to SEM, = eos 
JN 

Center (mean) will always be the population mean 

Knowing the SEM tells researchers how much 

sampling error to expect 

Knowing the mean tells researchers what sample 

mean to expect 

Shape will be normal if the original population’s 

shape is normal 

OR 

Knowing the shape is normal enables using a 

normal unit table and determining the probability 

of any of a study’s possible sample means 

Shape will approach normal if the sample size of 

each sample is sufficiently large (e.g., N > 30) 

5. The shape of a distribution of sample means will 
Reading 

A 2-the same shape as the population. 
Question 

(b, approach a normal shape as the sample size increases. 

Cc. approach a normal shape as the sample size decreases. 

6. The central limit theorem only describes a distribution of sample means for 
populations of scores that are normally distributed. 

Reading 
Question 

, 
LEN 

(b. ) False 
ww, 

Let’s apply what you know about the CLT to Dr. Reminder’s future study of prospective memory. 
Dr. Reminder wants to know how much sampling error his planned study would likely create when 
the population’s mean is p = 50, its standard deviation is co = 10, and his planned sample size is 
N= 25. By using the CLT, Dr. Reminder can create the distribution of sample means without computing 
every possible sample mean directly. Because of the CLT, he knows that the most common sample 
mean will be equal to the population mean, 50. He also knows that the typical amount of sampling 

Cie ee > 

| , J” a5 ~* Finally, Dr. Reminder knows that the distribution of sample means will have a normal shape because 
he knows that the population of scores on the prospective memory test, the original population, has 
anormal shape. With all this information, Dr. Reminder can create the distribution o 
shown in Figure 5.2. 

error for his planned study will be equal to the standard error of the mean, SEM, = 

f sample means 

The fact that the mean of this distribution of sample means is 50, the population mean, tells Dr. Reminder that most of the possible sample means are close to the population mean (i.e., most have little sampling error) and that the study’s most likely sample mean is the population mean. 
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A Distribution of Sample Means From a Population With a Mean 
Figure 5.2 Oe 

of 50, a Standard Deviation of 10, and a Sample Size of 25 

z score —4 

raw score 42 

These facts are great news for the inferential statistics approach because they suggest that using 

samples to represent populations will work well most of the time. Notice how the most common 

sample mean (the peak of the frequency curve) is at 50, the population mean, and that sample means 

become less common the more distant they are from the population mean of 50. In other words, 

samples with lots of sampling error are rare. 

Another important characteristic of the study’s distribution of sample means is its standard deviation. 

The standard deviation of a distribution of sample means is the typical distance all the sample means 

deviate from the population mean. In other words, it is the typical amount of sampling error this study is 

expected to create. In fact, this characteristic is so important that it has a special name; the standard devia- 

tion of the distribution of sample means is called the standard error of the mean because it measures 

the standard or typical amount of sampling error expected in a given study. In this distribution of sample 

means, the standard error of the mean is 2. Some sample means will be closer than 2 away from 50 (.e., 

have less sampling error), and some will be farther than 2 away (i.e, have more sampling error), but the 

typical sampling error of all means is 2, the standard error of the mean. 

7. The standard error of the mean (SEM, ) is the 

£a.typical discrepancy between all possible sample means of a given size and 

the population mean. 

Reading 
Question 

b. discrepancy between a single score and a sample statistic. 

The typical amount of sampling error is the 

Reading 
: a. standard deviation of the distribution of sample means. 

Question b. standard error of the mean. 

¢e. Both of the above 
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It should be clear that researchers want the standard error of the mean to be small because they 

want there to be as little sampling error as possible. Based on the sampling error formula 

sem, = =, you can deduce that there are two ways to reduce sampling error. One option is to 
N 

reduce the population standard deviation (co), but this option is rarely possible. You can’t usually make 

scores less variable. A much more feasible option is to increase the size of the sample. As N increases, 

the overall standard error of the mean will decrease. Larger samples will tend to have means that 

deviate less from the population mean than smaller samples. This is a specific example of the law of 

large numbers: As N increases, the sample statistic (e.g., the sample mean) is a better estimate of the 

population parameter (e.g., the population mean). 
Now Dr. Reminder can take advantage of the fact that this study’s distribution of sample means 

is normally distributed to help him assess the expected sampling error of his planned study. For this 

study, the standard deviation of the distribution of sample means is 2. Because the distribution is 

normally shaped, it follows the 68-95-99 rule that you learned in Chapter 4. Therefore, 68% of all 

possible sample means are between —1 and +1 standard error of the mean of the population mean. 

Specifically, because the population mean is 50 and the standard error of the mean is 2, 68 % of all pos- 

sible sample means based on 25 people are between 48 and 52. Dr. Reminder can now use this infor- 

mation to determine if having a 68% chance of getting a sample within + 2 points of the population 

mean is good enough or if he should increase his sample size to reduce this expected sampling error. 

Suppose Dr. Reminder decided that he wanted less expected sampling error than 2. He could increase 

his sample size from N = 25 to N= 100. This larger sample size would yield an expected sampling error 

o 10 : : ‘ ; 
of SEM, = = = —— =1. By increasing sample size from 25 to 100, Reminder cut the expected sam- 

* VN 100 
pling error in half from 2 to 1. This is a good rule of thumb for you to know. Quadrupling sample size 

(i.e., 4 x N) cuts expected sampling error in half. 

You learned in the previous chapter that researchers can use z scores and the unit normal table to 
determine the probability of getting any given score in a population of scores. Now you will learn that 
researchers can use a similar procedure, the z for a sample mean, to determine the probability of getting 
any given sample mean in a distribution of sample means. 

9. Which of the following will reduce the standard error of the mean? 

Increasing N 

b. Decreasing N 

Reading 

Question 

c. Both increasing and decreasing N can reduce the standard error of 
the mean. 

10. According to the law of large numbers, as sample size increases, the sample 
Reading mean tends to get closer to the population mean. 
Question ( a.) True 

b. False 

Z FOR A SAMPLE MEAN 

The CLT allows you to compute the standard error of the mean. which is the expected sampling error of a planned study. It also tells you that the distribution of sample means is frequently normally 
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shaped. Practically, this means that you can compute z scores for sample means, locate those means 

in anormal distribution, and use a unit normal table to determine the probabilities associated with 

any given sample mean. This statistical procedure enables you to do more than just compute 

expected sampling error. It enables you to make important decisions in the real world based on 

statistical evidence. 

The formula for a z for a sample mean is very similar to the formula for a z for a single score. Both 

formulas are below. 

= 

e) 
z for an individual score formula: z = 

M— 

H where SEM,, = ey 
M VN 

z for a sample mean formula: z = 
Pp 

For both formulas, the numerator is simply the observed difference between the score and a value. 

The numerator of the z for an individual score is the difference between an individual score and the 

population mean (X — 1), while the numerator for the z for a sample mean is the difference between 

a sample mean and the population mean (M — ). For both formulas, the denominator is the typical 

amount of expected sampling error. For the individual score formula, o is the typical distance of all 

possible individual scores from the population mean. For the sample mean formula, the standard error 

of the mean (SEM,) is the typical distance of all possible sample means from the population mean. 

Thus, for both formulas, the obtained z score is a ratio of the observed difference over the difference 

expected due to sampling error. For both, a z score close to zero means that the observed deviation 

(i.e., the numerator) is small compared with the deviation expected by sampling error (.e., the denomi- 

nator). In other words, if the z score is “close” to zero, the score (i.e., X) or the sample mean (i.e., M) is 

“close” to the population mean. However, a z score of 3 means that the observed deviation (ie., the 

numerator) is three times as large as the deviation expected by sampling error (i.e., the denominator). 

In other words, if the z score is far from zero, the score (i.e., X) or the sample mean (i.e., M) is “unex- 

pectedly far” from the population mean. Large z scores often indicate that something other than 

sampling error variability caused the score (i.e., X) or the sample mean (i.e., M) to be very far from the 

population mean. 

When computing a z for a sample mean, if the z score is close to zero the 

sample mean is 

a.) not very different from the population mean and the difference is probably 

due to sampling error. 

b. very different from the population mean and the difference is probably 

created by something other than sampling error. 

Reading 

Question 

When computing a z for a sample mean, if the z score is far from zero, the 

sample mean is 

a. not very different from the population mean and the difference is probabiy 

due to sampling error. 

yy different from the population mean and the difference is probably 

eated by something other than sampling error. 

Reading 

Question 
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EXAMPLE: COMPUTING AND 
INTERPRETING THE z FOR A SAMPLE MEAN 

The z for a sample mean enables you to make important real-world decisions based on statistical evi- 

dence. For example, suppose you are a federal official investigating 16 loan officers at a large banking 

conglomerate you suspect of illegal mortgage practices. All loan officers at this bank were paid partly 

on commission, and so illegal activities could raise their income. By looking at the company records, 

you find that the mean income of all loan officers in the company is p = 50,000 with a standard devia- 

tion of o = 12,000. Furthermore, the mean income for the 16 loan officers suspected of cheating is 

$55,000. You want to know the probability of these loan officers having a sample mean of $55,000 or 
greater due to chance (i.e., sampling error). Basically, you are asking, “What is the probability that the 

suspected employees’ mean income was $55,000 (i.e., $5,000 higher than the company mean income) 

merely because of a coincidence (i.e., due to sampling error)?” 

Step 1: Compute the Observed Deviation 

Find the deviation between the sample mean (M) and the population mean (). 

(M — 2) =(55,000-50,000) = 5,000. 

Step 2: Compute the Deviation Expected by Sampling Error 

Next, compute the standard error of the mean. 

o 12,000 
SEM ee es OOO 

len Nie 6 
In this case, the standard error of the mean is 3,000. This means that when N = 16, the typical dis- 

tance that all possible sample means deviate from the population mean is 3,000. When the sample size 
is 16, $3,000 is the amount of deviation we expect between any sample mean and the population mean 
due to sampling error. 

Step 3: Compute the Ratio Between Observed and Expected Deviation 
(z for a Sample Mean) 

To compute the z for a sample mean, divide the observed mean difference by the expected amount 
of sampling error (i.e., the standard error of the mean): 

_ M~p _ 55,000-50,000 
SEM 3,000 i P 

Vb 1.67. 

The z of 1.67 tells us that the observed deviation was 1.67 times greater than the deviation expected 
by sampling error. 

Step 4: Locate the z Score in the Distribution 

Once you have computed the z score (i.e., 1.67), you locate it on a z curve and determine if you need to look up a tail or body probability from Appendix A. You need to consider the question being asked. In 
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this situation, you want to know the probability of 

obtaining a sample of 16 people with a mean of 

$55,000 or higher due to sampling error. Therefore, 

you want to know the tail probability for a z score of 

1.67 or higher; this is illustrated in Figure 5.3. 

A z Distribution With the 

Target Area Below z > 1.67 

Shaded 

Step 5: Look Up the z Score 

Use the unit normal table to determine the probabil- 

ity of obtaining a z score of 1.67 or higher due to 

sampling error. The area of the distribution above 

1.67 is the smaller part of the distribution (i.e., less 

than half of the distribution), and so we look at the 

tail column for the z of 1.67 and find it is .0475. 

Step 6: Interpret the z Score 

When the sample size is 16, the probability of getting a sample mean income of $55,000 or greater is 

.0475. Another way of saying this is that 4.75% of all possible sample means based on 16 people have 

a mean equal to or greater than $55,000. It is possible that the salaries of the 16 suspects were higher 

than the company mean income merely due to chance or coincidence, but it is not likely. Specifically, 

we would only expect to obtain a random sample mean of $55,000 or higher 4.75% of the time. 

Therefore, the fact that the mean income of the 16 suspects was higher than the company’s mean 

income was unlikely to be due to chance or sampling error. Perhaps the employees’ salaries were 

higher due to illegal activities. Using your newfound statistical knowledge, you helped secure a warrant 

for the search of these 16 suspects’ financial records. Nice work! 

13. This example illustrates that the z for a sample mean procedure 
Reading 

< —a./can be used to identify if the discrepancy between a sample mean anda 

Question population mean is likely or unlikely to be due to sampling error. 

b. is only useful in a controlled laboratory setting. 

c. Botha and b are correct. 

EXACT PROBABILITIES VERSUS PROBABILITY ESTIMATES 

The previous example illustrates that the z for a sample mean statistical procedure can be useful out- 

side of controlled laboratory settings. There are many situations in which an investigator of some kind 

might want to know the probability that something is happening due to chance or sampling error. The 

central limit theorem enables us to compute the sampling error we expect. We can then compute the 

obtained z score and determine the probability of obtaining a score that extreme or more extreme due 

to chance. The central limit theorem is based on random sampling. However, researchers are rarely 

able to obtain truly random samples. Therefore, researchers are most often working with nonrandom 

samples. The result of working with nonrandom samples is that any probability statements are esti- 

mates rather than exact probabilities. As we matriculate through this course, try to remember that most 

(if not all) probability statements derived from research are estimates, and as a result, the actual prob- 

ability might be a bit higher or a bit lower. Although researchers are usually creating probability 

estimates, the estimates are usually very good estimates. 
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14. The probabilities produced by most research studies are considered estimates 

(i.e., not exact probabilities) because 

a) most research studies do not use truly random samples. 

b. most research studies use samples that are too small. 

Reading 

Question 

OVERVIEW OF THE ACTIVITIES 

In the first half of Activity 5.1, you will work with a very small population of four scores and generate 

a distribution of sample means by hand. You will also compute the mean and standard deviation of the 

distribution of sample means by hand and then compare these values to what is predicted by the cen- 

tral limit theorem (CLT). In the second half of the activity, you will work with a Java Applet that will 

allow you to look at a variety of different distributions of sample means and test the predictions of the 

CLT. In Activity 5.2, you will use the CLT and z scores to determine how likely you are to obtain sample 

means in a given range. Finally, you will distinguish between situations that require using a z for a 

single score versus a z for a sample mean. 

jon to Distributions of Sample Means — 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

¢ Describe a distribution of sample means 

e Explain how a distribution of raw scores is different from a distribution of sample means that is 
created from those raw scores 

e Find the mean and the standard deviation of a distribution of sample means 
e Explain what the standard error of the mean measures 
¢ Compute the sampling error 

Describe how the standard error of the mean can be decreased 
Explain why you would want the standard error of the mean to be minimized 
State the central limit theorem and why it is important 

DISTRIBUTION OF SAMPLE MEANS AND SAMPLING ERROR 

1. In Chapter 1, we introduced the idea that sample statistics are rarely exactly equal to the 
population parameters they are estimating. What is this difference between sample statistics and 
population parameters called? 

a. Standard deviation of the scores 

(°) Sampling error 
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2. Suppose that the average height of women in the United States is 64.5 inches. If you obtained a 

random sample of 25 women from this population, what is your best guess as to what the mean 

height will be for that sample? 

Y ak : Dar) 

3. In general, the the sample, the closer the sample statistic should be to the population 

parameter. 
“3 
(a.) larger 

b. smaller 

4. According to the law of large numbers, which of the following options is more likely? (Note: The 

mean height of women in the United States is 64.5 inches.) 

a. A random sample of two females from the U.S. population will have an average height of 

__ 70 inches. 

(6, A random sample of 200 females from the U.S. population will have an average height of 

70 inches. 

5. Although it is important to understand the idea that larger samples result in less sampling error 

(i.e., the law of large numbers), you also need to be able to quantify the amount of sampling 

error for any given study. To do this, you will need to understand the distribution of sample 

means. Which of the following is the best description of a distribution of sample means? 

a. All possible sample means taken from a population 

(,) The set of means for all possible random samples of a given size (N) taken from a population 

6. According to the central limit theorem, the mean of the distribution of sample means will be 

equal to what value? 

as 0 

(b> ) 
ey, 
Cy 

7. According to the central limit theorem, the standard deviation of the distribution of sample 

means will be determined by what formula? 

AE: siya ot 
o. JN has 

b. SS 

Ne 

c, 2X | 
N 2 ry) 4 

8. According to the central limit theorem, the distribution of sample means 

(a) is very often normally distributed. 

b. will always have the same shape as the original population of scores. 
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ILLUSTRATING THE DISTRIBUTION OF SAMPLE MEANS AND 
SAMPLING ERROR WITH A SMALL POPULATION AND SAMPLE 

Being able to recite the definition of the distribution of sample means is a good start, but you need a 

far deeper knowledge of this topic if you hope to understand the more advanced topics in this course. 

In this activity, you are going to apply the CLT to predict the mean and standard error of the mean of a 

distribution of sample means for a very small population. Then you will actually compute every pos- 

sible sample mean that the very small population could produce to confirm that the CLT’s predictions 

were accurate. Researchers are usually interested in much larger populations, but it is much easier to 
illustrate what a distribution of sample means is by working with a very small population. The purpose 

of this first example is to illustrate that the CLT works; it predicts the mean and the standard error of 

the mean perfectly. 

Suppose there is a very small population of four billionaires in a particular city. Further suppose that 

the following data represent the number of years of college/graduate school each billionaire completed: 

2, 4, 6, 8 (Note: These data are completely made up.) 

9. What is the mean for this population? p=_“ 

ate Ae mae 40 
10. What is the standard deviation for this population? o = Y : 

11. Now that you know the p and the o, the only other thing you need before you can apply the CLT 

is to decide on a sample size (N). Again, for illustration purposes, we will use an unusually small 

sample size of N= 2. According to the central limit theorem, the mean of any distribution of 

sample means will always be the DO e M£ {\_. (two words) 

j 

12. In this case, the predicted mean of the distribution of sample means will equal ___) ncihe 
answer is a number.) 

13. Furthermore, according to the central limit theorem, the standard deviation of the distribution of 
sample means, or the standard error of the mean, will be SEM, = zr So, in this case, the 

predicted standard error of the mean will equal _| - 0 0 |_. Now that you've predicted the 
center and spread of the distribution of sample means for the billionaire example when the 
N = 2, its time to determine if these predictions are perfectly accurate. (Hint: They will be!) 

First, let's look at the shape of the original population, or parent population. 

14. There is just one 2, one 4, one 6, and one 8, so the shape of this population’s distribution is 
(a. ) not normal. 

b. normal. 



CHAPTER 5 The Distribution of Sample Means andzforaSample Mean 129 

> 
3) 
(= 
o 
=) 
ion 
o 
ped 
re 

ASSO 0 

Education 

a 
iG 

To create the distribution of sample means, you need to obtain the means for all possible random 

samples of sample size N = 2 because that is the sample size used to make our CLT predictions for 

the mean and standard error of the mean. Because the samples must be random, you must be sure 

to sample with replacement. Thus, you would choose one score at random, put it back in the 

population, and then choose again at random. 

15. All possible random samples with N = 2 are listed below (labeled A-P). These 16 samples are the 

population of sample means. Together, they are the distribution of sample means for the 

population of four billionaires when N = 2. Some of the means are computed for you. Complete 

the following table by finding the mean for the remaining three samples. 

(Continued) 
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(Continued) 

Second Score Sample Mean Sample First Score 

| L 6 8 7 

M | 8 ail 2 a 

N 8 a 

0 et es Pea 
P 8 8 

The means you computed above are all the means that are possible when researchers take a 

sample of two scores from the preceding population of four people. Collectively, the means are 

the distribution of sample means. Fill in the following frequency distribution graph with all the 

possible sample means for this study when N = 2. 

2 a Pr a Prone 

Possible values for sample mean of (N = 2) 

16. You should recognize that some of these samples represent the population better than others 
and therefore some have less sampling error than others. Each of the above sample means that 
are not exactly equal to the population mean of 5 (1 =5) have sampling error. Which two 
samples have the most sampling error? 

(2 ) Samples A and P 

b. Samples B and O 

Cc. Samples G and H 

17. You should also recognize that all of the above sample means are possible when the researcher 
randomly selects a sample from the population. Looking at the distribution of sample means, 
imagine that you randomly pick one sample mean from all the possible sample means. Which 
sample mean are you most likely to pick? 

{ 

18. How does the graph of the distribution of sample means (the frequency distribution you created 
in Question 15) differ from the graph of the original data (the freque istributi ncy dist 
Question 14)? (Choose two.) % Ee Teas 
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a. Central tendency (i.e., mean) 

45) Spread (i.e., variability) 

(¢,/ Shape 

19. Although the graphs look very different, there is one similarity between the graphs. Which of the 

following is identical for the two graphs? 

(@) Central tendency (i.e., mean) 

b. Spread (i.e., variability) 

c. Shape 

20. Compute the mean of the distribution of sample means (i.e., compute the mean of the 

16 sample means in the last column of the table under Question 15). You should be able to use 

the statistics mode on your calculator to obtain the mean. 

21. Compute the standard deviation of the distribution of sample means. You should be able to use 

the statistics mode on your calculator to obtain the standard deviation. Because you have the 

population of all possible sample means, you should use the population equation for the 

standard deviation. If you choose to do the calculations by hand, be careful about what N you 

use. When computing the standard deviation of all 16 sample means, N is the number of 

sample means (i.e., 16). 

TS 
YU 

9) 4) 
CG 

22. How does the mean of the distribution of sample means compare with the mean of the 

population? 

(a Same 

b. Higher 

c. Lower 

23. How does the standard deviation of the distribution of sample means compare with the standard 

deviation of the population? 

a. Same 

b. Higher 

Ky Lower 

24. Sample means are variable than individual scores; therefore, the standard deviation of 

the distribution of sample means is than the standard deviation of the population. 

a._ less, larger * 
|b. less, smaller 

c. more, larger 

d. more, smaller 
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2B), How did the CLT’s predictions for the mean and standard error of the mean compare to those 

you found by actually building the distribution of sample means and then computing its mean 

and its standard deviation? Were the predictions made by the CLT perfectly accurate? (Hint: 

Compare the answers for Questions 20 and 21 to those predicted for Questions 12 and 13, 

respectively.) 
a 

\\a) Yes, the answers were identical. 

b. The CLT predictions were close to the actual data but not identical. 

DISTRIBUTIONS OF SAMPLE MEANS WITH 
LARGER POPULATIONS AND SAMPLE SIZES 

In the previous questions, you worked with a very small population and sample size and learned that 

distributions of sample means are normally distributed and have a mean equal to the population mean 

(u) and a standard deviation equal to the standard error of the mean (SEM). 

26. 

Pale 

28. 

XY) 

Next, we are going to use a Java Applet to help you understand sampling distributions with larger 

(i.e., more realistic) populations and sample sizes. To access the Applet, go to this website: http:// 

onlinestatbook.com/stat_sim/sampling_dist/index.html. When you et to this page, you will need 

to click on the “Begin” button. At the top of the screen, there is a “parent” population of scores. 

What is the mean and standard deviation for this population distribution of scores (they are 

located on the left side of the graph)? 

Mean (p1) = | © , Standard deviation (0): 2 

It might help to have a bit of context while you are looking at these distributions, so assume that 
these numbers represent scores on a test of extraversion, with higher numbers indicating greater 
extraversion. Suppose that you are going to do a study to determine if extraversion is related to 
levels of depression. Before starting the study, you want to make sure that you have a good 
sample with minimal sampling error. What is sampling error? 

a. The difference between scores and the sample mean 

b. The difference between scores and the population mean 

\c.\ The difference between a sample mean and the population mean \ 

Suppose that you plan to take one random sample with N=5 froma population with p = 16 and 
o = 5. According to the CLT, what is your best guess for the mean of this one sample? 

| lo 

According to the CLT, how much sampling error do you expect to have (i.e., what value will the 
standard error of the mean have)? 
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30. You can use the Applet to simulate taking one sample at a time from the population. To do this, 

go to the graph that is labeled “Distribution of means” and select an N = 5. Then, click on the box 

that says “Animated.” This will randomly select five scores from the population and put them 

in the second graph labeled “Sample Data.” The mean of those five scores will then be graphed 

on the third graph labeled “Distribution of means.” After you have taken one sample of five 

people, what is in the second graph labeled “Sample Data”? 

a. The sample mean based on the five scores 
“a 
G ) The five scores selected randomly from the population 

31. After you have taken one sample of five, what is in the third graph labeled “Distribution of 

means”? 
(> 
(4) The sample mean of the five scores 

b. The five scores selected randomly from the population 

32. If you click on the “Animated” button again, the program will randomly select another five 

scores and then put their mean on the Distribution of Sample Means graph. After doing this, how 

many sample means are on that graph? 

es il 

(b.) 2 

CaS 

33. Click on the Animated button several times and make sure that you understand what is 

happening when you hit the Animated button. After you have several sample means on the 

Sample Means graph, use the graph to determine which samples have the most sampling error. 

Remember, sampling error is the discrepancy between a sample statistic and a population 

parameter. How can you tell which samples have the most sampling error? 

a. The samples closest to the population mean (1 = 16) have the most sampling error. 

( ‘bd The samples furthest from the population mean (p = 16) have the most sampling error. 

34. The study of extraversion will use just one of the possible random samples of 

N=5 people. We can’t know ahead of time which sample mean that will be. However, the central 

limit theorem allows us to determine what the distribution of all possible random samples with 

N=5 would look like. Then, we can determine the most likely sample mean and expected 

sampling error. If you take all possible random samples of a given size (N = 5) from the 

population with a mean of 16 and a standard deviation of 5, what do you expect the mean of the 

distribution of sample means to equal? 

35. What do you expect the standard deviation of the distribution of sample means 

to equal? 

aa 5 

5 
b= 

V1i6 

gw 
V5 
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36. What shape do you expect for the distribution of sample means? 

Ka.) Normal, bell shaped 

b. The same shape as the original distribution of scores 

37. To create a distribution of sample means, we need to obtain all possible random samples of a 

given size from this population. This program doesn’t really allow us to take all possible random 

samples, but it does allow us to take a very large number of samples from the population, and 

this very large number is a very good approximation of what happens if you take all possible 
random samples. To take 100,000 samples at a time, click on the “100,000” button. You can even 

click it 10 times to take 1,000,000 samples. After you do this, what are the mean and the 

standard deviation of the distribution of sample means? 

Mean = lp : Standard deviation = 

38. How close are the values to what the central limit theorem predicted in Questions 33 and 34? 

(a. ) Very close (i.e., within .01) 

b. Not very Close (i.e., not within .01) 

39. The population standard deviation of o = 5 tells us that the typical distance the individual 
scores are away from the population mean (1 = 16) is 5. What does the standard deviation 
of the distribution of sample means (SEM = 2.24) tell us? 

@) The typical distance between sample means is 2.24. 

b. The typical distance sample means are from the population mean is 2.24. 

40. How could we make the standard error (SEM) smaller? Select all that apply. 

\@) Increase N 

b. Decrease N 

c. Increase o 

(d)) Decrease o 

41. Why would we want to make the standard error smaller? 

a. It will reduce sampling error. 

b. The sample mean will be more likely to be close to the population mean. 
Ce. \ Both of the above 

42. Inthe previous problems, you were planning to use a sample size of 5. What would happen if 
you used a larger sample (e.g., 25)? Use the CLT to compute the expected amount of sampling 
error with a sample size of 25 for the population with a mean of p= 16 and a standard deviation 
OlG =o. 
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43. Click on the “Clear lower 3” button to clear the graphs. Create a distribution of sample means 

changing the N to N= 25 and then clicking on the “100,000” button. How close is the standard 

deviation of the distribution of sample means to the one predicted by the CLT (i.e., the one you 

just computed)? 

(a) Very close (i.e., within .01) 

b. Not very close (i.e., not within .01) 

44. How is the graph of the distribution of sample means with this larger sample size (N = 25) 

cifferent from the distribution of sample means when the sample size was smaller (N = 5)? 

(a/ It is less variable (sample means are closer to the population mean). 

b. It is more variable (sample means are farther from the population mean). 

45. As the variability in the distribution of sample means decreases, the amount of sampling error 

increases 

| 
\ 

Bh. 
Baa 

b) decreases 

c. stays the same 

46. Inall the preceding examples, you started with a normally distributed population of extraversion 

scores. You are also interested in depression scores. The measure of depression is not normally 

distributed but skewed with a mean of p = 8.08 and a standard deviation of o = 6.22. According 

to the central limit theorem, what would you expect for the mean and standard deviation of the 

distribution of sample means for samples of a size of 25 from a positively skewed population 

with p = 8.08 ando= 6.22? 

Mean=___ © -O 5 
Standard deviation of the distribution of sample means (SEM) = 

47. According to the central limit theorem, what shape will the distribution of sample means start to 

approach if all possible random samples with an N = 25 are taken from a positively skewed 

population with p = 8.08 and o = 6.22? 

a. Positively skewed 

(,) Normally distributed 

48. Use the Java Applet to see what happens for skewed distributions of scores. Start by changing the 

first graph to “Skewed.” Then, select 100,000 random samples with a size of 2. Do the same with 

all of the sample size options (i.e., 5, 10, 16, 20, 25). As the sample size increased, what 

happened to the shape of the distribution of sample means? 

a. It stayed positively skewed. 

(>) It became more bell shaped. 
KL 

49, The Java Applet also allows you to change the shape of the distribution to anything you want. 

Make a really strange-looking distribution of scores by holding the mouse button and dragging it 



136 AN INTRODUCTION TO STATISTICS 

over the population of scores. The Applet will update the mean and standard deviation of those 

scores. Record them below: 

Mean (p) = (bo Ab ; Standard deviation (6) = 

50. According to the central limit theorem, what do you expect the mean and the standard deviation 

of the distribution of sample means to be for all possible random samples of 25 from the 

“strangely” shaped distribution you created? 

Mean of the distribution of sample means = 

Standard deviation of the distribution of sample means (SEM) = 

51. According to the central limit theorem, what shape do you expect the distribution of sample 
means to approach when using all possibie random samples of a size of 25? 

a. Shaped like the parent distribution (strange looking) 

(b.) Normally distributed (bell shaped) 

52. Take 100,000 random samples of a size of N = 25 from the strange-looking distribution of scores 

you created. What does the distribution of sample means look like? 

a. Shaped like the parent distribution (strange looking) 

ey ) Approximately normally distributed (bell shaped) 

53. Even if a parent pepeauen s distribution is skewed, the distribution of the sample means is 

approximately hoy and becomes even more so as the sample size : 

54. What shape of a distribution allows you to use the unit normal table (i.e., the z table) to 
determine the probabilities associated with different z scores? 

@. Normal (bell shaped) 

b. You can use the unit normal table with any shaped distribution. 

~ Activity Dee. Central Limit Theore 

Learning Objectives 

After reading the chapter and completing the homework, you should be able to do the following: 

° Determine when to use the two different z score formulas 
* Define sampling error and the standard error of the mean 
* Compute and interpret the standard error of the mean 
° Explain the difference between raw scores and z scores 
* Compute and interpret the z score for a sample mean 
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DESCRIBING SAMPLING ERROR 

1. In words, sampling error is the difference between a population parameter and a 

SAMMA\e STAristyy ? 

2. In words, what is the standard error of the mean? Select all that apply. 

a. The standard deviation of the scores in a population 

b. The typical distance between scores and a population mean 

(Ge The standard deviation of the distribution of sample means 

d/ The typical distance between sample means of a given size from a population mean 

3. What is the relationship between sampling error and the standard error of the mean? 

a. You compute the standard error when you have a population and the sampling error when 

you have a sample. 
— S ; 

_ b. The standard error of the mean is a measure of sampling error. 

c. You divide the standard error of the mean by N to get a measure of sampling error. 

COMPUTING SAMPLING ERROR 

The next several questions are working with body temperature data in which the population mean (p) 

is 98.2 and the population standard deviation (6) is 0.6. 

Compute the standard error of the mean for each of the following situations and use it to help you 

complete the correct values for the x-axes below. The standard error of the mean is equal to the stan- 

dard deviation divided by the square root of N. Therefore, when N = 9, the standard error of the mean is 

0.2 [ sem, = == 02 | . Thus, the standard deviation of the distribution of sample means is 0.2. olen) 

Jn V9 
You should also complete the number lines by filling in any values missing from the x-axes. The first 

one is started for you. 

Each raw score can also be converted into z scores. For example, a sample mean of 98.4 can be 

MAW 98: 4=98 2 

SEM, p 
={1, You should also converted into a z by using the z fora sample mean formula = 

complete the number lines by filling in any missing z scores. 

4. Distribution of sample means when sample size (N) is nine people: p = 98.2, 0 = 0.6, N=9. 

SS a eee earns 

06-2000 4 eee <{Raw scores (in this case, these are sample means) | 

0 +1) z scores 
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5. Distribution of sample means when sample size (N) is 36 people: p = 98.2, o= .6, N= 36. 

aires Raw scores (in this case, these are sample means) 

— z scores 

6. Distribution of sample means when sample size (N) is 100 people: p = 98.2, o = 0.6, N= 100. 

co rials ara ee eee Raw scores (in this case, these are sample means) 

—_—- S#s —- S$ Ss ——_— Z scores 

7. Each of the examples above comes from the same population with p= 98.2 and o = 0.6. Because 
of the way we have drawn the graphs, the distributions may look similar. However, there is one 
important difference between these three graphs that is created by the different sample sizes. If 
you look at the range of possible sample means on the x-axes of the graphs, you will notice that 
they are dramatically different. Which of the following best summarizes the differences between 
the graphs? 

a. When the sample size is larger, the range of values on the x-axes is smaller (i.e., the standard 
error is smaller). 

b. When the sample size is larger, the range of values on the x-axes is larger (i.e., the standard 
error is larger). 

8. If all the graphs above were created using the same range of values on the x-axis (e.g., 
97.8-98.6), which sample size would produce the most “spread-out” distribution of sample 
means? In other words, which sample size produces the most sampling error? 
a. 9 

D6 

Ca 100 
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10. 

ite 

What is the probability of obtaining a z for a sample mean between —1 and +1? Note that this 

answer will be the same regardless of sample size. (Use the unit normal table to answer this 

question; there is an explanation of how to do this at the end of Chapter 4, right before the last 

reading question.) 

A different sample size was used in each of the examples above. The size of the sample directly 

affects the probability of obtaining a sample mean close to the population mean. For each of the 

sample sizes listed below, write the sample means that correspond to z scores of —1 (first blank) 

and +1 (second blank). Refer to the graphs in Questions 4, 5, and 6 to do this. After you complete 

each of the three sentences that follow, read all of them carefully before you proceed to the 

next question. 

a. When the sample size is 9, 68. 762 2 of all possible sample means are between the body 

temperatures of ¥ and 

b. When the sample size is 36, 68.26% of all possible sample means are between the body 

temperatures of 7S.) and_ 9. 

c. When the sample size is 100, 68.26% of all possible sample means are between the body 

temperatures of _/?-"‘and_19.26 . 

As sample size increases, the sample mean you are likely to get will be closer to the population 

mean (i). 

(a) True 

b. False 

DETERMINING THE PROBABILITY OF A GIVEN SAMPLE 

We 

tS: 

Researchers take a sample of 27 toddlers who were all born prematurely and score them on 

visual acuity. They want to know how this sample compares with the mean visual acuity score of 

the population of toddlers who were carried to full term: p = 45, o = 6, N= 27, M= 44. What is 

the probability of obtaining a sample mean of 44 or lower? 

ee ees SN 
C/I Wi pales VY 

Ga \n Lh 

Researchers commonly use a cutoff probability of .05 to determine if a sample mean is likely or 

unlikely. In other words, if a probability is less than .05, they consider the outcometo be 

“unlikely” to occur by chance. Isa sample mean of 44 that is basedon 27 toddlers likely or 

unlikely to have come from the target population of full-term toddlers with p= 45,5 = 6? 
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14. 

13). 

16. 

PICKING THE CORRECT STATISTIC 

Researchers take a sample of 100 adult men from northwest Indiana and measure their 

cholesterol. They want to know how this sample compares with the national average cholesterol 

score for adult men: p1 = 208, o = 15, N= 100, M= 205. What is the probability of obtaining a 

sample mean of 205 or lower? Is this sample mean that is based on 100 adult men likely or 

unlikely to have come from a target population with p = 208, o = 15? 

An exercise instructor takes a sample of 105 middle school students, all of whom are participants 

in a team sport, and measures each student’s “athletic aptitude.” The instructor wanits to know if 

this sample’s “athletic aptitude” is different from the national average athletic aptitude for 

middle school students: p = 1,003, o = 25, N= 105, M= 1,004.5. What is the probability of 

obtaining a sample mean of 1,004.5 or higher? Is this sample mean that is based on 105 students 

likely or unlikely to have come from a target population with pl = 1,003, o = 25? 

Why are the probabilities you computed in the examples above estimates rather than precise 

values? 

a.) The samples are not truly random. 

b. The samples are too small. 

For each of the following problems, choose if a researcher should use a z for an individual score or a 
z for a sample mean. Just choose which statistic is appropriate. Do not compute the z yet. 

ie 

18. 

19. 

A school psychologist wants to identify students who may need extra help in their math course 
and so gives the students a standardized math test. The scores are normally distributed and have 
a mean of 500 and a standard deviation of 100. Students who score below 400 are given 
additional tutoring. What percentage of students would you expect to receive scores at or below 
400? Choose the correct statistic. 

a.) z for an individual score b. zforasample mean 

A car seat manufacturer develops a seat that is safest for people who are between 62 inches and 
68.5 inches. If the average height of women in the United States is 64 inches with a standard 
deviation of 2 inches, what percentage of women fall outside of the safest range? Choose the 
correct Statistic. 

a. Z for an individual score b. z for asample mean 

A researcher knows that poverty is often associated with poor nutrition. The researcher wants to 
determine if poverty is also related to height. To test this association, he obtains a sample of 
25 women who have incomes below the poverty line. Assuming that the average height of 
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20. 

2ile 

tN N 

women is 64 inches with a standard deviation of 2 inches, what is the probability that sampling 

error would result in obtaining a sample mean that is below 63 inches for a sample of 25 women? 

Choose the correct statistic. 

a. Z for an individual score b. zforasample mean 

The average worker in a manufacturing plant produces 27 units every hour with a standard 

deviation of 2.9. The manager of the plant took a sample of 25 workers and gave them special 

training designed to increase their productivity. After the special training was complete, the 

25 workers produced 28.2 units every hour. What is the probability of randomly sampling 

25 workers from the general population and their mean productivity being 28.2 or higher? 

Choose the correct statistic. 

a. Z for an individual score b. z for asample mean 

The manager of the manufacturing plant is responsible for distributing bonuses based on each 

worker’s productivity. The mean productivity for all workers in the plant is 27 units per hour 

with a standard deviation of 2.9. The manager wants to give every worker in the top third a $200 

bonus and every worker in the middle third a $100 bonus. The workers in the bottom third will 

get no bonus. What is the number of units produced per hour that separates those in the top 

third from those in the middle third? What is the number of units produced per hour that 

separates those in the middle third from those in the bottom third? (Hint: To do this problem, 

you first need to find the z scores with 1/3 (.333) of the scores in the tail. Then, you need to solve 

for X.) Choose the correct statistic. 

a. z for an individual score b. zforasample mean 

Once you are sure that you have chosen the correct statistic, do the computations for Questions 

i? to2Z1. 
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Chapter 5 Practice Test 

1. In Chapter 1. we defined sampling error as the discrepancy between a sample statistic and a 

population parameter. How can you compute the expected amount of sampling error between 

the sample mean of a given size and the population mean? 
o 

d. You cannot compute this value. Sampling error is a conceptual definition, not a calculation. 

2. Which of the following changes would reduce the amount of sampling error in a study? 

a Increase the sample size 

b. Decrease the sample size 

C. Use data from a distribution of scores that is normally distributed 

d. Use data from a distribution of scores that is not normally distributed (i.e., positively or 

negatively skewed) 

3. Scores on a test of mathematical ability have a mean of p = 152 and a standard deviation of 
o = 19.2. What is the standard error of the mean for samples of a size of 50 taken from this 

population? 

a. 384 

b. 19.2 

C) 2.72 

d. 7.37 

emi52 

\ fA 

4. Scores ona test of mathematical ability have a mean of p= 152 and a standard deviation of 
o = 19.2. What is mean of the distribution of sample means for all samples of N = 25 taken 
from the population? 

a. 384 

b. 19.2 

Co 2uhe 

d. 7.37 
(e.) 152 

5. Which of the following is a measure of the typical distance between sample means 
and a population mean? 

a. o 
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Which of the following is a measure of the typical distance between scores and a population 
mean? 

Scores on measure of science knowledge are positively skewed with a mean of 74 and 

a standard deviation of 8. A researcher wants to conduct a study with 90 people from the 

popuiation and wants to know what the distribution of sample means will look like for that 

sample taken from the population. Which of the following best describes the distribution 

of sample means? 

a. It will be positively distributed with a mean of 74 and a standard deviation of 8. 

b.-It will be positively distributed with a mean of 74 and a standard deviation of .84. 

€. It will be normally distributed with a mean of 74 and a standard deviation of .84. 

d. It will be positively distributed with a mean of 74 and a standard deviation of .48. 

Scores on measure of science knowledge are positively skewed with a mean of 74 and a standard 

deviation of 8. A researcher wants to conduct a study with 90 people from the population. 

Which of the following best describes what that distribution of 90 scores will most likely 

look like? 

a- It willbe positively skewed. 

by It will be bell shaped (normal). 

The average salary for Lexar Steel Corporation is $52,600 with a standard deviation of 

o = 16,800. A researcher obtains a random sample of 40 workers. What is the probability 

of obtaining a sample of workers with a mean salary greater than $60,000?» 

a. .9974 my 

b. .3300 

C. .6700 

d. .0026 

€. 4400 

The average salary for Lexar Steel Corporation is $52,600 with a standard deviation of 

o = 16,800. What is the probability of one randomly selected worker having a salary greater 

than $60,000? 

a. .4400 
b. 3300 
c. .6700 

&ds-0026- 
~<e3.9974. 
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11. The average grade point average (GPA) at a college is 2.9 with a standard deviation of .65. The 

dean of the college takes a random sample of 100 students. Which of the following is the most 

likely average GPA for that sample of 100 students? 

BY, D2 

Be35:5. 

{o> 2.8 ies 

d. 2.4 

A student wants to measure satisfaction with food in the college dormitories. To assess 

satisfaction, she plans to obtain a random sample of 35 students from the student directory and 

ask them all to answer just one question: How satisfied are you with the food choices in the 

dormitories? Responses are made on a 10-point scale where 1 = very dissatisfied and 10 = very 

satisfied. The student wants to present her data to the college administrators and wants to make 

sure that she will obtain an accurate estimate. What can she do to minimize sampling error? 

a. Nothing. This study is well designed. An N of 30 is what the central limit theorem requires 

_. and she plans to exceed that minimum. 

) b. \She should increase her sample size. A larger N would decrease sampling error. 

c. She should use a rating scale with more than 10 options. That will increase the variability in 

the sample and decrease the sampling error. 

A population of test scores has a mean of 125 and a standard deviation of 5. Two separate 

researchers each take a sample from this population. Researcher A obtains a random sample of 
25 people and Researcher B obtains a random sample of 100 people. Which researcher is more 
likely to obtain a sample mean of 135? 

( a. Researcher A 

b. Researcher B 



CHAPTER 6 

Hypothesis Testing 
With z Scores 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Write null and research hypotheses using population parameters and words 

e Compute az for a sample mean 

e Determine whether or not you should reject the null hypothesis 

Compute and interpret the effect size (d) of a study 

Summarize study results using American Psychological Association (APA) style 

Identify examples of Type | error, Type I! error, and statistical power 

e Provide a detailed description of a p value, critical value, and obtained value 

INTRODUCTION TO HYPOTHESIS TESTING 

In the previous chapter, you learned to (1) compute a z for a sample mean, (2) locate that sample mean 

within a distribution of sample means, and (3) determine the probability of that sample mean occur- 

ring due to sampling error. At this point, you may be wondering how these skills could be useful. The 

short answer is that all of these skills enable you to test hypotheses. Hypothesis testing is the most 

commonly used statistical procedure in psychology, sociology, social work, public policy, medicine, 

and many other fields. In fact, if your college major requires this course, it is probably because a work- 

ing knowledge of hypothesis testing is considered critical by professionals in your discipline. 

Furthermore, hypothesis testing plays a central role in the scientific processes that permeate our soci- 

ety. Even if you do not plan to be a scientist, a working knowledge of how scientists use hypothesis 

testing is essential if you hope to understand contemporary issues like climate change or policy 

debates on health care, education, or voting rights, just to name a few. The hypothesis-testing process 
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that you are about to learn is powerful because it can be applied to such a wide range of topics. It can 

help all of us make better, more informed decisions, if we know how to use it. 

HYPOTHESIS TESTING WITH z FOR 
A SAMPLE MEAN EXAMPLE (ONE-TAILED) | 

For example, suppose a teacher interested in improving educational practices reads a study reporting 

that frequent testing helps improve recall of information. She redesigns her history course so students 

are required to take frequent quizzes (two quizzes per chapter) prior to taking exams. After one semester 

using these quizzes, the mean score on the final exam for the 25 students in her course was M = 80. 

This same teacher is extremely organized and knows that the mean score on this same final exam for 

all students who took the course with her before she required frequent quizzing was 75 points with a 

standard deviation of 10 points (u = 75, o = 10). 

The teacher has every reason to believe that the 25 students in the new history course are similar to 

all the students she has taught in the past. So, logically, all the past students are considered a popula- 

tion and the 25 new students are considered a sample. Although these 25 new students were not liter- 

ally randomly sampled from the past population, it is reasonable to expect them to score similarly to all 
previous students who took the same exam. With hypothesis testing, you can determine if the sample 
of students forced to take frequent quizzes scored “significantly” better than the previous students who 
did not take quizzes. If the quizzes helped the sample, perhaps requiring quizzes for all future students 
would help them as well. Did the frequent quizzing help? If the sample’s mean final exam score is 
better than the population’s mean final exam score, is the difference created by the quizzing or by 
sampling error? 

Obviously, the sample mean of 80 is numerically greater than the population mean of 75. The 
teacher’s question is whether the deviation between the sample mean of 80 and the population mean 
of 75 is likely or unlikely to have occurred due to sampling error. You can use the hypothesis-testing 
process and the z for a sample mean you learned in the previous chapter to determine if the 5-point 
difference is likely to be due to sampling error or if it is likely to have been created by the new frequent 
quizzing process. The computations necessary for this hypothesis test are identical to those you did 
in the previous chapter. However, we need to introduce quite a few concepts to evaluate hypotheses. 
These new concepts are described below in a series of six steps. 

Step 1: Examine Variables to Assess Statistical Assumptions 
All hypothesis tests are based on specific assumptions, and if these assumptions are violated, these 
tests may yield misleading results. Therefore, the first step when conducting any hypothesis test is to 
determine if the data you are about to analyze meet the necessary assumptions. Fortunately, if you 
understand four basic assumptions, you will be able to safely run all of the hypothesis-testing statistics 
discussed in this text. The four basic assumptions are (1) independence of data, (2) appropriate mea- surement of variables for the analysis, (3) normality of distributions, and (4) homogeneity of variance. 

The independence of data assumption means that each participant's score within a condition is inde- pendent of all other participants’ scores within that same condition. For example, in the study testing if frequent quizzing improves students’ exam scores, you must ensure that all students answered every exam question on their own; if one or more students copied answers off another student instead of providing their own answers, this cheating would violate the assumption of data independence because one student’s answers “influenced” another student’s answers. If this cheating was widespread, 
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it would ruin the entire study. When assessing the independence of data, you are really assessing the 

procedural control used to collect the data. If a study’s procedural control is very poor (e.g., there was 

widespread cheating or some other problem with data collection), the data violate the independence 

assumption, and you should redo the study more carefully. This is an important point; if a study’s data 

collection procedures are very poor, it is not worth running a hypothesis test on the data because the 

results will be misleading. This is a research methodology issue, so we will not spend more time with 

this assumption in this book. You will learn how to design sound experiments that yield accurate data 

in a research methods course. 

When conducting a hypothesis test using a z for a sample mean, the appropriate measurement of vari- 

ables assumption means that the independent variable (IV) must identify a group of people who are differ- 

ent from the population in some way, and the dependent variable (DV) must be measured on an interval 

or ratio scale of measurement. If the IV or the DV does not meet these requirements, then the z for a 

sample mean is not the appropriate test. For example, in the frequent quizzing study, the IV is whether 

or not participants took frequent quizzes before they took the final exam. The IV identifies how the 

sample and population are different—namely, the sample took frequent quizzes and the population 

did not. When conducting a z for asample mean, the IV is a “grouping variable”; it identifies a group of 

people who are different from the population. The DV in this study, students’ final exam scores, must 

be measured so that each student’s performance can be precisely quantified. In other words, the DV 

must be measured on an interval or ratio scale of measurement. If the exam scores are recorded as the 

number of correct responses or percentage correct, this assumption would be met because we would 

know exactly how much better (or worse) each student did relative to other students. A student with 12 

correct answers did exactly two questions better than a student with 10 correct. A student earning an 

80% did exactly 5% better than a student earning a 75%. Both of these possible DVs, number correct 

or percent correct, meet the interval/ratio scale of measurement requirement. If, however, the DV was 

measured by letter grades (e.g., A, B, C, D, or F), we would not be able to run the z for a sample mean 

test because this DV, letter grades, is ordinal, not interval or ratio. With letter grades, we do not know 

precisely how much better a student who earned an A did relative to a student who earned a B. In this 

study, the researcher looked at grades as a percentage, and so the DV was on an interval/ratio scale. 

The normality of distributions assumption means that the distribution of sample means for each con- 

dition must have a normal shape. As you hopefully recall from the previous chapter, the central limit 

theorem tells us that a distribution of sample means will have a normal shape if (a) the original popu- 

lation of scores has a normal shape or (b) the sample size used in the study is 30 or larger. So, strictly 

speaking, in this study on frequent quizzing, the teacher should either determine if the original popula- 

tion of all students’ scores has a normal shape or increase the sample size from 25 to 30 to be relatively 

confident that the normality assumption is met. However, in practice, unless researchers know that a 

distribution of scores is very skewed, they typically proceed with sample sizes that are “close to” 30. 

Ultimately, the soundness of this decision is based on how far a distribution’s shape deviates from nor- 

mal. If it deviates only slightly from a normal shape, a sample size “close to” 30 is probably sufficient. 

However, if a population’s shape deviates substantially from normal, a sample even larger than 30 

might be needed. In the end, researchers have to “know their variables” and make sound judgments. 

For this study, the teacher looked at the distribution of all past students’ scores, and its shape was nor- 

mal. Therefore, the distribution of sample means will have a normal shape regardless of sample size. 

When conducting a z for a sample mean, the homogeneity of variance assumption means that the vari- 

ances in each condition of the study are similar. In the frequent quizzing study, this means that the vari- 

ance of scores when students experience frequent quizzes needs to be similar to the variance of scores 

when students do not experience frequent quizzes. Researchers cannot check this assumption until 

after they collect data. If the standard deviation of the sample is double that of the population or vice 

versa, this assumption might have been violated. In this study, the sample standard deviation was 9.5, 

and the population standard deviation was 10. Thus, the homogeneity of variance assumption was met. 
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Now that we have determined that all of the assumptions are likely to have been meet, we can pro- 

ceed to Step 2. 

. The assumption of independence means that 

\a./ scores within a condition are independent of each other. 

b. the sample is independent of the population. 

Reading 

Question 

To conduct a hypothesis test using the z for a sample mean, the dependent 

variable must be measured on a Reading 

Question a. ordinal scale. 

“b.) interval/ratio scale 

é either ordinal or interval/ratio scale 

When can you be fairly confident that the normality assumption is met? 
Reading 

- a. If the sample size is greater than 30 
Question 

b. If the population of scores is normally distributed 

©.) If either the sample size is greater than 30 or if the population of scores is 

normally distributed 

When conducting a z for a sample mean, you can be fairly confident that the 

homogeneity of variance assumption has been met by the data in a study as 
long as 

Reading 

Question 

a.) the standard deviations for the sample and the population are similar (i.e., 

one is not double the size of the other). 

b. the standard deviation for the sample and the population are more than 

double the standard deviation of the other group. 

Step 2: State the Null and Research Hypotheses 
Symbolically and Verbally 

The second step in hypothesis testing is to set up the null and research hypotheses. In this example, 
the teacher predicts that frequent quizzing will increase test scores. Thus, her research hypothesis 
states that the students who take frequent quizzes will have a higher mean than the population of 
students who did not take frequent quizzes. The formal symbolic representation of the research 
hypothesis is always in terms of population parameters. In this case, it is Lie aed cal LC eile oe 
represents the mean test score of the population if they all took frequent quizzes before the test. 
So, the research hypothesis of “Hquiz > 75” is predicting that if the population took the quizzes, their 
mean test score would be greater than it is now, 75. Less formally, the research hypothesis predicts 
that the treatment of quizzing will work. Quizzes will raise test scores. 

Although the research hypothesis predicts that quizzing will increase test scores, it is possible 
that quizzing will not work. This second possibility is called the null hypothesis, and it is always 
the opposite of the research hypothesis. In this case, the null hypothesis is that frequent quizzing 
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will either have no effect on test scores or will decrease them. The formal symbolic representation 

of the null hypothesis is p1,,,, < 75. Note that the null hypothesis includes the equal sign while the 

research does not. The null hypothesis of “p,,,, < 75” is predicting that if the population took the 
quizzes, their mean test score would be less than or equal to what it is now, 75. Less formally, 

the nuli hypothesis predicts that the treatment of frequent quizzing will not work. 

You should recognize that the null and research hypotheses are opposites and, therefore, mutually 

exclusive. They collectively encompass all possible outcomes. Only one of these hypotheses can be 

correct. The entire point of doing hypothesis testing is to determine which of these two hypotheses is 

most likely to be true. The symbolic and verbal representations of both hypotheses are presented in 

Table 6.1. 

Table 6.1 Symbolic and Verbal Representations of the Null and Research Hypotheses for 

the z for a Sample Mean 

Difference Between Sample and 

| Hypothesis Type _| Symbolic Verbal Population Means Was Created by 

Research Houiz > 75 The population of people who take The treatment improving final exam | 

hypothesis frequent quizzes will have quiz scores | scores : 

higher than 75. 

Null hypothesis | p1,,;, $ 75 The population of people who take Sampling error 

frequent quizzes will not have quiz 

__| scores higher than 75 
PLL NE TS 

——t 
PELE LL OTE OT SEO T LE LY EEL E LOD IRN NEL EL LION 

The research hypothesis states that 
Reading 

Question 
a.) frequent quizzes will increase final exam scores. 

a, frequent quizzes will either have no effect on final exam scores or will 

decrease them. 

The null hypothesis states that 
Reading 

; a. frequent quizzes will increase final exam scores or will decrease them. 
Question 

b. frequent quizzes will either have no effect on final exam scores or will 

decrease them. 

The fact that the null and research hypotheses are mutually exclusive means 

that if the null is true, Reading 

Question a. the research hypothesis must also be true. 

b. the research hypothesis can be true or false. 

\ C.\ the research hypothesis must be false. 
¥ 

Some students find the symbolic notation of the null and research hypotheses a bit confusing because 

we are trying to determine whether or not H,,;, > 75, and we already know that M = 80 and p = 75, 
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based on the information given in the problem. However, it is important to note the subscript “quiz” 

iN Lyi, > 75. The subscript refers to those who take frequent quizzes before the test. We do not know 

what the mean test score would be if the entire population of students took quizzes before the test 

(i.e., we don’t know y,,,,,). We know that the population mean is 75 when students take the test without 

previously taking quizzes. The research question is whether taking frequent quizzes would create a 

population mean that is greater than 75. 

Therefore, the research hypothesis is predicting that if there were a population of students who took 

quizzes before the test, their population test mean (}1,,,,) would be greater than 75 (i.e., the current mean 

of those who did not take quizzes before the test). In contrast, the null hypothesis is predicting that if there 

were a population of students who took quizzes before the test, their population test mean (p,,,,,) would be 

equal to or less than 75 (i.e., the current mean of those who did not take quizzes before taking the test). In 

this scenario, the research hypothesis is essentially saying the 5-point increase in exam score from 75 to 

80 was created by the frequent quizzing. In contrast, the null hypothesis is saying that this increase was 

created by sampling error; frequent quizzing will not lead to an increase in the entire population. _ 

8. In this research situation, [,,,, represents 
Reading 

i a. the population’s mean test score. 
Question a ( b. )what the population’s mean test score would be if all students took quizzes 

before taking the test. 

Step 3: Define the Critical Regions 

The third step in the hypothesis testing process is defining the critical region. The critical region is the 

collection of all z score values that are so rare if the null is true that if any one of these z scores occurs, 

it suggests that the null hypothesis is probably false. To understand the critical region, we need to 

return to the distribution of sample means. 

A Distribution of Sample Means With a z Number Line (Jop) and a Sample Mean 
aR Nv imber Line (Bottom) 
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Figure 6.1 is the distribution of sample means for the frequent quiz study. It contains all possible 

sample means of size N = 25 taken from the population of students who took the final exam without 
completing frequent quizzes. The central limit theorem tells us that the mean of this distribution is 75 (q), 

and that the standard error of the mean is 2 [sem nese ae = 2| . Thus, the distribution is labeled 
JN 25 

with a mean of 75 and a standard deviation of 2. Ultimately, we will be working with z scores, so we 

have also converted each of the possible sample mean values on the x-axis into z scores using the z for 

[ M-uw 77-75 
a sample mean formula | €.g., Z =——— = =1). 

SEM 2 

If the null hypothesis is true (frequent quizzing has no effect on test performance), you would 

expect a z score of 0 because M and p would be expected to be identical (i.e., they would both be 

expected to be 75). Therefore, the numerator of the z formula would be M — p:=0. But, even if the null 

hypothesis were true, the numerator of the z formula may not be exactly 0 because there is likely to 

be some sampling error. For example, because of sampling error, you wouldn't be surprised to get a 

z score of 0.3, even if quizzing has no effect on performance. You would, however, be surprised to get 

a z score of 2.9 if quizzing has no effect on performance. 

Figure 6.1 is shaded to indicate the unlikeliness of specific z scores if the null hypothesis is true. The 

darker the shading, the more unlikely the z score is to occur if the null is true. The farther the z score 

is from zero (i.e., the darker the shading), the more likely it is that frequent quizzing had an effect on 

test scores. 

9. If the null hypothesis is true, you should expect a z score that is close to 

Reading 

Question 
@) 0. 

al, 2®. 

10. Even if the null hypothesis is true, you should not be surprised if the z score 

resulting from a significance test is not the exact value you selected above 

because of 
Reading 

Question 
a. anonspecific research hypothesis 

b.) sampling error 

iil If the null hypothesis is true, z scores close to zero are 
Reading 

3 likely 
Question 

(a.) 

b. unlikely 

While Figure 6.1 gives you a general idea of how probable particular z scores are if the null hypoth- 

esis is true, the unit normal table provides you with much more precise probabilities. For example, 

the probability of obtaining a sample mean with a z score of 1 or higher is .1587 (i.€., the tail area of 

z= 1) if the null hypothesis is true. The probability of obtaining a sample mean with a z score of 25 

or higher is .0062 if the null hypothesis is true. Clearly, if the null is true, a z score of 2.5 is less likely 

than az score of 1. However, hypothesis testing requires a cutoff that clearly identifies which z scores 

are unlikely if the null hypothesis is true. The most commonly used cutoff is a probability of .05. Thus, 
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z scores with probabilities of .05 or lower are considered unlikely to occur if the null hypothesis ts true. 

z scores with probabilities less than .05 are unlikely to be due to Sane error, so they es or 

likely to be due to something else (e.g., frequent quizzing improving test scores). Z SCOres wit ee 

abilities higher than .05 are considered relatively likely to occur if the null hypothesis is true; these 

z scores’ deviation from 0 is likely to be due to sampling error. 7 

It is important to remember that you could obtain a z score with a probability less than the .05 prob- 

ability cutoff simply due to sampling error. In fact, if the null were true, you would have a 5% chance 

of getting an extreme z score, which would lead you to incorrectly conclude that the frequent quizzing 

improved test scores. This type of error is called a Type I error; we will explain this error in more detail 

later in this chapter. When you decide to use .05 as a cutoff and the null hypothesis is actually true, there 

is a5% chance that you are going to get an extreme z score simply due to sampling error. 

12. If you look up az score of 2.2 in the unit normal table, you will find that the . 

probability of obtaining a z score of 2.2 or higher if the null hypothesis is true is 

.0139. Is this a likely or unlikely outcome if we use a cutoff of .05? 

a. Likely 

(b. Unlikely 

Reading 

Question 

13. Ifaresearcher obtains a z score of 2.2, you can be absolutely confident that the 

Reading observed difference between the sample mean and the population is not due to 

Question sampling error. 

a. True 

( b.) False 

The .05 cutoff value that is used to identify which 

Finding The Z Critical Z scores are unlikely if the null is true is called the alpha 
Value That Defines the (a) level. This alpha level cutoff can also be converted 
Critical Region When into a z score cutoff by looking up .05 in the tail column 
the Alpha Value Is .05 of the unit normal table and finding the z score with a tail 

of .05. Figure 6.2 illustrates how this is done. As you can 

see, the table does not include a tail probability of exactly 

.05, but there are two probabilities that are close to .05: 
z-score | Body | Tail -0505 and .0495. In Figure 6.2, we chose .0495 and used 

it to find the z score cutoff of 1.65. Forced to choose 
between .0505 and .0495, most statisticians would rec- 

0.9495 , ommend using .0495 because it ensures that the Type I 
ee error rate is not more than 5% rather than slightly more 

than 5%. The take-home message is that the z score cut- 
0.9515 0.0485 io we will use for a one-tailed .05 significance test will 

1 € 1.65 in this course. 
Figure 6.3 may help explain the relationship between 

the alpha value and the critical value. The alpha value of 
-05 is represented by the shaded area on the right tail of 

the curve in Figure 6.3. The shaded area is the top 5% of the curve. The value located at the beginning 
of unlikely z score area (the shaded area) is called the critical value. [n this case, the critical value is the 
z score of 1.65. The critical value is the z score cutoff: z scores equal to or greater than the critical value 
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The Critical Value That Defines the Critical Region When the Alpha 

Value Is .05 

z scores that are likely to 

occur if the null is true; 

bottom 95% of all z scores. 

z scores that are unlikely to 

occur if the null is true; top 

5% of all z scores; z 

scores greater than the 

critical value of 1.65. 

are considered unlikely to occur if the null is true. In contrast, z scores that are closer to zero than the 

critical value (1.65) are considered likely to occur if the null hypothesis is true. 

It is important to note that the research hypothesis for the frequent quizzing example predicts that 

scores will be higher when using frequent quizzing than when not using frequent quizzing. Because the 

research hypothesis predicted that the sample mean would be greater than the population mean, the 

critical value is positive (i.e., +1.65). However, if the research hypothesis had predicted a lower sample 

mean than the population mean, the critical value would be negative (i.e., -1.65), and the shaded area, 

called the critical region, would have been on the negative tail of the above distribution. 

14. When the research hypotheses is that the sample mean will be lower than 

Reading the population mean, the critical region will be on the side of the 

Question ' distribution because they are expecting that the obtained z score will 

be 

a. positive, positive 

2. negative, positive 
‘a \ . . 

0 &y negative, negative 

15. The alpha (a) level determines the location of the 
Reading 

i a. ZSCOFE. 
Question = hie oFeC . . +e 

( b.\z score cutoff that starts the critical region (i.e., the critical value of z). 

The critical value separates the distribution into two regions: (1) z scores that are likely to occur if 

the null hypothesis is true and (2) z scores that are unlikely to occur if the null hypothesis is true. For 

this example, z scores that are greater than 1.65 are unlikely to occur if the null hypothesis is true. 

Thus, if you obtain a z score that is in this critical region (i.e., greater than 1.65), you will reject the null 
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hypothesis. This critical region is also called the “region of rejection” because if the z score is in the 

critical region, you should reject the null hypothesis. If the z score is not in the critical region, you will 

not reject the null hypothesis. We will talk more about this decision in Step 4. 

16. The critical value defines the “cutoff point” for 

@) determining if the null hypothesis should be rejected or not. 

b. determining if the research hypothesis should be rejected or not. 

Reading 

Question 

17. If the computed z score is in the critical region, you will 
Reading 
Question (a. ) reject the null hypothesis. 

b. not reject the null hypothesis. 

18. If the computed z score is not in the critical region, you will 
Reading 

Question 
a. reject the null hypothesis. 

> not reject the null hypothesis. 

Step 4: Compute the Test Statistic (z for a Sample Mean) 

4a. Compute the Observed Deviation 
Between the Sample Mean and the Population Mean 

Find the deviation between the sample mean and the population mean. 

(M-) = (80-75) =5. 

4b. Compute the Deviation Expected Due to Sampling Error 

Compute the expected amount of sampling error given the sample size. 

SEM ieee ee 
VN 25 

In this case, the standard error of the mean is 2. This means that when N = 25, the typical distance 
that all possible sample means are from the population mean is 2. This is the amount of deviation we 
expect between any sample mean and the population mean due to sampling error (i.e., the difference 
expected by chance). 

4c. Compute the z for a Sample Mean 

Compute the obtained z score associated with the obtained sample mean. 



CHAPTER 6 Hypothesis Testing With zScores 155 

The obtained z score value, also called the obtained value, associated with the sample mean of 
80 is 2.5. The obtained z score of 2.5 is more extreme than the critical value of 1.65, so this z score 
is located in the region of rejection (i.e., the critical region). As a result, you can conclude that the 
z score of 2.5 is unlikely to be due to sampling error and that the unexpectedly high z score results 
from frequent quizzing improving test scores. You can also look up the probability of a z score of 

2.5 in Appendix A. If the null is true, a z score of 2.5 has a probability of .0062; this probability value 

is called the p value. Small p values also tell you to reject the null. Whenever the z score is in the 

critical region, the p value will be smaller than the alpha value. Therefore, there are two ways to 

determine if you should reject the null hypothesis: (1) if the obtained z score is in the critical region 
or (2) if the p value is less than the alpha value. Both of these indicate that the probability of the 

zZ score being due to sampling error is small. To review the logic of this significance test again 

briefly, the obtained z score should have been close to 0 if the null was true. The z score was not 

close to 0 (close being defined as closer to 0 than the critical region starting at +1.65), and so the 

null hypothesis is probably false. Therefore, the researchers conclude that the research hypothesis 

is probably true. In other words, based on these results, it seems like the frequent quizzing improved 

test scores. However, when reporting these results, one should be cautious. Although unlikely, it is 

possible that the result occurred due to sampling error. Therefore, when reporting the results, one 

should say things like “the evidence suggests” that frequent quizzing improves test scores and avoid 

saying things like “these results prove” that frequent quizzing improves test scores. 

19. Ifazscore is in the critical region, the null hypothesis is probably and 

the research hypothesis is probably Reading 

Question a/ false; true 
A 

b. true; false 

20. Ifazscore is beyond a critical value (farther into the tail of the distribution), the 

researcher should Reading 

Question a. not reject the null hypothesis. 

b. |reject the null hypothesis. 

Step 5: Compute an Effect Size, and Describe 
It as Small, Medium, or Large 

The purpose of hypothesis testing is to decide whether the difference between a sample mean and a population 

mean can be attributed to a treatment effect or if it is due to sampling error. If the null hypothesis is rejected, 

the researcher is saying that the observed difference is most likely due to a treatment effect and not sampling 

error. A related but different topic is the size of the difference between the sample mean and the population 

mean. For example, the researcher in this example concluded that frequent quizzing seems to improve test 

scores, but how much did frequent quizzing improve test scores? This question cannot be answered with 

hypothesis testing. Rather, this question requires another statistical procedure called an effect size. 

An effect size is an index of the difference between the sample mean and the population mean. In 

this case, the effect size indicates how large the difference is between the mean for the sample that took 

frequent quizzes and the mean for the population that did not take frequent quizzes. The effect size 

statistic typically used when comparing two means is d. The numerator for the dis the same as the z for 

a sample mean (i.e., the difference between the means). The denominator, however, is different. When 
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computing the z for a sample mean, you divide by the standard error of the mean (.€., typical sampling 

error). When computing d, you divide by the population standard deviation. The computations for this 

problem are shown as follows: 

_ Observed deviation between the means _M—p _ 80-75 _ 0.50 

7 Standard deviation fo} 10 
d 

By computing d, you can describe the relative size of the deviation between the sample mean 

and the population mean. A d= .5 means that the sample mean was half a standard deviation higher 

than the population mean. Is ad = .5 good? The best way to interpret any effect size is by comparing 

it with the effect sizes produced by similar studies in the research literature. For example, if most stud- 

ies investigating ways to improve test scores in the literature report effect sizes of d= .25 and your 

study had ad=.5, you should be pretty excited because your effect size is double that reported in the 

literature. Relative to other similar studies, your study created an impressively larger effect. However, 

it is not always possible to compare your effect size with that reported in the literature. If you can’t find 

similar studies in the literature to provide a reference, you can use the general guidelines that Cohen 

(1992) suggested for interpreting effect sizes in Table 6.2. 

LEV CR ey General Guidelines for Interpreting d 

ee 

Cohen’s d values close to .2 are small, those close to .5 are medium, and those close 
to .8 are large. This means that a d of .35 is a “small to medium effect.” Again, these general guide- 
lines are intended to aid interpretation when a larger context is not provided by studies in the rel- 
evant research literature. 

In the present example, we do not have similar studies to provide specific guidelines for interpreting 
our d of .50. Therefore, we use general guidelines and conclude that the size of the difference between 
the quiz and no quiz means was medium. As stated earlier, a d of .50 indicates that the mean for those 
who took frequent quizzes is .50 standard deviations above the mean for the population, which did not 
take frequent quizzes. 

21. An effect size of d=.65 is 
Reading 

% a. small. 
Question 

b. small to medium. 

c. medium. 

Ad.) medium to large. 

e. large. 
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22. An effect size of .3 indicates that the means were different by 
Reading 

: (a> .3 of a standard deviation. 
Question 

lo}, DO. 

In this example, we rejected the null hypothesis and found that the size of the effect quizzing had 

on the test scores was medium. We will address the important differences between hypothesis testing 

and effect size in an activity. One very important difference between the two statistical concepts is that 

hypothesis testing is heavily influenced by sample size and effect size is not. 

Step 6: Interpreting the Results of the 
Hypothesis Test Using a z for a Sample Mean 

For the rest of the semester, you will be computing statistical tests, interpreting the results, and then 

writing summary statements about the results of the tests. These summary statements need to be ina 

very specific format. The following is a summary statement about the above statistical test. 

The exam scores of students who took frequent quizzes over the material (M = 80, SD = 9.50) 

were significantly higher than the scores of those who did not take frequent quizzes (u = 75, o = 10), 

Z (N= 25) = 2.50, p = .0062, d= .50. 
In this case, we would write “p = .0062” because the probability of obtaining a z score of 2.5 or 

higher is .0062 (obtained from the unit normal table). Generally, you should give the exact p value if you 

know it. In some cases (e.g., the next chapter), you will not know it, and then you would write “p < .05” 

if you rejected the null hypothesis or “p > .05” if you did not reject the null hypothesis. 

WHAT DOES IT MEAN TO DESCRIBE SOMETHING 
AS “STATISTICALLY SIGNIFICANT”? 

When writing summary statements of statistical results, the phrases “significantly higher,” “signifi- 

cantly lower,” or “significantly different” have very specific meanings. In a statistical context, these 

phrases simply mean that the results were unlikely to be due to sampling error. Therefore, whenever 

you reject the null hypothesis (i.e., whenever the obtained z value computed earlier in Step 4 is in the 

critical region), you can describe the results as “statistically significant.” It is important to understand 

that “statistically significant” is not a synonym for important. Rather, it simply means that the results 

were unlikely to be created by sampling error. Conversely, when you fail to reject the null, you can 

say things like, “There was no significant difference” when describing the results. Again, in a statistical 

context, this simply means that the obtained z value was not in the critical region. A result that was 

“not statistically significant” or “not significant” might be very important. For example, if you found 

that a very expensive treatment for a psychological disorder was “not significantly different” froma 

placebo treatment, that would be a very important finding. 

23. When statisticians describe a result as “statistically significant” or simply as 

“significant,” they are saying that (Select four answers) Reading 

Question (a) the null hypothesis was rejected. 

b. the null hypothesis was not rejected. 
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Ke) the obtained value was in the critical region. 

d. the obtained value was not in the critical region. 

f€. ‘the results were unlikely to be created by sampling error. 

f. the results were likely to be created by sampling error. 

(g. the p value was less than the alpha value. 

h. the p value was greater than the alpha value. 

ERRORS IN HYPOTHESIS TESTING 

Whenever you make a decision regarding a null hypothesis, there is a chance that you made an error. 

If you incorrectly rejected the null (i.e., you concluded that the treatment worked when it did not really 

work), you made a Type I error. If you did not reject the null (i.e., concluded that the treatment did not 

work but it actually did work), you made a Type II error. For each type of error, the decision made about 

the null hypothesis was wrong; after all, they are called errors. Stated succinctly, a Type I error occurs 

when you incorrectly reject the null. Therefore, a Type I error can only occur when you reject the null. 

A Type II error occurs when you incorrectly fail to reject the null. Therefore, a Type II error can only 

occur when you do not reject the null. 

24. Be you reject the null, there is some probability that you have made a 
Reading 
Question (@) Type terror 

b. Type II error. 

BE If you fail to reject the null, there is some probability that you have made a 

a. Type I error. 
Reading 
Question f 

Cb, Type Il error. 

Of course, your decision about the null might be correct. In hypothesis testing, there are two types 

of correct decisions. Researchers can either correctly reject the null or correctly fail to reject the null. 

A study that has a high probability of correctly rejecting the null is said to have high Statistical power. 

26. Statistical power refers to 
Reading 

; a. correctly rejecting the null. 
Question / ee 4 

b. correctly failing to reject the null. 

Table 6.3 may help you understand the relationship between specific decisions regarding the null 
hypothesis and the occurrence of Type I errors, Type II errors, and statistical power. 

Unfortunately, you can never be certain if you made a correct or an incorrect decision. After all, if 
you knew the “true state” of the null, there would be no need to conduct a hypothesis test. However, 
you can estimate the probability that you made a Type I or Type Il error. In addition, you can compute the 
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CL ICRRER Situations Defining Type I Error, Type II Error, and Statistical Power 

True State of Null 

nd Is False Null Is True 

Statistical decision | Reject null Correct decision; statistical power Type I error 

Fail to reject null ine II error Correct decision 

probability that you correctly rejected the null hypothesis (i.e., statistical power) because doing so, 

among other things, can help you assess the quality of your study. A study with low statistical power (i.e., 

a value far below .80) is deemed less reliable by researchers. We will discuss the relationships among 

Type I error, Type II error, and statistical power in this chapter’s activities. For right now, your goal is 

simply to know the definitions of these terms. 

27. If you did not reject the null, you can be certain that you made a Type II error. 

Reading a. True 
Question anne 

S 

An example may help you think about these terms. You conducted a study evaluating the impact of 

frequent quizzing on students’ grades. Because you rejected the null, you know that there is some 

probability that you made a Type | error. In other words, you concluded that quizzing seemed to work, 

but it is possible that quizzing really did not improve exam scores and instead the result was due to 

sampling error. Of course, you might have correctly rejected the null (i.e., statistical power). There is 

zero probability that you made a Type II error because you must fail to reject null to make a Type II 

error. You rejected the null, so you certainly did not make a Type II error. 

The language of hypothesis testing can be a bit tricky because of double negatives (e.g. “fail to reject 

the null”). We will explain why the double-negative language is commonly used later in the chapter. 

Table 6.4 summarizes a variety of correct ways to describe Type I error, Type Il error, and statistical power. 

IEICE RM Various Correct Ways of Describing Type I Error, Type IJ Error, and Statistical Power 

eats 

Statistical Term | Focusing on Null Focusing on Treatment Focusing on Null (2) 
So 

Type I error Rejecting the null when you | Saying the treatment works Rejecting a true null 

should not reject it when it doesn’t work 

Type II error Failing to reject the null Saying the treatment does not | Not rejecting a false 

when you should reject it work when it does work null 

Statistical power | Rejecting the null when you Saying the treatment works Rejecting a false null 

should reject it when it does work 
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28. Ifaresearcher concludes that a treatment did not work but it really did work, 

what type of error did she make? Reading 

Question a. Type I 

b. Ylype Hl 

29. Rejecting a false null hypothesis is called 
Reading 

e a. Type I error. 
Question 

b. Type II error. 

Cc. \statistical power. 

30. Concluding that a treatment works when it actually does work is called 
Reading 

- a. Type I error. < Question 
_b. Type II error. 

Cc. )statistical power. 

31. Rejecting the null hypothesis when you should not reject it is called 
Reading 

Question 
a. Type I error

. 

De lype llerron 

Cc. statistical power. 

HYPOTHESIS TESTING RULES 

The process of hypothesis testing is nothing more than a formal set of rules that researchers use to 
determine if the null hypothesis (H,) is likely or unlikely to be true. If the null hypothesis is true, the 
researchers expect the computed statistic to be close to a specific value. When performing a z fora 
sample mean, researchers expect the z score to be close to 0 if the null hypothesis is true. Every Z score 
has some probability of occurring. If the null hypothesis is true, then z scores close to 0 have a high 
probability and z scores far from 0 have a low probability. If the probability of a z score is low enough, 
researchers reject the null hypothesis. The logic of this decision is that if a z score has a low probability 
if the null is true and that z score still happens, then the null hypothesis probably is not true. But how 
low does the probability of a z score have to be before the null hypothesis is rejected? It must be lower 
than the alpha value. In the previous example, we used an alpha value of .05. Researchers typically 
choose between an alpha value of either .05 (5%) or .O1 (1%). In general, if you want to minimize 
Type | errors, choose an alpha of .01, and if you want to maximize statistical power, choose an alpha 
of .05. In either case, whenever the p value is less than the alpha level, the null hypothesis is unlikely 
to be true and you should reject it. 

32. If the null hypothesis is true, you should expect the z score to be close to 

a. the population mean. 

& D. 0. 

C O08, 

Reading 

Question 
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Readin 33. When you reject the null hypothesis, you are concluding that the null 
g hypothesis is 

Question 4. definitely not true. 

\b/ probably not true. 

If the z score has a low probability if the null hypothesis is true, you should 

the null hypothesis and conclude that the research hypothesis is 

probably 

(#) reject; true 

b--not reject; true 

Reading 
Question 

€.—reject; false 

d. not reject; false) 

35. How low does the probability of a z score have to be before you should reject 

the null hypothesis? 

a. Less than .95 

Reading 

Question 

( b. Less than .05 

The previous paragraph describes the decision-making process that underlies hypothesis testing in 

a general way. The next paragraph describes the same hypothesis testing process with a specific 

example. 
Researchers attempted to increase science test scores by tutoring students. If tutoring does not have 

any effect on the science scores, researchers expect an obtained (i.e., a computed) z value “close to 0.” 

The researchers decided on a one-tailed alpha value of .05. They used this information to look up the 

critical z score (i.e., the critical value) in the unit normal table and found that it was +1.65. The obtained 

z value of +2.2 was greater than the critical value, so the researchers rejected the null hypothesis. 

Getting a z value of +2.2 or larger if the null were true would be “unlikely.” In fact, you can determine 

precisely how unlikely. Use the unit normal table (Appendix A) to look up the probability of getting a 

z value of +2.2 or larger if the null were true. You should find that the probability or P value is .0139. 

This means that only 1.39% of all z values are larger than +2.2 if you assume the null hypothesis is 

true. The probability of a z score being +2.2 or larger is .0139, which is less than the alpha value of .05 

or 5%: therefore, the researchers rejected the null hypothesis and concluded that the tutoring helped 

improve students’ science scores. 

A researcher is expecting the sample mean to be greater than the population 

Reading mean and so does a one-tailed test with an alpha of .05. What is the critical 

Question value for this test? 

a. 0.05 

\b./1.65 

CG. DLE 

Readin g Hf. 300 do you obtain the critical value? 

Question (a. Look up .05 in the tail column of the unit normal table and find the 

z score on that row of the table. 

b. Look up .05 in the body column of the unit normal table and find the 

z score on that row of the table. 
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38. In this problem, what percentage of z scores are equal to or greater than the 

Reading critical value? 

Question Ca. )5% 

b. 95% 

39. To determine if the null hypothesis should be rejected, the researcher compared 

the computed z score with the critical value. The null hypothesis was rejected 

because the obtained (i.e., calculated) z score was than the critical value. 

Reading 

Question 
a. less extreme 

fb, \more extreme 

40. In addition to rejecting or failing to reject the null, researchers can state the 

probability of obtaining a particular z score if the null hypothesis is true. This 

probability is obtained by looking up the value in the tail column of the unit 

normal table across from the 

Reading 

Question 

a. alpha level 

“b. jobtained (i.e., calculated) z score 

c. critical value 

WHAT IS A p VALUE? 

A p value is the probability of getting an obtained value or a more extreme value assuming the null 

hypothesis is true. It is used by researchers to determine whether or not they should reject a null 
hypothesis. 

Figure 6.4 may help you visualize how obtained z values, critical values, and p values are related. 
We will be performing several different statistical procedures in this book (e.g., z, t, » F and y2). For 

every one of these statistical tests, the basic rules of hypothesis testing are the same. If the calculated 
statistical value (called the obtained value) is more extreme than the critical value, you should reject the 
null hypothesis. In addition, if the p value for an obtained value is less than or equal to the alpha value 
(usually .05 or .01), you should reject the null hypothesis. 

Whenever you are confronted with determining whether or not you should reject the null hypoth- 
esis, you can use either one of the following two rules: 

1. If the obtained value is more extreme than the critical value, you should reject 
the null hypothesis. 

2. If the p value is less than the alpha value, you should reject the null hypothesis. 

Rule 1 will always lead to the same decision as Rule 2 and vice versa. These two rules are completely 
dependent. They are analogous to two different paths to the same location. It doesn’t matter which of 
these two paths you take—you will always end up in the same place (i.e., the same statistical 
decision). 
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atitica eam The Relationship Between Obtained z Values, Critical Values, and p Values 

Distribution of all z scores if the null 

hypothesis is true 

Expected 

value of z /f the null 

is true 

ie 2A 

Critical value of z = +1.65 Obtained value of z = +2.2; 

(set by a value of 5%); 
p value = probability of 

getting a z value of 2.2 or 
greater if the null hypothesis 

is true; p = .0139. 

critical region (set by a value 

of 5%) is everything to the 
right of the critical value 

41. _ You should reject the null hypothesis if the p value is 
Reading 

: a. less than or equal to alpha (p < q). 

Question 7 in greater than alpha (p > a). 

42. You should reject the null hypothesis if the obtained z value is than the 

critical value. 

a (a. /more extreme 
Se 

Reading 
Question 

b. less extreme 
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WHY STATISTICIANS “FAIL TO REJECT THE NULL” 

RATHER THAN “ACCEPT THE NULL” 

Students often wonder why statisticians use the confusing double negative “fail to reject the null” 

instead of the easier to understand “accept the null.” We'll offer two related explanations. The first will 

be in the context of a specific research example. The second will be a more abstract logical 

argument. 

A researcher testing the effectiveness of a program intended to reduce math anxiety adminis- 

ters the program to a sample of N = 25 people. After the participants complete the program, the 

researcher compares their mean anxiety score (M = 55) with the known population parameter 

(p = 58, o = 10). The resulting z score for the sample mean of -1.5 is not farther from O than the 

critical value of -1.65, so he fails to reject the null hypothesis. The null states that the program is not 

effective. By failing to reject this hypothesis, the researcher is saying that the present study did not 

provide enough evidence to reject it. However, he is also acknowledging the possibility that the null 

hypothesis might not have been rejected because of one or more possible problems with the study. 

For example, a false null might not be rejected for a large number of reasons, including sampling 

error, if the program needed more time to be effective, or if there were any number of method- 

ological problems with the study. By “failing to reject the null,” the researcher is acknowledging all 

of these possibilities. So, the phrase “failing to reject the null” is saying that there is currently not 

enough evidence to reject the null hypothesis, but it acknowledges that future research might pro- 

vide that evidence. In contrast, the phrase “accept the null” ignores the prospect that future research 

might change our conclusion. “Accepting the null” implies a final, definitive conclusion that belies 

most research situations. Ignoring alternative possibilities is not consistent with the cautious nature 

of scientific conclusions. 

The second explanation for why researchers do not use the words “accept the null” is related 

to an inherent limitation of inductive reasoning. For example, suppose you have a hypothesis that 

all swans are white. You could test your hypothesis by going to a local pond. If you find that all 

swans at that pond are indeed white, does your visit to the local pond mean you should “accept” 

the hypothesis that all swans are white? No, it is possible that there is a different pond that does 

have at least one black swan. Even if you visit 1, 3, or 10 additional ponds and at every one you 

see only white swans, you cannot rule out the possibility that somewhere in the world there exists 

a pond with at least one black swan. In other words, you should not “accept” the hypothesis that 
all swans are white. Instead, you should only say that after many, many attempts to refute your 
hypothesis that all swans are white, you have “failed to reject” it every time. You might be very 
confident in your hypothesis, but scientifically you have to acknowledge that a black swan is pos- 
sible. Similarly, when a researcher conducts many experiments (i.e., visits many ponds) and after 
every experiment he uses words like “failed to reject the null,” he is acknowledging that another 
study could potentially reject that same null hypothesis. 

Scientifically speaking, failing to reject the null hypothesis is a very uninformative outcome. If you 
take a research methods course, you will learn potential reasons why a study might fail to reject the 
null hypothesis. Only one of these reasons is that the null hypothesis is actually true. 

43. Failing to reject the null hypothesis is the same as accepting the null hypothesis. 

a. True 

(b) False 

Reading 
Question 
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44. A researcher may fail to reject the null hypothesis because 
Reading 

4 a. the treatment really did not work. 
Question 

b. of sampling error. 

c. the study was poorly designed. 

(4. all of the above 
er 

45. Statisticians do not “accept” the null hypothesis because 
Reading 

(‘a doing so fails to recognize the ibili i 4 a.) possibility of problems in their study. 
Question : Die : 

b. they don’t not like speaking in double negatives. 

WHY SCIENTISTS SAY “THIS RESEARCH SUGGESTS” 
RATHER THAN “THIS RESEARCH PROVES” 

While we are on the topic of how to describe research conclusions, it is worth explaining why sci- 

entists use cautious, even tentative, language when describing research results. If you have listened 

to scientists talk on the radio or television or if you have read accurate quotes from scientists, you 

have probably heard them use the phrase “this research suggests” rather than the more impressive 

sounding “this research proves.” Why do scientists intentionally avoid the word proves? The reason 

is closely related to the discussion in the previous section. For example, suppose a researcher con- 

ducted a study in which he rejected a null hypothesis and concluded that a tutoring program 

increases students’ science scores on a standardized test. Based only on this result, if the scientist 

said, “This study proves that this tutoring program works,” he would be ignoring the possibility that 

the study’s result was due to sampling error (always a possibility). He would also be ignoring the 

possibility that the result was caused by some unknown flaw in the study’s methodology. By using 

the more tentative, “this research suggests” language, the scientist is acknowledging that while the 

current information he has suggests the program works, it is possible that future work could change 

that conclusion. One of the reasons why the scientific process is so powerful is that it is willing to 

change its position if new evidence suggests that a new position is more accurate. If someone 

claims that he or she has the final answer, you can be sure that the person is not a scientist. 

Scientists always recognize that an answer can change as more research results accumulate. 

So, does this mean that we can never be confident in any scientific conclusion? Well, no. If a given 

result has been replicated by many studies using different research methodologies, it is very unlikely that 

this conclusion would be reversed by future research. For example, many different research studies by 

many different research teams using many different methodologies have reported that frequent quizzing 

(.e., testing) leads to improved memory scores (Rowland, 2014). This is such a common finding that it is 

extremely unlikely to be reversed by future research. While a single study cannot prove a conclusion, a mul- 

titude of studies all suggesting the same conclusion should make us extremely confident in that conclusion. 

; 46. Statisticians do not say “this study proves” because 

Reading a. there is always some probability that sampling error created the results. 

Question b. there is always a possibility a flaw in the methodology of the study created 

the results. 

(c.\ Both of the above 
es J 
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OVERVIEW OF THE ACTIVITIES 

In Activity 6.1, you will work with a specific research scenario to understand the steps of hypothesis 

testing. After you work through the steps, you will use the CLT to create distributions of sample means 

and use these distributions to understand Type I error, Type II error, and statistical power. Activity 6.2 

is relatively short and is intended to serve as a review of the material covered in Activity 6.1. In addi- 

tion, in Activity 6.2, you will work to understand the relationship between p values, alpha levels, and critical 

regions. In Activity 6.3, you will work with a Java Applet that will allow you to manipulate sample size, 

variability, treatment effects, and alpha levels to see their effect on Type I errors, Type Il errors, and 

statistical power. Activity 6.4 reviews the previous material about hypothesis testing with the z fora 

sample mean and helps you distinguish between the purposes of hypothesis testing and computing 

effect sizes. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Write null and research hypotheses using population parameters or words 

Create a distribution of sample means assuming the null hypothesis is true and a distribution of 

sample means assuming the research hypothesis is true 

Explain why the null hypothesis is necessary 

Define a critical region and use it to identify “likely” and “unlikely” sample means assuming the 

null hypothesis is true 

Compute a z for a sample mean and determine whether or not you should reject the 

null hypothesis 

Compute and interpret an effect size (d) 

Define statistical power, Type | error, and Type I! error and locate them on a graph of the sampling 

distributions for the null and research hypotheses 

Determine if a given study had sufficient statistical power 

Explain why a larger sample size is usually preferable to a smaller sample size 

Distinguish among significance testing, effect size, and the practical usefulness of a treatment 

AN EXAMPLE OF HYPOTHESIS TESTING (SIGNIFICANCE TESTING) 

There are a number of steps involved in testing hypotheses. The mechanics of testing a hypothesis are 
not difficult, but the underlying logic requires quite a bit more explanation. In this activity, you will 
start by working through the steps of hypothesis testing to give you some experience with the process. 
Then, you will work through the steps for that same problem in far more detail. Finally, there is some 
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logic that is inherent in the process of hypothesis testing that is not obvious in the steps but is vitally 

important to your understanding. The last part of this activity explains that logic. Let’s start with an 

example: aN 

Suppose you are an educational researcher who wants to increase the science test scores of high 

school students. Based on tremendous amounts of previous research, you know that the national aver- ; 

_age test score for all senior high school students in the United States is 50 with a standard deviation of + 

‘ 20, In other words, 50 and 20 are the known population parameters for the mean and the standard devia- 

“tion, respectively (i.€., {1 = 50, o = 20). You also know that this population of test scores has a normal 

shape. You and your research team take a sample of 16 high school seniors (N = 16), tutor them for 

2 months, and then give them the national science test to determine if their test scores after tutoring 

were higher than the national average science test score « of 50 (i.e., p = 50). After the tutoring, the mean 

test score of the 16 student sample was(M = 61 (SD = 21), Now you need to determine if the difference 

between the sample’s mean of 61 and the population mean of 50 is likely to be due to sampling error 

or if the tutoring improved the sample’s science test score. 

Because you are only interested in adopting the tutoring program if it increases science test scores, 

you use a one-tailed hypothesis test. You also chose a (05 alpha value (i.e., a = .05) as the decision 

criterion for your significance test. If the sample mean has a chance probability less than .05, you will 

conclude that the tutoring program improved students’ test scores. 
EXSalleadls 

Step 1: Examine the Statistical Assumptions 

1. Your study meets all four of the necessary assumptions. Match each of the statistical assumptions 

listed below to the fact that suggests that assumption was met. 

_C5 Independence 

2G Appropriate measurement of the IV and the DV 

_QO_ Normality 

_)_ Homogeneity of variance i 

‘a—The population of science tests scores has a normal shape. 

b. The standard deviation of the sample was SD = 21 and the standard deviation of the 

population was o = 20. 

—e— All students in the study took the science test under controlled conditions, so each student’s 

score reflects his or her own knowledge of science. 

d. The IV in this study is a grouping variable that identifies how the sample is distinct from the 

population, and the DV is measured on an interval/ratio scale of measurement. 

Step 2: State the Null and Research Hypotheses 

2. Write H, next to the symbolic notation for the null hypothesis and H, next to the research 

hypothesis. 

a. Piaorng 2°. = pop 

Die ty 1, BE 50 J N " 

cS Meher 7 ee) 

lia eotnsicemenr<i5 oem 
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€. ry Piutoring > 61 

f. — 0 Piutoring < 61 

g. 7: ! - Hiutoring 2 61 

h. i Piutoring = 61 

3. Write H, next to the verbal description of the null hypothesis and H, next to the research 

hypothesis. 

a. 110 The population of students who receive tutoring will have a mean science test score that 

is equal to 50. 
\-\- 

b. 4 The population of students who receive tutoring will have a mean science test score that 

is greater than 50. ; 

i _Hy The population of students who receive tutoring will not have a mean science test score 

that is greater than 50. 

d. _Hy_The population of students who receive tutoring will have a mean science test score that 

is less than 50. 

Step 3: Locate the Critical Region 

4. You chose to use a decision criterion of a = .05. Consequently, the critical value for your 

hypothesis test is 

a. 1.96 

6.) 1.65 - 

one OS 

5. Draw a line at the critical value on the distribution of sample means drawn below. Then, shade 

the critical region. This region represents the sample means that are unlikely to occur if the null 

hypothesis is true and the treatment does not work. 

Z scores 



CHAPTER 6 Hypothesis Testing With zScores 169 

Step 4: Compute the Test Statistic 

6. Find the deviation between the sample mean and the population mean. 

(M-n)= (\-50 = || 

7. Compute the deviation expected due to sampling error. 

5 O 20 SNP sense 
BPMN igen 2) 2 Perec pes Dp gf camer! 

VN Vib FPA ‘SH Pal aati | 

8. Compute the z for the sample mean. 

9. What is the probability of obtaining a z score equal to or greater than the z score you computed 

in Question 8 (i.e., the p value)? gee. +6 13 q 

10. Should you reject or fail to reject the null hypothesis? 

a.) Reject. The z is in the critical region and the p is less than .05. 

b. Fail to reject. The z is not in the critical region and the p is greater than .05. 

11. Based on the statistical results, what should you say about the effect of tutoring on science test scores? 

w™~ . . . 

(a.) The results suggest that tutoring probably improved science scores. 

b. The results suggest that tutoring probably did not improve science scores. 

c. The results-prove that tutoring improved science scores. 

d. The results prove that tutoring did not improve science scores. 

Step 5: Compute the Effect Size and Describe It 

12. Compute d to determine how many standard deviations the scores improved by and describe 

how effective the tutoring treatment was. 

he inne fig) tor. etwr st NA) 
‘ fo} 20) 7 

13. How effective was your tutoring program? Based on Cohen's recommendations, was this 

improvement small, small to mediurg, mediury, medium to large, or large? 

Step 6: Summarize the Results 

14. Fill in the blanks of the APA style reporting statement: 

The results suggest that the tutoring program improved science test scores. The sample that received 

the tutoring program had a significantly higher mean test score (M=_(0 \__,SD=_7)_) than in the 
Cc 

untutored population’s test score (1=_90_,o=_2 (0), z(N=_te )= 22, p= 20139d= 5-2. 
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Being able to perform the steps of a hypothesis test is an important skill, but understanding the logic 

behind each of these steps is even more important. The next part of the activity uses the same example 

you completed earlier but focuses on the logic underlying each step of the hypothesis-testing 

process. 

Understanding the Null and Research Hypotheses 

US), 

16. 

A 

UG). 

20. 

The null and research hypotheses each make opposing and explicit statements about the entire 

population of senior students after they get tutoring. Of course, only a sample of the population 

actually received tutoring. You used the sample to infer what the entire population would be like 

if it had received tutoring. What is it called when you use a sample to represent a population and 

infer that the sample results represent what the population would be like if the entire population 

was treated like the sample was treated? Choose from the options provided below: 

a. Descriptive statistics 

(6) Inferential statistics 

c. Sample statistics 

d. Population statistics 

Whenever you use a sample to represent a population, your sample probably does not 

represent the population perfectly. Which of the following is created when a sample does 

not represent the population perfectly? 

a. Statistical error 

b. Parameter error 

c. Inferential error 

@) Sampling error 

Assuming the null hypothesis is true (that tutoring does not work at all), what precise value 
would you expect from the sample of seniors that received tutoring? (Refer to the information 
before Question 1 if you need to.) 

Precise expected value for sample mean if null is true = 50 

Even if you assume that tutoring does not work at all, given that the study used a sample, you 
should not be surprised if the sample mean was not exactly the value you indicated above. Why 
not? Explain your answer. 7 JSOMPIINA 2X OX 

The term for your explanation of Question 18 (and the answer to Question 16) is sampling error. 
In fact, you know exactly how to compute sampling error. Your study sampled 16 senior 
students. What is the value for expected sampling error in this scenario? (Hint 1: What is the 
formula for expected sampling error? Hint 2: The o = ZO); © 

\E A p= 5 » ; ; Ssh cae 9' (i i Which of the following describes how you should interpret the sampling error value you 
computed above? 

£. 

(a. ) When the sample size is N = 16, the typical distance between possible sample means and the 
population mean is 5 points. 

b. All possible means will be within 5 points above the population mean and 5 points below 
the population mean. 
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c. Every time a sample of 16 people is taken, it will be exactly 5 points away from the 

population mean. 

d. Asampling error of 5 is large. 

21. The central limit theorem tells you what the distribution of sample means should look like if the 

null hypothesis is true and tutoring does not work at all. The population of test scores had a 

normal shape and a mean of p = 50 with a standard deviation of o = 20. You used a sample of 

16 people. Based on this information, what is the shape, the mean, and the standard deviation 

(i.e., the standard error of the mean) of the distribution of sample means assuming the null 

hypothesis is true? 

a. Shape: norma | 

b. Mean= a0 

c. Standard error = 20_ 

22. Use the curve provided below to complete the distribution of sample means that you would 

expect if the null hypothesis is true. First fill in the sample means. The center or peak of this 

distribution is located over the sample mean you expect if the null hypothesis is true (i.e., 50). 

One standard error to the right is 55. The values of 50 and 55 and their corresponding z scores 

are filled in for you. Complete the remaining sample means and z scores. 

Distribution of 

sample means 

if H, is true 

mlb 

@_& || Sanwie means 
Thi at heen et Sn eae lo 

Defining the Critical Region 

23. Draw a vertical line at the critical value of z and shade the critical region of z. You may need to 

consult the chapter to remind yourself how to locate the critical value of z. 

24. Look at the distribution of sample means you just created. Researchers use the above 

distribution to determine if a sample mean is likely or unlikely to occur if the null hypothesis is 

true. Unlikely sample means cause researchers to reject the null hypothesis. The critical value of 
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z determines where the “cut line” between likely and unlikely sample means is located. Which of 

the following statements is most accurate? 

a. The cut line’s location is determined by the sample size. 

b. The cut line’s location is determined by the standard deviation of the population. 

C. The cut line’s location is determined by the population mean. 

d. The cut line’s location is determined by the alpha value. 

25. The z score located exactly on the cut line is called the 

a. absolute value. 

b. critical value. 

Cc. significant value. 

d immaculate value. 

26. z Scores in the critical region are 

a. unlikely if the null hypothesis is true. 

b. likely if the null hypothesis is true. 

27. Researchers reject the null hypothesis if the computed z score is 

a. outside of the critical region. 

b. inside the critical region. 

28. Ifazscore is in the critical region with an alpha of .05, the p value for that z score must be 

a. less than .05. 

b. greater than .05. 

Why Must We Assume the Null Hypothesis Is True? 
Why Do We Need a Null Hypothesis? 

29. Go back to the second page of this exercise and reread the null and research hypotheses. (No, 
really go back and read them!) You will notice that the null hypothesis is very specific. In this case, 
when we assume that tutoring does not work at all, we can then expect a very specific value for the 
sample mean. What value does the null hypothesis say we should expect for the sample mean? 

The null hypothesis tells us that we should expect the sample mean to be = 

30. In contrast to the very specific prediction of the null hypothesis, the research hypothesis is 
vague. In this case, if we assume that the one-tailed research hypothesis is true (i.e., that tutoring 
increases science test scores), we should expect the sample mean to be (choose one) 

a. aspecific value. 

b. a value in a general range. 

31. Given your answer to the previous two questions, why is it necessary to test the null hypothesis 
rather than the research hypothesis? 

a. The null hypothesis provides a specific value to compare the sample mean to, whereas the 
research hypothesis does not provide a specific value to compare the sample mean to. 
The research hypothesis provides a specific value to compare the sample mean to, whereas 
the null hypothesis does not provide a specific value to compare the sample mean to. 
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Type I Errors, Type II Errors, and Statistical Power 

52. 

S18 

34. 

5Ye). 

36. 

Thus far, you have only looked at the distribution of sample means assuming the null hypothesis 

is true. We started there because we know exactly what to expect if the null hypothesis is true. 

Before collecting data from the sample that received tutoring, you can't locate the center of the 

distribution of sample means if the research hypothesis is true. However, after you have the data 

from the sample, you do have an idea of where the research hypothesis distribution of sample 

means is located. What could you use to estimate the location of this distribution? Provide a 

specific value. (Hint: What value might represent what the population's science score would be if 

they all received tutoring?) 

Specific value for the center of the research hypothesis distribution of sample means = 

The research hypothesis distribution of sample means represents all possible sample means if 

the research hypothesis is true. For this one study, you have just one sample mean. Therefore, if 

a different sample of people participated in the study, it would likely produce a different sample 

mean. Suppose that another study was done with 16 different people and the sample mean was 

M = 58 rather than 61. How would the research hypothesis distribution of sample means for this 

second study differ from that of the first study? 

a. It would be more spread out than when the sample mean was 61. 

b. It would be centered on 58 rather than 61 and more spread out. 

c. It would be centered on 58 rather than 61, but its spread would be the same. 

Your answer to Question 32 is considered an estimate of the mean of the research distribution of 

sample means. Why do we have to “guess” or estimate the mean of the research distribution of 

sample means? 

a. Sample means are more variable than population means, and so we cannot predict the exact 

value of the sample mean if the null hypothesis is true. 

b. Before we collect data, all we have is a prediction that scores will be higher than the 

population mean, but we don’t know how much higher the sample mean will be than the 

population mean. 

Even though the center of the research hypothesis distribution of sample means is based on an 

estimate, if the sample’s size was sufficiently large, it can be thought of as a close estimate. 

Which of the following explains why a larger sample size would improve one’s confidence in the 

estimate? 

a. A larger sample size increases the standard error of the mean. 

b. A larger sample size reduces the amount of sampling error we expect a sample mean to 

have. 

Why does sampling error decrease as the sample size increases? 

a. Sampling error is computed by dividing the SS for the population by N. If you increase N, 

you decrease sampling error. 

b. Sampling error is computed by dividing the population standard deviation by the square root 

of N. If you increase N. you decrease sampling error. 

A major benefit of locating the center of the research hypothesis distribution of sample means, even 

if it is an estimated center, is that it allows researchers to quantify several other very important statisti- 

cal concepts. This quantification process can be illustrated by “building a distribution.” You have 
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already built one of the distributions that are necessary in Question 22. As you know from Question 22, 

the null hypothesis distribution of sample means is centered at a sample mean of 50 and a z score 

of 0. You also know that the spread of this null hypothesis distribution 1s determined by the standard 

error of the mean, —2-. You created this distribution in Question 22. This distribution is re-created for 

you below. 

Critical value of z = 1.65 

37. The second distribution you need to build is the distribution of the sample means if the research 

hypothesis is true. As mentioned earlier, the center of this distribution is determined by the 

actual mean of the sample. In this case, the actual sample mean was 61, meaning that the center 

of this distribution of sample means is at 61 on the raw score number line (and at the z score 

associated with a sample mean of 61, or 2.2). Draw a vertical line on the above figure at +2.2 to 
represent the center of the distribution of sample means if the research hypothesis is true. 
Remember that the only reason we can locate this curve’s center is because we know the actual 
mean of the sample that received tutoring. We can’t know this before we collect data. 

38. The spread of this new distribution is assumed to be the same as that of the null distribution of 
sample means. This assumption simply means that we assume the variability around center 
after receiving tutoring is the same as it was without receiving tutoring (this is the homogeneity 
of variance assumption you evaluated in Question 1). Sketch in the distribution of sample means 
if the research hypothesis is true. Just try to duplicate the null curve’s shape and spread but have 
it centered at 61 rather than at 50. 

After you have completed sketching in the research hypothesis distribution of sample means, con- 
firm that your figure looks like the following figure. 

If your figure does not look like this one, determine what is wrong and fix it. Be sure you understand 
why the figure looks as it does. If you don’t understand something, be sure to ask your instructor. 
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(M — u) = Numerator of effect size equation and z score 

Critical value of z = 1.65 

Previously, we said that “locating the center of the distribution of sample means if the research 

hypothesis is true allows researchers to quantify several other very important statistical concepts.” 

Now, it’s time to reap the benefits. To reap these benefits, you need to realize that both of the above 

curves are frequency histograms, and the areas under each respective curve represent all possible out- 

comes. The null distribution of sample means represents all possible outcomes (i.e., all possible sample 

mean values) if the null hypothesis is true. The research distribution of sample means represents all 

possible outcomes (i.e., all possible sample mean values) if the research hypothesis is true. By “cut- 

ting” these curves into different sections at the critical value of z, we can determine the probability of 

(a) rejecting a false null (i.e. statistical power), (b) not rejecting a false null (i.e, Type Il error), (c) rejecting 

a true null (i.e., Type I error), and (d) not rejecting a true null. In the following figure, there is a distri- 

bution of sample means for the null hypothesis and a distribution of sample means for the research 

hypothesis. The two curves have been “separated” so that it is easier to see the distinct sections of each 

curve. The areas under each of these respective curves represent statistical power, Type Il errors, Type I 

errors, and not rejecting a true null. Try to determine which areas under each curve below represent 

(a) rejecting a false null (i.e., statistical power), (b) not rejecting a false null (i.e., Type Il error), (c) reject- 

ing a true null (i.e., Type I error), and (d) not rejecting a true null. 

39. Match the area to the statistical outcome 

Type I error (rejecting a true null): Area 

Type Il error (failing to reject a false null): Area 

Statistical power (rejecting a false null): Area 

Failing to reject a true null: Area 
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(M —u) = Numerator of effect size equation and z score 

(Rage 

If null 

hypothesis 

is true 

If research 

hypothesis 

is true (i.e., null 

hypothesis is false) 

Effect Size 

In the above figure, the mean difference between the peak of the “null” and “research” distributions 
of sample means represents the size of the effect that the IV (independent variable) had on the DV 
(dependent variable). In this case, it is the size of the effect that tutoring had on science test scores. 
As mentioned earlier, the size of the IV’s effect is very important information when evaluating 
whether or not an IV is worth implementing. Researchers often want to quantify precisely how effec- 
tive IVs are so that the relative effectiveness of different IVs can be compared. Comparing the relative 
effectiveness of IVs across different experiments is difficult for many reasons. For example, experiments 
often differ in their DVs (e.g., ACT or SAT scores) and/or their sample sizes. These differences make it 
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impossible to compare the “difference between the peaks” or (M— 1) across experiments. Instead, you 

must correct for these differences by computing d, a measurement of effect size that is not affected 

by differences in DVs or differences in sample size. 

(M-n) oes 
Loy 

You should notice that the numerator is the “difference between the peaks.” Dividing this difference 

by the standard deviation of the population in the study creates a common metric on which effect sizes 

can be compared across experiments with different DVs and/or different sample sizes. 

40. Inthe preceding scenario, the sample mean was 61. Use this information and the fact that the 

population mean and standard deviation were 50 and 20, respectively, to compute the effect size 

of tutoring. 

41. Use the information from your reading to interpret the effect size of tutoring using terms like 

small, small to medium, medium, medium to large, or large. 

42. Interpret the effect size in terms of standard deviation units. 

The mean test score for the tutoring group was standard deviations above the mean for 

the population that did not receive tutoring. 

43. The process of significance testing yields only a decision as to whether the null hypothesis or 

the research hypothesis is more likely to be true. It does not indicate how effective the IV was in 

effecting the DV. In the above scenario, if the null hypothesis was rejected, you would only know 

that tutoring increased science test scores, but you would not know how effective the tutoring 

actually was. How would you determine how effective the tutoring was? 

a. Look at the p value; the lower the p value, the more effective the treatment. 

b. Look at the effect size; the greater the d, the more effective the treatment. 

c. Look at the standard error of the mean; the smaller the SEM, the more effective the 

treatment. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Describe what a p value represents 

© Describe the relationship between critical values, p values, and the null hypothesis 

1. One of the most sought-after skills by employers is the ability to work well with others. 

Unfortunately, local employers have told the local college that many of its graduates lack the 

necessary interpersonal skills for successful teamwork, and this deficit makes them difficult to 
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hire. To better prepare students for the workforce, the college hires Dr. U. B. Nice. Dr. Nice has 

successfully increased the interpersonal skills of many employees by implementing an 8-week 

program emphasizing active listening, communication, and emotion regulation. Although 

Dr. U. B. Nice has been successful with employees, he has never tried the program on college 

students. To determine if the program also improves the interpersonal skills of college students, 

Dr. Nice uses his program on 36 seniors who are randomly selected from the student body. After 

experiencing the 8-week program, each senior’s interpersonal skills are measured with a 

standardized, structured interview. Interviewees are asked a variety of questions by the 

interviewer, and the interviewer scores each person on his or her responses. The resulting scores 

are interval/ratio. Other researchers have used this same structured interview with college 

students, and they have found that the distribution of interpersonal skills scores is normally 

distributed with a population mean of p = 16 and a standard deviation of 5 = 9. After completing 

the program, the mean for this sample of 36 seniors was 19.20 (SD = 8.24). 

This study meets all of the necessary assumptions. Match each of the statistical assumptions 

with the fact that suggests that assumption is met. 

( Independence 

fa Appropriate measurement of the IV and the DV 
\ 
\ Normality 

(\. Homogeneity of variance 

a. The standard deviations of the sample and the population are similar. 

The sample size used in the study is greater than 30. 

Cc. The interviews in which the students’ study skills were measured were conducted one student 

at a time under controlled conditions. 

d. The IV in this study was a grouping variable that identifies how the sample is different from 

the population, and the DV is measured on an interval/ratio scale of measurement. 

Write H, next to the one-tailed null hypothesis for this study and H, next to the one-tailed 
research hypothesis. 

a. _' The population of seniors who complete the program will have interpersonal skill 
scores higher than 16 (H,,ogram > 16). 

b. \lo The population of seniors who complete the program will not have interpersonal skill 
scores higher than 16 (Hp .ogram S 16). 

c. 4 The population of seniors who complete the program will have interpersonal skill 
scores higher than 19.2 (Hyogram > 19.2). 

| F ‘ 
d. _tly The population of seniors who complete the program will not have interpersonal skill 

scores higher than 19.2 (U,s:am < 19.2). 

Dr. Nice took a sample of 36 seniors from a population with a mean of = 16 anda standard 
deviation of o = 9. The central limit theorem (CLT) allows you to describe the distribution of 
sample means if the null hypothesis is true. According to the CLT, what is the mean of the 
distribution of sample means if the null hypothesis is true? 

(a>) 16 

Dy 30 

GQ 5) 

ch hye) 
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4. According to the CLT, what is the standard deviation of the distribution of sample means (i.e., 

SEM,) if the null hypothesis is true? 

aoe lo 

ls, “Si0) 

CR 5) 

Ka, 15 

5. According to the CLT, what is the shape of the distribution of sample means if the null hypothesis 

is true? 

(a, Normally distributed 

b. The same as the original population of scores 

6. The null distribution of sample means is drawn below. Make sure that the numbers on the 

distribution match your answers to Questions 3 through 5. The researchers want to use an alpha 

of .05. What is the critical value for this one-tailed test with an alpha of .05? 

fa.) 1.65 
b. 1.96 

Care S22 

Critical Value 

aaa lee 

pt rnO. eal Peer nanos yard 

‘ile OM) Bey ae Sake IS) ues) raw sample means 

7. Ifthe alpha value is .05. What is the probability that the researchers will make a Type I error if 

the null hypothesis is true? 

A. @ 

io. Ol 

E; {0s 

Cd) .95 

8. Which of the z scores on the distribution could occur if the null hypothesis is true? 

a. Any zscore could occur if the null hypothesis is true. 

(b> Only the z scores in the critical region could occur if the null hypothesis is true. 

c. Only the z scores outside of the critical region could occur if the null hypothesis is true. 
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9. The zscores in the critical region are values that are 

(a.) likely to occur if the null hypothesis is true. 

b. unlikely to occur if the null hypothesis is true. 

10. The critical value defines the critical region (the shaded area of the null distribution). What do 

you do if the computed z score (i.e., the obtained z score) is in the critical region? 

a. Reject the null hypothesis because that outcome could not occur if the null hypothesis is 

true 

(b>) Reject the null hypothesis because that outcome is unlikely to occur if the null hypothesis is 

true i 

c. Fail to reject the null hypothesis because that outcome could not occur if the null hypothesis 

is true 

d. Fail to reject the null hypothesis because that outcome is unlikely to occur if the null 

hypothesis is true 

11. Compute the obtained z score for this study. 

a, 6 

b. 1.65 

) PS 

12. Should Dr. Nice reject or fail to reject the null hypothesis? 

a.) Reject the null hypothesis 

b. Fail to reject the null hypothesis 

13. Which of the following is the best interpretation of the results of this study? 

a. The program definitely improved the interpersonal skills of seniors. 

(b) It is likely that the program improved the interpersonal skills of seniors. 

14. Dr. Nice obtained a z score of 2.13 for the sample of 36 seniors. What is the probability of 

obtaining a z score of 2.13 or higher if the null hypothesis is true? (Determine if you need the 

body or tail probability from the unit normal table to answer this question.) 

a. .9834 

(b) .0166 

c. .7645 

d. .0343 

15. Which of the following is a rule that indicates how you can use the p value (i.e., your answer to 
the previous question) to determine if you should reject the null hypothesis? 

a. Reject the null if p> 1.65 

b. Reject the null if p < 1.65 

(C) Reject the null if p< .05 

Reject the null if p > .05 



CHAPTER 6 Hypothesis Testing With zScores 181 

16. The null distribution of sample means represents all possible outcomes if the null hypothesis is 

true. In the null distribution, values that are farther from the population mean (or a z score of 0) 

are likely than values that are closer to the population mean. 

a. less 

b. more 

17. The p value is the probability of getting the obtained z score or one more extreme if the null 

hypothesis is true. (Hint: Remember that the distributiort of sample means represents all possible 

outcomes if the null hypothesis is true.) 

@ nee 

False 

18. The p value is the probability of making a Type I error. (Hint: Look at Question 7.) 

@ True 

b. False 

19. The p value is the probability that the null hypothesis is true. 

El 1habee 

(dy False 

20. You obtain a z score of 1.52. What is the p value? 

Gh, TENS 

( b.) 0643 

21. You obtain az score of 1.41 with a p value of .0793. Should you reject or not reject the null 

hypothesis? 

(ey Reject 

b. Fail to reject 

22. You obtain az score that is not in the critical region; the p value must be 

€ a. greater than alpha (.05). 

b. less than alpha (.05). 

23. You obtain az score that is in the critical region; the p value must be 

a. greater than alpha (.05). 

(> less than alpha (.05). 

24. You obtain az score with a p value of .02; the z score must be 

(a.) in the critical region. 

b. outside of the critical region. 
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Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Use two distributions of sample means to make probability statements about Statistical power, 

Type | error, the probability of rejecting a false null, and Type I! error 

Define statistical power, Type | error, the probability of rejecting a false null, and Type II error 

Describe how changing each of the following affects statistical power, Type | error, the probability 

of rejecting a false null, and Type II error: 

Effect size of a treatment 
Sample size of a study 

Alpha level 

Variability in a sample 

oO 

oO 

(e) 

(e) 

Apply the above relationships to novel scenarios and determine if researchers are being 

“dishonest” when presenting their statistical results 

Determine whether an alpha level of .05 or .01 is more appropriate by considering whether a Type | 

error or a Type II error is more “costly” 

Use the available statistics to determine which of several studies has produced the most promis- 

ing results 

AN EXAMPLE: DETERMINING IF A NEW DRUG WORKS 

A pharmaceutical company has developed a drug (New Drug) to help treat depression. Clinically 
depressed people on medication often have difficulty concentrating, and so the pharmaceutical com- 
pany has developed this New Drug to increase depressed people’s ability to concentrate. Currently, 
another drug (Old Drug) dominates the market. Suppose that it is known that people with depression 
who use the Old Drug have an average score of 1 = 50 on a mental concentration inventory, with a 
standard deviation of o = 10. The mental concentration scores are measured on an interval/ratio scale 
and are normally distributed in the population. To test the effectiveness of the New Drug, a sample of 
25 people with depression are given the New Drug, and their mental concentration inventory scores 
are recorded. Higher scores reflect greater mental concentration. 

WISE Statistical Power Applet® 

Go to the website http://wise1.cgu.edu and then click on “Statistical Power” under the WISE Applet 
heading on the left side of the page. 

*©WISE Team. Used with permission. 
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Null Population 

100.0 © 116.0 130.0 148.0 

In the Power Applet, type the following values into the boxes: pi, = 50, ph, = 56, o= 10, N= 25, a= 50.5: 

Be sure to hit the ENTER key after typing each value. When you are done, your graphs should look 

like those that follow. 

1. The two population distributions at the top of the graphic represent the two populations of people 

who got the Old Drug (blue line) and the New Drug (red line). Researchers would not normally know 

the precise location of the New Drug population distribution, but it is provided here for teaching 

purposes. The two curves at the bottom represent the distribution of sample means if the null is 

true (blue histogram) and the distribution of sample means if the null is false (pink histogram). 

These are the two curves you created during Activity 6.1 on hypothesis testing. Notice how much 

narrower the sample mean distributions are relative to the original population distributions, which 

are displayed at the top of the graphic. Explain why this is not at all surprising. 

Blue Curve 

The shaded blue curve represents the sampling distribution assuming the null hypothesis is true 

(i.e., the New Drug did not increase mental concentration). The dark blue area shows the critical region 

for a one-tailed test. Because we selected an alpha of .05, the critical region is exactly 5% of the null 

hypothesis distribution. 

2. What is the mean of this sampling distribution? 

3. True or false: The mean of the null sampling distribution is the same as the mean of the Old 

Drug population. 

4. What is the standard deviation of this sampling distribution (i.e., the standard error of the mean)? 

(Hint: SEM a 

5. True or false: The standard deviation of the null distribution of sample means is smaller than the 

standard deviation of the population. 
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6. What happens if a Type | error occurs in this study? 

a. The researcher concludes that the New Drug was more effective than the Old Drug, but it 

was not more effective. 

b. The researcher concludes that the New Drug was more effective than the Old Drug, and it 

was more effective. 

¢. The researcher concludes that the New Drug was not more effective than the Old Drug, but it 

was more effective. 

d. The researcher concludes that the New Drug was not more effective than the Old Drug, and 

it was not more effective. ¢ 

7. Which area of the graph represents the probability of making a Type I error? 

a. Light blue 

b. Dark blue 

8. Which area of the graph represents the probability of correctly failing to reject the null 

hypothesis? 

a. Light blue 

b. Dark blue 

9. For this study, if the researchers failed to reject the null hypothesis, what conclusion would they 

draw about the New Drug? 

a. It was not effective. 

b. It was effective. 

Red Curve 

The red curve represents the sampling distribution assuming the null hypothesis is false (the New Drug 

did increase mental concentration). For now, we’ve set the mean of this distribution as 56. As was 

explained in Activity 6.1, the precise location of this distribution is based on a single sample mean, 

and therefore the location should be considered an estimate. This distribution represents all possible 

sample means if the New Drug increases mental concentration to 56. You can see that the mean of this 

distribution is 56, and the standard deviation of this distribution is Ald, = 2 (the standard error of the 

mean). v25 

10. 

ie 

What is the statistical power in the context of this study? 

a. The probability of correctly concluding that the New Drug was more effective than the Old 
Drug 

b. The probability of correctly concluding that the New Drug was not more effective than the 
Old Drug 

C. The probability of incorrectly concluding that the New Drug was more effective than the Old 
Drug 

The probability of incorrectly concluding that the New Drug was not more effective than the 
Old Drug 

Which area of the graph represents statistical power? 

a. Everything to the right of the red line (pink) 

b. Everything to the left of the red line (red) 
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12. What happens if a Type II error occurs in this study? 

a. The researcher concludes that the New Drug was more effective than the Old Drug, but it 

was not more effective. 

b. The researcher concludes that the New Drug was more effective than the Old Drug, and it 

was more effective. 

c. The researcher concludes that the New Drug was not more effective than the Old Drug, but it 

was more effective. 

d. The researcher concludes that the New Drug was not more effective than the Old Drug, and 

it was not more effective. 

13. Which area of the graph represents the probability of making a Type II error? 

a. Red 

b. Dark blue 

The Curves and Numerical Values 

In addition to showing the distributions graphically, the Applet also gives you exact numerical values 

for Type I error, Type II error, and statistical power. You can find these values listed on the right side of 

the display. 

The total area under each curve is equal to 1. 

Type | error is set by alpha (a). We set a at .05, and so we set Type I error at 40%). 

Type Il error is sometimes called beta error (B). For this study, it is .088. 

Statistical power is labeled “Power,” and it is .912. Note that Power = 1 — B. 

The effect size is d, and it is the difference between p, and p, divided by o. (Note that this is simi- 

lar to the d you calculated on previous activities.) 

Hypothesis Testing 

14. The hypothesis testing process is frequently used to determine whether a treatment is effective. 

You learned previously that hypothesis testing is based on evaluating a null hypothesis. The null 

hypothesis states that the treatment will not work at all, and therefore, the null hypothesis 

predicts that 

a. those who receive the treatment will have higher scores than will the population who did 

not receive the treatment. 

b. those who receive the treatment will have lower scores than will the population who did not 

receive the treatment. 

c. those who receive the treatment will have the same or lower scores compared to the 

population who did not receive the treatment. 

If the mean of those who receive the treatment (i.e., the sample mean) is not exactly the same as 

the population mean, there are two possible explanations for the difference: (1) sampling error 

created the difference or (2) the treatment created the difference. If sampling error created the 

difference, the _ would be true. 
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a. research hypothesis 

b. null hypothesis 

16. Ifthe treatment created the difference, the ___—s would be true. 

a. research hypothesis 

b. null hypothesis 

17. The sole purpose of hypothesis testing is to determine whether the 

observed difference between the sample mean and the population mean was created by 

sampling error or by the treatment. How do researchers make this decision? 

a. Ifthe zscore for the sample mean is in the critical region, they conclude that the difference 

was created by sampling error. 

b. Ifthe z score for the sample mean is in the critical region, they conclude that the difference 

was not created by sampling error and therefore it must have been created by the treatment. 

In this problem, researchers are trying to determine if a new depression drug leads to higher mental 

concentration scores than another drug. Clinically depressed people who are using the Old Drug have 

a mental concentration score of 50 (i.e., 1. = 50), with a standard deviation of 10 (i.e., c = 10). To test 

the New Drug, the researchers have to decide how much of the drug they should give to the people in 

the sample they selected (N = 25). Suppose they decided to give each person in the sample 80 mg 

of the New Drug each day. Further suppose that after taking the drug, the mean mental concentration 

score for those in the sample was 52 (i.e., M=52). 

18. Obviously, the sample mean of 52 is different from the population mean of 50. The question is 

whether this difference was likely to have been created by sampling error. Compute the z for the 

sample mean of 52 when p= 50, o= 10, and N= 25. 

19. Locate the z score you just computed on the following figure. 

If null 

hypothesis 

is true 

Critical value of z = 1.65 
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20. Would you reject or fail to reject the null hypothesis in this situation? 

a. Reject the null (i.e., the difference is probably not due to sampling error) 

b. Fail to reject the null (i.e., the difference is probably due to sampling error) 

21. When p=50, o = 10, and N= 25, obtaining a sample mean of 52 (i.e., M = 52) leads to the 

conclusion that the treatment probably did not work because the difference between the sample 

mean and the population mean (M — p= 2) led to a z score of 1, which was small enough to 

have resulted from sampling error. However, it is also possible that the small difference was 

actually created by the treatment (i.e., the treatment worked, just not very well). If the treatment 

really did work but the researcher mistakenly concluded that it did not work, the researcher 

would have committed a 

ay lype Terror. 

b. Type Il error. 

c. Type Ill error. 

After conducting a study in which the null hypothesis was not rejected, it is a good idea for research- 

ers to recognize that they may have made a Type II error. Many researchers will want to estimate the 

probability that they made a Type Il error. If the probability is too high, they may decide that it is neces- 

sary to conduct an additional study. While you will be using computers to perform the computations, 

it is important that you have a conceptual understanding of Type II errors. 

To determine the probability that a Type II error was made (i.e., that researchers concluded the treat- 

ment did not work when it really did work), a second distribution of sample means is created. This sec- 

ond distribution of sample means is centered on the mean of the sample from the study; in this case, 

the sample mean was 52. If the treatment really improves mental concentration by 2 from 50 to 52 and 

we built a distribution of sample means for those receiving the treatment, it would be centered on 52. 

This second distribution is the research hypothesis distribution of sample means. The research hypoth- 

esis distribution of sample means has been added to the null distribution of sample means below. 

22. Look at the following figure. Which curve is the null hypothesis curve, and which curve is the 

research hypothesis curve? Explain your reasoning. 

Critical value of z = 1.65 
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23. The null hypothesis curve represents 

a. all possible sample means if the treatment does not work at all. 

b. all possible sample means if the treatment improves mental concentration by 2. 

c. all possible sample means. 

24, The research hypothesis curve represents 

a. all possible sample means if the treatment does not work at all. 

b. all possible sample means if the treatment improves mental concentration by 2. 

c. all possible sample means. 

25. If the treatment really improves mental concentration by 2 and you randomly selected a sample 

from the research hypothesis distribution of sample means, what sample mean would you expect 

for the sample? I would expect a sample mean of , which corresponds to a z score of 

26. If the sample you selected had the mean you expected above, would the z score corresponding 

to that mean lead you to reject the null hypothesis or fail to reject the null hypothesis? 

a. To reject the null because the z score would be in the critical region 

b. To fail to reject the null because the z score would not be in the critical region 

At this point, you should notice that even if the treatment really does improve mental concentration 

by 2, most samples in the research hypothesis distribution of sample means would result in researchers 

failing to reject the null hypothesis, which would be a Type II error if the treatment really works. 

27. This unfortunate fact is illustrated by the figure on p. 187 because most of the possible samples 

in the research hypothesis curve are located 

a. to the left of the critical value. 

b. to the right of the critical value. 

28. The proportion of the research hypothesis curve that is to the left of the critical value is equal to 

the probability of committing a 

a. Type I error. 

b. Type Il error. 

29. The proportion of the research hypothesis curve that is to the right of the critical value is equal to 
the probability of 

a. correctly concluding that a treatment works, known as statistical power. 

b. correctly concluding that the treatment does not work. 

c. making a Type | error. 

30. Enter the following values into the Power Applet: 1, = 52, 1, = 50, o= 10, and N=25. You will find 
that when the treatment effect is an improved mental concentration of 2, the probability of 
committing a Type II error is and statistical power is 

31. When you add the probability of a Type II error and the value for statistical power together, you 
will always get exactly 1. Why is this true? 

a. They are the only two things that could occur if the research hypothesis is true, and so their 
probabilities must sum to 1. 
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b. They are the only two things that could occur if the null hypothesis is true, and so their 

probabilities must sum to 1. 

Factors That Influence the Hypothesis-Testing Process 

Generally speaking, researchers like their studies to have statistical power values of at least .80 and Type 

IT error values less than .20. The research study you just worked with had too little statistical power and 

a Type Il error rate that was too high. As a consequence, the researchers decided to design a new study 

that might have more statistical power. Researchers can increase a study’s statistical power by changing 

several things about the study. In this activity, you will learn how changing (a) the size of the treatment 

effect, (b) sample size, (c) alpha level, and (d) amount of variability created by measurement error each 

influences statistical power and Type II error rate. 

Size of the Treatment Effect 

One possible way researchers could increase the statistical power is to increase the size of the treatment 

effect. It is possible that if they gave the people in their sample 200 mg/day of the new antidepression 

drug rather than 80 mg/day, the treatment effect might be greater than the 2-point improvement. 

Suppose the higher dosage was given to a new sample, and further suppose that the sample’s mean 

mental concentration was 56 rather than the population average of 50. The new research hypothesis 

distribution of sample means for this study is shown as follows: 

Critical value of z = 1.65 

32. What impact did increasing the treatment effect from 2 (52 — 50 = 2) to 6 (56 — 50 = 6) have on 

the proportion of the research hypothesis curve that was to the right of the critical value? 

a. It increased the statistical power. 

b. It decreased the statistical power. 
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33. Inthe computer Applet, change p, from 52 to 56, and then record the exact values for statistical 

power and Type II error rate. 

The statistical power changed from .26 to 

The Type Il error rate changed from .74 to 

34. Summarize how increasing and decreasing the treatment effect changes each of the following by 

completing the following table: 

If the treatment | Statistical power will (increase/decrease/ Type II error will (increase/decrease/ 

effect is not change) not change) 

Increased 

Decreased 

SELLE L LOT LLOEGR LES 

Increasing Sample Size 

Of course, researchers cannot always increase the treatment effect. Suppose that the New Drug has too 

many negative side effects when taken at 200 mg/day. Another way researchers can increase the statisti- 

cal power of a study is to increase the sample size of the study. Reset the values in the Power Applet to 

Ht, = 50, pt, = 52, o = 10, and N= 25. Record the values for statistical power and Type II error rate below. 

35. The statistical power was , and the Type II error rate was . Be sure to look at 

the figure produced by the Applet. You will need to determine how the figure changes when N is 

increased. 

36. Now change the sample size so N= 100, and compute the z score for a sample mean of 52 (i.e, 

the expected value if the improvement in mental concentration is 2). When the sample size 

was 25, the z score for a sample mean of 52 was 1. However, when the sample size was 100, 

the z score for a sample mean of 52 was 

37. The figure that reflects the change in sample size is on page 191. (Note that the values on 

the x-axis are different from those when N = 25; the graphs in the Applet are more accurate 

than those in this workbook.) You should notice that when the sample size is increased 
from 25 to 100, most of the sample means in the research hypothesis curve would lead 
researchers to 

a. reject the null hypothesis. 

b. fail to reject the null hypothesis. 

38. Increasing the sample size will the statistical power. 

a. increase 

b. decrease 

39. Increasing the sample size will the Type II error rate. 

a. increase 

b. decrease 
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40. As you the sample size, you sampling error and 

statistical power. 

a. increase, decrease, decrease 

b. increase, increase, decrease 

Cc. increase, decrease, increase 

41. Now enter the values for this study into the Power Applet, and record the exact values for 

statistical power and Type II error rate when the sample size is 100 rather than 25. 

When N = 25, statistical power is , and when N= 100, it is 

When N = 25, Type Il error rate is , and when N = 100, it is 

42. Summarize how increasing and decreasing the sample size affects each of the following by 

completing the following table: 

Type II error will (increase/decrease/ 

not change) 
Statistical power will (increase/decrease/ 

not change) 
If the sample 

size is 

Increased 

Decreased 

Changing the Alpha Level 

Sometimes it is not possible to increase the sample size. Another way researchers can change the sta- 

tistical power and Type II error rate of a study is by changing the alpha (a) level of the study. Essentially, 
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© 

this means that the researcher changes the size of the critical region on the null hypothesis curve. 

If 1 = 50, p, = 52, o= 10, N= 25, and o =.05, the distribution of sample means for the null hypothesis 

curve would look like the top curve below. The area to the right of the critical value in this curve is Be 

of the overall curve. The distribution of sample means for the research curve would look like the 

following bottom curve. 

If research ; \ Statistical 
hypothesis j 
is true 

Type Il 
a 

error rate 

45. If researchers decreased the a level from .05 to .01 (i.e., moved the critical value line to the 
right), what impact would it have on the study’s statistical power? 
a. It would increase the statistical power. 

b. It would decrease the statistical power; therefore, in this situation, the researchers would 
probably leave the a level at .05. 
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44. Researchers in psychology usually choose between a levels of .05 and .01. The a level the 

researchers choose has a direct impact on the Type I error rate. An a level of .05 hasa5% Type I 

error rate, and an a level of .01 has a 1% Type error rate. What is a Type | error? 

a. A Type lerror is saying the treatment works when it does work. 

b. A Type | error is saying the treatment works when it does not work. 

45. Summarize how increasing and decreasing the a level affects each of the following by 

completing the following table: 

Statistical power will (increase/ | Type I error will (increase/ | Type II error will (increase/ 

decrease/not change) decrease/not change) decrease/not change) 
If the a 

level is 

Increased 

to .05 

Decreased 

to .01 

Reducing Variability by Reducing Measurement Error 

Another way researchers could increase the statistical power of a study would be to improve the 

accuracy of their measurement. In this study, the dependent variable is the score on a mental con- 

centration inventory. The scores are computed based on patients’ answers to questionnaires. If some 

questions on the original questionnaire were confusing to the patients, it would produce measure- 

ment error. If the confusing questions were rewritten so that they are less confusing, it would reduce 

the measurement error, resulting in less variability in the study. In other words, the standard devia- 

tion of the population would be less, and the statistical power and Type Il error rates would be 

affected. 

46. Set the values for this research scenario at p, = 50, p, =52, 0= 10, N=25, anda =.05. Record 

the values for statistical power and Type II error rate below: 

Statistical power is ; Type Il error rate is 

47. Now change the standard deviation of the population from o = 10 too = 5. Record the values for 

statistical power and Type II error rate below: 

Statistical power is ; Type Il error rate is 

48. Summarize how decreasing the measurement error affects each of the following by completing 

the following table: 

If the measurement | Statistical power will (increase/decrease/ Type II error will (increase/decrease/ 

error is not change) not change) 

Decreased 
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Putting It All Together 

49. 

0). 

ple 

Bye 

The pharmaceutical company that developed the New Drug has invested many years and 

millions of dollars in developing this New Drug. Financially, it is very important that it brings this 

drug to market. Obviously, it is easier to convince doctors to prescribe this drug if the company 

can present scientific evidence that the New Drug is more effective than the Old Drug. 

Unfortunately, Phase I clinical trials suggest that the New Drug is only slightly more effective 

than the Old Drug. How could the sample size be manipulated to maximize the likelihood that 

their drug would be found to be “significantly better,” even if the drug’s actual effectiveness is 

only slightly better than that of the competitor's drug? 

a. Using a very large sample size can result in rejecting the null hypothesis even if the drug is 

only slightly better than the competitor's drug. 

b. Using a very large sample size can result in obtaining a very large effect size even if the drug 

is only slightly better than the competitor's drug. 

c. Using avery large sample size can result in failing to rejecting the null hypothesis even if the 

drug is much better than the competitor’s drug. 

Suppose you work for the company that manufactures the Old Drug and you find out that the 

above pharmaceutical company manipulated the sample size. You are still convinced that the 

Old Drug is a better option because it costs almost 75% less than the New Drug. How could you 

convince doctors that the difference between the effectiveness of the Old Drug and that of the 

New Drug is not really important, even though it was statistically significant in the studies 

conducted by the above pharmaceutical company? 

a. Compute the z scores and show them that the z is much larger for the New Drug than the 

Old Drug. 

b. Compute the exact p value and explain that this very small p value shows that the difference 

between the two drugs is actually very small. 

c. Compute the effect size and explain that the actual difference between the drugs is very small. 

Suppose a pharmaceutical company has developed a new drug to treat a severe mental 

disorder that currently has no effective drug treatment available. The statistician responsible 

for analysis of the data suggests that they use an alpha level of .10 rather than .05 or .01. Is 

this a legitimate option in this case? 

a. Yes, the researchers are justifiably concerned about making a Type II error and using an 

alpha of .10 reduces the probability of making this type of error. 

b. Yes, the researchers are justifiably concerned about making a Type I error and using an alpha 

of .10 reduces the probability of making this type of error. 

c. No, the researchers are justifiably concerned about making a Type II error and using an 

alpha of .10 increases the probability of making this type of error. 

d. No, the researchers are justifiably concerned about making a Type I error and using an alpha 

of .10 increases the probability of making this type of error. 

A researcher in another company reads the above study and sees that they used an alpha of .10 

and decides to use an alpha of .10 in a study his company is currently conducting to test the 

effectiveness of a new cough drop. Is this a legitimate option in this case? 

a. In this case, the researchers are investigating a treatment for a relatively minor problem and 

treatments already exist. Using an alpha of .10 is a good idea because it will help maximize 

the statistical power and minimize the probability of making a Type II error. 
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b. Using an alpha of .10 is not acceptable because it would increase the Type | error rate. 

Although Type II errors would go down, there is little reason to be overly concerned with 

Type II errors in this study. Because current treatments exist for coughs, incorrectly failing to 

reject the null should not be the primary concern. 

c. It does not matter if the researcher uses an alpha of .10 or .05. Either is acceptable as long as 

they use a very large sample size. 

Suppose that the National Institutes of Mental Health have the money to fund two research pro- 

grams. Although there is money to fund only two research programs, more than 30 research teams 

have applied for this grant money. A group of experts read all the grant applications and narrow it 

down to the five best ones. A number of factors are being considered, but one is the researchers’ past 

success in developing treatments. Each of the researchers submitted information about the type of 

mental disorder and population they have studied, the sample size, the result of the significance test, 

and the effect size. Use the information provided in the following chart to answer the next question: 

wile: ] 
Study Number | Type of Cancer/Population N Significance d :) 

Sel 

1 Depression in teenagers 500 p< .05 O25 

Reject H, 

2 Obsessive compulsive disorder in adults 15 p< .05 ] 0.92 

Reject H, 

3 Anxiety disorder in the elderly 210 p< .05 ] Le 

Reject H, 

4 Bipolar disorder in adults 430 p< .05 0.57 

Reject H, 

5 Antisocial disorder in teenagers 9 p>.05 0.67 

Fail to reject H 
ha sea a 

53. Based on these data, which two researchers would you recommend receive the research grant? 

Explain your answer using effect sizes, sample sizes, and the results of the hypothesis test. 

Activity 6.4: Hypothesis Testing and Effect Size 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Conduct a hypothesis test using the z for a sample mean 

e Distinguish between Type | and Type II errors 
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REDUCING TYPE I AND TYPE II ERRORS 

In Activity 6.3, you learned about the effect of sample size, treatment effects, alpha levels, and vari- 

ability on the probability of making a Type I and Type II error. Use that activity to answer the following 

two questions. 

1. How can you decrease the probability of making a Type I error ina study? 

Increase the sample size (N) 

Decrease the sample size (N) 

Increase alpha (e.g., from .01 to .05) 

Decrease alpha (e.g., from .05 to .01) 

Make the treatment more powerful 

Make the treatment less powerful 

Increase the measurement error in the study 

Se ee Of Decrease the measurement error in the study 

2. How can you decrease the probability of making a Type II error in a study? Select four. Use the 

letters from Question 1 to answer. 

SCENARIO 1 

College students frequently ask their professors how they should study for exams. Research on human 

memory and learning suggests that taking practice tests is a very effective learning strategy. In fact, 

several research studies suggest that taking practice tests is a more effective strategy than rereading 

chapters or reviewing class notes (Rowland, 2014). However, one of the obstacles to using the practice 

test strategy is that students don’t always have access to practice tests. A college professor wondered 

if he could teach his students to test themselves while studying for exams. To answer this question, the 

college professor taught students to test themselves while they studied for his exams. For example, he 

taught students to test themselves by trying to summarize paragraphs they read and by explaining why 

each answer on previously completed classroom activities was correct. He taught these studying tech- 

niques to all 33 of his students (i.e, N = 33) and encouraged them to use these studying strategies to 
prepare for the exams in his course. The average score on the first exam in the course was M = 76, with 
a standard deviation of SD = 11.7. The professor wanted to know if his students’ performance on this 
first exam was significantly better than the mean performance of his students from previous semesters 
on the same test. The mean score of his previous students on the test was 1 = 74, with a standard devia- 
tion of o= 10.9. 

3. This study meets all of the necessary assumptions. Match each assumption to the fact that 
suggests it is met. 

Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 
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The standard deviation from the sample is similar to the standard deviation from the 
population. 

The IV in this study is a grouping variable that identifies how the sample is distinct from the 
population, and the DV is measured on an interval/ratio scale of measurement. 

The sample size in the study was greater than 30. 

The students took the test under carefully monitored conditions that ensured students did 

not cheat. 

4. Write H, next to the symbolic notation for the null hypothesis and H, next to the research 

hypothesis. 

Hecitresting > 74 

a Hecitcesting < 74 

= Hecie-testing = “4 

d. Hocttsecdngiss. 

iS Heettresting > 76 

f. Peeit-testing < 76 

8. Hsett-testing = 7 

Ile 
Pseit-testing =76 

5. Write H, next to the verbal description of the null hypothesis and H, next to the research 

hypothesis. 

a. The population of students who complete self-testing will have a mean test score 

greater than 74. 

The population of students who complete self-testing will have a mean test score less 

than 74. 

The population of students who complete self-testing will not have a mean test score 

greater than 74. 

The population of students who complete self-testing will not have a mean test score 

less than 74. 

6. Determine the critical value for this one-tailed z for a sample mean test (use @ = .05). 

7. Compute the z for the sample mean test. 

8. Based on the critical value of z and the obtained z score, the null hypothesis should 

a. 

b 

CG: 

d 

be rejected because the obtained z score is greater than the critical value. 

be rejected because the obtained z score is less than the critical value. 

not be rejected because the obtained z score is greater than the critical value. 

not be rejected because the obtained z score is less than the critical value. 

9. Which of the following is the best interpretation of these results? 

a. The null hypothesis is definitely true. 

b. There is insufficient evidence to reject the null. 

10. Compute the effect size (d) for the professor's second study. 
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il. 

16. 

Determine if the effect size is small, small to medium, and so on. 

Which of the following is a correct interpretation of the effect size? 

a. The sample mean is .18 standard deviations higher than the population mean. 

b. The sample mean is .18 standard deviations lower than the population mean. 

Which of the following is the best summary of these results? 

a. The test-yourself study strategy did not lead to significantly higher exam performance than 

that produced by previous students, and the effect size was small. 

b. The test-yourself study strategy did lead to significantly higher exam performance than that 

produced by previous students, but the effect size was small. 

You should have failed to reject the null hypothesis and concluded that the self-testing strategy 

did not improve performance. Whenever you fail to reject a null hypothesis, you should stop to 

consider the possibility that you might have committed a 

a. Type! error 

b. Type II error 

A Type II error occurs when a researcher concludes that the null hypothesis is 

when the null hypothesis is 

a. true; actually false 

b. true; actually true 

c. false; actually false 

d false; actually true 

Which of the following is the best description of a Type II error in this research scenario? 

a. Concluding that teaching students to self-test does increase exam scores when in fact it 

does not 

b. Concluding that teaching students to self-test does increase exam scores when in fact 

it does 

c. Concluding that teaching students to self-test does not increase exam scores when in fact it 

does not 

d. Concluding that teaching students to self-test does not increase exam scores when in fact it 

does 

Because of the possibility of Type I and Type Il errors, no single study definitively proves that a 
treatment has a reliable effect on scores. Therefore, careful researchers replicate studies to increase 
their confidence in the results. After an effect has been replicated, you can be more confident that your 
conclusion is accurate. 

The professor was disappointed that the significance test indicated his self-testing strategy did not 
seem to help students perform better. However, because he was a careful researcher, he wanted to 
make sure he had not made a Type II error, so he planned to perform the study again. However, he 
wanted to strengthen the design of his next study by addressing as many of the potential problems that 
may have created a Type Il error in his previous study as possible. 
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17. The professor could improve his future study by decreasing the measurement error and/or 

increasing the procedural control to decrease the variability in the study. Which of the following 

would accomplish this goal? 

a. He could grade the exams himself rather than having many different teaching assistants 

(TAs) grade the exams; doing so would reduce the “bad variability” in his study. 

b. He could continue to teach his students to use the self-test studying strategy in the hope that 

with more practice using the strategy, the students would get better at it. 

c. He could make his exams easier, so that his current students’ scores would be higher than 

his previous students’ scores. 

d. He could increase the number of students enrolled in his class. 

18. The professor could improve his future study by making the treatment more powerful. Which of 

the following would accomplish this goal? 

a. He could grade the exams himself rather than having many different TAs grade the 

exams; doing so would reduce the “bad variability” in his study. 

b. He could continue to teach his students to use the self-test studying strategy in the hope that 

with more practice using the strategy the students would get better at it. 

c. He could make his exams easier, so that his current students’ scores would be higher than 

his previous students’ scores. 

d. He could increase the number of students enrolled in his class. 

SCENARIO 2 

The professor graded all of the future exams himself, and he continued to teach his students how to 

test themselves for the next 3 weeks. He also spent time encouraging them to use the self-test studying 

strategy outside class. After 3 weeks, he gave his current 33 students Exam 2, which was the same test 

he had given his previous students during previous semesters. The mean score of his current students 

on Exam 2 was M = 81, witha standard deviation of SD = 11.3. The mean score of his previous students 

on Exam 2 was p = 77, with a standard deviation of o = 10.4. 

19. This study meets all of the necessary assumptions. Match each assumption to the fact that 

suggests that assumption is met. 

Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 

a. The students were tested in a procedurally controlled setting. 

b. The IV was a grouping variable, and the DV was measured on an interval/ratio scale of 

measurement. 

c. The standard deviations of the sample and the population were similar. 

d. The sample size was greater than 30. 
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20. Write H, next to the null hypothesis and H, next to the research hypothesis. 

BM. 

22s 

Dn 

24. 

Zp: 

26. 

Ott. 

a. ____The population of students who complete the practice test will have a mean test score 

Sreater than 77 (Uracicete 7 /7)- 

b. ____The population of students who complete the practice test will have a mean test score 

less than 77 (Horactice test = / 1). 

Cc. _____ The population of students who complete the practice test will not have a mean test 

score greater than 77 (Hy vactice test © 77): 

d. ____ The population of students who complete the practice test will not have a mean test 

score less than 77 (UH jecceren = 

Determine the critical value for this one-tailed z for a sample mean test. 

Compute the z for the sample mean test. 

Based on the critical value of z and the obtained z score, the null hypothesis should 

a. be rejected. 

b. not be rejected. 

Which of the following is the best interpretation of these results? 

a. The null hypothesis is definitely false. 

b. There is sufficient evidence to reject the null. 

Compute the effect size (d) for the professor’s second study. 

Determine if the effect size is small, small to medium, and so on. 

You should have found d to be .38, which is a medium effect size. Which of the following is the 
best interpretation of this effect size? 

a. Those students using the self-test studying strategy had scores that were .38 points better 
than those who did not use this strategy. 

b. Those students using the self-test studying strategy had scores that were .38 of a standard 
deviation higher than those who did not use this strategy. 
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28. 

2M) 

30. 

BV, 

Sy, 

The professor wanted to share his latest results with a colleague. Which of the following 

summaries (Option A or Option B) is the correct summary of his results? After you choose which 

one is correct, fill in the missing statistical values from his second study. 

Option A: The analysis of Exam 2 scores suggests that the self-test strategy is beneficial. The 

current students who were trained to test themselves while studying for exams had higher 

scores (M = ) than the previous students who did not receive the training (u = 

o= ), Z(N= )= \p= ,d= 

Option B: The analysis of Exam 2 scores suggests that the self-testing strategy is not beneficial. 

The current students who were trained to test themselves while studying for exams had scores 

that were not significantly higher (M= ) than the exam scores of the previous students who 

did not receive the training (= /o= ), Z(N= )= ,p= Ol 

This time you should have rejected the null hypothesis and concluded the self-test strategy 

probably led to better performance than the previous students who did not use the strategy. 

Whenever you reject a null hypothesis, you should stop to consider the possibility that you might 

have committed a 

a. Type lI error 

b. Type Il error 

Which of the following best describes what a Type I error would be in this study? 

a. Saying that the self-testing strategy does not improve test scores when it does improve test 

scores 

b. Saying that the self-testing strategy does not improve test scores when it does not improve 

test scores 

c. Saying that the self-testing strategy does improve test scores when it does not improve test scores 

d. Saying that the self-testing strategy does improve test scores when it does improve test scores 

If the null hypothesis is actually true, the probability of a Type I error is always equal to the 

a. critical value. 

b. obtained value. 

c. p value. 

d. alpha value. 

When the null hypothesis is actually true and the a level is .05, researchers will make a 

SMO? of the time. 

a. Type Il; 5% 

b. Typel,5% 

canilypellA% 

aeriypel, 17% 

A Type I error can be caused by sampling error. What can researchers do to reduce the potential 

problem of sampling error in their future studies? Select two. 

a. Use analpha of .01 rather than .05 

b. Decrease the amount of variability in the sample by reducing measurement error 
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c. Increase the sample size 

d. Use a different population that is more variable 

SCENARIO 3 

This third scenario involves a different college professor who was also interested in helping her students 

study and learn more effectively. She taught a large introductory psychology course with 312 students (.e., 

N= 312). The professor wanted to try a new online introductory psychology textbook this semester to see 

if it would increase her students’ scores relative to her previous students’ scores on her comprehensive 

final exam. After the course was over, she compared the final exam scores. The mean final exam score of 

the current students who used the online text was M = 74, with a standard deviation of SD = 13.5. The 

mean final exam score of the previous students who used the traditional text was } = 73, with a standard 

deviation of o = 9.3. The professor computed z= 1.90, d= .11, and rejected the null hypothesis. 

34. Which of the following is the best interpretation of these results? 

a. The null hypothesis is definitely false. 

b. There is sufficient evidence to reject the null. 

35. Which of the following is the best summary of these results? 

a. The students using the online text did not have significantly higher exam performance than 

those using the traditional text. 

b. The students using the online text did have significantly higher exam performance than 

those using the traditional text. 

36. Which of the following is the best interpretation of the effect size? 

a. Those students using the online text had scores that were .11 points better than those using 

the traditional text. 

b. Those students using the online text had scores that were .11 of a standard deviation higher 

than those using the traditional text. 

The results of the significance test indicate that the 1-point difference between the students using the 

online text and the students using the traditional text was unlikely to be due to sampling error (i.e., if the 

null hypothesis is actually true, there is only a5% chance of the 1-point difference occurring due to sam- 

pling error). So, this decision is probably not a Type | error. The online text probably is better than the tra- 
ditional text. However, the effect size you computed (i.e., d= .11) indicates that the online text is only slightly 
better than the traditional text. Whenever you reject the null hypothesis and the effect size is small, you need 
to consider if the treatment is practically significant. In other words, you need to consider if the treatment’s 
effect is so small that it is not worth using. For example, suppose the online text costs $250 while the tradi- 
tional text costs $50. While the significance test indicates that the online text is statistically better, the effect 
size indicates that it is only slightly better. Is having students perform .11 of a standard deviation better (i.e, 
in this case 1 point better) worth the additional $200 in cost? If your answer is “no,” then you are saying 
that the treatment is not worth using. In terms of cost, the slightly better performance is not worth the 
substantially higher monetary cost. However, if the online text and the traditional text both cost $50, then 
you would probably decide that the online text is the better choice (i.e., the treatment is worth using). 
Depending on the practical costs, a small treatment effect can be very useful or not at all useful. 



CHAPTER 6 Hypothesis Testing With zScores 203 

37. How it is possible that a treatment can actually be better than an alternative treatment but still 
not be worth using? How can you decide if a treatment is worth using or not? 

a. Look at the p value. If the p value is very low, then the results are very significant and you 

can be sure that the treatment worked and that it worked very well. 

Look at the z score. If it is in the critical region, you know that the results are statistically 
significant. If the treatment worked well enough to generate a 

z score in the critical region, you know that the treatment is worth using. 

Compute the effect size to determine if the treatment effect is large enough to warrant using 
the treatment. 

Significance testing (also called hypothesis testing) and effect sizes have different purposes. The pur- 

pose of significance testing is to determine if a treatment works. Effect size determines the practical 

usefulness of a treatment. This distinction is important because many students ask, “Why do we need 

significance testing at all? Why don’t we just use effect size?” Significance testing helps prevent us from 

adopting treatments that only appear to be better than other treatments due to sampling error. The fol- 

lowing table may help you remember the different purposes of significance testing and effect size: 

38. Why do researchers need both significance testing and effect size estimates? That is, what is the 

purpose of each statistical procedure? For example, suppose that you wanted to test the effects 

of a drug on people’s memory scores. What different information would you get from the 

significance test and the effect size? Choose two. 

5f9). 

a. A significance test tells you if the difference between the sample mean and population mean 

is likely to be due to sampling error; an effect size tells you how much of a difference there 

was between the sample mean and the population mean. 

A significance tests tells you if the treatment worked; an effect size tells you how well the 

treatment worked. 

A significance test tells you if you should reject the null hypothesis, an effect size tells you if 

you should accept the research hypothesis. 

How is it possible to fail to reject the null in one study when an effect size is large and to reject 

the null in another study when the effect size is small? 

a. If you have a very small sample size, you might fail to reject the null (due to a lack of 

statistical power) even though the effect size was large. In contrast, it is also possible to reject 

a null hypothesis when the effect size is very, very small if the sample size is very, very large. 

We compute effect sizes and hypothesis testing because they are completely independent 

of each other. A study with a large effect size is no more or less likely to be statistically 

significant than a study with a very small effect size. 
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Chapter 6 Practice Test 

i. Ahigh school principal knows that the average SAT on the writing portion of the test is 

p= 436 with a standard deviation of o = 110. Troubled by these results, she institutes anew 

requirement for writing in all classes. Specifically, students are required to write at least one 

8-page paper in every class. The following year, the average for a sample of 50 students in the 

senior class who took the SAT was 460. he sigs 
A= TIDY {~ 

What is the null hypothesis for this study? eer 

2: Hsing = 460 ge ; 

bh f as Fans) j 

Gy Pyvriting = 436 Nien S iad Y 5) ((O 

C. H writing > 460 Uinh- U3 (2 =2 U SEM = 5 —_ 

d. Pywriting < 460 va L { 

€. Pwwriting < 436 (SSeS SS a 

\s) 

r) 

J 

! 
(™N 

f. Pyriting > 436 

2. What is the research hypothesis for this study? 

460 

Pwriting = 436 

> 460 

< 460 

©. Pyring < 439 

(CG >) Hynting > 42° 

3. Which of the following situations would make the principal concerned that the assumption of 

independence was violated? 

a. Pyriting = 

Hwriting 

Pywriting 

a. All of the students were in the same school. 
eS 

<b. Some of the students cheated on the SAT by looking at each other’s papers. 

4. Using the information in Question 1, draw a distribution of sample means assuming that the null 

hypothesis is true on a separate piece of paper. What is the mean and standard deviation of this 

distribution? 

a. 460; 15.56 

(Ab! 436; 15.56 
c. 460; 110 

d. 436; 110 

5. Inthe previous question, you generated a distribution of sample means assuming the null 
hypothesis is true. If you converted each of the sample means to a z score, what would the mean 
of this new distribution of sample means be after you converted the means to z scores? @)o 
ley 

56 
d. 460 
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6. What is the critical value for an alpha of .05 (one-tailed)? 

a. 1.96 

by 1.96 

G, =ios 

(a) 1.65 

7. Which of the following best describes the critical region? 

a. z values that are impossible if the null hypothesis is true 

b. z values that are impossible if the research hypothesis is true 

(eo values that are unlikely if the null hypothesis is true 

d. z values that are unlikely if the research hypothesis is true 

8. Compute the z for a sample mean. 

Es ilisaie) 

be 1.65 

C.G 1.54 

dae22 

9. Should you reject or fail to reject the null hypothesis? 

a. Reject 

( b.)Fail to reject 

10. Based on this study, did the writing program significantly improve test scores? 

a. The results suggest yes. 

(b. The results suggest no. 

11. Compute the effect size (@). 

Bi, Ieee) 

lo, eS 

c. 1.54 

aS 
( d222 

12. Which of the following best describes the size of this effect? 

@ Small 

c. Medium 

d. Medium to large 

e. Large 

13. Complete the following APA-style summary statement by filling in the missing values. You 

computed all of the missing values for previous questions. Scores on the writing portion of the 

SAT were not significantly higher after the writing program was implemented (M = ) than 

in the population before the program was implemented (p = ,o= ), Z(N= )= 

pp =2.05;, d= 
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14. Inthe problem above, you decided if you should reject or fail to reject the null hypothesis by 

determining if the computed z was in the critical region. Another way is to determine if the 

p value is less than .05. What is the p value for this study? 

a. .0524 

5. /.061 8 

C. .4129 

d. 6245 

15. Suppose that the principal repeated the study in 3 years after students had participated in the 

new writing program for the full 4 years of high school. What would this change likely do to the 

effect size? 

G a. Increase it 

b. Decrease it 

16. How can researchers increase the statistical power in their study? (Choose four.) 

a. Increase N 

b. Decrease N 

( ©) Increase the effect size 

“d. Decrease the effect size 

_® Increase the population variability 

Cf. Decrease the population variability 

(2. Use a larger alpha (e.g., .05 rather than .01) 

Th use a smaller alpha (e.g., .01 rather than .05) 

17. Howcan researchers decrease the Type | error rate in their study? 

a. Increase N 

b—Decrease N— 
c. Increase the effect size 

d. Decrease the effect size 
& Increase the population variability 

f. Decrease the population variability 

g. Use a larger alpha (e.g., .05 rather than .01) 

Ve Use a smaller alpha (e.g., .01 rather than .05) 

18. When you reject the null, what type of error might have you made? 

Ca.) Type I 

b. Type Il 

19. When you fail to reject the null, what type of error might have you made? 

a. Type I 
(b.| Type Il 
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Single-Sample t Test 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Explain when a single-sample t should be used rather than a z for a sample mean 

e Explain why the z for a sample mean is superior to the single-sample f test but rarely used 

e Write one- and two-tailed null and research hypotheses using population parameters and words 

e Compute the degrees of freedom and define the critical region for one- and two-tailed 

single-sample t tests 

e Explain why az for a sample mean test and a single-sample ¢ test have different critical regions 

e Compute a single-sample t by hand and using SPSS 

e Determine whether or not you should reject the null hypothesis 

¢ Compute and interpret an effect size (d) 

e Interpret the SPSS output for a single-sample t 

e Summarize the results of the analysis using American Psychological Association (APA) style 

SINGLE-SAMPLE t TEST 

In the last chapter, you learned to use the z for a sample mean statistic to test a null hypothesis. To 

compute the z for a sample mean, you must know the population’s standard deviation (o). However, 

in most research situations, the population’s standard deviation is not known. In this chapter, you will 

learn how to use the single-sample ¢ statistic when you don’t know the population standard 

deviation. 

Like the z for a sample mean, the single-sample ¢ statistic is used to determine if the difference 

between a sample mean and a population mean is likely to be due to sampling error. The z for a sample 

mean and the single-sample t are different because the single-sample ¢ test uses the standard devia- 

tion of the sample (SD) rather than the standard deviation of the population to compute an estimate of 

expected sampling error. If you know the population standard deviation (0), you should always do a z 

for a sample mean, but when you don’t, you have to do a single-sample ¢ test. Almost everything else 

is the same between the single-sample t and the z for a sample mean. 

207 
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One of the differences between a z for a sample mean test and a single-sample 

t test is that 

a. the z for a sample mean is used when you don’t know the population 

standard deviation. 

Il. 
Reading 

Question 

b.) the single-sample f test uses the sample standard deviation to compute an 

estimate of the typical amount of sampling error. 

You can also use the single-sample ¢ statistic when you need to determine if asample mean is sig- 

nificantly different from any number of “theoretical” interest. Por example, you could compare the 

average amount of weight that a group of people lost while ona weight loss program to 0, which would 

represent no weight loss at all. In the weight loss example, the comparison value of 0 has a theoretical 

rationale because if a group of dieters’ average weight loss does not exceed 0 pounds, it would suggest 

that the program does not work. Hypothesis testing with the single-sample f test can determine 

whether the weight loss program produced significantly more weight loss than 0 pounds. In this case, 

0 pounds would be the value expected if the weight loss program did not work at all. It would be the 

value expected if the null hypothesis were true. 

2. A researcher wants to assess people’s knowledge of a topic by using 

a 10-question true/false test. Which value could be of theoretical 

interest to this researcher and, therefore, function as a null hypothesis 

test value? 

Reading 

Question 

a. The researcher might compare the mean number of correct answers to 10, 

the number that represents perfect performance on the test. 

D4 The researcher might compare the mean number of correct answers to 5, 

the average number of correct answers people would get if they were simply 

__ guessing on every question of the test. 

.c. The researcher could use either “10” or “5” in this situation because both 

values represent a level of performance that might be of theoretical interest 

to the researcher. 

CONCEPTUAL INFORMATION 

The single-sample ¢ test is logically identical to the z for a sample mean. Both tests compute the 

deviation between a sample mean and some expected value, which is either a population mean or 

a value of theoretical interest to the researcher. This deviation is the numerator of both the z test 

and the ¢ test. The denominator of both tests is a value representing “typical sampling error.” The 

minor computational difference between the z test and ¢ test is in the computation of typical sam- 

pling error. Table 7.1 highlights the similarities and differences between these two significance 

tests. 

When using the z test, the standard deviation of the population is used to compute the expected 

amount of sampling error (i.e., the denominator of the test, which is often called the error term). 

Specifically, sampling error is computed using the formula for the standard error of the mean 

fey : ‘ 
[ sem, = =): In some situations, however, researchers may not know o, the population’s standard 
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deviation. In these situations, researchers compute the standard deviation of the sample data and use 
it to compute an estimate of expected sampling error. This procedure is one of the ways the single- 

sample ¢ test differs from the z test. Specifically, sampling error is computed using the formula for the 

estimated standard error of the mean [sem = =| when using a sample t test. 
SAN 

FE) (FS Similarities and Differences Between the z Test and t Test 

z for a Sample Mean Test Single-Sample t Test 

Formula peed Alea 

SEM, SEM, 

Computation of sampling error 5 | SD 
(standard error of the mean) SEM, = ny SEM, = YN 

3. The only computational difference between the z for a sample mean formula 

and the single-sample t formula is the way Reading 

Question a. the numerator is computed. 

©. typical sampling error is computed. 

You should recall that critical regions define which values (z or t values) result in rejecting the null 

hypothesis. Another difference between z and t tests is the critical values used for each test. While 

the critical values for z tests are always the same, the critical values for t tests change based on sample 

size. For example, the critical value for a one-tailedz test with a = .05 is always +1.65 or —1.65. Stated 

differently, the z scores of +1.65 or —1.65 will always be the points that “cut” the 5% of the z scores 

in the critical region from the 95% of z scores in the body of the z distribution. Conversely, the critical 

values for a one-tailed t test with a = .05 will change based on how many people are in the sample. 

The reason for this is that the distribution of t values is not always normal in shape. When the sample 

size is small, the curve of t values is not shaped like a normal curve. In fact, the shape of the t curve is 

different for every sample size. Figure 7.1 illustrates how every sample size creates a different t curve 

by displaying the different t curves for three different sample sizes. The important consequence of 

the t curves having a different shape for every sample size is that the critical values that define the 

critical region are different for every sample size (i.e., N). Therefore, studies with different sample sizes 

will have different critical values even if both use one-tailed tests with a= .05. As N increases, the 

t critical value is closer to zero. 

4. The critical value for a one-tailed z test with a = .05 is always 

(a) +1.65 or -1.65. 
Ba0: 

Reading 

Question 

Cc. +1.96 or -1.96. 
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: The Shape of the t Distribution for Three Different 

Bigua.748 Sample Sizes 

— ftcurve with 121 participants; critical value = 1.6577 

t curve with 31 participants; critical value = 1.6955 

——- tcurve with 10 participants; critical value = 1.8595 

5. The critical value for a one-tailed t test with a = .05 
Reading 

i _a. is the same as the critical value for a similar z test. 
Question C= 

©) changes based on the size of the sample (i.e., N) being used. 

6. The critical value for a ¢ test will get as sample size increases. 
Reading 

Question 
a. farther from zero 

«(DY closer to zero 

7. As the sample size increases, the critical region for a ¢ test 
Reading 

; a. gets larger (more than 5% of the distribution). 
Question 

2. gets smaller (less than 5% of the distribution). 

&) stays the same size (equal to 5% of the distribution), but its location changes. 

The reason why the f curve has a different shape for every sample size is related to the fact that 
random sampling error changes so readily with sample size. Intuitively, it probably makes sense to you 
that larger random samples have less sampling error than do smaller random samples. After all, larger 
samples contain more of the population in them, and that implies less of a difference between the 
sample and the population. 
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When performing a ¢ test, increasing the sample size will the 

amount of sampling error expected. This means the denominator of the 
t test will be 

Reading 

Question 
a._increase; smaller 

b— increase; larger 
= 

(¢, decrease; smaller 

d. decrease; larger 

Aside from the differences in the computation and the critical value, the steps in hypothesis testing are the 

same for a single-sample t as with the z for a sample mean. The following example illustrates these steps. 

ONE-TAILED SINGLE-SAMPLE t TEST EXAMPLE 

College students in the United States are taking on student loan debt at record levels. As of 2013, the 

Consumer Financial Protection Bureau estimated that the total amount of federal student loan debt in the 

United States was over $1.2 trillion. Although there are many reasons for the increasing student loan debt, 

research on a common decision-making heuristic known as the optimism bias (Weinstein, 1980) suggests 

that one factor contributing to increasing student loan debt might be that students are overly optimistic about 

what their salaries will be after graduation. A financial aid counselor wants to see if students are overly opti- 

mistic about their future salaries. She knows that the distribution of starting salaries for psychology majors 

graduating from her school is normally distributed with a mean of $36,000 or 1. = $3,000 a month. To deter- 

mine if psychology students are overly optimistic about their potential salaries, the counselor obtains a 

random sample of 15 psychology majors from her school and asks each one of them individually what they 

expect their monthly salary will be in their first job after graduation. The 15 students’ expected starting 

monthly salaries were 3,500, 4,200, 2,500, 3,200, 2,700, 2,000, 2,500, 4,100, 5,000, 4,200, 2,900, 3,900, 

4,000, 5,000, and 5,500, which is a sample mean of M = 3,680. Previous research on the optimism bias (€.g., 

Weinstein, 1980) suggests that students will be overly optimistic in their estimates, and so the counselor 

chooses to do a one-tailed test. She also chooses an alpha of .05. Is the students’ mean estimated starting 

salary significantly higher than the actual starting salary for psychology majors? 

Step 1: Examine the Statistical Assumptions 

The first assumption of data independence is met because the counselor collected the data carefully, 

not allowing any participants to influence other participants’ answers. The second assumption of 

appropriate measurement of the IV and the DV is met because the DV, expected monthly salary, is mea- 

sured on an interval/ratio scale and quantifies how much more (or less) each participant expects to 

make, and the(IV, psychology students’ expectations versus actual salaries, identifies a group of stu- 

dents’ salary expectations versus a population’s actual salaries. The third assumption that the distribu- 

tion of sample means will havea normal shape is also met because the population of psychology majors’ 

expected salaries is normally shaped. 

When performing a single-sample f test, the last assumption of homogeneity of variance is more dif- 

ficult to assess. The assumption is that the sample standard deviation (SD) is similar to the population 

standard deviation (co), but when you are doing a single-sample f test, you don’t know the population 

standard deviation (c). So, researchers typically assess this assumption by using their knowledge of the 

variables they are studying. Is the “treatment” being applied to the sample likely to change the vari- 

ability of scores? In this study, the counselor is only asking students how much money they expect to 
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make. This question, if asked carefully, is unlikely to make students’ answers more or less variable, so it 

is safe to assume that the sample standard deviation will be similar to the population standard deviation. 

However, if the counselor were to conduct the study poorly, perhaps by asking a leading question like 

“Many students overestimate what their starting salaries will be. How much do you expect to make?” 

Asking the question this way could change students’ answers, making every student lower his or her 

estimate, which could cause the sample’s salary estimates to be less variable than the population’s salary 

estimates, which would violate the homogeneity of variance assumption. Again, this example illustrates 

that poor research methodology can really mess up your statistics. In this study, the counselor worded 

the question carefully so the homogeneity of variance assumption was probably met. 

You use a single-sample ft when 
Reading 

a a. the IV defines two independent samples and the DV is measured on an 

Question interval/ratio scale. : 

b. the IV defines two matched samples and the DV is measured on an interval/ 

Tatio-scale. 

e=the IV_defines one sample, the DV is measured on an interval/ratio scale, and 

the DV is measured twice on that same sample. 

€4) the IV defines one sample and the DV is measured on an interval/ratio scale 

~ and you do not know the population standard deviation. 

€>thetv-defines one sample and the DV is measured on an interval/ratio scale 

and you do know the population standard deviation. 

10. When performing a single-sample t test, which of the following assumptions is 

the most difficult to assess? Reading 

Question a. Data independence 

b. Appropriate measurement of the IV and the DV 

c. Normality of the distribution of sample means 

Cd. [ATI SS Tey of variance 

Step 2: State the Null and Research Hypotheses 

Symbolically and Verbally 

In a one-tailed significance test, the researchers make a specific prediction about whether the sample 

mean will be higher or lower than the population mean, and therefore, there is one critical region. In 

this case, the research hypothesis would be that the population of psychology majors’ mean estimated 

starting salary is higher than $3,000/month and therefore, the critical region would be on the positive 

side of the distribution. The null hypothesis would be that the population of psychology majors’ mean 

estimated starting salary is not higher than $3,000/month. The null and research hypotheses will always 

be mutually exclusive and will cover all possible outcomes. 

11. One-tailed significance tests 
Reading L7o™N 

: ((a. )have one critical region that is either on the positive or negative side of a 
Question mee ; . distribution. 

b. have two critical regions, one on the positive side and one on the negative 
side of a distribution. 
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When using a one-tailed significance test, if the research hypothesis predicts an 

increase (or positive change), the critical region will be on the side of 

the distribution. 

Reading 

Question 
a. negative 

(b) positive 
“Ss f 

You should notice two things about the null and research hypotheses for a one-tailed significance 

test. First, because they are mutually exclusive, one of them has to be correct. Second, the one-tailed 

hypotheses indicate that researchers will only reject the null hypothesis if the t value is far from zero 

and if it is in the direction stated in the research hypothesis. In this case, the researchers would only 

reject the null hypothesis if the t value is far from zero on the positive side of the ¢t distribution. A 

t value in a positive critical region would indicate that the sample mean is significantly higher than the 

actual value of $3,000/month. In this example, a t value that is far from zero in the negative direction 

would result in failing to reject the null hypothesis. The symbolic and verbal representations of the 

research and null hypotheses are presented in Table 7.2. 

Symbolic and Verbal Representations for One-Tailed Research and Null Hypotheses 
Table 7.2 : 

for Single-Sample t Test 

Mean Difference 

Symbolic Verbal Created by 

Research H.= Hosvch majors > 3/000 | The mean estimated starting salary of Psychology majors’ 

hypothesis the population of psychology majors is | overestimating their 

(H,) higher than the actual mean starting starting salanes 

salary ($3,000/month). 

Null Hy: Vosych majors < 3/000 | The mean estimated starting salary of | Sampling error 

hypothesis the population of psychology majors is 

(H,) not higher than the actual mean 

starting salary ($3,000/month). 

Step 3: Use Sample Size to Compute Degrees of 

Freedom and Define the Critical Regions 

In the previous discussion about critical regions, you learned that as sample size increases, the critical 

value gets closer to zero. To locate the exact critical region, you will need the study’s sample size as well 

as a table of critical t values (Appendix B). Once you know a study’s sample size, you need to compute 

its degrees of freedom (df). For the single-sample t test, the df formula is df= N — 1. So, in this case, 

df =N-1=15-1=14. 

Then, you use the critical t values table in Appendix B to find the specific t critical value when df= 14. 

In this case, you should find the df of 14 in the left-most column of the one-tailed table and then find 

the critical value in that row under the .05 heading. Figure 7.2 illustrates how to use Appendix B. 
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: ey ete In this case, the critical t value is 1.7615. The 

area Finding the Critical t Value research hypothesis predicted that our sample mean 

would be greater than our population mean (i.e., a 

positive difference for M—). Thus, the critical region 

is on the positive side of the distribution, and the 
| ieee) 
i df | c a = = 05 Os = 01 | critical region starts at +1.7613. Therefore, the null 

foe . hypothesis should be rejected if the obtained t we 

calculate in the next step is equal to or greater than 

iol +1.7613, expressed mathematically as t obtained 2 

| +1.7613. 

Sf : The degrees of freedom (d 

Reading fora ees le f test Hf 

oer ei T Question ae i j : | computed as 

| 15 Iq 1.7531 © ui 6025 
} Rene inbeinitanbiand ms aadN: * pn 

\b. JN = 1. 

14. The degrees of freedom are used to 
Reading 
ouecnGn = compute the single-sample f. 

( *)) determine the critical value. 
S 

a 15. Ifthe research hypothesis indicates that scores will decrease, the critical value will be 
Reading a 

: a. positive. 
Question + 

\S negative. 

Step 4: Compute the Test Statistic (Single-Sample ¢ Test) 

4a. Compute the Deviation Between the Sample Mean 
and the Population Mean 

Begin by computing the deviation between the sample mean and the population mean. The mean 

estimated monthly salary from the 15 psychology majors was M = 3,680, and the actual monthly salary 

was pt = 3,000. So, the mean difference is 680. : 

(M — 11) =(3,680 — 3,000) = 680. 

4b. Compute the Sampling Error Expected 

To interpret the observed deviation of 680, you need to determine how much of a difference you would 
expect between M and pt due to sampling error. Sampling error is estimated by computing the esti- 

mated standard error of the mean (SEM, = = . To compute sampling error, you need to know the 
: N 

standard deviation of the sample (SD) and the size of the sample (N). In this problem, the standard 
deviation of the sample is not given to you. Therefore, you must compute it from the sample data. As 
you may recall from Chapter 3, computing the SS (i.e., the sum of squared deviations) is the first step 
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to computing SD. The computational formula for SS is SS =x’ — eA . You need to sum all of the 

scores (Xs) to find xXx = 55,200. Then, you need to take every score (X) and square it, then sum all of 

the squared scores (X*) to find © X* = 218,240,000. There were 15 scores, so N= 15. Make sure you can 

find each of these values and then find SS. The SS is computed as shown below. 

SS =U.X? - Ox) “= = 218,240,000 - C°2°07 == 15,104,000. 

The standard deviation is computed by dividing the SS by N — 1 and taking the square root of the quotient. 

SD= (Boe = 29,104, 000 = 1,038.680. 
Nes 14 

And finally, the standard error of the mean is computed by dividing the standard deviation by the 

square root of the sample size. 

ie SD _ 1,038.680 
fm V15 

In this case, the typical amount of sampling error was computed as 268.186. Therefore, sarmple means will 

typically be 268.186 away from the population mean due to sampling error. 

= 268.186. 

For this example, the observed difference between the sample mean and 

the population mean was : the difference expected due to 

sampling error was 

a. 268.186; 680 

(b)680; 268.186 
ae 

Reading 

Question 

4c. Compute the Test Statistic (Single-Sample t Test) 

Dividing the observed difference between the sample mean and the population mean by the estimate 

of average sampling error yields the obtained f value. 

M- _3,680-3,000_,,, 
— — 

SEM, 268.186 

Then, determining if you should reject the null or not is as easy as determining if the obtained 

t value (+2.54) is in the predicted direction and if it is farther from zero than the critical value of 

41.7613. In this case, the obtained t value is positive, as predicted, and it is more extreme than the criti- 

cal value so you have sufficient evidence to reject the null hypothesis. 

Another way to describe these results is to say, “The obtained t value is in the critical region, 

therefore, there is sufficient evidence to reject the null hypothesis.” In this case. your a = .05, and 

your obtained t were in the critical region. This means that there is less than a 5% chance that you 

would obtain a t value of +2.54 or higher if the null hypothesis were true. Therefore, the statistical 

analysis suggests that the null hypothesis is probably false and that the research hypothesis is likely 

to be true. In other words, the study suggests that psychology majors tend to overestimate their starting 

salaries after graduation. 
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17. If the obtained t value is farther from zero than the critical value, you should 

Reading ae 
. (a) reject the null hypothesis. 

Question © 
b. fail to reject the null hypothesis. 

Step 5: Compute an Effect Size and Describe It 

As with the z for a sample mean, after completing the significance test in Step 4, you should com- 

pute an effect size so you can describe the difference between the means as slight, moderate, or 

large. The effect size estimate for the single-sample ¢ test is computed in the same way it was for 

the z for asample mean except the sample standard deviation (i.e., SD) is the denominator rather 

than the population standard deviation (i.e., 0). 

_ Observed deviation between the means | M—p _ 3,680 —3,000 _ 

Standard deviation SD 1,038.68 
OD: d 

An effect size of .65 means that psychology majors estimated their mean salary to be .65 of a 

standard deviation higher than the actual average monthly salary of psychology majors. The same 

effect size guidelines are used for z and t—namely, ds close to .2, .5, and .8 are small, medium, and 

large effects, respectively. In this case, the effect size of .65 is medium to large, meaning that psy- 

chology majors overestimate their starting salaries by a quite a bit. However, with such a small 

sample size, it is possible that this medium to large effect is the result of sampling error. 

18. When computing an effect size for a single-sample f test, the 

denominator is Reading 

Question (@,the sample standard deviation. 

b. the population standard deviation. 

Step 6: Interpreting the Results of the Hypothesis Test 

As before with the z for the sample mean, the final step is summarizing the results by explicitly stating 

if psychology majors tend to overestimate their starting salaries or not. Answering this question was 

the reason why you did all of these statistics; it’s a waste of all that effort if you don’t explicitly tell 

people what you found. Your summary should also include the mean of the sample and population, 

the df, the obtained t value, if the p value was less than or greater than the alpha value, and the com- 

puted effect size. Psychologists report all of this statistical information in a very specific format to save 

space. An example APA summary statement is shown as follows: 

The average expected monthly salary for psychology majors (M = 680, SD = 1,038.68) was sig- 

nificantly higher than the actual starting salary of $3,000, t(14) = 2.54, p < .05, d= .65. This analysis 
suggests that psychology majors do tend to overestimate the starting salaries they can expect after 
graduation by quite a bit. 

In the previous chapter, you learned to report the exact p value in your summary statement of a z for 
a sample mean (e€.g., p = .02). If you know the exact p value of a statistical result, you should always report 
it. When using a z for a sample mean in the previous chapter, you could easily determine the exact 
p value for any z score by looking it up in the unit normal table (i.e., Appendix A). However, it is more 
difficult to determine the exact p value of a t score because while there is only one probability for each 
z score, the probability of a t score depends on the study’s sample size. Therefore, it is not practical for 
any book to provide all the probabilities for every t score and every sample size. Therefore, it is common 
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to simply report if the p value is greater than or less than the chosen alpha value (e.g., .05 or .01) when 

performing a ¢ test by hand. If the obtained ¢ value is in the critical region, the p value for that t score 

must be less than the alpha value (.05 or .01). Therefore, you would write p < .05 whenever you reject 

the null. On the other hand, if the obtained t score is less than the critical value, its p value must be 

greater than the alpha value and you would write p > .05. To be clear, the only reason you would ever 

write p < .05 or p > .05 would be if you don’t know the exact p value. When you compute a statistic by 

hand, you will not usually know the exact p value of your results. However, when you use a computer 

to perform your statistics, it will usually provide you with the exact p value and so you should report it. 

19. The number in the parentheses in the character string “t(14) = 2.22, p< .05, 

d=.57” is the 

a. number of participants in the study. 

(b) degrees of freedom. 

c. critical t value. 

Reading 

Question 

Generally, you should report , but it is acceptable to report 

when you are computing your statistical tests by hand. Reading 

Question A. p> .05 or p < .05; exact p values 

(b. exact p values; p> .05 or p< .05 

TWO-TAILED SINGLE-SAMPLE t EXAMPLE 

In the previous example, we used a one-tailed t test (also known as a directional test). It is also possible to 

use a two-tailed f test (also known as a nondirectional test). For example, suppose that after learning that 

psychology majors were overly optimistic about their own starting salaries, you want to know if students 

are similarly optimistic when estimating others’ starting salaries. To test this, you recruit 15 different psy- 

chology majors and ask them to estimate the average monthly salary that the typical psychology major 

can expect in his or her first job after graduation. You are not sure if students will overestimate or under- 

estimate others’ staring salaries, and so you should do a two-tailed test rather than a one-tailed test. 

In two-tailed hypothesis tests, you do not have a specific directional prediction concerning the 

treatment. Therefore, the two-tailed research hypothesis states that the average estimated monthly 

salary will either be higher than $3,000 or lower than $3,000. Thus, two-tailed research hypotheses 

have two critical regions, one in the positive tail and one in the negative tail. If the obtained t value 

were in the positive critical region, you would conclude that the students overestimated the average 

starting salary of the typical psychology major. Conversely, if the obtained t value were in the nega- 

tive critical region, you would conclude that the students underestimated the average starting salary. 

Finally, if the obtained t value were “close to zero” (i.e., between the positive and negative critical 

values), you would fail to reject the null hypothesis. 

The choice between a one- and two-tailed test can have a dramatic impact on the critical 

region(s), and therefore, your decision about whether to use a one- or two-tailed test can influence 

whether or not you reject the null hypothesis. For example, if your sample has 15 people and you 

conduct a one-tailed test with a = .05, your critical value would be +1.7613 and you would reject 

the null if your obtained t value was +1 8. However, if you analyzed the same data but chose to con- 

duct a two-tailed test, your critical t values would be +2.1448 and —2.1448. If using this two-tailed 

test, you would not reject the null if your obtained t value was +1.8 because +1.8 is not in either of 

the two critical regions. Figure 7.2 makes this point visually. The reason for the different conclu- 

sions is that the one-tailed test critical value is closer to zero than the two-tailed critical values. For 
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both types of tests, 5% of the distribution is in a critical region, but with a two-tailed test, 2.5% of 

the distribution is in each tail while with a one-tailed test, 5% is in a single tail. This means that 

the critical value will be closer to zero for a one-tailed test than a two-tailed test. Therefore, if your 

research hypothesis is directional, it is to your advantage to use a one-tailed test rather than a two- 

tailed test. Again, this point is made visually in Figure 7.3. 

Why is your decision to conduct a one-tailed rather than a two-tailed test 

potentially important? 

\a. )One- and two-tailed tests have different critical regions and therefore may 

lead to different conclusions about the null hypothesis. 

Reading 

Question 

b. One- and two-tailed tests will produce different obtained ¢ values. 

22. When should you conduct a one-tailed test? 

(a) Conduct a one-tailed test when the research hypothesis predicts scores will 

~~ increase or if it predicts scores will decrease. 

Reading 

Question 

b. Conduct a one-tailed test when the research hypothesis does not specify if 

scores will increase or decrease. 

latices Visual Representation of the Two-Tailed and One-Tailed Critical Regions 

Two-tail tf curve with N = 15 One-tail t curve with N = 15 

Obtained t 

value of +1.8 

Critical value of t = —2.145 and +2.145 Critical value of t=+1.761 

After learning that psychology majors were overly optimistic about their own starting salaries, you 
want to know if students are similarly optimistic about others’ starting salaries. You recruit 15 different 
psychology majors and ask them to estimate the average monthly salary that the typical psychology 
major can expect in his or her first job after graduation. The estimated salaries were 3,400, 53500} 
2,500, 3,200, 2,700, 2,000, 2,500, 3,300, 3,200, 3,000, 2,900, 3,900, 3,800, 3,900, and 3,600. You know 
that the population’s actual monthly salary is normally shaped with } = 3,000. You are not sure if 
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students will be optimistic about others’ staring salaries, and so you correctly choose to do a two-tailed 

test rather than a one-tailed test. You decide to use a = .05. 

Step 1: Examine the Statistical Assumptions 

Your study seems to meet all four statistical assumptions. You collected data carefully to ensure that 

the students’ answers did not influence each other (assumption of data independence). You also worded 

your question carefully so students’ answers were not made more or less variable (assumption of homo- 

geneity of variance). You measured the DV of expected salary on an interval/ratio scale of measurement, 

and your IV identifies how the sample differs from the population (appropriate measurement of vari- 

ables assumption). The distribution of sample means will have a normal shape (assumption of normal- 

ity) because the original population of scores has a normal shape. Again, good experimental design is 

necessary for trustworthy statistics. 

Step 2: State the Null and Research Hypotheses 

Symbolically and Verbally 

The hypotheses for two-tailed tests are different from one-tailed tests. For a two-tailed test, the null 

hypothesis is always that the sample and population means will be the same. The research hypothesis is 

that the means will differ, but it does not indicate which mean will be higher than the other. The symbolic 

notation and the verbal descriptions of the null and research hypotheses for this study are in Table 7.3. 

Symbolic and Verbal Representations for Two-Tailed Research and Null Hypotheses 

for a Single-Sample t Test 
Table 7.3 

Mean Difference 

Verbal Created by 

Research H.: Hosych majors * 3000 | The mean estimated starting salary of | Psychology majors’ 

hypothesis the population of psychology majors over- or underestimate 

(H,) is not equal to the actual mean starting salaries of 

starting salary ($3,000/month). other psychology 

majors | 

Null hypothesis | Ho: Hocych majors = The mean estimated starting salary of | Sampling error 

(H,) 3,000 the population of psychology majors 

is equal to the actual mean starting 

salary ($3,000/month). 

Always use the “not equal” sign for a two-tailed research hypothesis. This indicates that you are 

predicting that the sample mean will be different from the population mean. You are not specily- 

ing whether the sample mean will be higher or lower than the population mean, just that it will be 

different. 
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23. Which of the following symbols should be used to represent a two-tailed 

research hypothesis? Reading 

Question aoe 

aS 

Step 3: Use Sample Size to Compute the Degrees 
of Freedom and Define the Critical Regions 

The formula for df is the same for one- and two-tailed tests. As was the case in the one-tailed example, 

the df here is 

df =N-1=15-1=14. 

Now you will use the table of critical values of t in Appendix B to determine the critical value for a 

two-tailed test when the df= 14. In this case, you find the df in the left-most column and then find the 

value in that row under the two-tailed .05 heading. The critical value is 2.1448. Therefore, the two cut 

lines that define the positive and negative critical regions are located at +2.1448 and —2.1448, respec- 

tively. Figure 7.4 will help you visualize these two critical regions on the distribution of t values. 

Figure 7.4 | UE Visual Representation of the Two Critical Regions 

Deemer tail contains Positive tail contains 

2.5% of the t pra ee .5% of the t curve 

Positive critical value of t=+2.145 

SB eat NS ag eee qinaicd me maence ee em ree were mettre 2 OhorER 1 2 HTORNS x S ee Lee * es — +. * 2 TEAS 6 g VOCE Se = a. Ne 

Step 4: Compute the Test Statistic (Single-Sample t Test) 

4a. Compute the Deviation Between the Sample Mean and the Population Mean 

This step is identical to a one-tailed test: 

(M ~ 1) =(3,160 3,000) = 160. 
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4b. Compute the Average Sampling Error Expected 

This step is identical to a one-tailed test. As in the previous example, the standard deviation of the 

sample (i.e., SD) is not given to you in the problem, so you must compute it from the sample data. If 

you are not sure how this is done, you should review the previous example. In this problem, the stan- 

dard error of the mean is defined by 

SD 561.630 
SEM, == = =~ = 145.012. 

SNe nal 5 

In this case, the typical amount of sampling error was computed to be 145.012. The correct way to 

think about this sampling error value is that while some sample means will have more sampling error 

than 145.012 and others will have less, the typical amount of sampling error for all possible samples 

is 145.012. 

4c. Compute the Test Statistics (Single-Sample t Test) 

The computation of the test statistic is also identical for one- and two-tailed tests. 

EME WS 160=5, 000.5 4, 
SEM, 145.012 

The obtained t value associated with the sample mean of 3,160 (i.e., 1.10) was not in either critical 

region. This means that there is more than a 5% chance that the mean difference in the numerator is 

due to sampling error. Therefore, you should not reject the null hypothesis. The results suggest that 

the psychology majors do not overestimate the starting salaries of others. Figure 7.5 may help you 

visualize the outcome of this two-tailed hypothesis test. Because the obtained t value was not in either 

critical region, there is not enough evidence to reject the null hypothesis. 

Visual Representation of the Relationship Between the Obtained t Value 

aE and the Two Critical Regions 

Obtained t value 

of +1.10 
Positive tail contains Negative tail contains 
2.5% of the t curve 2.5% of the t curve 

Negative critical value of t= —2.145 Positive critical value of t=+2.145 
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Step 5: Compute an Effect Size and Describe It 

The computation of the effect size is identical for one- and two-tailed tests. 

Observed deviation between the means _ M-— wu eS 3,160 — 3,000 -0.28 

Standard deviation SD 561.630 

The effect size of 0.28 indicates that psychology majors only slightly overestimate the starting sala- 

ries of others. Psychology students tend to overestimate the size of others’ starting salaries by .28 

of a standard deviation. The size if this effect is small, and because the sample size was very small, 

the effect size could very well be the result of sampling error. 

Step 6: Interpreting the Results of the Hypothesis Test 

The only difference in writing the summaries of one- and two-tailed hypothesis tests is that you need 

to let the reader know whether you ran a one- or two-tailed test. It is good practice to always do this, 

but we have not done so previously because you did not yet know about both types of tests. The fol- 

lowing sentences summarize the analysis from this example: 

The average estimated salary for typical psychology students (M = 3160.00, SD = 561.63) was not 

significantly different from the actual average monthly salary of $3,000, t(14) = 1.10, p > .05 (two-tailed), 
d = .28. These results suggest that psychology students are fairly accurate at estimating the future 

starting salaries of others. While there was a slight tendency to overestimate salaries, there was not suf- 

ficient evidence to conclude that the trend was more than just sampling error. 

di 24. For which of the following hypothesis testing steps is there a difference between 

Rea ing one-tailed and two-tailed tests? (You should choose three of the following five steps.) 

Question a )Step 2: stating null and research hypotheses 

G Step 3: defining the critical region 

c. Step 4: computing the test statistic 

d. Step 5: computing the effect size 

( e.\ Step 6: writing the results 

OTHER ALPHA LEVELS 

In both of the preceding examples, we chose to use a = .05 because in many research areas, 
it is the most commonly used alpha level. However, in some cases, you may choose the more stringent 
alpha level of .01. One result of using a = .01 is that the critical region becomes smaller. For example, 
if you were to use a = .01 with a two-tailed test with df= 14, your critical regions would be t > 2.9768 
and t < —2.9768. If you were to use a = .01 with a one-tailed test with df = 14, your critical regions 
would be t = 2.6245. 

When the null hypothesis is true, the probability of a Type I error is equal to the alpha value you 
choose. Therefore, if you choose the more stringent @ = .0}, you are making it harder to reject the null 
hypothesis. This means that you are less likely to make a Type I error, but the smaller alpha level also 
affects the Type II error rates and statistical power. The smaller alpha of .01 means you have less statis- 
tical power and are more likely to make a Type II error than if you use a .05 alpha value. Thus, you need 
to balance your desire to minimize Type I errors with your desire to have statistical power (i.e., your 
ability to reject the null hypothesis). 
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In this book, we will typically tell you which alpha level to use because you don’t yet have enough 
information about the research questions to make an informed decision about which alpha level is 

most appropriate. Researchers make this decision based on a number of different factors. For example, 

a researcher who is testing a treatment for a serious disorder that currently has no available treatment 

is going to be most concerned about making a Type II error (missing a treatment really works) and use 

a higher alpha level (e.g., .05 or even .10). Researchers may also choose their alpha level based on their 

sample size. For example, a researcher studying gender differences in math test scores may have access 

to scores from millions of children. In this case, the researcher would probably use a much lower alpha 

level (e.g., .01 or even .001) because they have so much statistical power that they don’t want to report 

effects that are statistically significant but practically meaningless (i.e., have very small effect sizes). 

Choosing the correct alpha value is highly dependent on the research context. 

25. Which of the following alpha values creates a greater probability of a Type I error? 

a. Ol 

rb.) (0) .05 

Reading 

Question 

26. Which of the following alpha values creates a greater probability of a Type II error? 

(.).01 
B2205 

Reading 

Question 

27. Which of the following alpha values results in more statistical power? 

—a8t— 

G).0s 
Reading 

Question 

SPSS 

Data File 

Enter the scores for the first problem (students’ expected 

salaries) as described in Chapter 1. When you are done, 

your data file should look like Figure 7.6. 

6 SPSS Screenshot of Data 
Fi gure a 

Entry Screen 

. in eban i Lae 16 
Computing a Single-Sample t ie sana ec 

® Click on the Analyze menu. Choose Compare 

Means and then One Sample ¢ Test (see 

Figure 7.7). 

® Move the variable of interest into the Variables 

box (see Figure 7.8). 

* Change the Test Value if necessary (in this case 

it should be 3000). 

Wawona wn = 

Perey 

Sih ® DD 

© The Test Value is the number you are com- 

paring the sample mean to. 

© If your t is wrong, it is most likely because 

you left the Test Value as 0. 

iBnt SPSS Statistics Processor 1s ready ‘Ynicous,OFF 

® Click on the OK button. 
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atitiMavan SPSS Screenshot of Selecting the One-Sample t Test 

© “Untitled! [DataSet0] - IBM SPSS Statistics Data Editor — 
File Edt View Gata Transform Analyze Graphs Utilities Add-ons Window 

2A bef Sy GE) wn mm | Resons ry sey ay Fal eg Mi 

_ Compare Means /] Means. 
General Linear Model ‘Glonesan ple T Test. eh ee 

Generalized Linear Models ‘@ In en Samples T Testy. 

geen gine |B paired-Sampies T Test. 
ae ledecnncinede 
Regression 

Loglinear 

Classify 

Dimension Reduction 

3500.00 
4200.00 
2500.00 
3200.00 
2700.00 
2000.00 
2500.00 

4100.00 

5000.00 eae 
4200.00 Nonparametric Tests 

2900.00 Forecasting 
3900.00 Survival 

4000.00 : Multiple Response 

5000.60 3%) Simutation.. 

$500.60 Quality Control 

sea FG ROC Curve... 

¥ FF KR Y & HY oF FOR © ow By + 

IBM SPSS Statistics Processor is ready Unicode:ON 

Fi; 78 SPSS Screenshot of the Test Value and Test Variable 

igure 1° yaa One-Sample t Test 

“2 One-Sample TTest 

Test Variable(s): 

Output 

Your output will have the following two boxes (see Figure 7.9). 
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Annotated SPSS Output for a One-Sample t Test 

One-Sample Statistics 

Std. Std. Error Mean: The average distance 

Deviation: that all possible sample means of 

Sample 15 people are from the population mean 

standard of 100. This is the estimated sampling 

deviation (SD) error and the denominator of t test (SEM,). 

Test Value: Population mean (11) or the value 

to which the sample mean is compared 

One-Sample Test 

Test Value = 3000 

95% Confidence Interval of the 
Difference 

Mean 
Difference Lower Upper 

680.00000 | 104.7979 1255.2021 

Sig. (2-tailed): 

Two-tailed p value; 

the probability of 

obtaining at score 

this extreme or 

more extreme if the 

null hypothesis is 

true. 

Sig. (2- a 

Mean Difference: 95% Confidence 

The difference Interval: We are 

between the 95% confident 

sample mean and that the actual 

the population difference 

mean; between the 

the numerator of sample and 

the t test population means 

is between the 

lower and upper 

values. 

df: 
Degrees of 

freedom 

(N-1) 

t: Obtained 

t value 

for a one-tailed test, 

divide p by 2; 

reject H, ifp <a 

28. When you enter data into SPSS, each person’s data (i.e., score) go in 

their own Reading 

Question Ca. Drow, 
a column. 
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29. Use the “One-Sample Statistics” output to determine how many people were in 

Reading this study (i.e., the size of the sample). 

Question a. 14 

b. 15 

Use the “One-Sample Statistics” output to determine what the mean of the 

sample was in this study. 

a. 3,000 
(b. \3,680 
C. 1,038.68 
d. 680 

Reading 

Question 

31. Use the “One-Sample t test” output to determine the population mean 
Reading |— (ie., the test value) in this study. 
Question (4. 3,000 

b. 3,680 
C. 1,038.68 

d. 680 

32. Use the “One-Sample Test” output to determine the obtained ft value in 
Reading this study. 
Question Fa024 

Ch) 2.536 
C. 680 

33. Use the “One-Sample Test” output to determine the p value in this study. 
Reading ee 
Question 

b. .05 

C56) 

Readi 34. Use the “One-Sample Test” output to determine if the null hypothesis of this 
ea ing study should be rejected. 

Question ‘a. /The null hypothesis should be rejected because the p value (Sig.) is less than .05. 

b. The null hypothesis should not be rejected because the p value (Sig.) is less 
than .05. 

OVERVIEW OF THE ACTIVITY 

In Activity 7.1, you will work through all of the steps of hypothesis testing doing the calculations with a 
calculator and using SPSS. You will also read research scenarios and determine whether az fora sample 
mean or a single-sample ¢ test is the correct test for that situation. 



CHAPTER 7 Single-Sample t Test 227 

Learning Objectives 

After completing this activity, you should be able to do the following: 

Write a null hypothesis and research hypothesis using symbols and words 

Compute the degrees of freedom and define a critical region 

Compute a single-sample t using a calculator and SPSS 

Determine whether you should reject the null hypothesis 

Compute and interpret an effect size (d) 

Summarize the results of the analysis using APA style 

Interpret the SPSS output for a single-sample t 

Explain how you decide to reject the null hypothesis based on the Sig. (1p) value provided by SPSS 

for both one- and two-tailed tests 

TWO-TAILED EXAMPLE 

Renner and Mackin (1998) gave a survey assessing levels of stress to 239 students at a university in the 

eastern United States. The survey measures stress on an interval/ratio scale. The mean stress score for this 

group was normally distributed with a mean of 1,247. The Women’s College Coalition argues that students 

at women’s colleges are more satisfied with their college experience than students at coed colleges. You 

wonder if those attending a women’s college have different stress levels than those attending coed col- 

leges. You gave the same scale used by Renner and Mackin (1998) to a sample of 12 students from a 

women’s college to determine if their stress levels were significantly different from the students in the 

original Renner and Mackin (1998) study. The data from the 12 students are as follows: 

1. All the necessary assumptions are met by this study. Match each of the statistical assumptions to 

the fact that implies the assumption was met. 

2s Independence 

_\5__ Appropriate measurement of the IV and the DV 

ns Normality 

_(A_ Homogeneity of variance 
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a. Based on how the data were collected, it is unlikely that the SD and the o will be dramatically 

different. 

b. The IV identifies how the sample is distinct from the population, and the DV is measured on 

an interval/ratio scale. 

c. The population of stress scores has a normal shape. 

d. The stress scores from each person in the sample were collected in a manner that ensured 

one person’s scores did not affect anyone else’s scores. 

2. Why can’t you use a Z test to analyze these data? 

a. You don’t have a sample mean and a standard deviation. 

(6) You don’t have a population standard deviation. 

Analyze the data using a calculator. Use a two-tailed test with an alpha of .05 to determine if 

the mean score for this sample is significantly different from a score of 1,247 (the mean score 

produced by the normative sample). 

3. Choose the correct two-tailed null hypothesis. 

oe pe voments college =1 ,247 

b. Pyvomen’s college #1 247 

c. vamen's college 2 1 247 

d. < 1,247 Pvomen’s college 

4. Choose the correct two-tailed research hypothesis. 

aN ements college 1,247 

©) women's college leo? 

Ce romenseotiegs 7 k 

d. Hwomen’s college = 1,247 

5. Compute the degrees of freedom (df = N — 1) and use that value to define the critical regions. Use 
a= .05. 

a. Reject H, if (> 1.96 or £<=1.96 

(b. Reject H, if t> 2.2010 or t <—2.2010 

Cc. Reject H, if t< 1.96 

d® RejectiH, if £< 2.2010 

6. Compute the test statistic. (Note: You will need to compute the sample M and SD using the 12 
scores from the sample.) 

gs 
“y 

7. Compute an effect size (d). 
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8. Describe the size of the effect as small, small to medium, medium, medium to large, or large. 

9. Which of the following is the best interpretation of the effect size? 

a. The sample’s mean stress level was below the population’s mean stress level by 0.70 points. 

b. The sample’s mean stress level was 0.70 standard deviations below the population mean’s 

stress level. 

c. The small effect size indicates that the mean difference was not statistically significant. 

d. The effect size (0.70) was greater than .05 and so we fail to reject the null. 

10. Choose one of the following APA style summaries for the analysis you just completed. Fill in the 

three blanks with the (df), obtained t value, and the effect size (i.e., d) only for the correct 

summary. 

a. The students’ scores (M = 874.17, SD = 535.56) were significantly lower than the population 

(ub hy PAETO), al )= , p < .05 (two-tailed), 
2h 

b. The students’ scores (M = 874.17, SD = 535.56) were significantly higher than the population 

_ (= 1,247), tC )= , p < .05 (two-tailed), 
‘ 4 a ; 

c. The students’ scores (1 = 874.17, SD = 535.56) were not significantly different from the 

population (M = 1,247), €( = , p < .05 (two-tailed), 

11. You may have made an error when you decided whether to reject the null. Based on your answer 

to Question 10, which error is possible (Type I or Type II)? 

a. It is possible that I made a Type I error because I rejected the null hypothesis. 

b. It is possible that I made a Type II error because I rejected the null hypothesis. 

c. It is possible that I made a Type I error because I failed to reject the null hypothesis. 

d. It is possible that I made a Type II error because I failed to reject the null hypothesis. 

12. Use SPSS to reanalyze the data you just analyzed by hand. 

Enter the data into one column in the SPSS data editor. 

Click on the Analyze menu. Choose Compare Means and then One-Sample t Test. 

Move the Stress Scores variable into the Variables box. 

Change the Test Value to the pi of the comparison group (Le, W247). 

Click on the OK button. 

Locate each number that you computed by hand in the SPSS output. It may help to print the output 

and label it as you find each value. What information did you need when you computed this problem 

by hand that you do not need when you use SPSS? 

a. The critical value 

b. The sample mean 

c. The population standard deviation 
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13. How do you decide if you should reject the null hypothesis when doing hand computations? 

@.) You reject the null hypothesis if the obtained t value is in the critical region. 

b. You reject the null hypothesis if the obtained t value is outside of the critical region. 

14. How do you decide if you should reject the null hypothesis when using SPSS and doing a 

two-tailed test? 

Divide the Sig. value by 2 and then you reject the null if the Sig. value is less than the alpha. 

Divide the Sig. value by 2 and then you reject the null if the Sig. value is greater than the alpha. 

You reject the null if the Sig. value is less than the alpha. 

You reject the null if the Sig. value is greater than the alpha. ala) o » alo) o § 

15. How do you decide if you should reject the null hypothesis when using SPSS and doing a one- 

tailed test? 

(a) Divide the Sig. value by 2 and then you reject the null if the Sig. value is less than the alpha. 

b. Divide the Sig. value by 2 and then you reject the null if the Sig. value is greater than the alpha. 

c. You reject the null if the Sig. value is less than the alpha. 

d. ‘You reject the null if the Sig. value is greater than the alpha. 

ONE-TAILED EXAMPLE 

The Women’s College Coalition argues that students at women’s colleges are more satisfied with their 

college experience than students at coed colleges. You wonder if this is related to stress. Specifically, 

you want to determine if students at a women’s college experience less stress than the general popula- 

tion does. To test this hypothesis, you give the stress survey to N= 1,150 students at a women’s college 

and obtain a mean score of M = 1,198 with a standard deviation of SD = 654. Are the female college 

students less stressed than the general population, pp = 1,247? 

16. Match each of the statistical assumptions to the fact that implies that assumption is met. 

(De Independence 

a eet Appropriate measurement of the IV and the DV 

__. Normality A 

{ 

ci Homogeneity of variance 

The sample size is N= 1,150. 

The grouping variable identifies a difference between the sample and the population. 

The data were collected so individuals’ responses did not influence the responses of others. 

There is no reason to suspect dramatically difference standard deviations for the sample and 
the population. 

a0 9 p 

17. Choose the correct null hypothesis. 

a. The population of students at the women’s college is less stressed than the general 
population. 

-) The population of students at the women’s college is not less stressed than the general 
population. 
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c. The students at the women’s college will have stress levels that are not significantly different 

from the general population. 

d. The students at the women’s college will have stress levels that are significantly different 

from the general population. 

Choose the correct research hypothesis. 

“a\ The students at the women’s college will be less stressed than the general population. 

b. The students at the women’s college will not be less stressed than the general population. 

c. The students at the women’s college will have stress levels that are not significantly different 

from the general population. 

d. The students at the women’s college will have stress levels that are significantly different 

from the general population. 

Why should you use a one-tailed significance test for this research scenario? 

a. The sample mean is lower than the population mean. 

b. The population standard deviation is not provided. 

The researcher has a clear prediction about the direction of the results. 

d. The sample size is sufficiently large. 

Compute the degrees of freedom and use that value to define the critical region for a one-tailed 

test with an alpha of .05. 

ae Reject H, if £>11.96.0r £<—1..96, 

Db: Reject H, ii t> 1.645 or f'<—1.645. 

Gre neject tif ¢<—1.90. 

‘d. Reject H, if t<—1.645. 

What effect does increasing the sample size have on the critical value? 

a. It raises the critical value (it moves farther from zero). 

b. It lowers the critical value (it moves closer to zero). 

Compute the test statistic. 

44 ih (? Ge) 

Compute an effect size (d). 

Describe the size of the effect as small, small to medium, medium, medium to large, or large. 

Write an APA-style summary of the results. Do more than say reject or fail to reject the null 

hypothesis. Explain what this means in terms of the independent variable (IV) and the dependent 

variable (DV). Use the options provided in Question 10 asa guide. 
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26. Does this analysis provide strong evidence that students at women’s colleges experience less 

stress than the general population? 

a. Yes, the results were statistically significant. The effect size is only something that you need 

to consider if the sample size is small and/or the results were not statistically significant. 

b. Yes, we rejected the null, which indicates that the result was significant. The effect size was 

small, but we can have a high degree of confidence in the effect size because the sample size 

was quite large. 

C. No, the results were not statistically significant and the effect size was very small. 

d. No, although we rejected the null hypothesis, the effect size was quite small. This suggests 

that the difference is not practically important. 

27. In general, a larger sample size results ina denominator of the ¢ statistic, which will 

the value of the obtained f. 

\@) smaller; increase 

b. smaller; decrease 

C. larger; increase 

d. larger; decrease 

28. The sample sizes varied widely in the two studies you analyzed in this activity. This change in 

sample size changed the critical values. Why does increasing the sample size change the critical 

value for a ¢ test but not a z test? Select all that apply. 

2 The distribution of sample means changes shape (becomes more bell shaped) as the sample 

size increases for the ¢ distribution but not for the 

z distribution. 

b. The t distribution is always the same shape regardless of sample size, but the z distribution 

changes shape as sample size increases. 

C. For the ¢ distribution, as the sample size increases, the sample standard deviation gets closer 

to the population standard deviation and the distribution looks more like the z distribution. 

29. ‘True or false: The critical value for a t test changes with sample size, but the size of the critical 

region does not change; it is still equal to the alpha level. 

30. When computing the single-sample t, we use the sample standard deviation rather than the 

population standard deviation to compute the test statistic. Why would it be better to use the 

population standard deviation if possible? Select all that apply. 

a. The sample standard deviation is only an estimate of the population parameter. 

b. You are more likely to reject the null hypothesis with a z test than with a f test. 

¢. The population standard deviation is more accurate than the sample standard deviation. 

CHOOSE THE CORRECT STATISTIC 

From this point forward, each chapter of this book introduces a new statistic that can be used in different 
research situations. In each chapter, it is obvious which statistic should be used because we work with only 
one statistic in each chapter. However, when you collect your own data, you must determine which statistic 
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should be used to answer your research question. Right now, you know two different statistics: (1) the z 

for asample mean and (2) the single-sample t. 

Both the z for a sample mean and a single-sample t determine if a sample mean is significantly dif- 

ferent from a population mean or some value of theoretical interest. The primary difference between 

these significance tests is that to compute the z for a sample mean, you must know the population 

standard deviation (o). You do not need to know the population standard deviation when using a single- 

sample ¢. 

Determine which statistic should be used in each of the following research scenarios: z for sample 

mean or single-sample ¢. 

31. Aresearcher wants to compare a sample mean, to a population mean, but the population 

standard deviation is unknown. 

32. Aresearcher wants to compare a sample mean, to a population mean, and the population 

standard deviation is kiiown. 

34. Aresearcher wants to compare a sample mean to a value of theoretical interest. 

35. New Army recruits are required to take a test called the Armed Services Vocational Aptitude 

Battery (ASVAB). This test measures vocational aptitude on an interval/ratio scale and is 

standardized so that it is normally distributed with a mean of pp = 50 and a standard deviation of 

o = 10. A recruiter wonders if soldiers who are nurses have higher than average ASVAB scores. To 

test this, the recruiter records the ASVAB scores of a sample of 37 nurses and finds that their 

mean score was 58 (SD = 12). Is this significantly higher than 50? 

36. An industrial/organizational psychologist wonders if nurses in the army are more or less satisfied 

with their career as nurses than nurses in the civilian sector. Previous research conducted by the 

psychologist revealed that civilian nurses rated their overall job satisfaction as a 7.5 on a 

10-point scale. This measure of job satisfaction is an interval/ratio scale. To determine if army 

nurses have different levels of job satisfaction, the psychologist recruited a sample of 58 nurses 

in the army and asked them to indicate their overall level of job satisfaction on a 10-point scale 

with 1 = not at all satisfied and 10 = very satisfied. The mean for the sample was 7.9 with a 

standard deviation of 1.64. 

37. Inanattempt to boost sales, the manager of a grocery store orders carts that are 25% larger than 

carts currently used in the grocery store. He reasons that people will be more likely to purchase 

more to fill up their carts. For the year prior to purchase of the new carts, the average amount 

spent for each shopper was normally distributed with pp = $125.56 (o = 38.98). The average 

amount spent for a sample of 152 shoppers was M = $142.11 (SD = $43.21). Did the carts lead to 

a significant increase in sales? 
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Chapter 7 Practice Test 

How is the single-sample t different from the z for a sample mean? 

a. The z for asample mean requires a larger sample size than the single-sample t. 

b. The z for asample mean requires knowledge of a population standard deviation, and the 

single-sample t does not. 

c. The single-sample ¢ requires knowledge of a population mean, and the z for asample mean 

does not. 

d. The z for asample mean allows you to compute a Type I error rate, but the single-sample t 

does not allow for these calculations. 

As sample size increases, what happens to the estimated standard error of the mean? 

a. It increases. 

b. It decreases. 

What does the estimated standard error measure? 

a. The typical distance between the ¢ scores in the distribution 

b. The typical distance between the all possible sample means of a given size and the population 

mean 

c. The typical distance between the scores in the population and the mean of the population 

Which of the following will increase as the sample size increases (assuming everything else is 

held constant)? Select two. 

. Type | error rate 

. Statistical power 

Sampling error 

. Critical t value 

Size of the critical region 

mY fey Key Top & Computed ¢ value 

The following results from a single-sample t are reported in a journal article, t(59) = 2.24, 

p=.03, d= .78. How many people participated in the study? 

Sh yi 

b. 58 

Cy HS) 

d. 60 

The following results from a single-sample t are reported in a journal article, t(59) = 2.24, 
p= .03, d=.78. Should the researcher reject or fail to reject the null hypothesis? 

a. Reject 

b. Fail to reject 

The following results from a single-sample t are reported in a journal article, (59) = 2.24, 
p= .03, d=.78. How would you describe the size of the effect? 



CHAPTER 7 Single-Sample t Test 235 

10. 

11. 

- Small 

TF 2 - Small to medium 

a - Medium 

jon - Medium to large 

€. Large 

Researchers can only make a Type | error if they 

a. reject the null hypothesis. 

b. fail to reject the null hypothesis. 

Researchers can only make a Type II error if they 

a. reject the null hypothesis. 

b. fail to reject the null hypothesis. 

A representative sample of Americans were asked to indicate their agreement with a series of 

eight statements about childhood vaccines, such as the following: 

Childhood vaccines should be required. 

Strongly Disagree 1 2 3 4 5 Strongly Agree 

The responses to the eight questions were averaged to form a single measure of support of 

childhood vaccines. The scores formed an interval scale that was normally distributed. The 

mean response on this scale for the general public was 3.7. A researcher wonders if scientists are 

more likely to agree with this statement than the public. To test this possibility, she obtains a 

sample of 36 scientists and asks them the same question. Their average level of agreement with 

this statement was 4.1 with a standard deviation of .9. Is the value for the sample of scientists 

significantly higher than 3.7? 

What is the one-tailed research hypothesis for this study? 

Os 

24.1 

a. 
Uscientists 

ley 
i Hscientists 

= Ml 

> 4.1 

= 3.7 

#41 

ce Hscientists 

decent 
©. Uscientists 

F Hecientists 

What is the one-tailed null hypothesis for this study? 

Soi 

<41 

EAGTE 

< 4.1 

= 5,1 

#4.) 

: Hecientists 

: Uscientists 

Uscientists 

7 Pecientists 

Uscientists 

= © & @ & & 
Uscientists 
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12: 

iS), 

14. 

16. 

Ie 

18. 

Should this researcher be concerned with violating any of the assumptions associated with this test? 

a. Yes, it violates the assumption of appropriate measurement. The DV is not measured on an 

interval/ratio scale. 

b. Yes, the sample size is too small to assume a normal distribution of sample means. 

c. Yes, it is very likely that the treatment will make the sample scores far less variable than the 

population. 

d. No, all assumptions are met. The researcher can conduct the hypothesis test. 

Compute the degrees of freedom. 

a. 34 

bie5 

36 

CL BY 

What is the critical t value for this one-tailed test with a = .05? 

a. 1.6896 

b. 2.4377 

1.6883 

d. 2.4645 

ie) 

When you locate the critical region, which distribution of sample means is the critical region on? 

a. The null distribution 

b. The research distribution 

Compute the single-sample t for these data. 

a. .44 

lo, 2 

GC, ASO 

d. 2.46 

Should you reject or fail to reject the null hypothesis? 

a. Reject 

b. Fail to reject 

The researcher might have made a error. 

amely pel 

b. Type II 

What do the results of the significance test tell you? 

a. That the scientists are less likely to support mandated childhood vaccines than the public 
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b. That the difference observed between scientists’ attitudes toward childhood vaccines and the 

public’s attitudes is unlikely to be due to sampling error 

c. How large the difference is between the scientists’ attitudes toward childhood vaccines and 

the public’s attitudes 

d. The difference between the scientists’ attitudes toward childhood vaccines and the public’s 

attitudes in standard deviation units 

20. Compute the effect size (d). 

a. .44 

ail 

2.67 

2.46 ao Ff 

21. What does the effect size tell you? Select all that apply. 

a. That the scientists are less likely to support mandated childhood vaccines than the public 

b. That the difference observed between scientists’ attitudes toward childhood vaccines and the 

public’s attitudes is likely to be due to sampling error 

c. How large the difference is between the scientists’ attitudes toward childhood vaccines and 

the public’s attitudes 

d. The difference between the scientists’ attitudes toward childhood vaccines and the public’s 

attitudes in standard deviation units 

22. After hearing of these results regarding the differences between the attitudes of scientists 

and the public, a researcher wonders if this difference is a function of level of education 

overall or if it is specific to science education. Thus, this researcher obtains a sample of 

50 people who have a PhD in the humanities and plans to compare their mean level of 

agreement to the mean level of agreement of scientists (4.1). He is not sure what to expect, 

and so he chooses to do a two-tailed test. What is the two-tailed null hypothesis for this 

study? 

a. > 4.1 

b. 

Ch 

d. 

Prumanities 

> 4.1 

= 4,1 

#41 

Hhumanities 

Humanities 

Prumanities 

23. What is the two-tailed research hypothesis for this study? 

Hrumanities 2 4.1 a 

b. Hhumanities enti 

= 4,1 

#41 

3) 
Hhumanities 

2. Hhumanities 
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24 

De). 

26. 

Dip 

28. 

- The SPSS output from the analysis follows: 

One-Sample Statistics 

Std. Error 
ia av N Mean Std. Deviation Mean 

VaccineAttitudes 3.8000 4.12486 15908 

One-Sample Test 

Test Value = 4.1 

95% Confidence Interval of the 
Difference 

aie 
Sig. (2-tailed) Lower Upper Difference 

a ass aS STE aaa a TTT LITLE LTE RE eee z = Z LEE ETH TEREST IEE 

Should the researcher reject or fail to reject the null hypothesis? 

a. Reject 

b. Fail to reject 

Which type of error might this researcher have made? 

a. Type | 
b. Type Il 

Compute the effect size (d). 

a. 27 

B. 1.135 

C59 

How large is this effect? 

a. Small 

b. Small to medium 

Cc. Medium 

d. Medium to large 

€. Large 

Choose the correct APA style summary of the results: 

a. The average level of support for vaccines for people in the humanities with PhDs was 
M = 3.80, SD = 1.12. The average level of support for scientists was 4.1. This difference was 
not significant, (49) = —1.89, p = .07, d=—27, and the effect size was small. 

- The average level of support for vaccines for people in the humanities with PhDs was 
M = 3.80, SD = 1.12. The average level of support for scientists was 4.1. This difference was 
not significant, (49) = -1.89, p = .07, d= —27, and the effect size was small. Overall, 
scientists were more supportive of childhood vaccines than were those in the humanities. 

C. The average level of support for vaccines for people in the humanities with PhDs was 
M = 3.80, SD = 1.12. The average level of support for scientists was 4.1. This difference was 
significant, t(49) = —-1.89, p= .07, d=-27, and the effect size was small. 
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d. The average level of support for vaccines for people in the humanities with PhDs was 
M = 3.80, SD = 1.12. The average level of support for scientists was 4.1. This difference 
was significant, t(49) = -1.89, p = .07, d=-—27, and the effect size was small. Overall, 

scientists were more supportive of childhood vaccines than were those in the humanities. 

29. Which statistical procedure do you use to determine if a sample mean is significantly different 
than a population mean? 

a. Null hypothesis significance test 

b. Effect size 

30. Which statistical procedure do you use to describe the size of the difference between a sample 

mean and a population mean? 

a. Null hypothesis significance test 

b. Effect size 

31. Salaries at an organization are normally distributed with a mean of p = $50,000 with a standard 

deviation of o = $15,000. What is the probability of selecting a sample of 40 people with a mean 

salary less than $40,000? Which statistic should you use to answer this question? 

a. z for asingle score 

b. z for asample mean 

C. Single-sample t 

32. Scores on a test of emotional intelligence are normally distributed with a mean of 100 anda 

standard deviation of 12. What proportion of people have emotional intelligence scores that are 

more than two standard deviations above the mean? Which statistic should you use to answer 

this question? 

a. z for asingle score 

b. z for asample mean 

Cc. Single-sample t 

33. Banks are bound to make the occasional error, but a customer advocacy group wonders if 

the errors are truly random. If they are random, the dollar amount of the errors should 

average out to zero because some of the errors would be in the bank’s favor (positive 

amounts) and the other errors should be in the customers’ favor (negative amounts). To 

investigate this possibility, the advocacy group obtains a list of the 100 most recently 

discovered errors. The average amount of the error is 34.85 (in the bank’s favor) with a 

standard deviation of 15.32. Which statistic should you use to answer this question? 

a. z for a single score 

b. zforasample mean 

Cc. Single-sample ¢ 
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Estimation With 

Confidence Intervals 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Describe the distinct purposes of significance testing, effect sizes, and confidence intervals 

e Explain the logic of confidence intervals 

e Compute a confidence interval for a population mean 

e Compute a confidence interval for a mean difference between a sample mean and a population mean 

e — Report confidence intervals in American Psychological Association (APA) style 

e Identify correct and incorrect interpretations of confidence intervals 

THREE STATISTICAL PROCEDURES WITH THREE DISTINCT PURPOSES 

In Chapter 7, you learned how to use the single-sample f test to determine whether an observed dif- 

ference between a sample mean and a population mean is likely to be created by sampling error or by 

an independent variable (IV, i.e., the grouping variable). The single-sample t test compares the mean 

difference observed in the data to the mean difference expected due to sampling error (i.e., SEM). If the 

observed mean difference is significantly greater than the mean difference expected due to sampling 

error, the null hypothesis is rejected and you conclude that the mean difference was created by the IV. 

This conclusion is sound if the study's research methodology is sound (i.e., it does not have confound- 

ing variables). 

Significance tests (e.g., single-sample f tests) were designed to help researchers 

determine if the observed difference was likely to be created by 
Ue 

Reading 

Question a. sampling error. 

b. confounds. 

241 
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After researchers use significance tests, they compute an effect size (e.g., d) to describe the magnitude 

of the IV’s impact on the dependent variable (DV). Computing an effect size is just as important as sig- 

nificance testing. For example, you may use the result of a significance test to reject the null hypothesis 

and then find that the effect size is very small. This would indicate that although the results are unlikely 

to be due to sampling error, the size of the effect may be too small to be important or useful. 

If a statistical test leads to rejecting the null hypothesis, the research finding is 

always important or useful. Reading 
Question a Thue 

b. False 

An effect size can help a researcher determine 
Reading 
Question a. if an effect is large enough to be useful. 

b. if the mean difference is likely to be due to sampling error. 

c. both of the above. 

In this chapter, you will learn about a third type of statistical procedure that has a different purpose 

from either significance testing or effect size. This third type of statistical procedure, called a confi- 

dence interval, helps researchers generalize the results of their studies to an entire population. These 

three statistical procedures should be used together routinely. When the results of all three procedures 

are interpreted correctly, the combination constitutes a wealth of information that greatly facilities 

scientific reasoning. 

For example, the provost of a college is considering adding a “healthy living” class to the general 

education requirements for students but first wants to determine if taking such a class increases healthy 

behaviors. Although the course will discuss a variety of healthy behaviors, the provost is especially con- 

cerned with exercise because the data clearly indicate that exercise is associated with a host of posi- 

tive outcomes in both physical and mental health. Last year, the provost’s office surveyed the entire 

population of students and found that they reported exercising an average of 150 minutes each week. 

To test the effectiveness of the healthy living class, 60 college students were recruited and all 60 took 

the new class. After completing the class, participants wore a heart rate monitor for 1 month, enabling 

researchers to accurately determine the average exercise of each participant in minutes per week. The 

provost opts to do a two-tailed test because although he hopes that the course will increase exercise 

behavior, he is concerned that people will respond negatively to the course and actually decrease the 

amount of time they spend exercising. A single-sample ¢ test using a = .05 revealed that the average 

number of minutes students who took the healthy living class exercised each week was M = 155.67 

(SD = 20.85). Thus, there was a 5.67-minute difference between the students who took the healthy liv- 

ing course and the population mean of 150 minutes. The single-sample t test indicated that this differ- 

ence was unlikely to be due to sampling error, t(59) = 2.11, p = .04 (two-tailed), d= .27. 

Specifically, the p value (p = .04) indicates that only 4 out of 100 times would a mean difference of 
5.67 (155.67 — 150) or larger occur due to sampling error when the null hypothesis is true. Therefore, 
the healthy living class probably created the mean difference. The effect size (d = .27) indicates that 
the impact of the class was small in size. Specifically, the d indicates that the class increased the mean 
exercise time by .27 of a standard deviation. Now, the provost is ready to generalize these results to the 
entire population of students at the college. In other words, he wants an estimate of what the mean 
exercise time of the entire population of students at the college would be if they took the healthy liv- 
ing class. The best estimate of this parameter is the mean of the sample that took the class—namely, 
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155.67 minutes. However, due to sampling error, this sample mean probably is not perfectly accurate. 

A confidence interval is a statistical procedure that uses the same expected sampling error formula (i.e., 

SEM.) as hypothesis tests do, but in a different way, to create a range of plausible values for the population 

parameter. For example, in this situation, the researcher could use a confidence interval to conclude 

with 95% confidence that the mean number of minutes of exercise in the population if they all took 

the healthy living course would be between 150.29 and 161.05 minutes each week (you'll learn how to 

compute this confidence interval later in the chapter). He could also estimate the mean difference in 

exercise that would result if the population took the class. In this situation, he could conclude with 95 % 

confidence that exercise time would increase between .29 minutes and 11.05 minutes each week if the 

population took the healthy living course. Both of these confidence intervals provide very important 

information to the researcher. For example, knowing that exercise times would be between 150.28 and 

161.05 minutes a week if the population took the class might help the provost decide whether or not 

to make the class required for all college students. Similarly, knowing that requiring the class would 

increase the average weekly exercise time between .28 and 11.05 minutes might also help the provost 

consider the impact this change might have on students’ lives. 

As you can see, confidence intervals are an extremely useful statistical procedure. They help apply 

sample results to populations. In many situations, describing how research results generalize to a popu- 

lation is the ultimate goal of research; after all, researchers are really interested in populations, not 

samples. Table 8.1 lists the three types of statistical procedures and their respective main purposes. 

4. The purpose of a confidence interval is to 
Reading 

2 a. test for significant differences. 
Question 

b. quantify the effectiveness of a treatment. 

c. help researchers estimate a population parameter with a specific level of 

confidence and precision. 

IF) (e:M ee Statistical Procedures and Their Main Purposes 

Statistical Procedure Main Purpose 

Significance/hypothesis testing To assess the probability of a result being created by sampling error; 

if the null is rejected, it is probably not sampling error 

Effect size To quantify a treatment’s effectiveness 

Confidence intervals To help estimate a population parameter with a specific level of 

confidence and precision 

5. Confidence intervals provide researchers with 

Reading 
: a. arange of plausible values for a population parameter. 

Question b. information that helps apply results from samples to populations. 

c. both of the above. 
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LOGIC OF CONFIDENCE INTERVALS 

As stated earlier, the purpose of confidence intervals (Cls) is to help researchers apply sample results 

to populations. More specifically, CIs provide a range of plausible values for a population parameter. 

This range of plausible values is defined by the upper and lower boundary values of the CI. The upper 

boundary is the largest plausible parameter value, and the lower boundary is the smallest plausible 

parameter value. Cls use statistics from samples to determine these boundary values. All values 

between these boundary values, including the boundary values themselves, are considered plausible 

parameter values for the population. 

While there are many different kinds of Cls, all of them have a similar logic. Every CI uses a point 

estimate and a margin of error around that point estimate to find upper and lower boundary values. 

When estimating a population mean, the point estimate is the sample mean, which is the single most 

plausible value for p, and a margin of error determines the range of additional plausible values for that 

parameter. In the above example, the sample mean for college students’ weekly exercise time after tak- 

ing the healthy living class (M = 155.67) is the most plausible prediction for the mean exercise time of 

the population if they take the healthy living class. But, because of sampling error, this point estimate 

of 155.67 is probably not perfectly accurate. Therefore, a margin of error is added to and subtracted 

from the point estimate to obtain the upper and lower boundaries of the CI. The conceptual formulas 

for the upper and lower boundaries are given as follows: 

Upper boundary = Pointestimate + Marginoferror. 

Lower boundary = Pointestimate — Marginof error. 

Which of the following might be used as a point estimate in a CI? 
Reading 

. a. Upper bound 
Question 

s Lower bound 

c. Sample mean 

d. Margin of error 

The size of the range of plausible parameter values provided by a CI is 

determined by the Reading 

Question a. sample mean. 

b. margin of error. 

The center of a CI is the sample mean. The size of the margin of error around the sample mean is 
determined by two factors: (1) the expected amount of sampling error (SEM) and (2) the specific level 
of confidence you want to achieve (usually either 95% or 99% confidence). It probably makes sense 
to you that studies with larger amounts of sampling error have Cls with larger margins of error. After 
all, with more sampling error, more values are plausible for the population mean. It might be less obvi- 
ous that if researchers want more confidence in their estimate, their margin of error must be larger. By 
way of analogy, suppose your instructor asks you to estimate your score on the upcoming statistics 
final. You could say, “I’m going to get a score between 84% and 86%,” or you could say, “I’m going to 
get a score between 70% and 100%.” The first estimate is more precise (i.e., has fewer plausible val- 
ues). Precise estimates have a small range of plausible values (i.e., margin of error); therefore, they have 
to be made with very low confidence. Conversely, the second estimate, a grade between 70% and 
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100%, is less precise but it can be made with greater confidence. There is always an inverse relation- 

ship between the precision of an estimate (i.e., how narrow the range of values are) and the confidence 

one should have in that estimate. Therefore, when all other things are equal, if you want to be 99% 

confident in your estimate, your CI will need to be wider than if you only need 95% confidence. More 
confidence requires a wider margin of error. 

8. Which of the following contribute to the size (i.e., width) of the margin of error? 
Reading (Choose two.) 

Question a. Sample mean 

b. Confidence level (95% vs. 99%) 

C. Expected sampling error 

5 9. In general, 99% CIs than 9 Reading g are an 95% CIs 

: a. wider 
Question 

b. narrower 

C. more precise 

COMPUTING A CONFIDENCE INTERVAL FOR A POPULATION MEAN 

The formulas in the previous section are “conceptual” formulas in that they help explain the general logic 

of Cls. The formulas described in this section will be the ones you actually use when estimating a popula- 

tion’s mean. As mentioned earlier, a sample mean serves as the point estimate, and a margin of error is 

added to and subtracted from the sample mean to 

find a ClI’s upper and lower boundaries. In this sec- & i 

tion, you will learn to compute the margin of error. Critical t Values for Desired CI 

As mentioned above, the margin of error is derived 

from the expected sampling error, SEM, and a spe- 
cific level of confidence (usually 95% or 99%). Desired CI | Critical t Value to Obtain From Table | 

When using a sample mean to estimate a popu- 

lation’s mean, the expected amount of sampling 
95% CI Use two-tailed .05 critical t 

SD - 99% CI Use two-tailed .01 critical t : 

error is defined by the SEM, ie. =. The specific TE 

level of confidence (95% or 99%) is defined by a specific t value from the critical ¢ table. As always, 

the specific critical t value depends on the degrees of freedom (df) associated with the sampling error 

formula, in this case, df = N- 1. As indicated in Table 8.2, when computing a 95% CI, use the df to look 

up the critical t value in the two-tailed .05 critical t table. A 99% CI requires the critical t value in the 

two-tailed .01 critical t table. The activity in this chapter will explain why these specific values are used 

for 95% and 99% Cls, respectively. At this point, it is enough that you know when to use which tf table. 

10. When creating a 95% CI, use a critical t value from the 

Reading 
3 a. two-tailed .01 ¢ table. 

Question b. two-tailed .05 t table. 

c. one-tailed .01 ¢ table. 

d. one-tailed .05 t table. 
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In the example at the beginning of this chapter, we used a single-sample t test to compare the mean 

weekly exercise time of college students who took a healthy living class, M = 155.67, to 150 minutes. 

We found that those who took the class exercised more (M = 155.67, SD = 20.85) than the population 

mean of 150 minutes, t(59) = 2.11, p = .04, d = .27. Now, the provost wants to apply these research 

findings to the population of interest to him—namely, his college students. He wants to know what the 

range of plausible values for the mean weekly exercise time would be if the population took the healthy 

living class. He needs you to compute a 95% CI to estimate this population parameter. Start by writing 

down the following formulas for the upper and lower boundaries of the Cl. 

D 

). 

For both equations, you need the same three values: (1) the pointestimate or M, (2) the correct critical 

t value for the Cl or f,,, and (3) the expected sampling error or SEM,. The point estimate comes from the 

sample mean (M = 155.67). The critical t score comes from the two-tailed .05 critical t table because we 

are computing a 95% Cl. The dfis 59 (df=n- 1 =60 — 1 =59), so the f, is 2.001. And the SEM, is = or 
N 

20.85 

60 

Upper boundary = M +(t,,)(SEM, 

Lower boundary = M -(t,,)(SEM, 

= 2.69. Therefore, the upper boundary of the 95% Cl is 

Upper boundary = M +(t,,)(SEM, ). 

Upper boundary = 155.67 + (2.001)(2.69). 

Upper boundary =155.67+(5.383) =161.05. 

You should notice that the final line of the above calculation is identical to the conceptual formula 

discussed in the previous section, the point estimate of 155.67 plus the margin of error of 5.383. The 

lower boundary is 

Lower boundary = M —(t,,)(SEM, ). 

Lower boundary = 155.67 —(2.001)(2.69). 

Lower boundary = 155.67 ~ (8.383) = 150.29: 

Again, it is worth noticing that the lower boundary is the point estimate of 155.67 minus the margin of 
error of 5.38. Based on these computations, we should be 95% confident that the actual mean exercise time 
of the population of college students if they took the healthy living class would be between 150.29 and 
161.05 minutes per week. This CI might help policy makers determine if the health benefits gained by requir- 
ing the course would be worth the added cost of offering the course. Cls help researchers, or policy makers, 
think about the possible consequences of applying results from a sample to an entire population. 

ial, Which of the following determine the correct f,, score for a given CI? (Choose two.) 

a. Confidence level (e.g.,95% or 99%) 

b. The df 

c. Expected sampling error 

Reading 

Question 
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We In the above example, the upper and lower CI boundaries represent 
Reading 

A a. the highest and lowest values for the population parameter that 
Question 6 a le — considered plausible, or reasonable considering sampling error. 

b. the effect size from the study. 

c. the probability of rejecting the null hypothesis. 

COMPUTING CONFIDENCE INTERVALS 
FOR A MEAN DIFFERENCE 

In the previous section, we computed a CI that provided a range of plausible values for a population 

mean. We also learned that CIs provide very useful information on how sample results might generalize 

to an entire population. In this section, we will compute a different kind of CI that provides different 

but equally useful information to researchers and policy makers. This CI estimates the mean difference 

rather than the mean itself. For example, suppose policy makers wanted to know how much weekly 

exercise time would change in the population if the healthy living class was required. 

Like all other Cls, this one is computed with a point estimate, an expected sampling error, and a ¢4. 

The point estimate, in this case, is the mean difference between the sample mean (M = 155.67) and the 

population mean (p= 150), 5.67 (i.e., 155.67 — 150.00 = 5.67). The expected sampling error (SEM,) is 

the same as in the previous example. The ¢,, value is also the same. So, the only difference between this 

Cl and the one computed above is that we are using a difference between a sample mean and a popula- 

tion mean as the point estimate rather than the sample mean itself. The upper and lower boundaries 

are worked out as follows: 

Upper boundary = ( point estimate ) + Marginof error. 

Upper boundary =(M —p)+(t,,)(SEM, ). 

Upper boundary = (155.67 —150)+(2.001)(2.69). 

Upper boundary =5.67+(5.383) =11.05. 

Lower boundary = (point estimate )— Marginof error. 

Lower boundary =(M —1)—(t,,)(SEM, ). 

Lower boundary = (155.67 —150)—(2.001)(2.69). 

Lower boundary = 5.67 — (5.383) =.29. 

Based on these computations, we should be 95% confident that if the population of college students 

took the healthy living class, their exercise time would increase by between .29 and 11.05 minutes each 

week. Now, how should you interpret this range of plausible values? First, you should recognize that 

not all of the CI values are equally plausible. Figure 8.1 illustrates the relative plausibility of each value 

in the Cl. While all of the values in the CI are considered plausible, the upper and lower boundary 

values are the least plausible and the point estimate is the most plausible. The general rule is that CI 

values become less plausible with increased distance from the point estimate. 
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Plausibility of CT Values 

Plausible values 

| 
Lower boundary Point estimate Upper boundary 

(least plausible) (most plausible) (least plausible) 

Second, whether or not the mean difference of zero is included in the range of plausible values 

is worth noticing. If a mean difference of zero is not between the upper and lower boundaries of the 

95% CI for the mean difference, the sample mean of 155.67 and the population mean of 150 are sig- 

nificantly different from each other. This conclusion is completely consistent with the results of the 

significance test that was described at the beginning of the chapter. This will always be the case. If you 

conduct a two-tailed significance test with an alpha value of .05 and you reject the null, the 95% CI for 

the mean difference will never contain zero. In contrast, if you fail to reject the null, the 95% CI will 

always contain zero. 

Readi When computing a CI for a mean difference, if zero is found to be a plausible 

ea ue value (i.e., it is between the upper and lower boundaries), 

Question a two-tailed significance test would find that the two means are 

a. not significantly different. 

b. significantly different. 
f 

Why should you conduct a CI for a mean difference after conducting a significance test? The 

answer harkens back to the beginning of the chapter. The two statistical procedures have distinct 

purposes. The significance test indicates whether or not a given effect was likely created by sampling 

error. Then, the effect size describes the effect’s magnitude. And finally, the CI helps you generalize 

your results to the population by identifying plausible population parameter values. 

14. Which of the following determines plausible values for population parameters? 

a. Significance testing 
Reading 

Question 
b. Effect sizes 

c. CIs 

This chapter illustrates how to compute two different types of Cls. Table 8.3 displays the two types 
of Cls, the appropriate df formula, and the specific CI formula. 
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ULCER CI Types, Their Degrees of Freedom, and Specific Formulas 

| CI Type df Formula Specific CI Formula 

| Estimating 

Estimating mean difference of sample 

mean (M) and population mean (1) 

dp=N—1 

Note: CI = confidence interval; df = degrees of freedom; UB = upper boundary; LB = lower boundary. 

REPORTING CONFIDENCE INTERVALS IN APA STYLE 

While the CI procedure is not new, its prominence within the behavioral sciences has been increas- 

ing. Evidence for the increasing importance of Cls is found in the most recent version of the 

American Psychological Association (APA) publication manual. The manual strongly recommends 

that researchers compute and interpret Cls in conjunction with significance tests and effect sizes 

when reporting results (APA, 2010, p. 34). Specifically, the APA publication manual recommends that 

authors use Cls when discussing the implications of their research findings (i.e, when applying their 

results to populations). 

The following format is consistent with the latest APA manual recommendations for reporting sig- 

nificance tests, effect sizes, and CIs. Note how the Cl information we computed in this chapter is inte- 

grated into the report. It reports the 95% CI for the population mean and the mean difference. The first 

time you report a CI for a set of analyses, you report the level of confidence (i.e., 95% or 99%). After 

that, you do not need to indicate the level of confidence because the reader can infer that you used the 

same Jevel of confidence for all analyses. 

A single-sample f test revealed that students who took the healthy living class exercised more weekly 

(M = 155.67, SD = 2.69), 95% CI[150.29, 161.05], than students in the population (41 = 150), (59) = 2.11, 

p=.04,d=.27, CI (0.29, 11.05]. 

15. The APA manual recommends that researchers use 

Reading 
4 a. CIs rather than significance testing. 

Question 
b. CIs in conjunction with significance testing and effect sizes. 

CONFIDENCE INTERVALS FOR EFFECT SIZES 

The APA also recommends that Cls be reported for every effect size. Unfortunately, these computations 

are complex and beyond the scope of this book. Cumming (2012) provides detailed, yet extremely 



250 AN INTRODUCTION TO STATISTICS 

readable, discussions of Cls for effect sizes. He also provides a free Microsoft Excel spreadsheet for 

computing and graphing many types of Cls, including those for effect sizes. We highly recommend 

Cumming’s book to readers wanting a greater understanding of Cls. 

INTERPRETATIONS OF CONFIDENCE INTERVALS 

The main purpose of Cls is to help researchers apply results from a sample to a population. Cumming 

(2012) identifies six ways this could be done. We will present four ways to interpret CIs. 

First, a 95% CI suggests that you can be 95% confident that the true population mean falls between 

the lower and upper boundaries, including the boundary values themselves. In other words, a CI can be 

interpreted as a set of plausible values for the population parameter (i.e., a population mean or a popula- 

tion mean difference, depending on the type of Cl). The point estimate is considered the most plausible 

value, and the plausibility of each value decreases as you move away from the point estimate. Values 

outside of the upper and lower boundaries are interpreted as implausible. 

Second, the width of Cls helps researchers interpret the precision of a given study’s parameter esti- 

mate. Narrower CIs (i.e., those with smaller margins of error) provide more precise estimates. 

Third, a 95% CI has a .83 replication recapture rate. This interpretation requires some more explana- 

tion. If a given study produces a 95% CI of [10, 20], the first CI interpretation described earlier indicates 

that researchers should be 95% confident that 1 is between 10 and 20, inclusively. However, this does 

not mean that if the researchers repeated the study a second time, the mean of the second study would 

be between 10 and 20, 95% of the time. In fact, assuming that the second study was done exactly as 

the first, the mean of the second study is expected to be between 10 and 20 only 83% of the time. This 

is referred to as the replication recapture rate, the probability that the point estimate of a study that is 

replicating a previous study will fall between the upper and lower boundaries of the previous study. So the 

third interpretation is that if a given study is replicated, 83% of the time the point estimate of the second 

study will fall between the boundaries of the original study’s 95% CI. 

Finally, we’ll mention an additional way to use CI logic that is limited to CIs for mean differences. It is 

a logical extension of the first interpretation we discussed previously—namely, that values outside the 

CI boundaries are implausible. When computing a 95% CI for a mean difference, if zero is not plausible, 

a two-tailed .05 t test would find that the two means are significantly different. On the other hand, if 

zero is located between the upper and lower boundaries, the two means would not be significantly dif- 

ferent. For example, consider a 95% confidence interval for a mean difference with a lower bound of 

—.5 and an upper bound of 1.50. In Figure 8.2a, the point estimate is the sample mean difference of .5. 

The lower bound is —.5 and the upper bound is 1.5. A mean difference of zero falls between the upper 

and lower bound. For this Cl, a mean difference of zero is a plausible value, so if you ran a two-tailed t 

test with a = .05 to determine if this difference was significant, you would not reject the null hypothesis. 
However, as illustrated in Figure 8.2b, a confidence interval with a point estimate of 1.5, a lower bound 
of .5, and an upper bound of 2.5 does not include zero, and so if you ran a two-tailed test with a = .05 
on that data, you would reject the null hypothesis. Figures 8.2a and 8.2b should help you understand 
the relationship between the results of a Cl and the results for significance test for a mean difference. If 
zero is between the lower and upper boundaries, the difference is not significant. If it is outside these 
boundaries, it is significant. 

16. Which of the following is not a correct interpretation of a 95% CI? 

a. A range of plausible parameter values 
Reading 

Question | 
b. A wider Cl is less precise than a narrow Cl 

c. A95% Cl of [15, 30] means that 95% of the replications of that study will 
produce a sample mean between 15 and 30. 
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ACICEF4§ Example of Zero Mean Difference Being (a) Plausible and (b) Implausible 

Plausible values Plausible values 

Zero is in the plausible 95% Cl range 
for a mean difference so a two- 

tailed, .05 t test would NOT reject 
the null. 

Zero is not in the plausible 95% Cl 
range for a mean difference, soa 

two-tailed, .05 t test would reject 

the null. 

Sa LE LT ET PELE 

If the value of zero is not included between the upper and lower boundaries of a 

95% CI for a mean difference, the two means used to create the point estimate are 

a. not significantly different. 

Reading 
Question 

b. significantly different. 

SPSS 

CI for a Mean 

SPSS will compute a 95% or 99% CI for a mean through the Explore menu. 

Click on Analyze, Descriptive Statistics, and then Explore. 

Move the variable of interest (in this case, it is ExerciseMinutes) into the Dependent List box. 

Click on the Statistics button. 

In the Explore:Statistics box, select Descriptives and make sure the Confidence Interval for Mean 

is set at 95%. 

© Click on the Continue button. 

° Under Display, select Statistics. 

° Click on the OK button to run the analysis. 

Figure 8.3 displays the SPSS output produced by the above steps. 
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atitice-sem@ Annotated SPSS Output for a 95% Confidence Interval for a Mean 

Case Processing Summary 

Cases 

Piooox [ef om] eo | 10008 | ExerciseMinutes 

Descriptives 

eae eT eT wey CE 
ExerciseMinutes Mean 156.6667 2.69134 

95% Confidence Interval Lower Bound 150.2813 

be Petal! Upper Bound 461.0520 

5% Trimmed Mean 155.3148 

Median 163.5000 

Variance 434.599 

Std. Deviation 20.84704 

Minimum 103.00 

Maximum 205.80 

Range 96.00 

interquartile Range 30.00 

Skewness 263 

Kurtosis ~.336 

CI for a Single-Sample Mean Difference 

SPSS automatically computes 95% confidence intervals for mean differences every time you run a single- 
sample ¢ test. If you want to compute the 99 % confidence interval around the mean difference, click Options 
and change the confidence interval to 99%. Figure 8.4 displays the SPSS output for this analysis. 

18. The above output displays which of the following? 
Reading 

a a. A95% Cl for asample mean 
Question 

b. A 95% CI for two sample means 

c. A95% CI for the mean difference of samples 

OVERVIEW OF THE ACTIVITY 

In Activity 8.1, you will compute confidence intervals for means and mean differences using a calculator 
and SPSS. This activity also highlights the differences among significance testing, effect sizes, and 
confidence intervals. 



_CHAPTER 8 Estimation 1 With Confidence Intervals 253 

Annotated SPSS Output for a 95% Confidence Interval for a 

Mean Difference 
Figure 8.4 

One-Sample Statistics 

Std. Error 
N Mean Std. Deviation Mean 

Mean 

aaa Biieeee ceils 

One-Sample Test 

Test Value = 150 

95% oe Interval of the 
Difference 

11.0520 

Lower boundary of 

95% Cl for mean 

difference 

_ Activity 8.1: "Estimating Sample Means and 

‘Sample Mean Differences 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Summarize the key points of significance testing 

© Construct 95% and 99% confidence intervals 

e Interpret confidence intervals correctly 

e Compute confidence intervals using SPSS 

e Correctly interpret confidence intervals 

e Include confidence intervals in APA style write-ups 

e Correctly interpret the statistical information in an APA style write-up 
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INTRODUCTION TO CONFIDENCE INTERVALS 

As you know from the chapter, a confidence interval is a different statistical procedure that is used for 

a different purpose than hypothesis testing or effect sizes. Its main purpose is estimating the value of 

a population parameter. For example, suppose you just took a job as an English teacher in a large 

school district. Knowing the mean reading comprehension score of all seniors in your school district 

would help you understand the current state of education in your district as well as help you set 

achievement goals for your students. In this situation, you could use a sample of 50 seniors’ standard- 

ized reading comprehension scores to estimate the mean reading comprehension score for the entire 

population. Of course, we have used samples to represent populations throughout this book. However, 

how much confidence should you have that the sample mean is a good estimate of the actual popula- 

tion parameter? Confidence intervals answer this question. A confidence interval is a range of values 

that contain the actual population parameter with a specific degree of certainty or confidence. For exam- 

ple, in this situation, you could compute a 95% confidence interval of 29 to 43. This confidence interval 

would mean that you could be 95% confident that the actual mean reading comprehension score for the 

population of seniors in your district is between 29 and 43. 

In this activity, you will compute and interpret 95% and 99% confidence intervals (CIs) for indi- 

vidual means and for mean differences. However, there is some preliminary information you should 

understand before you can start computing confidence intervals. 

Review of t Distributions 

1. As you know, scores in the middle of t distributions are more common than scores in the tails. 

The following t curve represents all possible sample mean differences if the null hypothesis is 

true. The two vertical lines create three areas on the curve; if the middle section contains the 

middle 95% of all t scores (and all sample mean differences), what percentage of all t scores are 

in the left and right tails of the distribution? 

a. 5% inthe left and 5% in the right 

b. 2.5% in the left and 2.5% in the right 

Cc. 1% inthe left and 1% in the right 

— 
Middle 95% 

[Os —— 
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2. To compute a 95% confidence interval, you must know the two ¢ scores that bracket the middle 
95% of all possible t scores. In the previous question, you determined that the left and right tails 
contained the bottom and top 2.5% of all t scores, respectively. Now we need to find the t scores 
that define the bottom and top 2.5% of t scores. Which table of critical t values do you use to 
find the negative and positive t scores that define the bottom and top 2.5% of t scores? 

One-tailed a = .05 table 

Two-tailed a = .05 table 

c. One-tailed a =.01 table 

d. Two-tailed a =.01 table 

Ss 

3. As you know, the ¢ distribution changes shape as sample size changes. Therefore, if you want to 

know the ¢ scores that define the middle 95% of all possible t scores (and all possible sample 

means), you need to know the sample size so you can compute the degrees of freedom and then 

find the correct ¢ score. If the sample size is 50 and df= N — 1, what are the t scores that define 

the middle 95% of sample means? Find these values and place them on the figure on page 254. 

4. Complete the following figures and charts by first determining which critical t table you need to 

use to find the middle 95% of sample means and middle 99% of sample means. After you 

determine which table to use for each middle percentage, use the provided sample size to find 

the specific t values for each middle percentage. 

Middle 95% Middle 99% 

Middle % of t Scores/Sample Specific t Scores Defining 

Critical t Table to Use the Middle % Means 

Two-tailed .05 
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5. Now complete the following table for a larger sample size. 

Middle % of t Scores/Sample Specific t Scores Defining 

Sample Size Means Critical t Table to Use the Middle % 

a a eS 
STATISTICAL ESTIMATION 

As mentioned above, in some situations, the goal is estimating the value of a population parameter 

rather than testing a hypothesis. In the hypothetical example outlined earlier, you are an English 

teacher in a large school district and you want to know the mean reading comprehension score of all 

seniors in your district. 

6. Let’s assume that the entire population of seniors is too large for you to actually measure every 

senior’s reading comprehension ability. What could you do to estimate the mean reading 

comprehension score of seniors from this district? 

a. Nothing. You can only estimate the sample statistic when you are working with a sample. 

b. Compute the effect size and determine if it is small, medium, or large. The larger the effect 

size, the more accurately it estimates the population parameter. 

c. Obtain a sample and compute the mean reading comprehension score from the sample. 

Then, compute the confidence interval around the sample mean. 

7. Fill in the following blanks with the following terms: confidence interval, sampling error, and 
population mean. 

You decide to collect a random sample of 50 seniors and give them a standardized reading 
comprehension test. Based on the central limit theorem, the mean of this sample is expected to 
be equal to the . However, because of 

you would not expect the mean of the sample to be exactly equal to this value. 
In this situation, you can use the expected amount of sampling error to construct a range of 
values that probably contains the actual mean reading comprehension score of the population 
(i.e., the population parameter). This range of values is called a 

Confidence intervals have three components: (a) a point estimate, (b) a specific confidence level, 
and (c) an expected amount of sampling error. Point estimates come from samples. In this case, the 
sample mean estimates the population mean; the sample mean is the point estimate. Confidence 
levels come from the ¢ scores that define the middle of the t distributions (i.e., like those values you 
found in the above tables). If you want to be 95 % confident that your interval of values contains the true 
population mean, you would use the t scores that contain the middle 95 % of sample means. If you want 
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to be 99% confident, you would use the t scores that correspond to the middle 99%. Finally, the 
expected sampling error is computed using the SEM formula you have learned. In this situation, we 
are estimating the value of a population mean, so you would use the SEM from the single-sample t test 

eo oes 
(ie) . The specific formulas for constructing the upper and lower boundaries of a confidence 

interval for a population mean are 

Upper boundary = M +(t., )(SEM, ). 

Lower boundary = M —(t,,)(SEM, ). 

Therefore, if N= 50, M= 36, and SD=5, the upper boundary of a 95% confidence interval would be 

aos 
V50 

Upper boundary = 36 + (2,0096)( = 37.42. 

8. Compute the lower boundary. 

5} ray (- Oo x / A \ 

30- IEE CNOA EASE 3D 5 
wy: a ay: VS 6 ) : 24 ; 5) 

9. The proper interpretation of this confidence interval is the following: 

a. Weare 95% confident that the actual mean reading comprehension score for the entire 

population of seniors in the school district is between the lower and upper boundary values 

of 34.57 and 37.42. 

b. We are 95% confident that the true population mean is 36. 

COMPUTING CONFIDENCE INTERVALS: BASIC PROBLEMS 

For the following problems, use the information provided to compute the appropriate confidence 

interval. 

Scenario 1 

M=59: SD = 4; N= 15; compute a 95% confidence interval; you are estimating a population mean, so 

use SD forsamplingerror | ()4 

VN 

10. What is the point estimate? 
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11. Compute the margin of error. 

(6 

12. What is the upper boundary for the confidence interval? 

13. What is the lower boundary for this confidence interval? 

14. Choose the correct interpretation of this confidence interval. 

a. Weare confident that 95% of the scores are between 56.79 and 61.22. 

b. Weare 95% confident that the sample mean is between 56.79 and 61.22. 

c. Weare 95% confident that the population mean is between 56.79 and 61.22. 

Scenario 2 

M=59; SD= 4; N= 15; compute a 99% confidence interval; you are estimating a population mean, so 

use ©? for sampling error. 

15. What is the point estimate? 

16. Compute the margin of error. 

17. What is the upper boundary for this confidence interval? 

18. What is the lower boundary for this confidence interval? 
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19. Choose the correct interpretation of this confidence interval. 

a. If this study was replicated 100 times, 99% of the means would fall between 55.93 and 
62.07. 

b. Weare 99% confident that the population mean increased by between 55.93 and 62.07. 

c. Weare 99% confident that the population mean is between 55.93 and 62.07. 

Scenario 3 

M=59; SD= 2, N= 15; compute a 95% confidence interval; you are estimating a population mean, so 

use SD for sampling error. 
N 

20. What is the point estimate? 

21. Compute the margin of error. 

22. What is the upper boundary for this confidence interval? 

23. What is the lower boundary for this confidence interval? 

24. Choose the correct interpretation of this confidence interval. 

a. Wecanbe 95% confident that the population mean is between the upper and lower bounds of 

the CI. 

b. If we were to take 100 additional samples from the same population, 95% of the confidence 

intervals would contain the sample mean. 

25. When all other factors are held constant, as sampling error gets smaller, what happens to the 

width of confidence intervals? 

a. They get wider. 

b. They get narrower. 

c. It stays the same. 

26. When all other factors are held constant, as confidence levels decrease (i.e., 99% to 95%), what 

happens to the width of confidence intervals? 
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a. It gets wider. 

b. It gets narrower. 

c. It stays the same. 

27. Not surprisingly, there is a trade-off when constructing confidence intervals. Generally speaking, 

higher confidence levels are associated with less precision (i.e., wider confidence intervals). If 

you require a high degree of confidence in your estimate, the interval will be 

(choose one: wider, narrower). In contrast, if you desire a high degree of precision in your 

estimate, your confidence level will be (choose one: lower, higher). 

CONFIDENCE INTERVALS FOR MEAN DIFFERENCES 

Scenario 4 

All the confidence intervals you constructed thus far were estimating a population mean. You can also 

compute a confidence interval around a mean difference. For example, in a test of scientific literacy, 

students are asked to indicate how long Homo sapiens have been on Earth. Based on current scientific 

evidence, the best answer to that question is 200,000 years. The average answer given by a sample of 

50 students was 250,000 with a standard deviation of 500,000 years. Compute a 95% confidence 

interval. 

28. In this case, the point estimate is the difference between the sample mean and 200,000. What is 

your point estimate for the mean difference in this scenario? 

29. What is the margin of error in this scenario? 

30. What is the upper boundary for this confidence interval? 

31. What is the lower boundary for this confidence interval? 

32. Choose the correct interpretations of this confidence interval. Select all that apply. 

a. 95% of the sample mean differences are between —92,100.18 and 192,100.18. 

b. If multiple samples were taken from this same population, 95% of the confidence intervals 
would contain the population mean difference. 

c. We are 95% confident that the true value of the population mean difference is between 
—92,100.18 and 192,100.18. 

d. 95% of the respondents gave answers that were between —92,100.18 and 192,100.18. 
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CONFIDENCE INTERVALS IN SPSS 

In the previous questions, you learned to compute confidence intervals around individual means and 

around mean differences. Although there may be times when you need to compute confidence inter- 

vals by hand, you can also obtain confidence intervals using SPSS. The following examples will show 

you how to use SPSS to compute confidence intervals and how to incorporate confidence intervals into 

an APA-style write-up. 

Estimating a Population’s Parameter 

A huge international corporation, IM-ANX, has hired your consulting firm to conduct a study on its 

employees’ job satisfaction. While the corporation wants all of its employees to be satisfied, it is particu- 

larly interested in keeping its highly trained employees satisfied. These highly trained employees (e.g., 

biochemical engineers, genetic researchers) are very hard to find, and it seriously hurts the corporation 

when these employees quit. The corporation hired your firm to determine how satisfied these highly 

trained employees are currently and to suggest ways that might increase these employees’ satisfaction. 

As a first step, your firm obtains a random sample of 35 “highly trained” employees from the corpora- 

tion. Each of these 35 employees completes a job satisfaction survey that measures the degree to which 

they agree with 20 different statements about their job satisfaction using a 5-point Likert response scale. 

Two examples of the 20 questions are provided as follows: 

1. Iam satisfied with my salary. 

1 2 3 4 5 

Strongly disagree Neither agree Strongly agree 

nor disagree 

2. Overall, 1 am satisfied with my job. 

1 2 3 4 S) 

Strongly disagree Neither agree Strongly agree 

nor disagree 

33. After collecting the 35 employees’ responses to all 20 questions, you create a single overall job 

satisfaction variable by averaging each employee’s responses to all 20 questions. So each 

employee now has a single score reflecting his or her overall job satisfaction. What is the lowest 

possible score and the highest possible score on this overall job satisfaction variable? 

Lowest = | (meaning not at all satisfied) 
en 

Highest = = (meaning very satisfied) 

34. The first question your firm needs to answer is, “How satisfied is the population of highly trained 

employees currently?” Obviously, you only have data from the sample of 35 employees. Which 

of the following statistical procedures will help you estimate the population’s level of job 

satisfaction (i.e., the population parameter)? 
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558), 

310) 

Bile 

38. 

a. A significance test 

b. Anveffect size 

c. Aconfidence interval 

Some interns at your firm entered the data into an SPSS file titled “JobSatisfaction.sav.” Obtain 

this data file and then compute the mean level of job satisfaction for the sample of 35 employees 

and the 95% confidence interval around this mean. You could do this by hand, but you can also 

get confidence intervals through SPSS. To obtain the mean and the 95% confidence interval 

using SPSS: 

e Click on Analyze, Descriptive Statistics, and then Explore. 

* Move the variable of interest (in this case, it is JobSatisfaction) into the Dependent List box. 

e Click on the Statistics button. 

e Inthe Explore:Statistics box, select Descriptives and make sure the Confidence Interval for 

Mean is set at 95%. 

e Click on the Continue button and then on the OK button to run the analysis. 

What is the mean level of job satisfaction in the sample of 35 employees? 

The sample mean indicates that the sample had a mean job satisfaction score of 3.4. This value 

suggests the sample is slightly satisfied with their jobs; 3.4 is slightly higher than the neutral 

point of 3 on the scale. But, this is just the sample. This sample might not represent the 

population very well. The actual population’s mean might be higher or lower due to 

. To account for this possibility, your firm should compute the range of plausible 

values for the population’s mean job satisfaction. This is exactly what the 95% confidence 

interval gives you. 

Find the lower and upper bounds for the 95% CI for the population’s mean job satisfaction in 

the SPSS output. 

SORA aah 
LB = 2.8588; UB = 3.9412 

c. LB= 1,00; UB=5.00 
d. LB = 1.5755; UB = 3.4000 

Which of the following is a correct interpretation of this confidence interval? 

a. We are 95% confident that the true value for the population mean level of job satisfaction is 
between 2.86 and 3.94. 

b. Weare 95% confident that the true value for the population mean difference between the 
employee’s level of job satisfaction and the midpoint of the scale (3) is between 2.86 and 3.94. 

c. There isa 95% chance that the confidence interval contains the sample mean. 

There is a 95% chance that the sample mean is between the lower and upper boundary 
values. 
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39. Job satisfaction was measured on a 5-point scale, with 3 meaning moderate satisfaction. Based 
on the 95% Cl, the population of highly trained employees at IM-ANX are 

a. likely to be so satisfied there is really no way to make them more satisfied. 

b. likely to be slightly satisfied, but there is certainly room to increase their satisfaction. 

c. likely to be unsatisfied with their jobs; they might be on the verge of quitting. 

40. The lower bound of the 95% CI suggests that 

a. itis plausible that the population’s mean satisfaction score is below the midpoint on the scale. 

b. itis not plausible that the population’s mean satisfaction score is below the midpoint on the scale. 

Comparing Means 

41. You've learned that IM-ANX’s highly skilled employees are likely to be “slightly satisfied.” While 

this is useful information, you know they will want to know more. For example, “how satisfied are 

their employees compared to a competitor’s employees?” By reviewing some professional 

research articles on job satisfaction, you learn that the mean job satisfaction ratings for all “highly 

trained” employees at large corporations is 3.70 on the 20-question job satisfaction survey. 

Obviously, this 3.70 is higher than the estimate of IM-ANX’s mean satisfaction of 3.40, but this 

small difference might be due to sampling error. Which of the following statistical procedures 

should you use to determine if this difference between 3.70 and 3.40 is likely or unlikely to be due 

to sampling error? 

a. Significance testing 

b. Effect size 

c. Confidence interval 

42. Which of the following significance tests should you use to determine if the difference between 

all corporations’ mean of 3.70 (a population parameter) and the sample mean of 3.40 is likely or 

unlikely to be due to sampling error? 

a. Single-sample ft test 

b. zforasample mean 

c. z fora single score 

43. Next, you will need to compute a single-sample ¢ significance test to determine if the sample 

mean of 3.40 is significantly different from the large corporation mean of 3.7. Refer to Chapter 7 

for instructions on how to use SPSS to run the single-sample ¢ test. What t value did you obtain 

from SPSS? 

a. 3.4000 

b. =1.126 

c. -—.3000 

Ge268 

44. You plan to compare the average level of job satisfaction at IM-ANX to 3.7 (the mean for all large 

corporations). In this case, a one-tailed test is more appropriate because you only want to know 

if job satisfaction is significantly lower than 3.7. Write H, next to the null hypothesis and H, next 

to the research hypothesis for this f test. 
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45. 

46. 

47. 

48. 

49, 

___IM-ANX’s average job satisfaction score for all employees is not lower than 3.7 (the 

large corporation mean). 

____IM-ANX’s average job satisfaction score for all employees is lower than 3.7 (the large 

corporation mean). 

IM-ANX’s average job satisfaction score for all employees is equal to 3.7 (the large 

corporation mean). 

___IM-ANX’s average job satisfaction score for all employees is not equal to 3.7 (the large 

corporation mean). 

What is the p value for this one-tailed significance test? 

a. 

b. 

C. 

.268 

134 

.05 

Choose the statement that is a correct interpretation of this p value. 

a. 

b 

cr 

d 

The probability that the research hypothesis is true is .134. 

The probability that the null hypothesis is true is .134. 

The probability that the researcher made a Type | error is .134. 

If the null hypothesis is true, the probability of obtaining a t value of —1.126 or lower is .134. 

Should you reject the null hypothesis (use a = .05)? 

a. 

b. 

VES, ja< OS 

No, p > .05 

Which of the following is the best verbal summary of the results of the significance test? 

a. The mean job satisfaction of the sample of highly trained employees at IM-ANX is not 

significantly different from the overall corporation satisfaction mean of 3.7. 

The mean job satisfaction of the sample of highly trained employees at IM-ANX is 

significantly different from the overall corporation satisfaction mean of 3.7. 

The mean job satisfaction of the sample of highly trained employees at IM-ANX is not 
significantly lower than the overall corporation satisfaction mean of 3.7. 

The mean job satisfaction of the sample of highly trained employees at IM-ANX is 
significantly lower than the overall corporation satisfaction mean of 3.7. 

The above results seem like good news for IM-ANX. The significance test indicates that the 
difference in job satisfaction, which was , is probably due to sampling error and nota 
systematic problem created by IM-ANX’s employment environment. 

a. 

b 

C 

d 

3.4000 

=I IZ 

—.3000 

.268 
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50. You need to compute the effect size for this significance test by hand; SPSS does not do this 
automatically. You can find the two values you need to compute d in the SPSS output. Which of 

the following is the correct value for d? 

ay Sh) 

b. —.268 

ec; =12126 

Gl = 2076 

@, = 5), 5%) 

51. Choose the best interpretation of d. 

a. The sample mean is .19 above 3. 

b. The sample mean is .19 standard deviations below 3.7. 

c. The estimated statistical power is .19. 

52. The significance test used a reasonable sample size (N = 35), and it indicated that the mean 

difference of would occur if the null were true 13 out of 100 times. However, the mean 

difference is based on a sample of IM-ANX employees. If this sample did not represent the 

population very well, the actual difference in job satisfaction between the population of IM-ANX 

employees and the overall corporation mean satisfaction, 3.7, might actually be larger or smaller 

due to 

53. Your firm’s report to IM-ANX should recognize the possibility that sampling error resulted in a 

sample that was a poor representation of the population. This is typically done by computing a 

range of plausible values for the actual difference in job satisfaction, in other words, by 

computing a 95% confidence interval for this mean difference. Find the lower and upper 

boundaries for a 95% CI of this mean difference in the SPSS output. 

a. LB=-.8412, UB=.2412 

b. LB = 2.8588; UB = 3.9412 

€7 1B = 1.00; UB = 5.00 

d. LB= 1.5755; UB = 3.4000 

54. Choose the best interpretation of this confidence interval. 

a. There is a 95% chance that the sample mean difference is between the LB and the UB. 

b. 95% of the scores are between the LB and the UB. 

c. 95% confident that the population mean difference is between the LB and 

the UB. 

Writing Up the Results 

55. In previous activities in this book, we had you summarize results of null hypothesis significance 

tests without using confidence intervals. For all of the reasons mentioned in this activity, the APA 

recommends that researchers include confidence intervals in write-ups. Confidence intervals 

make us recognize how much our results might vary. Obviously, if there is a great deal of 
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56. 

sampling error, your results will be misleading. Confidence intervals provide a plausible range of 

outcomes that you should be aware of when you interpret any set of results. Now that you know 

about confidence intervals and why they are important, you should include them in your results 

summaries. The following paragraph is an excerpt of your report to IM-ANX. In the spaces, fill in 

the correct statistical information for a write-up of these data. When reporting numbers in APA 

style, round to the second decimal place. 

The average job satisfaction rating of the 35 employees (M = , SD= =), YE 

Cia : ] was not significantly lower than the overall corporation mean Oho 

t( )= p= ,d= D170, Cl ; ]. These results suggest 

that the employees are somewhat satisfied with their jobs, but there is room for improvement. 

When comparing the employees of IM-ANX to similar employees at other organizations, we find 

that their levels of job satisfaction were not significantly lower; however, IM-ANX should be aware 

that the mean was lower by .19 standard deviations. Although this is a small effect, it could have 

an important effect on the likelihood of employees leaving IM-ANX. 

As a group or an individual, try to explain the meaning of each number in the above write-up. 

What important information does each number in the write-up convey? (You don’t necessarily 

have to write all this out, but working through the verbal explanation by yourself or with 

someone may help clarify what you should have learned. Give it a try.) 
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Chapter 8 Practice Test : 

1. Why do researchers compute confidence intervals? 

a. 

b. 

C. 

d. 

To estimate a population parameter 

To determine if the outcome is likely to be due to sampling error 

To determine if the treatment had an effect 

To describe the size of the effect a treatment had on a dependent variable 

2. Confidence intervals can only be computed around single means and not around 

mean differences. 

a. 

b. 

True 

False 

3. Which of the following interpretations of a 95% confidence interval is correct? 

a. 

b. 

All values within a confidence interval are equally likely. 

If the study were repeated, the population mean would be in that confidence interval 95% of 

the time. 

A set of plausible values for a population parameter. 

_ If the mean is in the confidence interval, you can reject the null hypothesis. 

SCENARIO 1: CONFIDENCE INTERVAL FOR A SINGLE MEAN 

People often complain about the length and frequency of commercials on TV. A company is considering 

offering TV shows online without commercial interruptions for an additional cost. Before pursuing this 

plan, the marketing department wants to know how much people would be willing to pay for such a ser- 

vice. To get an estimate of the amount people will pay, they survey a random sample of 67 TV watchers 

and find that the mean amount is $38.65 with a standard deviation of $25.32. 

4. What is the point estimate for this scenario? 

5. Which table of critical values should you use to create a 95% confidence interval? 

a. 

b. 

One-tailed, .05 

One-tailed, .01 

c. Two-tailed, .05 

d. Two-tailed, .01 

6. Compute the margin of error. 

a. Ie) 

b. 4.89 

(ep 

d. 

3.09 

6.18 
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Te 

10. 

Ie 

Construct a 95% confidence interval around the point estimate. 

a. LB = 36.65, UB = 40.65 

bw LB =35'56, UB 41574 

Cc. LB= 32.47, UB = 44.63 

Which of the following statements is the best interpretation of this confidence interval? 

a. 95% of the sample means are between the LB and the UB. 

b. 95% confident that the sample mean is between the LB and the UB. 

c. 95% confident that the population mean is between the LB and the UB. 

Why would a larger sample size be beneficial in this case? 

a. It would make the confidence interval more precise. 

b. It would increase the standard error of the mean. 

c. It would lower the p value. 

Would a 99% confidence interval be narrower or wider than the 95% confidence interval? 

a. Narrower 

b. Wider 

The data analyst chose to compute a confidence interval to answer the research question. 

However, other statistical procedures could be used to answer different research questions using 

the same data. Match each of the following research questions to the appropriate statistical 

procedure. 

Effect size 

Confidence interval 

Significance testing 

a. The company wants to know if TV watchers will pay significantly more than they are paying 
now if they remove commercials from TV programming. 

b. The company wants an estimate of how much TV watchers will pay for commercial- 
free iV. 

c. The company wants to know how effective removing commercials will be at increasing TV 
watchers’ satisfaction with TV programming. 

SCENARIO 2: CONFIDENCE INTERVAL FOR A MEAN DIFFERENCE 

Scores on a standardized test of reading comprehension have a mean of 400. A principal wants to know 
how much his students’ reading comprehension scores differ from the national average. To answer this 
question, he obtains reading comprehension scores from a sample of 100 students in his school and 
finds that the mean at his school is M = 385 (SD = 98). Compute the 95% confidence interval for the 
mean difference between the sample mean and a score of 400. 

12. What is the point estimate for this scenario? 
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13. Compute the margin of error. 

ah, ©)s} 

b. 1.9842 

Cc. 18.64 

d. 19.45 

14. Construct a 95% confidence interval around the point estimate. 

a. LB= 14.80; UB = 16.98 

b. LB=5.2; UB = 24.8 

c. LB =—13.68; UB = 42.89 

d. LB =—4.45; UB = 34.45 

15. Which of the following statements is the best interpretation of this confidence interval? 

a. 95% of the mean difference confidence intervals are significant. 

b. 95% confident that the sample means are within one standard error of the population mean. 

c. 95% confident that the population mean difference is between the LB and the UB. 

REFERENCES 

American Psychological Association. (2010). Publication manual of the American Psychological Association (6th ed.). 

Washington, DC: Author. 

Cumming, G. (2012). Understanding the new statistics: Effect sizes, confidence intervals, and meta-analysis. New York, 

NY: Routledge Academic. 



(C3 Se es: 
Se ie 

i, 156 © OF 

> af a 

' , oa oe — a 

Dan a ea G1i.<0/ ~ | Daaawmeerees 

2 DOS Mei 06 wae s5 $m) Pes ot ER 

ee use 076 CD aie revest 

f1IERC sag @ pager) ON 06 SS ny * ity vd <= “paee 

seltabaits torus Gi arts Pe lnetel “0m Sohngog teat Oi 

z —_ - a us a 
ta F Q . 

140 17%, pelhee ee) be 7. 1 ; Py wh i Lavi cre 
i] -— 

Puls iP Glne a) a peiligys alJdinea ai 

CEMARIO 2) COMTIDENLE INTERVAI FOR A MEANT 

ire d i i 4 rane ? leoeee Higieme ddl 7 

fice) CANahi tle eee rTR vem riba: Trent), Peres Gillie ieee, ine 
ia : me (ee niF ye i 4 i ‘hi ta¢ 6 beverie Mae ~—e 

NOY Vi Va ye > \ io wa) iAegpsga ¢ —. 

(OE) Ca ay 079° ime 2 » a) a6 eee 

- ~ 
eo _ 



GigHip Aye PeiTep EoiRecio9 

Related Samples t Test 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Identify when a related samples t test should be used 

e Explain the advantages of using a related samples design over an independent samples design 

e Explain the logic of the related samples t test 

e Write null and research hypotheses using symbols and words for both one- and two-tailed tests 

e¢ Compute the degrees of freedom and define the critical region for one- and two-tailed tests 

¢ Compute a related samples t test by hand (using a calculator) and using SPSS 

e Determine whether you should reject the null hypothesis 

e Compute an effect size (d) and interpret it 

e Summarize the results of the analysis using American Psychological Association (APA) style 

e Interpret the SPSS output for a related samples t test 

REPEATED/RELATED SAMPLES t TEST 

In this chapter, you will learn about a different kind of ¢ test. While its computation is similar to the 

single-sample f test you learned in Chapter 7, this new f test goes by several different names, one for 

each of the experimental designs in which it can be used. For example, it can be used to compare the 

mean of a sample of people before and after they experience a treatment. In this situation, the f test 

is called a repeated-measures t test because participants are measured repeatedly, once before and once 

\aftera treatment) The repeated-measures ¢ test determines if the treatment changed participants’ 

scores ona dependent variable (DV). This same t test can also be used when researchers eu to com- 

pare two groups of participants that are related to each other in some way. In this situation, thet Uee: 

is called a related samples t test because each person in the first sample has something in common with 

or is linked to someone in the second sample (i.e., the samples are related). For example, the first sample 

271 
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might be husbands and the second sample might be their spouses. Even though the repeated-measures 

t test and the related samples t test have different names that arise from their different experimental 

designs, when it comes to computation, they are identical. In fact, the t test you will learn about this 

chapter is also sometimes called a paired samples t test, matched samples t test, dependent samples 

t test, or a within-subjects t test. All of these names refer to the same statistical test that you will learn 

in this chapter. 

The related-measures t test is similar to the single-sample ¢ test in that it compares the deviation 

between two means to determine if it is likely to have been created by sampling error. However, the 

related samples ¢ test is different in that the two means it compares both come from the same sample, 

which is measured twice under different conditions. For example, if researchers wanted to test the 

effectiveness of a new drug intended to lower anxiety, they might take a sample of people, measure 

their anxiety first, then give them the new drug, and finally measure their anxiety after the drug had 

time to work. You might recognize this as a “pre-post” test. If the drug did not work at all, one would 

expect the mean anxiety level to be the same before and after taking the drug. However, if the drug 

worked, one would expect the mean anxiety level to be significantly lower after taking the drug than 

before taking it. In this situation, researchers use the same group of people to represent two different 

populations. The predrug sample mean represents what the population’s anxiety level would be if they 

did not take the drug. The postdrug sample mean represents what the population’s anxiety level would 

be if they did take the drug. Thus, the researchers are using one sample to produce two different sample 

means, and each sample mean estimates a different population parameter. If the deviation between 

the two sample means is unlikely to be created by sampling error, then the drug is assumed to have 

changed the anxiety level of the sample. 

In some situations, researchers form pairs of people who are similar on some variable they are 

interested in “controlling.” For example, researchers might create pairs of people who have the same 

anxiety scores (i.e., two people with anxiety scores of 180, two people with scores of 210, etc.). Then 
the researchers would randomly give one person from each “matched” pair the drug and the other 
a placebo. When using “matched” samples, you analyze the data as if each matched pair were really 
a single person. The hypotheses, critical regions, and calculations are exactly the same as those 
used in the previous pre-post example, but in this situation, the ¢ test is frequently called a related 
or matched ¢ test. The following hand calculation example illustrates how this type of matching 
procedure is done. 

Researchers use the related samples t test to determine if 
differ more than would be expected by sampling error. 

Reading 

Question 
(a.) two related sample means 

b. asample mean and a population mean 

The related samples ¢ test can be used for a study that is using Reading 
Question a. a matching research design. 

b. a pre-post research design. 

(C. /both research designs. 
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LOGIC OF THE SINGLE-SAMPLE AND 
REPEATED/RELATED SAMPLES t TESTS 

The logic of the related samples f test is similar to that of the single-sample f test. To help illustrate the 
similarities and differences between these two statistical tests, both formulas are given as follows: 

: M-wu 
Single-samplet = 3 g p SE 

Ss 

Repeated/ relatedsamplest = ie) ; 
SEM r 

The denominators of both the single-sample t test and the related samples t test represent the 
typical amount of sampling error expected. The numerator of the single-sample ¢ test compares a 
sample mean (i.e., M) with an expected value if the null hypothesis were true (i.e., 1). The numerator 
of the related samples t test is slightly more complicated in that rather than comparing a single- 
sample mean (i.e., M) with an expected value if the null hypothesis were true (i.e., 1), it actually 

compares the mean difference between two sample means (i.e., M,; the D stands for difference) with 

the mean difference expected if the null is true (i.e., 1). For example, you would compare the dif- 

ference between the predrug anxiety mean and the postdrug anxiety mean to the mean difference 

expected if the drug did not work at all (i.e., p,, a mean difference of 0). In fact, researchers are 

almost always testing to see if the observed difference is significantly different from 0. In this book, 

we will always use p1,= 0 because it is exceedingly rare to use a value other than 0 (SPSS does not 

even allow the use of other values). If you use p= 0, it can be eliminated from the numerator, and 

the t formula can be simplified to 

M 
Relatedsamples t = —* 

SEM 

Another important similarity between the single-sample ¢t and the related ¢ tests is that if the 

null hypothesis for either test were true, you would expect to get an obtained ¢ value close to 0. 

If the obtained t value were farther from 0 than the critical value, the null hypothesis would be 

rejected. 

An important distinction between the single-sample ¢ test and the related 

samples ¢ test is that the analyzes mean differences between two 

samples. 

Reading 
Question 

a. single-sample ¢ test 

b. )related samples f test 
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: 4. The denominators of the single-sample t test and the related samples f test 

Reading are both 

Question a. expected to be 0 if the null is true. 

(d. the typical amount of sampling error expected in the study. 

As with all types of t tests (e.g., single-sample ¢ test and others), if the null 

hypothesis is false, the related samples ¢ test expects an obtained ft value that is Reading 

Question a. close to 0. 

b. far from 0. 

As with the single-sample ¢ test, a related-measures ¢ test can be either one-tailed or two-tailed. The 

first example is a two-tailed test. 

RELATED SAMPLES t (TWO-TAILED) EXAMPLE 

A clinical researcher wants to determine if a new drug for treating anxiety has side effects that change 

cholesterol levels. Cholesterol levels are normally distributed and measured on an interval/ratio scale. Six 

pairs of people are matched on their preexisting cholesterol levels. Then, one person in each pair is given 

the new anxiety drug, while the other person is given a placebo. Eighteen weeks later, the researcher 

measures their cholesterol levels. The clinician doesn’t have any way of knowing if the anxiety drug will 

increase, decrease, or have no effect on cholesterol, so he used a two-tailed hypothesis test with a = .05 

to determine if the drug changes cholesterol levels. You’ve been hired to run this analyses for this study. 

Step 1: Examine the Statistical Assumptions 

As with the single-sample ¢ test, when conducting a related samples t test, the independence of data 

assumption requires that participants’ scores within a condition do not influence the scores of others in 

that same condition. Again, careful procedural controls usually produce data that are independent. 
When conducting a;related samples ¢ test, the IV must identify two groups of related scores that are 
measured under different conditions, and the DV must be measured on an interval or ratio scale (appro- 
priate measurement of variables assumption for related t test). The IV in this study identifies two related 
groups matched on their initial cholesterol levels and then randomly assigned to two different condi- 
tions. One group took the antianxiety drug for 18 weeks while the other group took a placebo. So, the 
IV identifies the two conditions of drug versus placebo. The DV is participants’ cholesterol level after the 
drug or placebo was taken for 18 weeks. Cholesterol levels are measured on an interval/ratio scale. Both 
the IV and the DV satisfy the appropriate measurement of variables assumption for the related samples 
t test. The normality assumption for a related samples t test requires that the distribution of sample mean 
differences be normally shaped. We will describe the distribution of sample mean differences later, but 
essentially the central limit theorem also applies to the distribution of sample mean differences so it will 
have a normal shape as long as the original population of mean differences has a normal shape or if 
the sample size is sufficiently large (i.e., greater than 30). This assumption is met because the population 
of cholesterol levels is known to have a normal shape, so the population of mean differences is also 
likely to have a normal shape. Although the normality assumption will be met in this case, in a real 
study, it is never a good idea to use only six pairs of participants to represent an entire population. 
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We use this small sample size so the example will be easier for you to follow. When you do research, it 
will usually be necessary to have a larger sample size. The related samples t test does not have a homo- 
geneity of variance assumption. Given that all three assumptions of the related f test are satisfied, you 
can progress to Step 2. 

6. You use a related samples t statistic when (choose two) 
Reading 

3 a. the IV defines two independent samples, and the DV is measured on 
Question 4 a interval/ratio scale. 

b.) the IV defines two matched samples, and the DV is measured on an interval/ 
ratio scale. 

Cc.) the IV defines one sample measured under two different conditions, and the 

DV is measured on an interval/ratio scale. 

d. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do not know the population standard deviation. 

€. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do know the population standard deviation. 

Which of the following common statistical assumptions is not an assumption of 

the related samples f test? Reading 

Question a. Data independence 

Appropriate measurement of the IV and the DV b. 

c. The distribution of sample mean differences must have a normal shape 

d. Homogeneity of variance 

Step 2: State the Null and Research Hypotheses 
Symbolically and Verbally 

In this case, you are not sure what effect the antianxiety drug has on cholesterol levels, so you correctly 

choose to do a two-tailed hypothesis test. Your research hypothesis states that the drug does affect 

cholesterol levels. This hypothesis is nondirectional in that it does not specify if the drug has a positive 

or negative effect, just that it will have some effect. As will always be the case, your null hypothesis 

states the opposite of the research hypothesis—namely, that the drug does not affect cholesterol levels 

in any way. 

In this example, you are using pairs of people who are matched on their preexisting cholesterol lev- 

els. You treat each matched pair as if they were a single participant. One person in each matched pair 

will get the drug, while the other will get the placebo. Those who get the drug help create a mean that 

represents the population’s cholesterol if everyone took the drug. Those who get the placebo help cre- 

ate a mean representing the population’s cholesterol if everyone took the placebo. The related samples 

t test does not directly compare these means. Instead, the related samples t test uses the difference 

scores from each matched pair of participants. You must compute these difference scores by subtract- 

ing each pair’s placebo cholesterol score from their drug cholesterol score. You will see this in Step 4. 

The related samples t test determines if the mean of these difference scores is significantly different 

from 0. If the drug has no effect on cholesterol, the mean difference for all the matched pairs should be 

close to 0. The symbolic notation for the mean of the difference scores is 1p. Thus, the null hypothesis 
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is that the mean of the difference scores is equal to 0 (y,, = 0), and the research hypothesis is that the 
mean of the difference scores is not equal to 0 (1, + 0). The null and research hypotheses are shown in 

Table 9.1. 

In most research situations in which a related samples f¢ test is used, the p, 

expected if the null is true is 

{ a.\0. 

bee 

©, Waly. 

Reading 

Question 

Symbolic and Verbal Representations for Two-Tailed Research and Null Hypotheses 

Tobie 9 for a Related Samples t Test 

Symbolic Verbal Mean Difference Created by 

Research The mean cholesterol level in the population of | The drug having a different 

hypothesis people who take the placebo is different from effect on cholesterol than 

(H,) the mean cholesterol level in the population of the placebo 

people who take the antianxiety drug. 

Null The mean cholesterol level in the population of | Sampling error 

hypothesis people who take the placebo is not different 

(H,) from the mean cholesterol level in the population 

of people who take the antianxiety drug. 

9. Which of the following best represents the null hypothesis for a two-tailed 
Reading related samples ¢ test? 
Question Ess Dae sa) 

( b) p,=0. 

C. YH, =H. 

10. [, is the symbolic notation for 
Reading 

a. the null hypothesis. 
Question 

b./the mean of the difference scores from the population. 

Step 3: Compute the Degrees of Freedom and 
Define the Critical Region 

This research scenario uses a matched design. This means that you are using a pair of people who are 
matched on their cholesterol scores as if they were just one person. Therefore, when computing the 
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degrees of freedom (df) for a matched design, N is the number of paired scores. In this case, N would 
be 6, and the df would be 

df =(N-1)=(6-1)=5. 

To determine the critical value, you use the same table of critical t values we have used for all other 
t tests and find it to be 2.5706 when a = .05. This means that the two-tailed critical regions are 
t< —2.5706 and t > +2.5706. 

Step 4: Compute the Test Statistic (Related Samples t Test) 

4a. Compute D for Each Participant/Matched Pair 

The first step in computing the related samples ¢ statistic is computing the difference score 

(i.e., D) for each pair of scores. You must compute the difference in the same way for each pair of scores. 

In this case, the difference score was computed as Drug Score minus Placebo Score. The 

D for each pair of scores is computed in Table 9.2. D is the difference between the two scores for each 

participant pair. 

IF) (meres Computation of D in a Related Samples t Test 

D (Drug - Placebo) 

Difference scores will always be positive. 

Reading 

Question 
a. True 

 b.) False 

The first step in computing a related samples ¢ is to compute difference scores 

(Ds) by 

a. subtracting the mean for Group 1 from the mean for Group 2. 

Reading 
Question 

b, computing the D for each set of paired scores. 
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4b. Compute the Observed Mean Difference (M,) 

Next compute the numerator of the f (i.e., the mean of the difference scores) by adding the Ds and divid- 

ing by the number of Ds (N): 

4c. Compute the Average Mean Difference Expected Due to Sampling Error 

Now compute the typical mean difference expected due to sampling error. At first glance, the sum of 

squares (SS) formula shown below appears different from the SS formula we used in previous chapters. 

The difference is only minor, however. The previous SS formula used the ©X and /X*. The following SS 

formula uses ).D and )D’ because the related samples ¢ test analyzes the Ds, not the scores themselves. 
The computational process is identical; you just use the difference scores (i.e., Ds) instead of scores (Xs): 

2 24) 
ag,erp 22) «pgp 2: ) = 60) 

N 6 

» SD, =| ee ee 

SEM Soe Oe as 
NG 

This value of 1.414 is the typical sampling error for this study. It is the expected difference between 
these sample means due to sampling error. 

13. The related samples t test analyzes rather than Reading 
. a. deviations scores; difference scores 

Question 
b. raw scores; difference scores 

( ) difference scores; raw scores 

14. Which of the following values is a measure of sampling error? 

niente, sie 
b. SD, 

( Cc.) SEM, 

4d. Compute the Test Statistic (Related Samples t Test) 

The obtained ¢ value for the related samples ¢ test is computed as follows: 

M, 4 
= —_ =2.83. cs 

SEM, 1.414 
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The obtained t value of 2.83 is farther from 0 than the critical value of +2.5706: therefore, it is 
in the positive critical region. Thus, you should reject the null hypothesis and conclude that people 
who took the antianxiety drug had higher cholesterol levels than those who took the placebo. This 
value of 2.83 indicates that the difference between the sample means was 2.83 times greater than 
would be expected by chance if the null hypothesis is true. This obtained difference is unlikely to 
be due to sampling error. 

ANS), If the obtained t value (i.e., in this case 2.83) is farther from 0 than the critical 

value, the difference between the two means is Reading 

Question a. likely to be due to sampling error. 

_b.) not likely to be due to sampling error. 

Step 5: Compute an Effect Size and Describe It 

Computing the effect size (d) is done the same way as for the single-sample t test.' Specifically, 

_ Observed deviation between the means M, 2 1.15 

~ Standard deviation of difference scores SD, 3.464 

When computing a d for a related samples t test, the denominator is the standard deviation of the 

D scores (SD,). 

The same effect size cutoffs are used as with the single-sample t¢ test. Specifically, the effect size is 

small if d is close to .2, medium if it is close to .5, and large if it is close to .8. You should always use 

the absolute value when determining the size of the effect. In this case, the d of 1.15 is a large effect 

size. The difference in cholesterol scores between the placebo and drug conditions is 1.15 times larger 

than the standard deviation of D scores. This suggests that the new antianxiety drug has a large effect 

on cholesterol levels. 

16. To compute the effect size, you divide the observed deviation between the 

means by Reading 

Question a. the standard error. 

b. (the standard deviation of the difference scores. 

c. the mean standard deviation of the scores. 

Step 6: Interpreting the Results of the Hypothesis Test 

The following sentences summarize the results of this related samples ¢ test. You will need to compute 

the means for the drug and placebo groups by hand or using SPSS to include them in your report of 

the results. 

1 Many researchers use this formula for computing d, but there are other options. For example, Cumming (2012) 

recommends dividing the mean of the differences scores by the average of the standard deviations rather than the 

standard deviation of the difference scores. Either calculation is acceptable as long as you tell the reader how you 

computed the effect size. In this book, we are always using the same calculation, and so we do not say repeatedly 

how it was done, but when you present data, you should state how d was calculated. 
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People who took the antianxiety drug had substantially higher cholesterol levels (MV = 194.83, 

SD = 13.64) than people who took the placebo (M = 190.83, SD = 14.29), t(5) = 2.83, p< .05, d= 1.15. 

The drug raised cholesterol levels by more than 1 standard deviation, suggesting the drug has a detri- 

mental effect on cholesterol levels. However, the sample included just six pairs of people, and so the 

study should be replicated with a larger sample size. 

17. The effect size in this study indicates that the antianxiety drug raised cholesterol 

levels of the participants 

a.\by 1.15 standard deviations, which is a very large effect. 

b.| 1.15 times more than would be expected by chance. 

Reading 
Question 

In the previous example, you did not know if the anxiety drug would have an effect on cholesterol 

levels, and so she chose to do a two-tailed test. In the next example, you are testing the effect of the 

antianxiety drug on anxiety. Because you clearly expect the drug to reduce anxiety, you should do a 

one-tailed test. 

RELATED SAMPLES t TEST (ONE-TAILED) EXAMPLE 

A new drug for treating anxiety has been developed. Obviously, it is expected to lower the anxiety 

scores of people who take it. A psychiatrist recruits six people with high anxiety scores for an evalua- 

tion study of the new drug. All six volunteers complete an anxiety inventory before taking the drug and 

then again after taking the drug for 1 month. Their pre- and postanxiety scores are displayed in 

Table 9.4. Scores on the anxiety inventory are normally distributed and measured on an interval/ratio 

scale. You are hired to help run this study. You correctly decide to use a one-tailed related samples t test 

with an alpha of .05 to determine if this new drug lowers anxiety scores. 

Step 1: Examine the Statistical Assumptions 

As was the case for the previous study, the participants’ responses within each condition are indepen- 
dent of each other, the IV identifies two conditions (i.e., before vs. after taking the drug) and the DV is 
measured on an interval/ratio scale, and the distribution of sample mean differences is likely to have a 
normal shape. Again, it is generally better to have a sample size larger than is used here, but this small 
sample will work well as an example. Given that all three assumptions are met, it is appropriate to move 
on to the Step 2. 

Step 2: State the Null and Research Hypotheses 
Symbolically and Verbally 

The null and research hypotheses are given in Table 9.3. 
Your hypotheses depend on how you compute the difference scores. In this case, the difference 

scores were computed as After Drug minus Before Drug. The research hypothesis predicts that anxiety 
scores will be higher before taking the drug and lower after taking the drug. Therefore, if the research 
hypothesis is correct and the difference scores are computed as After Drug (lower anxiety) - Before 
Drug (higher anxiety), the mean difference score (H,) would be negative. 
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EEC oymbolic and Verbal Representations for One-Tailed Research and Null Hypotheses 
for a Related t Test 

Mean Difference Created by 

The antianxiety drug lowering 

cholesterol 

Symbolic 

Research 

hypothesis 

(H,) 

Null The population’s mean anxiety score is not 

hypothesis lower after taking the antianxiety drug than 

(H,) before taking it. 

H,: ,<0 | The population’s mean anxiety score is 

lower after taking the antianxiety drug than 

before taking it. 

Sampling error 

tie Which of the following could represent the null hypothesis for a one-tailed 

7 related samples t test? 

fa\y, <0 e 

bj, <0 
C.-Py = Hy ; 

dp, 2 =" 

Reading 

Question 

4 

Step 3: Compute the Degrees of Freedom and 
Define the Critical Region 

The df is computed identically for one- and two-tailed tests: 

df =N—1=6—11=5. 

In this case, the critical region is t < — 2.0150. 

19. When computing the df for a related samples f test, the N in the formula 

is the Reading 

Question a. number of scores. 

b. number of pairs of scores. 

Step 4: Compute the Test Statistic (Related Samples t Test) 

4a. Compute D for Each Participant/Matched Pair 

As mentioned earlier, the related samples f¢ test analyzes difference scores (Ds) rather than raw scores. 

The difference score for each participant is computed in Table 9.4. All difference scores were computed 

by subtracting After Drug — Before Drug scores. 
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Elam Computing D for a Related t Test 

20. When computing a related samples f test, you must remember that all of the 

analyses are done on 

D (After - Before) 

Reading 

Question /a.)the difference between the paired scores for each participant (i.e., D). 

b. the raw scores of each participant. 

4b. Compute the Observed Mean Difference (M,) 

The mean difference score (i.e., the numerator of the related samples f test) is computed as follows: 

Dawes 
M, a2 D gals sree 

Ni iG 

4c. Compute the Average Mean Difference Expected 
Due to Sampling Error 

The three computational steps for computing the expected sampling error are given as follows: 

(=D) aren (-19) 

6 
SS, = XD" - = 8.833. 

SS 8. 
SD, =,|2 = joes =1.329. 

N-1 5 

SD, _ 1.329 
SEM, =—~2 =<" = 543. 

Jn V6 

This value of .543 is the typical expected sampling error. It is the size of the anxiety difference between 
the After Drug and Before Drug means that is expected due to sampling error. 
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4d. Compute the Test Statistic (Related Samples t Test) 

The obtained t value for the related samples t is computed as follows: 

te a 
SEM 543 

=—5.83. 

The obtained ¢ value of —5.83 is farther from 0 than the critical value of —2.0150; therefore, it is in 
the negative critical region. Thus, you should reject the null hypothesis and conclude that the anxiety 

scores were lower after taking the drug than before taking the drug. 

Ze The obtained ¢ value in this study indicates that 
Reading 

i a. the deviation between the sample means was 5.83 times larger than was 
Question expected due to sampling error. 

b. the null hypothesis should be rejected. 

c. both a and b are correct. 

Step 5: Compute an Effect Size and Describe It 

The effect size for this study is computed as follows: 

d Observed deviation between the means _ M, —_ —3.167 _ 2 38 

Standard deviation SD agi 329 re D 

A d of —2.38 is a large effect size. This means that the difference in anxiety levels between the Before 

Drug and After Drug treatment conditions is 2.38 times larger than the standard deviation of difference 

scores. This suggests that the new antianxiety drug is very effective at lowering anxiety levels. 

22. The effect size in this study indicates that the drug lowered the anxiety of the 

participants Reading 

Question a. 2.38 times more than would be expected by chance. 

b. by 2.38 standard deviations, which is a very large effect. 

Step 6: Interpreting the Results of the Hypothesis Test 

The following sentences summarize the results of this study: 

People had lower anxiety levels (M = 20.33, SD = 2.50) after taking the drug than they had prior to 

taking the drug (M = 23.50, SD = 1.64), t(5) = —5.83, p< .05 (one-tailed), d = —2.38. The reduction in 

anxiety scores was quite large, more than 2 standard deviations. The sample size in this study was very 

small. A larger study should be done before any conclusions are drawn about the drug. 

23. When writing the reporting statement of the results, the p value is written as less 

than .05 (i.e., p < .05) because 

(a. the obtained t value was in the critical region. 

Reading 

Question 
b. the null hypothesis was not rejected. 
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STATISTICAL RESULTS, EXPERIMENTAL DESIGNS, 

AND SCIENTIFIC CONCLUSIONS 

The result of the above significance test seems to imply that the antianxiety drug works, and the effect 

size seems to imply that it is very effective. However, all statistical results must be interpreted cau- 

tiously, particularly paying close attention to the study’s experimental design. In this study, the sig- 

nificance test indicates that something other than sampling error probably created the observed 

reduction in anxiety. Therefore, it may be tempting to conclude that the drug caused the reduction, 

but there is at least one other potential cause. In this pre-post design, participants’ anxiety scores 

were measured before and after taking the drug; these measurements were separated by 1 month. 

One possible explanation is that people naturally get better with the passage of time. Participants 

might have gotten better without any treatment. Therefore, the passage of time is a confound in this 

study. It is also correct to say that the passage of time and the drug treatment are confounded in this 

study because it is impossible to know whether the passage of time, the drug, or some combination 

of both caused the reduction in anxiety. The lesson here is that you must consider potential con- 

founding variables carefully before you interpret any statistical result. Ideally, researchers should use 

experimental designs that control for potential confounding variables. For example, researchers could 

control for improvement with time by using a control group of different participants who only 

received a placebo drug. If the placebo treatment did not reduce anxiety while the drug treatment did, 

the researchers could be pretty confident that the drug caused the anxiety reduction and not the pas- 

sage of time. The key point is that a statistical result (i.e., rejecting a null or a large effect size) is only 

one portion of a convincing scientific argument. If a study has a confound, the statistical results are 

not very informative. Statistical results and experimental design are equally important to the scientific 

process. You will learn how to use experimental designs to control potential confounding variables in 

a research methods course. 

24. When interpreting the statistical results of any study, 
Reading 
Question a. you should consider if a confounding variable might have affected the 

results. 

b. you should recognize that the experimental design is just as important to the 

scientific conclusion as the statistical results. 

c.) both of the above are correct. 

SPSS 

Data File 

We used the data from the first example (i.e., the effect of an antianxiety drug vs. placebo on cholesterol 
levels) to demonstrate how to run a related samples ¢ test. Related measures data are entered into two 
columns in the data file. One column should have the placebo cholesterol levels, and the other column 
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should have the drug cholesterol levels. When entering matched data, you must enter the data for 
matched participants on the same row in the data file. Likewise, when entering related samples data, in 
which the same people have been measured twice, you must enter the data for each participant on the 
same row in the data file. After you have entered them, the data from the first example problem should 
look like what is shown in Figure 9.1. 

SPSS Screenshot of the Data Entry Screen 

vr) *Untitled1 {DataSet0] - IBM SPSS Statistics Data Editor 

File Edit View Data Transform Analyze Graphs Utilities Add-ons Window Help 

Ane Oo > Sete 8 ou 
9 - Placebo Visible: 2 of 2 Variables 

| Placebo Drug svar var ps . var va 

180.00 188.00 | 
200.00  —-201.00 
190.00 137.00 
170.00 174.00 
210.00 218.00 

194.00 

Data View Variable View 

IBM SPSS Statistics Processor is ready Unicode:ON 

Computing a Related Samples t Test 

© Click on the Analyze menu. Choose Compare Means and then Paired Samples f Test (see YAU 972). 

® Move both independent variable conditions (in this case, Drug and Placebo) into the Paired 

Variables box. In some versions of SPSS, you have to move them into the box at the same time 

(see Figure 9.3). 

¢ Click on the OK button. 



286 AN INTRODUCTION TO STATISTICS 

Figure 9.2 | SPSS Screenshot of Choosing a Paired Samples t 

Ss a Ey i. i x 
ee | 

| Placebo Drug | 

180.00 188.00 
200.00 201.00, 
190.00 497.00. 
170.00 174.00) 
210.00 215.00, 
495.00 194.00) 

| Compare Means 

&; Simulation. 

EAROC Curve... 

Resor 

Descriptive Statistics 

General Linear Model 

Generalized Linear Models 

Mixed Models 

Correlate 

Regression 

Loglinear 

Classify 

Dimension Reduction 

Scale 
Nonparametne Tests 

Forecasting 

Survival 

Muttiple Response 

Quality Contro! 

ateiticeemeim SPSS Screenshot of Selecting the Paired Variables 

Sones Tee 

# Placebo 
Drug - | 

Paired Variables: 

Lali __\Variable1__ Variable2 
—~# Placebo} #& (Drug) 

: 
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Output 

ale Re Annotated SPSS Output for a Related t Test 

Paired Samples Statistics 

5.57026 

5.83333 

Mean: N: Std. Deviation: Std. Error Mean: Standard 

Sample Sample Standard errors of the means; 

means (iM) || sizes deviations for Computed as SD, WN 
each treatment 

(SD) 

Paired Samples Ccrrelations 

Paired Samples Correlations: 

interpret a t test. 

Pair 1: Drug—Placebo: Tells you 95% Contidence Interval: We 

which mean was subtracted 
: are 95% confident that the actual 

from the other. In this case, the : 
Dicaahe rican was elbitacted difference between the sample and 

@ontine Drig mean population means is between the 

ug : lower and upper values. 

Paired Samples Test 

Paired Differences 

95% Confidence Interval 

of the Difference 

Mean |Std. Deviation | Std. Error Mean t 

4.00000 3.46410 1.41421 36465 7.63535 - 

t: Obtained f 

Pair1 Drug - Placebo 

Mean: Mean of the Std. Deviation: Std. Error Mean: 

difference scores (M,); Standard Standard error of value Degrees of 

difference between the deviation of the the difference M, freedom 

two sample means difference scores (SEM); the t= Seu. (N- 1) 
3 ¢ denominator 

of the t 

scores (SD,) 

Sig. (2-tailed): Two-tailed 

p value; the probability of 

obtaining the obtained t value 

or a more extreme t value if the 

null hypothesis is true; 

For a one-tailed test, divide this 

value by 2; reject H, if p < a. 

Nera si 
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Reading 

Question 

Reading 

Question 

Reading 

Question 

Reading 

Question 

Reading 

Question 

Reading 

Question 

25. Use the “Paired Samples Statistics” output to determine the mean and standard 

deviation for the drug condition. The mean and standard deviation for the drug 

condition were 

(a) 194.83 and 13.64, respectively. 

b. 190.83 and 14.29, respectively. 

26. When you enter data for a related samples ¢ test, you should 

a) have the paired scores on the same row of the spreadsheet. 

b. have as many columns as you have scores. 

27. Use the “Paired Samples Test” output to determine which of the following was 

the numerator of the f¢ test. 

a.) 4.0000 

b. 3.46410 

c. 1.41421 

al, DES 

e WS7 

28. Use the “Paired Samples Test” output to determine which of the following was 

the denominator of the f¢ test. 

a. 4.0000 

b. 3.46410 

c.) 1.41421 

d. 2.828 

{O57 

29. Use the “Paired Samples Test” output to determine which of the following was 

the obtained value for the ¢ test. 

a. 4.0000 
b. 3.46410 
c. 1.41421 
(d.)2.828 
eG OST 

30. Use the “Paired Samples Test” output to determine which of the following values 
is the p value for this f test. 

a. 4.0000 
b. 3.46410 
c. 1.41421 
d. 2.828 
‘e.) 037 

f 

\ 
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OVERVIEW OF THE ACTIVITY 

In Activity 9.1, you will work through all of the steps of hypothesis testing for a one-tailed hypothesis 
test and a two-tailed hypothesis test. You will do the calculations using a calculator and SPSS. The activ- 
ity also asks you to compare and contrast the results of significance tests and effect sizes, as well as 
compare the results of different studies. Finally, you will also read research scenarios and determine the 
appropriate statistic for each situation. In Activity 9.2, you will review hypothesis testing with the related 
samples t and work with confidence intervals. 

ng With the Related 
‘or Dependent t Test) = 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Explain how the direction in which one computes the difference scores affects the sign of the 

obtained t value of a related samples t test 

Determine whether a one- or a two-tailed significance test Is appropriate 

State the null and research hypotheses for a dependent t test in words and symbols 

Compute a related t test by hand and using SPSS 

Interpret and summarize the results of a related samples t test 

Determine which statistic should be used to answer different research questions 

RESEARCH SCENARIO 1 (ONE-TAILED) 

In this scenario, you want to determine if viewing a documentary on the dangers of using a cell 

phone while driving would decrease the frequency of cell phone use while driving. Prior to watching 

the video, 15 participants answered several questions measuring the extent to which they agreed 

with statements like “I am likely to use my cell phone while driving,” using a Likert response scale, 

where 1 = strongly disagree and 7 = strongly agree. Participants’ answers to all of the questions were 

totaled and averaged to create an overall score of likely cell phone use while driving. Previous 

research found that these averaged scores are normally distributed and measured on an interval/ 

ratio scale. The teenage drivers then answered the same questions again after watching the video. 

The data are listed on the following page. 

1. Match the assumption to the fact that suggests that assumption was met. 

Independence 

Appropriate measurement of the IV and the DV 

Normality 
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The population of DV scores has a normal shape. 

Each participant answers the questions with no one else 

around. 

c. The prevideo and postvideo conditions are clearly defined. 

Responses to the questionnaire are measured on an interval/ 

ratio scale. 

2. In this study, the same participants are measured twice, and so 

the same people are in both conditions. Why doesn’t this violate 

the assumption of independence? 

a. The assumption is that there is independence within 

conditions, not between conditions. 

b. The assumption of independence is not important for a related 

measures design. 

The Direction of Difference Scores 

3. If you assume that the video has the desired effect on cell phone 

use while driving and you compute the difference scores as 

Myefore ~ Marte» WOuld you expect negative or positive difference 

scores? 

a. Positive 

b. Negative 

4. If you assume that the video has the desired effect on cell phone use while driving and you 

compute the difference scores as M,,... — M, would you expect negative or positive difference before’ 

scores? 

a. Positive 

b. Negative 

Deciding on the Alpha Value and the Number of Critical Regions 

5. Should you use a one-tailed test or a two-tailed test? 

a. One-tailed. You have a clear prediction about which mean will be higher and are only 

interested in a program that might decrease the likelihood of using a cell phone when driving. 

b. Two-tailed. The documentary will be equally effective for your intended purpose if it increases 
or decreases cell phone use while driving. 

6. You need to decide if you should use an alpha of .01 or .05. Which alpha level would have a 
higher Type I error rate? 

Bh, {0}5) 

b. .01 

7. Which alpha level would have a higher Type II error rate? 

a1, OS 

jos AO) 

t 
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8. Which alpha level would have more statistical power? 

él, A0}5) 

pee Ol 

9. In this study, the researchers want to maximize their statistical power. They are not overly 

concerned with making a Type I error because there are few costs associated with a Type I error. 

Which alpha level should the researcher choose? 

Gl A0}s) 

Null and Research Hypotheses 

10. Write H, next to the symbolic notations for the null hypothesis and H, next to the research 

hypothesis. Regardless of what you wrote earlier, do a one-tailed test. A one-tailed test is 

probably the best choice because you expect the intervention to reduce cell phone use while 

driving. Remember, these hypotheses make predictions about the “mean difference” expected 

between the responses provided before the video and after the video. Make your choices based 

on knowing that we will compute the difference scores aS My erore — Matter: 

a Hp =0 

b. Hp +0 

C. Hp > 0 

di: LC 

€. [a0 

fe jes (0) 

11. Write H, next to the verbal description of the null hypothesis and H, next to the research 

hypothesis. 

a. The population of students who watch the video will be less likely to say that they will 

use their cell phone while driving after watching the video than before watching the video. 

b. The population of students who watch the video will be more likely to say that they will 

use their cell phone while driving after watching the video than before watching the video. 

Cs The population of students who watch the video will not be less likely to say that they 

will use their cell phone while driving after watching the video than before watching the 

video. 

d. The population of students who watch the video will not be more likely to say that 

they will use their cell phone while driving after watching the video than before watching the 

video. 

Defining the Critical Region 

12. Compute the df and locate the critical region. Use an alpha of .05. Draw an estimated 

t distribution and locate the critical region on that curve. 
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13. How will you decide if you should reject the null based on the critical region you drew earlier? 

a. Reject H, if the obtained (i.e., computed) t value is outside of the critical region. 

b. Reject H, if the obtained (i.e., computed) f value is in the critical region. 

Computing the Dependent t Test 

14. Compute the mean of the difference scores (i.e., M, OF Myetore ~ Matter): 

, SD 
15. Compute the standard error of the difference scores fie. SEM, = } 

VN 

16. You should have found the standard error of the mean difference is .159. Which of the following 

is the best interpretation of the value? 

a. The sample mean is .159 away from the population mean with this sample size. 

b. The pretest mean is .159 away from the posttest mean due to sampling error. 

c. The typical mean difference between sample means of this size will be .159 simply due to 

sampling error. 

d. All possible sample mean differences are within .159 of the actual population mean differences. 

17. Compute the obtained t value for this study fe, t= udp | ; 
SEM r 

Evaluating the Likelihood of the Null Hypothesis 

18. Determine whether or not you should reject the null hypothesis. 

BI, INE ECI lal, 

b. Fail to reject H, 

Computing the Effect Size 

‘ M 
19. Compute the effect size of this study ie. d= g : 

D 

20. Interpret the effect size as small, small to medium, and so on. 
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Summarizing the Results 

21. Summarize the results of this study using APA style by filling in the blanks below. You have 

not yet computed the means and standard deviations for before and after the video. You will 

need to do this to complete the summary statement. 

People indicated that they were significantly less likely to use a cell phone while driving after 

watching the video (M = , SD= ) than before watching the video (M = 

SDE Veta \e ,p < .05 (one-tailed), d= 

(Note that we wrote p < .05 because we rejected the null and do not have the exact p value.) 

RESEARCH SCENARIO 2 (TWO-TAILED) 

After reviewing the results of the previous study, you wonder what effect watching a video on the dan- 

gers of cell phone use while driving might have on the use of hands-free cell phones while driving. You 

conduct a study similar to the one described above. Ten drivers rated their agreement with statements 

like “I am likely to use a hands-free cell phone while driving,” using a Likert scale, where 1 = strongly 

disagree and 7 = strongly agree. Each participant’s average responses to these questions both before and 

after watching a video are at right: 

Before 

Null and Research Hypotheses C 6 5 

22. You are not sure what effect the video might have on the use of 5 5 

hands-free cell phones. It is possible that the video will lead to an 4 6 

overall decrease in all cell phone use, but it is also possible that 5 6 

people will respond to the video by choosing to use their cell (A 5 

phones with hands-free devices. Thus, a two-tailed test is more ; 5 

appropriate than a one-tailed test. Which of the following best 

represents the null hypothesis? eae 7 

a Hp = (0) 
7 6 

7 7 
Bb. Pp, =p, Z ; 

Cc. pp#0 —— —, 

d. py * Hy 

23. Which of the following best represents the research hypothesis? 

Hp = 0 

B= Be 

Hp #0 

Hy, * Bo 

i 

ao 5 
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Defining the Critical Region 

24. Compute the df and locate the critical region. Use an alpha of .05, two-tailed. If it helps, draw the 

t distribution and locate the critical region on that curve. 

25. The t values in the critical regions are best described as 

a. values that are very unlikely if the null hypothesis is true. 

b. values that are very likely if the null hypothesis is true. 

c. values that are very unlikely if the research hypothesis is true. 

Computing the Dependent t Test 

26. Compute the mean of the difference scores (My crore — Matter): 

27. What do you expect the mean of the difference scores to equal if the null hypothesis is true? 

28. Compute the standard error of the difference scores. 

29. Compute the obtained f value for this study. 

Evaluating the Likelihood of the Null Hypothesis 

30. Determine whether you should reject or fail to reject the null hypothesis. 

Gb INE\(Erelb Jal 

b. Fail to:reject H, 

Computing the Effect Size 

31. Compute the effect size estimate of this study. 
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32. Describe the size of the effect as small, small to medium, and so on. 

Summarizing the Results 

33. Read and evaluate the following APA-style summary of the hands-free cell phone study. Then 
determine if there is an error or omission and, if so, identify the problem. (Select all that apply.) 

The hands-free cell phone use ratings after watching the video were not significantly differ- 

ent from the ratings before watching the video. 

There are no errors or omissions in the above APA summary. 

The means and the standard deviations for each condition are missing. 

The statistical t test information is missing. 

ao of ® The sentence implies that the means are significantly different when they are not significantly 

different. 

34. Read and evaluate the following APA-style summary of the hands-free cell phone study. Then 

determine if there is an error or omission and, if so, identify the problem. (Select all that apply.) 

The hands-free cell phone use ratings after watching the video (MV = 5.9, SD = .88) were 

higher than they were before watching the video (M = 5.7, SD =1.06), t(9) = -.43, p> .05 

(two-tailed), d= .14. 

There are no errors or omissions in the above APA summary. 

The means and standard deviations for each condition are missing. 

The statistical t test information is missing. 

The sentence implies that the means are significantly different when they are not significantly 

different. 

ao fF 2 

35. Read and evaluate the following APA-style summary of the hands-free cell phone study. Then 

determine if there is an error or omission and, if so, identify the problem. (Select all that apply.) 

The hands-free cell phone use ratings after watching the video (M = 5.9, SD = .88) were not sig- 

nificantly different than they were before watching the video (M = 5.7, SD = 1.06), (9) = —.43, 

p> .05 (two-tailed), d= .14. 

There are no errors or omissions in the above APA summary. 

The means and standard deviations for each condition are missing. 

The statistical tf test information is missing. 

The sentence implies that the means are significantly different when they are not significantly 

different. 
Se i ten tS 

SPSS FOR RELATED SAMPLES t TESTS 

Enter the data for Research Scenario 1 into SPSS. You should have two columns of data: one for the 

scores before the video and another column for the scores after watching the video. After the data are 

entered, compute a related samples ¢ by clicking on the Analyze menu. Choose “Compare Means” and 

then “Paired Samples ¢ test.” Move the before and after scores into the Variable 1 and Variable 2 boxes, 

respectively. 



296 AN INTRODUCTION TO STATISTICS 

36. 

37. 

38. 

BY). 

40. 

41. 

42. 

43. 

Record the means and standard deviations for the responses before and after watching the 

videos. 

M, 

M after 

, SD 

, SD 

efore = before a 

after 

In the SPSS output, find and record the value of the numerator of the f statistic. Verify that it is 

the same as what you computed by hand. 

In the SPSS output, find and record the value of the denominator of the ¢ statistic. Verify that it is 

the same as what you computed by hand. 

In the SPSS output, find and record the value of the t statistic. Verify that it is the same as what 

you computed by hand. 

In the SPSS output, find the p value for this statistic. What is the p value? 

What does the p value mean? 

a. The probability of making a Type II error 

b. The probability of obtaining a mean difference of .33 or greater if the null hypothesis is true 

is .0275 (one-tailed) 

How do you decide if you should reject or fail to reject H, based on the p value? 

a. Reject the null hypothesis if the p is less than the alpha. 

b. Reject the null hypothesis if p/2 is less than the alpha. 

c. Reject the null hypothesis if the p value is less than the critical value. 

Did you reject the null hypothesis? 



CHAPTER 9 Related Samples t Test 297 

44. Enter the data for the second research scenario into SPSS, and run a paired samples ¢ test. Verify 

that the f value is the same as what you computed by hand. 

45. Fill in the following blanks. The p value for this significance test was equal to 

is the probability of obtaining a ¢ value of , or more extreme, if the 

hypothesis is true. 

. The p value 

46. For Research Scenario 2, you used a two-tailed test. Explain how you will decide whether to 

reject the null hypothesis when given a two-tailed p value from SPSS. 

a. Reject the null hypothesis if the p is less than alpha. 

b. Reject the null hypothesis if p/2 is less than alpha. 

c. Reject the null hypothesis if the p value is less than the critical value. 

Putting It All Together 

47. Asocial psychologist investigating the effects of mood on risky decision making needs to 

manipulate mood and is looking for a way to put participants in a negative mood. Rather than 

develop a new method, she turns to the literature to find ways that other researchers have 

induced a negative mood. 

In one study, researchers had participants fill out the Positive and Negative Affect Scale 

(PANAS), a questionnaire designed to assess mood, where higher numbers indicate more nega- 

tive mood. The same participants then watched a 10-minute clip of a sad movie in which a 

young boy watches his father die as the result of a boxing match. After the movie, they filled 

out the PANAS again. The mean PANAS score prior to watching the movie was M = 1.85, while 

the mean score after watching the movie was M = 3.16, t(54) = 6.22, p < .01 (two-tailed, 

Cha Ole) el = 48)5). 

In another study, researchers had participants fill out the PANAS before and after a mood 

induction procedure. In this study, negative mood was induced by giving participants negative 

feedback. Specifically, participants took a challenging 30-item math test and were then told that 

they did very poorly on the test compared with their peers. The mean PANAS score prior to the 

false feedback was M = 1.99, while the mean score after getting the negative feedback was 

M = 3.89, t(18) = 4.32, p< .01 (two-tailed, a = .05), d=.99. 

Which mood induction procedure do you think the researcher should use? Explain your 

answer, being sure to talk about sample size, effect size, the results of the significance test, and 

practical considerations. 

Choose the Correct Statistic 

You now know three different statistics to test hypotheses about sample means: (1) the z for a sample 

mean, (2) the single-sample ¢, and (3) the related samples ¢. The goal of each test is described in the table 

Appendix J. Use this table to determine which statistic should be used in each of the following research 

scenarios. 
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48. 

49. 

50. 

Sil. 

By. 

Can people accurately judge how much time has passed? To answer this question, a researcher 

asks 35 students to sit in a room, alone, doing nothing. At the end of 8 minutes, she asks the 

students to estimate how long they were in the room. The average estimate was 10.1 minutes 

with a standard deviation of 2.34 minutes. Is 10.1 significantly different from 8? 

To determine if yoga makes people more flexible, a sports psychologist recruits 25 runners to 

participate in a study. He first measures the flexibility of each runner by having runners sit with 

their legs extended in front of them and seeing how far they can stretch. The scores are recorded 

in centimeters and are normally distributed. The 25 runners attend yoga classes three times a 

week, and their flexibility is measured again. The mean score before yoga was 12.4 cm, and the 

mean score after yoga was 18.1 cm. Did flexibility increase significantly after the yoga class? 

A recent nationwide study revealed that people eat an average of just 2.9 servings of fruits and 

vegetables per day. A nutritionist wonders if people who live in areas where fresh fruits and 

vegetables are easy to grow year-round (e.g., California) eat more fruits and vegetables than the 

national average. To test this hypothesis, the nutritionist asks 100 residents of California to record 

the average number of servings of fruits and vegetables they consumed in 1 week. The mean 

number of servings consumed by 100 residents in California was 3.3, with a standard deviation 

of 1.7. Does availability of fruits and vegetables affect fruit and vegetable consumption? 

The same nutritionist wonders if gardening may encourage people to eat more vegetables. To test 

this, he recruits 23 people who have yards but do not currently have a garden. For 1 week prior to 

starting the garden, the participants record the number of servings of vegetables they consumed. 

After that week, the nutritionist works with a master gardener to teach the participants how to 

grow vegetables in their yards. Near the end of the growing season, the nutritionist again asks the 

participants to record the average number of servings of vegetables they consumed in 1 week. 

Did the program significantly increase the servings of vegetables eaten? 

Intelligence tests scores are influenced by a number of factors, including nutrition. A health 

psychologist wonders if consumption of fruits and vegetables is associated with greater 

intelligence. Scores on a particular intelligence test are normally distributed, with a mean of 

p= 100 and a standard deviation of o = 15. To determine if fruit and vegetable consumption is 

associated with greater intelligence, the psychologist recruits a sample of 43 people who eat at 

least seven servings of fruits and vegetables a day for a month and then measures their 

intelligence. The average intelligence test score for the sample was 104.32. Did the diet affect 
intelligence scores? 
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Activity 9.2: Combining Significance Testing, 
Effect Sizes, and Confidence Intervals 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

¢ Compute a confidence interval for a related mean difference by hand 

e Interpret a confidence interval for a related mean difference 

e Interpret SPSS output for confidence intervals 

e Describe the distinct purposes of significance testing, effect sizes, and confidence intervals 

Quick Review of CIs 

In Activity 8.2, you learned how to combine a single-sample t test, an effect size, and two kinds of con- 

fidence intervals (CIs) to evaluate the job satisfaction of IM-ANX’s highly trained employees. Specifically, 

you learned that significance tests, effect sizes, and CIs each provide researchers with distinct informa- 

tion about research results. 

1. Asa quick review, identify which statistical procedure provides researchers with each of the 

following types of information. Use “ST” for significance test, “ES” for effect size, and “CI” for 

confidence interval. 

a. Provides a range of plausible values for a population parameter 

b. Describes a treatment’s impact in standard deviation units 

Helps estimate a population mean (or mean difference) based on sample data 

iS Helps determine if a study’s result is likely to have occurred because of sampling 

error 

e. Helps determine how well a treatment worked 

f. Allows you to determine if a difference between means is statistically significant 

2. In Activity 8.2, you learned that all Cls consist of a point estimate and a margin of error that is 

added to and subtracted from this point estimate. To compute a 95% CI for a population mean, 

the is the point estimate. 

a. two-tailed a = .05 critical t value 

b. SEM 

c. sample mean 

d. population mean 
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3. The margin of error for a 95% CI for a population is computed by multiplying which of the 

following two values together? (Choose two.) 

Two-tailed a = .05 critical t value 

SEM 

Sample mean 

Ss 

o 

d. Population mean 

4. To compute a 95% CI for a population mean difference when a study used only a single-sample, 

is the point estimate. 

a. atwo-tailed a = .05 critical t value 

a SEM 

a mean difference observed between the sample mean and a population mean (or value of 

interest) 

5. The margin of error for a 95% Cl for a population mean difference when a study used a single 

sample is computed by multiplying which of the following two values together? (Choose two.) 

a. Two-tailed a =.05 critical t value 

b. SEM 

c. Sample mean 

d Population mean 

Computing CIs for Related Samples 

This activity has similar goals to that of Activity 8.2. You will integrate information from significance 

tests, effect sizes, and Cls into an APA-style research summary. However, in this activity, you will use a 

third type of confidence interval that estimates a population mean difference when a study uses two 

related samples (e.g., a pre-post or matched samples design). This confidence interval has the same 

three parts as all other confidence intervals: a point estimate, a critical t value, and an SEM. 

Evaluating a Commercial’s Effect on Voters (Pilot Study) 

In hopes of improving Mrs. Puppet’s image as a candidate for mayor, her campaign manager 
Mr. Strings created a commercial. Before airing the commercial, he hires your consulting firm to deter- 
mine if the commercial would actually improve voters’ attitudes toward Mrs. Puppet. Asa first step, your 
firm conducts a very small pilot study to help those who will collect the data understand the experimen- 
tal procedures. The firm wants to make sure the experimental procedures are well understood before 
it doles out all the cash needed for the large study. The firm obtains a sample of 10 undecided voters to 
participate in the study. First, each voter rated their current feelings toward Mrs. Puppet by answering 
several questions such as the following: 

1 Z 3 4 8) 6 Ul 8 ©) 

Definitely would Definitely would 

not vote for her vote for her 
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Then, all participants watched the commercial and answered all of the preceding questions a second 

time. Obviously, if the commercial works, approval ratings should be higher after voters view the 

commercial. 

6. Even though this was just a pilot study, the firm is curious about the results. What statistical 

procedure should you use to determine if the change in voter ratings was likely to have occurred 

due to sampling error? 

a. Significant testing 

be sEfrect size 

c. Confidence interval 

7. Which of the following should you use to determine if the commercial worked? (This is the same 

question as the previous question, just worded differently.) 

a. zforasample mean, one-tailed 

b. Single-sample t test, one-tailed 

c. Related samples ft test, one-tailed 

d Independent ¢ test, one-tailed 

8. For the purposes of doing hand calculations, you are going to work with a small sample size. 

Because of this small sample, which assumption is most likely to be violated in this study? 

a. Independence 

b. Appropriate measurement of the IV and the DV 

c. Normality 

d. The small sample size is likely cause all of the assumptions to be violated. 

9. How large should the sample size be to address the violation identified in the previous 

question? 

a. Atleast 100 

b. At least 30 

10. What are the one-tailed null and research hypotheses for this study? Put H, next to the null 

hypothesis and H, next to the research hypotheses. 

a. _____ The population of voters’ mean rating of the mayor will be higher after watching the 

commercial than before watching the commercial. 

b. The population of voters’ mean rating of the major will be lower after watching the 

commercial than before watching the commercial. 

c. ____ The population of voters’ mean rating of the mayor will not be higher after watching the 

commercial than before watching the commercial. 

d. _____ The population of voters’ mean rating of the mayor will not be lower after watching the 

commercial than before watching the commercial. 

e. _____ The population of voters’ mean rating of the mayor will be different after watching the 

commercial than before watching the commercial. 

f. ___ The population of voters’ mean rating of the mayor will not be different after watching 

the commercial than before watching the commercial. 
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11. What is the one-tailed critical value for this study? 

12. The data from the pilot study are listed below. Compute the significance test you chose as 

appropriate for this study. The mean of the previewing (M,,,) and postviewing (M,,,..) scores are 

provided below. You will need to compute the D for each participant, the mean of the difference 

scores (M,), and the standard deviation of the difference scores (SD,,) and the obtained t value. 

Postviewing Difference Scores (D) Previewing 

| wo = (=) ~n S 

4 iam 
Peer 

\Preuaae M, 7 

SD, = 
Me 4.00 SDN = 1 15 EMe = 5.1050. = 1.29 

13. Should you reject the null hypothesis? 

a. Yes, the t value was less than .05. 

b. Yes, the t value was in the critical region. 

c. No, the t value was greater than .05. 

d. No, the ¢ value was not in the critical region. 

14. The significance test indicates that 

a. the increase in voters’ ratings of Mrs. Puppet seem likely to have occurred by sampling error; 

the commercial did not work. 

b. the increase in voters’ ratings of Ms. Puppet seem unlikely to have occurred by sampling error; 

the commercial did work. 

15. Now compute an effect size for this pilot study. 



CHAPTER 9 Related Samples tTest 303 

16. 

IW 

20. 

The effect size you just computed was really large. It suggests that the commercial increased 
voters’ ratings of Mrs. Puppet by 1.49 

a. sampling errors 

b. SEMs 

c. standard deviations 

d population means 

Next you want to determine how confident you can be in the amount of change this commercial 

may Cause in the population of voters. To do this, you can compute a 95% CI around the change 

this commercial caused in the sample (i.e., +1.1). In this situation, the difference between the 

mean of previewing ratings and the mean of the postviewing ratings would be the 

for the confidence interval. 

t score 

confidence level 

point estimate 

margin of error 

critical t value 

SEM moans p 

The margin of error that is added to and subtracted from the point estimate is computed by 

multiplying the correct SEM and critical t value for this situation. In this study, participants are 

measured twice, once before watching the commercial and then a second time after watching it. 

Therefore, the correct SEM would be the same equation used for a/an 

SD 
a. oOne-sample f test; SEM, = —=. 

JN 

SD, SD; 
b. independent ¢ test; SEM, = 4 : 

n, n, 

SD, 
_ related samples t test; SEM, = ‘ @ p Ty 

The other vaiue contributing to the margin of error is the critical t value for a 95% Cl, which is 

always equal to the two-tailed .05 alpha value from Appendix B. In this study, the number of 

participants was N = 10, so the critical t value would be . (Important note: Even 

though the significance test was one-tailed, you always need the two-tailed .05 value to compute 

a95% Cl.) 

So, when you are computing a 95% CI, the f., will always be the value from the 

even if the significance test was a one-tailed test. 

a. two-tailed .05 critical table 

b. one-tailed .05 critical table 

c. two-tailed .01 critical table 

d. one-tailed .01 critical table 
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Ze 

22: 

DS, 

24. 

2a 

26. 

Compute the 95% confidence interval for the change in voters’ ratings resulting from the 

commercial. 

What does the point estimate represent? 

a. Itis an estimate of the amount of attitude change in the population. 

b. It is the actual amount of attitude change in the population. 

c. It is the estimate of how much the sample liked Mrs. Puppet. 

d. It is the actual amount the population liked Mrs. Puppet. 

What do the lower and upper bounds represent? 

a. The lower and upper limits contain the range of plausible values for the amount of attitude 

change to expect in the population. 

b. The lower and upper limits for the amount of attitude change in the sample. 

The range of how much the sample liked Mrs. Puppet. 

The range of the actual amount the population liked Mrs. Puppet. 

To complete the summary, you will first need to compute two Cls. You will need the CI around 

the mean approval ratings before watching the commercial and also the CI for the ratings after 

watching it. Compute both in the space provided. Refer to Activity 8.2 for guidance in computing 

these confidence intervals if necessary. 

Someone else wrote up a draft of your firm’s final report and you need to proofread it and make 

final additions before the boss gets the report. 

The results of the pilot study indicated that approval ratings were significantly higher after 

watching the commercial (MV = 5.10, SD= 1.29), 95% CI [ : ], than before 

watching the commercial (M = 4.00, SD= 1.15), 95% CI [ : ie, a j= 

= 5s 98% CI) ]. These results suggest that the 
commercial may be effective because the change in attitude was statistically significant and 
we can be % confident that the true value of the attitude change is between 
and . This is a large effect. Although these results are promising, we should be 
cautious in interpreting them because the sample size is too to draw firm 
conclusions. 

Now that all the “kinks” have been worked out in the experimental procedure, your firm is 
ready to run the larger study to test the campaign commercial. The null and research 
hypotheses will be the same as the pilot study, but the critical value will be different. Why? 

a. The alpha level will be larger. 

b. The sample size will be larger. 

c. The observed ¢ value will be larger. 
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BBM 

28. 

2). 

0) 

Suk 

Bo. 

Ss 

Your team collected all the data and entered it into SPSS. Now you have to run the analyses. Find 
the “MayorCommercial.sav” data file and do the following: 

e Click on Analyze, Descriptive Statistics, and then Explore. 

e Move the variable(s) of interest (in this case PreTestRating and PostTestRating) into the Depen- 

dent List box. 

Click on the Statistics button. 

In the Explore:Statistics box, select Descriptives and make sure the Confidence Interval for 

Mean is set at 95%. 

e Click on the Continue button and then on the OK button to run the analysis. 

Based on the SPSS output, how many people participated in this study? 

N= 

What were the mean approval ratings on the pretest and the posttest? 

Pretest mean= Posttest = mean 

Of course, the above previewing and postviewing means are from a sample. The campaign really 

wants to know what impact the commercial would have on the entire population of undecided 

voters. The possibility of sampling error implies that the actual population parameters for 

previewing and postviewing ratings may vary considerably. What does the 95% confidence 

interval around the previewing mean? 

Previewing LB = Previewing UB = 

What does the 95% confidence interval around the postviewing mean? 

Postviewing LB = Postviewing UB = 

Now you need to determine if the commercial changed voters’ ratings or if the pre—post ratings 

difference was likely to have been created by sampling error. Which statistical procedure 

addresses this question? 

a. Significance test 

b. Effect size 

c. Confidence interval 

Which of the following would enable you to determine if the commercial increased voters’ 

ratings? 

a. Single-sample ¢ test 

b. Related samples ¢ test 

c. Independent samples ¢ test 

The campaign is only interested in using the commercial if it actually increases Mrs. Puppet’s 

approval ratings. Should your firm use a one-tailed or two-tailed significance test? 

a. One-tailed 

b. Two-tailed 
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34, 

S56). 

36. 

Sf 

He). 

What are the one-tailed null and research hypotheses for this study? Write H, next to the null 

hypothesis and H, next to the research hypothesis for this ¢ test. 

a. ______ The population of voters’ approval ratings will not be higher after watching the 

commercial (1, < 0). 

b. _____ The population of voters’ approval ratings will be higher after watching the commercial 

(Up > 0). 

c. _____ The population of voters’ approval ratings will be different after watching the 

commercial (1, # 0). 

d. _____ The population of voters’ approval ratings will not be different after watching the 

commercial (1, = 0). 

Now that you know what significance test to run, you need to run it. Run the related samples 

t test by doing the following: 

Click on Analyze, Compare Means, and then Paired Samples f test. 

Move the variable(s) of interest (in this case, PostTestRating and PreTestRating) into the Paired 

Variables box. (Note: The output will be easier to understand if you move PostTestRating into 

the Variable 1 box and PreTestRating into the Variable 2 box.) 

e Click OK. 

What is the ¢ value and p value for the larger commercial study? 

(SZ) =r p= 

Choose the best interpretation of this p value. (Choose all that apply.) 

a. The probability of obtaining a sample mean difference of .58 or more extreme if the null 
hypothesis is true. 

b. The probability of rejecting the null hypothesis. 

c. In this study, a mean difference of .58 would occur less than 1 time out of 1,000 if the null 
were true. 

Should you reject or fail to reject the null hypothesis? 

da Rejects py <205 

Db.) Failto reject, p:>..05 

Which of the following statements is the best verbal summary of the results of the 
significance test? 

a. The approval ratings were significantly different after watching the commercial than before 
watching the commercial. 

b. The approval ratings were not significantly different after watching the commercial than 
before watching the commercial. 

c. The approval ratings were significantly higher after watching the commercial than before 
watching the commercial. 

d. The approval ratings were significantly lower after watching the commercial than before 
watching the commercial. 
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SSe). 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

The significance test suggests that the commercial worked. But, how well did it work? To answer 
this question, you need to use which of the following statistical procedures? 

a. A significance test 

b. An effect size 

c. A confidence interval 

SPSS does not compute d for a related samples f test. Pull the values you need from the SPSS 
output and compute it by hand. What is the value for d? 

The sign or direction of an effect size is completely dependent on whether the numerator of d is 
computed as (Pre — Post) or (Post ~ Pre). First, determine which way SPSS computed the mean 
difference and then choose a correct interpretation of the computed d. 

a. Approval ratings were 1.03 of a standard deviation lower after watching the commercial. 

b. Approval ratings were 1.03 of a standard deviation higher after watching the commercial. 

c. The researcher failed to reject the null hypothesis. 

d. The researcher rejected the null hypothesis. 

Choose the best interpretation of the size of this effect. 

a. Small 

b. Small to medium 

c. Medium 

d. Medium to large 

©; Ibengste 

Is this effect size good news or bad news for the campaign? Explain your answer. 

a. Bad news! Although the effect size was large, the result was not statistically significant, 

suggesting that the results might be due to sampling error. 

b. Bad news! The effect size was large, but the results were in the wrong direction, suggesting 

that the commercial had a negative effect on ratings. 

c. Good news! The effect size was large and the results was also statistically significant. 

What is the mean difference on your SPSS output? Mean difference = 

This exact mean difference is based on samples, so the mean difference that would actually 

occur in the population might vary from this value considerably. What is the range of plausible 

values for approval rating change the campaign could reasonably expect if the population viewed 

the commercial? In other words, what is the 95% CI around this mean difference? 

LB= Ws= 

Now that the large study is complete, your boss wants a report. Use the report you generated for 

the pilot study as a model for this new report on the large study. When reporting numbers in 

APA style, round to the second decimal place. Make sure you provide a final recommendation to 

Mrs. Puppet’s campaign. Based on these data, what would you say to Mrs. Puppet’s campaign 
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47. 

48. 

49. 

610), 

Sle 

about the commercial? (Be sure to provide an interpretation of the significance test, effect size, 

and the most important 95% CI.) 

The results of the study indicated that approval ratings were significantly higher after watching 

the commercial (M = Soe. _)), V5% ll ; ] than before watching the 

commercial (M = (SD = ), 95% CI[ : Ga Pp ,d= 
95% CI [ ; ]. These results suggest that the increase in approval ratings is statistically 

significant, and we are % confident that mean amount of attitude increase in the 

population is likely to be between and . This isa effect size. A larger 

sample size would still be preferable, but we are much more confident in these results than the 

results of the pilot study. 

One person on your team notices that the obtained t value in the pilot study was 4.71 and the 

obtained t value in the larger study was 5.90. Do you think it is a good idea to compare t values 

from studies with different sample sizes? (Hint: Is the obtained t value affected by sample size?) 

a. Yes, the study with the larger t value has stronger evidence that the commercial worked. 

b. No, t values are highly influenced by sample size, so comparing t values across studies with 

difference sample sizes is unfair. 

One person on your team notices that the p value in the pilot study was .001 (two-tailed), and the 

p value in the larger study was less than .001 (two-tailed). Do you think it is a good idea to 

compare p values from studies with different sample sizes? (Hint: Is the p value affected by 

sample size?) 

a. Yes, the study with the smaller p value has stronger evidence that the commercial worked. 

b. No, p values are highly influenced by sample size, so comparing p values across studies with 

difference sample sizes is unfair. 

One person on your team notices that the effect size in the pilot study was d= 1.49 and the 

effect size in the larger study was d= 1.03. Do you think it is a good idea to compare d values 

from studies with different sample sizes? (Hint: Is the d affected by sample size?) 

a. Yes, the purpose of effect size is to compare the effects across studies. Even when the sample 
sizes differ. 

b. No, effect sizes should only be compared when the sample sizes are equal across studies. 

Effect sizes are designed to help researchers compare results across studies. If studies are on the 
same topic, use the same experimental procedures, and yet produce very different effect sizes, it 
should be a “red flag” to researchers. Researchers should try to explain the very different results. 
What might explain the very different effect sizes generated by the pilot study and the larger 
study? (Choose all that apply.) 

a. Greater chance of sampling error in the pilot study than in the larger study. 

b. If the experimental procedure was “messier” in the pilot study, which is often the case, the 
effect size for the pilot study could be misleading. 

Which study has the narrower (more precise) confidence interval? 

a. Study 1 because the sample size is much smaller 

b. Study 2 because the sample size is much larger 



CHAPTER 9 Related Samples t Test 309 

Chapter 9 Practice Test 

Researchers have long known that people feel lonely when they are ostracized by other people. 
A researcher wonders if being ostracized by a computer also makes people feel lonely. To test 
this hypothesis, the researcher recruits 18 people to participate in a study and measures their 
current feelings of loneliness using the Social Loneliness Scale (SLS). This scale yields scores 
between 0 and 11, with higher scores meaning greater feelings of loneliness. The SLS scores 
form an interval scale that is normally distributed. After completing the pretest measure of 
loneliness, the participants play a game called Cyberball. In the game, participants simply play 
catch with computer-generated players. The participants in the study know that the players in 
the game are computer controlled and are not controlled by human players. When participants 
begin the game, the computer-generated players pass the ball back and forth with each other 
and with the participant. After 30 throws, the computer-generated players stop passing the ball 
to the participant. This exclusion (i.e., ostracism) continues for 20 passes before the games end. 
After playing the game, all participants complete the SLS again. What is the one-tailed research 
hypothesis for this study? 

a. Participants will be less lonely after playing the game than before playing the game. 

b) Participants will be more lonely after playing the game than before playing the game. 

c. Participants will not be less lonely after playing the game than before playing the game. 

d. Participants will not be more lonely after playing the game than before playing the game. 

What is the one-tailed null hypothesis for this study? 

a. Participants will be less lonely after playing the game than before playing the game. 

b. Participants will be more lonely after playing the game than before playing the game. 

©) Participants will not be less lonely after playing the game than before playing the game. 

d. Participants will not be more lonely after playing the game than before playing the game. 

Match the assumption to the fact that suggests that assumption was met. 

wi Independence 

 _ Appropriate measurement of the IV and the DV 

_S~_ Normality 

a. The SLS scores are normally distributed. 

b. Each participant plays the game with no one else around. 

c. The pregame and postgame conditions are clearly defined. Responses to the questionnaire 

are measured on an interval scale. 

Compute the degrees of freedom for this ¢ test. 

a. 18 

i, Y 
ra 
NE) Ly, 

d. 36 
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5. What is the critical value for this ¢ test (use an alpha of .05)? Posttest 

‘6. Compute the ¢ statistic for these data. You may use your calculator, 

not SPSS. 

a. t=-1.04or 1.04 

Cb) t=-2.50 or 2.50 
CG, b==Ol OF a! 

Gl == OP I /52 

P58 Should you reject or fail to reject the null hypothesis? 

(a. ) Reject 

b. Fail to reject 

~ 
~8. Compute the effect size (d). 

aol 

b. 2.50 

c. 1.04 

(*) 59 

9. How is this effect best described? 

a. Small 

b. Small to medium 

(c. Medium 

d. Medium to large 

e. Large 

10. Fill in the blanks. 

) Participants reported greater loneliness after being ostracized by the computer-generated players 
(M= ,SD= ) than before being ostracized (M = PSD = ). This difference of 

b was statistically significant, t = SOs! WW te Gl 

11. How quickly do we decide if we like someone or not? To answer this question, a researcher 
creates a video of a 20-year-old male talking about his childhood. All participants watch the 
video without sound and are told that they should try to form an impression of this person based 
on his body language. All participants watch the first 10 seconds of the video and then rate how 
much they like this person on a scale from 1 to 10, where 1 = not at alland 10 =a lot. Then, 
they continue to watch the video for 5 more minutes. At the end of the 5 minutes, the 
participants again rate how much they like this person. Do a two-tailed test to determine if the 
ratings changed between the first and second ratings. What is the null hypothesis for this study? 
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@)tp=0 
b. i320 

Caine 

dj, 7,50 

12. What is the research hypothesis for this study? 

a. p,=0 

(bu, +0 
~¢ p20 

dp; = 0 

13. The output below is from the related samples t. 

Paired Samples Statistics 

a ee Mean N Std. Deviation Mean 

Pair1 —‘ FirstRating 5.3750 8 1.30247 46049 

SecondRating 8 1.56265 

Paired Samples Correlations 

eS 
Pair1 ‘ FirstRating & 8 733 039 

SecondRating 

Paired Samples Test 

Paired Differences 

95% Confidence Interval of the 
Difference 

Std. Error : 
Std. Deviation Mean Lower Upper t df Sig. (2-tailed) 

Pair1  FirstRating - - 50000 1.06904 37796 “1.39374 39374 | -1.323 ? 
SecondRating 

How many people participated in the study? 

Al, ff 

(b.)8 
c. 14 

d. 16 

14. What was the average difference between the first and second ratings? 

ama.5/95 

lo, (Syrsiife, 
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18. 

Ip 

20: 

Alle 

What difference would you expect between the first and second ratings if the null hypothesis 

is true? 

a.\0 

Bb. .50 
Cameos 

Gl. S776 

Should the researcher reject or fail to reject the null hypothesis (a = .05)? 

a. Reject 

b. )Fail to reject 

Compute the effect size (d) for this study. 

Gl, 1S), S575) 

lo, 9.9749 

CH 50 

Gl, 1 292 

e. = 37796 

f. —.47 

SPSS computes the 95% confidence interval around the mean difference. What is the range of 
plausible values for the mean difference? 

Bl. SBM, teks 

Deples OmlBoS 

6, S39, SY 

If you were to compute the 95% confidence interval around the mean difference, what value 

would you use for the SEM? 

A, SU} 

b. .460 

c. .549 

If you were to compute the 95% confidence interval around the mean difference, what value 
would you use for the t¢,,? 

a. 2.3646 

b. 1.8946 

@, Ieee 

d. 2.3060 

Choose the best APA-style summary of these results. 

a. The difference between the ratings after watching the video for 10 seconds (M = 5.38 
SD = 1.30) and after watching the video for 5 minutes (M = 5.88, SD = 1.55) was not 
statistically significant, t(7) = -1.32, p= .23, d= .47, 95% Cl [-1.39, .39]. 

’ 
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22. 

25. 

24. 

Paey, 

26. 

Pall 

28. 

b. The difference between the ratings after watching the video for 10 seconds (M = 5.38, 
SD = 1.30) and after watching the video for 5 minutes (M = 5.88, SD = 1.55) was statistically 
significant, t(7) =—1.32, p= .23, d=.47, 95% CI [-1.39, .39]. Scores were higher after 
5 minutes than after 10 seconds. 

c. The difference between the ratings after watching the video for 10 seconds (M = 5.38, 
SD = 1.30) and after watching the video for 5 minutes (M = 5.88, SD = 1.55) was not 
Statistically significant, t(7) =—1.32, p=.23,d=.47, 95% CI [-1.39, .39]. Scores were 
significantly higher after 5 minutes than after 10 seconds. 

d. The difference between the ratings after watching the video for 10 seconds (M = 5.38, 
SD = 1.30) and after watching the video for 5 minutes (M = 5.88, SD = 1.55) was statistically 
significant, t(7) =—-1.32, p=.23, d=.47, 95% CI [-1.39, .39]. 

What recommendation would you give this researcher? 

a. Redo the study with a larger sample size 

b. Redo the study with a larger population 

c. Redo the study with an alpha of .01. 

Which of the following is the best explanation for what it means to reject the null hypothesis? 

a. You are unlikely to obtain a sample mean difference this far from the population mean 

difference simply because of sampling error, and thus, it is likely that the difference is due to 

the independent variable. 

b. There is only a95% chance that the research hypothesis is true. 

c. The distribution of sample means for the research hypothesis is unlikely to occur if the null 

hypothesis is true. 

Researchers only compute effect sizes after they reject the null hypothesis. 

a. True 

b. False 

What does it mean when researchers say that a result is statistically significant? 

a. The effect size is medium or large (i.e., not small). 

b. They rejected the null hypothesis. 

c. The result is practically important. 

When do you reject the null hypothesis? 

a. When the p value is less than the alpha 

b. When the p value is greater than the alpha 

When do you reject the null hypothesis? 

a. When the f¢ value is in the critical region 

b. When the t value is outside of the critical region 

A researcher conducts a t test and concludes that the treatment worked. What type of error 

might this researcher have made? 

a. Type! 

b. Type II 
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29. As sample size increases, which of the following also tends to increase? 

a. Type I error rate 

b. The size of the critical region 

ie) Statistical power 

d. All of the above 

30. As the obtained t value increases, what happens to the p value? 

a. Increases 

b. Decreases 

c. The relationship between the ¢ and p values is not predictable. 

REFERENCE 

Cumming, G. (2012). Understanding the new statistics: Effect sizes, confidence intervals, and meta-analysis. New York, 
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Independent Samples t Test 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

Explain when to use an independent samples t test 

Explain the logic of the independent samples t test 

Write null and research hypotheses using symbols and words for both one- and two-tailed tests 

e Compute degrees of freedom and define a critical region for both one- and two-tailed tests 

e Compute an independent samples t using a calculator and SPSS 

e Compute and interpret an effect size (d) 

e Summarize the results of the analysis using American Psychological Association (APA) style 

INDEPENDENT SAMPLES t 

Thus far, you have learned to use two different ¢ tests: the single-sample ¢ and the related samples ¢. 

You should use the single-sample t whenever you want to compare a sample mean to a population 

mean (or a value of theoretical interest) but you do not know the population’s standard deviation. You 

should use the related samples t test when comparing the sample means from either the same indi- 

viduals measured at two different times or pairs of matched people measured under different condi- 

tions. When you need to compare two sample means that are unrelated, you must use a third ¢ test: an 

independent (samples) ¢ test. 

An example may help illustrate the difference between these three f tests. Suppose that you are 

interested in the effect of a drug on weight loss. To test the efficacy of this drug, you could give the drug 

to a sample of people and, after they are on the drug for 1 month, compare the mean pounds lost by 

the sample to zero pounds. In this case, you would use a single-sample t. However, if you measured the 

sample’s mean weight before taking the drug and then again a month later after taking the drug, you 

would use a related samples f. Finally, you could also give one sample of people the drug and another 

sample a placebo. After both samples had taken their respective “drugs” for 1 month, you could com- 

pare the mean weight loss of the two samples. In this final option, you would use an independent 

samples t test because the two samples contain different and unmatched people. 

315 
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The independent t test uses two samples from the population to represent two different conditions. 

As in the example earlier, it is often the case that one sample is intended to represent what the popula- 

tion would be like if nothing were done to it (i.e., a control condition), and another sample is intended 

to represent what the population would be like if it were given some treatment (i.e., experimental con- 

dition). The objective of the independent samples ¢ test is to determine if the difference between the 

two sample means is likely or unlikely to be due to sampling error. 

The logic of the independent ¢ test is similar to that of the z for the sample mean, the single-sample 

t test, and the related samples f test. All four tests compute a ratio, specifically, the observed deviation 

between two means over the deviation expected due to sampling error: 

Observed ddifference between the means 

Mean difference expected due to sampling error 
Obtained torz = 

For all of these tests, if the null hypothesis is true, the obtained t or z should be zero. However, if the 
null hypothesis is false, the obtained t or z should be far from zero. 

Which significance test should you use to determine if the difference between 

two unrelated samples is likely to be due to sampling error? Reading 

Question a. zforasample mean 

b. Single-sample ¢ test 

Cc. \Independent t test 

2. If the null hypothesis is true, the z for a sample mean, single-sample t test, 

related samples ¢ test, and the independent t test all expect an obtained value Reading 

Question close to 

a. +1.65. 

DD EEIROG: 

C. +1.00. 

\.d) 0. 

The independent t test compares two sample means from two unrelated (i.e., independent) samples/ 
groups. For example, suppose you and your friend Bill team up on a research project for your human 
cognition course. The two of you want to test how verbal labels influence participants’ memory of 
pictures. You investigate this question by showing all participants a series of 25 simple line drawings 
like those shown in Figure 10.1 and asking them to recall the drawings 10 minutes later. However, half 
of the participants only saw the drawings while the other half also saw a verbal description of each 
drawing similar to that in Figure 10.1. Your study is similar to one conducted by Bower, Karlin, and 
Dueck (1975). 

You need to compare the memory of those who saw the drawings and verbal descriptions (i.e., the 
experimental group) to the memory of those who only saw the drawings (i.e., the control group). In 
this situation, you created two samples and gave each a different treatment. You then measured the 
mean number of drawings each sample recalled. The sample mean from the control group estimates 
what the population’s mean memory score would be if the population only saw the drawings with 
no verbal labels. In contrast, the other sample estimates what the population’s mean memory score 
would be if everyone saw the drawings and verbal labels. You can use an independent samples t test 
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to determine if the difference between these 

two sample means was likely or unlikely to 

have occurred due to sampling error. If the 

experimental group had a higher mean and 

the obtained ¢ value is in the critical region, 

you could conclude that the verbal descrip- 

tions increased memory scores. If, however, 

the verbal description group had a signifi- 

cantly lower mean, you could conclude that 

the verbal descriptions decreased memory 

scores. Figure 10.2 illustrates this research 

scenario. 

In your study, you took one sample from 

a single population and then divided that 

sample to create two different groups; one 

received no verbal labels (i.e., control condi- 

Simple Line Drawing and Its Verbal 
atime ames Description Used in Your Human 

Memory Experiment 

Verbal Description: 

A bunny hiding behind a post 

tion) and the other received verbal labels (i.e., experimental condition). You essentially took people 

who were similar and made them different by giving them different treatments (i.e., you gave them 

different levels of the IV [independent variable]). You then used the independent t test to determine if 

the different IV levels affected memory differently. 

Research Approach of Creating Two Different Samples to Infer What the 

Population Would Be Like Under Two Different Situations 

Population 

Verbal description 

group 

Random Are sample means 

assignment significantly different? 

to groups Which is higher? 

No Verbal 

description group 
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An independent t test can also be used to compare two distinct populations of people who are 

already different in some way. In other words, an independent t test can compare groups with a pre- 

existing difference. For example, suppose you and Bill decide to design another memory experiment 

to test a different research question. You want to test a theory of learning called “learning styles.” The 

theory proposes that some people are “visual learners” and others are “verbal learners.” According 

to learning styles theory, “visual learners” should learn visual material better than “verbal learners” 

learn visual material. You want to test this prediction by determining if the mean visual memory 

score of “visual learners” is significantly higher than that of “verbal learners.” To test this hypothesis, 

you take a sample of “visual learners” and a sample of “verbal learners,” show both groups 25 simple 

line drawings (i.e., visual information), and measure their ability to recall the drawings 2 days later by 

asking them to re-create the 25 drawings. You then use the independent t test to determine if the two 

samples’ mean visual memory scores are significantly different. Figure 10.3 illustrates the “visual 

learner” versus “verbal learner” scenario. 

Research Approach of Obtaining Two Different Samples to Infer 

Difference Between Two Different Populations 
Figure 10.3 

“Visual learners” 

visual memory score, 

M 

Population of 

visual learners 

Are sample means 

significantly different? 

Which is higher? 

‘Verbal learners” Population of : 
visual memory score, verbal learners 



CHAPTER 10 Independent Samples t Test 319 

3. Anindependent t test can be used to compare differences between 

people that Reading 
uesti 

Q tion a. are created by the researcher by providing different IV levels. }v 

b. already exist in different populations of people. 

Cc.) Both of the above 

CONCEPTUAL FORMULA FOR THE INDEPENDENT SAMPLES t 

Regardless of whether you have means from two groups with a preexisting difference or from two 

groups in which you created a difference, the same independent ¢ test formula is used. The indepen- 

dent f test is the ratio of the observed mean difference over the difference expected due to sampling 

error: 

a Samples’ mean difference —Populations’ mean difference expected if H, is true 

Mean difference expected due to sampling error ; 

As indicated in the earlier “logical formula,” there are three terms in this ft test. The two samples’ 

mean difference is determined by the data. In the “visual learners” versus “verbal learners” scenario, 

this term is the actual difference between the memory scores of “visual” and “verbal” learners. The null 

hypothesis determines the other term in the numerator. For example, if learning style (visual vs. verbal) 

has no impact on memory scores, we would expect the population mean memory score of the two 

groups to be the same and their mean difference to be zero. In most research situations (all situations 

in this book), the populations’ mean difference that is expected if the null is true is zero. In other words, 

the numerator is simply the difference between the two sample means. The term in the denominator 

represents the amount of sampling error expected. In the following formula, M, and M, are the sample 

means of Group 1 and Group 2, respectively. 

The independent t test is a ratio of the difference between two sample means 

over an estimate of Reading 

Question \a.) sampling error. 

b. the standard deviation of the scores. 

c. variability. 

The numerator of the independent samples ¢ test is the difference between 

Reading 
Q ti a. two sample means. 
uestion 

(b) a sample mean and a population mean. 
a 

Cc. a sample mean and the null hypothesis. 
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TWO-TAILED INDEPENDENT t TEST EXAMPLE 

After designing your study investigating the effect of verbal descriptions on memory for simple line 

drawings, you and your friend Bill discuss your predictions. Bill thinks that providing the verbal 

descriptions along with the line drawings will distract the participants from attending to the line draw- 

ings. So, Bill thinks that the mean memory score for the verbal description group will be lower than 

the mean memory score for the no verbal description group. You disagree. You think that the verbal 

descriptions will help give meaning to the otherwise abstract line drawings, and this greater meaning 

should increase memory scores. So, you think the verbal description group will have the higher mean 

memory score. Because there are two competing theories that make opposing predictions, you wisely 

choose to conduct a two-tailed t test. Twelve students volunteer to participate in your study. Half of 

them see the 25 line drawings with verbal descriptions and the other half see the 25 line drawings 

without verbal descriptions. You record each person’s memory score. Memory scores form a normal 

distribution. You use a two-tailed t test with an alpha of .05 to test your research question. 

Group 1: With Verbal Descriptions Group: 

Pal, Pay OW, PAO, sis}, 20) 

Group 2: Without Verbal Descriptions Group: 

IQ); AO), IWS Mis}, KS, 20) 

Step 1: Examine the Statistical Assumptions 

You collected your data carefully, thereby satisfying the data independence assumption. The DV, number 
of line drawings correctly recalled, is on an interval/ratio scale, and the IV, presence or absence of verbal 
descriptions, identifies two different groups/conditions. Therefore, the study meets the appropriate 
measurement of variables assumption. When it comes to the normality assumption, distributions of 
memory scores tend to be normally shaped and therefore this assumption is likely met. This study will 
probably have very low statistical power and a lot of sampling error because of its very small sample 
sizes, and you will need to be very cautious interpreting the results. But you and Bill decide to analyze 
the data anyway. 

The last assumption to consider is the homogeneity of variances assumption. For the independent 
t test, this assumption is that the two groups have similar variability in their memory scores. In 
previous chapters, we used the general rule that if the standard deviation in one condition is double 
that of another condition, this assumption might be violated. This is still a good guide to follow 
for the independent ¢ test, but for the independent ¢ test, there is a more precise way of assessing 
this assumption. As you know from the previous section, the obtained t value of an independent 
t test is the mean difference between the two conditions divided by expected sampling error. There 
are actually two ways to compute expected sampling error when doing an independent t test. One 
way assumes homogeneity of variance (i.e., that the two conditions have similar variances) and the 
other way does not. Which way is best depends on the data. If the variances are in fact similar, then 
computing sampling error by assuming equal variances is best. If, however, the variances are in fact 
very different, computing sampling error without assuming equal variances is best. In most cases, 
assuming equal variances will be the best, so that is what this book teaches you to do when doing 
hand computations. However, there are times when assuming unequal variances is better. Obviously, 
the amount of sampling error affects the obtained t value and your decision about rejecting the null. 
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Fortunately, SPSS computes both obtained t values automatically. Therefore, when using SPSS, you 
should know how to determine which obtained t value is the best for your data. SPSS provides a 
Levene’s test to help you make this decision. We will describe this test in detail in the SPSS section 
of this chapter, but the main idea is that this test compares the variability in the two conditions, and 

the results of this test indicate if the two variances are similar enough to satisfy the equal variances 

assumption. Based on the results of this Levene’s test, you will choose between the t test that assumes 

equal variance or the one that does not. Again, you will see this test and how to interpret its results in 

the SPSS section of the chapter. The results of Levene’s test are generally consistent with the double 

standard deviation guideline you learned earlier in this text. After assessing the assumptions, you are 

ready to move on to the next step. 

6. You use an independent samples ¢ statistic when 
Reading 

- a, the IV defines two independent samples and the DV is measured on an 
Question interval/ratio scale. 

b. the IV defines two matched samples and the DV is measured on an interval/ 

ratio scale. 

c. the IV defines one sample, the DV is measured on an interval/ratio scale, and 

the DV is measured twice on that same sample. 

d. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do not know the population standard deviation. 

e. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do know the population standard deviation. 

Levene’s test will help you determine 
Reading 

Rs a. whether or not the two sample means are significantly different from each other. 

Question b. if you should reject the null or fail to reject the null. 

c.) if the two conditions have similar variances or variances that are very 

different (i.e., if the homogeneity of variance assumption is met or violated). 

d. if the sample size is sufficiently large. 

Step 2: State the Null and Research 

Hypotheses Symbolically and Verbally 

As mentioned above, you and Bill have opposing predictions about the effects of verbal labels on 

memory, so you correctly agree to use a two-tailed test. As shown in Table 10.1, the two-tailed research 

hypothesis states that the two means are different (i.e., are not equal). The null hypothesis is the exact 

opposite, stating that the two means are not different (i.e., are equal). 

8. Which of the following represents the null hypothesis when doing a two-tailed 

independent test? 

(a.)p, = Pe 

b. py # Hp 

Reading 
Question 



322 AN INTRODUCTION TO STATISTICS 

Tae Symbolic and Verbal Representations of Two-Tailed Research and Null Hypotheses 

for an Independent t Test 

Symbolic Verbal Mean Difference Created by 

Research Hcalascile If a population were given the verbal The verbal label affecting 

hypothesis descriptions, their mean memory score memory scores 

(H,) OR would be significantly different from a 

H.: u,-p, #0 population not given the verbal 

descriptions. 

Null bea eats If a population were given the verbal Sampling error 

hypothesis descriptions, their mean memory score 

(H,) OR would not be significantly different from 
Hy: H,— H, = 0 a population not given the verbal 

descriptions. 
SEe nee nee ee 

Which of the following is the best summary of the two-tailed research 

Readi ng hypothesis? 

Question a. People in the verbal description group will have higher memory scores than 

people in the no verbal description group. 

.b. The people in the verbal description group will have different memory scores 

than people in the no verbal description group. 

Step 3: Compute the Degrees of 

Freedom and Define the Critical Region 

When you computed the degrees of freedom (df) for the single-sample t test, the df formula was 
df = (N — 1). The df formula for an independent t test is different because the independent t test uses two 
samples rather than just one sample. Therefore, you have to compute the df for each sample and com- 
bine them to get the df for the independent ¢ test. The independent t test df formula is 
df =(n, — 1) +(n, — 1), where n, and n, represent the sample sizes of the two samples, respectively. 

In this case, the df is as follows: 

df =(n, —1)+(n, -1)=(6-1)+(6-1)=10. 

You then use the correct ¢ table of critical values and the a = .05 criterion to find the critical value 
of t for this two-tailed independent ¢ test. In this case, the critical value is 2.2281. This means that the 
two critical regions are t 2 +2.2281 and t < —2.2281. 

Step 4: Compute the Test Statistic 

4a. Compute the Deviation Between the Two Sample Means 

As mentioned above, there are two terms in the numerator of the t statistic. The first (M, — M,) is the 
difference between the two sample means. The second (U, — p,) is the difference between the two 
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population means, assuming the null hypothesis is true. Although it is possible to test null hypotheses 
that predict a specific difference other than zero (e.g., 1, — 1, = 10), these types of tests are very rare and 
will not be covered in this text. For our purposes, 1, — p, will always equal 0. Thus, the numerator is 
simply the difference observed between the two sample means: 

(M, — M,) = (20.17 — 18.67) =1.50. 

10. When computing the numerator of the independent samples t test, the 

population mean difference (i.e., 11, — p,) will always be 

a) 0. 

lo, 1). 

Reading 

Question 

c. the same as the sample mean difference. 

4b. Compute the Expected Sampling Error 

Computing the denominator, or expected sampling error, requires several steps. First, compute the stan- 

dard deviation for Group 1 (SD,), and then compute the standard deviation for Group 2 (SD,). In this 

problem, the standard deviation for each group of scores is not given to you, so you must compute each of 

them. In other problems, this information may be provided. As you may recall, the computational formula 

for sum of squares is SS =). X* — eae Sum all of the scores from one of the groups to find /-X for that 
n 

group of scores. Then square every score and sum all of the squared scores to find “x? for that group of 

scores. In this example, the /X for Group 1 (i.e., ©X,) = 121, and the LX’ for Group 1 = 2,449. There were 

six scores in Group 1, so n, = 6. Therefore, the SS, and SD, are as follows: 

: 2 1)" 

Sou 2,449 < = 2,449 — 2,440.17 = 8.83. 

The »X for Group 2 (i.e., ZX,) = 110, and the > X? for Group 2 = 2,026. There were six scores in 

Group 2, so n, = 6. Therefore, the SS, and SD, are as follows: 

2 1 2 

sopeayate = 02 ‘ = EPMO? = 2,090.67 =11 1.35, 
i n 

I, 
SID) = oS; = it oe sia 

‘ n-1 ‘6) 

Once you have computed the standard deviation for each group, compute the pooled variance. This 

method assumes that the variances in the two conditions are similar; that is, it is assuming homogeneity 

of variance). If the two populations from which these samples were drawn do in fact have similar vari- 

ances, it is best to pool them when computing sampling error because you are using more data to 
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estimate the populations’ variances. When appropriate, pooling the variances will make your signifi- 

cance test more accurate. The formula for the pooled variance is as follows: 

(n,-1)SD? +(n,-1)SD} _ (6-1)(1.33)° +(6-1)0.51) _ 
= ZAOZ: 

(n, -1)+ (n, -1) (6-1)+(6-1) 
Poe SD; = 

The pooled variance formula can be a bit confusing, but it is important that you understand what 

it represents. The pooled variance is the average of the two sample variances weighted by the sample 

size. In this particular example, the sample sizes are equal (i.e., six in each group) and so you could 

compute the pooled variance simply by taking the average of the two variances (remember the vari- 

Hee (155 e151) Loe 
ance is SD*), SD, = ——_—_——— = 2.02. This simple formula gives the same value for the pooled vari- 

ance as the more complex formula above only when the sample sizes are the same. If the sample sizes 

are different, the more complex formula will give a different, more accurate value because it is giving 

more weight to the larger sample. In general, the larger the sample, the more accurately it represents 

the population, and so when sample sizes are different, use the more complex formula that puts 

greater weight on the data from the larger sample. 

The method of computing sampling error that assumes homogeneity of variance uses the pooled 

variance to determine the estimated standard error of the mean (SEM,) difference, as illustrated by the 

following equation. Be sure to use n and not df in the denominator and note that the pooled variance 

(SD; is already squared. 

The estimated standard error of the mean difference, .82, is our estimate of expected sampling 

error. A standard error of 0.82 indicates that the difference between the two means expected due to 

sampling error is 0.82. 

me The estimated standard error of the mean difference is 
Reading 

a a. used to find the critical value for the f test. 
Question 

*" b.) an estimate of how different the two sample means are expected to be due to 
sampling error. 

c. Both (a) and (b) are correct. 

4c. Compute the Test Statistic (Independent t Test) 

The independent ¢ test is the ratio of the observed deviation between the two sample means divided 
by the estimated standard error of the mean difference: 

1 (MoM) _ (20.17 ~18.67) _(1.5) _, 8 
SEM, 82 re S2nawtaegr T 
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The difference between the two means (i.e., 20.17 — 18.67 = 1.50) was 1.83 times larger than the 
deviation expected due to sampling error (i.e, 0.82). The critical regions of t were t > 2.2281 and 
t <—2.2281, and so the obtained t value did not fall in the critical region. The obtained t value is not 
sufficiently large to reject the null hypothesis, and so you do not reject the null hypothesis. 

12. When the obtained t value is not further from zero, then the critical value the 
Reading null hypothesis should 

Question a. be rejected. 

.b.)not be rejected. 

Step 5: Compute an Effect Size and Describe It 

The formula for computing the effect size of an independent ¢ test is similar to that of a single-sample t. 

However, when computing the d, the denominator is the pooled variance (i.e., SD‘), which can be 

converted to the pooled standard deviation (i.e., SD’) by taking its square root.’ You computed the 

pooled variance in Step 3b; it was 2.02. The d computation is as follows: 

_ Observed difference between the means M,-M, _ 20.17—18.67 
. * 2 a 

Pooled standard deviation |SD;, V2.02 
d =1.06. 

The same effect size cutoffs are used for an independent t test. If d is close to .2, the effect size is 

small: if it is close to .5, the effect size is medium; and if it is close to .8, it is large. An effect size of 1.06 

is considered a large effect. 

The results from Steps 4 and 5 may be a bit confusing. In Step 4, you failed to reject the null hypoth- 

esis, which meant that the verbal label group did not remember more of the pictures than the no verbal 

label group. However, the effect size of 1.06 indicates that the difference between the two means is 

large. Whenever the null is not rejected and yet there was a medium or large effect size, the sample size 

used in the study was too small for the statistical test or the effect size to be trusted. When interpreting 

any study’s results, it is also important to consider the results from other similar studies. When Bower 

et al. (1975) conducted a similar study, they found that the verbal labels did improve memory perfor- 

mance. The combination of small sample sizes and the large effect size of your study and the fact that 

a similar study rejected the null suggests that you should interpret your null result with caution. In 

situations like this, you should obtain a larger sample size and then rerun the study. 

Whenever you failed to reject the null hypothesis and yet the effect size is 

medium or large, you should conclude Reading 

Question a. that the treatment really does work. 

b. that the treatment really does not work. 

cc. \that your sample size was too small and you should rerun the study with a 

larger sample size. 

1 This is probably the most commonly used formula for computing d for independent measures designs. However, 

some researchers choose different denominators (Cumming, 2012). Because there are different ways to calculate 

d, it is important to tell the reader how you computed the effect size. In this book, we are always using the same 

calculation and so we do not need to say repeatedly what denominator we used, but when you present data, you 

should state how d was calculated. 
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Step 6: Interpreting the Results of the Hypothesis Test 

The following paragraph summarizes these test results: 

There was not a significant difference between the memory scores of those who got the verbal 

descriptions (M = 20.17, SD = 1.33) and those who did not (M = 18.67, SD = 1.51), (10) = 1.83, p > .05, 

d = 1.06. However, it is important to note that the sample sizes were small, so this study should be 

repeated with larger sample sizes before conclusions are drawn. 

14. When writing your results, if you failed to reject the null hypothesis and your 

sample size was small, you should Reading 

Question Ca.) point this out to the readers so that your report does not mislead them. 

b. not include this information in the report. 

ONE-TAILED INDEPENDENT t TEST EXAMPLE 

You and your friend Bill now turn your research efforts to studying “learning styles.” Do “visual learn- 

ers” have better memory for visual information than “verbal learners”? If the learning styles theory is 

accurate, “visual learners” should recall more visual information than “verbal learners.” Given that the 

theory makes a specific prediction, a one-tailed t test is appropriate in this situation. Twenty-nine 
“verbal learners” and 31 “visual learners” volunteered to participate in a study investigating this ques- 
tion. All learners were presented with simple line drawings and then were asked to re-create as many 
of the line drawings as they could remember. The visual memory scores of each group are listed below. 
You correctly use a one-tailed independent ¢ test with an alpha level of .05 to determine if “visual learn- 
ers” recall more of the line drawings than “verbal learners.” 

Group 1: Verbal Learners Group: 

M, = 15.00; SD, = 1.41, n, = 29 

Group 2: Visual Learner Group: 

M, = 15.25; SD, = 1.67, n, = 31 

Step 1: Examine the Statistical Assumptions 

As in the previous example, these data meet all of the statistical assumptions. The data within each 
condition are independent, and the DV is measured on an interval/ratio scale. You also know that 
memory scores tend to be normally distributed, so the normality assumption is likely met. As before, 
the homogeneity of variance assumption will be assessed with Levene’s test provided by SPSS. 

Step 2: State the Null and Research 
Hypotheses Symbolically and Verbally 

The research hypothesis for a one-tailed test specifies which of the two sample means will be higher 
if the “treatment” works. For this example, Group 1 was “verbal learners,” and Group 2 was “visual 
learners.” The learning styles theory predicts that “visual learners” should learn visual information 
better than “verbal learners” do, and this prediction is represented symbolically by the following 
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Table 10.2 Symbolic and Verbal Representations of One-Tailed Research and Null Hypotheses 
for an Independent t Test 

Verbal Mean Difference Created by | 

Research The population of “visual learners” does 

hypothesis learn visual information better than the 

(H,) population of “verbal learners” does. 

Visual learning style being 

better at learning visual 

information 

Null 

hypothesis 

(Ho) 

The population of “visual learners” does 

not learn visual information better than 

the population of “verbal learners” does. 

Sampling error j 

research hypothesis: p40 < Pyisuat OF Pverbat — Yvisuas < O- The null hypothesis is the opposite of the 

research hypothesis, including all other possible outcomes. Thus, the null hypothesis states that p,..,.. 2 

Hyiguar OF Hyerbat ~ Pvisuar 2 O- In other words, the null hypothesis is that “visual learners” do not learn visual 

information any better than the “verbal learners.” The research and null hypotheses for this one-tailed 

independent t test are shown in Table 10.2. 

Which of the following could represent a null hypothesis when doing a one- 

tailed independent test? Note that this question is not asking about the study 

described in the text. Which of the following could possibly be a 

one-tailed null hypothesis? 

aD peas 

b. py <P, 

C. Hy, > Bp 

d. HW, =H, 

Reading 

Question 

Step 3: Compute the Degrees of 

Freedom and Define the Critical Region 

Computing the df for one-tailed tests is done in exactly the same manner as with a two-tailed test. In 

this case, 

df =(n, —1)+(n, -1)=(29-1)+(31-1) =58. 

The one-tailed t table indicates that a study with a df = 58, when using a = .05, has a critical value 

of 1.6716. The research hypothesis predicts that p1,, the verbal group, will be less than p1,, the visual group, 

so it is predicting a negative obtained t value, Hyena — Hyisuar < 0. Thus, the critical region is in the negative 

side of the distribution. The null should be rejected if t<—-1.6716. If “verbal learners” were labeled as 

Group 2 and “visual learners” as Group I, we would have expected a positive ¢, and the critical region 

would have been in the positive side of the distribution. 
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; When you are doing a one-tailed ¢ test, the critical region is always on the side 

Reading of the t distribution that is predicted by the 

Question a. null hypothesis. 

. b.) research hypothesis. 

Step 4: Compute the Test Statistic 

4a. Compute the Deviation Between the Two Sample Means 

Again, the numerator of the test is the difference between the two sample means: 

(M, -M,)=(15.00-15.25) = —0.25. 

4b. Compute the Average Sample Error That Is Expected 

As in the previous example, you need the standard deviation for each group of scores. In this problem, 

they were provided for you, but you should know how to compute them if you need to for future prob- 

lems. Review the previous example if you are unsure how this is done. Once the standard deviation for 

Group 1 (i.e., SD, = 1.41) and the standard deviation for Group 2 (i.e., SD, = 1.67) have been computed, 

you compute the pooled variance (i.e., SD’, ) as follows: 

(n,-1)SD? +(n,-1)SD; _ (29-1)(1.41)’ +(31-1)0.67/ 
= 2.402. 

(n, -1)+ (n, -1) (29-1)+(31-1) 
a= SD 

The pooled variance is the average variance for the two samples weighted by the sample size. In this 

case, the second sample was a bit larger than the second sample, and so the variance associated with 

that sample was given more weight when computing the pooled variance. 

It only makes sense to pool (or average) the two standard deviations if they are estimating the same 

population parameter. If the standard deviations are significantly different from each other, the pooled 

variance must be computed in a different way. Fortunately, SPSS does all of these computations auto- 

matically, and so we will revisit this issue in the SPSS section that follows. 

After you have computed the pooled variance, you will use it to compute the estimated standard 

error of the mean difference, which is done as follows: 

Sob iio w Shi eee [2.402 APU ees py 
n, n, 2S) Sill 

Be sure to use n from each group and not df in the denominator when computing the estimated 
standard error of the mean difference. Also, note that the pooled variance (SD‘,) is already squared, and 
so you should not square it again. 

When computing the standard error of the mean difference, the equation calls 
for using 

Reading 

Question a. the degrees of freedom for each group. 

¢ b) the sample sizes from each group. 
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4c. Compute the Test Statistic (Independent t Test) 

Again, the ¢ test computation is identical to a two-tailed test: 

(M,-M,) (15.00-15.25) -0.250 ree = = =-0.63. 
SEM 0.40 0.40 

u 

The obtained ft value of — 0.31 is not further from zero than the critical value of —1.6716. Therefore, 

you do not reject the null hypothesis. 

18. Which of the following values can never be negative? 
Reading 

2 a. The numerator of a ¢ test 

Question 
b. The obtained t value 

f\ The standard error of the mean difference 

Step 5: Compute an Effect Size and Describe It 

Again, computing the effect size for one- and two-tailed tests is identical: 

in Observed difference betweenthemeans M,—M, _ 15.00-15.25 _ ane 

Standard deviation (SD: J2.402 wt 

An effect size with an absolute value of 0.16 is small. It means that the learning style of the learners 

had virtually no effect at all on memory scores. 

19. When determining if an effect size is small, medium, or large, you should 
Reading 

é Ca. ignore the sign of the computed effect size and use its absolute value. 

Question : 
b. recognize that negative effect sizes are always small effect sizes. 

Step 6: Interpreting the Results of the Hypothesis Test 

When interpreting the results of any study, you should always consider the results of the signifi- 

cance test and the effect size. In this learning styles study, the significance test suggested that the 

difference in mean memory scores between visual and verbal learners was probably just sampling 

error. In other words, the data did not support the learning styles theory. The small effect size in this 

study also did not support the idea that learning styles influence memory performance. This study 

generated an unambiguous “null result.” If many other studies in the literature report similar null 

results, then you can be more confident that your null result accurately reflects the true situation. 

Even though you may have heard a lot about learning styles and have been told that you are a 

“visual” or “auditory” or “verbal” learner, you should know that experimental studies have gener- 

ally found null results when investigating learning styles (Cook, Gelula, Dupras, & Schwartz, 2007; 

Pashler, McDaniel, Rohrer, & Bjork, 2008). In fact, the collection of null results is sufficiently large that 

memory researchers generally agree that, currently, there is no evidence supporting learning styles 

theory (Pasher et al., 2008). Instead, memory researchers suggest that instructors should incorporate 
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memory strategies supported by evidence. A great deal of memory research supports the effectiveness 

of using deeper levels of processing or retrieval practice effects. In other words, you should think about 

the meaning of what you are trying to learn and practice recalling the information from your memory. 

Research suggests that these studying strategies will increase your academic performance and that 

relying on learning styles will not. 

The results from your and Bill’s learning styles study might be summarized as follows: 

Contrary to the prediction of learning styles theory, the visual learners (M = 15.25, SD = 1.41) 

did not learn significantly more visual information than the verbal learners (M = 15.00, SD = 1.67), 

(58) = —0.63, p > .05 (one-tailed), d = —0.16. The study’s null result is consistent with the null 

results found by several other researchers investigating learning styles. Collectively, the null results 

of several studies on learning styles strongly suggest that there is very little, if any, merit in the 

learning styles theory of learning. 

20. Researchers need to be very cautious when interpreting null results because 
Reading 

é a. they prove that the IV had no effect on the DV. 
Question 

(b.) a null result might occur because of a problem with the study’s experimental 

~ procedure. 

OTHER ALPHA LEVELS 

In both of the previous examples, you used an alpha of .05. If you were to use an alpha of .01, rather 

than .05, it would be harder to reject the null hypothesis. This means that you would have less statisti- 

cal power but a lower risk of making a Type I error. 

ZAP Which alpha value has a lower risk of making a Type I error? 

Zl; {0)5) 

b.).01 

Reading 
Question 

22. Which alpha value has a lower risk of making a Type II error? 

; a. .05 

b. .01 

Reading 

Question 

SPSS 

Data File 

We are going to use the data from the first example in the chapter to illustrate how to use SPSS to con- 
duct an independent samples ¢ test. The data are reproduced as follows: 
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Group 1: With Verbal Descriptions Group: 21, 22, 20, 20, 18, 20 

Group 2: Without Verbal Descriptions Group: 19, 20, 19, 18, 16, 20 

To enter data for an independent samples ¢ test, you will need two columns. The first is the IV (i.e., 
grouping variable). In this case, we need to enter a number to indicate the group that each person was in 
(i.e., verbal descriptions or no verbal descriptions). You can use any numbers, but below we used a “1” to 
indicate verbal descriptions and a “2” to indicate no verbal descriptions. The second column is the DV (the 
dependent variable, i.e., the variable on which the two groups are being compared). In this case, the DV is 
the visual memory score of each person. When you are done, the data file should look like Figure 10.4. 

areiiccmeA a SPSS Screenshot of Data Entry Screen for an Independent t Test 

jes : 
£2 “Untitled6 [DataSet5] - IBM SPSS Statistics Data Editor e 

File Edit View Data Transform Analyze Graphs Utilities Add-ons Window Help 

= BLIP ASME 
13: MemoryScore Visible: 2 of 2 Variables 

Group MemoryScore at vat at “]h 

1.00 21,00 

1.00 22.00 

1,00 00 

1.00 0 

1.00 

1.00 

2.00 

2.00 

2.00 oa ~~ Om B® WHY = 

= Oo 

os “a 

oh 

i ND 

IBM SPSS Statistics Processor is ready | Unicode:OFF 

Computing an Independent Samples t Test 

© Click on the Analyze menu. Choose Compare Means and then Independent Samples t Test (see 

Figure 10.5). 

® Move the Independent Variable (the one that indicates which group someone is in) into the 

Grouping Variable box, and click on Define. Enter the values you used to designate Group 1 and 

Group 2 in the appropriate boxes (in the above screenshot, you would enter the values 1 and 2, 

respectively). 
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SPSS Screenshot of Choosing an Independent t Test 

‘ae x] —— Descriptive Statistics 
=f ion ee me ET Se ces ore aes 

14: Group nee Se : 
— < - 

evel oe eigup me aed General Linear Model 

as As Generalized Linear Models | 
1.00 az. “ary are 

1.00 20. cages are | & Paired-Samples T Test... 
Correlat 

4.00 20| =e a One-Way ANOVA... 

1.00 18 ia 
1.00 0 
2.00 49) cae | 

2.00 Dimension Reduction 

Regression 

Y 

2.00 : Scale 

2.00 | Nonparametric Tests 

2.00 | Forecasting 
tag eo en anew Noss 

Survival 

Multiple Response 

=) Simulation... 

Quality Control 

\GAROC Cune... 
Independent-Samples T Test... is ready f ‘Unicode:ON 2 

e Move the Dependent Variable (the one that indicates the actual scores of the participants) into 

the Test Variables box (see Figure 10.6). 

e Click on the OK button. 

Output 

The SPSS output for this analyses is given in Figure 10.7. 

Levene’s Test (Test for Homogeneity of Variance) 

There are two ways to estimate expected sampling error (i.e., the denominator of the independent 

t test). One way assumes homogeneity of variance, and the other does not. This assumption states that 
the variances in the two populations (e.g., verbal descriptions and no verbal descriptions) are the same. 
This assumption is important because if the variances are equal, you should compute the amount of 
expected sampling error as illustrated in the previous examples. However, if this assumption is 
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ate iccmeReMoms SPSS Screenshot of the IV and the DV for an Independent t Test 

ta Independent-Samples T Test | 8 | 

Test Variable(s): 

$ MemoryScore 

Le) 

Qptions... 

Grouping Variable: 

> ‘Grout 2) | 

( Paste |{ Reset | 

violated, the estimated sampling error should be computed differently. Levene’s test will indicate 

which method for computing sampling error is most appropriate. Just as we do at test to determine if 

two means are significantly different, we can do a test to determine if the two variances are signifi- 

cantly different. The standard deviations for the verbal learners and visual learners were 1.41 and 1.67, 

respectively. Thus, the variance was 1.41 2 or 1.99 for the verbal learners and 1.67? or 2.79 for the visual 

learners. SPSS automatically runs Levene’s test for homogeneity of variance to determine if 1.99 is 

significantly different from 2.79. Note that our double standard deviation rule suggests that the homo- 

geneity of variance assumption is not violated. 

23. Levene’s test is automatically run by SPSS to determine if the of the two 

groups are significantly different. Reading 

Question (a.) means 

b. variances 

If the variances of the two groups are not significantly different, the proper way to compute the 

estimate of sampling error is to use the “Equal variances assumed” method. If the variances are signifi- 

cantly different, the proper way to compute the estimate of sampling error is to use the “Equal vari- 

ances not assumed” method. You can determine if the variances are equal or not by looking at the 

“Sig.” value under the “Levene’s Test for Equality of Variances” label in the “Independent Samples Test” 

output. If the Sig. value is less than or equal to .05, the variances are not similar and the equal variance 
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all AYA Annotated SPSS Output for an Independent t Test 

Group Statistics 

Pou | ean | ts Deviation | ste ror Mean 
MemoryScore verbal descriptions 20.1667 1.32916 54263 

no verbal descriptions 18.6667 1.50555 61464 

Mean: Std. Deviation: Std. Error Mean: 

Sample Standard Standard errors of 
sizes means (M) deviations (SD) the means; 

computed as $2. 7 

95% Confidence Interval: We are 
95% confident that the actual 

difference between the sample 

means is between the lower and 

upper values. 

Sig. (2-tailed): Two- 
tailed p value; for a 
one-tailed test, 

divide the p value 

by 2; reject H, if 
p<a. 

Independent Samples Test 

Levene's Test for 

Equality of 

Variances t-test for Equali 

95% Confidence Interval 

Std. Error of the Difference 

Ditterence | Ditterence 
3.32683 

3.33064 

MemoryScore Equal variances 
-185 -676 5 10 -097 1.50000 -81989 

assumed 

Equal variances not 
9.849 -098 1.50000 -81989 

assumed 

F: Used to Sig. t: Obtained df: Degrees of Mean Difference: Std. Error 
determine if Use the “Equal t value freedom for The difference Difference: 
the variances equal variances between the Standard error of 
homogeneity assumed line” if = M,~M, (= 41) + (a, 1) means (M,- M,); the mean 
of variance Sig. > .05 SEM, ig ee difference (SEM); 
assumption 88 nUNeTEtOr OF the denominator of 
is met Use the “Equal ee thet 

variances not 

assumed” line if 

Sig. < .05 

SE 

assumption was violated. If the Sig. value is greater than .05, the variances are similar and the 
assumption of equal variance was met. 

24. Use the “Independent Samples Test” output to find the Sig. value for Levene’s 
test and then determine if the variances are similar or not similar. The Sig. (p) 
value for Levene’s test is and therefore the variances for the verbal and 
visual groups 

Reading 

Question 

4. .676; are similar (i.e., equal) 

b. .097; are not similar (i.e., not equal) 
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Levene’s test indicated that the variances in the two groups were equal. Therefore, the best way to 
compute the estimate of sampling error is to use the “Equal variances assumed” method. If you look 
in the left-most cell of the “Independent Samples Test” output, you will see two labels. The one at the 
top is “Equal variances assumed,” and the one at the bottom is “Equal variances not assumed.” 
Levene’s test indicated that we should use the “Equal variances assumed” method. SPSS automatically 
computes two different t tests—one using the “equal variances” method and the other using the “not 
equal variances” method. The results of both t tests are shown in the output. In this case, we should 
choose the obtained t value and degrees of freedom’ that is across from the “Equal variances assumed” 
heading (i.e., f=—1.830 and df= 10). 

: If the Sig. for Levene’s test was less than .05, the correct df would have been Reading 
: a. 10 

Question 
b, 9.849 

When entering the data for an independent t test, you should have 
Reading 

é a. a column for each person. 
Question P 

b. a column for the IV and a column for the DV. 

Readin Use the “Group Statistics” output to determine the mean and standard deviation 

: g of the verbal descriptions group. The mean and standard deviation of the verbal 

Question descriptions group were 

a. 20.1667 and 1.32916, respectively. 

b. 18.6667 and 1.50555, respectively. 

: 28. The p value for this t test was 
Reading a 
Question Bes 

b. )097. 

. 29. To get a one-tailed p value, you must 
Reading = i ; 

° a. divide the two-tailed p value in half. 
Question 

b. multiply the two-tailed p value by 2. 

2 Like the obtained t value, the degrees of freedom are also computed differently when the homogeneity of variance 

assumption is violated. You will not need to do this by hand in this book, but the formula is different from the one 

( SD? SD? ) 
——— + ——i 

n n. 
you use when the homogeneity of variance assumption is met. The df formula is df= ss brasil —-2. 

SD? oe wAnwA 
+ 

n,+1 in 12! 
2 2 . “oc: . 

When the variances are not similar, the SEM, is computed as elie oy Finally, when the ¢ test is modified in 

i e2 

this way, it is called a Welch ¢ test (Welch, 1947). Fortunately, SPSS will do all of these calculations automatically. 

All you have to know is which f test to interpret. 
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OVERVIEW OF THE ACTIVITIES 

In Activity 10.1, you will work through all of the steps of hypothesis testing for a one-tailed hypothesis 

test. While doing so, you will work to understand conceptually what you are doing at each step and 

the implications of the statistical decisions you make with regards to Type I error, Type II error, 

and statistical power. In this activity, you will also review information from two studies and compare 

and contrast the results of the significance test, effect size, and study design. In Activity 10.2, you will 

review some of the material from Activity 10.1, do a two-tailed hypothesis test, and work with SPSS. 

In Activity 10.3, you will read different research scenarios and decide which statistic should be used 

to test the hypothesis. Activity 10.4 is a group exercise giving you the opportunity to collect data using 

an independent measures design, a repeated measures design, and a matched design. This activity is 

intended to help you understand the relative advantages/disadvantages of the different types of 

designs and to review the information from Chapters 9 and 10. Finally, in Activity 10.5, you will com- 

pute and interpret confidence intervals for a two-group independent measures design. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

State null and research hypotheses for an independent t test 

Compute and interpret the results of an independent t test 

Explain how sampling error influences an independent t test 

Compute and interpret the effect size estimate for an independent t test 

Use the distributions of sample means to locate the probabilities of Type | error, Type II error, 

statistical power, and the probability of rejecting a false null hypothesis 

INDEPENDENT t TEST EXAMPLE 

It is well known that acetaminophen lessens people’s physical pain. A recent study suggests that 

acetaminophen can lower people’s psychological pain as well (DeWall et al., 2010). Surprised by these 

findings, you decided to see if acetaminophen works for different types of psychological pain than 

those assessed in the original research. You obtained a sample of volunteers and gave half of them 

acetaminophen and the other half a placebo pill. Both groups of participants read socially painful 

stories and rated how painful the experience would be for them. Specifically, you want to know if the 
mean social pain rating of the acetaminophen group is statistically lower than the mean social pain 
rating of the control group. Stated differently, you want to know if the mean difference in social 
pain rating between these two samples is likely or unlikely to be due to sampling error, You are 
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predicting that the acetaminophen will reduce social pain ratings; therefore, you used a one-tailed 
hypothesis test with a = .05. 

Neg = ls Morag = 213, SDyg= 18. drug drug a 

Sil, M 
control n De, SD 20. 

control control — 

STATISTICAL ASSUMPTIONS 

1. Match the assumption to the fact that is relevant to that assumption. 

Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 

Samples of this size tend to form distributions of sample means with a normal shape. 

Data were collected from one participant at a time. 

This assumption will be assessed later by Levene’s test. 

The IV manipulation is well defined, and the participants’ responses were given on an 

interval/ratio scale. 

ao fF f 

2. How do you know that the homogeneity of variance assumption is not violated? 

a. One standard deviation is not double the size of the other. 

b. The standard deviations are different by less than 5. 

3. How do you know that the normality assumption is probably not violated? 

a. The sample size in each group is greater than 30. 

b. The research scenario indicates that social pain scores are normally distributed. 

UNDERSTANDING THE NULL AND RESEARCH HYPOTHESES 

4. Write H, next to the symbolic notations for the null hypothesis and H, next to the research 

hypothesis. 

Harug = Hotacebo 

Harug ue Pptacebo 

Harug Ze Potacebo 

Harug ? Potacebo 

Harug < Potacebo 

mo ao F B Parug < Potacebo 
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5. Write H, next to the verbal description of the null hypothesis and H, next to the research 

hypothesis. 

a. ____If a population of people were given the drug, they would have higher social pain 

scores than would a population of people given the placebo. 

b. _____If a population of people were given the drug, they would not have higher social pain 

scores than would a population of people given the placebo. 

c. ____ Ifa population of people were given the drug, they would have lower social pain scores 

than would a population of people given the placebo. 

d. If a population of people were given the drug, they would not have lower social pain 

scores than would a population of people given the placebo. 

e. _____If a population of people were given the drug, their social pain scores would be 

different from a population of people given the placebo. 

f. __If a population of people were given the drug, their social pain scores would not be 

different from a population of people given the placebo. 

6. Assuming that the null hypothesis is true (i.e., that acetaminophen does not affect social pain at 

all), what precise value would you expect for the mean difference between the mean ratings of 

social pain for the acetaminophen sample and the placebo sample? 

Precise expected value for the mean difference between the two sample means if the null is 

true = 

7. In this situation, you obtained two samples of people from the population. One sample was 

assigned to take acetaminophen, and the other sample was assigned to take a placebo. Even if 

you assume that the acetaminophen does not affect social pain at all, would you be surprised if 

the samples’ mean difference was not exactly the value you indicated earlier? 

a. No, I would not be surprised. The two sample means are likely to be different because the 

population parameters are different. 

b. No, I would not be surprised. The two sample means are likely to be different because of 

sampling error even if the drug has no effect. 

c. Yes, I would be surprised. The two sample means should be exactly the same if the drug 

does not affect social pain. 

d. Yes, I would be surprised. The two sample means should be exactly the same because the 

sizes of the two samples are the same. 

8. Just as was the case with the z for asample mean, the single-sample f test, and the related 

samples ¢ test, you must compute the amount of sampling error that is “expected by chance or 

sampling error” before you can determine if the null hypothesis is likely or unlikely to be true. 
The acetaminophen and control groups each had 31 people with social pain SDs of 18 and 20, 
respectively. Use the two equations provided below to compute the value for standard error of 
the mean difference, estimated sampling error. 

(n, -1)SD? +(n, -1)SD? 7 
SD? = 

: (n,-1)+ (n, -1) 

SD SDs 
SEM, = Zeek = 
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What does the SEM, estimate? 

a. The typical amount of sampling error in the two separate samples 

b. The typical distance between the two sample means expected due to sampling error 

c. The typical distance between the sample scores and the means for the two samples 

Assuming that acetaminophen does not affect social pain at all (i.e., assuming the null 
hypothesis is true), create a distribution of sample mean differences based on the two sample 
SiZeS Of Ngug = 31 ANA N,,.449; = 31. This distribution represents the frequency of all possible 
sample mean differences when both sample sizes are 31. You should label the frequency 
histogram so that it is centered on the sample mean difference you expect if the null is true. Look 
back at your answer to Question 6 to determine what the mean of the distribution of sample 
means should be if the null hypothesis is true. 

After you label the mean, label each standard error of the mean to the right and left of the 

mean. You computed the standard error of the mean in Question 8. 

Next, use the independent t formula to determine the t score associated with each sample mean 

difference. In other words, convert each raw mean difference score on the distribution into a 

t value. 

Finally, label the critical t value and shade the critical region. You will need to consult a critical 

t value table to locate the critical value of ¢. 

Evaluating the Likelihood of the Null Hypothesis 

Ine Now that the critical region of t is determined, you can find the t value associated with the mean 

difference between the samples and determine if it is in the critical region of the f distribution 

(also known as the region of rejection). The sample means were M,,,.= 213 and Mooniroi = 222- 

Locate the mean difference on the distribution of sample mean differences above. Is it in the 

critical region or outside of the critical region? 

a. Inthe critical region 

b. Outside of the critical region 

critical t = 

Sample mean differences —— 

t values 
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12. Compute the obtained ft value. 

13. What should you conclude about the null hypothesis and why? 

a. Reject H, because the computed t value is in the critical region 

b. Reject H, because the computed f value is outside of the critical region 

c. Fail to reject H, because the computed f value is in the critical region 

d Fail to reject H, because the computed ft value is outside of the critical region 

Effect Size 

The process of significance testing you just completed in the previous question tells us whether or not 

the null hypothesis is likely to be true. It does not indicate how effective the IV was in affecting the DV. 

In the preceding scenario, the null hypothesis was rejected, but the researchers only know that acet- 

aminophen will probably decrease social pain. They do not know how effective it would actually be. 

To get this information, they must compute an estimate of the study’s effect size. 

14. Compute the estimate of effect size (d) of acetaminophen on social pain. (Note: When computing 

the d for an independent ¢ test, you need to use the “pooled standard deviation” or the square 

root of the pooled variance. Consult your reading for a reminder.) 

15. Is the effect size small, small to medium, medium, medium to large, or large? 

Summarize the Results 

16. Choose the best APA style summary of the results. 

a. The mean social pain ratings of the acetaminophen group (M = 213, SD = 18) and the placebo 
group (M = 222, SD = 20) were significantly different, (60) = —1.86, p < .05, d=.47. The effect 
size suggests that acetaminophen is very effective at reducing social pain. 

b. The mean social pain ratings of the acetaminophen group (M = 213, SD = 18) were not 
significantly different from the mean ratings of the placebo group (M = 222, SD = 20), t(60) = 
ASO, js: Od, C= Ay, 

c. The mean social pain ratings of the acetaminophen group (M = 213, SD = 18) were 
significantly less than the mean ratings of the placebo group (M = 222, SD = 20), t(60) = —1.86, 
p<.05, d= .47. The effect size suggests that acetaminophen is moderately effective 
at reducing social pain because it reduces it by about a half a standard deviation. 



CHAPTER 10 Independent Samples tTest 341 

Type I Errors, Type II Errors, and Statistical Power 

'7. Before collecting data from the sample that took acetaminophen, you can’t locate the center of 
the distribution of sample mean differences if the research hypothesis is true. However, after you 
have the data from the sample, you do have an idea of where the research hypothesis 
distribution of sample mean differences is located. What can you use to estimate the location of 
this distribution? Provide a specific value. (Hint: What value might represent the mean difference 
between the social pain scores of all those who took acetaminophen and all those who took the 
placebo if the research hypothesis is true?) 

Specific value for the center of the research hypothesis distribution of sample mean 
differences = 

A major benefit of locating the center of the research hypothesis distribution of sample mean 
differences, even if it is an estimated center that is inferred from sample statistics, is that it allows 
researchers to quantify several other very important statistical concepts. This quantification 
process can be illustrated by “building a distribution.” You have already built one of the 

distributions that are necessary in Question 10. As you know from Question 10, the null 

hypothesis distribution of sample mean differences is centered at a t value of 0. The null 
t distribution is re-created for you as follows: 

Critical value of 

t=-1.67 

of = 60 

EOS TE TLE TEE I TE YO TE 

18. The second distribution you need to build is the distribution of the sample mean differences if 
the research hypothesis is true. As mentioned earlier, the center of this distribution is 

determined by the actual mean difference of the samples. In this case, the actual sample mean 

difference was —9, meaning that the center of this distribution of sample means is at —9 on the 

raw score number line. What is the ¢ value associated with a sample mean difference of -9? 

Draw a vertical line on the above figure at the t value associated with a mean difference of —9 to 

represent the center of the distribution of sample means if the research hypothesis is true. 

Remember that the only reason we can locate this curve’s center is because you know the actual 

mean difference of the samples. You can’t know this before you collect data. 

19. In Activity 6.1, you created the research hypothesis distribution of sample means by sketching a 

normally shaped distribution. When working with ¢ distributions, the research distribution of 

sample means can be skewed with smaller sample sizes.* Here, our sample size is large enough 

3 The severity of the research curve’s skew depends on the effect size and the sample size, but as sample size 

increases, the research curve approaches a normal shape (Cummings, 2012). 
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that the distribution is essentially normal. In addition, we are less concerned with the research 

curve’s precise shape than we are with using it to locate the Type Il and statistical power regions 

in the research curve. Therefore, sketch in the distribution of sample mean differences if the 

research hypothesis is true, assuming it has a normal shape. (Just try to duplicate the null curve’s 

shape and spread but have it centered at —1.86 on the t score number line rather than at 0, 

where the null curve is centered.) 

After you have completed sketching in the research hypothesis distribution of sample mean 

differences, look at the following figure and confirm that your figure looks like it. If it doesn’t, 

determine what is wrong and fix it. Be sure you understand why the figure looks as it does. 

Mean difference between 

drug and placebo conditions 

Critical value of 

t=-1.67 

df = 60 

Just as can be done with the z for the sample mean, single-sample f test, and the related 

samples ¢ test, we can use these curves to quantify the probability of important statistical 

concepts. The null distribution of sample mean differences represents all possible outcomes if 
the null hypothesis is true. The research distribution of sample mean differences represents all 
possible outcomes if the research hypothesis is true. By “cutting” these curves into different 
sections at the critical value of t, we can estimate the probability of (a) rejecting a false null (i.e., 
statistical power), (b) failing to reject a false null (i.e., Type II error), (c) rejecting a true null (ie., 
Type | error), and (d) failing to reject a true null. In the following figure, there is a distribution of 
sample mean differences for the null hypothesis and a distribution of sample mean differences 
for the research hypothesis. The two curves have been “separated” so that it is easier to see the 
distinct sections of each curve. The areas under each of these respective curves represent 
statistical power, Type II errors, Type I errors, and failing to reject a true null. Try to determine 
which areas under each curve represent what in the following figure. 
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Distribution of sample means 

if the null hypothesis is true 

Critical value of t = —1.67 

df = 60; one-tailed, a = .05 

Distribution of sample means 

if the null hypothesis is false 

20. Match the area to the statistical outcome 

Type I error [rejecting a true null]: Area 

Type II error [failing to a false null]: Area 

Statistical power [rejecting a false null]: Area 

Failing to reject a true null: Area 

21. Go back to Activity 6.1. Make note of the fact that the areas under the curve that correspond to 

each of the above concepts are not the same as in Activity 6.1. What is different about this 

scenario that changed the locations of the above areas on the curves? 

a. In this scenario, the hypothesis test was one-tailed, while in the previous scenario, the 

hypothesis test was two-tailed. 

b. In this scenario, the research hypothesis predicted a negative difference, while in the 

previous scenario, the predicted mean difference was positive. 

In this scenario, there were two samples that resulted in two separate curves, while in the 

previous scenario, there was just one sample and one curve. 
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If a one-tailed, « = .01 significance test was used instead of a one-tailed, a = .05 significance test, 

what would happen to the critical value line in the preceding graphs? It would move 

a. closer to zero. 

b. closer to the left tail. 

What would happen to the probability of each of the following if a one-tailed, a = .01 significance 

test was used instead of a one-tailed, a = .05 significance test? Indicate if each would increase, 

decrease, or stay the same. 

Type I error: Increase Decrease Stay the same 

Type II error: Increase Decrease Stay the same 

Statistical power: Increase Decrease Stay the same 

Which two of the following values are estimates and which one value is known precisely? 

Type I error: Estimate only Precise value is known 

Type II error: Estimate only Precise value is known 

Statistical power: Estimate only Precise value is known 

Why are the two values you identified in Question 24 estimates? 

a. Type Il error and power are estimated based on the null hypothesis curve. 

b. The mean (center) and the standard deviation (spread) of the research distribution curve are 

estimated from the sample data. 

Summary of Key Points in Significance Testing 

26. So far in this course, we have gone through several examples illustrating the details of how 

significance testing works. These details included each of the following key points. Read through 

these key points and try to fill in the key terms that are missing. You may use some of the terms 

from page 345 more than once. 

OD Wag allows us to predict the center, shape, and spread of the 

distribution of sample means (or the distribution of sample mean differences) if the null is true. 

© State the theorem below. 

O  iWaxe hypothesis precisely locates the center of the null distribution of sample 
means (or the null distribution of sample mean differences). This location is at a z value of 

or at t value of 

e The center of the hypothesis distribution of sample means (or mean 
differences) is estimated from the sample mean (or sample mean difference) and cannot be 
known before data are collected. 
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e The probability of a is set by researchers when they set the a value. 
By building the null and research hypothesis distributions of sample means (or sample 
mean differences), we can quantify the probability of failing to reject a false null (.e., 

), as well as the likelihood of rejecting a false null (i.e., }: 
O inae of ¢ or z “cuts” likely values if the null is true from unlikely 

values if the null is true; if a statistic (e.g., z value, t value) is more extreme than this value, 
the null hypothesis is unlikely to be true. 

e Ifthe null is rejected, the hypothesis is considered likely to be true. 

e Aftera is performed, researchers know whether or not 
the null is likely to be true. They do not know how effective the IV was at affecting 
the DV. To quantify the impact of the IV on the DV, researchers must compute a/an 

Type I error 0) Statistical power 

Type Il error Power Central limit theorem 

Null Effect size Significance test 

Critical value Research 

A researcher obtained the scores for all 1.5 million students who took the SAT this year and 

found that males scored significantly higher than females (p < .001). Given the sample size, what 

additional information would you want before you decide if this statistically significant 

difference is large enough to be an important difference? 

a. The confidence interval 

b. The effect size 

Putting It All Together 

Suppose that you have a friend who suffers from debilitating panic attacks that have not been 

helped by treatments that are currently on the market. Your friend’s psychiatrist asks if he would 

like to participate in a clinical trial. There are two clinical trials available (Drug A or Drug B), and 

your friend asks you for help in deciding which drug seems more promising based on the 

available data. 

Although neither of the drugs are yet approved by the Food and Drug Administration (FDA), 

both are currently in the human trial stage of the approval process. The side effects for both 

drugs seem to be minor, and if your friend agrees to participate in one of the trials, all costs 

would be paid by a National Institutes of Health (NIH) research grant. The preliminary results 

from the trials are described below. 

Drug A information. In total, 250 participants took Drug A for 3 months, while another 250 

participants took a placebo for 3 months ina double-blind study. While taking the “drug,” the 

participants recorded the number of panic attacks they experienced. The mean number of 

panic attacks in the Drug A group was M=5.12, SD = 4.21, n= 250, while the mean number 

of panic attacks in the placebo group was M = 6.87, SD = 4.62, n= 250, t(498) = 4.43, 

p< .001, d=.39. To participate in this trial, your friend would need to go to a local hospital 

once a week for a 1-hour visit. 

Drug B information: In total, 150 participants took Drug B for 3 months, while Ea gue 

participants took a placebo for 3 months ina double-blind study. While taking the “drug,” the . 

participants recorded the number of panic attacks they experienced. The mean number of panic 
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attacks in the Drug B group was M = 5.47, SD = 2.89, n = 150, while the mean number of panic 

attacks in the placebo group was M = 8.11, SD = 2.94, n= 150, (298) = 7.84, p< .001, d=.70. To 

participate in this trial, your friend would need to go to a hospital that is approximately 45 minutes 

away once a week for 1.5-hour visits. 

When deciding which of these two drug studies provides more compelling evidence, you should 

consider their respective sample sizes. At first glance, it is tempting to assume automatically that 

studies with larger samples are always better. However, that is not the case. As long as a sample 

size is sufficiently large, an even larger sample is not appreciably better. Compute the standard 

error of the mean or expected sampling error for both of these studies below. (You will need to 

compute the pooled SD first.) 

The SEM for Study A= 

The SEM for Study B = 

Based on the SEMs for the two studies: 

a. Study Ais much more compelling in terms of its sample size. 

b. Study B is much more compelling in terms of its sample size. 

c. Studies A and B are approximately equal when it comes to sample size; both have relatively 

small SEMs, so choosing between these studies should probably be based on something 

other than sample size. 

Based on the effect sizes for the two studies: 

a. Study A has a more impressive effect size. 

b. Study B has a more impressive effect size. 

c. Studies A and B have equally impressive effect sizes. 

Compare the results of the significance test for the two studies. 

a. Study A had sufficient evidence to reject the null. 

b. Study B had sufficient evidence to reject the null. 

c. Both studies had sufficient evidence to reject the null. 

Compare the relative cost in terms of time commitment (e.g., travel time as well as treatment time). 

a. Drug A requires a greater time commitment. 

b. Drug B requires a greater time commitment. 

Which drug trial would you suggest to your friend? (You must choose one.) Explain your 
rationale; explain the relative importance of the respective sample sizes, the results of the 
hypothesis tests, the effect sizes, and the relative cost in terms of time commitment (e.g., travel 
time as well as treatment time). You should not just count the number of times that Drug A or B 
had “better results.” You need to talk about which of these four factors is most important when 
deciding between these two drug trials and conclude your answer with a recommendation. 
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Activity 10.2: A Two-Tailed Independent t Test 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

* Compute and interpret an independent samples t test by hand and using SPSS 
° Draw a distribution of t scores assuming the null hypothesis is true and a distribution of 

t scores assuming the research hypothesis is true 
e Explain the homogeneity of variance assumption and how it is tested 
e Explain what the numerator and the denominator of the t test each measure 
e Explain the effect of using a one-tailed versus a two-tailed test when hypothesis testing 
e Explain how it is possible to not reject the null even when it is false 

AT a ea Sn 

Two-Tailed Independent t Example 

In a course on reasoning and decision making, you heard about a phenomenon called anchoring and 

adjustment. The phenomenon suggests that the way a question is asked can influence the answer people 

give. You want to see if you can replicate this finding. You asked one group of participants, “Is the Nile 

River longer than 800 miles [1 mile = 1.61 kilometers]?” They answered “yes” or “no.” Then you asked 

them to estimate the Nile’s length to the nearest mile. You changed the first question slightly for a second 

group of participants. You asked them, “Is the Nile longer than 3,000 miles?” Then you asked them to 

estimate the Nile’s length to the nearest mile. The actual length of the Nile is 4,184 miles. You are inter- 

ested in whether first asking people the 800 or 3,000 “yes—no” question caused the participants to give 

estimates that were significantly different. You know from previous research that these types of estimates 

tend to form a normal distribution of scores. You decide to use a a = .05. Your data are as follows: 

pre 1 800 Low Anchor Group 2 3,000 High Anchor 

ted 650 600 

850 1,000 

900 | 1,999 

1,000 2,000 

[ 1,000 2,700 

1,100 3,000 

i 23) 4,000 

1,320 4,000 

2,000 4,300 

2,000 5,000 

2,000 6,600 
Se NN NC eT TE 
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1. Match the assumption to the fact that is relevant to that assumption. 

Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 

Estimates like this tend to form a normal distribution of scores. 

Data were collected from one participant at a time. 

This assumption will be assessed later by Levene’s test. 

The IV manipulation is well defined, and the participants’ responses were given on an 

interval/ratio scale. 

a o fF 

2. Write H, next to the symbolic notations for the null hypothesis and H, next to the research 

hypothesis. 

Bhigh anchor > Brow anchor 

Phigh anchor 2 Piow anchor 

Phigh anchor < Piow anchor 

Phigh anchor Ss Piow anchor 

Bhigh anchor Brow anchor 

ron oe ta Gee O° Bhigh anchor z Piow anchor 

The first requirement for using SPSS to analyze data is to enter the data correctly. In SPSS, all the 

information about a given participant goes on a single row. When conducting an independent 

t test, as in this case, you will need two columns. One column should indicate the IV condition 

each person is in, either the low anchor condition or the high anchor condition. You should use a 

coding system like “1” for those in the low (800) anchor condition and “2” for those in the high 

(3,000) anchor condition. So, for the IV column, you would have a column of “1s” and “2s.” 

Create value labels for this coding scheme if you remember how. The second column should be 

each person’s DV, in this case, each participant’s estimate of the Nile’s length. When you are done 

entering data, it should look similar to the file shown on in Figure 10.4; it should not look like the 
two columns of data in the table on page 347. 

To run the independent t test: 

e Click on the Analyze menu. Choose Compare Means and then Independent Samples t Test. 

¢ Move the Independent Variable (the one that indicates which group someone is in) into 
the “Grouping Variable” box and click on “Define.” Enter the values you used to 
designate Group 1 and Group 2 in the appropriate boxes. 

e Move the Dependent Variable (the one that indicates the actual scores of the 
participants) into the “Test Variables” box. Click on the OK button. 

3. What is the standard error of the mean difference? 
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Which of the following statements accurately describes what the standard error is measuring in 
this study? (Note: The standard error is the denominator of the ft statistic if you calculate it by 
hand.) 

a. The standard error is the difference between the means of the two groups or conditions. 
b. The standard error is a measure of sampling error; we would expect a mean difference of 

this size to occur due to sampling error. 

c. The standard error is a measure of sampling error; with these sample sizes, we would expect 
a mean difference of this size to occur due to sampling error. 

What two values are used to generate the mean difference? (Note: The mean difference is the 
numerator of the t statistic if you calculate it by hand). 

Give the exact mean difference value for this study. Mean difference = 

The mean difference (or numerator of the f statistic) is the actual difference between the mean 

of those who were given the 800 anchor and the mean of those who were given the 3,000 

anchor. The standard error of the mean difference (or the denominator of the f statistic) is the 

size of the mean difference we would expect by sampling error. Given these two facts, which 

of the following is true? 

a. Ifthe mean difference is about the same size as the standard error, the null hypothesis is 

likely to be false. 

b. Ifthe mean difference is about the same size as the standard error, the null hypothesis is 

likely to be true. 

What is the assumption of homogeneity of variance? Select all that apply. 

a. The standard deviations for the two sample means are not significantly different from the 

population standard deviation. 

b. The standard deviations for the two sample means are not significantly different from each 

other. 

c. The variances for the two populations being compared are equal. 

d. The variances for the two populations being compared are significantly different from each 

other. 

Was the homogeneity of variance assumption violated in this study? 

a. Yes, it was violated. The Sig. level for Levene’s test was greater than .05. 

b. Yes, it was violated. The Sig. level for Levene’s test was less than .05. 

c. No, it was not violated. The Sig. level for Levene’s test was greater than .05. 

d. No, it was not violated. The Sig. level for Levene’s test was less than .05. 
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What do you do if this assumption is violated? 

a. You cannot do an independent samples t if this assumption is violated. 

b. Use the ¢, df, and Sig. information from the “Equal variances assumed row.” 

c. Use the t, df, and Sig. information from the “Equal variances not assumed row.” 

How do you use the information in the Sig. column to determine if you should reject or fail to 

reject the null when doing a two-tailed test? 

a. You divide the Sig. by 2 and then reject the null hypothesis if that number is less than alpha. 

b. You divide the Sig. by 2 and then reject the null hypothesis if that number is greater than 

alpha. 

c. You reject the null hypothesis if the Sig. is less than alpha. 

d. You reject the null hypothesis if the Sig. is greater than alpha. 

e. You divide the alpha by 2 and then reject the null hypothesis if that number is less than Sig. 

f. You divide the alpha by 2 and then reject the null hypothesis if that number is greater than Sig. 

SPSS does not compute d, and so you need to compute it by hand. To do so, you will need to 

compute the pooled variance using the SD values in the SPSS output. 

Summarize the results of this study using APA style. 

Those given the 800 anchor gave estimates of the length of the Nile that were significantly lower 

(M = , SD= __) than those given the 3,000 anchor (M = ,SD= ), 

a )= ,p= (two-tailed), d= 

(Note: The df, t, and Sig. value should all come from the “Equal variances not assumed row.”) 

If we had predicted that the people given 3,000 as an anchor would give higher estimates than 

those given 800 as an anchor, it would have been reasonable to do a one-tailed test. What 

would the null and research hypotheses be if we had predicted higher estimates from the 

3,000 group? Write H, next to the symbolic notations for the null hypothesis and H, next to 
the research hypothesis. 

a Bhigh anchor > Brow anchor 

b. — Bhigh anchor = Hiow anchor 

oS Bhigh anchor < Hiow anchor 

d. == Phigh anchor s Hiow anchor 

© —— aight anchon a Mlowanchor 

f. 
=> Bhigh anchor % Hiow anchor 

Would the obtained t value change if we did a one-tailed test? 

Yes No 
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How do you use the Sig. column of the SPSS output to determine if you should reject or fail to 
reject the null hypothesis when using a one-tailed test? 

a. You divide the Sig. by 2 and then reject the null hypothesis if that number is less than the 
alpha. 

b. You divide the Sig. by 2 and then reject the null hypothesis if that number is greater than the 
alpha. 

You reject the null hypothesis if the Sig. is less than the alpha. 

a 9 You reject the null hypothesis if the Sig. is greater than the alpha. 

€. You divide the alpha by 2 and then reject the null hypothesis if that number is less than Sig. 

f. You divide the alpha by 2 and then reject the null hypothesis if that number is greater than Sig. 

In this case, would we reject the null when doing a one-tailed test with an alpha of .01? 

After learning that people tend to anchor on the initial numbers they are given when making 

estimates, you wonder if this same principle could be used to increase sales in a grocery store. 

Specifically, you want to know if providing a high anchor for how many of something shoppers 

should purchase increases the number of things shoppers buy. You enlist the help of two 

branches of a neighborhood grocery store chain. The stores are in similar locations with similar 

demographics and with similar sales figures. One store posts signs for a sports drink that 

advertise the price as 10 for $10 (high anchor). The other store posts signs as 5 for $5 (low 

anchor). Both signs also indicate that the price for one bottle is $1. The computerized cash 

registers recorded the number of bottles of the sports drink purchased by each shopper who 

purchased at least one bottle of the sports drink. The people who saw the low anchor signs 

purchased an average of 6 bottles (SD = 2.39, n= 15), while the people who saw the high anchor 

signs purchased an average of 9.47 bottles (SD = 3.29, n= 15). The daily sales of sports drinks 

across a year do form a normal distribution. The number of bottles sold to each shopper who 

bought any one a given weekend are as follows: 

Group 1: Low anchor (6 for $5): 5, 10, 2, 5, 5, 5, 5, 5, 10, 8, 10, 5, 5, 4, 6 

Group 2: High anchor (10 for $10): 10, 10, 15, 6, 8, 10, 15, 10, 10, 5, 10, 6, 8, 5, 14 

Match the assumption to the fact that is relevant to that assumption. 

___ Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 

a. The signs in the different stores were different, and the number of bottles sold to each 

shopper was recorded. 

b. This assumption will be assessed later with Levene’s test. 

c. The population of number of sport drinks bought by individual shoppers has a normal shape. 

d. The purchases of individual shoppers was recorded at both stores. 
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Write H, next to the null hypothesis and H, next to the research hypothesis. 
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eat Wisp 

What is the critical region for this one-tailed test (use a = .01)? 

Be eS DOA 

b. t < —2.4671 

CG 62.2467! ont <—2-4671 

Compute the test statistic (f). 

Gl, =S),5K0) 

lo, 105) 

Gy SSeen 

ae005 

@, Sil 

Should you reject or fail to reject the null hypothesis? 

Aw ReTECE 

b. Fail to reject 

Compute the effect size (d). 

6 = 31510) 

DaeOS 

CG, SOY) 

d. .003 

Caeelez i 

How large is the effect? 

Read and evaluate the following APA style summary of the anchoring study at the grocery store. 
Then determine if there is an error or omission and, if so, identify the problem. (Select all that apply.) 

The low anchor group (M = 6.00, SD = 2.39) bought significantly less than the high anchor group 
(M=9.47, SD = 3.29), (28) =—3.30, d= 1.21. 

There are no errors or omissions in the above APA summary. 

S The means and standard deviations for each condition are missing. 

ie) Some of the statistical f test information is missing. 

= The sentence implies that the means are significantly different when they are not 
significantly different. 
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26. Read and evaluate the following APA-style summary of the anchoring study at the grocery store. 
Then determine if there is an error or omission and, if so, identify the problem. (Select all that 

apply.) 

The low anchor group bought significantly less than the high anchor group, t(28) = —3.30, 

p = .003 (one-tailed), d= 1.21. 

a. There are no errors or omissions in the above APA summary. 

b. The means and standard deviations for each condition are missing. 

c. Some of the statistical t test information is missing. 

d. The sentence implies that the means are significantly different when they are not 

significantly different. 

Activity 10.3: How to Choose the Correct Statistic 

Learning Objectives 

After reading the chapter and completing the homework and this activity, you should be able to do the 

following: 

* Read a research scenario and determine which statistic should be used 

* One of the more challenging aspects of this course is choosing the correct statistic for a given 

scenario. A common strategy is to match the goal described in the scenario with the statistic that 

accomplishes that goal. Obviously, using this strategy requires you to first identify the research 

goal. Look at Appendix J to see a decision tree and a table that may help you choose the correct 

statistic for a given research situation. 

LEE ELE LEE ELIE TEBE LLL LEER EEL CLI LL LEVEL LE DOES OE AE OLLIE 

Very Basic Example Problems 

Determine which statistic should be used in each of the following situations. When you are assess- 

ing a given situation, you need to recognize that if a problem does not give you the sample mean 

(M) or the sample standard deviation (SD), you can always compute these values from the data. 

However, if a problem does not give you the population mean (y) or the population standard devia- 

tion (c), you should assume that these values are not known. 

|. Do male teachers make more money than female teachers? 

2. Do people have less body fat after running for 6 weeks than before they started running? 

3. Intelligence quotient (IQ) scores have a population mean of 100 and a standard deviation of 15. 

Does the college football team have a mean IQ that is significantly greater than 100? 

4. Is the mean height of a sample of female volleyball players taller than 68 inches? 
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More Detailed Example Problems 

Determine which statistic should be used in each of the following research scenarios: z for sample 

mean, single-sample ¢, related samples t, or independent samples ¢. 

5s Previous studies have shown that exposure to thin models is associated with lower body image 

among women. A researcher designs a study to determine if very young girls are similarly 

affected by thin images. Forty kindergarteners are randomly assigned to one of two groups. The 

first group plays with Barbie dolls for 30 minutes. The second group plays with a doll with 

proportions similar to the average American woman. After the 30-minute play period, the 

researcher measures each girl’s body image using a graphic rating scale that yields an interval 

scaled measure of body image. Which statistic should this researcher use to determine if girls 

who played with Barbie dolls reported lower body image than girls who played with dolls with 

proportions similar to the average American woman? 

A teacher of an art appreciation course wants to know if his course actually results in greater 

appreciation for the arts. On the first day of class, the teacher asks students to complete an art 

appreciation survey that assesses attitudes toward a variety of forms of art (e.g., painting, 

theater, sculpture). Scores on the survey range from 1 = strongly disagree to 5 = strongly agree, 

and responses to all of the questions are averaged to create one measure of art appreciation. 

The same survey was given on the last day of class. The teacher analyzes the survey data and 

finds that scores were significantly higher on the last day of class than on the first day of 

class. Which statistic should this researcher use to determine if students’ art appreciation 

scores were higher after the class than before the class? 

An insurance company keeps careful records of how long all patients stay in the hospital. 

Analysis of these data reveals that the average length of stay in the maternity ward for women 

who have had a caesarean section is . = 3.9 days with a standard deviation of co = 1.2. Anew 

program has been instituted that provides new parents with at-home care from a midwife for 

2 days after the surgery. To determine if this program has any effect on the number of days 

women stay in the hospital, the insurance company computes the length of stay of a sample of 

100 women who participate in the new program and find that their mean length of stay is 3.4 

with a standard deviation of 1.4. Which statistic would help determine if the new program is 

effective at lowering the average length of mothers’ hospital stay? 

Abel and Kruger (2010) recently analyzed the smiles of professional baseball players listed in the 
Baseball Register. The photos of players were classified as either big smiles or no smiles. The age 
of death for all players was also recorded. The results revealed that players with big smiles lived 
longer than those with no smiles. Which statistic could be used to determine if there was a 
significant difference in life span between those with big versus no smiles? 

A questionnaire that assesses the degree to which people believe the world is a fair and just place 
has a mean of 1 = 50. A researcher wonders if this belief is affected by exposure to information, 
suggesting that the world is not a fair and just place. To answer this research question, he 
conducts a study with 73 students and has them watch a series of videos where bad things 
happen to good people. After watching these videos, he gives them the questionnaire and finds 
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that the average score after watching the videos was 48.1 with a standard deviation of 16.2. 
Which statistic should the researcher use to determine if watching the video significantly 
reduced endorsement of the view that the world is fair and just? 

10. It is well known that acetaminophen reduces physical pain. DeWall et al. (2010) found that the 

drug can also reduce psychological pain. Another researcher wonders if the same is true of 

aspirin. To test the efficacy of aspirin in treating psychological pain, they measured participants’ 

psychological pain, gave them the drug, and then again measured their psychological pain. 

Psychological pain was measured using an interval scale of measurement. Which statistic should 

be used to determine if aspirin reduced psychological pain? 

11. A recent study revealed that the brains of new mothers grow bigger after giving birth. The 

researchers performed magnetic resonance imaging on the brains of 19 women and found that 

the volume of the hypothalamus was greater after giving birth than prior to giving birth. Which 

statistic would researchers use to determine if the volume of the hypothalamus was greater after 

giving birth than before? 

12. Aplastic surgeon notices that most of his patients think that plastic surgery will increase their 

satisfaction with their appearance and, as a result, make them happier. To see if this is actually 

the case, he asks 52 of his patients to complete a survey 1 week prior to and then again 1 year 

after the surgery. The survey consisted of 10 questions such as “Iam happy” and “Life is good.” 

Responses to each item were scored with 1 = strongly agree and 5 = strongly disagree. Scores on 

all survey items summed into one index of happiness. Which statistic should the surgeon use to 

determine if patients are happier after having plastic surgery than before? 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Compute and interpret independent and related samples f tests using SPSS 

e Explain how the numerator of a t could be increased and the consequences 

e Explain how the denominator of a t could be decreased and the consequences 

e Describe the differences between independent samples and related samples designs 

Explain why related samples designs are generally preferable to independent samples designs 

Today, we are going to investigate the effect of an IV on a DV using an independent, matched, and 

related samples design. Specifically, we are going to measure your heart rate while sitting and standing. 
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bo 

Ua 

What effect do you expect people's physical position of sitting versus standing to have on their 

heart rate? Will these two conditions produce different heart rates? If so, which condition do you 

expect to have a higher heart rate? 

We are going to investigate the relationship between physical position and heart rate using three 

different designs: (1) an independent design, (2) a matched design, and (3) a related design. Our 

IV for each design will be whether you are sitting or standing, and the DV will be your heart rate. 

Once these data are collected, we will analyze the data in SPSS and compare the statistical 

estimates and conclusions generated by each research design. 

After we run each f test, use the results to complete the following table. 

Number of people in the study 

(and number of data points ) 

ff (= (0-2) 
Observed mean difference 

Estimate of sampling error 

Obtained t value ees 

Reject or fail to reject 

(use a = .05) 

Compare the estimates of sampling error for each type of design. Which design has the smallest 

estimate of sampling error? Explain why this type of design has less sampling error than the 

other two designs. In your explanation, be sure to use the words individual differences, sample 
size, and sampling error. 

Compare the obtained ¢ values for each type of design. Which design produced the largest 
obtained t value? Explain why this happened. In your explanation, be sure to use the words 
individual differences, sample size, and sampling error. 

Which type of design is probably the best choice for studying the effect of physical position on 
heart rate and why? 
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5. Write an APA-style summary for all three t tests we performed above. 

: 0 5: : Confidence Intervals for Mean Differences 

Between Independent Samples 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Compute and interpret Cls for means and mean differences between independent samples 

e Write complete APA-style statistical reports that include independent t tests and Cls 

e Identify the distinct purposes of hypothesis testing, effect sizes, and Cls 

1. Previously you learned to compute confidence intervals (CIs) for a population mean, a mean 

difference between a sample mean and a population mean, and a mean difference between two 

related sample means. In this activity, you will compute a fourth CI for the mean difference 

between two independent samples. As with all of the previous Cls, you need three numbers to 

compute the confidence interval. What are the three numbers you need to compute all CIs? 

(Choose three.) 

An obtained t value 

b. A point estimate based on sample data 

c. Acritical t value 

d. Anestimate of sampling error (i.e., some kind of SEM) 

e€ A Type II error rate 

2. When the research design involves two independent samples (e.g., a sample of men anda 

sample of women), the point estimate is the actual difference observed between the independent 

sample means. Then a margin of error is added to and subtracted from the point estimate to 

create the CI. What two values are multiplied together to produce a Cl’s margin of error? 

An obtained t value 

b. A point estimate based on sample data 

c. Acritical t value 

d. Anestimate of sampling error (i.e., some kind of SEM) 

e A Type Il error rate 

3. Why would researchers want to know a CI for a mean difference? 

a. Cls reveal the range of ways a study’s results might manifest in a population 

b. CIs determine the magnitude of an IV’s effect on a DV 
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INVESTIGATING ANXIETY DISORDERS 

4. Aclinical psychologist specializing in treating those with anxiety disorders wonders if the 

average severity of symptoms differs for men and women. If there were a gender difference, it 

might hint at potential situational or biological factors contributing to the development of 

anxiety disorders. On the other hand, if anxiety disorders were present equally in men and 

women, it might suggest other contributing factors. So, her research goal is to determine if men 

and women differ in anxiety severity. Place an H, and H, in front of the null and research 

hypotheses, respectively. She wants a = .05, two-tailed test. 

a. _____ Women will be higher in anxiety than men. 

b. ___ Men will be higher in anxiety than women. 

c. ____ Men and women will not differ in anxiety. 

d. _____—~ Men and women will differ in anxiety. 

5. She started her investigation by analyzing data from a sample of intake questionnaires her 

clients completed. She had questionnaires from eight men and eight women. Determine the 

critical value for this ¢ test. 

2.9768 

b. 2.1448 

c. 1.9600 

d. 2.4441 

6. The level of anxiety from each person is presented in the following table. Use SPSS to compute 

the obtained ¢ value for this preliminary study. A higher score represents higher anxiety. 

The obtained t value is 

a. —50 

Dao 

G, 40) 

d. .87 

7. Should the null hypothesis be rejected? 

a. Yes, the obtained value is less than the critical value. 

b. No, the obtained value is less than the critical value. 

c. Yes, the obtained value is more than the critical value. 

d No, the obtained value is more than the critical value. 



CHAPTER 10 Independent Samples t Test 359 

10. 

ile 

UW 

Compute the effect size for this study. 

Compute the 95% CI for the mean difference observed in this preliminary study. 

The point estimate is = 

The critical t value is = 

The SEM is = 

The UB = 

Wee B= 

To compose the APA results summary, you will need the 95% CI for the mean anxiety of men 

and the 95% CI for the mean anxiety of women. Use the mean for each group as the respective 

point estimates and the SDs and Ns to compute the respective SEMs. You will also need to look 

up the f,, for each group. Always use the two-tailed .05 t value table to find the t,, fora 95% CI. 

Women point estimate = Men point estimate = 

Women SD = Men SD = 

Women N= Men N= 

Women SEM = Men SEM = 

Women UB = Men UB = 

Women LB = Men LB = 

Below is the clinician’s rough draft of a brief summary of the results. Fill in the blanks so that it 

complies with APA recommendations. 

The mean anxiety level for women (M = 8.38, SD= sto) Paclo nak : ] was not 

significantly different from that for men (M = 7.88, SD = 1.64), CI [ : ], t )= 

,p < .05,d= Peli , ik 

What should this clinician conclude about anxiety levels of men and women? 

a. Based on this study, it looks like the average anxiety levels do not differ for men and women. 

Although the sample sizes are small, the effect size is also small and so it is very unlikely 

that the result is a Type II error. 

b. Based on this study, it looks like the average anxiety levels do not differ for men and women. 

However, the sample size is very small, and it is possible that this result is a Type II error. The 

study should be replicated with a larger sample. 

Based on this study, it looks like the average anxiety levels do not differ for men and women. 

However, there is quite a bit of sampling error, and it is possible that this result is a Type | 

error. The study should be replicated with a larger sample. 
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EVALUATING CELL PHONES’ EFFECT ON SLEEP 

A public health advocacy organization hires your firm to investigate if cell phones contribute to sleep 

deprivation in teenagers. Your firm recruits 46 students between the ages of 16 and 18. Half of them 

are randomly assigned to a cell phone group and are told to use their cell phone for 1 hour right before 

going to bed. They are allowed to do whatever they like on the phone (i.e., talk, games, etc.) as long as 

they are using the phone for a full hour right before bed. The other half are told that they can use their 

cell phone during the day, but they must not look at the phone for the last hour before they go to sleep. 

Furthermore, students in both groups agree that they will go to bed between 10 and 11 p.m. each night. 

Every night for 2 weeks, the students wear a sleep monitor that records the number of hours they slept. 

The average number of hours of sleep obtained over the course of the week was computed for each 

student. Again, an intern entered the data into an SPSS data file called “CellPhoneSleep.sav.” Use SPSS 

to run the appropriate analyses. By now you know that you will need to produce a significance test, a 

CI for each mean, an effect size, and a CI for the mean difference. Use a one-tailed test with a = .05 and 

95% Cls. The instructions for running an independent measures ¢ are in the reading for Chapter 10. 

This analysis will also provide the confidence interval around the mean difference. To obtain the con- 

fidence interval around the two sample means (i.e., cell phone and no cell phone), you need to follow 

these instructions: 

e Click on Analyze, Descriptive Statistics, and Explore. 

e Move the dependent variable into the Dependent List box. 

e Move the independent variable (grouping variable) into the Factor list box. 

e Click on the Statistics button. 

e Inthe Explore:Statistics box, select Descriptives and make sure the Confidence Interval for 

Mean is set at 95%. 

¢ Click on the Continue button and then on the OK button to run the analysis. 

13. Now, fill in the blanks in the APA-style report of the results. When reporting numbers in APA 

style, round to the second decimal place. 

The participants who used a cell phone before bed __(did/did not)___sleep significantly less (M = 
,oD= ), Sa CH ; ] than participants who did not use a cell phone before bed 

(M= ,ID=___), Cl , Wp eal )= p= (one-tailed), d= el ees ee? 

14. The manager of the public health firm that hired you is surprised that the confidence interval 
around the mean difference is so large (i.e., over 1 hour) and wants to know what could be done 
to make that interval smaller. Which of the following would help reduce the width of the 
interval? 

a. Compute a 99% confidence interval rather than a 95% confidence interval 

b. Redo the study with a larger sample size to reduce sampling error 

c. Doa two-tailed test rather than a one-tailed test 
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15. The APA publication manual recommends that researchers include confidence intervals, 
significance tests, and effect sizes. Match the statistical procedure to the distinct information it 
provides. 

Confidence intervals provide .. . 

Significance tests provide .. . 

Effect sizes provide .. . 

a. an index with which to compare how well different treatments work. 

b. if the null hypothesis is true, the probability that a result is due sampling error. 

c. arange of plausible values for a population parameter. 
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| Chapter 10 Practice Test | 

To determine if a regular bedtime helps children academically, a researcher obtains a sample of 

50 children in kindergarten who have a regular bedtime every night and a separate sample of 50 
children who do not have a regular bedtime every night. Each child’s scores on a variety of math 

tests are combined into a single measure of math performance with higher scores indicating better 

performance. The mean score for the kindergarteners with a regular bedtime was 68.00 (SD = 10.50) 

while the mean score for the kindergarteners without a regular bedtime was 63.00 (SD = 10.30). The 

researc her is not sure if a regular bedtime will help with school performance, and so she decides to 

do a two-tailed test. 

1. Match the assumption to the fact that is relevant to that assumption. 

KY 
L__ Independence 

Appropriate measurement of the IV and the DV 

O\_ Normality 

© Homogeneity of variance 

2. W 

da. 

b. 

Ce. 

d. 

3, (Wy 

a. 

C. 

r 

\ ol. 

. Samples of 30 or more participants increase confidence that this assumption was not 

violated. 

Data were collected from one participant at a time. 

This assumption will be assessed later by Levene’s test; you can also be confident that this 

assumption was not violated if the standard deviations for the two groups are similar. 

. One variable is a grouping variable, and the other variables is an interval/ratio variable. 

hat is the two-tailed research hypothesis? 

The children with a regular bedtime will have better math scores than the children without a 
regular bedtime. 

The children with a regular bedtime will have worse math scores than the children without a 
regular bedtime. 

)The children with a regular bedtime will have significantly different math scores than the 
“children without a regular bedtime. 

The children with a regular bedtime will not have significantly different math scores than the 
children without a regular bedtime. 

hat is the two-tailed null hypothesis? 

The children with a regular bedtime will have better math scores than will the children 
without a regular bedtime. 

The children with a regular bedtime will have worse math scores than will the children 
without a regular bedtime. 

The children with a regular bedtime will have significantly different math scores than will the 
children without a regular bedtime. 

)The children with a regular bedtime will not have significantly different math scores than will 
the children without a regular bedtime. 
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4. Compute the df for this study. h¢ 

a. 100 

5. Locate the critical value for this t test (a = .05). 

a, 1.9845 

b. 1.6606 

c. 2.0096 

d. 1.6766 

6. Which of the following statements describes the critical region? 

a. Scores that are unlikely if the null hypothesis is true 

(b.) Sample mean differences that are unlikely if the null hypothesis is true 

c. Scores that are impossible if the null hypothesis is true 

d. t statistics that are likely to occur if the research hypothesis is true 

%.. Compute the f statistic. 

a. .48 We 

b 6 5 ae: 

c. /2.40 
Nt 

Gl B® 

e. 1.86 

8.__Should the researcher reject the null hypothesis? 

a. Reject 

~b. Not reject 

9> Compute the effect size (d). 

a. .48 

5 

2.40 

2.10 

1.86 gd fetyoie). lex 

10. How large is the effect? 

a. Small 

b. Small to medium 

( c.) Medium 

d. Medium to large 

e. Large 
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11. Are the two groups significantly different from each other? 

a.) Yes, because the researcher rejected the null hypothesis. 

b. No, because the researcher failed to reject the null hypothesis. 

c. Yes, because the effect size was in the critical region. 

d. No, because the effect size was not in the critical region. 

‘’. Compute the 95% confidence interval around the mean difference. 

a. LB= 1.2, UB= 1.80 

b. LB =—3.10, UB= 6.90 

c. LB=.87, UB=9.13 

d2 LB =2.92, UB = 72.08 

13. Fill in the blanks: 

The children who had a regular bedtime had significantly higher math test scores (M = 

SD= ) than children who did not have a regular bedtime (M = , SD = ), 

t( )= p< (two-tailed), d= eo (| : 

The researcher who did the earlier study on regular bedtimes is not sure why children with 

regular bedtimes do better on math tests than other children. It is possible that the children with 

regular bedtimes are somehow different from children without regular bedtimes (e.g., personality 

differences, parenting differences). To determine if it is the regular bedtime that is important 

rather than these extraneous factors, the researcher recruits a sample of 50 children who do not 

currently have a regular bedtime to participate in a study. The children are randomly assigned to 

two groups. For children in the regular bedtime group, the parents attend a class where they are 

told about the benefits of a regular bedtime and are given tips about how to implement a regular 

bedtime at home. For children in the control group, the parents also attend a class, but rather 
than learning about the benefits of a regular bedtime, they are told about the benefits of reading. 
Over the course of the next 3 months, the parents are sent several reminders about the 
information in the classes they attended. At the end of the 3 months, all students took a math test. 

grits sah 

14. What is the one-tailed research hypothesis for this study? 

Pregutar bedtime i Heontro! 

; Pregutar bedtime - Heontro! 

? Pregutar bedtime S Poontrot 

. Preguiar bedtime s Poontrot 

z Pregutar bedtime — Beontrot 

mlo aa eo wD 
Pregutar bedtime = Heontrot 

15. What is the one-tailed null hypothesis for this study? 

a. Pyegular bedtime 2 Hoontrot 

b. Pregutar bedtime 2 Heontrot 

C. Pregutar bedtime < Heontrot 

\ d. Pregutar bedtime . Beontrot 

Le. Pregutar bedtime — Peoontrot 

f. Hregutar bedtime oa Beontrot 
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16. Use the SPSS output from the independent samples t to determine how many children 

participated in the study. 

Group Statistics 

Group Std. Error 
Mean Std. Deviation Mean 

MathTest contre} group 63.5667 16.88232 3.08228 

regular sleep group 30 | 71.4667 18.66166 3.40714 

Independent Samples Test 

Levene’s Test for Equality of 
Variances tHest for Equality of Means 

95% Confidence Interval of the 
Difference 

Mean Std. Error 
Sig t df Sig. (2-tailed) Difference Difference Lower Upper 

MathTest Equal variances 883 171 -7.90000 4.69445 -17.09680 1.29680 
assumed 

Equal variances not A? 5 -7. 96000 469445 -17,03875 1.29875 
assumed 

17. Is the homogeneity of variance assumption violated? 

a. Yes, the p value for Levene’s test is less than .05. 

'b) No, the p value for Levene’s test is greater than .05. 
NS 

18. Which line of output should you use to interpret the independent samples t test? 

\ as : 
‘a. Equal variances assumed 
NS 

b. Equal variances not assumed 

19. What is the one-tailed p value? 

BL, SS 

bist 7e6 

@, {ON 

ds .0455 

20. Should the researcher reject or fail to reject the null hypothesis? 

(a.) Reject 

b. Fail to reject 

\21. Compute the effect size (d). 

~ a. 44 

1s eZ 

c. 7.90 

d. .091 
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22. Did the regular sleep group receive significantly higher scores on the math test than the control 

group? 

a. Yes 

b. No 

23. Choose the best APA-style summary of these results. 

a. Children assigned to the regular sleep group (M = 71.47, SD = 18.66) were significantly different 

from the children assigned to the control group (M = 63.57, SD = 16.88), (58) =—1.72, p = .045 

(one-tailed), d= .44. 

b. Children assigned to the regular sleep group (M = 71.47, SD = 18.66) were not significantly 

different from the children assigned to the control group (M = 63.57, SD = 16.88), (58) =—1.72, 

p= .045 (one-tailed), d= .44. 

c. Children assigned to the regular sleep group had significantly higher scores on the math test 

(M = 71.47, SD = 18.66) than children assigned to the control group (M = 63.57, SD = 16.88), 

t(58) = -1.72, p = .045 (one-tailed), d= .44. 

d. Children assigned to the regular sleep group did not have significantly higher scores on the 

math test (M = 71.47, SD = 18.66) than children assigned to the control group 

(M = 63.57, SD = 16.88), t(58) = —-1.72, p = .045 (one-tailed), d= .44. 

24. For the independent samples ¢ test, what is the numerator? 

a) The observed difference between means 

b. The difference between the means expected due to sampling error 

c. The difference between the null and research hypotheses 

25. For the independent samples ¢ test, what is the denominator? 

a. The observed difference between means 

" b.) The difference between the means expected due to sampling error 

c. The difference between the null and research hypotheses 
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One-Way Independent 
Samples ANOVA 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Identify when to use an independent samples ANOVA 

e Explain the logic of the ANOVA F ratio 

e Explain how measurement error, individual differences, and treatment effects influence the 

numerator and the denominator of the F ratio 

e Write null and research hypotheses using symbols and words 

e Complete an ANOVA summary table by computing the degrees of freedom, 55s, MSs, and F ratio 

© Define a critical region and determine if you should reject or fail to reject the null hypothesis 

e Compute effect sizes and describe them 

e Explain when and why post hoc tests are necessary 

© Summarize the results of an independent samples ANOVA using American Psychological Association 

(APA) style 

e Use SPSS to compute an independent samples ANOVA, including post hoc tests 

e Interpret the SPSS output for an independent samples ANOVA 

INDEPENDENT SAMPLES ANOVA 

The independent t test and the related samples ¢ test both compare two sample means to determine if 

their deviation is more than would be expected by sampling error. Both of these ¢ tests share a major 

limitation in that they can only compare two sample means at a time. An ANOVA is substantially more 

flexible in that it can compare two or more sample means at the same time to determine if the devia- 

tion between any pair of sample means is greater than would be expected by sampling error. So a 

single ANOVA, also known as a one-way ANOVA or a single-factor ANOVA, can compare two treatments 

(e.g., Treatment A and Treatment B) to each other as well as compare each of these treatments to a 

control condition (e.g., placebo). 

367 
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A major advantage of the ANOVA is that it can 

a. be done without ever making a Type I error. 

1. 
Reading 

Question b. be done without ever making a Type II error. 

c. compare the data from more than two conditions with a single analysis. 

Other Names 

ANOVA is an abbreviation for analysis of variance. An independent ANOVA, as with an independent 

t test, is used when there are different people in each condition of the design. For example, if there 

were three different treatments that you wanted to compare in an independent samples design, 

some people would receive Treatment A, others Treatment B, and the remaining Treatment C. This 

type of design is also referred to as a between-subject design or an independent measures design. A 

related samples ANOVA, as with a related samples t¢ test, is used when the sample means are gener- 

ated by the same sample or matched samples. Independent samples ANOVAs and related samples 

ANOVAs that involve just one categorical variable (e.g., one independent variable, IV) are often 

referred to as one-way ANOVAs. In this book, we only discuss independent samples ANOVAs. 

2. Which of the following is another name for an independent samples ANOVA? 
Reading 

a. Related samples one-way ANOVA 
Question 

b. Between-subjects ANOVA 

Logic of the ANOVA 

All of the significance tests that you have learned thus far (i.e., z for a sample mean, single-sample 

t test, independent ¢ test, and the related t test) share a common logic. Namely, for all of them, you 

computed the observed difference between two means and then divided this difference by the differ- 

ence that would be expected due to sampling error. The logic of the ANOVA test is different. 

As is probably evident from the name, an analysis of variance analyzes the variance of scores. 
Specifically, an ANOVA analyzes the variance of scores both between and within IV conditions in an attempt 
to determine if the different treatment conditions affect scores differently. For example, you could use an 
ANOVA to determine if three different treatment conditions lead to different depression scores. 

To comprehend the logic of ANOVAs, you must understand that three things affect the variance of scores: 

1. Measurement error: There will always be variance in scores between people because variables 
cannot be measured perfectly. 

2. Individual differences: There will always be variance in scores between people because people are 
naturally different from each other. 

3. Treatment effect: There might be variance in scores between groups because groups experienced 
different IV conditions or treatments. 

The first two sources of variance in scores, measurement error and individual differences, will 
always be present. These two sources of variance are often collectively referred to as error variance 
because they are both components of sampling error. The third source of variance is really what 
researchers care about. Researchers use the ANOVA to estimate the amount of score variance created 
by the different IV treatment conditions. By doing the activities in this chapter, you will be able to 
understand this better. For now, you have enough information to understand the logic of the ANOVA. 
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Reading 
Question 

Reading 

Question 

Reading 

Question 

Reading 

Question 

Reading 

Question 

Which of the following is the best example of variability due to measurement error? 

a. Two people with the same level of depression produce different scores ona 

depression inventory. 

b. People getting Treatment A have lower depression scores than those getting 

Treatment B because Treatment A is more effective at helping depressed 

people. 

c. Some people are more resistant to treatment for depression than others. 

Which of the following is the best example of variability due to individual 

differences? 

a. Two people with the same level of depression produce different scores on a 

depression inventory. 

b. People getting Treatment A have lower depression scores than those getting 

Treatment B because Treatment A is more effective at helping depressed 

people. 

c. Some people are more resistant to treatment for depression than others. 

Which of the following is the best example of variability due to a treatment effect? 

a. Two people with the same level of depression produce different scores on a 

depression inventory. 

b, People getting Treatment A have lower depression scores than those getting 

Treatment B because Treatment A is more effective at helping depressed 

people. 

c. Some people are more resistant to treatment for depression than others. 

Of the three sources of variance that can potentially influence scores, only 

two of them always influence scores. Which two of the following sources of 

variability always influence the variability of scores? 

a. Measurement error 

b. Individual differences 

c. Treatment effect 

In research studies, researchers are most interested in evaluating which of the 

following sources of score variance? 

a. Measurement error 

b. Individual differences 

c. Treatment effect 

The ANOVA analyzes the relative amounts of these three sources of score variability—namely, 

(1) treatment effects, (2) individual differences, and (3) measurement error—to produce an F statistic. 

The conceptual formula of the ANOVA is a ratio of the variability between treatment conditions to the 

variability witht n treatment conditions. Two representations of the conceptual formula for an indepen- 

dent ANOVA are shown as follows: 
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Variability between treatment conditions | 

7 Variability within treatment conditions 

Treatment effect & individual differences & measurement error 

rf Individual differences & measurement error 

The numerator of the F ratio is the variability in scores that exists across the different treatment groups 

(i.e., IV conditions), which is called between-group variability or between-treatment variability. For exam- 

ple, if one condition had high scores and another condition had low scores, there would be a lot of 

between-group variability. However, if all conditions had similar scores, there would be little between- 

group variability. There are three possible sources for between-treatment variability. It is possible that the 

different treatments create between-group variability because one treatment is more effective than 

another (i.e., the treatments affect the dependent variable differently). This is the variability that research- 

ers are most interested in. However, some of the between-group variability is always caused by individual 

differences and measurement error. Thus, the numerator of the F ratio, the between-group variability, 

consists of treatment effects, individual differences effects, and measurement error. 

. 8. Which of the following can contribute to between-treatment variance (i.e., the 

Reading numerator of an F ratio)? 

Question a. Treatment effects 

b. Individual differences 

c. Measurement error 

d. All of the above 

The denominator of the F ratio is the variability in scores that exists within the treatment groups 

(i.e., IV conditions), which is called within-group variability. There are two possible sources for within- 

treatment variability: (1) individual differences and (2) measurement error. It is important to note that 

differences in scores within each treatment condition are not caused by differences in treatment effec- 
tiveness because all people within a particular group experienced the same treatment. The only 
sources for differences within a treatment condition are individual differences and measurement error. 
The denominator of the F ratio is often called the error term because it only contains variance created 
by sampling error. 

Readin Two of the sources of score variance listed below always contribute to within- 
; g treatment variance (i.e., the denominator of an F ratio). Which source of score 

Question variance listed below never contributes to within-treatment variance? 

a. Treatment effects 

b. Individual differences 

c. Measurement error 

The denominator of the F ratio estimates the amount of variability created by 

a. the treatment. 
Reading 

Question 
b. sampling error. 

If you look at the sources of variance in the numerator and the denominator of the independent 
ANOVA, you can see that the only difference is that the numerator includes treatment effects and the 
denominator does not. This fact is critical to the logic of independent ANOVA. Imagine a situation in 
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which the treatment effect creates zero variance (i.e., the treatment does not work at all). If you replace 

“treatment effect” in the conceptual formula with a “O,” the equation would be as follows: 

& O Sindividual differences Serror 

Individual differences Serror 

With the treatment effect variance being zero, the F ratio would equal 1 because the numerator and 

denominator would be the same number. So if the treatment creates no variability in scores, the ANOVA 

is expected to produce an F statistic value close to 1. Conversely, if the different treatments create a lot 

of score variability, the F value is expected to be substantially greater than 1. An ANOVA F value cannot 

be negative because it is the ratio of two variances, and variances must be positive. 

If the null hypothesis is true, the ANOVA F value is expected to be close to 
Reading a 

Question ore 

@, Il, 

: If the null hypothesis is false, the ANOVA F value is expected to be 
Reading 

: a. substantially less than 1. 
Question b. substantially greater than 1. 

AN EXAMPLE ANOVA PROBLEM 

You use an independent samples ANOVA to compare the means of two or more groups/samples containing 

different people. For example, suppose you want to compare cognitive behavioral therapy (CBT) and psy- 

chodynamic therapy (PDT) as treatments for depression. You identify a sample of people with major 

depression and randomly divide them into three different groups. One group undergoes CBT for 6 months, 

asecond group undergoes PDT for 6 months, and a third group functions as a control group and receives 

no treatment (NT). After 6 months, you assess their levels of depression using the Beck Depression 

Inventory (BDI; scores range from 0-63), with higher scores indicating greater depression. The depression 

scores you found for each group are listed in Table 11.1. In this study, the IV is the type of treatment (CBT, 

PDT, or NT), and the DV (dependent variable) is each person’s depression score on the BDI. 

ie] CHEESE Depression Scores After Three Different Types of Treatment 

Group 1 Group 2 Group 3 

Cognitive Behavioral Therapy Psychodynamic Therapy No Treatment Control 

(Continued) 
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eC E EE (Continued) 

Group 1 Group 2 Group 3 

Cognitive Behavioral Therapy Psychodynamic Therapy No Treatment Control 

13 

10 

19 

M, = 16.333 
SD, = 5.35 

Step 1: Examine Variables to Assess Statistical Assumptions 

The statistical assumptions for independent t tests and independent ANOVAs are identical. Therefore, you 

must consider four assumptions. In your study, the depression scores of individuals must be measured 

without one participant’s score influencing another’s (data independence). Your DV, depression score, must 

be measured on an interval/ratio scale, and your IV must identify how the three therapeutic treatments 

are different (appropriate measurement of variables for independent ANOVA). The distribution of sample 

means for each of your conditions must have a normal shape (normality). As was the case with some 

previous examples, the sample sizes in this study (ns = 6) are too small to be confident that the distribu- 

tions of sample means will have a normal shape unless the original populations have a normal shape. You 
should try to get sample sizes close to 30' participants per condition (so, close to 90 participants total in 
this case). But, for teaching purposes, these smaller sample sizes will work well. Your fourth assumption 
is homogeneity of variance. For ANOVAs, return to the double standard deviation rule; if any one of your 
conditions has a standard deviation double that of another, the homogeneity of variance assumption 
might be violated. While there are ways to test for equal variances in ANOVA (see Field, 2013), ANOVAs are 
generally quite robust to violations of this assumption as long as the sample sizes are approximately equal. 

13. You use a one-way independent measures ANOVA when 
Reading 

a a. the IV defines two independent samples and the DV is measured on an Question interval/ratio scale. 

b. the IV defines two or more independent samples and the DV is measured on 
an interval/ratio scale. 

c. the IV defines two matched samples and the DV is measured on an interval/ 
ratio scale. 

d. the IV defines one sample, the DV is measured on an interval/ratio scale, and 
the DV is measured twice on that same sample. 

1 With a sample size of 30, it is very likely that the assumption of normality will be met. However, other issues need 
to be considered when designing a study, including Type I error, statistical power, and effect sizes. When designing 
a study, we encourage you to consult Jacob Cohen’s (1992) classic article. 
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e. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do not know the population standard deviation. 

f. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do know the population standard deviation. 

Step 2: State the Null and Research Hypotheses 

Your second step is to set up the null and research hypotheses. The null hypothesis always states that 

all of the populations have the same mean DV scores. In this case, the null states that the three popula- 

tions of people being studied (i.e., those getting CBT, PDT, or NT) have the same mean depression 

scores; any differences observed in the samples are due to sampling error. In contrast, the research 

hypothesis states that the three populations’ mean DV scores are not the same. In this case, the 

research hypothesis states that at least one of the populations’ mean depression scores is significantly 

different from at least one of the others. Note that the research hypothesis is not specifying that all of 

the population means are different, just that at least one population mean is different from at least one 

of the others. The research hypothesis is saying that one, or more, of the treatments works better than 

one, or more, of the others. Table 11.2 summarizes how to write the null and research hypotheses. 

Table 11.2 Symbolic and Verbal Representations of Two-Tailed Research and Null Hypotheses 

mm for a One-Way Independent Samples ANOVA 

Symbolic [ vero slg Differences Created by 

u,#p, and/or | At least one of the populations’ amy One or more of the 

H, +H, and/or depression score is not equal to at treatments being more 

ties Uy least one of the other populations’ effective than one or more 

mean depression score. _| of the others 

Research 

hypothesis (H,) 

The mean depression scores for all Sampling error 

populations are equal. 
Null hypothesis 

(Ho) 

You use an independent ANOVA when you want to determine if the mean 

differences among two or more sample means are likely to be due to sampling 

error and you have 

Reading 

Question 
a. different people in each condition. 

b. the same people in each condition. 

The null hypothesis for the independent ANOVA is that 

Reading a. all the sample means are different. 

Question b. all the sample means are the same. 

c. at least one of the sample means is different from at least one of the other 

sample means. 
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: 16. The research hypothesis for the independent ANOVA is that 
Reading 
0 Hi a. all the sample means are different. 
uestion 

b. all the sample means are the same. 

c. at least one of the sample means is different from at least one of the other 

sample means. 

Step 3: Define the Critical Value of F 

As with f tests, you use a critical value to determine if you should reject the null, but you will need two 

different df values to find the F critical value. You will need one df value based on the number of par- 

ticipants and another df value based on the number of groups. If the null hypothesis is true, the 

obtained F value should be close to 1. If the null hypothesis is false, the obtained F value should be far 

greater than 1. But how far from 1 does an F value have to be to reject the null hypothesis? If the F value 

is equal to or greater than the critical F value, you reject the null hypothesis. 

Specifically, you will need the between-treatments degrees of freedom (df,...,..,) and the within- 

treatments degrees of freedom (df, ) to find the critical F value. These dfs are computed with the 

following formulas, respectively: 
ithin(error) 

Afsetween = 9 —1, where g is the number of groups/treatment onditions, and 

Of vicnin(error) = N — g, where N is the number of scores in the entire study. 

In this case, the df, ween = 3 — 1 = 2, and the df, ninerron = 18 — 3 = 15. You use these df values 
to find the critical value of F in Appendix C. Appendix C contains critical values for alpha levels of .05 

and .01 in two separate tables. The df,..ween (in this case, 2) indicates the column, and the dfininerron (iN 

this case, 15) indicates the row to find the F critical value. As illustrated in Figure 11.1, the critical value 

of F when the dfs are 2 and 15 and using an alpha value of .05 is 3.68. Therefore, if your obtained 

F value is greater than 3.68, you reject the null hypothesis. 

A 17. If the computed F value is greater than the critical value of F, the null hypothesis 
Reading should 
Question a. not be rejected. 

bmbemejected: 

Step 4: Computing the Test Statistic (Independent ANOVA) 

4a—4d. Completing the ANOVA Summary Table 

To compute the F ratio, you need to compute two numbers: (1) the variance between-treatment 
conditions and (2) the variance within-treatment conditions. In this book thus far, you have gener- 
ally computed the standard deviation to measure variability. However, when doing an ANOVA, you 
compute the variance as a measure of variability. You may remember that the sample variance is the 
mean squared deviation of the scores from the mean and that it is computed by dividing the SS by its 
df. In ANOVA terminology, the variance is referred to as the mean square (abbreviated MS). Although 
the terminology is a bit different, the logic is the same. To compute each MS, you divide each 
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Finding the Critical Value for an ANOVA With a = .05 

df numerator = oe 

215.71 224.58 230.16 233.99 
19.16 19.25 19.30 19.33 | 
9.28 9.12 9.01 8.94. 
6.59 | 6.39 | 6.26 | 6.16 | 
5.41 | 5.19 | 5.05 | 4.95 | 
4.76 |eaes | 4.39 | 228 La fa 

| 4.07 | 3.84 | 3.69 | 3.58 | 
3.86 | 363 | 3.48 | 3.37 

3.59 | 3.36 | 3.20 | 3.09 | 
4.75 3.49 | 3.26 | 3.11 | 3.00 | 
4.67 341 | 3.48 | 3.03 | 292 | 
4.60 | 374 | 3.34 | 341 | 2.96 | 2.86 | 

fis | 454 | Gesy| 3.29 | 3.06 | 2.90 | 2,79 | 
os BR 

“dfdenominator 
| | 161.45 p ro 

10.13 9. 
Ea 

6.61 | 5.) + 

5.59 
5.32 
5.12 
4.96 
4.84 

; } 

wip Win] eR 

6 = 

SS by its df. These computations are typically done using a software package (e.g., SPSS), and the 

results are often presented in an ANOVA source table. 

An ANOVA source table is a valuable summary of the ANOVA statistical analysis because it shows 

how the obtained F is created. The source table lists the sources of variance discussed in previous sec- 

tions, between and within treatments (error), in the first column. The column headings indicate steps 

required to compute an F: SS, df, MS, and finally F. Table 11.3 is an ANOVA source table. The formulas 

for df, MS, F and n’ are presented because the best way for you to understand the interrelationships 

among these terms is seeing how each value is generated. 

The SSyemeen Tepresents the sum of the variability created by the treatment effect, individual dif- 

ferences, and measurement error. You compute the SSienmeen DY Computing the SS for the three group 

means and then multiplying this SS,,.ans value by n (i.e., the number of people in each group). In this 

case, the three group means are 8.0, 15.5, and 16.3333, respectively. Therefore, your SS,reans 18 the SS 

of these three means: 
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161) (SR An ANOVA Source Table With Formulas 

Step 3a: Step 3b: Step 3c: 

Compute SS Compute df | Compute MS 

Source of 

Variance 

Between Do eeesi MS. cca between 

+ SS 
error 

treatments Gigenc MS error between 

Within each treatment 

treatments 

(error) 

SS htvacn ar SS error 

Note: g = number of IV conditions (g = 3; CBT, PDT, NT), N = number of people in the study (in this case, 18), and n = number 

of scores in each condition. 

Treatment Conditions Means (M) 

CBT 

NG) 35) 

16.333 266.777 

XM = 39.833 2M? = 571.027 

(39.833) 
NO ee eed, SSyyeans = ~M* imi (My 

g 

Therefore, the SS,..veen WOuld be 42.129 multiplied by n: 

SSyeimeen = (SS,,)n = (42.129)6 = 252.78. 

The above formula for SS,.,..., only works when there are an equal number of people in each treat- 
ment condition. In situations where the sample sizes are not equal, you would need a different com- 
putational formula, but the logic of the SS,,.,,,.., is still the same. The resulting value represents the 
variability created by the different treatment conditions, individual differences, and measurement 
error. We do not present the computational formula needed when you have unequal sample sizes here. 
We are more interested in your understanding of the logic of ANOVA and how to interpret its results 
than in your ability to compute an ANOVA with unequal sample sizes from raw data. 
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Now that you have your SS,,.....c,, Your next step is finding the SS,,,,,. The SS,,,, is the sum of the vari- 
ability created by individual differences and measurement error within each condition. You find the 
SSerror DY Computing the SS for each treatment condition separately and then summing them. 

The SS for CBT is SScy; = XX” (WAY _ 499-48) _ 108, 
n 

x 2 93 2 

Thess for PDT is SS.5, — _ (xy = 1499-7 =57.5. 
n 

: 7 98) 
UNErSSHOnIN DissSS a — eX. (2X) = 174g-OP = 143.333. 

n 

Therefore, the SS... = SScgr + SSpp, + SSy, = 308.83. 
error 

You now need the SS. total’ 
variability between conditions (i.e., SS 

which represents the total variability in the entire set of data. You sum the 

) and the variability within conditions (i.e., SS 
between aren): 

SS tat = SS; + SS ) = 252.78 + 308.83 = 561.61. 
total between within( error 

Your final goal is computing the obtained F which is the ratio of MS,.wween OVET MS_,,.,- TO Compute 

the MSs, you divide each SS value by its own df value. 

SPreween — = = 126.39. 
between 

df, between 

MS 

SO Taenen) x 308.83 

Ks 
= 210).59), MS — within 

Uf Sar(enon) 

Your obtained F is computed by dividing the MS, ween by the MS, ininerron: 

3S) 
F = MS yecween = 126 3 = 6.14. 

MS 20°59 
within(error) 

Table 11.4 is your ANOVA source table for this analysis. Confirm that you understand how each of 

the SSs, dfs, MSs, and F values were computed. 

18. The MS, icon iS divided by the MS, ijninerron 10 produce the 

a. SS. 

b. df. 

c. obtained F value. 

Reading 
Question 
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ECE A Complete ANOVA Source Table 

Between treatments 

Within treatments (error) 

Total 

In this case, the obtained F value was 6.14, which is greater than the critical F value of 3.68 (a= .05). 

Therefore, you reject the null hypothesis and conclude that at least one sample mean is significantly 

different from one of the others. 

4e. If Necessary, Compute Post Hoc Tests 
The Three Post Hoc 

Comparisons in This Study The null hypothesis for an ANOVA is that all of the 
different condition means are equal. Rejecting the 

null does not indicate which pair(s) of means are 

different from each other. Thus, if you reject the 

null hypothesis and there are three or more IV con- 

ditions in the study, you need to perform pairwise 

post hoc tests to determine which pair or pairs of 

means are different from each other. In this case, 

three pairwise comparisons are needed. The CBT 

group needs to be compared with the PDT group 
and the NT group. In addition, the PDT group needs to be compared with the NT group. Figure 11.2 
illustrates the three post hoc comparisons for this analysis. 

Figure 11.2 

19. Post hoc tests are needed whenever you 
Readin 

g a. perform an ANOVA. 
Question 

b. reject an ANOVA’s null hypothesis and there were more than two IV 
conditions. 

There are a number of different post hoc tests that you can use. The one we use throughout this book 
is Tukey's honestly significant difference (HSD) test. The HSD test reveals how different any two means 
must be to be considered “unlikely to result from sampling error” (i.e., significantly different). Therefore, 
any pair of means that differ by more than the HSD value are significantly different. The HSD formula is 

HSD = q [MS error 

n 

You get the MS, ienineron from your overall ANOVA summary table. In this case, MS = 20.59. within(error) _ The number of scores within each treatment condition is n; in this case, n= 6. The value of q (called the 
studentized range statistic) changes, based on the number of treatment conditions (i.e., g), the df for the 
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error term, and the alpha value. A table of g values is in Appendix D. In this case, g = 3, the df for the 

error term (df, = 15, and the alpha level (a) = .05. Based on these values, the q statistic is 3.67. ithin(error 

Number of treatment conditions 

4 5 

She 5.67 

7.80 | 8.42 

4.90 | 5.30 
7.03 7.56 

4.68 5.06 
6.54 7.01 
4.53 4.89 
6.20 | 62 
4.41 4.76 
596 a Gas 
4.33 4.65 
5.77 eae 
4.26 4.57 
5.62 5.97 

4.20 (ee met 
550 | aeee 

415 | 4.45 
5.40 [ime 

4.11 erie es 
5.63 

The top value is the q 

ford =.05 

The bottom value is 

the g fora = .01 

Thus, your HSD value is 

0.59 
HSD =q MS ek = 5, 67 —— =6.80. 

n 

Now you compare the HSD value to the absolute value of the observed difference between each pair 

of means. For example, the mean difference between the CBT and PDT conditions is (8 — 15.5)=—7.5. 

The absolute value of this difference is greater than your HSD value of 6.80. Consequently, the CBT 

group (M = 8) had significantly lower levels of depression than the PDT group (M = 15.5). The two 

remaining post hoc tests are summarized in Table 11.5. As indicated in the table, significant differences 

suggest that the difference was not created by sampling error. 
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uF) (meee Post Hoc Comparisons 

Mean Difference 

Comparison (Absolute Value) Significance Conclusion for Each Companson 

CBT and PDT | 8- 15.5 = |-7.5| Significant; more than Difference probably due to CBT being a 

HSD (6.8) better treatment than PDT 

CBT and NT 8 — 16.33 = |-8.33| Significant; more than Difference probably due to CBT being a 

HSD (6.8) better treatment than NT 

NT and PDT 15.5 — 16.33 = |-.83] | Not significant; less Difference considered to be due to 

than HSD (6.8) sampling error 

Based on these analyses, you can conclude that the CBT group had significantly lower depression 

scores than the PDT group, suggesting that CBT is better for treating depression than PDT. Similarly, the 

CBT group had significantly lower depression than the NT group, suggesting that CBT is better than NT. 

Finally, the PDT and NT groups were not significantly different. A nonsignificant difference between 

these two conditions means that difference is likely created by sampling error. Therefore, these results 

suggest that PDT is no better at treating depression than no treatment at all. 

The HSD formula presented above is appropriate only when the number of scores within each treat- 

ment condition is the same. When n is different within each condition, you compute separate HSD val- 

ues for each pairwise comparison. We will use SPSS to compute the HSD values when this is the case. 

Step 5: Compute the Effect Size and Describe It 

When you have two groups, you use d as a measure of effect size. You cannot use d as a measure of 
effect size for an overall ANOVA because there are usually more than two groups, sO you cannot com- 
pute a simple mean difference. The most common effect size for ANOVAs is partial eta squared (nN; ). 
The computations are as follows: 

SS 202-18 

252.78 +308.83 — 
between 

+SS 

5 
n Os 

p 

OS seen within(error) 

For one-way ANOVAs, you should interpret the 
partial eta squared as the percentage of DV variability 
the IV “explains.” In this case, the type of treatment 
participants receive “explains” 45% of the variability 
in their depression scores. In a statistical context, 
the percentage of variability an IV “explains” is the 

Close to .01 Small percentage of DV variance that is associated with 
changes in the type of treatment participants 

Close to .06 | Medium received. If an IV (i.e., different treatments) explains 
Cie eee 45% of the variability in a DV (i.e., depression scores), 

the remaining 55% of the variability is “explained” 

General Guidelines for 

Interpreting n° 
Table 11.6 

Np ject rae Size of the Effect 
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by error. When similar research studies are not available to provide a relative comparison, use the 

guidelines in Table 11.6 to interpret the size of 11 

The obtained effect size of .45 is greater than .14, and so it is a large effect. 

The most common effect size used for an ANOVA is 1] - If a study were to be 

done in which the effectiveness of three different treatments for social anxiety 

were compared and 1] ; = .22, which of the following would be the best 

interpretation of ae 

Reading 

Question 

a. The anxiety scores resulting from the different treatments were 22% 

different from each other. 

b. The type of treatment people received explained 22% of the variability in 

anxiety scores. 

You may find that this measure of effect size, partial eta squared, is sometimes called eta squared. 

While it is true that for one-way ANOVAs, eta squared and partial eta squared yield identical values, 

they are actually different statistics. The distinction becomes more important when working with the 

more complex factorial designs described in the next chapter. We use partial eta squared in this book. 

Partial eta squared provides an effect size for the overall ANOVA. In the depression example, it tells 

you that 45% of the variability in depression scores can be explained by the type of treatment par- 

ticipants received. This tells you that the type of treatment had a large effect on depression scores. 

However, partial eta squared does not describe the size of the effects for the pairwise comparisons. 

In this case, there are three pairwise comparisons, and you need to compute an effect size for each 

comparison so you know how much more effective each type of treatment was than the other treat- 

ments. For the effect sizes of these pairwise comparisons, you can use the same d you used for the 

independent ¢: 

where the pooled variance is 

Ss (n, -1)SD? +(n, -1)SD; 

ee YER 1)>+(n,=1) 

Mean and Standard 

eliCiseeyAN Deviations for Each 

Treatment Type 

As a reminder, the means and standard deviations for 

each group are provided in Table 11.7. 

For each pairwise comparison, you compute the mean 

difference and then divide by the pooled standard devia- 

tions for the two groups. The effect sizes for d are inter- 

preted in the same way as in previous chapters (i.e., .2 is 

small, .5 is medium, and .8 is large). 

These pairwise ds indicate that CBT was a lot more 

effective than PDT (d = 1.84) and NT (d = 1.66). If you 

were a Clinical psychologist trying to find the best way 

to help your clients, these statistics would be extremely 

helpful, indicating that CBT was by far the most effective 

treatment for your clients. After seeing these results, you 
16.33 (5.35) 
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LECCE RM Effect Sizes (d) for Pairwise Comparisons 

Comparison Mean Difference Pooled Vanance 

CBT and PDT 8 - 15.5 =-7.50 sp ~ (5)4.65° 4 (5)3.39° coiase 

7 (5) + (5) 

CBT and NT 8 — 16.33 = -8.33 pa (5) 4.65% + (5)5.35° it Jag 

ea ete 5)G4(5) : 

NT and PDT 15.5 — 16.33= -.83 oe 2 (5)5.35° A. (5)3.39° a 

cues Boul) 5) 

should be thinking that CBT is the therapy most supported by the research evidence. But, as mentioned 

previously, this study’s sample size is too small to draw firm conclusions. The preceding study might be 

considered a pilot study that suggests a larger study is worth doing. 

Step 6: Summarize the Results 

When reporting an ANOVA, you must report the df, iveen> Ywithinerrop the obtained F value, the p value, 

MSE, Np p , and the individual ds for the pairwise comparisons. You must also indicate which treatment 

conditions were significantly different from each other. The means, standard deviations, and effect 

sizes for the pairwise comparisons are reported in tables, so they do not need to be repeated in the text. 

The following is an example of how the above analysis might be summarized in APA format. 

An independent ANOVA revealed meaningful differences among the three depression therapies, 
F(2, 15) = 6.14, p< .05, 1p =.45, MSE = 20.59. The means and standard deviations for each treatment 
condition are in Table 11.9. Tukey’s HSD post hoc tests revealed that the CBT group had lower depres- 
sion scores than both the PDT group and the no-treatment group. The PDT therapy was no better than 
receiving no treatment at all. The HSD post hoc tests and their effect sizes are in Table 11.10. 

Means and Standard 
Table 11.9 nee AN ADDITIONAL NOTE ON ANOVAS: 

Condition FAMILY-WISE ERROR AND ALPHA 

INFLATION 

Class Mean (SD) 
You may be wondering why we bother with ANOVAs if 

CBT 8.00 (4.65) we are just going to do pairwise post hoc tests after we 
do an ANOVA. Why don’t we just do ¢ tests to compare 

POT | 15.50 (3.39) all pairs of means? The answer lies in the error rate for 
NT | 16.33 (5.35) the study (often called family-wise error). When you 

—— - set the alpha level of a test at .05, you are setting the 
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CSE CR Tukey HSD Post Hoc Results and Effect Sizes 

Companson | Mean Difference p 

CBT vs. PDT | —7.50 .03 

CBT vs. NT 45},2)5) 02 

| PDT vs. NT -.83 95 

Type I error rate at 5%. A Type | error is the probability of saying that a treatment worked when it really 

did not work. However, if you do a bunch of ¢ tests, each t test has a5% chance of producing a Type I 

error. If you perform multiple ¢ tests, the exact probability that you made at least one Type I error is 

given by the following family-wise error formula shown: 

Family — wise error = 1—(1—«),° where c is the number of comparisons. 

If you have just one comparison, the Type I error rate would be 

1—(1-.05) =.05, or 5%. 

However, if you have three comparisons within the same study, the probability that you made at 

least one Type | error is quite a bit higher at .14 or 14%. 

1-(1-.05) =.14. 

Doing a single ANOVA rather than multiple t tests keeps the family-wise error rate at .05 for the overall 

ANOVA. If post hoc tests are needed, there are a variety of tests to choose from, but the general idea behind 

most of them is that they keep the Type I error rate from escalating. 

a 21. Why is it better to conduct an ANOVA than multiple t tests when you are 

Reading comparing multiple conditions? 

Question a. An ANOVA provides an F value, which is better than multiple ¢ values. 

b. A single ANOVA helps keep the probability a Type I error lower than doing 

multiple ¢ tests. 

SPSS 

Data File 

When creating SPSS data files, enter all the data that came from a single person (or matched persons) 

on the same row in the data file. For the independent ANOVA, you will have one column to indicate 
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which treatment each person received and another column to indicate each person’s depression 

score. In the file displayed in Figure 11.1, a “1” indicates that the person received CBT, a “2” indicates 

PDT, anda “3” indicates that no therapy was given to these individuals. It will help you read the output 

if you enter this coding system into SPSS. From the “Data View” screen, click on the “Variable View” 

tab at the bottom left of the screen. On the “Variable View” screen, enter the variable names. Then, 

across from the treatment variable, click on the cell under the “Values” column heading. When a 

“button” appears, click on it. In the “Value” box, enter “1.” In the “Label” box, enter CBT, and click the 

“Add” button. Then, enter “2” and PDT in the Value and Label boxes, respectively, and click “Add.” 

Finally, enter “3” and NT, click “Add,” and then click “OK.” 

Your data file should look like the one in Figure 11.3. 

Figure 11.3 SPSS Screenshot of Data Entry Screen 

ee 
i & “Untitled? [DataSet] - IBM SPSS Statiztics Date Editor | 

| Eile Edit View Data Transform Analyze Graphs Utilities Add-ons Window Help 

SuoQe> horn Ses 
| 19° Depression_Score Visible: 2 of 2 Variables 

Treatment Depression_ 

Score 

1.00 5.00 

1.00 9.00 

1.00 11.00 

1.00 6.00 

1.00 2.00 

1,00 15.00 

2.00 16.00 

2.00 17.00 

2.00 18.00 

2.00 13.00 

2.00 10.00 

2.00 13.00 

3.00 14.00 

3.00 13.00 

3.00 16.00 

3.00 9.00 

3.00 16.00 

3.00 25.00 

xf 

are 

me 

5 
6 
7 “e 

t) 

‘Data View Variable View 

iBM SPSS Statistics Processor is ready Unicode:OFF 

To compute an independent samples ANOVA: 

e Click on the Analyze menu. Choose General Linear Model and then select Univariate. 

e Move the IV into the Fixed Factors box and move the DV into the Dependent Variable box. 
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e Click on Options and then check Descriptive Statistics and Estimates of Effect Size. 
e Click on Continue. 

e To obtain post hoc tests, click on the Post Hoc button and then move the IV into the box labeled 

Post hoc tests for. 

e Select the Tukey check box and then Continue. 

e Click on OK to run the ANOVA. 

Output 

For SPSS output, see Figures 11.4 to 11.7. 

Reading 

Question 

Reading 

Question 

Reading 

Question 

Reading 
Question 

Use the “Descriptive Statistics” output to determine the mean depression score 

for the patients who received Treatment 2 (PDT). The mean for those who 

received Treatment 2 was 

a. 8.00. 

loys il/ayex0), 

( W@y55S5. 

Use the “ANOVA” output to determine what the p value is for the ANOVA test. 

The p value for the ANOVA test was 

A, Be 

Joy, S132), 

@, sOuul. 

d. .04. 

When you enter data into SPSS to run an independent ANOVA, you should have 

a. acolumn for the IV (i.e., type of treatment) and a column for the DV 

(i.e., each person’s score). 

b. acolumn for each DV (i.e., each person’s score). 

Use the “Multiple Comparisons” output to determine which of the following 

pairs of means are significantly different from each other. Choose all that 

apply. 

a. Treatments 1 and 2 are significantly different. 

b. Treatments 1 and 3 are significantly different. 

c. Treatments 2 and 3 are significantly different. 
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ariticmeee em SPSS Screenshot of Descriptive Statistics 

Descriptive Statistics 

Dependent Variable:Depression_Score 

neni | om 
8.0000 4.64758 

3.39116 

5.35413 

5.74769 

15.5000 

16.3333 

13.2778 

Mean: Sample Std. Deviation: N: Sample 

means (M) for Sample standard sizes for each 

each treatment; deviations treatment and 

total is the (s) for each total number 

overall mean for treatment; of scores 

all scores total is the 
overall standard 

deviation for 

all scores 

Stet eye SPSS Screenshot of ANOVA Source Table 

Post Hoc Tests 

Tests of Between-Subjects Effects 

Dependent Variable:Depression_Score 

a Sl ee Squares Mean Square Squared 

Corrected Model 126.389 6.139 011 

Intercept ‘ 3173.389 154.131 000 911 

Treatment § CS 126.389D C6139 [> C011 D Cc 450|> 

Error 8.8 8 

Total 

Corrected Total 

Type Ill Sum : Mean : Sig.: Partial Eta 
Displays the of Squares: || Displays Square: ; The p value; Squared: 
sources of Displays the || the of Displays reject H, if this is n° or 
variability in the || SS for the for the the MS for this value effect size 
ANOVA Treatment Treatment, || the (p value) is 

analysis. Only (Between Error and less than a 

three of the Treatment), Corrected || and Error 

sources are Error (Within || Total 

Treatments), 

: and 

Error, and Corrected 

Corrected Total || Total (Total) 

Treatment + 

Error = 

Corrected 

Total 
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Figure 11.6 | An SPSS Screenshot of Post Hoc Tests With Pairwise Comparisons 

Homogeneous Subsets 

Depression_Score 

a HSD 

(|-J) Std. Error |Sig. 

7.5000, 2.61973 14.3047 .6953 

rte fei 
7.5000 2.61973 k pa 
8.3333. 2.61973 L 

mew | 
The error term is mean square (error) = 20.589. 

Based on observed means. 

*The mean difference is significant at the .05 level. 

Redundancies in 

the Table: 
Note that all pairwise 

comparisons are 

presented twice. 

For example, the 

Mean Difference (I — J): 
The difference between 
the compared treatment 
means. 

Sig.: 
The p value for 
each comparison. 

The mean 

difference is 

significant if this 
value is less 

than a. 

The mean difference 

is significant if a (*) Is 

present 

first line is Treatment 1 - 
Treatment 2 (yielding a 

difference of -7.5). The 
third line is Treatment 2 — 
Treatment 1 (yielding a 

difference of +7.5). 

atime ea An SPSS Screenshot of Post Hoc Tests With Homogeneous Subsets 

Depression_Score 

Tukey HSDa 

Treatment Subset for alpha = 0.05 

Pree 
8.0000 

1.000 

Means for groups in homogeneous subsets are 

Homogeneous Subsets: 

This table displays the same information as the 

previous table in a less precise but more 

readable way; this table groups means that are 

not significantly different into the same column, 

conversely, means that are statistically different 

are placed in different columns. 

15.5000 

16.3333 

.946 

displayed. 

a. Uses Harmonic Mean Sample Size = 6.000. 
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OVERVIEW OF THE ACTIVITIES 

In Activity 11.1, you will compute an ANOVA as well as post hoc tests by hand. You will also work to 

understand how within- and between-treatment variability influence the ANOVA. In Activity 11.2, you 

will work to better understand the different sources of between- and within-treatment variability and 

how these different sources of variability affect the F ratio. In Activity 11.3, you will compute several 

ANOVAs using SPSS and interpret the output and also summarize the results using an APA-style 

write-up. You will also compute an F and a ¢ statistic for the same data set to see how these two statis- 

tics are related. In Activity 11.4, you will compute and interpret confidence intervals for independent 

measures ANOVAs. Finally, in Activity 11.5, you will practice choosing which statistic is appropriate for 

a given research scenario. 

Learning Objectives 

After completing this assignment, you should be able to do the following: 

Describe between-group variance and error variance within the context of independent ANOVA 
Identify researcher choices that would likely decrease error (within-group) variance and increase 
between-group variance 

Describe the logic of independent ANOVA 

Explain when and why follow-up analyses are needed after rejecting the null hypothesis 

Suppose your research team is examining if making more books available to low-income families 
increases the amount of time those families spend reading to their 2- to 3-year-old children. You iden- 
tify a sample of 15 low-income families who agreed to participate in a pilot study. Then, you randomly 
assign 5 families to one of three different experimental conditions. Every family in the first group 
receives 40 age-appropriate books, every family in the second group receives 20 age-appropriate 
books, and families in the third group receive 0 books. You train every family to complete a daily 
journal entry in which they record the number of minutes they spent reading to their children each 
day. Four months later, you collect the journals and analyze the reported reading times. If making 
books more available increases family reading times in low-income families, you would expect the 
greatest reading times in the 40-book group and the lowest reading times in the 0-book group. You 
chose a@ = .05. 

1. The assumptions for an independent ANOVA are the same as those for an independent t test. 
Match the following statistical assumptions to the facts that suggest each assumption is met. 

Independence of data 

Appropriate IV and the DV measurement 

Homogeneity of variance 

Normality 
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C3 

d. 

The three different conditions are defined and reading times are measured on a ratio scale. 

The reading times collected from each family do not affect the times collected from other 

families. 

The reading times from each group are likely to form a normal distribution. 

The SDs from each group are similar. 

2. What is the null hypothesis for this ANOVA? 

a. The population mean reading times for the three groups are not significantly different from 

each other. 

At least one of the population mean reading times for the three groups is significantly 

different from one of the other population means. 

The 40-book families will record significantly more reading time than the 20-book families. 

The 20-book families will record significantly more reading time than the 0-book families. 

The 40-book families will not record significantly more reading time than the 20-book 

families or the 0-book families. 

3. What is the research hypothesis for this ANOVA? 

a. The population mean reading times for the three groups are not significantly different from 

each other. 

At least one of the population mean reading times for the three groups is significantly 

different from one of the other population means. 

The 40-book families will record significantly more reading time than the 20-book families. 

The 20-book families will record significantly more reading time than the 0-book families. 

The 40-book families will not record significantly more reading time than the 20-book 

families or the 0-book families. 

The 15 family reading times (in minutes/day) are listed as follows: 

40-Book Families | 20-Book Families 0-Book Families 

35 

30 

28 

ail 

26 

WITHIN-TREATMENT VARIABILITY (ERROR) 

4. The five families in the 40-book condition all reported different reading times, specifically, 35, 30, 

28, 31, and 26. These differences in reading times in this one experimental condition generate 

a. within-group variance. 

b. between-group variance. 
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5. Which of the following might have contributed to the variance in scores of the 40-book families? 

Choose all that might apply. 

a. The fact that all of these families got 40 books 

b. The fact that the amount of time parents spend at work each day varies greatly between families 

c. The fact that some families are larger than other families 

d. The fact that the ages of the other children in these families (those not between 2 and 

3 years old) vary 

6. The option(s) you chose for the previous question illustrate(s) 

a. the impact of the treatments on the dependent variable. 

b. the impact of individual differences on the dependent variable. 

c. the impact of measurement error on the dependent variable. 

7. The fact that, even after training, few families recorded their exact reading time with complete 

accuracy illustrates 

a. the impact of the treatments on the dependent variable. 

b. the impact of individual differences on the dependent variable. 

c. the impact of measurement error on the dependent variable. 

8. The data from this study also indicate that there was within-group variance in the 20-book group 

and the 0-book group. Why do these groups have within-group variance? 

a. Because they experienced different treatment conditions than each other 

b. For all the same reasons that the 40-book group had within-group variance 

9. The same data are presented below, but this time, the M, SS, and SD are computed for the 

40-book and 20-book families. You will have to compute the M, SS, and SD for the 0-book group. 

(Use your calculator. It will be a lot faster!) 

40-Book Families 20-Book Families 0-Book Families : 

29 

Mio books — 30 Moo books — 28 M, books — 

SSig books — 46 3555 books — 40 0 books — 

SD books — 3.39 SD,, books — 3.16 D, books — 

Before you move on, confirm that you computed the values for the 0-book group correctly. You 
should find M = 24, SS = 46, and SD = 3.39. 
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10. 

il 

WP 

U5, 

14. 

By. 

In addition to conceptually understanding the sources of error variability (also called within- 
treatment variability) in a study, you should also be able to compute the “average” amount of 

error (within-treatment) variability in a study, which is referred to as the mean square error 

(MS vichinerron) 10 Compute the MS ininerron: YOU first compute the SS, ininerron aNd then convert that 

tO a MS \ithinerrop: ENE SSwininerron 1S relatively easy to find; you simply add the SSs for each of the 

conditions. Look at the above table to find these numbers and add them up. (Remember, each of 

these SS values is the within-group variability for each condition. So, it makes sense that we 

would add them all together to get the total within-group variability in the entire study.) Find that 

value now. 

SS, within(error) 

The MS within(error) is the “average” variability created by individual differences and measurement 

error. To convert the SS iehinerron INtO the MS,ininerron» Divide the SS, ininerron DY the Ayvitninierron The 

df vithinerror iS the number of people in the entire study (N), minus the number of groups in the 

study (9). SO, Af vichinerron = N - 8. Find dfyitninerron 2d then use it to create the MS, ininerron) 

MS. sninienan) = SS rinecron | Cpe eecaren = 

Which of the following values represents the “average” amount of variability in the study that is 

attributable to individual differences and error? 

a ill 

b. 46.67 

c. 4.24 

Is the MS the numerator or the denominator of the F ratio? 
within(error) 

a. Numerator 

b. Denominator 

The MS \ieninerron TEPTesents the amount of variability created by measurement error and: 

a. individual differences 

b. the treatment effect 

In general, the larger the F ratio, the more likely you are to reject the null hypothesis. One way to 

increase the F ratio is to reduce the denominator (MS, ininerron)- Which of the following would 

reduce the MS itninerron? (Choose two) 

qa. Increase measurement error 

b. Decrease measurement error 

c. Increase individual differences 

d Decrease individual differences 
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16. Match each of the following experimenter actions to its likely consequence. 

Experimenter action 

____ Training participants to record their actual reading times more accurately 

____ Make sure all parents participating in the study completed high school 

___Include participants from many different cultural backgrounds 

____Have many different experimenters train participants how to record their reading times 

Likely consequence 

a. Decrease individual differences 

b. Increase individual differences 

c. Decrease measurement error 

d. Increase measurement error 

BETWEEN-TREATMENT VARIABILITY 

You just computed the denominator of the F ratio, which is the “average” variability within treatment 

conditions. The numerator of the F ratio is the “average” variability between treatment conditions. This 

next part of the activity focuses on understanding between-treatment variability. 

17. The means for the 40-book, 20-book, and 0-book conditions are different (i.e., 30, 28, and 24). 

These differences in the mean reading times generate 

a. within-group variance. 

b. between-group variance. 

18. Variability between treatments can come from treatment effects, individual differences, and 

measurement error. Which of the following contribute to the treatment effects? 

a. The fact that the families received different numbers of books 

b. The fact that the amount of time parents spend at work each day varies greatly between 
families 

c. The fact that some families are larger than other families 

d. The fact that the ages of the other children in these families (those not between 2 and 
3 years old) vary 

e€. The fact that few families recorded their exact reading time with complete accuracy 

19. Which of the following contribute to individual differences? (Choose all that apply.) 

a. The fact that the families received different numbers of books 

b. The fact that the amount of time parents spend at work each day varies greatly between 
families 

c. The fact that some families are larger than other families 

d. The fact that the ages of the other children in these families (those not between 2 and 
3 years old) vary 

e. The fact that few families recorded their exact reading time with complete accuracy 
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20. 

al. 

Ee 

2): 

24. 

Zo: 

Which of the following contribute to measurement error? 

a. The fact that the families received different numbers of books 

b. The fact that the amount of time parents spend at work each day varies greatly between 

families 

c. The fact that some families are larger than other families 

d. The fact that the ages of the other children in these families (those not between 2 and 

3 years old) vary 

e. The fact that few families recorded their exact reading time with complete accuracy 

Which of the following contribute to between-treatments variability but not within-treatments 

variability? 

a. Treatment effects 

b. Individual differences 

c. Measurement error 

Which if the following is the numerator of the F ratio? 

a. Between-treatments variability 

b. Within-treatments variability 

How is the numerator of the F ratio different from the denominator of the F ratio? 

a. The numerator includes treatment effects, individual differences, and measurement error. 

The denominator includes only individual differences and measurement error. 

b. The denominator includes treatment effects, individual differences, and measurement error. 

The numerator includes only individual differences and measurement error. 

If the treatment has an effect on the dependent variable, which should be larger, the numerator 

or the denominator? 

a. Numerator 

b. Denominator 

Between-group variance is created when the values in different conditions differ from each 

other. Between-group variance is harder to see because you are comparing all of the numbers in 

each condition to all of the numbers in the other conditions. The way to do this is to first 

compute the SS for the means. 

Treatment Conditions 

40 books 

20 books 

0 books 
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26. 

Ze 

The SS, an, YOu just computed represents the amount of variability among the three condition 

means, but we need to adjust this value slightly to account for the sample size in each condition. 

As you hopefully recall, sample size is important to consider when evaluating variability. You can 

convert this SS,,.4. iNto the SSy,.ne0n (a Sum Of all the between-group variability, which is adjusted 

for sample size) by multiplying the SS by n, the number of participants in each condition. Do 

that below. 

SS a OS meats (n) ae between 

means 

The next step is to convert the SS,...,..,, the sum of all between-group variability, into the “average” 

or mean between-group variability, called the MS, yen: This is done by dividing the SS,,...,en by the 

number of groups in the study (g) — 1, called the dfjenyeon Compute the df,...,e., and then convert the 

SS, into the “average” between-group variability by using the following equation: 
between 

MAST isteen 7 SO cinaen! U perween = 

F RATIO 

28. 

29) 

SOF 

Hl, 

BY. 

The MS, ween Value represents the “average” variability created by treatment differences, 

individual differences, and measurement error. You can now use this value to create the F ratio 

we need to determine if the three treatment conditions are differentially effective. Compute the 

F ratio below. 

F=MS IMS between within(error) 

The value you just computed is the obtained F value. It is literally the ratio of between-group 

variance to within-group (error) variance created by the study. 

MS, F = between. 

MS within(error) 

Pe treatment effect & individual differences & measurementerror 

individual differences + measurement error 

In this case, this F ratio indicates that there is times more between-group variance 
than there is within-group variance. 

Now you need the critical value of F to determine if this ratio is large enough to conclude that 
the different treatments are differentially effective. Look up the critical F value in Appendix C. 
The Gfperween indicates what column to look in and the Of vithinerror) LNAicates which row to look in. 
Make sure you are using the correct alpha value of .05 when you find your critical value. What is 
the critical value for this study? 

Should you reject or fail to reject the null hypothesis? 

a. Reject 

b. Fail to reject 

Now that you rejected the null hypothesis, what does that mean? 

a. It indicates that all of the treatments produce sample means that are significantly different 
from each other. All treatments are differentially effective. 
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b. It means that at least one (perhaps more than one) of the treatments is more effective than 
one (perhaps more than one) of the other treatments. 

POST HOC TESTS 

YS). 

34. 

Bor 

36. 

Now that you rejected the null hypothesis, you need to run an analysis to determine which 
treatment or treatments are more effective. Maybe one treatment is better than all the others or 

maybe two treatments are equally effective, but both are better than the third. A follow-up 

analysis will determine which of these possibilities occurred. While there are many different 

follow-up tests we could use, we will only learn one in this text, the HSD, or honestly significant 

difference follow-up test. This test produces a mean difference that you use to determine if pairs 

of means are significantly different from each other. Any differences between two means is 

significant if the difference is larger than the HSD value. If two means are different by this 

amount (or more), the difference is unlikely to have resulted from chance and is probably 

[Ms a 
created by the treatment differences. You compute the HSD as q inne YOU Can look-up 

n 

in Appendix D by using the number of treatment conditions (@), the df yininerron aNd the alpha 

value. Your n is the number of participants in each condition. The MS, ininerron COMES from the 

F ratio calculation you did earlier. Compute the HSD for this analysis now. 

MS \icnin(error) = HSD =q 
n 

Compute the differences between each pair of treatment conditions. The first one is done for you. 

40-book vs. 20-book: 30 — 28 =2 

40-book vs. 0-book: 

20-book vs. 0-book: 

Based on the HSD you computed in Question 33 and the condition mean differences you 

computed for Question 34, which of the three group mean differences are so large that they are 

unlikely to have been caused by chance? Choose all that apply. 

a. The difference between the 40-book group and the 0-book group 

b. The difference between the 40-book group and the 20-book group 

c. The difference between the 20-book group and the 0-book group 

Now that you identified which group differences are larger than the HSD you computed in 

Question 34 (i.e., which ones are unlikely to result from sampling error), you need to compute 

effect sizes for each pairwise comparison (i.€., those you computed in Question 35). This is done 

with the following formula in which the numerator is the difference between the two conditions 

being compared and the denominator is the square root of the pooled variance for those two 

conditions. 
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Sie 

58: 

where the pooled variance is 

fon (n, -1)SD? +(n, —1) SD; 

; (neal) a(t =I) 

Compute the effect sizes (d) for each pairwise comparison in the table below. The first two com- 

parisons are completed for you. 

40-book vs. » _ (4)3.39° + (4) 3.167 20-book LR = 10.74 
(4) + (4) 

40-book vs. 0-book 24(4)3.392 pede AOE ee 

20-book vs. 0-book 

These effect sizes will help you evaluate the differences between the conditions. 

Based on the results of this pilot study (significance test, post hocs, and effect sizes), what would 
you say about the book availability intervention for low-income families? 

a. The intervention seems promising; it is certainly worth doing a full study with much larger 
sample sizes to determine if these results would be replicated with larger sample sizes. 

b. The intervention results look so promising that you should skip doing the larger study. Just 
go directly to implementing this intervention immediately. Give everyone 20 books. 

c. The intervention is not worth pursuing. Do not bother doing a larger study. 

People often report the results of studies like this one in an ANOVA summary table. Fill in the blanks 
in the summary table below using the values you computed in this activity. You will notice that this 
table includes a total row for the SS and the df. To obtain the totals, you can simply add between- and 
within-treatment values. You can also compute these values directly from the data, but for right now, 
it is most important that you understand that the between- and within-values add up to the total. 

The final value you need for the table is the effect size (1), ). To compute the effect size for 
the ANOVA, use 115= SSyeeen!(SS + SS, 

between between within(erron)): 

Total 
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39. In this activity, you did all of the computations by hand. You can obtain most of this information 

using SPSS. To enter the data into SPSS, create one column indicating which group each person 

was in (40-book, 20-book, or 0-book) and name that variable “Group.” The other column should 

be named “Reading,” and it will include the actual time each family recorded. Then, you can 

enter how many books they were given in the Group column (i.e., 40, 20, or 0) and the reading 

time in the Reading column. 

To run a one-way ANOVA in SPSS, do the following: 

e Click on the Analyze menu. Choose General Linear Model and then select Univariate. 

Move the IV into the Fixed Factors box and move the DV into the Dependent Variable box. 

Click on Options and then check Descriptive Statistics and Estimates of Effect Size. 

Click on Continue. 
To obtain post hoc tests, click on the Post Hoc button and then move the IV into the box 

labeled Post hoc tests for. 

e Select the Tukey check box and then Continue. 

e =©Click on OK to run the ANOVA. 

e Note: SPSS does not compute the effect sizes of pairwise comparisons, so you will always 

need to compute these by hand. 

Locate each item from the ANOVA summary table you created in Question 38 in the SPSS output. 

You will notice that SPSS does not give you the HSD value for the post hoc tests. Instead, it just tells you 

which means are significantly different. Look back at the annotated SPSS output in the chapter if you 

need help interpreting the post hoc tests. 

40. Even though this was a small pilot study, your research team wants to demonstrate that it 

knows what it is doing to potential funding agencies. Therefore, your team generates a 

formal APA-style report of the results. Complete the APA-style write-up below by filling in the 

blanks. 

A one-way ANOVA with number of books as the independent variable and reading time as the 

dependent variable revealed a significant Gimneein, Jb, )= ,p= , MSE = 11.00, 

n : = The means and the standard deviations for each condition are in Table 1. Reading times 

were significantly higher amongst families given 40 books compared to books. The difference 

between 20 and 0 books was not significant, nor was the difference between the 20 and 40. However, all 

effect sizes were medium to large or large, suggesting that this study should be replicated with a larger 

sample. These results are in Table 2. Overall, the results of this pilot study suggest that running a 

larger study is justified. 

Table 1. Means and Standard Deviations for 

Each Condition 

SSS ee SS SS SS eee 

Condition Mean (SD) 

0 books 24.00 (3.39) 

20 books 28.00 (3.16) 

40 books ( ) 
eS 
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Table 2. Tukey HSD Post Hoc Results and Effect Sizes 

Comparison Mean difference p d 

0 books vs. 20 books 4.00 .18 Jos 5) ae 

0 books vs. 40 books 6.00 04 a7 

20 books vs. 40 books 2.00 a 61 

SS Activity 11.2: Com puting One-Way ANOVAs in S | 

Learning Objectives 

After completing this assignment, you should be able to do the following: 

e Runa one-way ANOVA in SPSS 

e Compute effect sizes for pairwise comparisons 

e Interpret and write up the results in APA format 

In Activity 11.1, you conducted a pilot study assessing the impact of providing books to families 

on the amount of time spent reading with their children. Armed with your pilot study’s results, your 

research team obtained the necessary funds needed to run a larger study with 101 families in each 

condition. An intern entered all of the data into an SPSS file called “Book Availability.” Now you need to 

run all of the analyses. First run the one-way ANOVA following these instructions: 

e Click on the Analyze menu. Choose General Linear Model and then select Univariate. 
¢ Move the IV into the Fixed Factors box and move the DV into the Dependent Variable box. 
e Click on Options and then check Descriptive Statistics and Estimates of Effect Size. 
e Click on Continue. 
¢ To obtain post hoc tests, click on the Post Hoc button and then move the IV into the box 

labeled Post hoc tests for. 

e Select the Tukey check box and then Continue. 

e Click on OK to run the ANOVA. 
e Note: SPSS does not compute the effect sizes of pairwise comparisons, so you will always 

need to compute these by hand. 

1. Fill in the values for the overall ANOVA results: 

JA(___, eS ) = P Pp = 

2. Is the overall ANOVA significant? 

, MSE = 2 Ne = 

3. Based on the post hoc output, which pairwise comparisons were significant? Select all that are 
significantly different. 
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a. 40vs.0 

lo, 2OwWS, © 

c. 40 vs. 20 

4. Now, use the SPSS output you just created to compute the effect sizes for each pairwise 

comparison. One of the comparisons is provided for you below. 

Companson 

40-book vs. 20-book | 22.90 - 21.78 = 1.12 

Mean Difference Pooled Variance 

so =! 
‘ (100) + (100) 

5. Now you have everything you need to write up an APA-style report of your team’s results for the 

larger study. You can use the example under Question 40 as a guide. In addition, we also provided 

the general format for reporting an ANOVA below. With these two resources, you should be able to 

compose a report. Some blank tables are provided. At the end of the paragraph, include a 

sentence in which you make a recommendation based on the results about whether the book 

availability intervention is worth implementing and which condition you would recommend be 

implemented. 

General format for reporting an ANOVA: 

e Tell what kind of ANOVA you ran. 

e Tell if the ANOVA found any meaningful (i.e., statistically significant) differences among the 

group means; include statistical information at the end of this sentence, F Cj eer Unge) = 

F value, p = Sig., MSE = mean square error, nb = partial eta squared. If all of the means and 

standard deviations are in a table, you do not need to include them in this statement. If, how- 

ever, they are not in a table, you must provide the descriptive statistics in the statement. 

Table 1. Means and Standard 

Deviations for Each Condition 

a ss 

Class Mean (SD) 

0 books 

20 books 

40 books 

Table 2. Tukey HSD Post Hoc Results and 

Effect Sizes 

Comparison Mean Difference 

0 books vs. 20 books 

0 books vs. 40 books 

20 books vs. 40 books 
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o Note: If you rejected the null hypothesis, at least one meaningful difference exists 

among the groups. 

o Note: If you did not reject the null, all of the mean differences are small enough to be 

due to sampling error. 

e If you rejected the null, you must then tell which mean differences were “significant” (i.e., prob- 

ably too big to be created by sampling error). 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following. 

Use SPSS to conduct an independent ANOVA 

Interpret the SPSS output 

Compose an APA-style summary of the ANOVA results 

Describe the relationship between an independent t test and an independent ANOVA with two 

conditions 

Read a research scenario and determine what statistical test is appropriate 

COLLEGE STUDENTS’ CYNICISM 

In this activity, you will work with the data file titled “Cynicism.sav.” This file contains data about cyni- 
cism toward college from 76 hypothetical students. Each student answered four questions about three 
different types of cynicism, specifically their cynicism toward the academic, social, and institutional 
aspects of their college. All questions used the same Likert response format, where 1 = strongly dis- 
agree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = strongly agree. Their responses 
yielded one average score for each type of cynicism. Scores on the scale form a normal distribution. 
Example questions for each type of cynicism are listed as follows: 

Academic: “For many of my courses, going to class is a waste of time.” 

Social: “It takes a great deal of effort to find fun things to do here.” 

Institutional: “I would not recommend this place to anyone.” 

ACADEMIC CYNICISM 

For the first analysis, you are going to conduct an ANOVA to determine if year in school (i.e., freshman 
sophomore, junior, senior) is associated with academic cynicism. 

’ 
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1. Circle any statistical assumption that is not met: 

Independence 

b. Appropriate measurement of the IV and the DV 

c. Normality 

d. Homogeneity of variance 

e All assumptions are met for this hypothesis test. 

2. Write H, next to the verbal description of the null hypothesis and H, next to the research 

hypothesis. 

a. The mean level of academic cynicism will be the same for the populations of 

freshmen, sophomore, juniors, and seniors. 

b. At least one mean will be different from the other means. 

Running the SPSS ANOVA 

Compute a single-factor, independent samples ANOVA using “YearInSchool” as the IV (factor) and 

“AcademicCynicism” as the DV. 

Click on the Analyze menu. Choose General Linear Model and then select Univariate. 

Move “YearInSchool” into the Fixed Factor box and “Academic” into the Dependent Variable box. 

Click on Options, check Descriptives and Estimates of effect size, and then click Continue. 

Click on Post hoc, and move “YearInSchool” into the Post hoc tests for box. 

Check Tukey, and then click Continue. 

Finally, click OR. 

3. Record the mean level of academic cynicism for each year in school below. As always, also 

include the standard deviation for each group. 

Freshmen ee OL 

Sophomores ee Tees OD) 

Juniors OL = 

Seniors a aie 

4. Use the SPSS output to complete the ANOVA summary table. 

Source 

Between 

treatments 

Within treatments 

(error) 

Total 
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By. 

10. 

What information does the ) : provide in above ANOVA source table? 

a. Itis an effect size that indicates the degree to which the variable “year in school” is 

associated with academic cynicism. 

b. It is an effect size that indicates how large the difference is for each pairwise comparison 

(e.g., freshmen vs. sophomores or freshmen vs. juniors). 

c. Itis a significance test that indicates whether or not there is a significant relationships 

between “year in school” and academic cynicism. 

d. It is a confidence interval that indicates what the population parameter is likely to be for 

academic cynicism in the population. 

Whenever you obtain a significant F value and there are more than two means, post hoc tests are 

required. In this case, we need to compare the freshmen mean, sophomore mean, junior mean, 

and senior mean for academic cynicism. More specifically, we need to compare all possible pairs 

of two means. All of the possible pairwise comparisons are listed below. For example, the first 

line represents the comparison between freshmen and sophomores. Likewise, the second line 

represents the comparison between freshmen and juniors. The Tukey post hoc tests computed 

by SPSS indicate which of these comparisons are significantly different from each other. Circle 

“Yes” if the pairwise comparison is statistically significant and “No” if the comparison is not 

statistically significant. 

Juniors and seniors 

You should have found that just one of the pairwise comparisons was significant. Next you need 
to determine which group had higher levels of academic cynicism. Which group had higher 
levels of academic cynicism? 

a. Freshmen 

b. Sophomores 

What was the overall effect size ( ) for this study? (If you asked SPSS to provide an effect size 
estimate, you should find this value in the output; if not, you can calculate it by hand easily.) 

What does the overall effect size tell you? 

a. It indicates how much of an effect the variable of year in school had on academic cynicism 
scores. 

b. It indicates which group of students had the highest academic cynicism scores. 

Researchers are usually far more interested in the effect size for the pairwise comparisons than 
the overall effect size for the ANOVA. Unfortunately, SPSS does not compute the effect sizes for 
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Freshmen vs. Pye 421798 = 1587 (18).547° +(18).565° 
sophomores SD, = 5a 

eee 2 211 2.675 == 464 
juniors 

Freshmen VS. 2.211 —2.474 = —.263 
seniors 

the pairwise comparisons. However, it is not difficult to do these computations by hand using the 

following formula: 

Compute the effect sizes for each pairwise comparison in the following table. The first four 

comparisons are completed for you. 

Sophomores Vs. | 2.798 2.675 =.123 (18).565° + (18).73° 
juniors (18) + (18) 

Sophomores vs. 

seniors 

Juniors vs. 

seniors 

Gk, 

We. 

What information do the ds provide in the above table? 

a. They are effect sizes that indicate the degree to which the variable “year in school” is 

associated with academic cynicism. 

b. They are effect sizes that indicate how large the difference is for each pairwise comparison 

(e.g., freshmen vs. sophomores or freshmen vs. juniors). 

c. They are significance tests that indicate whether or not there is a significant relationships 

between “year in school” and academic cynicism. 

d. They are confidence intervals that indicate what the population parameter is likely to be for 

academic cynicism in the population. 

When summarizing the data for an APA-style write-up, you may present the means and 

standard deviations in one table and the results of the post hoc tests in a separate table. Then, 

you can verbally describe the pattern of results without having to interrupt the flow of the text 

with descriptive statistics. Record the means and standard deviations in Table 1. 
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T 
ne for Each Clas S 

Group 

3). 

Means and Standard Deviations 

Freshmen 

Sophomores 

Juniors 

Seniors 

In Table 2, record the mean differences for each 

pairwise comparison, the p value for the 

pairwise comparison (from the SPSS output), 

and the effect size (d). 

Questions 14-16. Writing ANOVA summary 

statements may seem complicated because 

there are quite a few details you need to 

include. But, if you really understand why you 

did the ANOVA in the first place, it is not too 

complicated. The general format for reporting 

an ANOVA is given below. While there are other 

acceptable formats, this basic one is a good 

place to start. Read this format carefully and 

be sure that you understand it before you 

proceed. 

Lela Tukey HSD Post Hoc Results With Effect Sizes 

Comparison 
L___ 

Mean Difference 

Freshmen vs. sophomores 

Freshmen vs. juniors 

Freshmen vs. seniors 

Sophomores vs. juniors 

Sophomores vs. seniors 

Juniors vs. seniors i 
General format for reporting an ANOVA: 

e Tell what kind of ANOVA you ran. 
e Tell if the ANOVA found any meaningful (i.e., statistically significant) differences among the group 

means, include statistical information at the end of this sentence, F (Gh orcent Gane) =o value, 
p =Sig., MSE = mean square error, ne = partial eta squared. If all of the means and standard devi- 
ations are in a table, you do not need to include them in this statement. If, however, they are not 
in a table, you must provide the descriptive statistics in the statement. 

© Note: If you rejected the null hypothesis, at least one meaningful difference exists 
among the groups. 

© Note: If you did not reject the null, all of the mean differences are small enough to be 
due to sampling error. 

¢ If you rejected the null, you must then tell which mean differences were “significant” (i.e. 
probably too big to be created by sampling error). . 
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Now that you understand the general format for reporting ANOVAs, take on the role of a statistics tutor 

who is trying to help students write a correct ANOVA summary. Identify what is wrong with each of the 

following ANOVA summaries. All of them are attempting to report the analysis of academic cynicism. 

Student 1 

To determine if class standing was associate d with academic cynicism, a one-way, independent 

samples ANOVA was computed with class standing as the IV and academic cynicism as the DV. This 

analysis revealed a significant effect. 

14. Is anything wrong with Student 1’s ANOVA summary? (Choose all that apply.) 

a. It does not identify what kind of ANOVA was used. 

b. It does not indicate if the null hypothesis was rejected or not. 

c. It does not include the needed statistical information, in the correct format. 

d. It does not identify which group differences were meaningful (i.e., statistically significant). 

e The summary has all of the necessary components. 

Student 2 

A one-way, independent samples ANOVA revealed that class standing (the IV) had a significant effect 

on academic cynicism (the DV). Tukey’s HSD post hoc test indicated that freshmen had significantly 

lower levels of cynicism than sophomores, and the effect size was large. No other differences were 

significant. However, several of the effect sizes were medium to large, suggesting that the study should 

be repeated with a larger sample. Descriptive statistics are provided in Tables 1 and 2. 

15. Is anything wrong with Student 2’s ANOVA summary? (Choose all that apply) 

a. It does not identify what kind of ANOVA was used. 

It does not indicate if the null hypothesis was rejected or not. b 

c. It does not include the needed statistical information, in the correct format. 

d. It does not identify which group differences were meaningful (i.e., statistically significant). 

e The summary has all of the necessary components. 

Student 3 

A one-way, independent samples ANOVA found a significant relationship between class standing and 

academic cynicism, F(3, 72) = 3.88, p = .02, MSE = .78, ile = .14. The HSD follow-up tests found that 

freshmen were less cynical than sophomores and the effect size was large. None of the other mean 

differences were significantly different. However, several of the effect sizes were medium to large, so 

the study should be repeated with a larger sample before drawing firm conclusions. Descriptive 

statistics are provided in Tables 1 and 2. 

16. Is anything wrong with Student 3's ANOVA summary? (Choose all that apply.) 

a. It does not identify what kind of ANOVA was used. 

It does not indicate if the null hypothesis was rejected or not. 

It does not include the needed statistical information, in the correct format. 
b 

C 

d. It does not identify which group differences were meaningful (.e., statistically significant). 

e The summary has all of the necessary components. 
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SOCIAL CYNICISM 

Now, determine if differences in social cynicism among freshmen, sophomores, juniors, and seniors 

are meaningful (i.¢., statistically significant) or likely created by sampling error. The analyses are all 

included below, but you should run the ANOVA in SPSS to ensure that you understand where the num- 

bers come from. 

Wf 

20. 

Pe 

Circle any statistical assumption that is not met: 

Independence 

Appropriate measurement of the IV and the DV b 

c. Normality 

d. Homogeneity of variance 

e All assumptions are met for this hypothesis test 

Write H, next to the verbal description of the null hypothesis and H, next to the research 

hypothesis. 

a. The mean level of social cynicism will be the same for the population of freshmen, 

sophomore, juniors, and seniors. 

b. At least one mean will be different from the other means. 

Complete the ANOVA summary table. 

Between 33(07/ 3 eee, 

treatments 

Within treatments 50.59 72 

(error) 

Total 

Why aren’t post hoc analyses necessary for this ANOVA? 

a. The overall ANOVA was not statistically significant. 

b. There were only two groups in the study. 

c. The effect size was less than .05. 

Because the overall ANOVA was not significant, you know that none of the post hoc tests would 
be significant. Why should you still compute effect sizes even when you fail to reject the null 
hypothesis? 

a. Itis possible that you made a Type | error and the effect size will tell you the probability that 
you made this type of error. 

b. It is possible that you made a Type Il error and the effect size can hel ou determine if you 
should repeat the study with a larger sample size. ie : 



CHAPTER 11 One-Way Independent Samples ANOVA 407 

Questions 22-24. Take on the role of a statistics 

tutor who is trying to help students write a 

correct ANOVA summary. Identify what is wrong 

with each of the following ANOVA summaries. Table 1. Means and Standard Deviations for 
All of them are attempting to report the analysis Each Class 

of social cynicism (Questions 16-20). 

Student 1 Class Mean (SD) 

A one-way, independent ANOVA found that the social Freshmen 2.53 (.64) 
cynicism scores were not significantly different Sophomores 3.08 (.89) 

across class standing, F(3, 72) = 1.74, p=.17, MSE= 

.70, Np =.07. However, some effect sizes were Juniors 2.97 (.94) 

medium. The study should be repeated with a larger eeniors 3.03 (.87) 

sample. Descriptive statistics are in Tables 1 and 2. 

Table 2. Tukey HSD Post Hoc Results With Effect Sizes 

Companson Mean Difference p d 

Freshmen vs. sophomores —.55 .19 —71 

Freshmen vs. juniors =.45 36 ==) 

Freshmen vs. seniors —.50 .26 —.62 

Sophomores vs. juniors mall .98 sil? 

Sophomores vs. seniors .05 1.00 .06 

Juniors vs. seniors —.05 1.00 .07 

22. Is anything wrong with Student 1’s ANOVA summary? (Choose all that apply.) 

a. It does not identify what kind of ANOVA was used. 

b. It does not indicate if the null hypothesis was rejected or not. 

c. It does not include the needed statistical information, in the correct format. 

d. It does not describe the meaningful (i.e., statistically significant) group differences accurately. 

e€ The summary has all of the necessary components. 

Student 2 

The social cynicism scores were not significantly different across class standing, EG; 7 2)= 1.74, 

p=.17, MSE =.70, nN = 07. Freshmen were the least cynical, followed by juniors, seniors, and 

sophomores, respectively. It is worth repeating this study with a larger sample to determine whether 

these differences are likely the result of sampling error. Descriptive statistics are 1n Tables 1 and 2. 
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23. What is wrong with Student 2’s ANOVA summary? (Choose all that apply.) 

a. It does not identify what kind of ANOVA was used. 

b. It does not indicate if the null hypothesis was rejected or not. 

c. It does not include the needed statistical information, in the correct format. 

d. It does not describe the group differences accurately. 

e. The summary has all of the necessary components. 

Student 3 

The one-way, independent ANOVA revealed that social cynicism did not differ significantly across 

class standing. 

24. What is wrong with Student 3’s ANOVA summary? (Choose all that apply.) 

a. 

b 

C. 

d 

e 

It does not identify what kind of ANOVA was used. 

It does not indicate if the null hypothesis was rejected or not. 

It does not include the needed statistical information, in the correct format. 

It does not describe the meaningful (i.e., statistically significant) group differences accurately. 

The summary has all of the necessary components. 

INSTITUTIONAL CYNICISM 

Finally, determine if the differences in institutional cynicism are meaningful (i.e., statistically significant) 

or likely to be created by sampling error. The data for this analysis are provided in the problem. However, 

you should still run the analyses in SPSS and confirm that you know how to obtain these numbers. 

25. Circle any statistical assumption that is not met: 

b 

G 

d. 

e 

Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 

All assumptions are met for this hypothesis test. 

26. Write H, next to the verbal description of the null hypothesis and H, next to the research hypothesis. 

a. 

b. 

The mean level of institutional cynicism will be the same for the population of 
freshmen, sophomore, juniors, and seniors. 

At least one mean will be different from the other means. 

27. Complete the following tables by finding the values in the SPSS output. 

Source 

Between treatments ee 

Within treatments (error) 56.26 
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Table 1. Means and Standard Table 2. Tukey HSD Post Hoc Results With Effect Sizes 
Deviations for Each Class 

Comparison Mean Difference d 
Class Mean (SD) a E 

Freshmen vs. sophomores -.78 04 -.93 
Freshmen ( ) 

Freshmen vs. juniors -.80 035) =1-03 
Sophomores 22251103) 

; Freshmen vs. seniors =e 8 07 
Juniors 2.28 (.94) 

; Sophomores vs. juniors .03 1.00 .03 
Seniors 2.29 (.91) 
ee Sopnomores vs4 Seniors 04 1.00 .03 

Juniors vs. seniors 

28. The obtained F from an ANOVA indicates 

a. which of the group means are significantly different from each other. 

b. whether or not any of the group means are significantly different from each other. 

29. HSD post hoc tests indicate 

a. which of the group means are significantly different from each other. 

b. whether or not any of the group means are significantly different from 

each other. 

30. Choose the best APA-style report of the institutional cynicism results. 

a. A one-way, independent ANOVA found that the institutional cynicism scores were not 

significantly different across class standing, F(3, 72) = 3.88, p = 14, MSE=.78, 1, =.01. 

Descriptive statistics are in Tables 1 and 2. 

b. A one-way, independent ANOVA found that the institutional cynicism scores were 

significantly different across class standing, F(3, 72) = 3.88, p= .01, MSE=.78, ie =.14. 

Freshmen were less cynical than sophomores, sophomores were less cynical than 

juniors, and juniors were less cynical than seniors. No other differences were significant. 

Descriptive statistics are in Tables 1 and 2. 

c. A one-way, independent ANOVA found that the institutional cynicism scores were 

significantly different across class standing, F(3, 72) = 3.88, p= .01, MSE = HS, MM ‘ = 1 4. 

Freshmen were less cynical than sophomores, sophomores were less cynical than juniors, 

and juniors were less cynical than seniors. Descriptive statistics are in Tables 1 and 2. 

d. Aone-way, independent ANOVA found that the institutional cynicism scores were 
2 

significantly different across class standing, F(3, 72) = 3.88, p= .01, MSE=.78, Np =.14. 

Freshmen were less cynical than sophomores, juniors, and seniors. No other differences 

were significant. Descriptive statistics are in Tables 1 and 2. 

Why Include All That Statistical Information (dfs, F, p Value, MSE)? 

31. Students sometimes wonder why they have to report al! of the statistical information. Why would 

anyone care about all of these numbers? The reason researchers should report all of this 
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Br 

33S}, 

34. 

YS). 

36. 

information is that readers who know what they are doing can re-create the entire ANOVA source 

table when the statistical information is reported properly. For example, suppose that a researcher 

reported the following results: F(3, 56) = 6.40, p < .05, MSE = 6.25. You should be able to use this 

information to “work backward” and complete the following source table using basic algebra. 

For example, you know that F = MS,,..,cen!VSwithimerron HE you Know any two of those values, you 

can solve for the third. The same is true for MS. You know that MS = SS/df. If you know any two 

of those values, you can solve for the third. 

Between 

treatments 

Within treatments 

(error) 

How many treatment conditions (groups) were in this study? 

How many people participated in this study? 

What is the critical value for the F (using an alpha of .05)? 

Should you reject or fail to reject the null hypothesis? 

Why do post hoc tests need to be done? 

a. Need to know which pairwise comparisons are significantly different 

b. Need to know how large of an effect the IV had on the DV 

c. Need to know if a Type I error was made 

The next questions you should have are, “OK, so we can re-create the source table. Why is that 
worth doing? Why would a researcher want to do that?” Well, there are many potential reasons why a 
researcher might be interested in the details of the source table. One of the most compelling is that if 
researchers are reading many different experiments on the same topic, they can compare or combine 
the results across different experiments using a statistical procedure called “meta-analysis.” To do this 
procedure, the researchers need the details that are in the ANOVA source table. 

DM. For the preceding problems, the data were already entered into SPSS for you. However, you 
should also be able to enter the data into SPSS. Indicate how you would enter the data from the 
following independent measures design with three groups into SPSS: 

Group 1: 36, 40, 44 

Group 2: 37, 38, 41 

Group 3: 44, 43, 42 
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Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Describe within-group and between-group variance within the context of an independent ANOVA 

Identify things that increase and decrease within-group variance and between-group variance 

Explain the logic of the independent ANOVA using the terms within-group variance and between- 

group variance 
Explain how a relatively large within-group variance affects the F ratio 

Explain how a relatively large between-group variance affects the F ratio 

INDEPENDENT ANOVA 

As you know from the chapter, independent ANOVAs help determine if different levels of an IV affect 

DV scores differently. It was also mentioned in the reading that ANOVAs compute two types of variance: 

(1) within-group variability and (2) between-group variability. The following fictional scenario should 

help you understand within-group variability and between-group variability. 

A Fable About Types of Variance, Sunflowers, and Types of Liquid 

A few weeks ago, Anton went to a local farmers’ market. While there, he talked to a man claiming to 

hold the record for growing the world’s tallest sunflower. Anton asked, “So, how did you do it?” The 

man said, “The single best thing you can do to grow tall sunflowers is to use cola rather than water.” 

Anton was skeptical. He asked the man if he had any evidence that using cola rather than water actu- 

ally lead to taller sunflowers. The man said, “Well, I never ran an experiment if that is what you mean.” 

That was the beginning of a now legendary (if fictional) experiment. Anton and the sunflower farmer 

conducted the following study. 

The unlikely colleagues took a sample of sunflower seeds (n = 9) from the farmer’s population 

of seeds. They then found three identical pots and put identical soil in them. They then randomly 

assigned (planted) 1/3 of their sample in each pot. The figure to the right is a visual representation of 

the study they designed. The seeds in the first pot were given cola, those in the second pot were given 

club soda (to see if carbonation was sufficient to increase growth), and those in the third pot were given 

normal, noncarbonated water. 

The farmer and Anton took every step possible to ensure that the three pots of seeds got the 

same amount of sun and the same amount of their designated liquid (i.e., cola, club soda, or water). 

In short, they tried to make everything identical for the three groups of seeds except for the type 

of liquid. Logically, then, any systematic differences between the heights of the sunflowers in the 

different conditions would be caused by the different types of liquid the different groups of seeds 

received (i.e., the IV). 
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The dependent variable in this study is sunflower height. The figures below represent the height of 

each sunflower in each IV condition. Clearly, even though sunflowers within each condition were treated 

identically, there is still variability in sunflower height. This variability is called within-group variance. 

Within-group variance is also called error variance because it is created by individual differences in seed 

quality and/or methodological error (eg., one seed getting more sun than another). You should notice 

that there is within-group variability in every condition. These within-group differences are combined to 

create a single value representing “within-group variability” or “error variability.” 

Between-group variance is measured by comparing the average sunflower heights produced by each 

IV condition. The average height produced by each condition is represented by the “dotted sunflowers.” 

Clearly, there is substantial between-group variance in average sunflower height. This between-group vari- 

ability is created by the different types of liquid in each condition, as well as individual differences and error. 

As is explained in the chapter, if the between-group variability is “small” relative to the within-group vari- 

ability, it is assumed that the IV did not create systematic differences across the different IV conditions. In 

this case, the between-group variance is relatively large compared to the within-group variance. This would 

result in a relatively large F value that would lead the researchers to reject the null hypothesis. As a result, the 

researchers concluded that type of liquid systematically affects sunflower height. 

Height difference within group is 

Error Variance 
Population 

of sunflower 

seeds 

Sample 

N=9 

Cola condition 

Cola condition 
Error Variance 

‘cea a 

Club soda condition Club soda condition 

Error Variance 

Water condition Water condition 

See 
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The figure to the left represents the comparison 

of average sunflower height produced by each IV 

condition. The researchers have rejected the null 

hypothesis because the between-group variance 

(variance created by the IV) was relatively large 

compared with the within-group variance (variance 

created by individual differences and error). 

Next, researchers perform post hoc tests to 

determine which pairs of conditions are signifi- 

cantly different from each other. There are three 

different pairs to compare: 

Post hoc tests: All possible pairs 

of means must be compared 

Cola Club soda 

1. Cola is significantly 1 

better than club soda. ; 
Cola versus club soda 

2. Cola versus water 

Y 3. Club soda versus water 
2. Cola is significantly 

better than water. 

The results of each post hoc comparison are 

shown to the left. 

The cola is significantly better than both club 

soda and water; furthermore, club soda is not sig- 

nificantly different from water. 

3. Club soda is NOT 

significantly different from 

water. 

1. Identify three things that the researchers did that should reduce the within-group variance in this 

study. 

a. Gave all of the plants the same amount of liquid 

b. Gave some plants cola, some water, and some club soda 

c. Made sure that all of the plants were exposed to the same amount of sunlight 

d. Planted all of the seeds at the same depth 

2. Identify the one thing researchers did to cause the between-group variance. 

a. Gave all of the plants the same amount of liquid 

b. Gave some plants cola, some water, and some club soda 

Made sure that all of the plants were exposed to the same amount of sunlight 

d. Planted all of the seeds at the same depth 

3. Identify two other things that contribute to the between-group variance that the researchers do 

not want to cause between-group variance. 

a, lype lerror 

b. Type II error 

c. Measurement error 

d Individual differences 
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4. Inthe preceding scenario, the researchers rejected the null hypotheses. What is the null 

hypothesis for an ANOVA comparing three treatment conditions? 

a. Ho: By * P * Hs 

b. Hy: p= =H, 

C. Ho: py =p, * Bs 

d. Ho: Hy # Py = Hs 
5. Inthe scenario above, the researchers rejected the null hypotheses. This means that the F ratio 

they computed (i.e., the obtained F value) was significantly greater than 1. Why is the F ratio 

greater than 1 if the IV had an effect on the DV? 

a. The variability in the numerator of the F is caused by treatment effects, and the variability in 

the denominator is caused by sampling error. If there is a treatment effect, the sampling error 

will be equal to zero and the overall F will be greater than 1. 

b. The variability in the numerator of the F is caused by treatment effects and sampling in 

error, while the variability in the denominator is only caused by sampling error. If there is a 

treatment effect, it will lead to a larger numerator compared to the denominator. 

87 

After reviewing the evidence illustrating the dramatic beneficial effect of “watering” sunflowers 
with cola, two different research teams attempt to replicate the same study with a different species of 
sunflowers. As with the previous study you read about, each research team took a sample of nine sun- 
flower seeds from the population of seeds. The seeds were randomly assigned to treatment conditions 
and their heights were recorded. The data collected from each team are tabulated as follows. 

6. If you look at the data within each group, you should be able to see that there is variability within 
each treatment condition. Flowers within each group were not exactly the same height. For example, 
for Research Team 1, the heights within the cola condition are all different from each other (88, 90, 
92). Identify the two possible reasons for this variability in within-treatment conditions. 
a. Treatment effects 

b. Individual differences 

c. Measurement error 
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10. 

Between 

treatments 

Within 

treatments 

10K, 

How can you tell which research team has more error (within-group) variability? It may help you 

remember that SS.,,,. is computed by summing the SS for each treatment condition. 

a. Look at the means for the treatment conditions (i.e., cola, club soda, and water). The 

researcher with larger differences between the means for the three treatment conditions will 

have more within-treatments variability. 

b. Look at the standard deviation for each treatment condition (i.e., cola, club soda, and water). 

The researcher with larger standard deviations will have more within-treatments variability. 

You should remember that the standard deviation is the “standard” distance between each score 

in a condition and the condition mean. Look at the variability of raw scores within each 

condition for Research Team 1 and compare it with the variability within each condition for 

Research Team 2. Which researcher had more within-group variability in their data? 

a. Researcher 1 

b. Researcher 2 

Which of the following may lead to greater within-treatment variability? Select all that apply. 

a. The researcher is exceptionally careful when determining how much liquid to give each plant 

and weighs the liquid to the nearest tenth of a gram rather than using a measuring cup. 

b. The lights are fairly dim and so the researcher has a hard time reading the ruler when 

measuring the sunflowers. 

c. The researcher runs out of one type of sunflower seed, and so he uses a different type of 

seed from a different supplier. 

The SSs are provided below for each researcher. Use the SSs and the information in the problem 

(i.e., the number of groups and participants) to complete the ANOVA summary tables. 

Between 98.0 

treatments 

How do you compute df, .ween? 

a. Subtract one from the number of people in the study 

b. Subtract one from the number of treatment conditions 

c. Subtract the number of treatment conditions from the number of people in the study 

d Subtract the number of people in the study from the number of treatment conditions 
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12. How do you compute df vithinerron? 

a. Subtract one from the number of people in the study 

b. Subtract one from the number of treatment conditions 

c. Subtract the number of treatment conditions from the number of people in the study 

d Subtract the number of people in the study from the number of treatment conditions 

13. How do you compute the MS when you know SS, ..yeen ANd Aferween? 
between 

a. Divide the SS, .oveon DY the Ufvenmecn 

by Multiply ihe Sss7 "by thed) 2.” 

c. Divide the df,..ween by the SS, between 

14. Given your answer to the previous question, how do you compute the MS, inerrorn. When you 

know OS sy atanenon and df, 2 ithin(error) * 

a. Divide the SS vichin(erros) by the Dy cemceon 

b. Multiply the SS by the df, 
within(error) 

c. Divide the df, by the SS 

ithin(error) 

ithin(error) within(error) 

15. After you have the MS,,...,.., and the MS, ininerron: HOW do you compute the obtained F value? 

a. Multiply the MS,...,.n times the MS, ninerron 

b: » Divide theMS,"-2., Dy the MS venon 

€. Divide the MS ainenon DY the MS, ween 

16. Use the dfpeneen thE Ufvitninr aNd the table of critical F values in the back of your text to the find the 
critical value of each of these studies. Use an alpha of .05. What is the critical value for these studies? 

Critical value for Research Team 1 = Critical value for Research Team 2 = 

17. Why are the critical values the same for these two studies? Select all that apply. 

a. Both studies used an alpha of .05, and all F tests use the same critical value when using the 
same alpha level. 

b. Both studies have the same number of treatment conditions and the same number of 
sunflowers in each condition. 

c. Both studies have the same dfy,..yec, and df 
within(error)* 

18. Should Researcher 1 reject the null hypothesis? 

a. Yes, the obtained F value is less than the critical value. 

b. Yes, the obtained F value is greater than the critical value. 

c. No, the obtained F value is less than the critical value. 

d. No, the obtained F value is greater than the critical value. 

19. Should Researcher 2 reject the null hypothesis? 

a. Yes, the obtained F value is less than the critical value. 
b. Yes, the obtained F value is greater than the critical value. 
c. No, the obtained F value is less than the critical value. 

d. No, the obtained F value is greater than the critical value. 
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20. Based on the differing results of these two studies, explain how two research teams can have 

identical mean differences (and identical MS,,.,,,.,) and one reject the null and the other fail to 
reject the null. What is different about these two studies that made them have different results? 

Select all that apply. 

a. Researcher 1 had far less within-treatment variability. 

b. Researcher 1 seemed to have less measurement error and/or fewer individual differences 

than Researcher 2. 

c. Researcher 2 might have been sloppier in conducting the study (e.g., making sure each plant 

received the same amount of liquid) than Researcher 1. 

d. Researcher 1 had a larger treatment effect than Researcher 2. 

After hearing about the success that the farmer had using cola on sunflowers, two other researchers 

conducted studies to determine if cola, club soda, and water differentially affected the growth of 

tomato plants. The data are presented as follows. 

Group 2: 

Club Soda 

Between 134.0 

treatments 

Within 

treatments 

21. Complete the ANOVA summary tables for Researcher 1 and Researcher 2. 

22. Look at the standard deviations and SSs for each condition in both studies. These values all 

represent within-group variability. Given that all of these values are identical for Researcher 1 

and Researcher 2 and that the number of participants is the same in both studies, the for 

these two studies must also be identical. 

a. MS between 

b. MS within 



418 AN INTRODUCTION TO STATISTICS 

23. You should also notice that the means are different between the treatment conditions of each 

study. Circle the three possible causes for this between-group variability in this single 

experiment. 

a. Treatment effects 

Effect sizes 

Individual differences 

Measurement error 

ono 5 Confidence intervals 

24. Identify the critical value for each study. 

25. Based on these results, explain how two studies can have identical variability in within-treatment 

conditions (i.e., identical MS, ;nineron) and one study reject the null and the other study fail to 

reject the null. 

a. The numerators of the Fs for the two researchers could be different because one researcher 

has a treatment effect while the other does not. 

b. Even though the denominators are the same, the numerators of the Fs for the two researchers 

could be different because one researcher has more measurement error than the other. 

The makers of ginger ale are dismayed to hear of the results of these studies because they are sure 

that their carbonated beverage is every bit as good as cola for “watering” plants. To test the effect of 

their product on plant growth, they do a study similar to those above but with four different treatment 

conditions and with nine seeds per condition. The data are as follows. 

Ginger Ale Club Soda 

90 

76 

79 

StF | 

87 

90 

Source 

Between treatments 

Within treatments 
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27. Based on the results summarized in the above ANOVA summary table, should the null hypothesis 

for this study be rejected or not? 

a. The null should be rejected because the obtained F value is greater than the critical value. 

b. The null should not be rejected because the obtained F value is less than the critical value. 

The following questions ask you to compare the relative amount of within-treatment and/or 

between-treatment variability that is present in two different data sets. Within-group variability is 

higher when the scores within the treatment conditions are more different from each other. In other 

words, studies with more within-group variability have higher SDs and SSs. Between-group variability 

is higher when the means for each condition are more different from each other. In other words, stud- 

ies with more between-group variability have greater differences among the condition means. Use the 

following two data sets to answer Questions 27 through 31. 

Group 1: Group 2: Group 2: 

Cola Club Soda Club Soda 

28. Which researcher’s data set has more variability within treatments (i.e., a higher MS yitninerron)? 

(Hint: Look at the standard deviations within the treatment conditions for Researcher 1 and 

Researcher 2.) 

a. Researcher 1! 

b. Researcher 2 

c. They have the same amount of within-treatments variability. 

29. Which researcher’s data set has more variability between treatments (Le. a higher MS. cen)? 

(Hint: Look at the means for Researcher 1 and Researcher 2.) Which researcher has more 

variability between the means? 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of between-treatments variability. 

30. Which researcher’s data sets will result in a larger F value? (Hint: The F ratio is computed as: 

MS IMS yjchinverron) 1 this case, the researchers have the same denominator for their F ratio 
within(err between : rger F? 

(.e., the same MS \ieninerron)’ Which researcher has the larger numerator and hence the larg 

a. Researcher 1 

b. Researcher 2 

c. They have the same F value. 
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31. Which researcher's study is more likely to lead to rejecting the null hypothesis? 

a. Researcher 1 

b. Researcher 2 

Use the following two data sets to answer Questions 32 through 36. 

ee 
Group 1: Group 2: Group 3: 

Cola Club Soda Water 

Group 2: 

Club Soda 

32. Which researcher's data set has more variability within treatments (i.e., has a higher MS \ininerron)? 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of within-treatments variability. 

33. Which researcher's data set has more variability between treatments (i.e., has a higher MS between) 
a. Researcher 1 

b. Researcher 2 

c. They have the same amount of between-treatments variability. 

34. Which researcher’s data sets will result in a larger F value? It is important to 
note that in this case, both researchers have the same numerator for the F (i.e., MS 

petarean) 

a. Researcher 1 

b. Researcher 2 

c. They have the same F value. 

35. The two studies have the same df,.,,,.., and the same Of vithinerron’ Which means that they will have 
the same . (Do you know why the dfs for the two studies are the same? If not, figure 
that out first.) 

a. Obtained F value 

b. Critical value 

C. MS icninverron 

d MS between 
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36. The two studies have the same MS ieninerron ANA the same MS, eryeens Which means that they will 

have the same . (Do you know why the MSs for the two studies are the same, even 

though all of the scores are different for the two studies? If not, figure that out first.) 

a. Obtained F value 

b. Critical value 

(as MS, enieverror) 

d. MS 
between 

Use the following two data sets to answer Questions 37 through 41. 

Group 1: Group 2: Clu Group 3: 

Cola Soda Water 

es 
Raorlanerhiecs | 
See 

37. Which researcher’s data set has more variability within treatments (i.e., a higher MS, icinerron)? 

Researcher 1 

Group 2: Club 

Soda 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of within-treatments variability. 

38. Which researcher’s data set has more variability between treatments (i.e., a higher MS,,..ween)? 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of between-treatments variability. 

39. Which researcher’s data sets will result in a larger F value? 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of within-treatments variability. 

40. Which researcher’s study is more likely to lead to rejecting the null hypothesis? 

a. Researcher 1 

b. Researcher 2 
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41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

withinerron FOF Researcher 1 smaller than the MS, ichinerron fOr Researcher 2? 

a. The scores of Researcher 1 within each treatment condition are more variable (i.e., more 

different). 

b. The scores of Researcher 1 within each treatment condition are closer together (i.e, more similar). 

Why is the MS 

The following questions are not based on any specific data sets. 

When a data set has a lot of measurement error and the individuals being measured are very 

different from each other, the data will tend to have 

aye large MS \ichincerror): 

b. alarge MS, etween” 

When the different treatments vary in their effectiveness (i.e., some treatments are better than 

others), the data will tend to have 

a. a large MS eninenen: 

b. alarge MS, 
etween* 

Why do researchers want to minimize within-treatments variability? (Choose two answers.) 

a. Lowering within-treatments variability generally results in higher F values 

b. Lowering within-treatments variability increases the between-treatments variability 

c. Lowering within-treatments variability makes rejecting the null more likely 

d. Lowering within-treatments variability lowers the between-treatments variability 

Why do researchers want to maximize between-treatments variability? (Choose two answers.) 

a. Increasing between-treatments variability generally results in higher F values 

b. Increasing between-treatments variability decreases the within-treatments variability 

c. Increasing between-treatments variability makes rejecting the null more likely 

d. Increasing between-treatments variability increases the within-treatments variability 

To determine the effectiveness of a new painkiller on migraines, a medical researcher recruits 
80 people with migraines. Twenty of the participants receive a placebo, 20 receive 1 mg of the 
painkiller, 20 receive 2 mg of the painkiller, and 20 receive 3 mg of the painkiller. Each 
participant recorded the severity of his or her migraine 1 hour after taking the respective 
migraine treatments. Which of the following would be the most effective way to increase 
between-treatments variability in this study? 

a. Use only women in the study 

b. Use fewer participants 

c. Use doses of the drug that are more different (e.g., 10, 20, and 30 mg rather than 1, 2, and 3 mg) 

Which of the following would be the most effective way to decrease within-treatments variability 
in this study? 

a. Use only women in the study 

b. Use fewer participants 

c. Give larger doses of the drugs (e.g., 10 mg rather than 1 mg, etc.) 

This activity focused on explaining within-group and between-group variability of an ANOVA and 
how each of these types of variability affects the size of the obtained F value. The activity further 
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emphasized that the larger the obtained F value, the more likely the null hypothesis will be rejected. 

If an ANOVA is comparing three or more groups, what additional analysis must be performed? 

a. Post hoc tests must be performed to determine which of the groups are significantly 

different from each other. 

b. Another ANOVA must be performed. 

A bunch of t tests must be performed. 

49. Finally, try to explain to someone who has never taken a Statistics course how an ANOVA 

compares within-group and between-group variability to determine if three or more treatment 

options are equally effective. 

Learning Objectives 

e Use SPSS to conduct an independent ANOVA with confidence intervals 

e Interpret the SPSS output 

e Compose an APA style summary of the ANOVA results, including confidence intervals 

In Chapter 8, you learned that confidence intervals help researchers generalize their results to a popu- 

lation. Specifically, they provide a range of plausible values for population parameters. In previous 

activities, our ANOVA summaries did not include confidence intervals because we wanted you to focus 

on learning to write ANOVA summaries without the added complexity of confidence intervals. 

However, the APA publication manual recommends including confidence intervals every time you 

report a mean or a mean difference (i.e., every time you report the results of t tests or ANOVAs); so, 

now that you understand how to write ANOVA summaries, it is time to incorporate confidence intervals 

into your statistical reporting. In this activity, you will compute confidence intervals for ANOVA results 

and include them in your interpretation of a study. 

Agarwal, Karpicke, Kang, Roediger, and McDermott (2007) asked students to read different passages 

from a textbook. The passages varied in topic (e.g., fossils, wolves, twisters), but all had approximately 

1,000 words. Students read each passage once, and then the participants were randomly assigned to 

use different studying methods. Some students studied with each of the following methods: 

Studied the material (any way they wanted to) once 
— 

Studied the material (any way they wanted to) twice 

Studied the material (any way they wanted to) three times 

Took a closed-book test and then were given the passage so they could self-grade their answers to the test 

Took a closed-book test without feedback about the correct answers 

Took an open-book test 

Took a test at the same time as they read the passage NOT AWN 
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One week later, the students took a test over each passage. Overall, they found that test performance 

was best when students either took a closed-book test with feedback or an open-book test. So, taking 

some form of test with feedback available led to better learning than studying material three times. 

Intrigued by these results, you wonder if these results would generalize to learning about statistics, 

which you think is quite a bit different than learning about nonstatistics topics. You only have 120 partici- 

pants, so you decide to test just four experimental conditions: (1) study the material twice, (2) closed-book 

test, (3) closed-book test with feedback, and (4) open-book test. You randomly assign each of the 120 

people to one of the four conditions. All participants got the same statistics chapter to read and studied 

it according to the method they were assigned. One week later, they took a test on the statistics chapter. 

1. Your data are included in the SPSS file titled “TestingEffectANOVA.sav.” Run an ANOVA to 

determine if studying method had an effect on test scores (see 

Chapter 11, p. 384, for instructions on how to run the ANOVA). Fill in the 

needed statistical information based on the SPSS output you obtain. 

A one-way independent measures ANOVA revealed that studying method had a significant effect 

on test scores, F( ; )= oS Wi. 

MSE = 1S = 

2. Use the SPSS output to record the means and standard deviations for the four groups in the 

following table: 

95% Confidence Intervals 

Standard Deviation | Lower Bound Upper Bound 
oS 

. Studied the material 

twice 

- Closed-book test with 

feedback 

c. Closed-book test 

without feedback 

d. Open-book test 

3. Compute the 95% confidence intervals: 

a. Click on Analyze>Descriptive> Explore. 

b. Move the IV (StudyGroup) into the “Factor list” box and the DV (TestScores) into the 
“Dependent list” box. 

c. Click on the Statistics box and choose 95% confidence intervals. 

Click on the Continue button and then the OK button. 

Although you can add confidence intervals to APA-style write-ups of ANOVAS, it is often easier for 
readers to understand if all the numbers are presented in a table format. Thus, it is very common for 
researchers to present ANOVA results with confidence intervals in a table similar to the one shown 
above. Add the upper and lower bound values for each confidence interval to the table above. 
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4. Are the confidence intervals you just computed confidence intervals around means or mean 
differences? 

5. The overall ANOVA was significant and there were more than two groups, so you need to do post 

hoc tests to determine which groups were significantly different from each other. Based on the 
SPSS output, which pairwise comparisons are significantly different? If the difference was 

significant, circle the group with the higher test score. 

a oa 

Open-book test vs. closed-book test without feedback 

Open-book test vs. closed-book test with feedback 

6. The post hoc tests allow you to determine which mean differences are statistically significant. 

You can also compute the confidence intervals around these mean differences to obtain a range 

of plausible values for these group differences if these experimental conditions were applied to 

the entire population. SPSS provides the lower and upper bounds for the pairwise mean 

differences in the Tukey post hoc table. Record the point estimate for each mean difference as 

well as the lower and upper bounds for each confidence interval in the following table. 

Closed-book test without feedback 

vs. study twice 

study twice 

Open-book test vs. study twice 

Closed-book test with feedback vs. 

closed-book test without feedback 

Open-book test vs. closed-book test 

without feedback 

Open book test vs. Closed book test 

with feedback 
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7. The confidence intervals around the mean difference are somewhat wide. How could the 

researcher reduce the width of the confidence intervals in future research? Choose two. 

Decrease measurement error 

sp gs Increase the sample size 

c. Increase the treatment effect 

d. Decrease homogeneity of variance 

8. What was the overall effect size Gir ) for this study? (If you asked SPSS to provide an effect size 

estimate, you should find this ate in the output; if not, you can calculate it by hand easily.) 

9. What does the overall effect size tell you? 

a. It indicates how much of an effect studying method variable had on test scores. 

b. It indicates which studying methods were the most helpful. 

10. Researchers are usually far more interested in the effect size for the pairwise comparisons than 

the overall effect size for the ANOVA. Unfortunately, SPSS does not compute the effect sizes for 

the pairwise comparisons. However, you can compute them by hand using the following formula: 

M, —M, 
aie 

SD, 

Ge 

Compute the effect sizes for each pairwise comparison in the following table. The first four pairwise 

comparisons are completed for you. 

Closed-book test without | 55.33-—50.83 = 4.5 _ (29)10. 25° + mae 74° 
feedback vs. study twice p (29) + (29) = 133.63 

Closed-book test with 

feedback vs. study twice 
65.53—50:85.=14.5 _ (29)11.44* + (29) 12.74? 

pa (29) + (29) = 146.54 

Open-book test 65.67 —50.83=14.84 | ono _ (29)11.43° + (29)12.747 _ ele 
vs. study twice p (29) + (29) ie 

Closed-book test with ©0935 SPO-D7 10. lice nae( C8) 1 sae Ge Oe eee eee 
feedback vs. closed-book P (29) + (29) aires 
test without feedback 

Open-book test vs. 

closed-book test without 

feedback 

Open-book test vs. 

closed-book test with 

feedback 
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11. Write an APA-style summary of the results. When working with this many numbers, it is usually 
best to put all of the numbers in tables. This has already been done in Tables 1 and 2 below. In 

your write-up, start with the sentence you completed in Question 1. Then, explain the post hoc 

tests. In doing so, you should not just write a laundry list of the post hoc tests that are significant 

and not significant. Instead, you should try to tell a story. Explain what happened in the study. 

What do the results suggest about how students should study? 

Table 1. Means, Standard Deviations, and Confidence Intervals for Each Study Group 

Companson Mean (SD) 95% CI 

Study twice 50.83 (12.74) 46.08, 55.59 

Closed-book test without feedback 55.33 (10.25) SLi, SOMO 

Closed-book test with feedback 65.33 (11.44) 61.06, 69.61 

Open-book test 65.67 (11.43) 61.40, 69.93 

Table 2. Tukey HSD Post Hoc Results With Confidence Intervals and Effect Sizes 

eS ee 

Mean 

Comparison Difference 95% CI p d 

Closed-book test without feedback 4.50 —3.24, 12.24 431 39 

vs. study twice 

Closed-book test with feedback vs. study twice 14.50 6.76, 22.24 <.001 1.20 

Open-book test vs. study twice 14.83 PAO, 2250 <.001 1283 

Closed-book test with feedback vs. closed-book 10.00 PAG, WHF .006 92 

test without feedback 

Open-book test vs. closed-book test without 10.33 2.60, 18.07 004 295 

feedback 

Open-book test vs. closed-book test 3 —7.40, 8.07 .999 .03 
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Learning Objectives 

After reading the chapter, completing the homework and this activity, you should be able to do the following: 

Read a research scenario and determine which statistic should be used 

With the addition of one-way independent measures ANOVAs, you now have five different test 

statistics to choose from. At this point, the one-way ANOVA will be easy to identify because it 

is the only statistic you know that compares three or more groups. A summary of each possible 

statistic is provided in the table and the flowchart in the back of the book. 

Like real research, these scenarios can be complex, and some of the information provided is not 

necessary for deciding which statistic is appropriate. You might find it helpful to circle the informa- 

tion that is important and cross out the information that is not important to make this decision. Try 

to identify the research goal and then choose the statistic that achieves that goal. Alternatively, try 

using the flowchart/ decision tree at the end of the book to help you focus on the important informa- 

tion in each scenario. 

CHOOSE THE CORRECT STATISTIC 

Determine which statistic should be used in each of the following research scenarios: 

z for sample mean, single-sample ¢, related samples ¢, independent samples ¢, or one-way independent 

samples ANOVA. 

1. A psychologist examined the effect of physical exercise on a standardized memory test. Scores 
on this test for the general population form a normal distribution with a mean of 50 anda 
standard deviation of 8. A sample of 62 people who exercise at least 3 hours per week has a 
mean score of 57. Is there evidence for improved memory for those who exercise? 

2. A psychologist is interested in the effects of social pressure on conformity behaviors. To investigate 
the phenomena, she has a subject first sit in a room alone and judge the length of a line. Then, she 
has the subject sit with confederates who state that the line is much longer than it really is. After 
the confederates have made their estimates, the subject makes his or hers. The mean length given 
when they are alone is 5, with a standard deviation of 1.1. The mean length given when they are in 
a room with confederates is 7, with a standard deviation of 1.9. Which statistic would you use to 
determine if the length estimates that were provided while the subject was alone were significantly 
different from those given while the subject was with the confederates? 

3. Aresearcher would like to determine whether the students with anxiety disorders sleep more or 
less than most students. Suppose it is known that the number of hours college students sleep is 
normally distributed with a mean of 8. The researcher takes a sample of 32 students with 
anxiety disorders and records the amount of sleep they get each night. It is found that they 
average 7.8 hours, with a standard deviation of 1. Which statistic would help determine if 
students with anxiety disorders sleep more or less than 8 hours? 
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Farmer Brown was curious which of three types of food, Wonder Food, Miracle Grow, or 
Sorghum, would make cows gain the most weight. He could maximize his profit if he used the 

feed that was the most effective. But he also had to consider the cost of the food. He would be 

willing to buy the most expensive feed as long as there was evidence that it was “worth the cost.” 

He purchased a few bags of each type of feed. He randomly selected 30 cows from his herd. He 
then randomly assigned the cows to be fed Wonder Food, Miracle Grow, or Sorghum. Three 

months later, he weighed the 30 cows and compared the mean weights of those fed with the 

different foods. Which statistic would allow you to determine if one of the foods is significantly 

better than the two? 

A research scientist for the air force was asked to determine which of two landing gear systems 

should be installed on a new aircraft that would soon go into production. He had two identical 

prototypes of the new aircraft and had one of the landing gear systems installed on each aircraft. 

He obtained the services of 10 highly skilled air force pilots and, by drawing names from a hat, 

assigned 5 to fly each aircraft. Immediately after each pilot landed, he or she was instructed to 

rate how well the landing gear performed on a 10-point scale (e.g., 1 = poorly and 10 = very well). 

Which statistic would help you determine if one prototype received significantly higher ratings 

than the other? 

For a project in their undergraduate stats class, a group of students showed participants a video 

clip of a car accident. After watching, the video participants had to estimate how fast one of the 

two Cars was going when the accident occurred. A third of the participants were asked, “How fast 

was the car going when it bumped the other car?” A third were asked, “How fast was the car 

going when it hit the other car?” And the final third were asked, “How fast was the car going 

when it smashed the other car?” Which statistic would enable you to determine whether the 

three different ways of asking the question lead to different estimates of the car’s speed? 

Executives at a large corporation hired a psychologist to evaluate two physical fitness programs 

with the intent of adopting one for their employees. The two fitness programs were creatively 

labeled Plan A and Plan B. Two different work teams (employees who work together) volunteered 

to participate in some kind of fitness program. These two work teams were randomly assigned 

to one of the two different fitness plans. After 6 months, the psychologist used corporation 

records to determine the rate of absenteeism (number of work days missed) for employees in 

each plan. Which statistic would help you determine if Plan A or Plan B leads to less 

absenteeism? 

A researcher studies the effect of a drug on the number of nightmares occurring in veterans with 

posttraumatic stress disorder (PTSD). A sample of clients with PTSD kept records of each incident 

of a nightmare for 1 month before treatment. Subjects were then given the medication for 

1 month, and they continued to record each nightmare. Which statistic would help you 

determine if the medication significantly reduced nightmares? 

A college professor has noted that this year’s freshman class appears to be smarter than classes 

from previous years. The professor obtains a sample of N = 36 freshmen and computes an 

average IQ (M = 114.5) and the variance in IQ (SD? = 324) for the sample. College records indicate 

that the rnean IQ for the population of entering freshman from previous years was 110.3. Is the 

incoming class pen eeney smarter (as measured by IQ) than the mean for previous years? 

A group of participants had to press the brake on a driving simulator whenever they saw a ball 

roll into the road ahead of them. Every driver performed the task while talking on a cell phone 

and while not talking on a cell phone. The DV was how long in milliseconds it took to press the 
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brake pedal. The researchers compared the mean reaction time in the cell phone condition with 

the mean reaction time in the control condition. Which statistic would help determine if talking 

ona cell phone leads to slower response times? 

A neurologist had two groups of patients with different kinds of aphasia (i.e., brain disorders). 

One group had a damage to Broca’s area and the other had damage to Wernicke’s area. The 

researcher also used a third group of people who had no brain abnormalities. People in each 

group were shown line drawings of common household objects (i.e., a lamp, a chair, etc.) and 

were asked to name the object. Which statistic would determine if the number of objects 

correctly identified differed across the three groups? 
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Chapter 11 Practice Test 

A psychologist would like to determine which of three therapies is most effective in treating ago- 

raphobia: (1) CBT, (2) systematic desensitization, or (3) hypnosis. Fifteen individuals diagnosed with 

agoraphobia were randomly assigned to each of the three therapies. After 3 months of therapy, the 

psychologist asks the participants to record the number of times they leave their house/apartment 

building during a 2-week period. 
H cor (é oe < 

Cognitive Behavioral Therapy | Systematic Desensitization | Hypnosis 

7 tz 

8 7 
i | 

6 8 

9 9 

10 6 2 

1. Match the assumption to the fact that is relevant to that assumption. 
r 
\__ Independence 

(A C\__ Appropriate measurement of the IV and the DV 

D__ Normality 

C Homogeneity of variance 

a._The one variable defines groups and the participants’ responses were given on an interval/ 

ratio scale. 

b~Samples of 30 or more tend to form distributions of sample means that meet this assumption; 

also, if the population of scores has a normal shape, this assumption will be met. 

¢.Data were collected from one participant at a time. 

d. When the standard deviations from each condition are similar (i.e., not twice as large), this 

assumption is probably met. 

2. Which of the following best represents the null hypothesis for this study? 

“As Ho: Hy = Bo * Bs 

BIH: By * Be = Hs 
_ Hp: pH, + H. # Us 

‘dy Ho: Hy = Ye = Hs 

3. Which of the following best represents the research hypothesis for this study? 

a. The mean number of times patients with agoraphobia leave their homes after treatment is 

the same for CBT, systematic desensitization, and hypnosis. 

b. The mean number of times patients with agoraphobia leave their homes after treatment is 

not the same for CBT, systematic desensitization, and hypnosis. 
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The following ANOVA source table came from the preceding study, but it is only partly complete. 

Complete the entire table and use it to answer the next three questions. (Complete the table by 

hand before you analyze the data using SPSS.) 

cae at 
112.53 

36.40 iD 

4. What is the between-treatments df for this study with three groups (i.e., three conditions)? 

@) a Af = a 
bes 

6, & Zo 

5. What is the within (error) df for this study with five people in each of the three groups? 

a. 4 a f a Ee 

DS YS N : 

c. 14 

12 Ne 

6. What is the error term (i.e., MS vicninerror)? 

a. 36.40 MSS? 2 iA 

Source of Variance 

Between 

Within (error) 

d. 18.549 

7. What is the critical value of F for this study that is using an alpha value of .05? 

Ca) 3.89 pay? 
I, Blots 

NJie 2: 
G, SA) 

8. What is the obtained F value for this study? 

a. 36.40 

by 3:035 

€, 196,267 

(4) 18.549 
©, IWEAe ks) 
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9. Should the null hypothesis of this study be rejected? 

YES 

b. No 

10. Do post hoc tests need to be done for this study? 

a. Yes, we failed to reject the null and there are only three groups. 

6 Yes, we rejected the null and there are more than two groups. 

c. No, we rejected the null and there are more than two groups. 

d. No, we failed to reject the null and there are only three groups. 

11. Which of the following images shows the correct way to enter the independent ANOVA data into 

SPSS for this analysis? 

Data Set A Data Set B 

Cognitive Systematic Hyponosis Treatment | LeaveHouse 
7.00 12.00 2.00 1.00. ~ 7.00 
8.00 7.00 3.00 4.00 8.00 

6.00 8.00 4.00 1.00 6.00 

9.00 9.00 4.00 1.00 9.00 

10.00 6.00 2.00 1.00 40.00 

2.00 12.00 | 
2.00 7.00 

2.00 8.00 

2.00 9.00 

2.00 6.00 

3.00 2.00 

3.00 3.00 

3.00 1.00 

3.00 4.00 

3.00 2.00 
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The SPSS output for the ANOVA and post hoc tests follows. Use this output to answer questions. 

Descriptive Statistics 

Dependent Variable: LeftHouse 

BCI BS 
1.68114 

2.30217 

1.14018 

3.26161 

Tests of Between-Subjects Effects Ps 

Dependent Variable: LeftHouse [L 

Source of Squares Mean Square Squared 

Corrected Model 112.533" 56.267 18.549 

Intercept 589.067 589.067 194.198 

Treatment 112.533 2 56.267 18.549 

Error 36.400 2 3.033 

Total 738.000 

Corrected Total 148.933 

a. R Squared = 756 (Adjusted R Squared = 714) 

Multiple Comparisons 

Dependent Variable: LeftHouse 

Tukey HSD 

Mean 

Difference (I- 

J) 

| 95% Confidence interval | Confidence Interval 

Std. Error Lower Bound | Lower Bound | Upper Bound (l) Treatment = Treatment oe oe 
cbt ~.4000 1.10151 -3.3387 2.5387 

5.6000 1.10141 a 2.6613 8.5387 

1.10151 930 -2.5387 3.3387 

hyp cbt 1.10151 -8.5387 -2.6613 

Based on observed means. 

The error term is Mean Square(Error) = 3.033 

* The mean difference is significant at the .05 level. 
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12. Whatis y . for the effect of the treatments on the dependent variable? 

(a) .756 
b. .942 

18.549 
194.198 

Cc. 

d. 

13. Which of the post hoc tests are significant? Select all that are significant. 

a. CBT vs. SD 

14. 

(Clewt Wey labd® 

PoDiveallyP 
3 

Which of the following accurately describes the results of the Tukey post hoc tests? 

a; 

The effect sizes for two of the pairwise comparisons have been computed and entered in the 

Systematic desensitization was significantly better than cognitive behavioral therapy and 

hypnosis. Cognitive behavioral therapy and hypnosis were the same. ) 

Systematic desensitization and cognitive behavioral therapy were equally effective. Hypnosis 

was worse than both of them. 

Hypnosis was the best, cognitive behavioral therapy was the second best, and systematic 

desensitization was the worst. 

following table. Compute the remaining effect size. 

se1)(-Mem Means and Standard Deviations for Treatment 

Class Mean (SD) 

Cognitive behavioral 8.00 (1.58) 

Systematic desensitization 8.40 (2.30) 

Hypnosis 2.40 (1.14) 

reliGweam Tukey HSD Post Hoc Results With Effect Sizes 

Comparison Mean Difference aa 

CBT vs. SD -.40 
_ 

CBT vs. HYP 5.60 

SD vs. HYP 
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16. What is the p value for the CBT vs. SD post hoc comparison? 

a. .001 
(Cb) .930 

CG, JOS 

d. .869 

17. ess ge you need to compute two measures of effect size (dand 11 af ) for ANOVAS? 

\ \a) Np » allows you to quantify the size of the overall effect of the IV on the DV. d allows you to 

quantity the size of the differences between each pair of means. 

Dl » allows you determine which IV is more effective. d allows you to determine which DV is 

more effective. 

G i A allows you determine whether you should do post hoc tests. d tells you which post hoc 

tests are significantly different than 0. 

18. Which of the following is the best summary of the results of this study? 

a. A one-way ANOVA was conducted with type of treatment as the independent variable and the 

number of times each person left the house as the DV. The effect of treatment was significant, 

IAQ, 12) = WSS, O < OO, MSE = SOS. nN = .76. Tukey HSD post hoc tests indicated that 

participants who received cognitive behavioral therapy left the house more often than 

participants who received hypnosis. No other differences were significant. See Tables 1 and 2 

for descriptive statistics. 

b. A one-way ANOVA was conducted with type of treatment as the independent variable and the 

number of times each person left the house as the DV. The effect of treatment was significant, 

EG, I2)i= 18°55, p = 001, MSE = 3103; Ne = .76. Tukey HSD post hoc tests indicated that 

participants who received cognitive behavioral therapy left the house more often than 

participants who received hypnosis. Likewise, participants who received systematic 

desensitization left the house more often than participants who received hypnosis. Cognitive 

behavioral therapy and systematic desensitization were equally effective. See Tables 1 and 2 
for descriptive statistics. 

c. A one-way ANOVA was conducted with type of treatment as the independent variable and the 
number of times each person left the house as the DV. The effect of treatment was significant, 
AZ, WA) = Wises, j) << CON, MES B05), lees .76. Tukey HSD post hoc tests indicated that 
participants who received systematic desensitization left the house more often than 
participants who received cognitive behavioral therapy who left the house more often than 
participants who received hypnosis. Overall, systematic desensitization was the most effective 
treatment. See Tables 1 and 2 for descriptive statistics. 

d:-A-one-way ANOVA was conducted with type of treatment as the independent variable and the 
number of times each person left the house as the DV. The effect of treatment was not 
significant, F(2, 12)= 18.55, p < .001, MSE = 3.03, n. = .76. Overall, all treatments were 
equally effective. See Tables 1 and 2 for descriptive statistics. 

Use the following two data sets to answer Questions 19 through 23. 
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Researcher 1 Researcher 2 

Group 1: | Group 2: | Group 3: Group 1: Group 2: Group 3: 

Cola Al Club Soda Water Cola Club Soda Water 

48 56 64 40 40 40 

50 60 70 50 60 70 

iS 52 | 64 76 60 80 100 

M, = 50 M, = 60 M, = 70 M, = 50 M, = 60 M, =70 

SD 2 | SD, =4 SD, =6 SD,= 10 SD, = 20 SD, = 30 

19. 

20. 

PA 

22. 

Zor 

Which researcher’s data set has more variability within treatments (i.e., a higher MS, ininerron)? 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of within-treatments variability. 

Which researcher’s data set has more variability between treatments (i.e., a higher MS, .ween)? 

a. Researcher 1 

b. Researcher 2 

c. They have the same amount of between-treatments variability. 

Which researcher’s data sets will result in a larger F value? 

a. Researcher 1 

b. Researcher 2 

c. They have the same F value. 

Which researcher’s study is more likely to lead to rejecting the null hypothesis? 

a. Researcher 1 

b. Researcher 2 

Which data set probably has more measurement error? 

a. The data set of Researcher 1 

b. The data set of Researcher 2 

A researcher reported the following results: F(2, 72) = 4.00, p < .05, MSE = 6. Use this 

information to “work backward” and complete the following source table. 
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Source 

Between treatments 

Within treatments 

24. How many treatment conditions (groups) were in this study? 

él, Il 

jo, 2 

Gall 3 

d 4 
25. How many people participated in this study? 

a, 1S 

b. 74 

G75 

d. 76 

26. What is the critical value for the F (using an alpha of .05)? 

a. 4.00 

Clee 
G, 2S 

cl, i 

27. Should you reject or fail to reject the null hypothesis? 

a. ) Reject 

b. Fail to reject 

28. Do post hoc tests need to be done? 

a.) Yes 

b. No 
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Two-Factor ANOVA or 

Two-Way ANOVA 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

e Explain when to use a two-factor analysis of variance (ANOVA) 

e Describe the three F ratios generated by a two-factor ANOVA 

e Write null and research hypotheses for the main effects and interaction F tests 

e Identify which means are compared when computing each main effect and interaction F tests 

e Complete an ANOVA summary table 

e Define the critical region for each F test 

e Determine whether you should reject each null hypothesis 

e Compute effect sizes for each main effect and the interaction, and describe each as small, medium, 

or large 

e Use SPSS to perform a two-factor ANOVA and create a graph of the main effects and interaction 

e Use SPSS to compute simple effect analyses 

e Summarize the results of the ANOVA using American Psychological Association (APA) style 

e Interpret the SPSS output for a two-factor ANOVA 

PURPOSE OF TWO-WAY ANOVA 

In the previous chapter, you learned about the one-way, independent ANOVA (also called the single- 

factor independent measures ANOVA). This statistic determines if a single independent variable (IV) 

has a significant effect on a dependent variable (DV). When conducting ANOVAs, IVs are often referred 

to as factors: therefore, an ANOVA evaluating a single IV is called a single-factor ANOVA or a one-way 

ANOVA. This chapter introduces the two-factor ANOVA, or the two-way ANOVA. Two-way ANOVAs are 

used frequently in the behavioral sciences because they can test for the effects of two IVs/two factors 

439 
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at the same time, and more important, two-way ANOVAs allow you to determine if the two IVs interact 

to affect the DV. The ability to examine the joint effect of two IVs (i.e., their interaction effect on a DV) 

is what makes the two-way ANOVA such a useful research tool. The world is complex, and multiple 

factors are important in most situations. The two-way ANOVA enables you to design studies that more 

closely mimic the complexity of the real world. 

A two-way ANOVA (also called a two-factor ANOVA) has two 

a. IVs. 

b. DVs. 

Reading 

Question 

A two-way ANOVA (also called a two-factor ANOVA) allows researchers to 

determine if Reading 

Question a. two IVs interact to jointly affect a DV. 

b. an IV has a large, medium, or small effect on a DV. 

DESCRIBING FACTORIAL DESIGNS 

For example, suppose you wanted to know the best way to study for college exams. Should you read 

over your notes or should you “test yourself” by trying to recall information from your notes? In your 

cognitive psychology course, you heard about the “testing effect,” which suggests that the act of try- 

ing to recall information aids memory. But, you have studied for a lot of tests in your academic career; 
you have always just read over your notes, and it seems to work. Might self-testing be a better way to 
study? You decide to conduct an experiment for your senior project in which you manipulate the way 
participants study; half will study by rereading material, and half will study by trying to recall material 
they read previously. Thus, type of studying method is an IV in your study, and it has two levels: 
either rereading material or trying to recall material. You also remember from your cognition class 
that human memory performance is highly influenced by time. In other words, the length of the 
retention period is an additional important factor to consider. It is possible that the best way to study 
for an exam might depend on how much time there is until the exam. So, you decide to include a 
second IV in your study. Specifically, you will manipulate the time delay between the study session 
and the exam; half of the participants will take an exam 5 minutes after studying, and half will take 
an exam 2 days later. Thus, time delay is a second IV in your study, and it has two levels: either 5-min- 
ute delay or 2-day delay. Table 12.1 will help you visualize the design of your study. 

Le Design of Two-Factor Study 

Factor A—Studying Method 

5 minutes 

Factor B—Time Delay 
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The two IVs in your study combine to create four experimental conditions. One group of par- 

ticipants will reread their notes and take the exam 5 minutes later. A second group will reread 

their notes and take the exam 2 days later. A third group will try recalling material and take the 

exam 5 minutes later. And the final group will try recalling material and take the exam 2 days later. 

The design you created is a 2 x 2 between-group factorial design. It is a 2 x 2 because the first IV, 

studying method, has two levels (rereading or recalling), and the second IV, time delay, has two 

levels (5 minutes or 2 days). If you had decided to have three levels of the variable time delay (e.g., 

5 minutes, 2 days, or 1 week), your design would have been a 2 x 3 between-group factorial design. 

This larger design would have had six conditions (2 x 3 = 6), sometimes called “cells,” rather than 

four conditions, or “cells.” So, whenever you describe a two-way factorial design, you will need 

two numbers, each reflecting the number of levels one of the IVs has in that design. Both of these 

designs are between-group designs because there are different participants in each of the different 

conditions, or cells. These types of designs are also referred to as independent samples or inde- 

pendent measures designs. 

c 3. Participants take a test 5 minutes or 2 days after studying. How many variables 

Reading = does this information represent? 

Question a4 

b. 2 

4. Participants take a test 5 minutes or 2 days after studying. How many levels does 

Reading this variable have? 

Question a. 1 
ln, 2 

How many cells are in a 3 x 3 between-group ANOVA? 
Reading ine, 

Question ee 

Cc, © 

d. 9 

How many independent variables are in a 3 x 3 between-group ANOVA? 

Reading = 5 

Question ee 

Cc, © 

d. 9 

LOGIC OF THE TWO-WAY ANOVA 

Two-way ANOVAs actually produce three different significance tests, each with its own null hypothesis. 

Your understanding of how the two-way ANOVA produces these three tests will hinge on your under- 

standing of Table 12.2. This table displays a more detailed depiction of the 2 x 2 between-group design 

you created previously. 
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IL (aera 2 x 2 ANOVA With Cell Means and Marginal Means 

Factor A—Studying Method 

Rereading Trying to Recall 

5 minutes | 8, 6, 11, 7, 5, 9, 10, 8 7) y VOP 625) 9 R97 Marginal mean for 

Cell mean = 8.00 (2.00) Cell mean = 7.25 (1.91) 5 minutes = 7.63 
(1.93) 

3, Sy Uy Dp Op O, B, © We By, Sy Up Oy Gr, Oy Marginal mean for 

Cell mean = 5.00 (1.69) Cell mean = 7.00 (1.69) 2 days = 6.00 
(1.93) 

Marginal mean for Marginal mean for trying 

rereading = 6.50 (2.37) to recall = 7.13 (1.75) 

In your 2 x 2 between-group design, you randomly assign each of your 32 research participants to 

one of the four different conditions, or cells. Consequently, you have eight participants in each of the 

four cells. All of these participants read a passage from a college textbook and then studied for a future 

exam by either rereading the passage or trying to recall the information they read. Then, half of those 

who reread took a subsequent exam 5 minutes later and half took the same exam 2 days later. Similarly, 

half of those who studied by trying to recall information they read took the exam 5 minutes after study- 

ing, and the other half took the exam 2 days later. Each participant’s number of correct answers on the 

exam is listed in each of the above cells. In addition, the mean for each cell is also provided in Table 

12.2; these values are called cell means, but it is also correct to call them condition means. 

As stated previously, the two-way ANOVA creates three significance tests. One of these tests is the 

main effect of Factor A (study method). In the study you designed, this test compares the mean DV 

scores of everyone who studied by rereading to the mean of everyone who studied by recalling. In other 

words, the main effect of studying method compares the marginal means of rereading (M = 6.50) and 
recalling (M = 7.13) from Table 12.2. The logic of this test is identical to that of a one-way ANOVA. A 
conceptual formula of this analysis is provided as follows: 

Studying Method effect & individual differences & measurement error 

Individual differences & measurement error 

EF = 
Studying Method 

The numerator of this test is the average between-group variability, which represents variability 
created by some combination of the treatment effect (ie., studying method), individual differences, 
and measurement error. The denominator of this test is the average within-group variability, which 
represents the variability created by individual differences and measurement error (ie., sampling 
error). If the different studying methods are equally effective, if they create no variability, then the 
obtained F value for this main effect would equal 1. Conversely, if one studying method is more 



CHAPTER 12 Two-Factor ANOVA or Two-Way ANOVA 443 

effective than the other, if there is variability created by the different methods, the obtained F value 
will be substantially larger than 1. Hopefully, you recognize that this logic is identical to that of a one- 

way ANOVA. In fact, the obtained F value of this main effect would be identical to the obtained F value 

of a one-way ANOVA. 

This two-way ANOVA also creates a test for the main effect of Factor B (time delay). In the study 

you designed, this test compares the mean DV score of everyone who experienced a 5-minute delay to 

the mean DV score of everyone who experienced a 2-day delay. This main effect compares the marginal 

means of a 5-minute delay (M = 7.63) and a 2-day delay (M = 6.00) in Table 12.2. Again the logic is iden- 

tical to a one-way ANOVA. This test is different from the main effect of Factor A because the data are 

grouped differently (which explains why the marginal means compared by this test are different from 

those compared by the main effect of study method). The conceptual formula for this main effect of 

time delay is provided below. Again, if the different time delays create no variance, the obtained F value 

should be equal to 1. As before, if the different time delays do create variance, the obtained F value will 

be substantially larger than 1. 

_ TimeDelay effect & individual differences & measurement error | 
ime Delay ie 

‘ Individual differences & measurement error 

Finally, this two-way ANOVA also creates a test for the interaction effect of Factor A and Factor B 

(Study Method x Time Delay). While the main effects compare the differences between their respec- 

tive marginal means, the interaction compares the differences between simple effects. Simple effects 

are the differences between pairs of cell means. For example, in your study, when participants experi- 

enced a 5-minute delay, the difference between the cell means was 8.00 — 7.25 = 0.75. This difference, 

0.75, is a simple effect. It indicates that, when the time delay was 5 minutes, those who reread recalled 

75 more correct answers than those who tried recalling. When participants experienced a 2-day delay, 

the simple effect was 5.0 —7.0 = —2.0. It indicates that, when the time delay was 2 days, those who 

reread recalled two less correct answers than those who tried recalling. Table 12.3 may help you visual- 

ize these simple effects. 

iF )(meeeewe Simple Effects for 2 x 2 ANOVA 

Simple effect for 5 minutes: 8.00 — 7.25 = .75 | 

Re-reading Trying to recall 

5 Minutes 

2 Days 

Simple effect for 2 days: 5.00 — 7.00 = -2.00 
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The interaction effect compares these two simple effects (0.75 vs. —2.0); the greater the difference 

between these simple effects, the greater the F value will be for this interaction. The conceptual for- 

mula for this interaction effect is as follows: 

F Interaction Studying Method x Time Delay effect & ind. diff. & measurement error 

REN Sta Individual differences & measurement error 

This interaction effect is typically the most important of the three tests provided by the two-way 

ANOVA, so it is essential that you understand what it is testing. Generally speaking, the interaction 

effect is testing if the two IVs combine to influence the DV. In the study you designed, the interaction 

helps you determine if students should study differently for exams depending on how far away the 

exam is. Jf there is a significant interaction, the answer to “How should I study?” depends on how 

much time there is before the exam. If you look at the simple effects, you can get a preview of what 

the interaction might tell you. The simple effect for the 5-minute delay condition (i.e., 8.0 — 7.25 = 0.75) 

suggests that the rereading participants (8.0) did slightly better than the recalling participants (7.5); 

however, the simple effect for the 2-day delay condition (i.e., 5.0 — 7.0 = —2.0) suggests something 

completely different—namely, that the recalling participants (7.0) did quite a bit better than the 

rereading participants (5.0). The fact that the two simple effects suggest different “stories” or differ- 

ent answers to “How should I study?” is an indication that there might be a meaningful 

(i.e., Statistically significant) interaction between studying method and time delay. The obtained 

F value for the interaction effect will indicate whether the difference between the simple effects (i.e., 

0.75 vs. —2.0) is likely to have resulted from sampling error. If the obtained F value is close to 1 

(defined by the critical value of F), then the simple effect differences are considered to be due to 

sampling error. 

The remainder of the chapter describes the details you would need to analyze the 2 x 2 between-group 

factorial design you created to answer the question “How should I study for college exams?” Your study 
is very similar to one conducted by Roediger and Karpicke (2006). The pattern of data and conclusions 
described below are consistent with those of Roediger and Karpicke (2006). 

7. How many main effects are tested by a two-factor ANOVA? 
Reading el 

Question EES 

(oe WS) 

8. How many interactions are tested by a two-factor ANOVA? 
Reading ca 

Question a 

CaS 

9. How many F ratios are computed with a two-factor ANOVA? 
Reading 

Question 
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A test of a main effect compares the to determine if they are 

significantly different from each other. Reading 

Question a. simple effects 

b. cell means 

c. marginal means 

A test of an interaction compares the to determine if they are 

significantly different from each other. Reading 

Question a. simple effects 

b. cell means 

c. marginal means 

Ros 12. Which analysis helps you determine if the effect of one IV depends ona 

Reading different IV? 

Question a. Main effect 

b. Interaction 

EXAMPLE OF A TWO-WAY ANOVA 

Step 1: Examine Variables to Assess Statistical Assumptions 

The statistical assumptions for the two-way ANOVA are similar to those for the one-way ANOVA. There 

are four assumptions to examine. The responses within each condition must not be influenced by 

other responses within that same condition (data independence), the distribution of sample means for 

each condition (i.e., cell) must have a normal shape (normality), the variability within each cell should 

be similar (homogeneity of variance), and the variables being analyzed must be appropriate for the 

two-way ANOVA (appropriate measurement of variables). The procedural controls used in this study 

seem likely to provide data independence. As with previous examples, the sample sizes in this exam- 

ple are too small for a real research study, but if we assume the populations represented by each 

condition are normally distributed, this example will be sufficient for teaching purposes. The homo- 

geneity of variance assumption is satisfied because none of the conditions’ standard deviations are 

double the size of any other conditions. The two-way ANOVA requires two “grouping” IVs and a DV 

that is measured on an interval or ratio scale. The first IV in this study, studying method, identifies 

two groups of participants: One studies by rereading and the other by trying to recall. The second IV, 

time delay, identifies two groups that test 5 minutes after studying or 2 days after studying. Together, 

these two variables create four conditions: rereading/5-minute delay, rereading/2-day delay, 

recalling/5-minute delay, and recalling/2-day delay. Whenever the conditions defined by two IVs are 

“combined” to create all possible combinations of IV conditions, it is a good indication that the two- 

way ANOVA is the appropriate statistic for those data. The DV in your study was the number of correct 

answers on an exam, which is an interval/ratio variable. So, a two-way ANOVA is the correct statistic 

for analyzing your data. 

13. You use a two-way ANOVA when 

4. the IV defines two independent samples and the DV is measured on an 

interval/ratio scale. 

Reading 

Question 
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b. the IV defines two or more independent samples and the DV is measured on 

an interval/ratio scale. 

c. the IV defines two matched samples and the DV is measured on an interval/ 

ratio scale. 

d. there are two IVs that combine to define four or more independent samples 

and the DV is measured on an interval/ratio scale. 

e. the IV defines one sample, the DV is measured on an interval/ratio scale, and 

the DV is measured twice on that same sample. 

f. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do not know the population standard deviation. 

g. the IV defines one sample and the DV is measured on an interval/ratio scale, 

and you do know the population standard deviation. 

Step 2: Set Up the Null and Research Hypotheses 

This two-factor ANOVA tests for three different effects. Specifically, it determines (1) if studying 

method has an effect on exam scores, (2) if time delay until the exam has an effect on exam scores, 

and (3) if studying method and time delay interact to jointly affect exam scores. If the two variables 

interact, it means that the best studying method to use depends on the time you have until the 

exam. Each of these three effects can be computed or discussed in any order, but we prefer to deal 

with the interaction effect first because it is generally the most important of the three effects. If you 

end up with a meaningful (i.e., statistically significant) interaction, you will probably want to tell 

people about it first because it is the most important finding. If, however, you don’t have a signifi- 

cant interaction, you might want to talk about a significant main effect first when you report your 

results. We will talk about how to report the results later in the chapter, but in each of the following 

steps, we will discuss the test for the interaction effect first because generally that is what you are 

most interested in when you conduct a two-way ANOVA. 

The two-way ANOVA generates three different effects, so there are three different sets of null and 
research hypotheses. We will start with the hypotheses for the interaction and then describe those for 

the two main effects. 

2a. Interaction Null and Research Hypotheses 

The primary advantage in using a two-factor design is that it allows you to determine if studying method 
and time delay until an exam interact to affect exam scores. An interaction between these IVs exists if 
the effect studying method has on exam scores is different when the time until the exam is relatively 
short (e.g., 5 minutes) versus relatively long (e.g., 2 days). Thus, the interaction research hypothesis is 
that the effect of studying method is different for people with short time delays versus long time delays. 
The interaction null hypothesis is that the effect of studying method is the same no matter when the 
exam takes place. The interaction hypotheses are summarized in Table 12.4. 

Readi 14. The null hypothesis for the interaction states that the effect of studying method 
eaading on exam scores 

Question a. is the same for people with short and long periods between studying and the 
exam. 

b. is different for people with short and long periods between studying and the 
exam. 
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Table 12.4 Verbal Representations of the Research and Null Hypotheses for the 
Study Method x Time Delay Interaction 

Mean Difference in Simple Effects 

Created by Verbal Statement of Hypothesis 

Research ‘all The effect of studying method on exam scores is 
hypothesis | different for people with short versus long time delays 
(H,) between studying and the exam (i.e., there is an 

interaction between the two IVs). 

The IVs interacting to affect 

memory performance 

Null The effect of studying method on exam scores is the 

hypothesis | same for people with short and long time delays 

(H,) between studying and the exam (i.e., there is no 

interaction between the two IVs). 

Sampling error 

15. The research hypothesis for the interaction states that the effect of studying 

method on exam scores Reading 

Question a. is the same for people with short and long periods between studying and the 

exam. 

b. is different for people with short and long periods between studying and the 

exam. 

As described above, there might be an interaction if the simple effects created by the cell means are 

very different. In the previous section, we generated the set of simple effects for time delay by finding 

the difference between the cell means for a 5-minute delay (8.00 — 7.25 = 0.75) and the difference for 

a 2-day delay (5.00 — 7.00 = —2.00). These generated simple effects were different by 2.75; +0.75 is 2.75 

away from —2.00. What if we had decided to create the simple effects for studying method? Could using 

a different set of simple effects potentially change whether or not we find an interaction? The simple 

effect for rereading would be 3.00 (8.00 — 5.00 = 3.00), and the simple effect for recalling would be 0.25 

(7.25 — 7.0 = 0.25). These simple effects are also different by 2.75 (3.00 — 0.25 = 2.75). So, it does not 

matter which set of simple effects one chooses to use; both will produce the same conclusion concern- 

ing the interaction. You should choose the set of simple effects that make the most sense in terms of 

your theory or the research literature. Essentially, you can choose the set of simple effects that makes 

the most sense to you. 

The simple effects for time delay indicate that when there was a 5-minute time delay, participants 

who studied by rereading (M = 8.00) had slightly more correct than those who studied by recalling 

(M = 7.25). However, when the time delay was 2 days, the rereaders had fewer correct (M = 5.00) than 

the recallers (M = 7.00). Now, you need a significance test to determine if this pattern of cell means (i.e., 

the difference between the simple effects) is likely to have occurred due to sampling error. As with all 

previous significance tests, not rejecting the null hypothesis suggests that the differences were created 

by sampling error. 

16. The null hypothesis for the interaction compares pairs of that are 

generated by the difference between the Reading 

Question a. main effects; marginal means 
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b. simple effects; cell means 

c. marginal effects; condition means 

17. To determine if an interaction is statistically significant, you will have to 
Reading 

é a. interpret the cell means. 
Question 

b. compute a significance test. 

2b. Main Effect Null and Research Hypotheses 

The second effect is the main effect of studying method. When you are analyzing this effect, you are 

just analyzing the IV of studying method. You are essentially ignoring the second IV of time delay. The 

null hypothesis for the main effect of studying method is that participants who studied by rereading 

versus trying to recall information from the reading will have equivalent exam scores. The research 

hypothesis is that these two conditions will have different exam scores. The symbolic notations for 

these hypotheses as well as their verbal equivalents are provided in Table 12.5. 

When you are investigating the effect of one IV on the DV, the effect is called 
Reading 

A a. a main effect. 
Question 

b. an interaction effect. 

The null hypothesis for the main effect of studying method states that 
Reading 

é a. the different studying methods will produce similar exam scores. 
Question b. the different studying methods will produce different exam scores. 

The research hypothesis for the main effect of studying method states that 
Reading 

- a. the different studying methods will produce similar exam scores. 
Question 

b. the different studying methods will produce different exam scores. 

Table 12.5 Symbolic and Verbal Representations of the Research and Null Hypotheses for the 
Main Effect of Study Method 

Research The exam scores for those using the 

hypothesis different studying methods will not be 
(H,) equal. 

Null 

hypothesis 

(H,) 

Mean Difference Created by 

One studying method being better 

than the other 

The exam scores for those using the Sampling error 
different studying methods will be equal. 
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You should understand that this main effect is 
comparing the mean for all participants who stud- [RP CREACE “Marginal Means for the Main 
ied by rereading to the mean for all participants Effect of Studying Method 
who studied by trying to recall. These two means 
are the marginal means for studying method. , 
When there are the same number of participants in pants Beto4 
each cell of the design, the rereading marginal Rereading | Trying to Recall | 
mean is the mean of all participants who reread, : 
specifically, the mean of the rereading/5-minute | 5-minute delay 8.00 7.25 
(M = 8.00) and rereading/2-day (M = 5.00) cell 
means. The mean of 8.00 and 5.00 is 6.50, so the OEE a A 
mean exam score for all participants in the reread- Marginal means 6.50 7.13 
ing condition is 6.50 correct answers. This average a a 
of the two rereading cell means is typically written 
on the margin of the table, so it is referred to as a marginal mean (see Table 12.6). 

Similarly, the mean exam score for all participants who studied by trying to recall material is the 
mean of the 5-minute/trying to recall (VM = 7.25) and 2-day/trying to recall (M = 7.00) cell means. In this 
case, the marginal mean is 7.13, and so the mean exam score for all those who studied by recalling 
material is 7.13. 

Later, you will compute an F value to determine if the main effect of studying method is statistically 

significant. In other words, you will determine if the difference between the marginal means of 6.50 

correct answers and 7.13 correct answers is likely to have been created by sampling error or not. If the 

difference is not likely to be created by sampling error, the mean difference was probably created by 

differences in studying methods. 

A 21. To test for the main effect of studying method, you will compute an to 

Reading -—— determine if the marginal means of and are significantly different. 

Question a. F test; 8.00; 7.25 
b. F test; 6.50; 7.13 

2c. The Other Main Effect Null and Research Hypotheses 

The last test is the main effect of time delay until the exam. The null hypothesis for this main effect is 

that participants who experienced a 5-minute delay versus a 2-day delay will generate the same num- 

ber of correct answers on the exam. The research hypothesis is that these two groups will generate 

different numbers of correct answers. The symbolic and verbal representations of the hypotheses are 

given in Table 12.7. 

22. The null hypothesis for the main effect of time delay predicts that 

Reading a. the mean number of correct answers for the 5-minute delay group 

Question will be equal to the mean number of correct answers for the 2-day delay 

group. 

b. the mean number of correct answers for the 5-minute group will be different 

from the mean number of correct answers for the 2-day delay group. 
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Symbolic and Verbal Representations of the Research and Null Hypotheses for the 

Main Effect of Time Delay 
Table 12.7 

Verbal Mean Difference Created by 

Research 

hypothesis 

(H,) 

; Symbolic 

The mean of the population of exam 

scores produced after a 5-minute delay is 

not equal to the mean of the population 

Hit Hy * He One time delay affecting 

memory more than the other 

of exam scores produced after a 2-day 

delay. 

Null 

hypothesis 

(Ho) 

The mean of the population of exam Sampling error 

scores produced after a 5-minute delay 7s 

equal to the mean of the population of 

exam scores produced after a 2-day delay. 

23. The research hypothesis for the main effect of time delay predicts that 
Reading 

é a. the mean number of correct answers for the 5-minute delay group will be 
Question equal to the mean number of correct answers for the 2-day delay group. 

b. the mean number of correct answers for the 5-minute group will be different 

from the mean number of correct answers for the 2-day delay group. 

This main effect is comparing the mean exam 

score of all participants who had a 5-minute delay to 

the mean of all participants who had a 2-day delay. As 

can be seen in Table 12.8, the marginal mean for all of 

the 5-minute delay participants is 7.63, the mean of 

8.00 and 7.25, which were the cell means for the two 

groups of 5-minute delay participants. Similarly, the 

marginal mean for the 2-day delay participants is 
6.00, the mean of 5.00 and 7.00, which were the cell 
means for the two groups of 2-day delay participants. 
Later, you will compute an F value to determine if the 
difference between 7.63 correct answers and 6.00 
correct answers is statistically significant (i.e., if the 
difference is unlikely to be caused by sampling error). 

Marginal Means for the Main Table 12.8 Effect of Time Delay 

Trying to 

Recall 

Marginal 

Rereading Means 

24, Which two means are being compared when you compute the F test for the 
main effect of time delay? 

a. 7.25 and 7.00 

b. 7.63 and 6.00 

Reading 

Question 

Step 3: Define the Critical Region 

As you learned in the previous section, the two-way ANOVA produces three F tests. Each test has its 
own critical region. To determine the critical regions for each test, you will need to compute the 
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degrees of freedom separately for each test. For this problem, we are going to use an alpha of .05. The 
F table for an alpha of .05 is located in Appendix C. 

3a. Define the Critical Region for the Interaction Test 

The df of the numerator and the df of the denominator of the F value determine the critical value of 
every F test. It is easier to discuss dfs if we introduce a bit of notation. Specifically, we will use a to indi- 
cate the number of levels of Factor A (studying method), b to indicate the number of levels of Factor B 
(time delay), and N to indicate the number of people in the study. 

The numerator df for the interaction is computed as Of ties 599 (Dt) In sthisy case, 
both factors have two levels, and so df, . 3 = (2 — 1)2 — 1) = 1. The denominator df is computed as 
Ff vitninerroy = N — ab. Thus, Af within(eron = 32 — (2)(2) = 28. If you look in the table of critical F values, you will find 
that the critical value of F with 1 and 28 degrees of freedom is 4.20. 

If time delay had three levels (e.g., 5 minutes, 2 days, and 1 week) and study 

method had two levels, the degrees of freedom for the numerator of the 

interaction would be 

Reading 

Question 
ale 

lo, 2. 

(GLI 

3b. Define the Critical Region for the First Main Effect Test 
(Factor A, Study Method) 

The numerator df for the main effect of study method is computed as df, = (a — 1). Study method 

has two levels, so df, = 2 — 1 = 1. The df for the denominator is the same as it is for the interaction: 
Ff vitninerron = N — ab = 32 — (2)(2) = 28. As before, the critical value of F with 1 and 28 degrees of free- 

dom is 4.20. 

If 40 people had participated in the study, the degrees of freedom for the 

denominator of the main effect of study method would be 

a. 40. 

lay, 2X6), 

c. 42. 

26. 
Reading 

Question 

3c. Define the Critical Region for the Second Main 

Effect Test (Factor B, Delay Time) 

The numerator df for the main effect of delay time is computed as df, = (b — 1). Delay time has two 

levels, so df, = 2 — 1=1. The df for the denominator is the same as it is for the interaction: df, ithinerron= 

N —ab = 32 — (2)(2) = 28. As before, the critical value of F with 1 and 28 degrees of freedom is 4.20. 

27. If time delay had three levels (e.g., 5 minutes, 2 days, and 1 week), the 

degrees of freedom for the numerator of the main effect would be Reading 

Question ARE 

bi 2: 

(a ESI 
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In this case, all three sets of dfs were identical. While the denominator dfs are always the same 

for all three tests, the numerator dfs will not always be the same. When Factor A and Factor B have 

a different number of levels, the numerator dfs will be different for the two main effect tests. 

Consequentially, when the factors have a different number of levels, the two main effect tests will 

have different critical values. 

Step 4: Compute the Test Statistics (Three F Tests) 

To determine if the three effects (i.e., the interaction and the two main effects) are statistically signifi- 

cant, you need to compute three F values. Although you could do these computations by hand, we will 

be doing these computations using SPSS. When you analyze the data in SPSS, you obtain an ANOVA 

summary table similar to the one displayed in Table 12.9. Table 12.10 includes the formulas used to 

VF) (se ANOVA Source Table for a Two-Way Independent Samples ANOVA 

Source 

Between 

Source 

Between 
|B 

BONS 

Studying method 

(A) 
SJoll25) 

within(error) 

Time delay (B) All 2S) b-1 

MS within(error) 

Studying Method x 
Time Delay (A x B) 

IS) 25 (a — 1)(b - 1) MS AxB 
MS 

within(error) 

Within (error) 93.500 | N — (a)(6) 
SS vithin(eror) 

Of thin(error) 

132.875 N-1 Total 
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obtain the df, MS (mean squares), and Fs. In future activities, we will work with the complete ANOVA 
summary table. For now, we will focus on interpreting the F values. 

4a. F Test for the Interaction 

There are three F values in Table 12.9. The F value testing the interaction between studying method 
and time delay is 4.53. Previously, you determined that the critical F value for the interaction F test 
is 4.20. The obtained F value of 4.53 is larger than the critical F value, so you reject the interaction 
null hypothesis. This means that the different pattern of simple effects for 5-minute and 2-day delays 
shown in Figure 12.1 are not likely to be due to sampling error. Specifically, this means that the dif- 
ference between the simple effect for 5-minute delay, 8.00 — 7.25 = .75, is significantly different from 

the difference between the simple effect for 2-day delay, 5.00 — 7.00 = —2.00. So, finding a significant 
interaction means that the difference between .75 and —2.00 is unlikely to be created by sampling 
error. 

Whenever you find a significant interaction, you will need to describe the simple effects in detail 

when you write your summary of the results. That means that you must know if the difference 

described by each simple effect is a significant difference. So, you need to know, if the test is 5 min- 

utes later, whether the mean for rereading (8.00) is significantly higher than the mean for trying to 

recall (7.25). You also need to know, if the test is 2 days later, whether the mean for rereading (5.00) 

is significantly lower than the mean for trying to recall (7.00). Answering both of these questions 

requires additional significance tests called simple effects analyses. We will show you how to make 

SPSS perform these analyses later in the chapter. But, for now, we will tell you that the simple effect 

for 5 minutes (.75) was not a significant difference and the simple effect for 2 days was a significant 

difference (—2.00). You will need to know these simple effect details when you interpret any significant 

interaction. 

atime esses Simple Effects Tested by Interaction F Test 

Simple effect for 5 minutes: 8.00 — 7.25 = .75 

Re-reading Trying to recall 

5 Minutes 

2 Days 

Simple effect for 2 days: 5.00 — 7.00 = -2.00 

4b. F Test for the First Main Effect (Study Method) 

The F value for the main effect of study method is 0.94. The critical value of F for this main effect is 

4.20. The obtained F is not greater than the critical value, so you do not reject the studying method 
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null hypothesis and you conclude that overall, the two studying methods lead to similar exam scores 

for those who reread (M = 6.50) and those who tried to recall (VM = 7.13). You will interpret this main 

effect in more detail when you summarize the results below. 

4c. F Test for the Second Main Effect (Time Delay) 

The F value for the main effect of time delay is 4.529, and the critical value of F for this main effect is 

4.20. The obtained F is greater than the critical value, so you reject the time delay null hypothesis and 

conclude that overall, the participants who experienced the longer time delay (M = 6.00) had signifi- 

cantly lower exam scores than those who took the exam 5 minutes after studying (M = 7.63). You will 

interpret this main effect in more detail when you summarize the results below. 

28. Which of the three effects were significant? Choose all that apply. 
Reading 

‘A a. Main effect of studying method 
Question 

b. Main effect of time delay 

c. Interaction between study method and time delay 

Step 5: Compute the Effect Sizes 
General Guidelines for 

Table 12.11 Interpreting 5a. Effect Size for the Interaction (Study 
Method by Time Delay) 

After determining if each null hypothesis is 

rejected, the next step is computing an effect size 

for each test and interpreting them. Partial eta 

squared (n; ) measures the effect size of F values 

(Table 12.11). 

We will start by computing the effect size for 

the interaction effect. The formula for computing 

the effect size of an interaction is given as follows: 

2 

Mp Estimated Size of the Effect 

nea Sonn E e125 eG 
7 SS, 2 oS 15.125+93.5 within(error) 

The SS, ,. 5 ANd SS iehinerron AVE both in the first column of the ANOVA summary table. The effect size 
for the interaction between studying method and time delay is .14, which is a large effect. It is impor- 
tant to note that partial eta squared is different from eta squared. The distinction between eta squared 
and partial eta squared is beyond the scope of this book. For now, you should know that partial eta 
squared is what is computed by SPSS. Using partial eta squared rather than the “classic” eta squared 
means that the eta-squared values from all three F tests can sometimes sum to more than 1. 

Reading ee interpreting Np» Values close to are considered large effect sizes. 

uestion v1 
Questio b. .06 

c. .14 

Partial eta squared quantifies the overall effect of the interaction on the dependent variable. 
However, to interpret the interaction correctly, you need an effect size for each simple effect. Partial 
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eta squared does not give you this important information, so you must compute d for each simple 
effect difference. The d formula for simple effects is the same as the one you used with the one-way 
ANOVAs: 

_ simple effect mean difference 

SD p 
d 

where the pooled standard deviation is 

(n, —1)SD? +(n, -—1)SD 

(n, = 1) (n, =il) 

ND 

In this study, you had two simple effects. The first was the effect of study method (reread vs 
recall) after a 5-minute time delay. People who studied by rereading the material (M = 8.00, 
SD = 2.00) had higher scores than people who studied by trying to recall the information (M = 7.25, 

SD = 1.91). The simple effect is 8.00 — 7.25 = .75. To convert this difference into an effect size (d), 

you divide the mean difference (the simple effect) by the pooled standard deviation of the two stan- 

dard deviations from the two cells compared by the simple effect ( SD* ). In this case, the pooled 

standard deviation is 

And, the effect size for this simple effect is 

ee simple effect mean difference _8.00—7.25 _ 333 

7 SD 1.956  — p 

The simple effect of study method after a 2-day delay is completed in the same way. After 2 days, 

people who studied by rereading the material (M = 5.00, SD = 1.69) had lower scores than people who 

studied by trying to recall the information (M = 7.00, SD = 1.69). The pooled standard deviation for this 

comparison is 

ou (n, -1)SD? +(n, -1)SD? = ee Woe 

: (4-01) (7)+ (7) 

The effect size for this comparison is 

_ simple effect mean difference _5.00-7.00 1 ig. SD, 1.69 

Note that the sign of the effect sizes indicates the direction of the effect. After a 5-minute delay (i.e., 

the first simple effect), the people who reread the material did better than those who tried to recall the 

material, yielding a positive effect size that is small to medium. After a 2-day delay (i.e., the second 
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simple effect), you subtracted in the same direction (reread — recall), which yielded a negative effect 

that is large. 

5b. Effect Size for the First Main Effect (Studying Method) 

The formula for computing the overall effect size for the main effect of studying method is similar to 

the formula for computing the overall effect size for the interaction: 

SS ea e105 

Sos 
studying method 

+ SS 
nf 032. 

SS riding method within (error) 

The effect size is 0.032, which is a small to medium effect. 

When interpreting simple effects and all other pairwise comparisons, we have used d. Although d 

and partial eta squared are both measures of effect size that allow you to interpret the size of the effect, 

they are interpreted differently. Since we are computing d for the interaction, you can more easily 

compare effect sizes if you also compute d for the main effect, studying method. In this case, there 

were only two marginal means for studying method. People who reread the material had lower scores 

(M = 6.50, SD = 2.37, n = 16) than people who tried to recall the information (M = 7.13, SD = 1.75, 

n= 16). As earlier, you must first compute the pooled standard deviation and then the effect size. In this 

case, the pooled standard deviation is 

| isl) SDE ae ies) SDL (15) 2357 ens ts oe 

ae | (n, -1)+ (n, -1) {f (aes 

And, the effect size for this main effect is 

Aes simple effect mean difference 6.50—7.13 

SD 2.083 7) 

=—.302. 

The effect size (d) is -.30, a small to medium effect, which is consistent with the partial eta squared 
results. In this case, there were only two marginal means. If you had more than two marginal means, 
you could compute d for each pairwise comparison. 

5c. Effect Size for the Second Main Effect (Time Delay) 

The formula for computing the effect size for the main effect of time delay is given as follows: 

SS ime delay eS e2iiesenn 
time delay 1 SS Palate S + 93.5 within(error) 

Pipe 1 ; 1, & 84 

The effect size is .184, which is a medium to large effect. 
Again, you can also compute d for the marginal means. In this case, scores were higher after a 

5-minute delay (M = 7.63, SD = 1.93, n= 16) than after a 2-day delay (M = 6.00, SD = 1.93, n = 16). The 
pooled standard deviation is 

sp, = [ODS Hs - | Ese Ha 95 ee 
(n, -1)+ (n, -1) (15) + (15) 
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ne simple effect mean difference _7.63—6.00 _ 845 

SD, oe 

The effect size (@) is 845, which is a large effect and is consistent with the partial eta squared results. 

When computing the effect size for a two-way ANOVA, 
Reading 
Question a. you will only need to compute one effect size value for all three F tests ina 

two-way ANOVA. 

b. you will have to compute separate effect sizes for each F test. 

Which effect size describes the size of the simple effects when interpreting an 
Reading interaction? 

Question a. x 
P 

Id. al 

Step 6: Writing Up the Results of a Two-Way ANOVA 

Students can find summarizing a two-way ANOVA daunting because there are three different F values and 

lots of statistical information that must be presented in a very specific format. However, there is a general 

format you can follow that should make writing the results easier. 

General Format 

1. Create a table to report the cell means and standard deviations as well as the marginal means and 

standard deviations. Once this information is in the table, you do not need to report the means 

and standard deviations in your write-up. Instead, refer the readers to the table. 

2. Tell whether or not the interaction was significant, and report the statistical information in the 

correct format. 

3. If the interaction is significant, describe the interaction, using one sentence to describe each simple 

effect. Include the p value from the simple effect as well as the d. 

4. Tell whether or not the first main effect was significant, and report the statistical information in 

the correct format. 

5. Ifthe first main effect was significant, describe which marginal mean(s) was (were) significantly 

higher. 

6. Tell whether or not the second main effect was significant, and report the statistical information 

in the correct format. 

7. Ifthe second main effect was significant, describe which marginal mean(s) was (were) 

significantly higher. 

In this chapter, we did not do all of the computations by hand and so you still need additional infor- 

mation from SPSS to complete the APA-style write-up. The next section shows you how to use SPSS to 

obtain all of the necessary analyses. We will return to the write-up after the SPSS section. 

SPSS 

The following pages illustrate how to use SPSS to analyze the same “studying method study” discussed 

throughout this chapter. 



458 AN INTRODUCTION TO STATISTICS 

Data File 

The SPSS data file should have three columns: one for the first IV (studying method), one for the second 

IV (time delay), and one for the DV (exam score). The studying method and time delay variables are used 

to indicate which group (i.e., cell) each participant was in. In this file, we used a “1” to indicate that the 

person reread and a “2” to indicate that the person recalled, but any two numbers can be used to label the 

two groups. For the time delay variable, we used a “1” to indicate that the person took the exam 5 minutes 

later and a “2” to indicate that the person took the exam 2 days later. Your file should have 32 rows, one 

row for each person. The first eight people in our data file have a “1” and a “1” followed by their DV score. 

The next eight people have a “2” anda “1” followed by their DV score. The third group of eight people have 

a “1” and a “2” followed by their DV score. The final group of eight people have a “2” and a “2” followed 

by their DV score. The first 15 lines can be seen in Figure 12.2. 

SPSS Screenshot of Data Entry Screen 

a 

tA ‘Untitled (DataSet0] - IBM SPSS Statistics Data Editor 

File Edit View Data Transform Analyze Graphs Utilities Add-ons Window Help 

Visible: 3 of 3 Variables 
; vee 

i ¥al fat Var vat 

1.00 1.00 6.00 a | 
1.00 1.00 7.00 FI 
1.00 1.00 8.00 
1.00 1.00 5.00 
1.00 1.00 10.00 
1.00 1.00 11.00 
1.00 1.00 9.00 
1.00 1.00 8.00 
2.00 1.00 8.00 
2.00 1.00 9.00 
2.00 1.00 7.00 
2.00 1.00 9.00 
2.00 1.00 7.00 
2.00 1.00 9.00 
2.00 1.00 5.00 
2.00 1.00 4.00 
1.00 2.00 6.00 
1.00 2.00 5.00 
1.00 2.00 4.00 

100 2.00 | 7.00 

OOon oanr wn a) 

pee yf LEE ert Semcige eee | | Peer On & WN = Oo: 

eek oN 

Go to variable 
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32. When entering the data for a two-way ANOVA, you will need two columns to indicate 

a. which combination of IV conditions each participant was in. 

b. each person’s DV score. 

To compute a two-factor ANOVA: 

Click on the Analyze menu. Choose General Linear Model, and then select Univariate. 
Move the DV into the Dependent Variable box. 

Move both IVs to the Fixed Factors box. 

Click on Options, and then Descriptive Statistics and Estimates of Effect Size. 

You can create graphs by clicking on the Plots button. 

o To graph the interaction, choose one IV (i.e., grouping variable) to put on the horizontal axis 

and one IV to make separate lines for. Click Add and then Continue. In this case, we put time 

delay on the horizontal axis and made separate lines for studying method. 

To obtain confidence intervals: 

Move everything that is in the Factor(s) and Factor interactions into the Display Means for box. 

Click on Compare Main effects. 

Select LSD(none) from the Confidence Interval Adjustment drop-down box. 

Click on Continue and then OK. 

We did not include the confidence interval output for this analysis below. The confidence 

intervals are interpreted just like those in previous chapters. 

©) 6) ©) © © © 

To compute simple effects analysis for a two-factor ANOVA: 
If you have a significant interaction, you need to rerun the ANOVA to obtain the simple effects 

analyses. Unfortunately, you cannot obtain simple effects tests through the point-and-click 

method, so you will need to learn a new procedure. 
Begin the same way as when you conducted the ANOVA. Click on the Analyze menu. Choose 

General Linear Model, and then select Univariate. 

Move the DV into the Dependent Variable box. 

Move both IVs (in this case, study method and time delay) to the Fixed Factors box. 

Click on Options and then 

o Move one IV (in this case, study method) into the Display Means for box 

o Click on Compare Main effects 

o Select Bonferroni from the Confidence Interval Adjustment drop-down box 

fo) Click on Continue 

Click the Paste button. This will open a syntax window. You need to change one line of syntax to 

get SPSS to run the simple effects analyses. 

In the syntax file, you will see something like the following: 

o /EMMEANS = TABLES(Study_Method) COMPARE ADJ(BONFERRONI) 

© This syntax needs to be edited so that it includes both IVs: JEMMEANS = TABLES(Study_ 

Method* Time_Delay) COMPARE (Time_Delay) ADJ(BONFERRONI) 

o After you have edited this line, click on Run All. 

After you run the analysis, much of the output will look like the output you obtained when doing 

the ANOVA. However, there is a new table that provides information about the simple effects. This 

table is titled “Pairwise comparisons” and is described at the end of the SPSS output. 
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Output File 

Between-Subjects Factors 

This table displays the IVs and codes used to 

Study Method 1.00 | Re-reading enter the levels of each IV in the left-most box. 
; The value labels for each numerical code are i ll 

oe peoduls displayed in the “Value Label” box and the 

Time_Delay 1.00 | 5 minutes number of people in each IV level is displayed in 
the “N” box. 2.00 2 days 

Descriptive Statistics 

Dependent Variable: Exam Score 

2.00000 Std. Deviation: 

Displays the standard deviation 

(SD) for the mean on the same 
Total : 2.36643 row 

1.90863 

1.69031 

1.74642 

1.92787 

Re-reading 5 minutes 

2 days : 1.69031 

Recalling 5 minutes 

2 days 

Total 

5 minutes 
N: 

Displays the sample size (n) for 

the mean on the same row 

2 days 1.93218 

Total 2.07034 

Mean: 
IV Conditions: 

Each row displays statistical 
information for a cell in the 
factorial design or statistical 
information for a marginal 
mean. 

Each row displays a cell or marginal mean. The means are 

organized a bit differently. The following table is a more 

conventional way to organize these means: 

Rereading | Recalling | Marginal 

Mean 

5 minute 

delay 

2 day 
delay 

Marginal 

Mean 

Confirm that you can identify where each of the above 
means are located in the SPSS output table. You will need 
to use the labels on the left of the SPSS output table (IV 
Conditions) to help you identify the means. 
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x Tests of Between-Subjects Effects 
Dependent Variable: Exam_Score 

eal Squares df Mean Square F 

Corrected Model 39.375° 

1485.125 

a Partial Eta 
Sig. Squared 

j 296 018 

Intercept 

Study_Method 

Time_Delay 

Study_Method * 

Time_Delay 

Error 

Total 

Corrected Total 

a. R Squared = .296 (Adjusted R Squared = .221) 

Source: Type Ill Sum df: Fe Sig.: Partial Eta 

Displays the sources of Squares: Displays Square: Displays Displays the Squared: 

of variability in the Displays the the df for Displays the F p values for Displays the n,* 

ANOVA analysis. SS for each each the MS for values for StudyMethod, or effect sizes 

Only five of the source of source of each Study TimeDelay, for Study 

sources are variance variance source of Method, and their Method, 

important: variance Time_Delay interaction. Time_Delay, and 

StudyMethod Time and their their 

_Delay, StudyMethod interaction interaction 

*Time_Delay, Error, 

and Corrected Total 

Reject H, if 

p value < a 

Pairwise Comparisons: 

Displays each simple effect for 
interpreting the interaction 

Pairwise Comparisons 

Exam_Score Dependent Variable 
G6% Confidence Interval far 

Difference? Mean 

Difference (- 

J) Std. Error Lower Bound Upper Bound 
Time_Delay __{l) Study_Method (J) Study_Method 

5 minutes Re-reading Recalling 

Reealling Re-reading 

2 days Re-reading Recalling 

Recalling Re-reading 

Based on estimated marginal means 

* The mean difference is significant at the 05 level 

b. Adjustment for multiple comparisans. Bonferroni 

Std. Error: 

Displays the 

standard error 

for each simple 

effect 

Sig.: 95% Cl: This Mean Difference: 

Displays the” 

mean difference 

for each simple 

effect 

Displays the confidence interval 

p values for uses a Bonferroni 

each simple correction. 

effect Do not use this Cl. 

The preceding “Pairwise Comparisons” output contains the simple effects analysis you need to inter- 

pret the significant interaction between studying method and time delay. The simple effect for a 

5-minute time delay was not significant, indicating that, when the exam was taken 5 minutes after 

studying, there was no meaningful difference between the studying methods (p = .419). However, the 

simple effect for a 2-day delay was significant, indicating that, when the exam was taken 2 days after 

studying, the trying to recall strategy was better than the rereading strategy (p = .037). 
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Estimated Marginal Means 

of Exam_Score 

Estimated Marginal Means: 

Displays the cell means (not the 

marginal means) in a graph. 

If the lines are not parallel to 

each other, it is possible that 

there is an interaction, but you 

need to look at the F value to 

determine if the interaction 

is significant. 

no 
c 
© 
o 
= 
rs) 
5 
D 
— 

is) 

= 
xo) 
o = 
© 

= = 
n 
Ww 

5 minutes 2 days 

Time_Delay 

Study_Method 

— Re-reading Recalling 

Use the “Between-Subjects Factors” output to determine how many people 

reread as their studying method. According to the output, people reread as 
their studying method. 

a. O 

lo. ll 

CaS 

d. 16 

Reading 

Question 

Use the “Descriptive Statistics” output to determine the cell mean for the 
5-minute delay, recall condition. The cell mean for this condition was 

ash 

1, %u25) 

G. & 

Ol) 

Reading 

Question 
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Use the “Tests of Between-Subjects Effects” output to determine the p value for 
the interaction. The p value for the interaction between study method and time 
delay was 

Reading 

Question 

a. .342 

b. .018 

c. 042 

The line graph in the SPSS output is titled “Estimated Marginal Means.” Which 

means are included in this graph? (Hint: Look at the explanation box next to the 

graph in the SPSS output above.). 

Reading 

Question 
a. The marginal means for both main effects 

b. The cell means for the interaction 

When reporting the statistical information in APA format, you will need to extract the needed num- 

bers from the “Tests of Between-Subjects Effects” output. The correct format for a main effect is 

Ff rime detayy Ywithinerron) = Obtained F value, p value, MSE, 1, value. Therefore, the correct way to write 
the statistical information for the main effect of time delay is as follows: F(1, 28) = 6.34, p = .02, 

MSE =3,34, 1, =.18. 

Use the “Tests of Between-Subjects Effects” output to determine which of the 

following is the correct statistical information for the interaction between study 

method and time delay: 

a. F(1, 28) = 4.53, p = .04, MSE = 3.34, n, 

b. F(1, 28) = 6.34, p= .02, MSE = 3.34, n, 

Reading 

Question 
14. 

18. ll 

APA-Style Summary 

Now that you have completed all of the analyses, you can summarize the results using APA style. Be 

sure that you know where each number came from. 

Table 1. Memory Scores After a 5-Minute or 2-Day Delay for Two Different Study Methods 

Rereading Trying to Recall Study Method Main Effect 

Delay n M (SD) n M (SD) n M (SD) 

5 minutes 8 8.00 (2.00) 8 7.25 (1.91) 16 7.63 (1.93) 

2 days 8 5.00 (1.69) 8 7.00 (1.69) 16 6.00 (1.93) 

Drug main effect 16 6.50%(2:37) 16 71S. (E75) 
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A 2 (Studying Method: Rereading or Trying to Recall) x 2 (Time Delay: 5 Minutes or 2 Days) facto- 

rial ANOVA revealed a significant interaction between studying method and time delay on exam score, 

F(1, 28) =4.53, p= .04, MSE=3.34, n, = .14 (see Table 1 for means and standard deviations). The results 

indicate that when taking an exam 5 minutes after studying, participants who studied by rereading ver- 

sus recalling did not have meaningfully different exam scores, p = .42, d= .37. However, when taking an 

exam 2 days after studying, participants who studied by trying to recall material scored substantially 

higher than those who studied by rereading, p = .04, d= 1.18. There was also a significant main effect 

of time delay: F(1, 28) = 6.33, p=.02, nN, = .18. Overall, participants who took the exam 5 minutes after 

studying scored significantly higher than those who took the exam 2 days later, d = .84. Finally, the 

main effect of studying method was not significant, F(1, 28) = 0.94, p= .34, nN, = .03. When the results 

were averaged across time delay conditions, the participants who tried to recall the information did 

not receive significantly higher scores than the participants who reread the information (d =—.31). This 

main effect suggests that, overall, the studying methods were equally effective, but this main effect is 

misleading. The significant interaction suggests that when students are studying immediately before 

an exam, rereading and trying to recall are equally effective studying methods, but when studying for 

a more distant exam, trying to recall material is a far superior studying strategy. 

Overview of the Activities 
= 

In Activities 12.1, 12.2, and 12.5, you will work to understand the logic of the two-factor ANOVA and 

learn to interpret the results in an APA-style write-up. In Activities 12.1 and 12.2, the SPSS output files 

are given to you, while in Activity 12.3, you will analyze some of the data in SPSS yourself. In Activity 

12.4, you will review one-way independent measures ANOVAs and contrast them with two-way inde- 

pendent measures ANOVAs. In Activity 12.5, you will practice reading research scenarios and determin- 

ing which statistic is appropriate to answer the research question. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Identify the main effects and the interaction effect produced by a two-way ANOVA 
Identify the null hypotheses for both main effects and the interaction effect 
Create main effects and interaction graphs of a two-way ANOVA 

Clearly summarize the results of a two-factor ANOVA 

In this activity, you will work with a series of simple research scenarios involving the effectiveness of 
two drugs (Drug A and Drug B) on memory for men and women. For the first scenario. much of the 
information is provided for you, but as you work through the activity, you will generate more of the 
information yourself. All of the two-factor ANOVAs in this activity make the same statistical assump- 
tions—namely, data independence, normality, homogeneity of variance, and appropriate measurement of 
the IV and the DV. All of these assumptions were met by these data. 
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SCENARIO 1 

You want to determine if Drug A or Drug B is more effective for improving memory in men and women. 
You gave a sample of 32 people (16 males and 16 females) either Drug A or Drug B, followed by a 
memory test. 

1. This two-factor ANOVA created three significance tests. Each test has its own null and research 
hypothesis. Match each of the following statements to the null or research hypothesis it 
represents. 

mo aos p 

Drug A and Drug B will be equally effective at increasing memory performance. 

Drug A and Drug B will not be equally effective at increasing memory performance. 

Men and women will have equally good memory performance. 

Men and women will not have equally good memory performance. 

The drugs will have similar effects on men and women. 

The drugs will not have similar effects on men and women. 

Null hypothesis for interaction between drug type and gender 

Research hypothesis for interaction between drug type and gender 

Null hypothesis for main effect of drug type 

Research hypothesis for main effect of drug type 

Null hypothesis for main effect of gender 

Research hypothesis for main effect of gender 

The relevant portions of the SPSS output are given as follows: 

Descriptive Statistics 

Dependent Variable: MemoryScore 

19.6250 2.32609 

16.7500 1.98206 

18.1875 2.56174 

female 17.1250 2.23207 

19.8750 2.23207 

18.5000 2.58199 

18.3750 

18.3125 

18.3438 
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Tests of Between-Subjects Effects 

Dependent Variable: MemoryScore 

Type lll Sum Partial Eta 
Source of Squares df Mean Square F Sig. Squared 

Corrected Model 64.094° 21.365 i ; 

Intercept 10767.781 10767.781 

Gender 784 

Orug 031 

Gender * Drug 63,281 

Error 135,125 

Total 10967.000 

Corrected Total 199.219 

a. R Squared = 322 (Adjusted R Squared = .249) 

Dependent Variable: MemoryScore 

Pairwise Comparisons 

Mean 

Difference (I- 

95% Confidence Interval for 

Difference® 

Gender (1) Drug (J) Drug J Std. Error sig” Upper Bound 

‘Eel! 
A 

Based on estimated marginal means 

*. The mean difference is significant atthe .05 level. 

b. Adjustment for multiple comparisons: Bonferroni, 

SELLE 

2. Insert the means, standard deviations, and sample sizes into the following table: 

Drug A Drug B Gender Main Effect 

Gender n M (SD) n M (SD) M (SD) 

Males = 

Females 

Drug main effect 

3. Record the statistics for the Gender x Drug interaction using APA style: 

F_ BA) P= Sees MShe A esa 

In this study, the interaction was significant, indicating that there was a meaningful difference 
between the pattern of results for men and for women. To describe these differing results (i.e., 
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10. 

to describe the interaction between drug and gender), you must compute the simple effects 
and then complete a simple effects analysis to determine which simple effect differences are 
significantly different. 

Compute the mean difference for the simple effect of males across Drug A and Drug B. 

Simple effect: = = 

Is the simple effect for males significant across Drug A and Drug B? (Look at the pairwise 
comparison output) 

a. Yes, the p value is less than .05. 

b. No, the p value is greater than .05. 

Next you need to compute the effect size of the simple effect for males across Drug A and Drug B. 

You need the pooled standard deviation (SD,,) for this comparison. You can find the SDs you need 

in the provided SPSS output. 

Now you can compute the effect size of the simple effect for males across Drug A and Drug B by 

dividing the simple effect mean difference by the pooled standard deviation you just computed. 

= simple effect mean difference _ 

SD, 

Compute the mean difference for the simple effect of females across Drug A and Drug B. 

Is the simple effect for females across Drug A and Drug B significant? (Look at the pairwise 

comparison output.) 

a. Yes, the p value is less than .05. 

b. No, the p value is greater than .05. 

Compute the effect size of the simple effect for females across Drug A and Drug B. You can find 

the SDs you need in the provided SPSS output. 

(n, -1)SD? +(n, -1)SD> _ 

so, = (n,-1)+ (”=1) 

d mean difference _ 

SD, 



468 AN INTRODUCTION TO STATISTICS 

We 

WV. 

W. 

14. 

IM, 

i) 

AAO). 

Which of the following is the best description of this interaction? 

a. Women had higher scores on the memory test than men. In addition, Drug A was more 

effective than Drug B. 

b. Women who took Drug B had significantly higher scores on the memory test than women 

who took Drug A. The pattern of results was the opposite for men. Men who took Drug B had 

significantly lower scores on the memory test than men who took Drug A. 

Record the statistics for the gender main effect using APA style: 

2 | ee Bs )= a2 ks 8, MSE = = 

Record the means and standard deviations for the two means being compared by the F value 

above: 

Females (M = 1S) = ); Males (M = VOL) Steere); 

Is the main effect of gender significant? 

a. Yes, the p value is less than .05. 

b. No, the p value is greater than .05. 

Compute the effect size (d) for the main effect of gender (i.e., comparing males and females). 

SD, = (1, 1) SD? + (n, -—1) SD; & 

(n, —1)+ (n, -1) 

_ mean difference _ 

SD, 
d 

Which of the following is the best interpretation of the main effect of gender? 

a. Males had higher scores than did females. 

b. Females had higher scores than did males. 

c. Males’ and females’ scores were not significantly different. 

Record the statistics for the drug main effect using APA style: 

F( = /p= , MSE = ihe 

Record the means and the standard deviations for the two means being compared by the F value 
above: 

Drug A (M= ,SD= ); Drug B(M= ,SD= ==) 

Is the main effect of drug significant? 

a. Yes, the p value is less than .05. 

b. No, the p value is greater than .05. 

Compute d to compare the main effect of drug: Drug A vs. Drug B. 

Nw 
sp, |e -1)SD? +(n, -1)SD 

(n, 1) + (n, -1) 
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q mean difference 

SD p 

21. Which of the following is the best interpretation of the main effect of drug? 

a. Drug A was more effective than Drug B. 

b. Drug B was more effective than Drug A. 

c. The memory scores for Drugs A and B were not significantly different. 

22. Questions 1 to 21 include all of the information necessary for constructing an APA-style write-up 
of these analyses. An example of a write-up is included below so that you can see how each part 
relates to the overall summary. Fill in the missing numbers. 

Table 1. Memory Scores for Drugs A and B for Males and Females 

Drug A Drug B Gender Main Effect 

Gender n M (SD) n M (SD) M (SD) 

Males 8 19.63 (2.33) 8 18.19 (2.56) 

Females 8 il7/5ile} (2:28) ne ae 19.88 (2.23) —— 

Drug main effect 18.38 (2.55) 

There was a significant interaction between gender and drug treatment, F(1, 28) = 13.11, p=.001, MSE 

= 4.83, n =.32. Simple effects analyses revealed that women who took Drug A had memory scores 

that were significantly lower than the memory scores for women who took Drug B, p= .02, d=-1.23. 

The pattern of results was the opposite for the men’s simple effect. Men who took Drug A had memory 

scores that were significantly than did men who took Drug B, p = .01, d= 

The main effect of gender was not statistically significant, F(, —._) = O16, 

p= , MSE = ; n = .01. Overall, males’ memory scores were not significantly dif- 

ferent from females’ memory scores, d= : 

Finally, the main effect of drug was not statistically significant, F(1, 28) = 0.01, p= , MSE = 

4.83, ifs = 00. Overall, memory scores for people taking Drug A were not significantly different 

from memory scores for people taking Drug B, d= 

SCENARIO 2 

Now, you want to determine if Drug A or Drug B is more effective for improving memory in elderly 

men and women, those older than 80 years. A sample of 32 elderly people (16 males and 16 females) 

were given either Drug A or Drug B, followed by a memory test. The SPSS output is given as follows: 
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Descriptive Statistics 

Dependent Variable: MemoryScore 

male 19.6240 2.32609 8 

15.7500 1.98206 

17.6875 2.89180 

20.3750 1.92261 

19.8750 .23207 

20.1250 02896 

20.0000 2.09762 

17.8125 2.94887 

18.9063 2.75165 

Tests of Between-Subjects Effects 

Dependent Variable: MemoryScore 

Type Ill Sum Partial Eta 
Source of Squares df Mean Square F Sig Squared 

Corrected Model 108.594" 36.198 8.036 

Intercept 11438.281 11438.281 2539.321 

Gender 47.531 47.531 40.552 

Drug 38.281 38.281 8.499 

Gender * Drug 22.781 22.781 5.057 

Error 126,125 4.504 

Total 11673.000 

Corrected Total 234,719 

a, R Squared = 463 (Adjusted R Squared = 404) 

Pairwise Comparisons 

Dependent Variable: MemoryScore 

95% Canfidence Interval for 
Mean Difference? 

Difference (I- 

1.061 0014 1.701 

500 

- 600 

1.064 644 

1.064 641 

* The mean difference is significant at the .05 level. 

female 

Based on estimated marginal means 

b. Adjustment for multiple camparisons: Bonferroni. 
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23. Insert the means, standard deviations, and sample sizes into the following table: 

Drug A Drug B Gender Main Effect 

Gender n M (SD) n M (SD) M (SD) 

Males a 4 oe ay SS. a 5 

Females 

Drug main effect 

24. Record the statistics for the Gender x Drug interaction using APA style: 

(Cee towel) 29 8 bp ewe SESe iru yy Su? 

25. Compute the mean difference for the simple effect of males across Drug A and Drug B. 

26. Was the simple effect difference for males across Drugs A and B statistically significant? 

ame Xes 

b. No 

27. Compute the effect size (d) for the male simple effect across Drugs A and B. (Hint: You need two 

equations.) 

28. Compute the mean difference for the simple effect of females across Drug A and Drug B. 

29. Was the simple effect difference for females across Drugs A and B statistically significant? 

eS 

b. No 

30. Compute the effect size (@) for the female simple effect across Drugs A and B. (Hint: You need 

two equations.) 

31. Which of the following is the best description of this interaction? 

Both men and women who took Drug A had higher scores on the memory test than did 

those who took Drug B. 

b. Women who took Drug A had higher scores on the memory test than did women who took 

Drug B. Men who took Drug A had higher scores on the memory test than did men who took 

Drug B. 

Women who took Drug A had scores on the memory test that were not significantly different 

from the scores for women who took Drug B. Men who took Drug A had scores on the 

memory test that were significantly higher than those for men who took Drug B. 

a. 
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32. Record the statistics for the gender main effect using APA style: 

F(a ee) = ee, Pe, MSE ee ee 

33. Record the means and standard deviations for the two means being compared by the F value 

above: 

Females (M = ASD ); Males (M = SO )). 

34. Which of the following is the best interpretation of the main effect of gender? 

a. Males had significantly higher scores than females. 

b. Females had significantly higher scores than males. 

C. Males’ and females’ scores were not significantly different. 

35. Compute the effect size (d) to compare males and females for the main effect of gender. (Hint: 

You need two equations.) 

36. Record the statistics for the drug main effect using APA style: 

P(e oe eee) ee VS ee) eee 

37. Record the means and standard deviations for the two means being compared by the F value 

above: 

Drug A (M= , SD= ); Drug B (M= ,SD= )h 

38. Which of the following is the best interpretation of the main effect of drug? 

a. Drug A was significantly more effective than Drug B. 

b. Drug B was significantly more effective than Drug A. 

C. The memory scores for Drugs A and B were not significantly different. 

39. Compute the effect size (d) to compare Drugs A and B for the main effect of drug. (Hint: You need 
two equations.) 

40. The APA-style summary statement below has three errors (one in each paragraph). Find the 
errors and fix them. The errors may be small, such as a missing number, or large, such as a 
missing sentence, a sentence that must be edited to include missing information, or a sentence 
that must be deleted. 

Table 1. Memory Scores for Drugs A and B for Males and Females 

Drug A Drug B Gender Main Effect 

Gender n M (SD) n M (SD) M (SD) 

Males 8 19.63 (2.33) 8 15.75 (1.98) 17.69 (2.89) 

Females 8 20.38 (1.92) 8 19.88 (2.23) 20.13 (2.03) 

Drug main effect 20.00 (2.10) 17.81 (2.95) 
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A two-factor ANOVA revealed a significant interaction between gender and drug treatment, 
F(1, 28) = 5.06, p = .03, MSE = 4.50, "Ip = .15. For elderly women, there was no significant 
difference in memory scores between those who took Drug A and those who took Drug B, 
p= .64, d= .24. However, for elderly men, those who took Drug A had scores on the memory 
test that were different from those who took Drug B, p = .001, d= 1.80. 

The main effect of gender was also statistically significant, F(1, 28) = 10.55, ja = OOS, 
MSE = 4.50, 15 = .27. 

Finally, the main effect of drug was not significant, F(1, 28) = 8.50, p = .007, MSE = 4.50, 
Nb = .23. Overall, Drug A was more effective than Drug B, d= .86. 

SCENARIO 3 

Now, you want to determine if Drug A or Drug B is more effective for improving memory in men and women 

between the ages of 18 and 25, or “young adults.” A sample of 32 young adults (16 males and 16 females) 

were given either Drug A or Drug B, followed by a memory test. The SPSS output is given as follows: 

Descriptive Statistics 

Dependent Variable: MemoryScore 

male 19.5000 2.44949 8 

B 15.3750 1.68502 

Total 17.4375 2.94321 

female 20.3750 1.92261 

17.0000 2.00000 

18.6875 2.57472 

Total 19.9375 2.17466 

16.1875 1.97379 

18.0625 2.79328 

Tests of Between-Subjects Effects 

Dependent Variable: MemoryScore 

Type lll Sum Partial Eta 

Corrected Model 126.125? 42.042 10.170 000 ; 

Intercept 10440.125 10440125 | 2&25.473 000 

Gender 12.500 12.500 3.024 093 

Drug 112.500 112.500 27.214 G00 

Gender * Drug 1.428 1.125 272 606 

Error 115.750 8 4.134 

Total 10682.000 

Corrected Total 241,875 

a. R Squared = 421 (Adjusted R Squared= 470) 
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Dependent Variable: MemoryScore 

Pairwise Comparisons 

95% Confidence Interval for 

Difference” 

Difference (I- 
i] Std. Error Lower Bound Upper Bound 

000 

Mean 

Gender (}Drug (J) Drug 

-4125 1.017 -6.207 -2.043 

3.375 1.017 1.293 5.457 

Based on estimated marginal means 

female A B 

* The mean difference is significant at the .04 level. 

b. Adjustment for multiple comparisons: Bonferroni 

41. Insert the means, standard deviations, and sample sizes into the following table: 

Drug A Drug B Gender Main Effect 

Gender n M (SD) n M (SD) M (SD) 

Males oe 

Females 

Drug main effect 

42. Record the statistics for the Gender x Drug interaction using APA style: 

F( ; )= p= , MSE= rail eee 

43. Compute the mean difference for the simple effect of males across Drug A and Drug B. 

44. Is the simple effect for males significant? 

a. Yes 

b. No 

45. Compute the effect size for the male simple effect across Drugs A and B. 

46. Compute the mean difference for the simple effect of females across Drug A and Drug B. 



47. 

48. 

49. 

50. 

Se 

By, 

BS). 

54. 

BYSy, 

56. 

Bie 
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Is the simple effect for females significant? 
a. Yes 

b. No 

Compute the effect size for the female simple effect across Drugs A and B. 

Which of the following is the best description of this interaction? 

a. Women had significantly higher scores on the memory test than men. In addition, Drug A 
was more effective than Drug B. 

b. Women who took Drug B had significantly higher scores on the memory test than women 
who took Drug A. The pattern of results was the opposite for men. Men who took Drug B had 
significantly lower scores on the memory test than men who took Drug A. 

c. Drug A and Drug B affected the memory scores of males and females in similar ways (i.e., 
there was no interaction between drug type and gender). 

Record the statistics for the gender main effect using APA style: 

oz 5 )= ,p= MSE 1 = 

Record the means and standard deviations for the two means being compared by the F value 

above: 

Females (M = ID = ); Males (M = 2SD= ). 

Compute the d for the comparison between females and males for the main effect of gender. 

Which of the following is the best interpretation of the main effect of gender? 

a. Males had significantly higher scores than females. 

b. Females had significantly higher scores than males. 

c. Males’ and females’ scores were not significantly different. 

Record the statistics for the drug main effect using APA style: 

2 
F( ; j= 7 /o= , MSE = lp = : 

Record the means and standard deviations for the two means being compared by the F value 

above: 

Drug A (M= so= __); Drug B (M= ,aD= ). 

Compute the d for the comparison between Drugs A and B for the main effect of drug. 

Which of the following is the best interpretation of the main effect of drug? 
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a. Drug A was significantly more effective than Drug B. 

b. Drug B was significantly more effective than Drug A. 

c. The memory scores for Drugs A and B were not significantly different. 

58. Complete the APA-style summary below. You may need to add numbers as well as add and/or 

delete sentences to fix this write-up. 

Drug A Drug B Gender Main Effect 

Gender n M (SD) n M (SD) M (SD) 

Males meta 19.50 (2.45) 8 15.38 (1.69) 

Females povlon 20.39 (1.92) 8 18.69 (2.57) 

Drug main effect 19.94 (2.17) 

The interaction between gender and drug treatment was not significant, F(1, 28) = .27, 
p= .61, MSE = 4.13, nN, = .01. Drug A improved the memory scores of males more than it 
improved the memory scores of females. 

The main effect of gender was not significant, F(1, 28) = 3.02, p = .09, MSE = 4.13, nN: = .10. 
Overall, memory scores were not significantly different for males and females, d= 

The main effect of drug was significant, F(1, 28) = 27.21, p < .001, MSE = 4.13, ns = .49. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Read a description of an experimental study and identify the IV, its levels, and the DV 
Identify the null and research hypotheses for a specific factorial design 
Determine if each null hypothesis should be rejected 
Write a summary of the results of a factorial design 

EXAMPLE BASED ON ACTUAL RESEARCH 

The following scenario is based on an actual studies conducted by Langer, Holzner, Magnet, and Kopp 
(2005), and the data are consistent with their actual results. Langer and colleagues were interested in 
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assessing the effects of talking on a cell phone while driving. While a great deal of research evidence 
indicates that talking on a cell phone degrades one’s ability to drive, many people either are unaware of 
this evidence or don’t find the evidence sufficiently compelling to stop them from using their cell phone 
while driving. Most everyone recognizes that driving after drinking alcohol is a very bad idea. How does 
the driving deficit created by talking a cell phone compare to the driving deficit created by drinking 
alcohol? 

There were 40 participants in the following study. All of them operated a high-fidelity driving simu- 
lator while either talking on their own cell phone or after consuming a “low dose” of alcohol (i.e., 4-5 g 
per 100 ml blood). Additionally, half the participants in each of these conditions had “high driving 
experience” (i.e., more than 50,000 km), and half had “low driving experience” (i.e., less than 20,000 
km). The DV was the time it took the participants to step on the simulator’s brake pedal when needed 
(called reaction time). It is worth pointing out that if a driver's reaction time slows by even a fraction of 
a second, it could result in a deadly accident. Therefore, any driving condition that significantly slows 
drivers’ reaction times is potentially dangerous. Obviously, longer reaction times indicate worse driving 
performance. 

1. What are the IVs? What are the levels of each IV? 

IV 1: Driving condition: Level 1 = , Level 2 = 

IV 2: Driving experience: Level 1 = legal 2 = 

Null and Research Hypotheses 

2. Match each of the following statements to the null or research hypothesis it represents. 

a. The reaction times of those with high and low driving experience will be affected by cell 

phone use and alcohol in similar ways. 

b. The reaction times of those with high and low driving experience will be affected by cell 

phone use and alcohol differently. 

c. The reaction times of those who drink alcohol and those who talk on the cell phone while 

driving will be similar. 

d. The reaction times of those who drink alcohol and those who talk on the cell phone while 

driving will be different. 

e. The reaction times of those with high and low driving experience will be similar. 

f. The reaction times of those with high and low driving experience will be different. 

Null hypothesis for the interaction between the IVs 

Research hypothesis for the interaction between the IVs 

Null hypothesis for the main effect of driving condition 

Research hypothesis for the main effect of driving condition 

Null hypothesis for the main effect of driving experience 

Research hypothesis for the main effect of driving experience 

The data for this study are in the file “TWOWAY ANOVA cell phones.sav.” The relevant SPSS 

output from this study is provided on page 478. Above each table, there isa short description 

of the statistical information that table provides. Try to run the analysis in SPSS. Your output 

should have the following tables. If your output does not have all of the following tables, 

review how to run a factorial ANOVA with simple effects analysis on p. 459. 
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This table provides the cell and marginal means for the two-way ANOVA. 

Descriptive Statistics 

Dependent Variable: Reaction_Time 

[Diving Experience Driving Condition | Mea" 
Alcohol ie 

Cell Phone 

Total 

Alcohol 

Cell Phone 

Total 

Alcohol 

Cell Phone 

Total 

Std. Deviation 

10 15670 

18257 10 

16944 

Le TT 

Tests of Between-Subjects Effects 

Dependent Variable; Reaction Time 

Type Ili Sum 
Source of Squares 

Corrected Model 4.321 

Intercept 1825.013 

Driving_Experience 6.100 

Driving_Condition | 4 1.205 

Driving_Experience * 
Driving_Condition : : § 657 

Error 

Total 

Corrected Total 

LN AEE Ra LOSSLESS 

This table includes the simple effects analyses. 

Pairwise Comparisons 

Dependent Variable: Reaction_Time 

Mean 

Difference (- 

077 ~.087 nar 

O77 +227 O87 

Driving_Experience (I) Oriving_Condition 

Alcohol 

Cell Phone Alcohol 

Alcohol Cell Phone 

Cell Phone Alcohol 

(J) Driving Condition 

Cell Phone 

Based on estimated marginal means 

* The mean difference is significant at the 05 level 

b. Adjustment for multiple comparisons: Bonferroni, 

SEN EA MN NIN ES UTNE ALIN SEA.\CSamtoeae ae ory sae aan eo8 eee RR toe FONE AO CE De 
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Graph the interaction between driving condition and driving experience. Put driving condition 
on the x-axis. 

An interaction tests if the effect of one IV depends on the level of the other IV. For this example, 
an interaction would test if the effect of driving condition (cell phone vs. alcohol) depends on 
whether the participants had low or high driving experience. Thus, the interaction is testing 
whether the mean differences between the cell phone and alcohol conditions are different for 
drivers with low experience versus high experience. 

a. What is the mean difference for the simple effect of low driving experience across the cell 
phone and alcohol conditions? 

b. What is the mean difference for the simple effect of high driving experience across the cell 
phone and alcohol conditions? 

The interaction is testing to see if these two simple effects are significantly different. If they are, 

there 

a. is a significant interaction. 

b. is not a significant interaction. 

Is the interaction between driving condition and driving experience significant (i.e., unlikely to 

be due to sampling error)? 

a. Yes (p = .023) 

b. No p=.136) 

Use the above SPSS output to compute the effect size (d) for the low driving experience simple 

effect. 

are (n, -1)SD? +(n, —1)SD; : 

le —1)+ (n,-1 (n, ) ( 2 ) 

_ mean difference = 

a SD p 
d 

Use the SPSS output on page 478 to compute the effect size (d) for the high driving experience 

simple effect. 
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). 

We 

13}, 

14. 

Graph the main effect of driving experience. 

Is the main effect of driving experience significant? 

A, ESCH << WS) 

I, NOWD > Os) 

Use the above SPSS output to compute the effect size (d) for the main effect of driving 

experience. 

Graph the main effect of driving condition. 

Is the main effect of driving condition (cell phone vs. alcohol) significant? 

aueeLes 

b. No 

Use the above SPSS output to compute the effect size (d) for the main effect of driving condition. 

Reporting Results 

US), Use the provided SPSS output and the effect sizes you calculated to write an APA style summary 

of these results. The general format you should follow is provided below. You can also look at the 

example on p. 476 of the chapter. Use a separate piece of paper to write your summary. 

General Format 

Create a table to report the cell means and standard deviations as well as the marginal means and 
standard deviations. Once this information is in the table, you do not need to report the means 
and standard deviations in your write-up. Instead, refer the readers to the table. 

Tell if the interaction was significant, and report the statistical information in the correct format. 

If the interaction is significant, describe the interaction, using one sentence each to describe the 
pattern of simple effects for each level of an IV. 

Tell if the first main effect was significant, and report the statistical information in the correct 
format. 
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5. mer first main effect was significant, describe which marginal mean(s) was (were) significantly 
igher. 

6. oe if the second main effect was significant, and report the statistical information in the correct 
ormat. 

7. Ifthe second main effect was significant, describe which marginal mean(s) was (were) 
significantly higher. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Identify the main effects and interaction effect produced by a two-way ANOVA 

Identify the null hypotheses for both main effects and the interaction effect 

Use SPSS to compute and then interpret a two-way independent ANOVA 

Create main effects and interaction graphs of a two-way ANOVA 

Clearly summarize the results of a two-factor ANOVA for a lay audience 

SCENARIO 1 

Research has shown that both exercise and meditation are effective in the treatment of depression and 

creating a more positive outlook on life (e.g., Josefsson, Lindwall, & Archer, 2014). You wonder if com- 

bining these two activities may be associated with greater optimism. To test this hypothesis, you recruit 

people to participate in a study based on whether they currently exercise regularly (at least four times 

a week for at least 30 minutes a day) and whether they currently meditate regularly (at least four times 

a week for at least 30 minutes a day). In total, you find 10 people who are in each of the following condi- 

tions: regular meditation/regular exercise, regular meditation/no exercise, no meditation/regular exer- 

cise, and no meditation/no exercise. You ask each participant to complete a survey that measures 

optimism using an interval/ratio scale where higher numbers indicate greater optimism. Previous 

research suggests that scores on the scale are normally distributed in the population. The means and 

standard deviations are included in the following table. 

Meditation 

Regular Meditation No Meditation 

6.90 (2.33) n = 10 3.50 (1.58) n = 10 

4.00 (1.41) n = 10 3.10 (2.03) n= 10 

Regular exercise 

Exercise 
No exercise 
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1. Select the two grouping variables (IVs). 

a. Exercise vs. no exercise 

b. Meditation vs. no meditation 

c. Optimism 

2. What is the dependent variable? 

a. Exercise vs. no exercise 

b. Meditation vs. no meditation 

Cc. Optimism 

3. This study has two grouping variables, and the DV is measured on an interval/ratio scale. What 

statistical assumption is satisfied by these facts? 

a. Normality 

b. Appropriate measurement of the variables 

c. Homogeneity of variance 

d. Data independence 

4. None of the standard deviations in the table above are more than double any of the other 

standard deviations. What statistical assumption is satisfied by this fact? 

a. Normality 

b. Appropriate measurement of the variables 

c. Homogeneity of variance 

d. Data independence 

5. The sample sizes are less than 30 in each cell. What statistical assumption might be violated if 

the scores are not normally distributed in the population? 

a. Normality 

b. Appropriate measurement of the variables 

c. Homogeneity of variance 

d. Data independence 

6. Each of the three significance tests produced by two-factor designs has its own null and research 
hypothesis. For each of the significance tests produced by this 2 x 2 design, match the correct 
null and research hypothesis. 

Null hypothesis (H,) for the main effect of exercise: 

Research hypothesis (H,) for the main effect of exercise: 

Null hypothesis (H,) for the main effect of meditation: 

Research hypothesis (H,) for the main effect of meditation: 

Null hypothesis (H,) for the interaction between exercise and meditation: 

Research hypothesis (H,) for the interaction between exercise and meditation: 

a. The effect of meditation will be the same for people who do and do not exercise. 

b. The effect of meditation will be different for people who do and do not exercise. 
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c. The exercise and no-exercise groups will not differ in their responses to the positive 
outlook scale. 

d. The exercise and no-exercise groups will differ in their responses to the positive outlook 
scale. 

e. The meditation and no-meditation groups will not differ in their responses to the positive 
outlook scale. 

f. The meditation and no-meditation groups will differ in their responses to the positive 
outlook scale. 

SPSS Data Entry 

The positive life outlook scores for each person are listed as follows: 

Regular mediation and regular exercise: D5 Op V5 Oy By By, Hy By By lil 

No meditation and regular exercise: Ny tO th yr ry My Aon Sy Apps) 

Regular meditation and no exercise: 3,10, 45, 4S; Ss, 1G, ©, 

No meditation and no exercise: By By, A, 3, MN, Oy Lo Do Nhe B 

Enter these data into SPSS. Be sure that you create three columns: one for each IV (exercise and 

meditation) and one for the DV (positive outlook). You will have to use a coding system for each IV. For 

example, for exercise, you might enter a “1” for regular exercise and a “O” for no exercise. For medita- 

tion, you might enter “1” for regular meditation and “0” for no meditation. 

Value Labels 

It would also be a good idea to create value labels, using the following steps: 

Click on the Variable View tab at the bottom of your screen. 

Click on the cell across from the Exercise_Group variable in the Values column. 

Enter a “1” in the Value box, and type a label, such as “Exercise,” in the Label box. Click the Add 

button. 

Enter a “0” in the Value box, and type a label, such as “No Exercise,” in the Label box. Click Add 

and then OK. 

Repeat this procedure for the Meditation_Group variable. 

Running a Two-Way ANOVA 

Run a two-way ANOVA by doing the following: 

Click on the Analyze menu. Choose General Linear Model, and then select Univariate. 

Move the DV into the Dependent Variable box (in this case, Positive_Outlook). 

Move both IVs (in this case, Exercise_Group and Meditation_Group) to the Fixed Factors box. 

You can create graphs by clicking on the Plots button. 
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o To graph the interaction, choose one IV (i.e., grouping variable) to put on the horizontal axis 

and one IV to make separate lines for. Click Add and then Continue. In this case, we put 

Exercise_Group on the horizontal axis and made separate lines for Meditation_Group. 

* Click on Options, and then click on Descriptive Statistics and Estimates of Effect Size. 

Interpreting the Interaction 

7. Find the cell and marginal means in the SPSS output, and record them below: 

Exercise 

No exercise 

Meditation group main effect en! 

8. Graph the interaction of exercise group and meditation group. You already created this graph in 

SPSS, but you should also be able to create the graph by hand using the number in the table 

above. Either a line graph or a bar graph is acceptable. 

9. Fill in the numbers for the results of the interaction: 

E Be sien Se eil ohhY oeaa 
10. Is the interaction between exercise group and meditation group statistically significant? 

ch NGS 

b. No 

Because the interaction is significant, you need to compute the simple effects analyses using SPSS. 

Running Simple Effects Analyses for a Two-Way ANOVA 

The first three steps are the same as when you run the ANOVA: 

e Click on the Analyze menu. Choose General Linear Model, and then select Univariate. 
e Move the DV into the Dependent Variable box (in this case, Positive_Outlook). 
¢ Move both IVs (in this case, Exercise_Group and Meditation_Group) to the Fixed Factors box. 
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Wp 

Si, 

14. 

ii), 

ie 

To obtain the simple effects: 

Click on Options. 

Move one IV (in this case, Exercise_Group) into the Display Means for box. 
Click on Compare Main effects. 
Select Bonferroni from the Confidence Interval Adjustment drop-down box. 
Click on Continue. 
Click the Paste button. This will open a syntax window. You need to change one line of syntax to 
get SPSS to run the simple effects analyses. 
In the syntax file you will see the following: 

oO JEMMEANS = TABLES(Exercise_Group) COMPARE ADJ(BONFERRONI) 
©O This syntax needs to be edited so that it includes both IVs: /EMMEANS = TABLES(Exercise_ 

Group “Meditation_Group) COMPARE (Meditation_Group) ADJ(BONFERRONI) 
© After you have edited this line, click on Run All. 

Compute the mean difference for the simple effect of the exercise group. 

Is this simple effect significant? (Look at the pairwise comparisons table in the SPSS output.) 

a. Yes 

b. No 

Compute the effect size (d) for this simple effect. 

Next, compute the mean difference for the simple effect of the no-exercise group. 

Is this simple effect significant? 

a. Yes 

b. No 

Compute the effect size (@) for this simple effect for the no-exercise group. 

Which of the following is the best summary of the simple effects analyses? 

a. Among the people who exercised, those who meditated were more optimistic than those 

who did not meditate. Among the people who did not exercise, those who meditated were 

not more optimistic than those who did not meditate. 

b. Among the people who exercised, those who meditated were more optimistic than those 

who did not meditate. Among the people who did not exercise, those who meditated were 

less optimistic than those who did not meditate. 
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Main Effect of Exercise 

18. 

LG). 

20. 

Ze 

Dp 

Graph the main effect of exercise using a bar graph. (Hint: You need to graph marginal means.) 

Fill in the numbers for the results of the exercise main effect: 

Has 

Is the exercise main effect statistically significant? 

es a p=, MSE ee 

aes 

b. No 

Compute the effect size (d) comparing the exercise and no-exercise groups. 

Select the best summary of the exercise main effect. 

a. The exercise group was more optimistic than the no-exercise group. 

b. The exercise group was less optimistic than the no-exercise group. 

c. The exercise and no-exercise groups did not differ in optimism. 

Main Effect of Meditation 

BDn 

24. 

Zo 

26. 

ile 

Graph the main effect of meditation using a bar graph. 

Fill in the numbers for the results of the meditation main effect: 

— — — 2 — Cs, )= ,p= MSE SNS ne = 

Is the meditation main effect statistically significant? 

aaXeS 

b. No 

Compute the effect size (d) comparing the meditation and no-meditation groups. 

Select the best summary of the meditation main effect. 

a. The meditation group was more optimistic than the no-meditation group. 

b. The meditation group was less optimistic than the no-meditation group. 

c. The meditation and no-meditation groups did not differ in optimism. 
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28. Fill in the blanks for the APA-style summary of these data. 

Meditation No Meditation Exercise Group Main Effect 

n M (SD) n M (SD) M (SD) 

Exercise 10 6.90 (2.33) 10 3.50 (1.58) 5.20 (2.61) 
No exercise 10 00) (4d) 110) 3.10'(2.03) ( ) 
Meditation group main effect 5.45 (2.40) ae 

a) SS ESSE EE SS ee ee ee ieee ee ee eee 

A two-factor ANOVA with exercise group and meditation group as the grouping variables and opti- 
mism as the dependent variable revealed a significant interaction, F(1,__) = 4.45, p = 
MSE = 3.51, nN = 11. Among the people who exercised, those who meditated were optimis- 
tic than those who did not meditate, d= . Among the people who did not exercise, those who 
meditated were not more optimistic than those who did not meditate, d= .52. 

The main effect of meditation group was also significant, F(1, 36) = ,p < .001, MSE = 3.51, 

i= .27. Overall, people who meditated were more optimistic than those who did not meditate, d= 1.03. 

Finally, the main effect of exercise group was , FI, 36) = 7.76, p= .001, MSE=3.51, 

“bee = . Overall, people who exercised were Optimistic than those who did not 

exercise, d = 

SCENARIO 2 

The results of the previous study suggest that exercise and meditation are associated with optimism. 

However, it is not clear if exercise and meditation caused this greater optimism. It is entirely possible 

that people who exercise and meditate are just naturally more optimistic than those who do not engage 

in these activities. To determine if exercise and meditation lead to (or cause) a greater optimism, you 

need to randomly assign people to groups. Thus, in this next study, rather than find people who medi- 

tate or exercise, you find people who currently do neither and randomly assign them to one of the four 

groups: regular meditation/regular exercise, regular meditation/no exercise, no meditation/regular 

exercise, and no meditation/no exercise. 

Suppose that you recruit 48 people for this study and randomly assign each person to one of the 

four groups. The output follows: 

Descriptive Statistics 

Dependent Variable: Optimism 

MeditationGroup  ExerciseGroup 

Meditation Exercise 6.92 ; 

No Exercise 

Total 

No Meditation Exercise 

No Exercise 

Total 

Total Exercise 

Mo Exercise 

Total 
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Tests of Between-Subjects Effects 

Dependent Variable: Optimism 

Type Ii Sum Partial Eta 

Source of Squares Mean Square Sig 

Corrected Model 123.4177 3 41.139 8.851 

Intercept 884 083 884.083 490.218 

MeditationGroup 48.000 48.000 10.328 

ExerciseGroup 65.333 65.333 

MeditationGroup * 
ExerciseGroup 

Error 204.500 4.648 

Total 1212.000 

Corrected Total 327.917 

10.083 10.083 

a. R Squared = 376 (Adjusted R Squared = 334) 

29. Isthe Meditation x Exercise interaction significant? 

a. Yes, the p value is equal to .47, which is less than .05. 

b. No, the p value is equal to .15, which is greater than .05. 

30. Why isn’t there a table of simple effects provided above? 

a. The interaction was not significant, so you know the simple effects are not significantly 

different from each other. 

b. I need to compute simple effects by hand. 

31. Why do you need to compute effect sizes (d) for the simple effects even though the interaction 

was not significant? 

a. To determine if the main effects are significant 

b. To determine how large the effects are and if the study should be replicated with a larger 

sample 

32. Compute the mean difference for the simple effect of exercise across the meditation and 
no-meditation conditions. 

33. Compute the effect size (d) for the simple effect of exercise across the meditation and 
no-meditation conditions. 

34. Compute the mean difference for the simple effect of no exercise across the meditation and 
no-meditation conditions. 

35. Compute the effect size (d) for the simple effect of no-exercise group across the meditation and 
no-meditation conditions. 
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36. What do you think the next step should be for the researchers? 
a. Use a larger alpha to increase power. 

b. Redo the study with a larger sample size to increase power. 

37. Is the main effect of exercise significant? 

a. Yes, the p value is equal to .001, which is less than .05. 

b. No, the p value is equal to .24, which is greater than .05. 

38. Which group had higher optimism scores? 

a. The exercise group 

b. The no-exercise group 

39. Is the main effect of meditation significant? 

a. Yes, the p value is equal to .002, which is less than .05. 

b. No, the p value is equal to .19, which is greater than .05. 

40. Which group had higher optimism scores? 

a. The meditation group 

b. The no-meditation group 

41. Fill in the missing values in the table and then write an APA style reporting statement below. Be sure 
to include the interaction and both main effects in your summary. 

Table 1. Cell and Marginal Means and Standard Deviations 

Meditation No Meditation Exercise Group Main Effect 

n M(SD) on M(SD) MM (SD) 

Exercise he a 

No exercise = cet et 

Meditation group main effect a 
prone: eas oe Be 8 s,s ee eee ee 

ll EE ee 



490 AN INTRODUCTION TO STATISTICS 

Learning Objectives 

Describe the difference between a one-way ANOVA and a two-way ANOVA 

Summarize ANOVA results from SPSS output files using APA style 

Describe an interaction effect 

The research scenarios described below are based on Savani and Rattan (2012). 

STUDY 1 

Most American voters and economists think that dramatic income inequality is bad for a nation (Norton 

& Ariely, 2011). For example, most Americans disapprove of the fact that as of 2007, the richest 20% of 

people in the United States owned 85% of all the wealth in the country (Wolff, 2010). Two political ana- 

lysts wanted to know if attitudes toward income inequality differed across Democrat, Independent, or 

Republican voters. They obtained a sample of 26 voters from each political party and asked them several 

questions like, “How disturbed are you by the fact that 20% of people in the United States own 85% of 

all the wealth in the country?” The voters responded by using a 7-point Likert scale with 1 indicating not 

at all disturbed and 7 indicating extremely disturbed for all of the questions. The researchers created an 

average “disturbed score” for each participant and ran a one-way ANOVA. The output follows. 

Descriptive Statistics 

Dependent Variable:disturbed score 

a Std. Deviation —— 
Democrat 

Independent 

Republican 

Total 

Tests of Between-Subjects Effects 

Dependent Variable:disturbed score 

Type Ill Sum of Partial Eta 

Squares Mean Square Squared 

Corrected Model 13.944° 31.609 

Intercept 1508.776 ‘ 6840.222 

Party 13.944 t 31.609 

Error 16.543 

Total 1539.264 

Corrected Total 30.487 

a. R Squared = .457 (Adjusted R Squared = .443) 
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Estimates 

Dependent Variable:disturbed score 

4.979 092 4.795 5.162 

4.231 .092 4.047 4.414 

3.801 4.168 

Democrat 

Independent 

Republican 

Multiple Comparisons 

disturbed_score 

Tukey HSD 

I Sid, Error 

Republican .9943° 13026 .6828 1.3058 

oe Republican .2462 13026 -.0653 .5576 

Independent -.2462 .13026 -.5576 .0653 

Based on observed means. 

The error term is Mean Square(Error) = .221. 

* The mean difference is significant at the .05 level. 

How many independent variables (IVs) are in the preceding study? 

ae 

lo. 2 

Ceres 

Identify the IV(s) in this study. 

a. Political party 

b. Republican 

Cc. Democrat 

d. Independent 

e€. Rating on scale measuring how disturbed they are by income inequality 

f. Income inequality in the United States 
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3. What scale of measurement is this (are these) independent variable(s) measured on (i.e., 

nominal, ordinal, interval, or ratio)? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 

4. Identify the DV in this study. 

Rating on scale measuring how disturbed people are by income inequality 

a. Political party 

b. Republican 

c. Democrat 

d. Independent 

€; 

i. Income inequality in the United States 

5. What scale of measurement is the dependent variable measured on (i.e., nominal, ordinal, 

interval, or ratio)? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 

6. After looking at the above SPSS output, the two political analysts disagree on how to interpret 

the results. Bob says that there is a statistically significant interaction, but Alisha says that there 

can’t be an interaction. Which researcher is correct, and why? 

a. Bob is correct because the p value is less than .05 and the post hoc tests indicate that some 

of the pairwise comparisons are significant. 

b. Alisha is correct because you can only have an interaction if there are two or more 

independent variables and this study has just one IV. 

7. Based on the above output, is there a statistically significant difference between those in the 

different political parties on the degree to which they are disturbed by income inequality in the 
United States? 

a. Yes, the p value for the mean difference across political party was less 
than .05. 

b. No, the effect size for political party was greater than .05. 

8. Which pairwise comparisons are statistically significant? (Choose all that apply.) 

a. Republicans and Democrats 

b. Republicans and Independents 

c. Democrats and Independents 

9. Use the above SPSS output to compute the effect sizes (ds) for each of the pairwise comparisons. 

d for Republican vs. Democrat difference = 

d for Republican vs. Independent difference = 

d for Democrat vs. Independent difference = 
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10. Which group was most disturbed by income inequality? 

a. Republicans 

b. Democrats 

c. Independents 

11. A brief report of the results in APA format is below, but some of the necessary Statistical information 
is missing. Use the provided SPSS output to fill in the necessary information. Furthermore, there are 
two errors in the write up. Fix these errors. 

Independent 

A two-factor ANOVA was conducted with political party as the independent variable and perceptions 

of income inequality as the dependent variable. Overall, there was a significant interaction, indicating 

that those from different political parties differed in the degree to which they were disturbed by the 

income inequality in the United States, F(__, )= 0 fO , MSE = : nN =___. Two of 

the three political party comparisons were significantly different. Democrats were more disturbed by the 

income inequality than Independents, p ;d= . They were also more disturbed by 

the income inequality than Republicans, p ,d= . Independents and Republicans were not 

significantly different, p = ,d= , although the medium effect size suggests that the study 

should be replicated with a larger sample size. 

STUDY 2 

Personal choice is a central concept of American culture. The idea that individuals should, at least to 

some degree, succeed or fail based on the quality of their personal choices is a belief commonly held 

by many Americans. The political analysts want to know if they could make Americans more tolerant 

of income inequality in the United States by highlighting Americans’ strongly held belief in “personal 

choice.” To answer this question, the operatives obtained a sample of 26 Democrats, 26 Independents, 

and 26 Republicans. All the voters watched the same 6-minute video, but half of the voters from each 

party were instructed to note each time the actor in the video made a “choice,” while the other half of 

the voters in each party noted every time the actor touched something. After watching the video, all 

voters provided responses to questions like “How disturbed are you by the fact that, in 2007, the richest 

20% of people in the United States own 85% of all wealth in the country.” The voters responded by 

using a 7-point Likert scale with 1 indicating not at all disturbed and 7 indicating extremely disturbed. 

The political analysts reasoned that the “personal choice” group would be less disturbed by income 

inequality because they would be more likely to conclude that the richest people made better personal 

choices than the rest of the population and therefore that they deserved their wealth. The analysts ran 

a two-way ANOVA, and the SPSS output follows. 
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Descriptive Statistics 

Dependent Variable:disturbed_score2 

Std. Deviation —— 
Democrat choice 

touch 

Total 

Independent choice 

touch 

Total 

Republican choice 

touch 

Total 

Tests of Between-Subjects Effects 

Dependent Variable:disturbed_ score2 

fe rae a of Squares Square Squared 

| Corrected Model 17.608" 3.522 14.493 

Intercept 1358.659 1358.659 | 5591.729 

Party 12.278 6.139 25.267 

Instructions 5.200 5.200 21.399 

Party * -130 .065 .267 

Instructions 

Error 17.494 .243 

Total 1393.761 

Corrected Total 35.102 

a. R Squared = .502 (Adjusted R Squared = . 
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WP. 

5), 

Estimates 

Dependent Variable:disturbed score2 

95% Confidence 

Interval 

Lower Upper 

Bound Bound 

Democrat : 4.528 

Independent : Chesil) 

Republican 4 3.600 

Pairwise Comparisons 

Mean Difference = 

Std. Error ig. 

Democrat Independent 

Republican 928° 137 .000 

Dependent Variable:disturbed score2 

Independent Democrat -.713 Misi 000 

Republican 215 sie 120 

; 000 Republican Democrat -.928 137 

| Independent -.215 137 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

4.913 

4.200 

3.985 

95% Confidence Interval for 

Difference* 

656 1.201 

-.057 488 

: -1.201 -.656 

120 -.488 .057 

a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments). 

How many independent variables (IVs) are in the above study? 

Ark el 

ly, 2 

Gg. 3 

Identify the IV(s) in this study. 

a. Political party 

Republican 

Democrat 

b 

G 

d. Independent 

e. Action performed while watching video 
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14. 

1). 

16. 

ie 

Notice number of personal choices 

Notice number of touches 

Rating on scale measuring how disturbed they are by income inequality sy 
i. Income inequality in the United States 

What scale of measurement is this (are these) independent variable(s) measured on (i.e., 

nominal, ordinal, interval, or ratio)? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 

Identify the DV in this study. 

Rating on scale measuring how disturbed they are by income inequality 

a. Political party 

b. Republican 

c. Democrat 

d. Independent 

e! 

fi Income inequality in the United States 

What scale of measurement is this dependent variable measured on (i.e., nominal, ordinal, 

interval, or ratio)? 

a. Nominal 

b. Ordinal 

c. Interval/ratio 

Why can a two-way ANOVA produce a significant interaction between two IVs while a one-way 

ANOVA can never produce an interaction? 

a. An interaction only occurs when one IV interacts with a DV. One-way ANOVAs have both an 

IV and a DV, so interactions are possible. 

b. An interaction only occurs when two IVs interact with the DV. Two-way ANOVAs have two 

IVs, so they can result in an interaction while one-way ANOVAs have just one IV and cannot 
result in an interaction. 

c. An interaction only occurs when two IVs combine to have a unique effect on the DV. One- 
way ANOVAs only have one IV, so they cannot have an interaction, while two-way ANOVAs 
have two IVs. 

Does this study have a significant interaction? 

a. Yes, the p value for the interaction is .007, which is less than .05. 

b. No, the p value for the interaction is .766, which is greater than .05. 

c. Yes, some of the pairwise comparisons are statistically significant. 

d. No, the Fis in the critical region. 

Graph the interaction below. 
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20. 

Ze 

HE 

DS). 

24. 

Zon 

26. 

What about the graph indicates that there is no interaction between the IVs? Select all that apply. 
a. The effect of instructions while watching the video is the same, regardless of political party. 
b. The choice condition resulted in lower ratings than the touch condition for Republicans, 

Democrats, and Independents. 

c. The choice condition had the largest effect on Independents, followed by Democrats and 
then Republicans. 

As you know, a two-way ANOVA produces three F ratios. Find the statistical information for the 
interaction effect and fill in the following blanks. 

eee ee) a ee 

The other two F ratios will always test the main effect of the first IV and main effect of the 

second IV, respectively. In the spaces provided below, list the two IVs, the specific F ratio that 

tests the main effect of each IV, and the p value for each main effect. 

ROR emer Ya 

Vl= 

— _ — 2 _ EQ ee Tee) = p= , MSE = on; = 

IV2= 

see a) ee eee Mok me es 

Record the mean and standard deviation for each political party. 

a. Republican: M= oD = 

b. Democrat: M= 1oD 

c. Independent: M= , SD= 

Based on the above output, is there a statistically significant main effect of political party? In 

other words, is there a statistically significant difference between those in the different political 

parties in the degree to which they are disturbed by income inequality in the United States? 

a. No, the p value for the main effect of political party is greater than .05. 

b. Yes, the p value for the main effect of political party is less than .05. 

Based on the above output, which political parties were significantly different in terms of their 

“disturbed by income inequality scores”? (Choose all that apply) 

a. Republicans and Democrats 

b. Republicans and Independents 

c. Democrats and Independents 

Compute the effect sizes (ds) for the each of the pairwise political party differences. 

d for Republicans vs. Democrats difference = 
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d for Republicans vs. Independents difference = 

d for Democrats vs. Independents difference = 

27. Record the mean and standard deviation for the touch and choice groups. 

Choice group: M= , SD= 

Touch group: M= ,SD= 

28. Based on the above output, is there a statistically significant main effect of instructions? In other 

words, is there a significant difference between those who noted “personal choice” while 

watching the video and those who noted “touches” while watching the video on the degree to 

which they are disturbed by income inequality in the United States? 

a. No, the p value for the main effect of instructions is greater than .05. 

b. Yes, the p value for the main effect of instructions is less than .05. 

29. Why don’t you need to look at post hoc tests for the main effect of instructions? 

a. Because the main effect was not significant 

b. Because there are only two groups and you can just look to see which mean is higher 

30. Compute the effect size (a) for main effect of instructions. 

d for personal choice vs. touches difference = 

31. The following APA-style report includes three errors or omissions (one in each paragraph). 

Locate and fix these errors. Also, fill in all missing numbers. 

A two-factor ANOVA was conducted with political party and instructions as the independent 
variables and perceptions of income inequality as the dependent variable. The interaction 

Table 1. Cell and Marginal Means and Standard Deviations 

Choice Touch Political Party Main Effect 

n M (SD) n M (SD) M (SD) 

Democrat ELI DES OR! 

Republican mes ——s 

Independent es 

Choice main effect 
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between political party and instructions was not significant, F(2,__) = .27, p = .76, 
MSE = .24, a= = .01. The instructions had different effects on every political party. 

Lae was a significant main effect for political party, F (2, 72) = 25.27, p < .001, MSE = .24, 
ee - Overall, Democrats were more disturbed by income inequality than were 
Republicans, p = a= and Independents, p = a 

Finally, there was a significant main effect for instructions, F(2, 72) = 21.40, p <.001, 
MSE = he = -23. Overall, those who were attending to choices were significantly 
different from those who attended to “touches,” p = ,d= 

STUDY 3 

Now the political analysts want to use the information they learned about highlighting personal choice 

to create an effective political advertisement. They want to create an advertisement that will make a 

proposed tax cut for those making over $10 million a year more palatable to middle-class voters. In the 

advertisement, a well-known politician talks about all the positive personal choices successful busi- 

nesspeople make every day and how these choices have positive results for their local communities. 

The analysts get a sample of 40 Independents and 40 Democrats and show the political ad to half of 

the people from each political party. Then all of the voters answer questions indicating how likely they 

are to support the proposed tax cut using a 7-point Likert scale with 1 indicating not at all likely and 

7 indicating extremely likely. The operatives create an “average support score” and run a two-way 

ANOVA and the SPSS output follows. 

Descriptive Statistics 

Dependent Variable: Tax_support_score 

raty ves coitin Jeon _{ St enston |_ _ 
Democrat Watched Ad 

Did not watch Ad 

Total 

Independent Watched Ad 

Did not watch Ad 

Total 

Watched Ad 

Did not watch Ad 

Total 
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Tests of Between-Subjects Effects 

Dependent Variable: Tax support score 

Type Ill Sum of eae | Partial Eta 

Source Squares df Mean Square F Sig. Squared 

Corrected Model 4.691° 1.564 5.108 .003 

Intercept 524.774 524.774 1714.120 .000 

Party 2.761 2.761 9.019 .004 

Video_Condition .070 .070 227 .635 

Party * Video_Condition 1.861 1.861 6.078 .016 

Error 23.267 .306 

Total 552.733 

Corrected Total 27.959 

Pairwise Comparisons 

Dependent Variable: Tax support score 

95% Confidence Interval for 

r . b 
Mean Difference Difference 

|) Video Condition (J) Video Condition Sig. 

Democrat Watched Ad Did not watch Ad | 
Did not watch Ad Watched Ad : 

Independent Watched Ad Did not watch Ad 364 712 

Did not watch Ad Watched Ad 364 TAZ 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 

32. This two-way ANOVA generated three F ratios, each one testing a specific effect. In the space 
provided below, list the specific effects this analysis tested, the value of the F ratio testing each 
effect, and the p value associated with each F ratio. 

Main effect of 

hoz )= p= , MSE = nS 

Main effect of 

FC #6 )= p= | MSE = me 

Interaction between 

[Ca ) = ,p= , MSE = a se 
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535). 

34. 

58). 

36. 

Dif, 

38. 

What does it mean to say that an effect is “significant”? Saying that an effect is significant means 
(choose all that apply) 

a. that it is important; all significant results are important and only significant results can be 
important. 

b. that the mean difference(s) compared by the effect are so large that they were unlikely to 
have occurred by chance. 

c. that the researcher should redo the study with a larger sample size. 

d. that the effect size for that effect is moderate or large. 

Indicate which of the following effects were “significant.” (Choose all that apply.) 

a. The main effect of political party 

b. The main effect of video condition 

c. The interaction between political party and video condition 

After identifying which effects were and were not “significant,” you should identify the meaning 

of each effect by visually inspecting the means compared by each effect. What is the meaning of 
the main effect of party in this study? 

a. Independents and Democrats were equally favorable toward the proposed tax cut. 

b. Independents were more favorable toward the proposed tax cut than were Democrats. 

c. Democrats were more favorable toward the proposed tax cut than were Independents. 

What is the meaning of the main effect of video in this study? 

a. Overall, the video did not make voters more favorable toward the proposed tax cut. 

b. The video did make voters more favorable toward the proposed tax cut. 

c. The video made voters less favorable toward the proposed tax cut. 

What is the meaning of the interaction effect in this study? 

a. The video affected Independents and Democrats the same way, meaning that there was no 

interaction. 

b. The video increased Democrats’ attitudes toward the proposed tax cuts more than it 

increased Independents’ scores. 

c. The video increased Independents’ attitudes toward the proposed tax cuts more than it 

increased Democrats’ scores. 

The following APA-style report includes six errors or omissions (two in each paragraph). Locate 

and fix these errors. Also, fill in all missing numbers 

A two-factor ANOVA was conducted with political party and video condition as the independent 

variables and attitudes toward tax cuts as the dependent variable. There was a significant inter- 

action between political party and video condition, F(1, 76) = 6.08, p = .02, MSE= .31, Np = .07. 

For Democrats, those who watched the video and those who did not had scores, sug- 

gesting that the video had little to no effect on attitude toward the proposed tax cut, p = 

d= However, the video was less effective on Independents. Independents who watched 
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Table 1. Cell and Marginal Means and Standard Deviations 

Watched Ad Did Not Watch Ad Political Party Main Effect 

n M (SD) n M (SD) M (SD) 

Democrat 20 —e Mee 22501673) eee 223 81204) 

Independent 20 

Video main effect 2.59 (.60) 

the video were more favorable toward the proposed tax cut than Independents who did not 

watch the video, p = ,d= 

There was a significant interaction for political party, F(1, 76) = 9.02, p = .004, MSE = .31, 

ne = .11. Overall, Democrats were more supportive of the proposed tax cuts than 

Independents, d= 

Finally, there was a significant main effect for video condition, F (1, 72) = .23 p=.64, 

MSE = .31, "ip = .003. Overall, those who watched the video were more supportive of tax cuts 

than those who did not watch the video, d= 

Learning Objectives 

After reading the chapter and completing the homework and this activity, you should be able to do the 
following: 

e Read a research scenario and determine which statistic should be used 
e The two-factor ANOVA is the last statistic in this book that can be used to compare means. Any 

research scenario that involves two separate independent variables and one dependent variable 
requires a two-way ANOVA. You should also note that any time you want to compare three or more 
means, you will need to use an ANOVA. If there is just one IV, you use a one-way ANOVA, and if 
there are two IVs, you use a two-way ANOVA. Use the table and flowchart in Appendix J to help you 
determine which statistics should be used to answer the research question. 
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CHOOSE THE CORRECT TEST STATISTIC 

Determine which of the following statistics should be used in each of the following research scenarios: 
z for sample mean, single-sample ¢, related samples ¢, independent samples t, one-way independent 
samples ANOVA, or two-way independent samples ANOVA. 

il, Mark Haub, a professor at Kansas State University, reported that he lost 27 pounds in 2 months 
by consuming 1,800 calories a day of primarily junk food (e.g., Twinkies). Given the low caloric 
intake, the weight loss was not surprising, but he reported that his cholesterol levels also 
improved. A nutritionist wonders what the long-term effects of a junk food diet are and so 
designs an experiment using rats. The cholesterol levels of a group of 50 rats are measured, and 
then the rats are fed a diet of Twinkies and Doritos for 1 year. At the end of that year, the rats’ 
cholesterol levels are measured again. Which statistic should be used to determine if the diet had 
a significant effect on cholesterol levels? 

Another researcher reads of Professor Haub’s experience and learns that he consumed one 

serving of vegetables a day while on this diet and wonders if this small amount of vegetables was 

an important factor in lowering his cholesterol levels. To test the effects of this diet plus 

vegetables on cholesterol levels, she obtains a random sample of 75 people and randomly 

assigns them to eat 1,800 calories a day of only junk food, 1,800 calories a day of junk food and 

one serving of vegetables, or 1,800 calories a day of only vegetables. Cholesterol levels were 

measured after 2 months on the diet. Which statistic should be used to determine if there is a 

significant difference in cholesterol levels among the three different diets? 

A number of web reports indicate that Professor Haub’s experience suggests that the quality of 

food is not as important as the amount of food people consume. A nutritionist decides to test this 

by randomly assigning 100 people with 25% body fat to eat either 1,800 calories a day or 2,500 

calories a day. He also manipulates the quality of the food. Half of the participants eat only junk 

food, and the other half eat a healthy diet consisting of fruits, vegetables, whole grains, and lean 

protein. After 2 months on this diet, the percentage of body fat was recorded for each 

participant. Which statistic should the nutritionist use to determine that the effect of caloric 

intake on body fat percentage is different for junk food and for healthy food diets? 

A statistics teacher thinks that doing homework improves scores on statistics exams. To test this 

hypothesis, she randomly assigns students to two groups. One group is required to work on the 

homework until all problems are correct. Homework is optional for the second group. At the end 

of the semester, final grades are compared between the two groups, and the results reveal that 

the required-homework group had higher final grades than the optional-homework group. 

Which statistic should be used to compare the final grades of those in each homework group? 

Encouraged by the results of the first study, the statistics teacher wonders if it is necessary to 

complete the entire homework assignment until it is correct. Perhaps just working on the 

homework is sufficient to improve grades. Thus, the following semester, she randomly assigns 

students to three groups: (1) homework is optional, (2) must get all homework questions correct, 

and (3) need to answer each homework question but they do not have to be correct. At the end of 
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the semester, final grades are compared between the three groups. What statistic could be used 

to compare the final grades of the three groups? 

A recent study revealed that students from the University of Washington who studied abroad 

reported that they drank more alcohol while studying abroad than they used to before they 

studied abroad. Which statistic should be used to make this comparison? 

A college counselor does a survey of students and finds that students on her campus are getting 

an average of just 6.5 hours of sleep on weekdays. In an attempt to get the students to sleep 

more, the counseling center sends an e-mail to all students on campus. This e-mail discusses the 

benefits of sleep as well as the dangers of sleep deprivation. In addition to the e-mail, the 

counseling center gives presentations about the value of sleep to all incoming freshmen. Later in 

the semester, a random sample of 78 students is asked to report the number of hours of sleep 

they get on an average weekday. They report an average of 7.1 hours of sleep, with a standard 

deviation of 0.9. Did the intervention increase the mean amount of sleep on campus? 

Twenty-six students were identified as needing additional help with reading comprehension. 

These students took an extra class during summer that specifically focused on understanding 

what they were reading in short stories, novels, and newspaper articles. After the summer 

course, the students’ average score was 70. What statistic should be used to determine if the 

mean for this sample of students is significantly different from the mean for the population 

(u=75 and o= 10)? 

A person with schizophrenia is more likely to suffer a relapse if family members are highly 

critical, hostile, and overinvolved in that person’s life. Some psychologists wondered if training 
the family members of schizophrenic patients to be less critical and less hostile would reduce 
the patients’ symptoms. The psychologists divided a sample of people with schizophrenia into 
two groups. The family members of the first group were trained to reduce their critical and 
hostile interaction patterns. The family members of the second group of patients received no 
training. Six months later, patients in both groups were evaluated and given scores that reflected 
the severity of their schizophrenic symptoms. Which statistic should be used to determine if 
there is a significant difference between the severity of the schizophrenic symptoms across the 
trained and no-training groups? 

In a related study, researchers divided a sample of family members of schizophrenic patients 
into two groups. One group of family members was trained to be less critical. The other group of 
family members was not trained at all. In addition, half of the people in each group of family 
members were male, and half were female. Is the training program equally effective at reducing 
critical verbal comments made by males and by females? 
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ie Based on a previous research study, it is known that the mean number of critical comments 
made by family members of schizophrenic patients in a day is M = 28.2. A researcher wanted to 
know if family members of schizophrenic patients make more critical comments than people 
who do not have a family member who is diagnosed with schizophrenia. The researcher 
obtained a sample of people who do not have a family member diagnosed with schizophrenia 
and found that the number of critical comments made ina day by these people was M = 25.3, 
with a standard deviation of 2.5. Which statistic should be used to determine if the number of 
critical comments was significantly different in schizophrenic and nonschizophrenic families? 
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Chapter 12 Practice Test 

A researcher decides to investigate if the best type of insect repellant depends on one’s personal body 

temperature. Specifically, she investigates the relative effectiveness of an insect repellant containing 

DEET versus an insect repellant containing natural ingredients (e.g., lemon eucalyptus, and citronella) 

for people who have high versus low body temperatures. The researcher uses procedures similar to 

those used by previous studies investigating mosquito bites. The following data are the number of mos- 

quito bites suffered by those in each experimental condition. 

SE Gs ee 
Beet rere Ser 
a a 
ican 

4 7 15 

7 18 aul i SS ae ee | 
1. Match the assumption to the fact that is relevant to that assumption. 

Independence 

Appropriate measurement of the IV and the DV 

Normality 

Homogeneity of variance 

a. Data were collected from one participant at a time. 

b. The one variable defines groups and the participants’ responses were given on an interval/ratio 
scale. 

c. Samples of 30 or more tend to form distributions of sample means that meet this assumption; 
also, if the population of scores has a normal shape, this assumption will be met. 

d. When the standard deviations from each condition are similar (i.e., not twice as large), this 
assumption is probably met. 

2. Ifyou entered the above data into an SPSS file the correct way to run a two-way ANOVA, how 
many columns would your data file have? 

él. 

bee 
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Cc. 

d. 4 

3. If you entered the above data into an SPSS file the correct way to run a two-way ANOVA, how 
many rows would your data file have? 

7 

14 

Zl 

28 a Oo fF Pf 

The SPSS output for these data follow. 

Descriptive Statistics 

Dependent Variable: Bites 

a 
natural 

DEET 

Total 

natural 

DEET 

Total 

natural 

DEET 

Total 

Tests of Between-Subjects Effects 

Dependent Variable: Bites 

Corrected Model 328.714° 109.571 32.989 

Intercept 2603.571 2603.571 783.871 

BodyTemp 302.286 302.286 91.011 

Repellant 9.143 9.143 Df SS 

BodyTemp * Repellant 17.286 17.286 5.204 

Error 79.714 Sro2n 

Total 3012.000 

Corrected Total 408.429 

a. R Squared = .805 (Adjusted R Squared = .780) 
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Pairwise Comparisons 

Dependent Variable: Bites 

Mean coer 95% Confidence Interval for 

Difference Difference” 

1) Repellant (J) Repellant Std. Error ig. 

low temp natural DEET | gal wea] ez 30] t.582| 

DEET natural 
974 : 

974 

high temp natural___DEET a a eas 4.725 
DEET ___ natural 4725] 704 

Based on estimated marginal means 

*. The mean difference is significant at the .05 level. 

b. Adjustment for multiple comparisons: Bonferroni. 

4. Which of the following is the best verbal summary of the null hypothesis for the interaction? 

a. The effect of type of insect repellant is the same for people with high and low body 
temperatures. 

b. The effect of type of insect repellant is different for people with high and low body 
temperatures. 

C. Those with higher and lower body temperatures will have similar numbers of mosquito bites. 

d. The mean number of bites for the two types of insect repellant will be similar. 

5. Which of the following is the best verbal summary of the research hypothesis for the interaction? 

a. The effect of type of insect repellant is the same for people with high and low body 
temperatures. 

b. The effect of type of insect repellant is different for people with high and low body 
temperatures. 

C. Those with higher and lower body temperatures will have different numbers of mosquito bites. 
d. The mean number of bites for the two types of insect repellant will be different. 

6. The interaction tests the difference between 

a. the marginal means. 

b. the two main effects. 

C. specific pairs of cell means. 

7. Graph the interaction between body temperature and repellant type. 
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wut, 

Report the F statistic information for the interaction. 

F( = p= , MSE = Wh= 

You should reject the null hypothesis if (choose all that apply) 

a. 

b. 

G. 

d. 

the p value is less than the alpha. 

the p value is greater than the alpha. 

the obtained F statistic is greater than the critical value. 

the obtained F statistic is less than the critical value. 

Should you reject the null hypothesis for the interaction? 

a. 

b. 

Yes, reject the null for the interaction. 

No, fail to reject the null for the interaction. 

Based on the simple effects analysis in the SPSS output, which of the following statements are 

true? Select all that apply. 

a. For low body temperature participants, there was no meaningful difference between 

repellants containing DEET and natural ingredients. 

. For low body temperature participants, repellants containing natural ingredients were slightly 

better than those containing DEET. 

For high body temperature participants, there was no meaningful difference between 

repellants containing DEET and natural ingredients. 

. For high body temperature participants, repellants containing DEET were better than those 

containing natural ingredients. 
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WP 

14. 

8), 

What is the effect size, d, for the simple effect of low body temperature participants across 

natural ingredients versus DEET repellants? 

Zl, = 51) 

b. —42 

CG; Sto) 

dias 

@, 2Q.iAl 

f. .98 

What is the effect size, d, for the simple effect of high body temperature participants across 

natural ingredients versus DEET repellants? 

a. = 50 

b. —.42 

©, as} 

GL, ile 

@, Ql 

f. .98 

Which of the following best summarizes the results of the interaction? 

a. People with a higher body temperature (M = 12.93, SD = 2.62) were more likely to be bitten 

than people with a lower body temperature (M = 6.36, SD = 1.15), and people were more 

likely to be bitten when they used the natural insect repellant (M = 10.21, SD = 4.66) than 

when they used the repellant containing DEET (M = 9.07, SD = 3.00), F(1, 24) = 5.20, p=.03, 
MSE = 3.32, 1, =.18. 

b. People with a higher body temperature were much less likely to be bitten when they used the 

insect repellant containing DEET (M = 11.57, SD = 1.99) than the natural insect repellant 

(M = 14.29, SD = 2.56), but for those with lower body temperatures, there was no significant 
difference in bites between those using the natural insect repellant (M = 6.14, SD = 1.35) and 
the repellant containing DEET (M = 6.57, SD = .98), F(1, 24) = 5.20, p= .03, MSE = 3.32, 
Ne =.18. 

c. The interaction between body temperature and type of insect repellant was not statistically 
significant, F(1, 24) = 5.20, p= .03, MSE = 3.32, 1) =.18. 

Which of the following is the best verbal summary of the null hypothesis for the main effect of 
body temperature? 

a. The mean number of mosquito bites for the higher body temperature group will not be 
different from the mean number of mosquito bites for the lower body temperature group. 

b. The mean number of mosquito bites for the higher body temperature group will be different 
from the mean number of mosquito bites for the lower body temperature group. 

Which of the following is the best verbal summary of the research hypothesis for the main effect 
of body temperature? 

a. The mean number of mosquito bites for the higher body temperature group will not be 
different from the mean number of mosquito bites for the lower body temperature group. 

b. The mean number of mosquito bites for the higher body temperature group will be different 
from the mean number of mosquito bites for the lower body temperature group. 
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17. Graph the main effect of body temperature. 

18. Report the F statistic information for the main effect of body temperature. 

FC 5 _)= 5D TMSE = , = 

19. Should you reject the null hypothesis for the main effect of body temperature? 

Gl. Ves 

b. No 

20. What is the effect size, d, for the main effect of body temperature? 

a. .98 

beG:5 is, 

Cy BAS 

d. 1.54 

21. Which of the following best summarizes the results for the main effect of body temperature? 

a. People with a higher body temperature (M = 12.93, SD = 2.62) were more likely to be bitten 

than were people with a lower body temperature (M = 6.36, SD= 1.15), F(, 24) = 91.01, 

p< .001, MSE=3.32, Np =.79. 

b. People with a higher body temperature (M = 12.93, SD = 2.62) were more likely to be bitten 

than were people with a lower body temperature (M = 6.36, SD = 1.15), and people were more 

likely to be bitten when they used the natural insect repellant (M = 10.21, SD = 4.66) than 

when they used the repellant containing DEET (M = 9.07, SD = 3.00), F(1, 24) = 91.01, 

p< .001, MSE =3.32, Np =.79. 

c. The main effect of body temperature was not statistically significant, F(1, 24) = 91.01, 

p< .001, MSE = 3.32, Np =.79. 

22. Which of the following is the best verbal summary of the null hypothesis for the main effect of 

type of insect repellant? 

a. The mean number of mosquito bites for people using the insect repellant containing DEET will 

not be different from the mean number of mosquito bites for people using the natural insect 

repellant. 

b. The mean number of mosquito bites for people using the insect repellant containing DEET will 

be different from the mean number of mosquito bites for people using the natural insect 

repellant. 

23. Which of the following is the best verbal summary of the research hypothesis for the main effect 

of type of insect repellant? 

a. The mean number of mosquito bites for people using the insect repellant containing DEET 

will not be different from the mean number of mosquito bites for people using the natural 

insect repellant. 

b. The mean number of mosquito bites for people using the insect repellant containing DEET 

will be different from the mean number of mosquito bites for people using the natural insect 

repellant. 
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24. Graph the main effect of insect repellant type. 

25. Report the F statistic information for the main effect of insect repellant type. 

Zz 

ar = ,p= , MSE = , p= 

26. Should you reject the null hypothesis for the main effect of type of insect repellant type? 

a. Yes 

b. No 

27. What is the effect size, d, for the main effect of insect repellant type? 

an 29 

lo, Ili 

©, ihe 

Gl, 82 

28. Which of the following best summarizes the results for the main effect of type of insect repellant 

type? 
a. People were more likely to be bitten when they used the natural insect repellant (M = 10.21, 

SD = 4.66) than when they used the insect repellant containing DEET(M = 9.07, SD = 3.00), 

F(1, 24) =2.75, p=.11, MSE = 3.32, Np =.10. 

b. The main effect of type of insect repellant was not statistically significant, F(1, 24) = 2.75, p=.11, 
MSIE = 32, Nh = 0), 

REFERENCES 

Josefsson, T., Lindwall, M., & Archer, T. (2014). Physical exercise intervention in depressive disorders: Meta-analysis 
and systematic review. Scandinavian Journal of Medicine & Science in Sports, 24(2), 259-272. 

Langer, P., Holzner, B., Magnet, W., & Kopp, M. (2005). Hands-free mobile phone conversation impairs the peripheral 
visual system to an extent comparable to an alcohol level of 4~5g 100 ml. Human Psychopharmacology: Clinical 
and Experimental, 20(1), 65-66. 

Norton, M. 1, & Ariely, D. (2011). Building a better America—One wealth quintile at a time. Perspectives on 
Psychological Science, 6(1), 9-12. 

Roediger, H. I., & Karpicke, J. D. (2006). Test-enhanced learning: Taking memory tests improves long-term retention. 
Psychological Science, 17(3), 249-255. 

Savani, K., & Rattan, A. (2012). A choice mind-set increases the acceptance and maintenance of wealth inequality. 
Psychological Science, 23(7), 796-804. 

Wolff, E. N. (2010). Recent trends in household wealth in the United States: Rising debt and the middle-class 
squeeze—An update to 2007. The Levy Economics Institute Working Paper Collection, 589, 1-59. 



STS 

Correlation and Regression 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to do the following: 

Identify when to use Pearson's and Spearman's correlations 

Interpret the sign and value of a correlation coefficient 

Draw and interpret scatterplots by hand and using SPSS 

Write null and research hypotheses using words and symbols 

e Compute the degrees of freedom (df) and determine the critical region 

e Compute a Pearson's and Spearman's correlation coefficients by hand (using a calculator) 

e Determine whether or not you should reject the null hypothesis 

e 

e 

e 

Compute an effect size (7°) and describe it 

Summarize the results of the analysis using American Psychological Association (APA) style 

Interpret the SPSS correlation output 

WHEN TO USE CORRELATIONS AND WHAT THEY CAN TELL YOU 

All the test statistics you have learned so far compare means. For example, when doing an independent 

t test, you have one grouping variable (e.g., male vs. female) and one variable measured on an interval/ 

ratio scale (e.g., test scores). A mean is computed for each group (i.e., males and females), and a statisti- 

cal test is done to determine if the means are significantly different. Comparing means of different 

groups is a very common research approach. Another type of research that is very common tries to 

determine if two interval/ratio variables are related to each other. For example, is college grade point 

average (GPA) related to annual income? To answer this question, you could record the college GPA and 

annual income of a sample of people and then compute a statistic to determine if these two variables 

are related. Note that in this research approach, you are not comparing groups of people; instead, you 

use a correlation coefficient to determine if a high score on one variable (€.g., college GPA) is associ- 

ated with a high or low score on another variable (e.g., annual income). Interpreting a correlation 

coefficient comes down to reading its “direction” and its “strength.” A coefficient’s direction is revealed 

by how individual participants’ scores on the two variables tend to “pair up.” For example, if those with 

513 
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high college GPAs also tend to have high annual incomes (and those with low GPAs tend to have low 

annual incomes), the correlation coefficient would be positive. However, if people with high GPAs tend 

to have low annual incomes and those with low GPAs tend to have high annual incomes, the correlation 

coefficient would be negative. A coefficient’s strength is revealed by its absolute value. For example, if 

a coefficient’s absolute value is “close to” zero, the relationship between the two variables (i.e., their 

tendency to “pair up” positively or negatively) is weak and possibly due to sampling error. However, if 

a coefficient’s absolute value is “far from” zero, the relationship between the two variables is strong 

and therefore unlikely to be due to sampling error. In this chapter, you will learn how to compute and 

then cautiously interpret correlation coefficients. 

A correlation coefficient is used to Reading 
° da. j i i a Qu estion compare the mean of one variable with the mean of another variable 

b. determine if and how two variables might be related to each other. 

C. predict a person’s score on one variable from his or her score on another 

variable. 

A negative correlation coefficient means that Reading 
Question a. if someone has a high score on one variable, he or she also tends to have a 

high score on the second variable. 

b. if someone has a low score on one variable, he or she also tends to have a 

low score on the second variable. 

C. if someone has a high score on one variable, he or she tends to have a low 

score on the second variable. 

If two variables have a weak relationship, the absolute value of the correlation 
coefficient will be close to 

a. 05. 

by 0; 

Reading 

Question 

Go il, 

REVIEW OF z SCORES 

Correlation coefficients are closely related to z scores; therefore, we will begin with a brief review of 
what you learned in Chapter 4. You learned that a z score enables you to locate individual scores 
relative to other scores in the same or different distributions. For example, if three people took a 
statistics exam, converting their raw scores to z scores would not only reveal who scored the highest 
but also how each person’s score compared with the test’s mean and if one or more of the scores 
were exceptionally high or exceptionally low. For instance, if Lola had a z score of +0.62, Bobby had 
az score of -0.84, and Aaron had a z score of +1.8, you should know from this information that Lola 
scored a little better than average, Bobby scored a little worse than average, and Aaron scored excep- 
tionally well. 
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4. Positive z scores represent values that are 
Reading 

Question 
a. below average. 

b. average. 

c. above average. 

Sy Mae of a z score indicates how much better or worse a given score is 
than the mean score. Reading 

Question a. sign 

b. absolute value 

THE LOGIC OF CORRELATION 

The z score is called a univariate statistic because it uses data froma single variable, and conclusions 
drawn from the statistic must be limited to that variable. In the preceding example, the z scores allow 
us to comment on the relative performance of students on the statistics exam but nothing else. There 
are situations when knowing if scores on one variable are associated with scores on another variable 
is valuable. For example, if people who have higher depression scores also tend to have higher anxiety 
scores, this knowledge would help you understand both disorders more fully. Imagine that a group of 

people all completed a measure of depression, followed by a measure of anxiety. If you computed two 

z scores for each person, one for his or her depression score and one for his or her anxiety score, you 

could then compare individuals’ two z scores and determine if people who had higher than average 

depression scores tended to have higher than average, average, or below-average anxiety scores. For 

example, Table 13.1 contains the depression and anxiety z scores for six people. The z scores are com- 

X—M 
puted as Z= a) For Person A, the z score for depression is (44 ~ 60)/13.28 = —1.20, and the 

Z score tof anxiety is (59 — 79)/11.98 = —167. 

An astute observer, with some knowledge of z scores, could probably look at the two columns of 

Zz scores above and conclude that, generally, those who have higher depression scores also tended to 

have higher anxiety scores, a positive relationship. While this general observation is true, there are at 

least two serious limitations with this “visual analysis.” First, it would be much more difficult to discern 

this association if you had to examine pairs of z scores from 30, 60, or 100 people rather than just 6. 

Second, the general statement that if depression is high, then anxiety will be high is not very precise. It 

would be much more helpful if we (a) had a more reliable way of identifying if an association actually 

exists between depression scores and anxiety scores and (b) could quantify precisely how strong (or 

weak) the association is between depression and anxiety. . 

As you might have anticipated, correlation coefficients help us (a) determine if scores on two vari- 

ables are associated with each other and (b) quantify the association’s strength. The following correla- 

tion definitional formula reveals how z scores can quantify the association between two variables: 

2Z,L, 
r= : 

N-1 

By looking at the above formula, you might be able to recognize that the correlation is the average 

product of each person’s pair of z scores. In the depression and anxiety example, each person’s 



516 AN INTRODUCTION TO STATISTICS 

Ielitmk eel Depression and Anxiety z Scores for 6 People 

Person Depression Raw Score (X) | Depression z Score | Anxiety Raw Score (Y) Anxiety z Score 

=1.67 

M, = 60 M,=79 
SD, = 13.28 SD, = 11.98 

depression and anxiety z scores are multiplied, and all the products are summed and then divided by 

the number of paired scores minus 1 (N — 1). In this case, the correlation would be computed as 

eZ 
IN 

» - (-75)(=08) + (.08)(.50) + (=.38)(~.33) + (1.51)(1.34) +(.75)(25) +(C1.20)(-1.67) _ 
5 

4332), 

As expected from your previous “visual analysis” of the z scores, the correlation is positive, indicat- 

ing that depression and anxiety tend to coexist. In general, as depression levels increase, so do anxiety 
levels. 

DIRECTION AND STRENGTH OF CORRELATION COEFFICIENTS 

Correlation coefficients can vary between —1 and +1. As mentioned previously, the sign of the coeffi- 
cient reveals the direction of the variables’ relationship. A positive correlation reveals that the variables 
tend to have similar values (e.g., high depression scores pair with high anxiety scores, medium with 
medium, and low with low). A negative correlation reveals that the variables tend to have opposing 
values (e.g., high depression scores pair with low optimism scores and low depression scores pair with 
high optimism scores). The absolute value of the correlation reveals the strength of the relationship 
between the two variables. The more extreme the r value (i.e., the farther it is from 0), the stronger the 
relationship. A coefficient of 1 or —1 is the strongest association that is possible. Thus, the correlation 
of .89 indicates that the relationship between depression and anxiety is very strong. 

Researchers frequently use scatterplot graphs to examine the relationship between variables. A 
trained eye can view a scatterplot and get a rough idea of both the direction and strength of the rela- 
tionship between variables. For example, you can see that the relationship between depression and 
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anxiety is positive and strong by interpreting the scatterplot in Figure 13.1. Each point in a scatterplot 
represents one pairing of the variables being investigated. For example, the point at depression 44 and 
anxiety 59 indicates that one person in the data set had that combination of scores. When each par- 
ticipant’s paired data point is included in the scatterplot, it reveals how the variables tend to “pair up.” 
You can tell the relationship in Figure 13.1 is positive because the data points suggest a trend from 
the lower left (i-e., low depression scores and low anxiety scores) to the upper right (i.e., high depres- 
sion scores and high anxiety scores). You can also tell that the relationship is quite strong because 
the data points form an “organized” line rather than a more haphazard cluster. The relationship in 
the first scatterplot in Figure 13.2 is the strongest possible positive correlation, +1. This relationship 
is a “perfect correlation” because the data points are perfectly organized; all of the data points fall “in 
line.” Similarly, the second scatterplot in Figure 13.2 displays a perfect negative correlation because 
the data points are also perfectly organized into a straight line, but because the line trends from the 
upper left (i.e., low scores on the first variable and high scores on the other) to the lower right (.e., 

high scores on the first variable and low scores on the other). In both scatterplots, the data points are 

perfectly organized into lines with no “scatter” from those lines, suggesting perfect relationships. As 

the data points in a scatterplot “scatter” from a perfectly organized line, the strength of the relation- 
ship between the two variables gets weaker. 

For example, the scatterplots in Figure 13.3 display relationships that are more typical in research 

situations; variables rarely relate perfectly. You can see that while both graphs suggest trends, the indi- 

vidual data points do not form perfectly organized lines. The data points in both graphs are loosely 

organized into trends, but there is some “messiness,” and therefore, these relationships are not perfect. 

The more the data points deviate from perfect organization, the weaker the relationship between the 

two variables. In the first scatterplot, in Figure 13.3, the data points suggest a moderately strong positive 

relationship because they form a moderately organized trend, from the lower left to the upper right. On 

the other hand, the data points in the second graph suggest a moderately strong negative relationship. 

If you compare the two graphs, you should be able to tell that the data points in the second graph are 

atiicw eee Scatterplot of Depression and Anxiety Scores 

Depression 
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artim kee Perfect Positive and Negative Correlation Scatterplots 

Perfect Negative Correlation Perfect Positive Correlation 

“more organized” or “tighter” than the data in the first graph. This tighter organization represents a 

stronger relationship between the variables in the second graph than the first. 

6. Which of the following are correlations designed to accomplish? Choose 2. Reading 
Questi on Determine if two variables are associated = 

b. Determine if a score is above or below the mean score 

c. Quantify the degree or strength of the association between two variables 

d. Quantify the distance that a score is above or below the mean score 

When, on average, both paired z scores tend to be positive or both paired 
z scores tend to be negative, the resulting r value is 

Reading 

Question a. negative. 

b. positive. 
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When, on average, paired z scores tend to have opposite signs, the resulting 
r value is 

Reading 

Question 
a. negative. 

b. positive. 

Reading A negative correlation between two variables indicates that high scores on one 
ss variable are associated with scores on the second variable. 

Question hich 

b. low 

c. average 

10. Which of the following indicates the strongest association between two 
variables? 

A S328 

Dao 

Ce OF) 

6), iil 

COMPUTATIONAL FORMULAS 

Definitional formulas help explain the logic of a statistic. The z score formula for correlation coeffi- 

cients that we described at the beginning of the chapter is a definitional formula. It helps you under- 

stand how correlations work because it literally defines how the two types of scores are related. 

However, definitional formulas can be tedious to use. For example, if working with a large data set, it 

would be cumbersome to convert all raw scores to z scores and then compute an r value. Computational 

formulas are less intuitive, but they are easier to use. The following computational formulas allow you 

to compute an r value directly from raw scores without first converting everything to z scores; this 

saves a lot of time. While it is difficult to understand how computational formulas work by looking at 

them, they yield the exact same value as the definitional formula. 

When computing statistics by hand, researchers most often use 

formulas. When trying to understand how a statistic works, students will find 

it easier to work with formulas. However, both formulas will always 

produce value(s). 

a. computational; definitional; the same 

Reading 

Question 

b. computational; definitional; different 

c. definitional; computational; the same 

d _ definitional; computational; different 

The computational approach requires you to use two formulas. You must first compute the shared 

variability of X and Y (i.e., SS,,) and then use that value to compute r. Computing SS,, requires LXY, 

yx, YY and N. EXY is obtained by first multiplying the paired X and Y values and then summing the 

products. DX and XY are the sum of the X and Y values, respectively. The sum-of-squared deviations 

(SS) for X and Y is then computed in the same way as in Chapter 3. 
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Person Depression Raw Score Anxiety Raw Score | 
Be ee ee 
| bs eee eae 
ieee eee a 
pacts Goswotlas arlene 600 Mi | 
a ee a) 
mrt) 

DX = 360 YY = 474 DXY = 29,146 
sihee = 22, 482 awe = 38, 164 _ 

The numerator of the correlation (SS,,,) is computed as 

4 me? Li Ces ee 
= YXY —-——— = 29,146 

N 

The denominator of the correlation is the square root of the product of SS, and SS, 

gy ; 
SSiah Xa - = 22,482 > = 882. 

ss, <zy? -2Y) 474 
: N 

= 38,164 -——_ = 718. 
6 

[SS,SS, =,/(882)(718) =795.79. 

Finally, the r is 

ne 
SS7SS) 4795708" 

This .89 correlation coefficient is identical to what you found when using the definitional formula 
at the beginning of the chapter. 
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SPEARMAN’S (r,) CORRELATIONS 
There are actually many different kinds of correlations. The one you just computed is called a 
Pearson's r. You should use Pearson’s r when both variables are measured on interval or ratio scales. In 
the examples described earlier, you used Pearson’s correlations because the variables of depression and 
anxiety were both measured on interval scales. If one or both of the variables are measured on an ordi- 
nal scale, you cannot use a Pearson’s correlation. However, Spearman’s correlation is very similar to 
Pearson's correlation, and it can analyze ordinal data. For example, you would use Spearman’s r if you 
wanted to assess the relationship between the order of finish ina swimming race (first, second, third, 
etc.) and hours of swimming practice in the previous month. The computations for Spearman’s correla- 
tion are identical to the computations for Pearson’s correlation, with one important exception. The first 
step when computing Spearman’s correlation is making both variables ordinal. For example, analyzing 
the relationship between finishing position in a race and hours of practice, you would have to convert 
the “hours of practice” variable into an ordinal variable. The person who practiced the most (e.g., 
20 hours) would get a value of 1, the person with the next highest practice time (e.g., 17 hours) would 
get a 2, and so on. The “finishing position” variable is already an ordinal variable, so the next step is to 
do all the same computations you did for a Pearson’s correlation but you analyze the two ordinal vari- 
ables rather than the original pair of variables. Essentially, running a Spearman’s correlation involves 
analyzing the rank orders of two variables rather than the variables themselves. If both variables are 

interval or ratio, you should use a Pearson’s correlation by analyzing the raw data, but if either variable 
is ordinal, you need to use a Spearman’s correlation by converting both variables to ranks and then 
analyzing those ranks. 

12. If both variables being analyzed are measured on an interval or ratio scale, a 

correlation should be used. 
Reading 

Question 
a. Pearson’s 

b. Spearman’s 

If one of the variables is measured on an ordinal scale and the other variable is 

measured on an ordinal, interval, or ratio scale, a correlation should 

be used. 

Reading 

Question 

a. Pearson’s 

b. Spearman’s 

USING SCATTERPLOTS PRIOR TO CORRELATION COEFFICIENTS 

Pearson’s r is used when both variables are measured on interval or ratio scales. Before computing the 

correlation, you should first create a scatterplot to determine if the Pearson’s correlation is the appro- 

priate statistic to use. Pearson’s correlation is only appropriate if there is a linear trend between the 

variables. A scatterplot of the two variables will reveal which correlation is appropriate. If, after creat- 

ing a scatterplot, you discover that the data points do not follow a linear trend, you should not use 

Pearson’s correlation. If the data are not linear but they are monotonic (see Figure 13.4), you can use 

the Spearman’s correlation. Monotonic simply means that the data have a trend in only one direction 
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ati EECM Graphs Representing Linear, Monotonic, and Nonmonotonic Relationships 

Linear: use Monotonic (not linear): Nonmonotonic (not linear): 

Pearson’s r use Spearman’s r use neither 

but not necessarily a linear trend. If the data trend upward and then downward, they are nonmono- 

tonic (see Figure 13.4), and neither Pearson’s nor Spearman’s r can be used. 

14. Ifthe trend revealed by a scatterplot is not linear but it is monotonic, what 

correlation should be used? Reading 

Question a. Pearson’s 

b. Spearman’s 

If the data form a linear trend, a Pearson’s correlation might be appropriate, but you also need to look 

at the graph and check for homoscedasticity. Data are homoscedastic if the amount of variability in the 

data is similar across the entire scatterplot. For example, the first graph in Figure 13.5 shows a homosce- 

dastic scatterplot. As the x variable (i.e., the one on the horizontal axis) increases, the variability around 

the “line of best fit” is about the same. However, the second and third graphs show data that are not 

homoscedastic but rather heteroscedastic. In these graphs, the data points become more variable as the 

x variable increases (second graph) or decreases (third graph). If the scatterplot suggests that the data 

are heteroscedastic, you should not use the Pearson’s or Spearman’s correlation. 

ACICB ERM Graphs Representing Heteroscedasticity and Homoscedasticity 

Homoscedastistic Heteroscedastic Heteroscedastic 
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When analyzing a scatterplot, you may find that 
a set of data are generally linear and homoscedas- 
tic, but they contain points that are outliers. For 
example, the graph in Figure 13.6 shows a strong, 
negative linear relationship, but there is one data 

SCM ER craph of a Strong, Negative 
Linear Trend With an Outlier 

point that deviates from the general trend. This ° 
one outlier can have a significant impact on the Sts 
correlation. In these cases, researches usually a & 
look to determine if there is some sort of meth- on 
odological or data entry error that led to this out- : o @ 
lier. If you identify an error, fix it prior to analysis. : 4 
If the outlying point is not an error, researchers 
often compute the correlation with and without a Se eeeeee 

the outlier and report both sets of analyses. 

ALTERNATIVE USE FOR CORRELATION 

Most of the time when you use a correlation, you have scores from the same person for both variables. 

However, in some situations, you can assess the relationship between the scores from different indi- 

viduals. For example, if you wanted to assess the relationship between spouses’ marital satisfaction, 

you could measure the marital satisfaction of both people in a marriage to see if their respective sat- 

isfaction scores are associated. If one person in a marriage is satisfied, does the other person tend to 

be satisfied as well? And if so, how strong is the association between married couples’ satisfaction 

scores? The key requirement is that the two variables being correlated must be “paired” in some way. 

The data must include paired scores that came from the same source (e.g., the same person, the same 

marriage). 

15. A correlation can only be used if the scores on each variable Reading 
Question a. come from the same people. 

b. are paired or linked to each other in some way. 

CORRELATION AND CAUSATION 

You have probably heard the common phrase, “correlation does not equal causation.” Although the 

phrase is true, it is misleading. The popularity of this phrase, without similar cautions for other sta- 

tistics (e.g., t tests, ANOVAs), incorrectly implies that these other statistics do allow you determine 

causal relationships. In fact, no statistic, by itself, allows researchers to infer causality. So, while it is 

true that correlation does not equal causation, it is also true that the “t test does not equal causation” 

and “ANOVA does not equal causation.” To support a causal claim, there are two requirements. First, 

you must establish that the two variables are significantly related to each other. In other words, when 

one variable changes, the other variable changes as well. This first requirement is a statistical issue 

and can be addressed with any of the significance tests covered in this book. However, a statistically 

significant relationship is not sufficient evidence that one variable (IV) causes changes in the other 

(DV). The second requirement is that there are no confounds or alternative explanations for the 
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statistical association. As mentioned in other chapters of this text, eliminating confounds is a 

research methods issue. If you take a research methods course, you will learn how to control for 

confounds so you can eliminate alternative explanations. For now, you should understand that no 

statistic allows you to infer a causal relationship between an IV and a DV unless confounds are con- 

trolled. However, if confounds are controlled, every test statistic can support a causal conclusion, 

even correlation. So, the key point is “no statistical relationship equals causation.” We know it doesn't 

rhyme like the more famous phrase, but it is more accurate. 

16. Which of the following statements is true about statistics and causation? 

Reading 
: a. Correlations do not allow you to infer causality, but other statistics do. 

Question 
b. No Statistics, on their own, are sufficient evidence for inferring causality. 

c. Correlations are not very useful to scientists because they do not enable 

researchers to make causal conclusions. 

HYPOTHESIS TESTING WITH CORRELATION 

As you know from your work with other statistics this semester, researchers often collect data from a 

representative sample and infer that the results they find approximate the results they would have 

found if they had studied the entire population (i.e., researchers often use inferential statistics). The 

same is done with both Pearson’s and Spearman’s correlations. In addition, as with the previous sta- 

tistics you have worked with, researchers assume that a null hypothesis is true unless they find suffi- 

cient evidence to reject it. In the case of correlation, the null hypothesis is that the two variables being 

studied are not associated. If the null were true, the calculated r value would be close to 0. If the cal- 

culated r value is far from 0, the null is not likely to be true. 

17. Ifthe null hypothesis is true and two variables are not associated with each 

other, the r value should be close to Reading 
Question re 

lex al 

G, @ 

As with other statistics, you use a critical value to define “far from 0.” The critical value of r changes 

based on the sample size (i.e., df = N— 2). A table of critical r values is located in Appendix E. If the 

obtained r value is more extreme than the critical value (i.e., farther from 0), you should reject the null 

hypothesis. A complete example is provided below. 

18. If an obtained r value is farther from O than the critical value, you should 
Reading 

Question a. reject the null hypothesis. 
b. not reject the null hypothesis. 

As with ¢ tests, correlations can be one-tailed or two-tailed. If the research hypothesis predicts a 

positive association or a negative association, use a one-tailed test. If, however, the research hypothesis 
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does not predict a specific direction, only that the two variables will be related somehow, use a 
two-tailed test. 

19. Use a two-tailed critical value when the research hypothesis Reading 
Question a. predicts a positive correlation. 

b, does not predict a specific direction for the relationship between the two 
variables. 

c. predicts a negative correlation. 

TWO-TAILED PEARSON’S CORRELATION EXAMPLE 

You wonder if gratitude is associated with prosocial behavior. Specifically, you want to know if people 
who feel grateful about their own lives are more or less likely to want to help others. You do not under- 
stand these variables well enough to predict a positive or negative relationship; you just want to know 
if gratitude and prosocial beliefs are associated at all. To investigate this relationship, you have partici- 

pants complete a questionnaire that measures gratitude and another that measures attitudes toward 

helping others. Both variables are measured on an interval/ratio scale and are computed such that 

higher scores indicate greater gratitude and stronger prosocial beliefs. The data from this study are 
given in Table 13.2. In this example, we will only use the computational formula for the r. 

Table 13.2 Computation of a Correlation Coefficient Using the 
manieeaie Definitional z Score Formulas 

Participant | Prosocial Attitudes (X) Gratitude (Y) XY 

A 1 3 3 

18 

DXY = 122 
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Step 1: Assess Statistical Assumptions 

As with all statistical tests, the data collected from each participant must not be influenced by the 

responses of other participants. In this study, this data independence assumption is met. A Pearson’s 

correlation requires that both variables be measured on an interval/ratio scale of measurement. In this 

study, both the measures of gratitude and prosocial attitudes met this assumption. If either variable 

were measured on an ordinal scale, you would need to run a Spearman's correlation. Pearson's correla- 

tion also requires that both variables have a normal shape in the population (normality assumption). 

Researchers typically assess this assumption by creating a histogram of each variable, and if the 

sample data have a normal shape, they assume that the population also has a normal shape. 

The scatterplot in Figure 13.7 has the possible values for one variable on the x-axis (prosocial atti- 

tudes) and the possible values for the other variable on the y-axis (gratitude). It does not matter which 

variable goes on which axis. A dot at the paired coordinates represents each person’s score on both 

variables. For example, Participant A’s dot should be at the coordinates of prosocial attitude, 1, and 

gratitude, 3. Every person has a dot representing his or her combination of scores. If two or more 

people have the same scores for both variables, there will be two dots at the same coordinate location. 

The scores in Figure 13.7 seem to follow a straight line sloped upward, and so the trend represented in 

the figure is sufficiently linear to conduct a Pearson’s correlation. 

If the trend was not linear but still monotonic, you would use Spearman’s correlation. If the trend 

was nonmonotonic, both the Pearson’s and the Spearman’s correlations would be inappropriate, and 

you should ask for help with your data. 

ati ERAE Scatterplot of Gratitude and Prosocial Attitudes 

Gratitude 

Prosocial Attitudes 

0 1 b) 3 

SSL APNE HOPE PET GENRE TT TES ee 



CHAPTER 13 Correlation and Regression 527 

Reading 20. Inascatterplot, each dot represents 

Question a. a set of paired X and Y scores. 

b. an X score. 

C. a Y score. 

Step 2: State Null and Research Hypotheses Symbolically and Verbally 
The research hypothesis is that the two variables have a linear relationship, whereas the null hypoth- 
esis is that they do not have a linear relationship. These hypotheses are presented verbally and sym- 
bolically in Table 13.3. You will notice that the Greek letter rho (p) represents the population parameter 
for correlations. In other words, the statistic r is an estimate of the population parameter (p). 

elitwekiew oymbolic and Verbal Representations of Two-Tailed Research and Null Hypotheses 
for a Pearson’s Correlation 

L Symbolic Verbal Coefficient Created by 

Research H,: p #0 Gratitude and prosocial attitudes are linearly | Relationship between 
hypothesis (H,) related; the correlation is not zero. variables 

Null hypothesis H,: p =0 Gratitude and prosocial attitudes are not Sampling error 
linearly related; the correlation is zero. 

TITRE BLE LEE L WEE LEE ERRNO IE ETI TBE ART NEE IRE ENT SSS TT EERE LECT 
LSP EE Te TT 

- The research hypothesis for a two-tailed Pearson’s correlation predicts that the 

test statistic r will be far from 
Reading 

Question 
Ce Gk 

DaQ: 

Cus 

Step 3: Define the Critical Region 

The degrees of freedom formula for correlations is df = N— 2, where N is the number of paired scores, 

not the number of scores. Therefore, in this case, 

df =N-2 = 10-2 =8. 

The two-tailed critical value associated with df = 8 can be found in the table of Pearson’s r critical 

values in Appendix E. The two critical regions for this example are +.632 and —.632. If the obtained 

r value is more extreme than these values, the null hypothesis should be rejected. If the obtained r is 

in the negative tail of the r distribution, the two variables have a significant negative association, and 

if it is in the positive tail, they have a positive association. 



528 AN INTRODUCTION TO STATISTICS 

A two-tailed correlation has critical region(s). 
Reading 
Question Aate. 

b. one 

c. two 

d. three 

Step 4: Compute the Test Statistic (Pearson’s r) 

Some of the computational work was completed in the above data table. 

The numerator of the correlation (SS,,) is computed as 

i PON TS Oa ste arts ot ee =7.6 

The denominator of the correlation is the square root of the product of SS, and SS,: 

2 2 

SS yy? 2) 919 = 16.4. 
y N 10 

J95,5S, =V(8.4)(16.4)= 11.74. 

Finally, the r is 

Pett oe LEED. iy 

SSSSe a igae 

The obtained r value of .65 was in the positive critical region (i.e., it was farther from 0 than the 

critical value of +.632), which means that gratitude and prosocial attitudes have a significant positive 

association. That is, those who are more grateful also seem to have more positive attitudes toward 
helping others. 

Step 5: Compute the Effect Size (r?) and Describe It 
The size of a correlation is described by r*, which is also called the “coefficient of determination.” 

ytt=(165)" = Haas 

The coefficient of determination is interpreted as a percentage. Specifically, r? = .42 indicates that 
42% of the variability in prosocial attitudes is predicted by the variability in gratitude scores. If the r? 
between prosocial attitudes and gratitude were 1, you could perfectly predict someone’s prosocial 
attitudes from his or her gratitude. The general guidelines for interpreting r° are presented in Table 13.4 
and are the same as those for np. 
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23. Ifr’ = .36, it means that 36% of the 
variability in one variable is Table 13.4 General Guidelines for 

mm Interpreting r? 

Effect Size Label 

Reading 

Question a. unpredictable. 

b. predicted by the variability in the 
other variable. 

Step 6: Summarize the Results 
This correlation analysis can be summarized by the following 

There is a positive association between gratitude and pro- 
social attitudes, r(8) = .65, p < .05. That is, those with higher gratitude scores also tended to have more 
positive attitudes toward helping others. 

The APA reporting format for correlations is similar to that used for other statistics; however, with 
other statistics, an effect size estimate is included in the summary statement. This is typically not done 
with correlations because the effect size estimate is so easily computed from the r value, which is 
included in the APA reporting format (i.e., effect size = 1’). 

If r(8) = .65, p < .05, the number of paired scores in the study was and 
Reading eee ‘ : 
Question See 

b. 8; .4225 

GuO72 00 

d. 10; .4225 

ONE-TAILED PEARSON’S CORRELATION EXAMPLE 

Now, you are interested in replicating your previous work on gratitude and prosocial attitudes at your 

college. In your previous study, you found a strong positive association, and you expect to find a similar 

relationship at your college. Therefore, your research hypothesis is that there will be a positive linear 

correlation between these variables. You collect data from 10 students attending your college. The data 

are presented in Table 13.5. 

Step 1: Assess Statistical Assumptions 

As was the case in your previous study, all of the statistical assumptions are met. You then create a 

scatterplot to determine whether a Pearson’s or Spearman’s correlation is appropriate. The data for 

this example are plotted in Figure 13.8. The trend represented in the figure is sufficiently linear to 

conduct a Pearson’s correlation. 

Step 2: State the Null and Research 

Hypotheses Symbolically and Verbally 

Given the results of your previous study, you are predicting a positive correlation between gratitude 

and prosocial attitudes, so you correctly choose to do a one-tailed significance test. The null and 

research hypotheses are presented in Table 13.6. 
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LEWCEBCM Computation of a Correlation Coefficient Using the Computational Formulas 

Participant Gratitude (Y) 

A 

Prosocial Attitudes (X) 

SS = Se a ee a a Si 7S we ee a aN 2 AS SANs 

alice ERM Scatterplot of Scores for Prosocial Attitudes and Gratitude 

Gratitude 

2 

Prosocial Attitudes 

SU ER RSIS EP ERE PE EPR EBT NOTH NNT EE TST 
SOO Ne eR NT 
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Table 13.6 Symbolic and Verbal Representations of the One-Tailed Research and Null 
Hypotheses for a Pearson’s Correlation 

Symbolic Verbal Coefficient Created by 

Research hypothesis | H,: p >0 Gratitude and prosocial attitudes Relationship between 
(H,) are positively related. variables 

Null hypothesis (H,) | H,: p <0 Gratitude and prosocial attitudes Sampling error 
are not positively related. 

Step 3: Define the Critical Region 

In this case, df = N—2 = 10-2 = 8. 

The one-tailed critical value associated with a df = 8 is .549. You predicted a positive correlation, 
so the critical region for this example is +.549. If the obtained r value is larger than this critical r value, 
you should reject the null hypothesis. 

Step 4: Compute the Test Statistic (Pearson’s r) 

You use the computational formula to first compute SS,, and then r. 

(2X)(2Y) 
N 

_ (22)(32) _ SS, = DXY - = 75 2.6. 

Se. Oe 

Ce CS) wl GO ie we 

The obtained r value of .46 was not in the critical region, which means that gratitude and prosocial 

attitudes were not significantly positively correlated in your sample. 

Step 5: Compute the Effect Size (r°) and Describe It 

In this case, r”, or the coefficient of determination, was .46’, or .21. This indicates a medium to large, 
positive association between gratitude and prosocial attitudes. Although the obtained r value was not 

sufficient to reject the null hypothesis, the medium to large effect size suggests that the two variables 

may be associated but the sample size was too small to detect the relationship between the variables. 

Step 6: Summarize the Results 

The following short paragraph summarizes your results. 

The students’ gratitude scores and prosocial attitudes were not significantly correlated, r(8) = .46, 

p > .05. However, the medium to large association between the variables suggests that the null hypoth- 

esis may not have been rejected because the sample size (N = 10) was too small. A larger sample size 

is needed to study the relationship between these variables. 
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25. Inan APA-style reporting statement, the number in parentheses after r is 
Reading 
Question a. the Pearson’s correlation. 

b. the degrees of freedom. 

WHAT IF YOU NEED TO DO A SPEARMAN’S CORRELATION? 

You learned that if a scatterplot is monotonic rather than linear, you must do a Spearman's correlation 

rather than a Pearson’s correlation. The interesting fact about Spearman’s correlation is that it uses the 

exact same formulas as Pearson’s correlation. The only difference between the two correlations is in 

the type of data that are used. While Pearson’s correlation uses the raw scores, Spearman’s correlation 

analyzes the ranks of the scores rather than the scores themselves. Therefore, if you need to conduct a 

Spearman's correlation by hand, you must first convert all of the scores for Variable 1 into ranks and 

all of the scores for Variable 2 into ranks. 

Table 13.7 displays how the raw scores for each variable would be converted into ranks for a small 

data set of four scores for each variable. Higher scores represent better scores for both Variable 1 and 

Variable 2. 
After converting the raw scores for Variables 1 and 2 into ranks, the remaining steps for computing 

Spearman’s correlation are the same as those for Pearson’s correlation. If you are using SPSS to conduct 

a Spearman’s correlation, the program will convert the raw scores to ranked scores for you. The only 

thing you will have to do is indicate that you want a Spearman’s rather than a Pearson’s correlation. 

IE) (eke Converting Raw Scores Into Rank Scores for Spearman’s Correlation 

Vanable 1 Raw Scores Vanable 1 Rank Scores Vanable 2 Raw Scores Vanable 2 Rank Scores 

Reading If you need to do a Spearman’s correlation because the data are monotonic but 

0 ti not linear, you need to convert the raw scores to and then use the same 

uestion steps/formulas that you would use to perform a Pearson’s correlation. 

a. Z scores 

b. ranked scores 

CONFIDENCE INTERVALS 

In previous chapters, we computed confidence intervals around means and mean differences. You can 
also compute confidence intervals around correlations to determine a range of plausible values for the 
value of the correlation in the population. The confidence interval formula for correlations has the 
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same general format as for all other confidence intervals. You begin with a point estimate, which is the r you calculate, and then you subtract the margin of error to obtain the lower bound of the confidence interval and add the margin of error to obtain the upper bound. 

Lower Bound Point estimate of r — Margin of Error 

Upper Bound Point estimate of r + Margin of Error 

Although the format of the confidence interval is identical to the confidence intervals you computed 
around means and mean differences, there are some differences in the computations. These differ- 
ences are discussed in Activity 13.2. 

SPSS 

In this section, we reanalyze the last example in this chapter to illustrate how to use SPSS to perform 
a correlation. 

Data File 

After you enter your data, it should look like the screenshot in Figure 13.9. 

aCIICER SPSS Screenshot of Data Entry Screen 

File Edt View Data Transform Analyze 

Boo Bes Emallh & 
Visible: 2 of 2 Variables 

var yar NSE 
1.00 2.00 
2.00 2.00 
2.00 4.00 
3.00 4.00 
1.00 3.00 
3.00 3.00 

2.00 4.00 
2.00 3.00 / 
3.00 3.00 
3.00 : 

_IBM SPSS Statistics Processor is ready| |" [Unicode:ON [| 
Reese = LS LEILA LEE TE LIE LENE ELE IE OIL ITN 

27. When entering data for a correlation analysis in SPSS, 
Reading 
Question a. each variable is in its own column. 

b. each set of paired scores is in its own column. 
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Creating a Scatterplot 

There are two ways to create scatterplots in SPSS: 

1. Option 1(Legacy Dialogs) 

Go to the Graphs menu. Choose Legacy Dialogs, and then select Scatter/Dot. 

Choose Simple Scatter, and click Define. 

Put one variable on the x-axis and the other variable on the y-axis. 

2. Option 2 (Chart Builder) 

Go to the Graphs menu, and select Chart Builder. 

A box may pop up that warns you to make sure that the appropriate level of measurement is 

specified in the data file. Close this box by clicking on OK. 

You will see two windows. One is labeled “Element Properties,” and the other is labeled “Chart 

Builder.” Close the Element Properties window. 

To create the scatterplot, click on the Gallery tab on the lower half of the screen, and then 

click on “Scatter/Dot.” 
Once you have done that, there will be several pictures of different types of scatterplots. 

Double-click on the first one. If you hold your cursor over it, it will say “Simple Scatter.” 

Next, you need to indicate which variable you want on the x-axis and which you want on the 

y-axis. Just choose one variable from the Variable box and drag it onto the x-axis, and then 

drag the other variable onto the y-axis. Click OK to create the scatterplot. 

Output 

Your output file should look similar to the one in Figure 13.10. (Note: If you put gratitude on the hori- 

zontal axis, your dots will be in different locations.) The plot in Figure 13.10 is sufficiently linear to 

conduct a Pearson’s correlation. 

atetic-mecpe lem SPSS Screenshot of Scatterplot 

o 
no} 
3 = = 
© 
J 

0) 

[o) 
T 

3.00 

Prosocial 
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Which of the following sets of paired scores is not represented in the above 
scatterplot? The prosocial score is listed first, followed by the gratitude score. 
BY 

ln, 3h, 2 

ce a6 

Gl, 3, Ss 

Reading 

Question 

Computing a Correlation 

Go to the Analyze menu. Choose Correlate, and then select Bivariate. 

Move the variables you want a correlation for into the Variables box. 

Check Pearson’s or Spearman’s correlation. 

The output you see in Figure 13.11 is called a correlation matrix. Note that the correlation, or 
r value, of .648 is the same as the r value that was computed by hand at the beginning of the chapter. 
Also, note that SPSS always presents the correlation twice. The Sig. (2-tailed) value, or p value, for this 
correlation is .043. This means that when the sample size is N = 10, an r value of .648 would be 
expected to occur about four times out of 100 due to sampling error. When interpreting the results 

from the computer output, you compare the p value (i.e., .043) with the alpha value that was set at the 

beginning of the study; in this case, a = .05. Because the p value is less than the alpha value, that is, 

p (.043) < a (.05), you should reject the null hypothesis. You should recognize that this is the same 

conclusion that you reached when you analyzed these data by hand. 

attic epee es SPSS Screenshot of Correlation Output 

Correlations 

eee eee [eee 
Gratitude Pearson Correlation 

Sig. (2-tailed) 

N 

Prosocial Pearson Correlation 

Sig. (2-tailed) 

N 

* Correlation is significant at the 0.05 level (2-tailed). 
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29. What is the exact p value produced by the SPSS output on page 535? 
Reading 

Question Heil 
b. 10 

Cc. .648 

d. 043 

OVERVIEW OF THE ACTIVITIES 

In Activity 13.1, you will learn to estimate the strength and direction of correlations from scatterplots, 

how to recognize linear versus nonlinear trends in scatterplots, and work through the six steps of 

hypothesis testing for a correlation with “hand” calculations and SPSS. Activity 13.2 has you compute 

confidence intervals for correlations. In Activity 13.3, you will compute a Spearman’s correlation. 

Activity 13.4 introduces the statistical procedure of linear regression. Finally, Activity 13.5 has you 

choose which statistical procedures are appropriate for various research situations. 

“Activity 13.42 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Determine if it is appropriate to use Pearson's or Spearman's correlation by viewing a scatterplot 

Estimate the correlation coefficient by inspecting a scatterplot 

Conduct a one-tailed and a two-tailed hypothesis test using a Pearson's correlation 

Compute a Pearson's correlation by hand and using SPSS 

Summarize the results of a correlation in APA format 

PART I: JUDGING CORRELATION STRENGTH FROM SCATTERPLOTS 

Before computing correlations, you should get some practice looking at scatterplots and determining 
the strength of the relationship between two variables just based on the graph. In general, the closer 
the data points are to a straight line, the stronger the relationship between the variables. Go to the fol- 
lowing website, and answer the questions until you can accurately associate a graph with the appropri- 
ate correlation coefficient: http://istics.net/stat/Correlations/. 

1. My longest correct answer streak was 

2. What characteristic of a scatterplot determines the strength of the relationship between the two 
variables? Describe this characteristic to someone who has not taken a statistics class. 

3. What characteristic of a scatterplot determines the direction of the relationship between the two 
variables? Describe this characteristic to someone who has not taken a statistic class. 
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PART II: IDENTIFYING APPROPRIATE 
CORRELATION BY VIEWING SCATTERPLOTS 

Before computing the correlation between two quantitative variables, you should generate a scatterplot of the data to determine if Pearson’s or Spearman’s correlation, or neither of them, should be used. As 
discussed in the reading, if the scatterplot is linear, use a Pearson’s correlation. If the scatterplot is 
monotonic or “slightly curvy but not dramatically changing its overall trend,” use a Spearman’s correla- 
tion. And if the scatterplot is nonmonotonic or “dramatically changing directions,” use neither Pearson's 
nor Spearman’s correlations. The figures exemplify possible trends and the type of correlation that 
should be used to analyze them. 
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Linear trend: use Curved and monotonic Curved and nonmonotonic 

Pearson’s correlation trend: use trend: use 

Spearman’s correlation neither correlation 
ha ica ae 

For the next four questions, you should look at the scatterplot and determine if a Pearson’s or 

Spearman’s correlation should be performed or neither of the two. 

4. To determine if arousal is associated with running speed, a sports psychologist obtains a sample 

of runners and measures their reported level of arousal on a 12-point scale, with higher numbers 

indicating higher levels of arousal. After measuring their arousal, each person is asked to run 

400 m, and the times are recorded. 

Based on the scatterplot, which 

correlation is appropriate for 

these data? 
100.00 

a. Pearson’s 90.00 

8 b. Spearman’s 
Q 
® 80.00 c. Neither 
no 
iS 

i 

5 @ 70.00 
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5. The following height and shoe size data came from a sample of 17 college students: 

Based on the scatterplot, which 

correlation would be appropriate 

for these data? 

a. Pearson’s 

b. Spearman’s 

c. Neither 

8.00 10.00 

Shoe Size 

6. The members of a college admissions committee want to know if the Math portion of the SAT is a 

good predictor of college performance. They obtain Math SAT scores as well as first-year college 

GPAs from a sample of 23 students. 

Based on the scatterplot, which 

correlation is appropriate for these 

data? 

a. Pearson’s 

b. Spearman’s 

c. Neither 

MathSat 
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A student notices that she is usually in a bad mood when she is sleep deprived and wonders if this is true for other people. To investigate this, she asks students to report the number of hours of sleep they received the previous night and conducts a Survey assessing their current mood (higher numbers indicate a more negative mood). 

10.00 
Based on the scatterplot, which 

correlation is appropriate for these 
data? 

8.00 a. Pearson’s 

3 b. Spearman’s 

3 6.00 Cc. Neither 
3 
ry 
Z 4.00 

.00 
.00 2.00 4.00 6.00 

HoursSleep 

BSS SSS SS Sab ae er ee on een ge cece momen 

8. A researcher wants to test the relationship between a scale that measures discomfort with income 

inequality and a scale that measures how much they like a specific candidate for president. 

Based on the scatterplot, which 

correlation is appropriate for these 

data? 

40.00 

30.00 a. Pearson’s 

b. Spearman’s 

Cc. Neither 
orability 

20.00 

Candidate_fav 

12.00 14.00 16.00 18.00 20.00 

Inequality_discomfort 

8.00 10.00 

SEL ELL LIL LT NL OT 



540 AN INTRODUCTION TO STATISTICS 

PART III; A RESEARCH EXAMPLE 

Dunlosky, Rawson, Marsh, Nathan, and Willingham (2013) reviewed over 700 scientific articles on 

10 learning strategies commonly used by college students. Based on their review, they highly recom- 

mended two studying strategies because the research suggested that they were easy to use and that 

they were highly effective in a wide range of classes. Specifically, they recommended that students 

study by using practice retrieval (i.e., self-testing) and spreading studying across days rather than 

cramming (i.e., spacing effect or distributed practice). They also found that the studying strategy that 

was most commonly used by college students, rereading chapters, was not a consistently effective 

studying strategy. Your research team wants to determine if these recommendations are supported by 

data collected at your university. Specifically, your team wants to know if using practice retrieval and 

distributed practice is associated with higher exam scores and if rereading chapters is actually an inef- 

fective strategy as Dunlosky et al. (2013) suggest. 

The first step in your research is to run a pilot study. Your team collects a small sample of 10 students 

currently taking an introductory psychology course. You ask them to complete a questionnaire about 

their studying habits. Some of your questions assessed the degree to which the students used practice 

retrieval when studying (e.g., “I tried to recall key terms or concepts from memory while studying”). 

Other questions assessed the degree to which the students used distributed practice or spacing (e.g., “I 

spread out my studying for the exam across multiple days”). Still other questions assessed the degree 

to which the students used rereading as a studying strategy, (e.g., “To study for the exam, I reread all of 

the chapters”). Your sample of students responded to all of these questions by using a 7-point scale with 

1 = never and7 = every time. Your team combined certain questions to create a Practice Retrieval Scale, 

a Spacing Scale, and a Rereading Scale. Higher scores on any of these scales reflect more use of that 

studying strategy. Finally, you also collected students’ exam scores. 

Your team divided up the work. You are responsible for analyzing the correlation between Spacing 

Scale scores and exam scores. The data are presented below. These data do meet all of the necessary 

statistical assumptions. 

Participant Exam Score (X) Spacing Scale Score (Y) 

WILLE PES 



CHAPTER 13 Correlation and Regression 541 

9. Your first step is inspecting the scatterplot of the exam score and Spacing Scale score. Most of 
the poe er plot is created for you below, but the last data point from Participant J is missing. Place that data point into the scatterplot. 
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Exam Score 

10. Do the sample data look like they are linear enough to perform a Pearson’s correlation? 
(Generally, a scatterplot with only 10 data points doesn’t really give you enough information to 
be confident, so unless it is obviously nonlinear, you should proceed with doing a Pearson’s 
correlation.) 

ees, 

b. No 

11. Based on the predictions derived from the Dunlosky et al. (2013) study, place an H, next to the 

one-tailed null hypothesis and an H, next to the one-tailed research hypothesis. 

Higher Spacing Scale scores will be associated with higher exam scores. 

Lower Spacing Scale scores will be associated with higher exam scores. 

Higher Spacing Scale scores will be associated with lower exam scores. 

Higher Spacing Scale scores will not be associated with higher exam scores. 

Lower Spacing Scale scores will not be associated with higher exam scores. 

Higher Spacing Scale scores will not be associated with lower exam scores. 

12. Compute the df and define the critical region for r; use a = .05. 

13. Use the computational formula to compute the correlation coefficient by hand. All the 
preliminary computations are done for you below. Take a few moments to make sure you 

understand how each value was computed. 

Spacing Scale (Y) 

4 

(Continued) 
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(Continued) 
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14. Compute the effect size (r’) for this study. 

15. How large in the effect? (small, small to medium, etc.) 

16. Choose which of the following paragraphs best summarizes the correlation results. Then fill in 

the blanks with the appropriate statistical information. 

a. There was a significant correlation between the Spacing Scale scores and exam scores of 

the students, r( ) = , p< .05. Those with high Spacing Scale scores tended to have 
higher exam scores. 

b. There was no significant correlation between the Spacing Scale scores and exam scores 
of the students, r( )= , p > .05. However, the effect size of the correlation was 
medium, so the study should be redone with a larger sample size. 

c. There was a significant correlation between the Spacing Scale scores and exam scores of the 
students, r ( = (OS OS. 

Now you have to compute the correlation between the students’ exam scores (X) and Rereading 
Scale scores (Y). The data are below. Some of the preliminary computations are also provided. 
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Participant [ Exam Score (X) Xx? Rereading (Y) | Y’ Ka N, a 
A 69 4,761 5 

[ 84 7,056 i/ 

90.5 8,190.25 4 jee ial 

72 5,184 Dao) 

84 7,056 4.5 

79 6,241 4 | | 

74.5 bro 0s25 4.5 
pa 

66.5 4,422.25 

64 4,096 ie 7 

Hil 5,929 

YX = 760.5 YX? = 58,485.75 

17. Create a scatterplot of the relationship between exam score and Rereading Scale score. 

® 
-— 

° 
a) 
” 
& 
© 
3) 
” 
D 
£ 
3 
© 
o 
i) 

o 
ir 

Exam Score 

18. Choose the two-tailed null hypothesis for this study. 

a. p=0 

jy, @2© 

19. Compute the df and define the critical region for r; use a = .05. 

20. Use the computational formula to compute the correlation coefficient. Some of the preliminary 

computations are done for you in the above table. 

eo D OL a 
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21. Compute the effect size (r’) for this study, and interpret it as small, small to medium, and so on. 

22. Write an APA-style summary of the results. Use the examples from Question 16 as a guide. 

Your team used the pilot study to fine-tune the data collection procedure. Now you are ready to con- 

duct the larger study. Again, your research goal is to determine if practice retrieval and spacing studying 

strategies are each positively correlated with exam scores. You also want to know if rereading is an inef- 

fective studying strategy. Your team had all students in an introductory psychology course complete your 

questionnaire on studying habits so you now have practice retrieval scores, spacing scores, and rereading 

scores for every student. You also have each student’s exam score. Someone on your research team 

entered all of this data into the file, “Correlation Studying Strategies.sav.” Use SPSS to analyze these data. 

As your first step in the analysis, you should examine the scatterplots for each of the three correla- 

tions you are interested in computing—namely, the scatterplot for (1) exam score and practice retrieval, 

(2) exam score and spacing, and (3) exam score and rereading. These scatterplots follow, but you should 

use SPSS to generate them for yourself. 

e Clicking on Graphs > Legacy Dialogues > Scatter/Dot .. . > Simple Scatter > Define. 

e Move Exam_Score onto the x-axis and Practice_Retrieval onto the y-axis. Click OK. 

e Repeat the same steps for the other two scatterplots. Make sure the graphs you get look like 

those provided below. 
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look linear? In other 
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Pearson’s correlation 

on these data? 

a. Yes 

b. No 
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26. 

Does this 

relationship look 

linear? In other 

words, can you runa 

Pearson’s correlation 

on these data? 

a Yes 

b. No 

Does this 

relationship look 

linear? In other 

words, can you runa 

Pearson’s correlation 

on these data? 

a. Yes 

b. No 

Now you need to use SPSS to run these three correlations. SPSS can generate all three 

correlations at the same time and provide you with a “correlation matrix.” A correlation matrix 

is a table that displays how each variable is correlated with each of the other variables. 

* Click on Analyze > Correlate > Bivariate. 

® Move all of the variables into the Variables box. 

© Make sure the Pearson correlation box is checked. 
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e Youcan also tell SPSS to provide one- or two-tailed p values by choosing the one you want in the 

“Test of Significance” box. Obtain the correlation matrix from SPSS. 

27. Inspect the correlation matrix you obtained. It provides more than the three correlations you 

need to test the three predictions of Dunlosky et al. (2013). How many unique correlations are in 

the correlation matrix you obtained? 

28. Find the three correlations you need to test Dunlosky et als predictions; write down the df, r, 

and p value for each. 

Practice retrieval and exam score: r( )= ,p= 

Spacing and exam score: r( Wes ip = 

[2S 

29. Compute and interpret the effect sizes (r’) for each of the above correlations. Are they small, 

small to medium, medium, and so on? 

Rereading and exam score: r( j= 

Practice retrieval and exam score: 

Spacing and exam score: 

Rereading and exam score: 

30. Do the above results support, partially support, or refute Dunlosky et als (2013) studying 

strategy recommendations? 

a. Support 

b. Partially support 

©, IRERUIES 

31. Write an APA-style summary for all three correlations. After you report the correlations, provide 

a brief summary of what studying recommendations you would make based on these data. 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Compute and interpret confidence intervals (Cls) for correlations 
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When working with sample means, you computed confidence intervals to estimate the range of plau- 
sible values for population parameters. Specifically, you used Cls to estimate a population’s mean (i.e., 
1) or the mean difference between two populations (i.e., 1, ~ 1). You can also use Cls to estimate the 
range of plausible values for the correlation value (i.e., r) of a population. 

As with all of the other confidence intervals you have computed, Cls for correlations have two com- 
ponents—namely, a point estimate and a margin of error. For correlation Cls, the sample’s r is the 
point estimate. As with all other Cls, the size of the margin of error is determined by two things: (1) the 
level of confidence desired and (2) the expected amount of sampling error (i.e., SEM). Again, as with all 
previous Cls, the margin of error is then added to and subtracted from the point estimate to determine 
the upper bound and lower bound of plausible r values for the population. The computational formula 
for the upper and lower bounds of a correlation Cl is as follows: 

Upper boundary = Point estimate + Margin of error. 

Upper boundary = (z,) + (z,,)(SEM,,,, )- 

Lower boundary = Point estimate — Margin of error. 

Lower boundary =(z,)—(Zq)(SEM on, )- 

However, there is one important difference between computing correlation CIs and computing the 

CIs you worked with previously. You may have noticed that the above computational formulas contain 

Z, as the point estimate and z., as part of the margin of error. These zs indicate that the formulas use 

z scores of rs, not rs themselves. Why does the CI for correlations use z scores? The short answer is 

that the sampling distribution of r is not normally shaped, and this complicates the CI computations. 

Consequently, there are additional steps when computing Cls for correlations. First, you must convert 

the point estimate r to az score. You can do this quite easily with Appendix G. Simply find the sample 

rin the table, and the z score you need, Z,, is next to it in the table. Then, if you want a 95% CI, Z, is 

1 

always 1.96. If you want a 99% CI, Z,,is always 2.58. The SEM for a correlation, SEM,,,,, iS \/j —3 . SO, 

the complete upper and lower bound CI formulas for correlations are as follows: 

1 
Upper boundary =(z,)+ (20) = | 

1 
Lower boundary =(z, ) - (Z, aes} 

N= 

Then, after you find the upper and lower values using these formulas, you must convert these z score 

values back into r values using Appendix G. Simply find the z score values in the table, and the r values 

next to them are the upper and lower boundaries for the CI of r 
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In the previous activity, you computed three correlations to test the predictions of Dunlosky et al. 

(2013). The correlation matrix from that analysis is below. Now, your research team needs to complete 

its data analysis by computing the 95% Cls for each of the three correlations involving exam score. 

Practice_ | Spacing_ | ReReading_ 

Retrieval scale scale 

264 255° 023 

Correlations 

arma OS Exam Score 

Exam 2 [Total Pts: 90] | Pearson Correlation 1 

Sig. (1-tailed) 

N 

Pearson Correlation 

Sig. (1-tailed) 

N 

Practice_Retrieval 

Pearson Correlation 

Sig. (1-tailed) 

N 

Spacing_scale 

Pearson Correlation 

Sig. (1-tailed) 

N 

ReReading_scale 

** Correlation is significant at the 0.01 level (1-tailed). 

I. Claudia has already started working on the 95% CI for the practice retrieval and exam score 

correlation. She used Appendix G to convert the sample correlation of r = .264toaz = .2661. 

She then plugged all the values into the upper bound formula and computed it. Then she 

converted the upper bound z back into an r by using Appendix G. Her work is below. 

Upper boundary =(z,)+(2)[ pong |= 2661+1 96 [ Fo 
1 

Upper boundary =.2661+1.96 ( =.2661+1.96 (.1005) =.2661+.1970 =.4631. 

r to Z conversion: z of .4631 is equal to an r of .43 (from Appendix G) 

So, after using Appendix G to convert the upper bound z back to an r, the upper bound for the cor- 
relation in the population is approximately r = .43. Now, help Claudia by completing all of the com- 
putations and conversions for the lower boundary. 

Lower boundary =(z,)~(Z,, es) . 

2. You should have found the lower boundary for the z to be .069 and the lower boundary for the r 
to be .0701. Now compute the 95% Cls for the other correlation between spacing and exam score. 



CHAPTER 13 Correlation and Regression 549 

Spacing and exam score: 

Computation of CI Conversion Back to r 

Upper bound z = Upper bound r= 

Lower bound z = Lower bound r= 

al 

3. Compute the 95% CI for the correlation between rereading and exam scores. 

Rereading and Exam score: 

| Computation of CI Conversion Back to r 

Upper bound z = Upper bound r= 

Lower bound z = Lower bound r= 

(wee 

4. Why is it important to compute confidence intervals? 

Cls allow you to determine if you should reject or fail to reject the null hypothesis. 

b. Cls tell you the probability of obtaining a correlation as extreme or more extreme than the 

one obtained if the null hypothesis is true. 

c. CIs indicate how much of an effect one variable had on the other variable. 

d. CIs provide a range of plausible values for the population correlation coefficient. 

5. Suppose that you computed a 95% Cl and found that the lower bound was —.90 and the upper 

bound was .03. You are concerned that this confidence interval is far too wide and want a more 

precise estimate of the population correlation. Which of the following would make the confidence 

interval more precise (narrower)? Choose all that apply. 

a. Compute a 99% confidence interval 

b. Increase the sample size 

c. Improve the measurement accuracy of the data collection 



550 AN INTRODUCTION TO STATISTICS 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Use SPSS to run a Spearman's correlation 

e Summarize the results of a Spearman's correlation in APA format 

Prior to entering kindergarten, all children in a school district complete an assessment of their readi- 

ness for kindergarten. The test assesses several different components of readiness, including social 

skills, mathematics, science, social studies, language, and motor development. Scores on all of these 

components are measured on an interval scale, where higher numbers indicate greater readiness. In 

addition, parents also report their income category and highest level of education in the household on 

the following scales: 

____Less than $10,000 _____ Did not complete high school 

____ $10,000 to $19,999 ____ High school graduate or GED 

____ $20,000 to $29,999 ____Some college, no degree 

___ $30,000 to $39,999 ___Associate’s degree 

____ $40,000 to $49,999 ____ Bachelor’s degree 

___ $50,000 to $59,999 ____Master’s degree 

____ $60,000 to $69,999 _____ Professional degree (JD, MD) or doctorate 

___ $70,000 to $79,999 

____ $80,000 to $89,999 

____$90,000 to $99,999 

____ $100,000 to $149,999 

_____ $150,000 or more 

1. You wonder if parents’ income level and level of education are correlated with scores on the 
mathematics readiness test. Why should you use a Spearman’s correlation rather than a Pearson’s 
correlation to analyze these data? 

a. Mathematics readiness scores are monotonic. 

b. Income and education are measured on ordinal scales. 

c. The variables are not independent of each other. 
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2a 

“I 

It is important for the teachers to make sure that the children take the test without help from their parents, siblings, or other children in the room. Of course, this is necessary to ensure that the test provides a good assessment of the child’s readiness, but it is also important with respect to 
statistical assumptions. Which assumption is met by making sure the children complete the test 
without help? 

a. Independence 

b. Monotonic relationship 

c. Appropriate variable measurement 

Data from 78 children are included in the data file titled “Correlation_Kindergarten_Readiness. 
sav.” Create a scatterplot of the relationship between income and mathematics readiness. To do 
this, click on the Graphs menu. Choose Legacy Dialogs, and then select Scatter/Dot. Choose 
Simple Scatter, and click Define. Next, you need to indicate which variable you want on the x-axis 
and which variable you want on the y-axis. It does not matter which variable goes on which axis. 
Click OK to create the scatterplot. Is the relationship monotonic? 

aaexes 

b. No 

Create a scatterplot of the relationship between education and mathematics readiness. Is the 
relationship monotonic? 

a. Yes 

b. No 

Compute Spearman’s correlations for these two relationships. Do this by clicking on the Analyze 

menu. Choose Correlate, and then select Bivariate. Move the variables you want to correlate into the 

Variables box (in this case, all three variables). Check the box for Spearman’s and uncheck the box 

for Pearson’s. Then click OK. 

Record the correlations below: 

Mathematics readiness and income: r( )= p= 

Mathematics readiness and education: r( j= p= 

How can you determine if the correlations are significant? 

a. They are significant if the p value is less than .05. 

b. They are significant if the p value is greater than .05. 

Fill in the blanks of the APA-style summary of the results. 

Overall, higher parental education was associated with mathematics readiness scores, 

r( = p= . Likewise, higher parental income was associated with 

mathematics readiness scores, r( )= r= Both effect sizes 

were 
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Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

e Compute a regression equation by hand and using SPSS 

e Summarize the results of a regression analysis in APA format 

INTRODUCTION TO REGRESSION 

Correlation coefficients provide a measure of the strength and direction of the relationship between 

two variables. Through hypothesis testing, you can determine whether the relationship between two 

variables is statistically significant. If the relationship is significant, you should be able to predict one 

variable if you know the scores on the other variable. For example, if height and foot length are signifi- 

cantly correlated, you can use foot length to predict someone’s height. You cannot use correlation 

coefficients directly to do this. Instead, you must create a regression equation. The following example 

illustrates how this is done. 

Scenario 1 

Anthropometry is the study of the relationships among human body measurements. Data from anthro- 

pometric studies are used to design desks, movie seats, cars, and a variety of other products. These 

same data can also help investigators solve crimes. For example, a police officer may know the length 

of a suspect’s foot from a footprint left at a crime scene. Most people are not accustomed to looking at 

foot length, so describing the suspect as having a foot 10.5 inches long would probably not help find 

the suspect. It would be far more useful to tell people to look for a suspect who is of a certain height. 
Investigators might be able to use the suspect's foot length to predict the suspect’s height. The accuracy 
of this prediction would depend on the size of the correlation between foot length and height. To 
determine if foot length is a good predictor of height, a researcher collects the following data: 

Height (Y) (inches) 
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1. Compute the Pearson’s correlation between height and shoe size. You may use SPSS or do it by hand. 

You should have found a correlation coefficient of r = .98. Clearly, there was a strong correlation 
between foot length and height. This strong correlation can help you predict the suspect's height from 
the suspect’s foot length. You will need to use a regression equation specifically designed to predict 
height from foot length. 

2. What is the primary purpose of a regression equation? 

The regression equation you will use has this general format: 

Y= bDX+a' 

where Y is the variable we are trying to predict (in this case height) and X is the variable we use to 
make the prediction (in this case foot length). Both b and a are values that change based on the specific 
values of X and Y, and therefore their exact values must be computed for each regression equation. 
Specifically, b is the slope of the regression line and is computed by dividing the standard deviation of 
the variable height (SD,) by the standard deviation of foot length (SD,) and then multiplying the product 
by the correlation coefficient (r). 

3. Compute b. 

b= ale ; 
SD, 

You should have found that b = 3.07. Next, you will need to compute a, which is the y intercept of 

the regression line. To compute a, you multiply the mean of foot length (M,) by b and subtract the result 

from the mean of height (M,). 

4. Compute a. 

a= M,—bM, = 

5. You should have found that a = 37.14. The general regression equation is displayed below. Use 

the specific values for b and a that you computed above to create a regression equation that 

predicts height from foot length. In other words, substitute the specific values of b and a into the 

general regression equation, and write that specific regression equation below. 

Y= bX+a. 

6. You can now use this equation to predict a person’s height based on his or her foot length. For 

example, use the equation to predict the height of someone with a foot that is 7 inches long. In 

other words, when X = 7, what does Y equal? 

7. Use the same equation to predict the height of someone with a foot that is 10.5 inches long. What 

is the predicted height of the suspect who left the footprint at the crime scene? 

8. Below isa scatterplot of the foot length and height data from the first page of this activity. Plot the 

two predicted data points from Questions 6 and 7 on the scatterplot, and then draw a straight line 

through those two points. 
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10 11 

Foot Length 

The line you just drew is called the foot length-height regression line because it was created using 

the foot length—-height regression equation. The regression equation gives you the line that best fits the 

data. In this case, the line fits the data very well. Overall, the individual data points are very close to the 

line. This should not be too surprising given that the correlation between height and foot length was .98. 

In general, the greater the magnitude of the correlation (the closer it is to -1 or +1), the closer the data 
points will be to the line. 

9. You can estimate how well the regression equation predicts Variable Y (foot length) by 

computing r’ (the coefficient of determination). Compute r’. 

10. Which of the following correlations (i.e., r values) will result in the most accurate predictions? 

a. —.84 

b. +.40 

ce) 

SPSS 

You can also compute a regression equation using SPSS. First, enter the data into SPSS by creating one 
column for height and another for foot length. Second, compute the regression equation with the fol- 
lowing steps: 

e Click on the Analyze menu. Choose Regression, and then select Linear. 
° Move foot length into the Independent measures box and height into the Dependent Variables 

box. 

e Click on OK to run the analysis. 
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The relevant portion of the output is provided below. 

Coefficients: 

Model Standardized 

Unstandardized Coefficients Coefficients 

ia 
1 (Constant) ©37.140 D 3.448 

foot length | C 3070 D 365 

a. Dependent Variable: height 

(Constant): || (foot_length): (Beta): the 

ain the b inthe correlation 

regression regression coefficient (r) 

equation: equation; 

the the slope of 

y intercept the line 

Scenario 2 

When the partial remains of a skeleton are found, investigators often need to know the height of the 

person to help identify who the person was. Although foot length is a good predictor, it is not always 

available, and other predictors must be used. A researcher wants to know how accurately the length of 
the hand can predict height. She collects the following data: 

Hand Length (X) (inches) Height (Y) (inches) 

3)8) 65 
— 

69 

68 

67 

11. The correlation between hand length and height was r = .648. Compute bD. 

pe oon ne 
SD, 
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We 

3}. 

14. 

WS), 

16. 

WI 

18. 

20. 

Compute a. 

a= M, —bM, = 

Write the specific regression equation for predicting height from hand length. In other words, 

substitute a and b into the general regression equation, and write the specific regression 

equation. 

Find the predicted height of someone with a hand length of 5.5 inches. 

Find the predicted height of someone with a hand length of 7.5 inches. 

Plot the two predicted data points from Questions 14 and 15 in the scatterplot below, and then 

draw the regression line. 

Hand Length 

Compute r’. 

Explain how you can use the scatterplots for foot length and hand length to determine which 
variable (hand length or foot length) is the better predictor of height. 

Explain how you can use r’ to determine which variable (hand length or foot length) is the better 
predictor of height. 

Enter the data from Scenario 2 into SPSS, and run a regression equation to predict height from 
hand length. The relevant portions of the SPSS regression output follow. 
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= Adjusted r Std. Error of the 

R Square Square Estimate 

R: the 

correlation 

coefficient (r) 

1 Regression 

R Square: the correlation coefficient (r) 
squared; the proportion of variability in the 

criterion (DV) explained by the predictor (IV) 

ANOVA? 

1 

4 

164° 

Residual 

Total 3 

a. Predictors: (Constant), HandLength 

Sig: the p value 
b. Dependent Variable: Height 

If p < a, conclude that the predictor (IV) explains a 

significant proportion of the variability in the criterion (DV) 

If p > a, conclude that the predictor (IV) does not explain a 

significant proportion of the variability in the criterion (DV) 

Coefficients * 

Standardized 

Coefficients 

(Constant) 

HandLength 

a. Dependent Variable: Height 

(Constant): (HandLength): Beta: the 
a in the 6 in the correlation 
regression regression coefficient (r) 
equation; equation; 
the y the slope of the 

intercept line 

You can use the SPSS output to locate b and a and thus create the regression equation. The output also 

gives a way to determine how well the data points fit the regression line (i.e., it gives you an effect size for 

the correlation you are using to make your prediction). The r? value of .419 (in the “Model Summary” out- 

put) tells you that 41.9% of the variance in height can be explained by hand length. The value of r° should 

be interpreted using the same guidelines as for n°: Namely, values close to .1 are small, values close to 

09 are medium, and values close to .25 are considered large. The correlation between hand length and 
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height is a large correlation. To determine whether 49.1% is a statistically significant amount of the vari- 

ance, you look at the “ANOVA” output. The F value was 2.89, with a p value of .164 (Sig.). If the Sig. value is 

less than or equal to alpha (.05), you conclude that the predictor (hand length) does explain a statistically 

significant proportion of the variance in the criterion (heighb. If the Sig. value is greater than alpha (.05), 

you conclude that the predictor does not explain a significant proportion of the variance in the criterion. 

21. Does hand length explain a statistically significant proportion of the variance in height? 

22. What conclusion can you draw from the fact that the 1° (i.e., the effect size) between hand length 

and height was large and yet hand length did not predict a significant portion of the variance in 

height (i.e, hand length was NOT a good predictor of height)? 

23. Which of the following is the best summary of these results? 

a. Hand length explained a significant proportion of the variance in height, r* = .42, F(1, 4) = 

ZOD. 05: 

b. Hand length did not explain a significant proportion of the variance in height, 

r? = .42, F(1, 4) = 2.89, p > .05, but the sample size was probably too small to draw any con- 

clusions from this study. 

The following SPSS output is from a regression analysis using head circumference (measured in 

millimeters) to predict height (in millimeters). 

Model Summar 

Adjusted r Std. Error of the 

R R Square Square Estimate 

62.314 
a. Predictors: (Constant), Head_ Cir 

ANOVA? 

Regression 94998 .467 94998 467 

Residual 671757.510 173 3882.99 1 

Total 766755.977 174 

a. Predictors: (Constant), Head_ Cir 

b. Dependent Variable: Height 

Coefficients * 

Model Standardized 

Unstandardized Coefficients Coefficients 

| suitor | pu | 
811.290 190.647 

1.660 336 352 

a. Dependent Variable: Height 

(Constant) 

Head Cir 



24. 
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26. 
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28. 
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——— 

400 

Head_Cir 

Write the regression equation for predicting height from head circumference below. 

If someone had a head circumference of 570 mm, what would be your prediction of that 

person’s height? 

What was the value of r’? 

Does head circumference explain a significant proportion of the variance in height? 

Summarize the results in APA style. 

Head circumference was a significant predictor of height, but hand length was not, despite the 

fact that r2 was actually higher for hand length @* = .419) than for head circumference 

(r? = .124). Why was head circumference a significant predictor but hand length not a 

significant predictor? 
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Learning Objectives 

After reading the chapter and completing the homework and this activity, you should be able to do the 

following: 

e Read a research scenario and determine which statistic should be used 

CHOOSE THE CORRECT STATISTIC 

Correlation coefficients are used when the research question is about whether there is an association 

(relationship) between two variables. If both variables are measured on an interval/ratio scale and the 

relationship is linear, you should choose a Pearson’s correlation. If both variables are measured on an 

interval/ratio scale, but the relationship is monotonic but not linear, you should use a Spearman’s correla- 

tion. If at least one variable is measured on an ordinal scale, you should use a Spearman’s correlation. For 

these research scenarios, you do not have information about the scatterplot. Instead, you will make your 

decision between Pearson and Spearman based on whether the variables are interval/ratio or ordinal. 

Determine which of the following statistics should be used in each of the research scenarios given 

below: z for sample mean, single-sample t, related samples ¢, independent samples f, one-way inde- 

pendent samples analysis of variance (ANOVA), two-way independent samples ANOVA, Pearson’s cor- 

relation, or Spearman’s correlation. 

1. A researcher wants to know if the relative wealth of a nation is associated with literacy. To 

determine if these two variables are related, the researcher obtains data from two different 

sources. The International Monetary Fund (IMF) ranks countries by their gross domestic product 

(GDP), while the United Nations Development Programme ranks countries by their literacy rates. 

Which statistic would help the researcher determine if GDP is associated with literacy rates? 

2. An English professor is troubled by the quality of his students’ papers and believes that they are 

not putting much effort into their work. He wonders if requiring students to post their papers on 

the Internet may increase the effort students put into the paper and hence the quality of those 

papers. To test this, the professor assigns students in two different sections of the class to write a 

research paper. One class is told that they will turn their final paper in to the professor. The other 

class is told that they will turn their final paper in by posting it on the Internet. A different 

professor reads the papers (without knowing if they were posted on the Internet) and rates them 
for quality on a 10-point scale, with 1 being the worst and 10 being the best. Analysis of the results 
revealed that the papers that were posted online received higher scores (M = 6.59) than the papers 
that were turned in to the professor (M = 5.12). Which statistic could be used to determine if the 
online papers were significantly better than the papers that were just turned into the professor? 

3. Although posting papers on the Internet was effective, it was quite a bit of work for the professor 
and the students. Thus, the English professor wonders if posting on the Internet is really 
necessary. It is possible that this increase in quality is the result of students being concerned 
about people other than the professor reading their papers. If this is the case, the professor 
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reasons, having other students in class read their papers would have the same effect. For the next paper, the students were placed in one of three groups: The first group was asked to give the paper only to the professor; the second group, to give the paper to another student and the professor; and the third group, to post the paper online. Again, the quality of the papers was judged ona 
10-point scale. Which statistic could be used to determine if there was a difference in quality 
across the three groups? 

A number of patients tell a physical therapist (PT) that yoga seems to help improve balance. The 
PT wants to know if yoga may help her elderly patients, who are particularly prone to fractures 
following falls. To determine if yoga improves balance, the PT assesses balance in each of 29 
patients. Each patient completes a series of tasks (e.g., standing on one foot) and then receives a 
score between 0 and 75, with higher numbers indicating better balance. All patients then 
participate in 1-hour-long yoga sessions twice a week for 3 months. At the end of the 3 months, 
balance is assessed once again. What statistic could be used to determine if balance scores were 
higher after completing the yoga sessions than before? 

A therapist working in a college counseling center finds that a common problem facing students 
is loneliness. He wonders if loneliness changes throughout their 4 years in college. He collects 
data from 20 freshmen, 20 sophomores, 20 juniors, and 20 seniors. Loneliness is measured using 
a questionnaire that results in scores ranging from 1 to 60, with higher numbers indicating greater 
loneliness. What statistic could be used to determine if freshmen were lonelier than sophomores, 
juniors, and seniors? 

A counselor at a different college hears of these results and wonders if the same would be true of 

her students. More than half of her students live at home, and she thinks that these students may 

be less susceptible to loneliness than students who do not live at home. To test, this she collects 

data on loneliness through a questionnaire from freshmen, sophomores, juniors, and seniors. She 

also asks them whether or not they live at home. What statistic could be used to determine if the 

relationship between year in school and loneliness is the same for students who live at home and 

for students who live at school? 

A researcher conducts a study to determine if sugar consumption is associated with depression. 

The researcher records per capita sugar consumption for 30 different countries and also records 

the prevalence of depression in those countries. Prevalence rates were recorded as the estimated 

percentage of the population with depression. What statistic should be used to determine if, as 

sugar consumption rises, so does the prevalence of depression? 

The study about sugar consumption and depression is picked up by the media, with many 

suggesting that sugar consumption is the cause of depression. Of course, the previous study did 

not allow the researcher to determine if one variable caused the other. To answer this question, 

another researcher designed a carefully controlled study with 53 participants. At the beginning of 

the study, the researcher measured the depression levels for all 53 participants. For 1 month 

following the initial assessment, the participants were instructed to consume at least 400 grams of 

white sugar each day. At the end of the month, depression scores were again recorded. What 

statistic should be used to determine if depression scores were higher after 1 month of a high- 

sugar diet? 

A statistics instructor wants to know if hard work really pays off in her course, and so at the end of 

the semester, the instructor gives students a questionnaire assessing how much effort they have 

put into the course. The effort questionnaire yields one value between 0 and 100, with higher 

numbers indicating more effort. She also records the students’ final grade in the course (A, B, C, D, 

or F). What statistic should be used to determine if effort is associated with course grades? 
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Research has shown that exercise leads to increased high-density lipoprotein (HDL) cholesterol 

levels (HDL is the good cholesterol); however, exactly how much exercise is needed is not known. 

Thus, a researcher designs a study in which participants with low levels of HDL are randomly 

assigned to exercise for 0 minutes a day, 30 minutes, 60 minutes, or 90 minutes. After 3 months 

of these exercise regimens, the HDL cholesterol levels are measured. Women and men often 

react differently to treatments, and so the researcher also investigated the impact of gender in 

the study. What statistic could be used to determine if the effect of exercise on cholesterol is the 

same for males and females? 

To test the efficacy of new cancer treatments, patients with cancer must be recruited to 

participate in clinical trials. A doctor notices that some of his colleagues seem to be very likely to 

enroll patients in these trials while others seem to be less likely to enroll their patients in clinical 

trials. She wonders if this discrepancy is a function of the specialty of the physician. Specifically, 

she wants to know if surgeons are more likely than nonsurgeons to enroll their patients in 

clinical trials. To test this, she records whether each of 54 doctors are surgeons or not and then 

also records the percentage of each doctor's cancer patients who enrolled in clinical trials. What 

statistic could she use to determine if the percentage of doctors who enroll their patients in 

clinical trials is the same for surgeons and nonsurgeons? 

An industrial/organizational psychologist is interested in understanding the effect of spending 

time on the Internet at work doing things unrelated to work. She wonders if time spent off the 

job is harmful to performance on the job or if it provides a needed break and actually improves 

performance. To assess the relationship between Internet use and performance, she sends 98 

employees an anonymous survey. On the survey, they are asked to indicate how many minutes 

they spend each day on the Internet doing things that are not related to work. She also asks 

them to report their score on their annual performance review. Scores on the performance 

review range from 1 to 10, with higher scores indicating better performance. What statistic could 

be used to determine whether there is a statistically significant relationship between time on the 

Internet and performance scores? 

Every year, students in a particular school district take a standardized test that is designed to 

assess reading and writing skills. Last year, the average score on this test was 49 (slightly below 

average). The principal of this district attempts to improve these scores by trying a new program 

with a sample of 50 third graders. This new program rewards kids for reading throughout the 

school year and the summer. She hopes that this extra reading will improve the scores on the 

test. What statistic could she use to determine if reading scores were higher in the group that 
participated in the new program? 
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Chapter 13 Practice Test 

SCENARIO 1 

A student in a statistics class thinks that people who like to run are weird. To test this hypothesis, she gives a sample of students two questionnaires to complete. One assesses how much they like to run, with higher numbers indicating a more favorable attitude toward running. The other questionnaire 
assesses weirdness, with higher numbers indicating more weirdness. Here are the data she obtained. 
Given her expectation that those who like to run are also weird, she chooses to do a one-tailed test. She 
also chooses an alpha of .05. 

ns 

Running Rating Weirdness Rating 

5 7 

g - 

: | Spread 
5 3 | | 

i 

7 4 4 

em mene 

7 

1. Match each of the following statements to the statistical assumption to which it is relevant. 

©_ Data independence 

g Appropriate measurement of variables 

Stem Normality 

20, Proper trend in bivariate scatterplot 

Both variables are measured on an interval/ratio scale of measurement. 

One variable is measure on a nominal scale and the other is on an interval/ratio scale. 

Each variable has a normal shape in the population. 

. One of the two variables has a normal shape in the population. 

Individuals’ responses were not influenced by others’ responses. 

An individual’s response to the first question is unrelated to that individual’s response to the 

second question. 
Soca oF St 
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4. 

5, 

6. 

8. 

g. There is a fan appearance to the scatterplot with greater variability for some values of X than 

for other values of X. 

h. There is a linear trend to the scatterplot, with no extreme scores. 

Create a scatterplot, and determine if a Pearson’s or a Spearman's correlation is appropriate. 

(a. The trend in the scatterplot is sufficiently linear, so a Pearson’s correlation can be used. 

b. The trend in the scatterplot is not sufficiently linear, so a Pearson’s correlation should not be 

used. 

Which of the following is the correct symbolic representation of the null hypothesis for this one- 

tailed test? 

GL Inte © =O: 

DpH p:<.0) 

©. Isp oe ©. 

(a) Hops 0, 

Which of the following is the best verbal representation of the null hypothesis for this one-tailed 

test? 

a. How much people like to run is positively associated with how weird they are. 

b. How much people like to run is negatively associated with how weird they are. 

/ €.)How much people like to run is not associated with how weird they are, or it is negatively 

~ associated with how weird they are. 

Which of the following is the correct symbolic representation of the research hypothesis for this 

test? 

(47H: p> 0. 
brie p 0 

©, Inte jo 2 ©). 

Ce p= 0 

Which of the following is the best verbal representation of the research hypothesis for this test? 

(a) How much people like to run is positively associated with how weird they are. 

b. How much people like to run is negatively associated with how weird they are. 

c. How much people like to run is not associated with how weird they are. 

What is the df for this correlation (i.e., df = N— 2)? 

él, DP 

jo), ules} 

Col 

d.9 

What is the critical value for this one-tailed Pearson’s correlation (a = .05)? 

a. .476 

b. .497 

CLOZI 

d. 549 
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9. Compute Pearson’s r. 

a. 189 , 

b. 428/ 
Cc. 521 

d. 549 

10. What is the effect size for this study (i.e., r)? 

a. .036 

Cb) .183 

Cc. 271 

d. 301 

11. Is the effect size small, small to medium, medium, medium to large, or large? 

a. Small 

b. Small to medium 

c. Medium 

(a) Medium to large 

€. Large 

12. _ The effect size of this study indicates that 

a) 18% of the variability in scores for liking to run can be explained by the variability in 
weirdness scores. 

b. 18% of the scores for liking to run are unexplainable. 

c. 18% of the scores for liking to run are explainable. 

13. Which of the following is the best summary of this study’s results? 

a. How much people like to run and their weirdness scores are significantly correlated, 

Der) = 45; p <.05, 

(b) How much people like to run and their weirdness scores are not significantly correlated, 

r(9) = .43, p> .05. However, the medium to large effect size suggests that the study’s sample 

size was too small. 

c. How much people like to run and their weirdness scores are significantly correlated, 

RO) = 52, jo > WS. 

d. How much people like to run and their weirdness scores are not significantly correlated, 

r(9) = .52,p<.05. 

14. When do you use a Spearman’s correlation rather than a Pearson’ correlation (choose all that 

apply)? 

a. When both variables are measured on an interval/ratio scale 

fb. When one variable is ordinal and the other is interval/ratio 

C ¢) When both variables are ordinal 

G When the scatterplot is monotonic rather than linear 

e. When the scatterplot is linear rather than monotonic 
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15. Suppose that a track coach wants to try to identify middle school students who might be good 

runners by giving students the weirdness questionnaire. Because there was a positive correlation, 

the coach reasons that students who are weird would be good runners. Why is it not a good idea 

to use the weirdness ratings to predict running ability? 

a Because the correlation coefficient was not significant 

b. Because running is a better predictor of weirdness than weirdness is of running 

16. After the coach realizes that weirdness is not a good predictor of running ability, she decides to 

collect data to determine if grip strength is a good predictor of running speed. To assess the 

relationship between grip strength and running speed, she measures the grip strength of 

78 students. The average grip strength for the students was M = 60.85, SD = 17.03, with higher 

numbers indicating greater grip strength. The same students then run a quarter of a mile. The 

average running speed was M = 86.73 seconds, SD = 26.17 seconds. The correlation between 

thetwo measures was r(76) = —.29, p < .05. Compute b for the regression equation. 

a, I®) 

Deo 

c. .45 

Gl 445 

17. Compute a for the regression equation. 

Oras w 

bee wan! 

C. 99.88 

d-99'88 

18. Which of the following is the correct regression equation? 

a. Y = -99.88X + 99.88 
b. ¥ =\.45X + 114.11 

A 

©, Ve IME 45 Qe) fekerr< 

19. Use the regression equation to predict the running speed of a person with a grip strength score of 50. 

2b a7) 

b. 66.59 

C, Dilsoll 

d. 78.92 

20. How much of the variability in running speed is explained by grip strength? 

a. 8% 

b. 16% 

Cc. 29% 
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Goodness-of-Fit and 
Independence Chi-Square 

Statistics 

LEARNING OBJECTIVES 

After reading this chapter, you should be able to perform the following: 

e Describe the difference between a goodness-of-fit chi-square and a chi-square test of independence, 

and identify when to use each 

Describe the logic of the chi-square statistic 

Write the null and research hypotheses for goodness-of-fit chi-square and a chi-square test of inde- 

pendence 

¢ Compute the chi-square statistic and determine if the null hypothesis should be rejected 

e Summarize the results of a chi-square 

s 
é 

OVERVIEW OF CHI-SQUARE 

Most of the statistics you have learned in this course require you to compute one or more means before 

the results can be interpreted. However, there are many interesting research scenarios in which the data 

are nominal (e.g., political affiliation: Democrat, Republican, Independent) or ordinal (e.g, highest level 

of education completed: high school, some college, college, some postgraduate, graduate), and therefore, 

it is impossible to compute a mean. For example, suppose you wanted to know if voters’ affiliation with 

political parties is significantly different today than it was 2 years ago. You could obtain a sample of 

voters and ask them with which political party they most often affiliate: Democrat, Republican, or 

Independent. Example data are presented in Table 14.1. 

567 
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In this case, it would be impossible to compute a mean 

response because the response options are nominal catego- 

ries. The data are frequency counts for each political party 

(i.e., the number of people who said Democrat, Republican, 

or Independent). You can use a chi-square statistic when 

the data are frequency counts for different categories. 

Number of People 
ECCS Identifying With Each 

Political Affiliation 

Political Affiliation 

Republican | Independent When the data that a study produces 

is in the form of the 

chi-square statistic is appropriate. 

Reading 

Question 

a. means 

b. standard deviations 

c. interval/ratio data 

d. frequency counts for different categories 

There are two different types of chi-square statistics, and they are each used in different research situ- 

ations. A goodness-of-fit chi-square is used to analyze the relative frequencies of different categories 

within a single variable. The political affiliation study described above would be analyzed using a 

goodness-of-fit chi-square because the researchers want to compare the relative frequencies of 

Democrats, Republicans, and Independents, which are all different categories of the variable political 

affiliation. A chi-square test of independence is used to determine if the relative frequencies within the 

categories of one variable are associated with the relative frequencies within the categories of a second 

variable. For example, suppose you wanted to know if people’s political affiliation (e.g., Democrat, 

Republican, or Independent) was associated with their opinion of a Democratic president’s policies (e.g., 

approve or disapprove). To answer this question, you could obtain a sample of voters and ask them their 

political affiliation (i.e., Democrat, Republican, or Independent) and their opinion of the president’s poli- 

cies (i.e., approve or disapprove). All the possible combinations of answers create six categories, and the 

voters’ actual answers determine the frequency counts in each of the six categories. Example data are 
presented in Table 14.2. 

Table 14.2 Number of People Identifying With Each Political 
Affiliation by Approval of the President’s Policies 

Political Affiliation 

Democrat Republican Independent | 

a is 

In this case, there were 15 Democrats who approved of the president's policies and 7 Democrats 
who disapproved of his policies. The chi-square for independence will determine if the two variables 
of political affiliation and policy opinion are independent (i.e., if there is no association between the 
two variables). 

Policy opinion 
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2. The analyzes the frequency counts of categories within a single variable. Reading Babee ee 
: - goodness-of-fit chi- Question , i-square 

b. chi-square for independence 

Reading 2: The analyzes the frequency counts of categories across two different 
variables. 

Question a. goodness-of-fit chi-square 

b. chi-square for independence 

LOGIC OF THE CHI-SQUARE TEST 

Both chi-square tests use the same logic. In fact, they both use the following formula: 

_ 2 _~(OF-EF) 
Chi-square = 4° => = 

There are only two terms in the chi-square formula, the observed frequency (i.e., OF) and the 
expected frequency (i.e., EF), but each cell of the chi-square has its own observed and expected frequen- 
cies. The observed frequencies are the actual frequency counts collected from the sample; they are the 
actual data. The expected frequencies are defined by the null hypothesis and the study’s sample size. 
The expected frequencies are the exact frequency counts expected if the null hypothesis is true, given 

the study’s sample size. Studies based on more data will have higher expected frequencies than those 

based on less data. A very important assumption of both types of chi-squares is that if an expected 

frequency is less than 5, a chi-square should not be performed until after the sample size is increased. 

4. Ifan expected frequency is less than 5, a chi-square should not be performed 
Reading because the sample size is too 
Question a. large. 

b. small. 

The expected frequencies are the frequencies that are expected if the 

Reading hypothesis is true. 

Question a. null 

b. research 

The numerator of the chi-square statistic computes the difference between the observed frequency (i.e., 

the actual data) and the expected frequency (i.e., what the data should be if the null is true). If the null is 

true and there were no sampling error, the observed frequency and the expected frequency would be iden- 

tical and the numerator would be zero. Of course, some sampling error usually does occur. The possibility 

of sampling error means that “small” differences between the observed and expected frequencies are 

probably due to sampling error, but “large” differences indicate that the null hypothesis is probably false. 

The denominator of the chi-square formula, which contains only the expected frequency, helps deter- 

mine how big the numerator difference must be to be considered “large.” By dividing the expected fre- 

quency into the numerator difference, a ratio of relative difference is created. For example, if the computed 
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difference in the numerator was 12 (i.e., 18 — 6 = 12) and the expected frequency was 6, the resulting 

ratio would be 24 (i.e., 122/6 = 24). In this case, a difference of 12 is a pretty large relative difference. 

In contrast, if the computed difference in the numerator was 12 (i.e., 180 — 168 = 12) but the expected 

frequency was 168, the resulting ratio would be .86 (i.e., 127/168 = .86). In this case, a aifference of 

12 is a relatively small difference. When the expected frequency is large, it takes a larger difference 

between observed and expected frequencies to be “large.” 

The Y symbol in the equation indicates that you must create a relative difference ratio for each 

category in the study and then sum all of them to create a final obtained chi-square value. If the null 

hypothesis is true, the final obtained chi-square value is likely to be close to zero. If the null hypoth- 

esis is false, the obtained chi-square value is likely to be far from zero. As with other statistics, if the 

obtained chi-square is greater than the critical value, you should reject the null hypothesis. 

The numerator of the chi-square computes the difference between the observed 

and expected frequencies. If the null is true, the difference is likely to be close to 

a. © 

lo, ie 

G. Ox 

GL 2S 

Reading 
Question 

The denominator of the chi-square helps determine 
Reading 
Question a. whether a difference between the observed and expected frequencies is 

“large,” relative to the size of the expected frequency. 

b. the critical value of the chi-square statistic. 

How many pairs of observed and expected frequencies will you compute when 

using a chi-square statistic? 

AL 2 

1}, © 

Cc, @ 

d. As many pairs as there are categories in the study 

Reading 

Question 

If the summed relative differences (called the obtained chi-square value) is 

greater than the critical value, you should Reading 

Question a. reject the null. 

b. fail to reject the null. 

COMPARING THE GOODNESS-OF-FIT CHI-SQUARE 
AND THE CHI-SQUARE FOR INDEPENDENCE 

Both types of chi-squares (a) analyze frequency counts, (b) test a null hypothesis, (c) use the same 
formula, and (d) compare an obtained chi-square value with a critical value to determine if the null 
hypothesis should be rejected. However, as discussed earlier, the goodness of fit analyzes a single 
variable while the chi-square for independence analyzes the association between two variables. We will 
now work through a complete example of each type of chi-square starting with the goodness of fit. 
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GOODNESS-OF-FIT CHI-SQUARE EXAMPLE 

We will now analyze the data introduced at the 
beginning of the chapter concerning the relative teem Number of People Identifying frequencies of voters’ affiliations with different With Each Political. Affiliation 
political parties. Suppose you collected the data in 
Table 14.3 from a sample of voters from your 
county. Political Affiliation 

You want to know if these frequency counts of 
political affiliation are different from the frequencies 
reported 2 years ago, specifically 50% Democrats, 22 
30% Republicans, and 20% Independents. 

Democrat Republican Independent 

22 2 

Step 1: Examine Statistical Assumptions 

You collected your data carefully, ensuring that the responses from each individual were uninfluenced 
by the responses of other participants, thereby satisfying the data independence assumption. The data 
are frequency counts of category membership, satisfying the appropriate measurement of variables 
assumption. The final assumption is that all of the expected frequency values must be larger than 5. If 
any of the expected frequencies are less than 5, you should collect more data before you run your chi- 
square analysis. In this case, there are a total of 56 people in the study, and the smallest proportion 
expected in a cell is 20%. Thus, the smallest expected frequency is 56(.20) = 11.2. Because this value is 
greater than 5, you can proceed with the chi-square test. 

Step 2: State the Null and Research Hypotheses 

In this scenario, the null hypothesis is that the proportions of people affiliating with each party will be the 

same as they were 2 years ago. Specifically, if the null hypothesis is true, you would expect your sample to 

be 50% Democrats, 30% Republicans, and 20% Independents. The research hypothesis is that the propor- 

tions of people affiliating with each party will be different from what they were 2 years ago. 

10. The null hypothesis for the goodness-of-fit chi-square always states that the 

frequency counts in each category Reading 

Question a. are the same. 

b. are similar to the expected frequency counts for each category. 

Step 3: Compute the df and Define the Critical Region 

The chi-square is different from other statistics in that the df that determines the critical value is not 

based on sample size. Rather, in a chi-square, the df is based on the number of categories in the study. 

Specifically, the df for a goodness-of-fit chi-square is 

df = Categories — 1. 

In this case, there are three categories, and so the df = 2. When you look up the critical value for 

chi-square in Appendix G, you find that when the df= 2 and the a = .05, the critical value is 5.99. 
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Therefore, if the computed chi-square value is equal to or greater than 5.99, you should reject the null 

hypothesis. 

ite The df value for a chi-square is based on 
Reading 
Guecuar a. the number of participants. 

b. the number of categories being counted. 

Step 4: Compute the Test Statistic (Goodness-of-Fit Chi-Square) 

4a. Determine the Expected Frequencies Defined by the Null Hypothesis 

The expected frequencies are created by converting the percentages (or proportions) stated in the null 

hypothesis into the exact frequencies expected, given the study’s sample size. In this case you collected 

a total of 56 responses (i.e., 22 + 22 + 12 = 56), and thus, the expected frequencies for each category 

of political affiliation would be as follows: 

Percent Predicted by Null Expected f 

In this case, all of the expected frequencies are 

larger than 5, so you can compute the chi-square 

test statistic. 

Observed Frequencies (OF) and 
Le) TR Expected Frequencies (EF) for 

Each Political Affiliation 

Political Affiliation é 

Republican Independent | 

OF = 22 OF = 22 OF = 12 
EF = 28 EF = 16.8 EFe 112 

TT see 

12. The expected frequencies in 

a goodness-of-fit chi-square Reading 

Question a. can be different in every 

cell. 

b. will always be the same in 

every cell. 

4b. Compute the Obtained Value 

The observed and expected frequencies are presented in Table 14.4. 
The following obtained chi-square value is calculated by creating a relative difference ratio for each 

category in the study and then summing them. 
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pe 2 ey 2 a 2 2 Prequres es OF EF) _ (22-28)  (22-16.8) piles ti) 
EF 28 16.8 ie 

= 1.285+1.610+ 0.057 

= 2.952. 

The obtained chi-square value of 2.952 is not greater than the critical chi-square value of 5.99. 
Therefore, you should not reject the null hypothesis. The differences between the observed and 
expected frequency counts were small enough that they could have resulted from sampling error. 

13. Ifthe obtained chi-square is less than the critical value, you should Reading 
- a. reject the null hypothesis. 

Question 
b. fail to reject the null hypothesis. 

After computing the test statistic, the next step is usually computing an effect size. However, we will 
skip this step for goodness-of-fit chi-square tests. Unlike all other effect size statistics presented in this 
text, the measure of effect size for a goodness-of-fit chi-square is not a measure of association between 
two variables, and therefore, its interpretation is quite different from all other measures of effect size 
presented in this text. Refer to Cohen (1988) if you are interested in computing effect sizes for a 
goodness-of-fit chi-square. 

Step 5: Interpret the Results 

The results of this chi-square test are summarized as follows: 

The political affiliations with the Democratic, Republican, and Independent parties reported by the 

sample of voters from this county are not significantly different from those reported 2 years ago, ¥7(2, 

N = 56) = 2.952, p> .05. 

CHI-SQUARE FOR INDEPENDENCE 

We will now analyze the data introduced earlier concerning the association between voters’ political 

affiliation and their opinion of the president’s policies. 

Step 1: Examine Statistical Assumptions 

The chi-square for independence has the same assumptions as the goodness-of-fit chi-square—specifi- 

cally, the data must be frequency counts (appropriate variable measurement), individuals’ responses 

must not be influenced by other responses (data independence), and all expected frequency values must 

be larger than 5. 
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Step 2: State the Null and Research Hypotheses 

The chi-square for independence helps determine whether two variables measured on nominal or 

ordinal scales of measurement are associated. In this case, the chi-square tests whether one’s approval 

or disapproval of the president’s policies is associated with one’s political affiliation. Similar to the null 

hypotheses for the correlation, this chi-square’s null hypothesis states that the two variables 

in the study are not associated (i.e., that the two variables are independent of each other). Specifically, 

the null hypothesis in this case would be “Policy opinion and political affiliation are not associated.” 

The research hypothesis states that the two variables in the study are associated. 

14. The null hypothesis for the chi-square for independence always states that the 

two variables being analyzed are Reading 

Question a. associated. 

b. not associated. 

Step 3: Compute the df and Define the Critical Region 

The df for a chi-square for independence is determined by the following formula: 

df =(Columns — 1)*(Rows —1), where Columns = number of categories in the columns 

and Rows = number of categories in the rows. 

In this case, Columns = 3 and Rows = 2. The dfis (3 — 1) * (2 — 1)=(2) * (1)=2. The critical value 

for a chi-square when df= 2 and the a = .05 is 5.99. If the obtained chi-square is greater than 5.99, the 

null hypothesis should be rejected. 

15. As with the goodness-of-fit chi-square, the df for the chi-square for 

independence is based on the Reading 

Question a. number of participants in the study. 

b. number of categories being counted. 

Step 4: Compute the Test Statistic (Chi-Square for Independence) 

4a. Determine the Expected Frequencies Defined by the Null Hypothesis 

Each of the six categories (i.e., cells) created by the possible combinations of responses to political 
affiliation and policy opinion will have its own expected frequency. The expected frequencies are 
displayed in italics in the lower right corner of each cell. Each cell's expected frequency is based on 
the total frequency count of the row (i.e., RT) and column (i.e., CT) of which it is a part. The total fre- 
quency counts for each row and column are presented in Table 14.5. 

The formula used to compute the expected frequencies for each cell in the study is as follows: 

RT * EF = Cll 

N 
, where RT refers to the frequency in a given row and CT 
refers to the frequency in a given column. 
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Table 14.5 Observed Frequencies (OF) and Expected Frequencies (EF) for Each Political 
Affiliation by Approval of the President's Policies 

Political Affiliation f 

Column : 
Democrat Republican Independent Total : 

Policy Approve 15 2 7 24 
opinion 9.103 9.103 Jk} 

Disapprove 7 20 i 
12.897 12.897 8.207 

Row total 22 22 14 

For example, for the first cell in the design (Democrats/Approve), the RT is 24 and CT is 22, and Nis 
the total number of people (N = 58). 

Each expected frequencies are computed as follows: 

24)(22 
The EF for the Democrat/Approve cell is EF -280?) =9.103. 

24)(22 
The EF for the Republican/Approve cell is EF pene) =9.103. 

pp = 294) _ 5 795, 
58 

(34)(22) 

The EF for the Independent/Approve cell is 

The EF for the Democrat/Disapprove cell is EF = =12.897. 

34)(22 
The EF for Republican/Disapprove cell is jel peat) =12.897. 

34)(14 
The EF for the Independent/Disapprove cell is ER AeeTUE) = 8.207. 

16. An expected frequency is computed separately for each cell. 
Reading 

A a. True 
Question 

b. False 

4b. Compute the Obtained Value 

The obtained chi-square value is calculated by finding the relative difference between the observed 

and expected frequencies for each cell in the study and then summing them. The obtained chi-square 

is computed as follows: 
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(OF=EFy (5 =9:103) | (2—9.103)" | (7 =5.793y 

EF 9.103 9.103 Sui 

(7-12.897)" | (20-12.897)" | (7 - 8.207) 

12.897 12.897 8.207 

EDD 

= 3,820+5.542+0.251+2.696+3.912+0.178 

= 116,399) 

The obtained chi-square value of 16.40 is greater than the critical chi-square value of 5.99. Therefore, 

the null hypothesis should be rejected. The differences between the observed and expected frequency 

counts were large enough that they were unlikely to have been created by sampling error; instead, it is 

likely that voters’ opinions of the president’s policies and their political affiliation are associated. 

Step 5: Compute the Effect Size and 
Interpret It as Small, Medium, or Large 

When computing the effect size for all of the other statistics discussed in this text, we provided a single 

Statistic (i.e., d for ttests, n is for ANOVAs, and r’ for correlations). However, when computing the effect 

size for a chi-square for independence, the statistic you should use depends on the size of the chi- 

square test you performed. If the chi-square was a 2 x 2 (i.e., both variables had exactly two categories), 

the phi () coefficient is the correct measure of the study’s effect size. If either variable has more than 

three categories, Cramer’s ¢ is the correct measure of effect size. The formulas and effect size guide- 

lines for phi and Cramer’s o are presented in Table 14.6. You should note that the effect size guidelines 

change for Cramer’s as the df of the chi-square test increases. 

In this case, Cramer’s is the appropriate measure of effect size because one of the variables in the 

original chi-square has three categories. Cramer’s @ is computed as follows: 

b= ae Eero 
Nd@f*) \ 58(1) 

The largest effect size guidelines are appropriate because df* = (CT — 1) = 2 — 1 = 1. Therefore, the 

size of the association between voters’ political affiliation and their opinion of the president’s policies 

is large. 

17. When both variables in a chi-square analysis have just two levels, is 
the appropriate measure of effect size. Reading 

Question a. the phi coefficient 

b. Cramer’s phi 

18. When at least one variable in a chi-square analysis has more than two levels, 
is the appropriate measure of effect size. 

a. the phi coefficient 

Reading 

Question 

b. Cramer’s phi 
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LCRA Effect Sizes for Chi-Square and Guidelines for Interpretation 

Statistic When It Is Used Formula Effect Size Guidelines 

Phi coefficient (4) Both variables have 2 .1= small 
two categories. OF Gal 

.3 = medium 

.5 = large 

Cramer's phi (¢) At least one 2 
variable has three n(df*) 
or more categories. ein 

a (Columns — 1) or 3 = medium 
(Rows — 1), whichever is 
smaller 

.07 = small 

.21 = medium 

.35 = large 

df* = 3 

.06 = small 

.17 = medium 

.29 = large 

Step 6: Interpret the Results 

In this study, the null hypothesis was rejected, meaning that the association between policy 

opinion and political affiliation is statistically significant. After rejecting a chi-square’s null 

hypothesis, you must look at the differences between the observed and expected frequencies in 

each cell. Looking at these values reveals that four of the six cells had large differences, and four 

had only small differences. These four cells with the large differences were those in the 

Democrat and Republican columns. It is clear from these values that more Democrats approved 

of the president’s policies than was expected by chance and that fewer Democrats disapproved 

of the president’s policies than was expected by chance. The exact opposite pattern was found 

for Republicans. The following passage is an example of how the results of this study might be 

reported. 

The voters’ opinions of the president’s policies were associated with the voters’ political affiliations, 

y7(2, N = 58) = 16.40, p < .05, » = .53. More Democrats and fewer Republicans approved of the 

president’s policies than would be expected by chance. More Republicans and fewer Democrats 

disapproved of the policies than would be expected by chance. The approval and disapproval of 

Independents were very close to what was expected by chance. 
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SPSS Screenshot of Observed and Expected Frequencies for 

Chi-Square Test of Goodness of Fit 
Figure 14.3 

PoliticalAffiliation 

| observed n | Expected 
Z : 2 Democrat 

Republican 

Independent 

Total 

Observed N: Expected N: Residual: 

Number of Expected Difference 
responses in each number of between the 

category (OF) as responses in observed and 

well as the total each expected 

number of category frequencies 

responses (EF) (OF — EF) 

Test Statistics 
eR 2 

Fags =] PoliticalAffiliation Chi-square: Obtained X°= Or) 

Chi-square 2.9522 

2 

229 C — 1, where C = the number of categories 

df: degrees of freedom; 

a. 0 cells (.0%) have expected 
frequencies less than 5. The 

minimum expected cell frequency 
(Sl 

Asymp. Sig. The probability of obtaining a X? 

this extreme or more extreme if the null 

hypothesis is true; 

Reject H, ifo<a 

Chi-Square for Independence 

We will now analyze the political affiliation and policy opinion data using SPSS to perform a chi-square 
for independence. The data are shown in Table 14.8. 

Data File 

The data file for the chi-square for independence will have two columns. One will have the values 
for political affiliation (i.e., 1 = Democrat, 2 = Republican, 3 = Independent) in a single column, and 
one will have the values for policy opinion (i.e., 1 = approve, 2 = disapprove). You will need to enter 
the data values for each categorical variable on the Variable View screen as you did in the previous 
SPSS example. The actual data file will have 15 rows in which the value in the political affiliation 
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column is al and the value in the policy opinion column is also a 1, There would be two rows with political affiliation = 2 and policy opinion = 1, then seven rows with political affiliation = 3 and policy opinion = 1. This coding system would be continued for the disapprove row in the above table. After all of the data are entered into the SPSS Data Editor, your data file will look similar to the 
screenshot in Figure 14.4. 

LEDC CR Data Used for SPSS Example for Chi-Square Test of Independence 

Political Affiliation 

Democrat Republican Independent 

Policy opinion | Approve 

Disapprove 

Total 

SPSS Screenshot of Data Entry for Chi-Square Test of 
Page 3S Independence 

#3 *Untitied] [DataSet0] - IBM SPSS Statistics Data Editor os 
File Edt View Data Transform Analyze Graphs Utilities Add-ons Window Help 

SHe@Oe>+ H,9E 8 ee Bas 
‘Visible: 2 of 2 Variables 27 : PolicyOpinion 

| PoliticaiAffiliation PolicyOpinion var vai var var ver | 

a 1.00 1.00 

2 4.00 1.00 

3 1.00 1.00 

4 1.00 1.00 

5 1.00 1.00 

6 1.00 1.00 

7 1.00 1.00 

8 1.00 1.00 

re) 1.00 4.00 i 

1.00 1.00 ie 
1.00 1.00 ; 

1.00 1.00 

1.00 1.00 

1.00 1.00 | 

1.00 1.00 

1.00 2.00 

1.00 2.00 

1.00 2.00 

1.00 2.00 

1.00 2.00 

1.00 2.00 

1.00 2.00 

IBM SPSS Statistics Processor is ready Unicode:ON 
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SPSS Screenshot of Output With Total Number of Responses; Output of Observed 

Frequencies, Row Totals, and Column Totals; and Chi-Square Test of Independence Figure 14.5 

Case Processing Summary 

ea Ree Set 
Political Affiliation * 58} 100.0% eS 100.0% 

Policy Opinion iS = | 

Political Affiliation * Policy O 

Total N: 

The total 

number of 

responses 

inion Crosstabulation 

Policy_| | Policy Opinion | 

22 Political_Affiliation Democrat Count 

Expected Count 

Republican Count 

Expected Count 12.9 22! ofS 

Independent Count 

Expected Count saan 

Total Count 

pL eesconl | a St 

Total: The 

row totals 

Count: The Expected Total: The 
observed Count: The column totals 
frequency for expected 
each category frequency for 

(OF) each category 
(EF) 

Asymp. Sig. The probability of 

obtaining a x? this extreme or 

more extreme if the null 

hypothesis is true 

Chi-S uare Tests 

Reject H, ifp<a 

Pearson Chi-Square 

Likelihood Ratio df: degrees of freedom; 

Linear-by-Linear Association 

N of Valid Cases 

(Columns — 1) * (Rows — 1) 

a. 0 cells (.0%) have expected count less than 5. Th ini A ee) P pi Chi-square: Obtained x? 

: Ora 
expected count is 5.79. 
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SPSS Analysis 

To perform the chi-square: 

e Click on the Analyze menu. Choose Descriptive Statistics and select Crosstabs. 
e Move the variable labeled “PoliticalAffiliation” to the Rows box and the variable labeled 

“PolicyOpinion” to the Column(s) box. 
e Click on the Statistics button and check the chi-square box and click Continue. 
e Click the Cells button and make sure that the observed and expected boxes are both checked. 
e Click Continue; then click OK. 

SPSS Output 

21. Should the null hypothesis be rejected for this analysis? 
Reading 

: a. Yes 
Question 

b. No 

OVERVIEW OF THE ACTIVITIES 

In Activity 14.1, you will work through examples of both types of chi-squares. In Activity 14.2, you will 

choose what statistical procedure is appropriate for various research situations. 

Activity 14.1: Goodness-of-Fit Chi-Square and 
= oe Chi-Square for Independence 

Learning Objectives 

After reading the chapter and completing this activity, you should be able to do the following: 

Determine when to use a goodness-of-fit chi-square or a chi-square for independence 

Determine the expected frequencies for chi-square 

Compute a goodness-of-fit chi-square and a chi-square for independence 

Summarize the results of a chi-square analysis 
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WHEN TO USE THE GOODNESS-OF-FIT 
VERSUS THE CHI-SQUARE FOR INDEPENDENCE 

1. The chi-square statistic is used to analyze nominal or ordinal data. If you are analyzing a single 

variable, you would use a (Choose 

one: goodness-of-fit chi-square/chi-square for independence) 

If you are analyzing the relationship between two nominal or ordinal variables, you would use a 
(Choose one: 

goodness-of-fit chi-square/chi-square for independence) 

In this text, we have devoted most of our time to learning statistics that we can use when one or 

more of our variables are interval or ratio. The reason for this is that interval/ratio data are more precise 

than nominal or ordinal data, and as a result, most researchers design their studies to collect data that 

are interval or ratio. However, there are several very interesting research areas in which many if not 

most of the data are nominal or ordinal in nature. One prominent example of a research area in which 

many of the variables are nominal is in political science and public opinion polling. 

WHEN EXPECTED FREQUENCIES ARE TOO LOW 

2. The chi-square statistic is appropriate for all of the research scenarios described in the following 

questions. You should remember, however, that if one or more computed expected frequencies for 

any chi-square analysis are less than (choose one: .01, .05, 5, 10), you should not perform 

a chi-square test. If an expected frequency is less than this number, you should collect more data 

until all of the expected frequencies are greater than this number. 

FOUR EXAMPLES 

Between August 27 and 30, 2010, researchers called registered voters and asked them several questions 
and recorded their answers. One of the questions they asked was as follows: “Now, thinking back on 
some of the major pieces of legislation Congress has passed in the past 2 years, would you say you 
approve or disapprove of the health care overhaul?” Of the 1,021 people who were asked this question, 
970 responded by saying “approve” or “disapprove.” The rest had “no opinion” and were excluded 
from the analysis. The observed frequency counts for each response options are provided below. 
Compute a chi-square to determine if the sample’s responses were significantly different from a 
50%/50% approve/disapprove split on the health care overhaul. 

E Approve 

3 98 

Disapprove 

Bi 
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3. Compute the expected frequency for each cell. Write the expected frequency for each cell into the 
above cells. 

4. Are all of the expected frequencies sufficiently large to proceed with the chi-square? 

Gi VES 

b. No 

5. Determine the critical value for this chi-square analysis. 

6. Compute the obtained chi-square value. 

7. Determine if you should reject or fail to reject the null hypothesis. 

8. Which measure of effect size should be used for this goodness-of-fit chi-square? 

a. The phi coefficient, o 

b. Cramer’s phi, 9’ 

c. Neither; we will not compute and effect size for goodness-of-fit chi-square 

9. Choose the best summary of this chi-square analysis and fill in the blanks. 

a. Significantly more people approve of the health care overhaul than would be expected by 

chancery -GauN = = were ales 

b. Significantly more people disapprove of the health care overhaul than would be expected by 

ehanceny (ses, New 6) =e Sees p05: 

c. The proportions of people who approve and disapprove of the health care overhaul are not 

significantly different from those that would be expected by chance, x7( N= )= 

jo < D5. 

Another question that the researchers asked registered voters was, “Now, thinking back on some of 

the major pieces of legislation Congress has passed in the past 2 years, would you say you approve or 

disapprove of increased government regulation of banks and major financial institutions?” The 

observed frequency counts for the response categories of “approve,” “disapprove,” and “no opinion” 

are below. Test the null hypothesis that the responses will be 50% approve, 50% disapprove, and 0% 

no opinion. 

Approve Disapprove No Opinion 
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10. Compute the expected frequency for each cell. Write the expected frequency for each cell into 

the above cells. 

11. Are all of the expected frequencies sufficiently large to proceed with the chi-square? 

a. Yes 

b. No 

12. There are two ways you could deal with the expected frequency of the “no opinion” cell being 

too low. You could change your hypothesis so that the expected frequency would be higher, or 

you could simply drop the respondents from the analysis. Which do you think would be the 

better choice in this case? Explain your reasoning. 

a. Drop the “no opinion” category. 

b. Change the research hypothesis. 

13. Now drop the “no opinion” respondents and recompute the expected frequencies for the 

approve and disapprove cells. Write them in the respective cells. 

14. Determine the critical value for this chi-square analysis. 

15. Compute the obtained chi-square value. 

16. Determine if you should reject or fail to reject the null hypothesis. 

17. Fill in the blanks for the APA-style summary of the results of this study. 

Significantly people approve of the increased regulation on financial institutions than 
would be expected by chance, ¥7( = ja < 

18. In the study you just completed, the “no opinion” respondents were excluded because the 
expected frequency in that cell would have been 0. The only reason it would have been 0 was 
because the hypothesis was that 0% of the respondents would not have any opinion. It would 
have been okay to include the “no opinion” respondents if the hypothesis being tested had 
predicted some value greater than 0 for that cell. Suppose that researchers always expect about 
5% of every population to have no opinion on any issue. If that were the case for the previous 
analysis, what would have been the expected frequencies for each of the approve, disapprove, 
and no opinion cells? 

Respondents were also asked what Congress should do about tax cuts. They were given 
three options: (1) keep them in place for all taxpayers, (2) keep them in place for those making less 
than $250K a year but end them for those making more than $250K a year, or (3) do nothing and 
allow the tax cuts to expire for all taxpayers. The observed frequencies for each of these categories 
are shown below. Test the hypothesis that respondents are equally split across these three 
categories. 
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Do Nothing and Allow Tax Cuts 

to Expire for All Taxpayers 

Keep ee i for Keep Tax Cuts for Only Those 
Making Less Than $250K 

“rein mir a 
Compute the expected frequency for each cell. Write the expected frequency for each cell into 
the above cells. 

Are all of the expected frequencies sufficiently large to proceed with the chi-square? 

au Yes 

b. No 

Determine the critical value for this chi-square analysis. 

Compute the obtained chi-square value. 

Determine if you should reject or fail to reject the null hypothesis. 

The following APA-style summary has three errors. Find these three errors and correct them. 

Two of the errors are in the wording and one is a numerical error. 

Fewer people favor extending the tax cuts to everyone or extending them to only those making 

less than $250K than would be expected by chance and more people favor allowing the tax cuts 

to expire than would be expected by chance, y7(1) = 146.35, p < .05. The greatest discrepancy 

from the expected value was in the middle option in which more people favored the tax cuts for 

only those making less than $250K. 

Finally, it seems likely that a respondent’s political identification as Republican, Democrat, or 

Independent will be associated with one’s opinion on the tax cut issue. To test the hypothesis that 

political identification and opinion on the tax cuts are associated, compute a chi-square on the data in 

the following table. 

Keep Tax Cuts for | Keep Tax Cuts for Only Those | Do Nothing and Allow Tax Cuts | 

All Making Less Than $250K to Expire for All Taxpayers 

= 

sae | 

[Democrat 
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25. Compute the expected frequency for each cell. Write the expected frequency for each cell into 

the above cells. 

26. Are all of the expected frequencies sufficiently large to proceed with the chi-square? 

a. Yes 

b. No 

27. Determine the critical value for this chi-square analysis. 

28. Compute the obtained chi-square value. 

29. Determine if you should reject or fail to reject the null hypothesis. 

30. Which measure of effect size should be used for this test for independence chi-square? 

a. The phi coefficient, o 

b. Cramer’s phi, 0’ 

31. Compute the appropriate measure of effect size for this study. 

32. Determine which set of effect size guidelines should be used and then determine if the effect is 
small, medium, or large. 

33. Correct three errors in the APA-style summary below. One error is numerical, two are in the 
wording. 

Political identification and opinion on extending the Bush tax cut were not associated, x7(4) = 9.49, 
p < .05. Republicans were much more likely to favor keeping the tax cuts for all taxpayers. 
Independents were slightly less likely to favor keeping the tax cuts for only those making less than 
$250K a year. Democrats were much more likely to favor extending the tax cuts for only those 
making less than $250K a year. 

Learning Objectives 

After reading the chapter, completing the homework and this activity, you should be able to do the 
following: 

e Read a research scenario and determine which statistic should be used 
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CHOOSE THE CORRECT STATISTIC 

Determine which statistic should be used in each of the following research scenarios: z for sample 
mean, single-sample ¢, related samples ¢, independent samples t, one-way independent samples 
ANOVA, two-way independent samples ANOVA, Pearson’s correlation, Spearman’s correlation, 
chi-square goodness of fit, or chi-square test of independence. 

a 

b 
Cc 

d. 
é. 

. 
g 
h 
i. 
i 

z for asample mean 

Single-sample t 

Independent measures t 

Repeated/related measures t 

Independent measures ANOVA 
Two-factor ANOVA 

Pearson’s correlation 

Spearman's correlation 

Chi-square goodness of fit 

Chi-square test of independence 

Is a male politician’s height associated with his popularity with voters? A researcher randomly 

selected 20 male politicians and looked up their height on the Internet. The researcher then 

looked up each of their popularity ratings on the Internet (ratings were given as a percentage 

approval rating that ranged from 0%—100%). 

Although the Internet provides access to a wealth of information, finding that information is not 

always easy. However, a number of skills can greatly speed up the process. For example, “ctrl-f” 

can be used to find a particular word once you are on a web page. Unfortunately, a recent study 

revealed that 90% of people did not know this shortcut. A student wants to know if this is also 

true of college students. The student obtains a sample of 73 students and asks them what hitting 

the “ctrl-f” key combination does when you are on a web page. Each person’s response was coded 

as either correct or incorrect. Fifty-two students answered the question correctly while 21 

answered the question incorrectly. What statistic should be used to determine if the proportion of 

college students who know the “ctrl-f” shortcut is different from the proportion of people in the 

general population who know the shortcut? 

A neurologist has 20 patients, all of whom suffered severe head trauma between 3 and 6 months 

ago. He wants to know if their ability to recall words is different from the general population. He 

gave all 20 patients a standardized memory test. The general population’s mean score on this 

standardized test is 75 with a standard deviation of 10. His patients scored a mean of 60. What 

statistic should be used to determine if the recall scores of his patients are significantly different 

from the recall scores in the general population? 

Are college students who attend religiously affiliated schools more religious than the general 

population? A national survey reports that on a 10-point religiosity scale (with 10 being the 

most religious rating), the average rating for Americans is 7 with a standard deviation of 3.2.A 

sample of 157 students who all attended religiously affiliated colleges had a mean religiosity 

rating of 7.75. Is the sample of students significantly more religious than the general American 

population? 

Several researchers have found that the attitudes students have about learning are associated with 

their grades in college. Students who view classes as an opportunity to learn new things tend to 

perform better in college than do students who view classes as obstacles that they must tolerate 
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25. Compute the expected frequency for each cell. Write the expected frequency for each cell into 

the above cells. 

26. Are all of the expected frequencies sufficiently large to proceed with the chi-square? 

aaees 

b. No 

27. Determine the critical value for this chi-square analysis. 

28. Compute the obtained chi-square value. 

29. Determine if you should reject or fail to reject the null hypothesis. 

30. Which measure of effect size should be used for this test for independence chi-square? 

a. The phi coefficient, o 

b. Cramer’s phi, @’ 

31. Compute the appropriate measure of effect size for this study. 

32. Determine which set of effect size guidelines should be used and then determine if the effect is 
small, medium, or large. 

33. Correct three errors in the APA-style summary below. One error is numerical, two are in the 
wording. 

Political identification and opinion on extending the Bush tax cut were not associated, 2(4) = 9.49, 
p < .05. Republicans were much more likely to favor keeping the tax cuts for all taxpayers. 
Independents were slightly less likely to favor keeping the tax cuts for only those making less than 
$250K a year. Democrats were much more likely to favor extending the tax cuts for only those 
making less than $250K a year. 

Learning Objectives 

After reading the chapter, completing the homework and this activity, you should be able to do the 
following: 

e Read a research scenario and determine which statistic should be used 
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CHOOSE THE CORRECT STATISTIC 

Determine which statistic should be used in each of the following research scenarios: z for sample 
mean, single-sample ¢, related samples ¢, independent samples ¢, one-way independent samples 
ANOVA, two-way independent samples ANOVA, Pearson’s correlation, Spearman’s correlation, 
chi-square goodness of fit, or chi-square test of independence. 

a. zforasample mean 

b. Single-sample t 

c. Independent measures t 

d. Repeated/related measures t 

e. Independent measures ANOVA 

f. Two-factor ANOVA 

g. Pearson’s correlation 

h. Spearman’s correlation 

i. Chi-square goodness of fit 

j. Chi-square test of independence 

1. Isa male politician’s height associated with his popularity with voters? A researcher randomly 

selected 20 male politicians and looked up their height on the Internet. The researcher then 

looked up each of their popularity ratings on the Internet (ratings were given as a percentage 

approval rating that ranged from 0%—100%). 

2. Although the Internet provides access to a wealth of information, finding that information is not 

always easy. However, a number of skills can greatly speed up the process. For example, “ctrl-f” 

can be used to find a particular word once you are on a web page. Unfortunately, a recent study 

revealed that 90% of people did not know this shortcut. A student wants to know if this is also 

true of college students. The student obtains a sample of 73 students and asks them what hitting 

the “ctrl-f” key combination does when you are on a web page. Each person’s response was coded 

as either correct or incorrect. Fifty-two students answered the question correctly while 21 

answered the question incorrectly. What statistic should be used to determine if the proportion of 

college students who know the “ctrl-f” shortcut is different from the proportion of people in the 

general population who know the shortcut? 

3. Aneurologist has 20 patients, all of whom suffered severe head trauma between 3 and 6 months 

ago. He wants to know if their ability to recall words is different from the general population. He 

gave all 20 patients a standardized memory test. The general population’s mean score on this 

standardized test is 75 with a standard deviation of 10. His patients scored a mean of 60. What 

statistic should be used to determine if the recall scores of his patients are significantly different 

from the recall scores in the general population? 

4. Are college students who attend religiously affiliated schools more religious than the general 

population? A national survey reports that on a 10-point religiosity scale (with 10 being the 

most religious rating), the average rating for Americans is 7 with a standard deviation of 3.2.A 

sample of 157 students who all attended religiously affiliated colleges had a mean religiosity 

rating of 7.75. Is the sample of students significantly more religious than the general American 

population? 

5. Several researchers have found that the attitudes students have about learning are associated with 

their grades in college. Students who view classes as an opportunity to learn new things tend to 

perform better in college than do students who view classes as obstacles that they must tolerate 
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before they get to their careers. One of the studies classified students into one of these two 

groups and then compared the mean college GPAs of the two groups. What statistic should be 

used to determine if the GPAs of the two groups are significantly different? 

A teacher gives a multiple-choice test with 100 questions. Every question on the test has exactly 

one correct answer and three incorrect answers. The teacher wants to know how well his 

37 students did compared with chance performance (i.e., compared with 25 correct answers). 

What statistic should be used to determine if his students did better than chance? 

What is the association between years of formal education people completed and their income? 

A group of students used government survey data to answer this question. The years of 

education variable was measured as “through junior high,” “through high school,” “some 

college,” “completed college,” “some graduate school,” and “completed graduate school.” For the 

income variable, they classified each family into one of seven different income categories 

ranging from “below the poverty line” to “more than $1 million dollars a year.” 

Do the feeding practices at a certain zoo help make its gorillas healthy? At a certain zoo, the 

gorillas must “hunt and forage” for their food rather than finding it placed in the same location 

of their habitat every day. Is this practice beneficial to the gorillas? To address this question, a zoo 

worker hid the gorillas’ food in a different location every day. After 3 years, the zoo veterinarian 

gave every gorilla a physical and used a standardized rating system to give each gorilla a rating 

for health that ranged from 1 = very unhealthy to 10 = very healthy. The minimal acceptable 

rating on this scale that is established by the National Zoological Society is 7. Are the gorillas at 

this zoo significantly healthier than the minimum national standard for gorilla health? 

In an attempt to study attitude change, a group of students asked participants their opinion of a 

local sandwich shop by having them rate the shop’s sandwiches on a scale from 1 (terrible) to 10 

(great). The participants then had to write a persuasive speech in which they were to make the 
strongest argument they could to convince others that they should eat at the sandwich shop. A 
week after writing the persuasive speech, the participants were again asked to rate the shop’s 
sandwiches on the same 1-to-10 scale. What statistic should be used to determine if writing a 
persuasive speech leads to higher ratings than prior to writing the speech? 

A researcher studying problem solving presented “the candle problem” to two different groups. 
To solve the problem, participants had to discover a way to attacha burning candle to a wall. 
Both groups were given a candle, a small box of wooden matches, thumb tacks, and Paper clips. 
The only difference between the two conditions was the starting position of the matches. For 
half of the participants, the matches started in the box, and for half, the matches were presented 
outside of the box. The researcher marked what condition each participant was in (i.e., filled-box 
condition or empty-box condition) and whether each participant solved the problem or did not 
solve the problem. What statistic should be used to determine if the box-full and box-empty 
conditions differ in terms of the proportion of participants who successfully solved the problem? 

A researcher taught one group of people to use the method of loci and then asked them to use it 
to study and then recall a list of 100 words. Another group of people were given the same 
amount of time to study the same list of 100 words and were also asked to recall them. Did the 
method of loci group recall more words than the control group? 

The testing effect illustrates that trying to retrieve information that you have learned (i.e., testing 
yourself over what you have learned) increases one’s memory for that material on future tests. 
One of the studies that illustrates the testing effect had half of the participants study material for 
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four 5-minute sessions before taking a final test while the other participants studied the same 
material for one 5-minute session and took three sample tests before taking the final test. In 
addition, half of the participants in each group took the final test after a delay of several minutes 
while the other half took the final test after a delay of 1 week. The dependent variable in this 
study was the number of correct responses on the final test. (Incidentally, none of the questions 
on the final test appeared on any of the sample tests.) What statistic should be used to determine 
if practice tests result in higher scores than studying without practice tests? Did the testing effect 
differ based on the length of the time delay before the final test? 

Do speed reading classes really increase reading speed without a decline in comprehension? A 
researcher randomly assigned readers to one of two groups. One group completed a nationally 
advertised speed reading course. The other group received no speed reading training. Half of the 
people in each group were given as much time as they needed to read a book, and then they 
took test on the book. The other half of each group did not read the book but took the test on the 
book to function as two control conditions. 

A group of students in a criminology course obtained government and police records to analyze 

the relationship between a family’s income and the number of times that family had been 

burglarized. They classified each family into one of seven different income categories ranging from 

“below the poverty line” to “more than $1 million dollars a year.” The number of times each family 

was burglarized was obtained from police records. What statistic should be used to determine if the 

number of times a family was burglarized is associated with their income level? 

A group of undergraduate students performed a variation of a classic psychology experiment for a 

class project. In a series of trials, a participant had to say which of two lines was longer. In every 

trial, one of the lines was substantially longer than the other, so it was very obvious which line was 

longer. However, before the participant made the judgment on each trial, four confederates (i.e., 

people working with the experimenter who were pretending to be research participants) made 

their judgments. For several trials, all of the confederates made the correct judgment. On the 

critical trial, however, all four confederates intentionally chose the wrong line. The critical 

question was whether or not the one true participant would conform by also picking the wrong 

line or if the participant would go against the group and pick the line that was obviously longer. 

The undergraduate students predicted that only 25% of the participants would resist the social 

pressure to conform by choosing the correct line and 75% of the sample would conform by 

choosing the line that was obviously shorter. What statistic should be used to test their hypothesis? 

Postpartum depression is quite common among new mothers, and recent research has shown 

that a significant proportion of men also experience depression with the addition of a child to the 

family. A researcher wonders if the level of depression experienced by the mother is associated 

with the level of depression experienced by the father. To test this, the researcher gives both the 

mother and the father the Inventory to Diagnose Depression (IDD). Scores on this inventory range 

from 0 to 88, with higher scores indicating greater levels of depression. What statistic should be 

used to determine if there is a relationship between the IDD scores of mothers and fathers? 

The researcher discovers that IDD scores of the mother and father are significantly associated. 

However, she also wants to know if men and women have significantly different levels of 

depression. Thus, she runs a different analysis to compare the IDD scores of the mother and 

father. When setting up the data file, she is careful to match each mother’s IDD scores with her 

partner’s IDD score. What statistic should be used to determine if mothers were significantly 

more depressed than fathers? 
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A clinician wonders if the socioeconomic status (SES) of a family is associated with levels of 

depression after having a new child. The clinician obtains a sample of 60 new mothers. Twenty 

have a low SES, 20 are middle class, and 20 have a high SES. Each mother completes the IDD. 

What statistic should be used to determine if mothers with low SES have higher levels of 

depression than mothers with a higher SES? 

Does working outside of the home affect postpartum depression? To investigate this possibility, a 

researcher obtains a sample of 75 women: 25 who worked full time outside of the home, 25 who 

worked part time outside of the home, and 25 who stayed home. IDD scores were collected 6 

months after the baby was born. 

Postpartum depression affects men as well, and so another researcher decides to replicate the 

study above using both mothers and fathers. This time, 75 new mothers and 75 new fathers were 

recruited: within each gender, 25 who worked full time outside of the home, 25 who worked part 

time outside of the home, and 25 who stayed home. What statistic should be used to determine 

if IDD scores depend on gender and work status? 
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Chapter 14 Practice Test 

GOODNESS-OF-FIT PROBLEM 

For a project in a statistics class, you must collect data and then analyze them using a chi-square sta- 
tistic. You decide to collect data on how easily people could go 1 week without using various softwarel 
social media products. Specifically, you ask 60 of your fellow students which of the following three 
programs they would be most willing to not use for 1 week: (1) e-mail, (2) Facebook, or (3) Twitter. The 
obtained frequencies for each of these categories are shown below. Your null hypothesis is that each 
of the three categories will have the same frequencies (N = 60). Use a = .05. 

Facebook 

1. Match each of the following statements to the statistical assumption to which it is relevant. 

Data independence 

Appropriate measurement of variables 

Frequencies are sufficiently high 

a. The data are frequency counts. 

b. One variable is measure on a nominal scale, and the other is on an interval/ratio scale. 

c. Each variable has a normal shape in the population. 

d. One of the two variables has a normal shape in the population. 

Individuals’ responses were not influenced by others’ responses. 

Individuals’ responses were influenced by others’ responses. 

The expected frequencies are all greater than 5. 

> ga ™ . The obtained frequencies are all greater than 5. 

2. What is the df for this study? 

1 

Z 

5 

4 ao Ff f 

3. What is the critical value for this study? 

3.841 

5091 

6.635 

9.210 Te 
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4. What is the expected frequency for e-mail? 

a. 20 

b. 40 

c. 60 

d.5 

5. What is the obtained x7 value for this study? 

a. 4.05 

Loy S10) 

c. 6.05 

d. 20 

6. Should the null hypothesis for this study be rejected? 

a. Yes 

b. No 

7. Which of the following is the best summary of this study’s results? 

a. Students in the study said that they were much more likely to give up using Twitter for 1 week 

than e-mail or Facebook, y7(2, N = 60) = 5.99, p< .05. 

b. Students in the study said that they were much more likely to give up using Twitter for 1 week 
than e-mail or Facebook, 7(2, N = 60) = 30.1, p< .05. 

c. Students in the study said that they were much more likely to give up using Twitter for 1 week 
than e-mail or Facebook, ¥*(3, N = 60) = 7.81, p< .05. 

d. Students in the study were equally likely to say that they would give up e-mail, Facebook, or 
Twitter, ¥7(3, N = 60) = 7.81, p > .05. 

INDEPENDENCE PROBLEM 

Another student in your class collects data for her chi-square project by recording students’ gender 
and asking students whether or not they were vegetarians. Her study had 30 males and 30 females. 
She wanted to know if the variables of gender and type of diet (i.e., vegetarian or not vegetarian) 
were associated. Her observed frequencies are shown in the following table. Use a = .05. 

pe eee ea 
feme | we | sd 

8. The assumptions for the chi-square for independence are 
goodness-of-fit chi-square. 

the assumptions for the 

a. the same as 

b. different from 
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What is the df for this study? 

él. il 

ln. 2 

©, 3 

d. 4 

What is the critical value for this study? 

a. 3.841 

Dbe6.635 

C5199 

d. 9.210 

What is the expected frequency for males who are vegetarian? 

a. 10 

b. 20 

¢. 30 

d. 40 

en 60 

What is the expected frequency for females who are not vegetarian? 

a. 10 

. BD 

d. 40 

e. 60 

. What is the obtained x’ value for this study? 

Gh, sPRe} 

b. .8 

c. 4.8 

Gh 1,55 

Should the null hypothesis of this study be rejected? 

él, VES 

b. No 

. Compute the effect size. 

a. .28 

i). oS 

c. 4.8 

d. 60 
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16. Which of the following is the best summary of this study’s results? 

a. In the students participating in the study, there was an association between diet (i.e., 

vegetarian or not vegetarian) and gender, x*(1, N = 60) = 4.8, p > .05. More females were 

vegetarian than was expected by chance, and fewer males were vegetarian than was 

expected by chance. 

b. In the students participating in the study, there was an association between diet (i.e., vegetarian 

or not vegetarian) and gender, y7(1, N = 60) = 4.8, p < .05. 

c. Inthe students participating in the study, there was no association between diet (i.e., vegetarian 

or not vegetarian) and gender, y7(1, N= 60) = .8, p < .05. 

d. In the students participating in the study, there was no association between diet (i.e., vegetarian 

or not vegetarian) and gender, y*(1, N= 60) = 5.3, p > .05. 

REFERENCE 

Cohen, J. (1998). Statistical power analyses for the behavioral sciences (2nd ed.). Hillsdale, NJ: Lawrence Erlbaum. 
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0.5000 

0.5040 | 0.4960 

0.5080 | 0.4920 

0.5120 | 0.4880 

0.04 | 0.5160} 0.4840 

0.5199 | 0.4801 

0.5239 | 0.4761 

0.07 | 0.5279} 0.4721 

Appendix A 

Unit Normal Table (z Table) 

zScore| Body | Tail 

0.5871 

0.4168 

0.4129 

0.5910 | 0.4090 

0.24 | 0.5948 | 0.4052 

0.5987 | 0.4013 

0.6026 | 0.3974 

0.27 | 0.6064 | 0.3936 

0.28 0.6103 | 0.3897 

0.29 | 0.6141] 0.3859 0.08 | 0.5319) 0.4681 

aes 

0.5398 | 0.4602 

0.5438 | 0.4562 

0.5478 | 0.4522 

0.5517 | 0.4483 

0.14 | 0.5557 | 0.4443 

0.15 | 0.5596 | 0.4404 

0.16 | 0.5636 | 0.4364 

0.5714 

0.4325 

0.4286 

0.5753 | 0.4247 

0.20 | 0.5793 | 0.4207 

0.30 | 0.6179) 0.3821 

Peer | 0.6217 | 0.3783 

| 0.32 0.6255 | 0.3745 

0.6293 | 0.3707 

z Score| Body Tail 

0.42 

0.43 

0.6628 | 0.3372 

0.6664 | 0.3336 

z Score} Body Tail 

0.63 

0.64 

0.44 

0.45 

0.46 

0.47 

0.48 

0.49 

0.50 

0.51 

0.52 

0.53 

0.54 

0.6700 | 0.3300 

0.6736 | 0.3264 

0.65 

0.66 

— 

0.7357 | 0.2643 | 

0.7389 | 0.2611) 

0.7422 0.2578) 

0.6772 | 0.3228 

0.6808 | 0.3192 

0.6844 | 0.3156 

0.6879 | 0.3121 

0.6915 | 0.3085 

0.67 

0.68 

0.69 

0.70 

0.71 

0.7454 | 0.2546 
— 

0.7486 | 0.2514 | 

0.7517 | 0.2483 | 

0.7549 | 0.2451) 

0.7580 | 0.2420| 

0.7611| 0.2389) 
5 

0.6950 | 0.3050 

0.6985 | 0.3015 

0.7019 | 0.2981 

0.7054 | 0.2946 

— 

0.72 

0.73 

0.74 

0.75 

0.7642 | 0.2358 | 

0.7673 | 0.2327) 

0.7704 | 0.2296 | 

0.7734| 0.2266 | 

a 

0.40 | 0.6554 | 0.3446 

0.41 0.6591 | 0.3409 

0.61 

0.62 

597 

0.7291 | 0.2709 
Be 

0.82 

| 0.34 | 0.6331 0.3669|| 0.55 |0.7088| 0.2912) 0.76 | 0.7764| 0.2236 | 

0.35 | 0.6368 0.3632|| 0.56 |0.7123|0.2877|| 0.77 | 0.794| 0.2206) 

0.36 | 0.6406 0.3594|| 0.57 0.7157] 0.2843 0.78 0.7823) 0.2177 

0.3557, | 0.58 |0.7190/ 0.2810) | 0.79 | 0.7852] 0.2148 | 

0.38 | 0.6480 0.3520|| 0.59 |0.7224|0.2776|| 0.80 | 0.7881) 0.2119] 

| 0.39 | 0.6517) 0.3483|| 0.60 | 0.7257| 0.2743 9.81 | 0.79101 0.2090| 
a 

0.7939 | 0.2061 | 

0.7324 | 0.2676 0.83 0.7967 | 0.2033 | 

(Continued) 
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(Continued) 

z Score | Body Body | Tail Body | Tail 

7995 | 0.2005 1.10 /|0.8643 |0.1357 1.36 |0.9131 |0.0869 0.9474 | 0.0526 0. 

0.8023 | 0.1977 1.11 |0.8665 | 0.1335 1.37 |0.9147 | 0.0853 

0. 8051 | 0.1949 1.12 |0.8686 | 0.1314 1.38 |0.9162 |0.0838 0.9495 |0.0505 

0.8078 | 0.1922 1.13 | 0.8708 | 0.1292 1.39 0.9177 |0.0823 

0.8106 | 0.1894 1.14 {0.8729 |0.1271 1.40 2 0.0808 

0.8133 | 0.1867 1.15. [0.8749 0.1251 1.41 : 0.0793 

1.16 0.8159 | 0.1841 0.8770 | 0.1230 1.42 |0.9222 |0.0778 

0. 

0. 9 

0.9525 

0.9582 |0.0418 

0.9591 | 0.0409 

S17 KO) KO mo }] coy te) TT tl Se) 

= io nm Ww a So S N 3 aS 0.8186 | 0.1814 1.17 |0.8790 |0.1210 1.43 

8212 | 0.1788 1.18 |0.8810 | 0.1190 1.44 

0.8238 | 0.1762 1.19 |0.8830 |0.1170 1.45 

=) Ne} ine) wo — 

(=) Xe) ipo) fo) 1a] S S 1) WM 

° ite) ine) | ie} 

S|] SSS is Ss | Ss Ss Ses N SS} EN © | Ss 

0.8264 | 0.1736 1.20 .8849 | 0.1151 1.46 

0.8289 | 0.1711 1.21 |0.8869 |0.1131 1.47 S| & ‘ io nm 6S nm 

1.22 |0.8888 |0.1112 1.48 |0.9306 |0.0694 

1.23 |0.8907 |0.1093 1.49 |0.9319 |0.0681 i 

| 1.78 |0.9625 

1.24 |0.8925 |0.1075 1.50 |0.9332 |0.0668 

1.25 |0.8944 |0.1056 1.51 |0.9345 |0.0655 

1.26 |0.8962 |0.1038 1.52 |0.9357 |0.0643 

27 0.9370 |0.0630 

0.8461 | 0.1539 1.28 |0.8997 |0.1003 1.54 |0.9382 

0.8485 | 0.1515 1.29 |0.9015 | 0.0985 1.55 |0.9394 |0.0606 

0.8508 | 0.1492 1.30 |0.9032 |0.0968 1.56 |0.9406 |0.0594 

0.8531 | 0.1469 1.31 |0.9049 |0.0951 1.57 |0.9418 |0.0582 

0.1446 1.32 |0.9066 

0.1423 1.33 |0.9082 

0.8599 | 0. 1.34 |0.9099 

0.8621 | 0.1379 1.35 |0.9115 

0.0618 

Ss oO wo (oe) &) is} = S NO S ey ow Ww 

0.9649 | 0.0351 

0.9656 | 0.0344 

0.9664 | 0.0336 

1.81 

1.82 

0.0934 1.58 |0.9429 |0.0571 

0.0918 1.59 {0.9441 0.0559 

0.0901 1.60 |0.9452 |0.0548 

0.0537 0.0885 1.61 {0.9463 
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z Score Tail 

0.0294 

0.0287 

0.0281 

0.0274 

0.0268 

0.9738) 0.0262 

1.89 

1.94 

1.95 | 0.9744] 0.0256 

1.96 | 0.9750} 0.0250 

1.97 | 0.9756) 0.0244 

0.9761} 0.0239 

1.99 | 0.9767] 0.0233 

} 2.00 | 0.9772| 0.0228 

0.0207 

| 2.06 | 0.9803] 0.0197 

0.0192 

2.09 | 0.9817] 0.0183 

2.10 | 0.9821| 0.0179 

| 2.11 | 0.9826] 0.0174 

| 2.13 | 0.9834| 0.0166 

2.14 

2a15 

2.47 

2.20 

raya 

ele 

(Cy8} 

2.24 

22D 

2.26 

Zee 

2.28 

2.29 

2.30 

2.31 

2.32 

2.33 

2.34 

2-59 

2.36 

2031 

2.38 

2.39 

0.9838] 0.0162 

0.9842 | 0.0158 

0.9846 | 0.0154 

0.9850) 0.0150 

0.9854] 0.0146 

0.9857 | 0.0143 

0.9861) 0.0139 

0.9864 | 0.0136 

0.9868 | 0.0132 

0.9871] 0.0129 

0.9875 | 0.0125 

0.9878] 0.0122 

0.9881 | 0.0119 

0.9884 | 0.0116 

0.9887 | 0.0113 

0.9890 | 0.0110 

0.9893 | 0.0107 

0.9896 | 0.0104 

0.9898 | 0.0102 

0.9901} 0.0099 

0.9904 | 0.0096 

-9906 | 0.0094 

0.9909 | 0.0091 

0.9911} 0.0089 

0.9913 | 0.0087 

0.9916 | 0.0084 

2.40 

2.41 

2.42 

2.43 

2.44 

2.45 

2.46 

2.47 

2.48 

2.49 

2.50 

2.51 

(Atay 

Tail | _z Score Body Ie Tail 

0.9918] 0.0082) | 2.66 | 0.9961| 0.0039 

0.9920 | 0.0080) 2.67 | 0.9962 lo 0038 

0.9922| 0.0078, | 2.68 | 0.9963 0.0037 

0.9925] 0.0075|| 2.69 me) 0.0036. 

0.9927|0.0073/| 2.70 | 0.9965| 0.0035. 

0.9929] 0.0071) | 2.71 | 0.9966] 0.0034, 

0.0069 2.72 0.0033. 

0.9932| 0.0068|| 2.73 | 0.9968] 0.0032. 

0.9934] 0.0066|| 2.74 | 0.9969| 0.0031. 

0.0064|| 2.75 | 0.9970] 0.0030. 

0.0062|| 2.76 | 0.9971 0.0029 

0.0060|| 2.77 0.0028 

0.0059|| 2.78 | 0.9973 0.0027 

0.0057) 2.79 |0.9974| 0.0026 | 

0.0055|| 2.80 0.0026 

0.0054|| 2.81 | 0.9975 0.0025. 

0.0052|| 2.82 | 0.9976| 0.0024 

0.9949| 0.0051, 2.83 | 0.9977| 0.0023. 

0.9951| 0.0049|| 2.84 | 0.9977) 0.0023 

0.0048} | 2.85 | 0.9978] 0.0022 | 

0.0047|| 2.86 | 0.9979] 0.0021 | 

0.0045|| 2.87 | 0.9979| 0.0021 

0.0044| | 2.88 | 0.9980 0.0020 | 

0.0043|| 2.89 | 0.9981] 0.0019 | 

0.0041|| 2.90 0.0019 | 

0.0040|| 2.91 0.0018 

(Continued) 
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(Continued) 
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sat 0.9993 |0.0007 . 

3.27 
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Appendix B 

One-Tailed Probabilities t Table 

| df _|a=.05 |a =.01 
| 1 | 6.3138 [31.8205 
| 2 | 2.9200 | 6.9646 
| 3 | 2.3534 | 4.5407 

3.7469 
| 5 | 2.0150 | 3.3649 
| 6 | 1.9432 | 3.1427 

2.9980 
| 8 | 1.8595 | 2.8965 
| 9 | 1.8331 | 2.8274 
| 40 | 1.8125 | 2.7638 

2.7181 
2.6810 

| 13 | 1.7709 | 2.6503 
2.6245 

45 | 1.7531 | 2.6025 
2.5835 
2.5669 
2.5524 

1.7291 | 2.5395 
| 20 | 1.7247 | 2.5280 
etee| 1.7207 | 2.5176 
22 1.7171 | 2.5083 
| 23 | 1.7139 | 2.4999 

2.4922 
| 25 | 1.7081 | 2.4851 
In26 | 1.7056 | 2.4786 

1.7033 | 2.4727 
| 28 | 1.7011 | 2.4671 

1.6991 | 2.4620 
| 30 | 1.6973 | 2.4573 

2.4528 

df 
| 32 | 

33 
34 
a5 

40 

44 

53 

56 

57 

58 

59 

60 

61 

}a = .05 |a = 07 
2.4487 

2.4448 | 
2.4411 

2.4377 

2.4345 
2.4314 
2.4286 
2.4258 
2.4233 
2.4208 
2.4185 
2.4163 
2.4141 
2.4121 
2.4102 

1.6779 | 2.4083 
1.6772 

2.4049 

1.6753 
1.6747 
1.6741 | 2.3988 

1.6736 

a=.05 ja=.01 

1.6607 | 2.3654 

2.3642 

2.3638 

1.6588 

TEOVBOMEZ 390! 

1.6725 

1.6720 | 2.3936 

1.6716 

OVA || AO 

1.6706 | 2.3901 

1.6702 | 2.3890 

1.6698 | 2.3880 

601 

2.3595 
2.3592 
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Two-Tailed Probabilities t Table 

[df [a=.05| a=.01]| df |a=.05)a=.01)| df |a=.05|a=.01)| df | a=.05| a=.01) 

| 4 | 12.7062] 63.6567|| 32 2.7385 || 63 | 1.9983 | 2.6561 || 94 
| 2 | 4.3027 | 9.9248 || 33 2.7333 || 64 | 1.9977 | 2.6549 || 95| 1.9853 
| 3 | 3.1824] 5.8409 |) 34 2.7284 || 65 2.6536 || 96| 1.9850 | 2.6280 | 

2.7764 | 4.6041 || 35 2.7238 || 66 2.6524 || 97 
| 5 | 2.5706 | 4.0321 || 36 2.7195 || 67 | 1.9960 | 2.6512 || 98 
| 6 | 2.4469 | 3.7074 || 37 | 2.0262 | 2.7154 || 68 | 1.9955 | 2.6501 || 99| 1.9842 | 2.6264 | 

2.3646 | 3.4995 || 38 2.7116 || 69 | 1.9949 | 2.6490 || 100| 1.9840 | 2.6259 
| 8 | 2.3060 | 3.3554 || 39 2.7079 || 70 2.6479 | 101| 1.9837 | 2.6254 
| 9 | 2.2622 | 3.2498 || 40 2.7045 || 71 | 1.9939 | 2.6469 || 102| 1.9835 | 2.6249 

2.2281 | 3.1693 || 41 2.7012 || 72 | 1.9935 | 2.6459 || 103 | 1.9833 | 2.6244 
| 41 | 2.2010 | 3.1058 || 42 2.6981 || 73 | 1.9930 | 2.6449 || 104| 1.9830 | 2.6239 

2.1788 | 3.0545 || 43 2.6951 || 74 | 1.9925 | 2.6439 || 105| 1.9828 | 2.6235 | 
3.0123 || 44 2.6923 || 75 | 1.9921 | 2.6430 || 106| 1.9826 | 2.6230 
2.9768 || 45 2.6896 || 76 | 1.9917 | 2.6421 || 107 

2.1314 | 2.9467 || 46 2.6870 || 77 | 1.9913 | 2.6412 || 108 
2.1199 | 2.9208 || 47 | 2.0117 | 2.6846 || 78 | 1.9908 | 2.6403 || 109] 1.9820 | 2.6277 | 

2.8982 || 48 2.6822 || 79 | 1.9905 | 2.6395 || 110 
2.8784 || 49 2.6800 || 80 | 1.9901 | 2.6387 || 111 

| 19 | 2.0930 | 2.8609 || 50 | 2.0086 | 2.6778 || 81 | 1.9897 | 2.6379 || 412 
| 20 | 2.0860 | 2.8453 || 51 | 2.0076 | 2.6757 || 82 | 1.9893 | 2.6371 || 113 

2.8314 || 52 | 2.0066 | 2.6737 || 83 | 1.9890 | 2.6364 || 114 
| 22 | 2.0739 | 2.8288 || 53 | 2.0057 | 2.6718 || 84 | 1.9886 | 2.6356 || 115| 1.9808 | 2.6793 | 
| 23 | 2.0687 | 2.8073 || 54 | 2.0049 | 2.6700 || 85 | 1.9883 | 2.6349 || 116| 1.9806 | 2.6789 | 

2.7969 || 55 | 2.0040 | 2.6682 || 86 | 1.9879 | 2.6342 || 117| 1.9804 | 2.6185 | 
| 25 | 2.0595 | 2.7874 || 56 | 2.0032 | 2.6665 || 87 | 1.9876 | 2.6335 || 118| 1.9803 | 2.6787 | 
| 26 | 2.0555 | 2.7787 || 57 | 2.0025 | 2.6649 || 88 | 1.9873 | 2.6329 || 119| 1.9801 | 2.6778 | 

2.0518 | 2.7707 || 58 | 2.0017 | 2.6633 || 89 | 1.9870 | 2.6322 || 120| 1.9799 | 2.6174 | 
| 28 | 2.0484 | 2.7633 || 59 | 2.0010 | 2.6628 || 90 | 1.9867 | 2.6316 || « | 1.9600 | 2.5760 | 
| 29 | 2.0452 | 2.7564 || 60 | 2.0003 | 2.6603 || 91 | 1.9864 | 2.6309 
| 30 | 2.0423 | 2.7500 || 61 | 1.9996 | 2.6589 || 92 | 1.9861 | 2.6303 

2.7440 || 62 | 1.9990 | 2.6575 || 93 | 1.9858 | 2.6297 
yp 5 

\, Ae 

9. 4 Ue eee 

Were, VcaZ “ 
a 
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161.45 

df Denominator 

Appendix C 

micvien Ge .05) 

df Numerator e 

2 | 9 fae 
240.54] 241.88 | 238.88 

603 

19.33] 19.35] 19.37] 19.38] 19.40 | 
9.28 | 9.12] 9.01] 8.94 8.85 : 

5.41 | 5.19] 5.05] 4.95 
4.76 4.39| 4.28 

3.97 | 3.87 
eee | «5.32 | aae| 4.07 [3.84] 3.69 | 3.58 
Meee | 5.12 | ae6| 3.86 | igs] 3.48| -3.37] 3. 
ee 4.96 Pano] 3.71 [aa] 3.33322] 3.14) 
eet) 4.84 a8] 3.59 886 
ee | 475 ago] 3.49 see] 3.11300) 2.91/ee5| 2.20 age 
eee 467 | aa] 3.41 aaa) 3.03 | 292) 283) ear] 2.71 Seore 

te 454 aoe) 3.29 | 306) 2.90] ag] 2.71|5 204) 2.59/Feea 
ete 449 | 3.63 OR) A ge 288 28 2 

445 | 3.59 2.61| 2.55] 2.49| 2.45 | 
eee 4.41 | 355] 3.16 fees) 2.77 | 2.66 | 2.46] 2.44) 

Peo | 438 ase) 3.13 |aao] 2.74 | a6 | 2.48|  2.42| 2.38] 
Pee 4.35 | 3.10 feeey| 2.71 | 260) 2.51) 245) 2.39 aaa y 

P22 | 430| 3.4] 3.05 | 282) 2.06] 255] 2.46] 240] 2.34] 2.30) 
3.01 | 27a] 262[ 251] 242| 236] 2.30) 2.25 

25 2.99 | 2.76] 2.60] 249| 240] 2.36] 2.28] 2.26] 
26 2.98 | 2.74 ee 
27 2.73| 2.57| 2.46 | 2.25 |e 
28 | «20 | 3.34] 2.95 | 7a] 256| 245] 236] 2.29] 22a[ 2.19] 
99 | 418 | 333] 2.03 | aro] 2.55| 243| 2.35] 270] 2.20[ 2.18] 

hs 30 | 4ar | a2) 252 | 260 253) 202 ar] 2.21) 2.16) 
(Continued) 
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(Continued) 

df Numerator 

10 

1S) 

2.14 

(asi) 

Za 

2.11 

fatal 

2.10 

2.09 

2.08 

2.08 

2205 

2.03 

2.01 

1.99 
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cuicn ca—01)) 

ee | df Numerator 

oo i i ac ao ae 
| 1 | 4052.18 | 4999.50 | 5403.35 | 5624.58] 5763.65 | 5858.99| 5928.36] 5981.07] 6022.47 6055.85 
| 2 | 98.50 | 99.00] 99.17) 99.25] 99.30| 99.33] 99.36] 99.371 99.39] 99.40 Meese) 34.12 [8 30:82) 29.46 28.71 28.241 20.91 27.67|27:49| 27.35/37 33 

15.52| 15.21| 14.98] 44.80) 14.66|. 14.55) 
| 516.26 | 13.27] 12.06] 11.39] 10.97|__10.67| 10.46 10.29] 10.16] _ 10.05] 
Pee Gee 13.75 | 10.92 8.265 e8.10! 7.98| 7.87 

6.99| 6.84] 6.72| 6.62 
ees! 11.26 (86s) 7.597 oi| 6.63) 647) 6.18) 6.03! 5.9112 5.81 
3 ase | scat egal saat 6.06} 5.80 5.61/90 547) 5.35/95 5.26 
Meetowes | 10.04 [F756] 6.55) e090) 5.64|5 a 5.06| 4.94] 4.85) 
i a {esa s.7f sat 5.07 OE 
eeeetoee | «(9.33 (6.03) 5.95|s ai] 5.06 ag, 4.50 

4.30 
£14 

ioe, «8.68 (8 636) 5.42 es]  4.56| 432 4.00 
eeeetome 8.53 [5 623] 5.29 az] 4.44] 2 220) 3.89 

3.79 
Meee 68.29 (boi) =5.09/beasel 4.25[e4oi) 3.8402 3.71) 3.60/68 3.54 
eeiGmeee| 8.18 (50s) 5.01R eee 4.172 34) 3.77) 363) 3.52 ae 
—— 20, 8:10 |_s.85} _a.git 4431 _a.t0/ _a.g7} _3.70._3.56 Wao 
Meio 68.02 | 5.78) 4.87\ea7| —4.04/ eai, 3.64) 351) 3.40/ ast 
Meeeecme| 7.95 (S72) 4.82| 439) 3.90/23 76) 3.35|. 3.26 
eeemese | 67.88 (5.66, 4.768926! 3.94/77 3.30 sat 

3.26] 37 
eeeess | 7.77 | 557) 4.688 448) —3.85| 3.63 3.221 313 
eee 26m | 67.72 | 553) 4.64/48 444] 3.82/35) 3.18] 3.09] 

3.15/06 
eco | 7.64 3.12| 73.03] 
Pee 28s] 7.60 3.73] 3.50 3.09| 3.00 
30, heh 5.38, 481) 402 3.10130 3.07| _ 2.98) 
eet 7.53 |S. 536) 483.95) 3.671 _3.45 3.04] 2.96] 
ee 7.50 (534, 4.46 se 3.65) 23.43 3.02| 2.93 
331i {5.31 aa} 3.95) 3.63} _3.41 3.00|5372.91 

34 3.93| 3.61] 3.39 2.98| 2.89 
eee 7.42 eer] 4 40a] 3.50/37 2.96| 2.88) 
Be 740 (es) 43a.) 3.57 legis 2.95] 2.86 

2.93 |p wee 
eee sss 7.35 3.15|es.02| 2.92 ee 283 
BB oe ee ee) 

5.18 2.89| 2.80] 
3.07] 2.94] 2.83] 2.74 

(Continued) 



606 AN INTRODUCTION TO STATISTICS 

(Continued) 

df Numerator 

| 2.78 | 2.67 | 2.59 | 
| 2.76 | 2.65 | 2.57 | 

296 | 2.80 | 267 | 257 | 248 | 

= Se - 

2.89 

saa | 3.19 | 297 | 281 | 268 | 257 | 249 | 

ae 3.34 | 
Sasi 

4.20 

10_| 3.62 
3.60 

N wih faa) 

EE NER 2 

dfDenominator| 1 [| 2 | 3 | 

pais | 6.86 [age | 3.06 [ous | 318 | 

ial 

7.01 

[105 | 6.8 | 4a1_| 3.97_ 
m0 | 687 (6480 | 3.96 | 



Appendix D 

The Studentized Range Statistic (q) Table 

alpha = .05 (top) 

alpha = .01 (bottom) 

Number of Treatment Conditions 

3.64 4.60 5.22 5.67 6.03 » 633% 
5.70 6.98 7.80 8.42 8.91 9.32. | 

5.24 6.33 7.03 7.56 7.97 8a2 | 

4.95 5.92 6.54 7.01 73) 768 | 

df for Error Term 

4.75 5.64 6.20 6.62 6.96 724 if 

4.60 5.43 5.96 6.35 6.66 6.91 | 
3.15 3.88 4.33 4.65 | it 
4.48 5.27 5.77 6.14 6.43 667 § 
3.11 3.82 4.26 4.57 | 2 
4.39 515 5.62 5.97 6.25 6.48 

4.32 5.05 5.50 5.84 6.10 6.32. | 
3.06 4.15 4.45 4.69 eee 
4.26 4.96 5.40 5.73 5.98 6.19 
3.03 3.70 4.11 4.41 | 3 

oe 4.24 4.89 5.32 5.63 5.88 6.08 
3.01 3.67 4.08 4.37 4.78 
4.17 4.84 5.25 5.56 5.80 5.99 | 
3.00 3.65 4.05 55433 4.56 474 § 
4.13 4.79 5.19 5.49 5.72 bee | 
2.98 4.02 4.30 : 
4.10 4.74 5.14 5.43 5.66 
2.97 3.61 4.00 4.49 
4.07 4.70 5.09 5.38 5.60 

BRe ea eennaaicaacaaaseeaeccccneaaeeeeaeeea ae BS i 

4.67 q 

(Continued) 

a 

607 
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(Continued) 

Number of Treatment Conditions 

Source: Adapted from http://www.stat.duke.edu/courses/Spring98/sta110c/qtable.htm 



Appendix E 

One-Tailed Pearson Correlation Table 

01 g Il 

0.900 | 0.980 
0.934 

4 0.882 

Ps | 869 | 0.8 
6 | 0.sa1 | 0.70 
Ps [ose [07 
Ps [oser | a.6es 

raz | 0.458 | aie 

ras [oie | 0558 
is [0.400 | 0.58 

18 0.516 
0.369 | 0.503 

P20 | 0360 | 0082 
[a2 [0306 | 072 
[as [sar | 0.62 
ras | ose | asas 
[26 | oai7 | 0.437 
a8 | 0.306 | 0.023 
[29 | a0: | 0.6 
[30 | 0.206 | 0.05 

0.988 
df 
31 
32 
33 
34 
35 
36 
37 

APR PR RI RIP RL RIL R TR Ww} w O(SlHITIA|G/RIG(SlSlSl/ Sle 

51 

LDP Wala alas alolo 
O}/O}/OINI DA| Oo] sR] ww] p 

a= .05 

0.291 

0.287 

0.283 

0.279 

0.275 

0.271 

0.267 

0.264 

0.260 

0.257 

0.254 

O..25\11 

0.248 

0.246 

0.243 

0.240 

0.238 

0.235 

0.233 

0.231 

0.228 

0.226 

0.224 

0.222 

0.220 

0.218 

0.216 

0.214 

0.213 

0.211 

O4 Saji 

0.403 

0.397 

0.392 

0.386 

0.381 

0.376 

OM 

0.367 

0.362 

0.358 

0.354 

0.350 

0.346 

0.342 

0.338 

O85 

OSS 

0.328 

0.325 

O22, 

0.319 

0.316 

0.313 

0.310 

0.307 

0.305 

0.302 

0.300 

0.297 

0.295 

609 

df | a=.05 

61 | 0209 | 
62 0.207 

a3 
64 0.204 

65 0.203 

66 0.201 

67 0.200 

8 
69 0.197 

70 0.195 

71 0.194 

72 0.193 

73 
74 0.190 

75 
76 0.188 

7 
78 0.185 

79 0.184 

80 | 0.183 

81 0.182 

82 0.181 

83 0.180 

84 | 0.179 

85 0.178 

86 
87 0.175 

88 0.174 

89 0.174 

90 0.173 

Oh = 0) 

0.293 

0.290 

0.288 

0.286 

0.284 

0.282 

0.280 

0.278 

0.276 

0.274 

0.272 

0.270 

0.268 

0.266 

0.265 

0.263 

0.261 

0.260 

0.258 

0.257 

0.255 

0.253 

0.252 

0.251 

0.249 

0.248 

0.246 

0.245 

0.244 

0.242 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

0.172 

0.171 

0.170 

oO 5 fo) ie) 

0.168 

a=.01| 

0.241 | 

0.240 
0.238 | 
0.237 
0.236 | 

0.167 

0.166 

0.165 

0.235 

0.234 | 

0.232 

0.165 

0.164 

0.163 

0.162 

0.161 

0.231 | 
0.230 
0.229 | 

0.228 | 

0.227 
0.161 

0.160 

0.159 

0.158 

0.158 

OS7/ 

0.156 

0.156 

0.155 

0.154 

0.153 

0.153 

0.152 

0.226 | 

0.225 

0.224 

0.223 | 

0.222 

0.221 | 

0.220 | 

0.219 

0.218 

0.217 | 

0.216 | 

0.215 | 
0.214 | 

Onis 

Ont 

0.150 

“120 [ 0.150 

0.213 

0.212 | 

Chai |. 

0.210 | 
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Two-Tailed Pearson Correlation Table 

Two Tailed alpha 

[af [005 | 001 |[ af | 005 | 001 |[ a | 005 | 0.01 | 
| 0.997 | 1.000 | ai | 0.301 | 0.389 | ease] 0.216 | 0.281 | 
fF 2 | 0.950 | 0.990 || 42 | 0.297 | 0.384 || 82 | 0.215 | 0.280 | 

44 0.291 | 0.376 | (Pam BAES 0.212 | 0.276 | 
45 0.288 | 0.372 | ~eeeemy 0.211 | 0.275 

; 0.368 || 86 | 0.210 | 0.273 | 
0.282 | 0.365 ar __0208 | 9272 

[8 0.632 | 0.279 | 0.361 0.207 | 0.270 | 
8 0.602 49 0.276 | 0.358 || 89 | 0.206 | 0.269 | 
P07 0.576 | se 0.273 | 0.354 | eee 0.205 | 0.2677 | 
eat | 0.553 | 0. 0.351 | (BRNaOaee] 0.204 | 0.266 
ae | 0.532 | 0. [52 | 0.268 | 0348 || 92 | 0.203 | 0.264 | 
[as 0514 | 0.641 || Sat 0.266 | 0.345 | Rg] 0.202 | 0.263 
p44 | 0.497 | 0.623 | 0.341 ||5 594] 0.201 | 0.262 | 
Pe | 0.4a2 | 0.606 |e 881 0.261 | 0.339 ||eegey 0.200 | 0.260 | 
Pie 0.468 | 0590 | Sae] 0.259 | 0.336 | epmeey 0.199 | 0.259 | 

57 0.256 | 0.333 | gge 0.198 | 0.258] 
Pte 0.444 | 0.561 | (a ees] 0.254 | 0.330 | eeegae 0.197 | 0.256 | 
Pg 0.433 | 0.549 | eee] 0.252 | 0.327 | eeegge 0.196 | 0.255 
P20 7] 0.423 | 0.537 | aie | 0.250 | 0.325 || aaBOe a 0.195) | 0.254 | 
at | 0.413 | 0.526 | et | 0.248 | 0.322 || gd 1 0.194 | 0.253 | 
Pee 0.406 | 0.515 |( ee 0.246 | 0.320 |gGge) 0.193 | 0252 1 
Pos | 0.396 | 0.505 |fe 63 | 0.244 | 0.317 || Ge 0.192 | 0.250 |] 
| 24 | 0.388 | 0.496 0.315 |[ 404 | 0.191 | 0.249 || 
[325 | 0.381 | 0.487 |) 265 2] 0.240 | 0.313 || aes | 0.190 | 0.248 |] 
[26 | 0.374 | 0.479 ||) 366 0.310 || 106 | 0.189 | 0.247 |) 

67 0.237 | 0.308 || 407 | 0.188 | 0.246 | 

— 2} 0358 ose || 68 0.234 | 0.304 |{ 109 | 0.187 | 0.244 | 
| 30 | 0.349 | 0.449 70 Pemi0 | 0.186 | 0.242 
0.344 wi _| 0.230 | 0.300 |[ 441 | 0.185 | 0.241 | 
[32 | 0.339 | 0.229 | 0.298 || 7emee 0.184 | 0.240 | 
eee] 0.334 | Pig) 0.183 | 0.239 | 
a 0.329 | 74 0.226 | 0.294 || 494 | 0.182 | 0.238 || 
26 0.325 | 75 0.224 | 0.202 | PaaS | 0.182, | 0.237 
P36] 0.320 | 0.290 || 426 { 0.181 | 0.236 | 

o.221 | 0.288 || 447 [0.180 [0.235 
38] 0.312 | 0.220 | 0.286 || 448 | 0.179 | 0.234 |) 

a een ieee e283 | Fee 0.178 | 0.2325 | 
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Spearman’s Correlation Table 

One-tail| 0.05 | 0.025 | 0.01 | 0.005 ___| 0.05 | 0.025 | 0.01 | 0.005 | Two-tail| 0.1 | 0.05 | 0.02 | 0.01 __ 01 | 0.05 | 002 | 0.01 | 
N=4 | 1.000 N=30| 0.306 | 0.362 | 0.425 | 0.467 

0.900 | 1.000 | 1.000 | esto 0.301 | 0.356 |. 08 | 0.459 | 
ee | geal 0.886 | 0.943 | 1.000 32 | 0.296 | 0.350 | 0.412 0.452 | 

O74 | 0.786 | 0.893 | 0.929 33 | 0.291 | 0.345 | 0.405 | 0.446 
| 8 | 0.643 | 0.738 | 0.833 | 0.881 34 P2785) Wois409 0-399 0,439 
[9 | 0.600 | 0.700 | 0783 | 0.833 || 35 | 0.283 | 0.335 | 0.394 1 0.433 | 
| 10 | 0.564 | 0.648 | 0.745 | 0.794 see] 0.279 | 0.330 | 0.388 0.427 | 
ett, 0.536 | 0.618 | 0.709 | 0.755 37 | 0.275 | 0.325 | 0.383 | 0.421 

12) 0.503 | 0.587 | 0.671 | 0.727 || 38. | 0.271 ier 0.378 | 0.415 | 
13 | 0.484 | 0.560 | 0.648 | 0.703 39 | 0.267 | 0.317 | 0.373 | 0.410 | 

0.464 | 0.538 | 0.622 | 0.675], 40 | 0.264 | 0.313 | 0.368 | 0.405 
| 15 | 0.443 | 0.521 | 0.604 0.654 | eee 0.261 | 0.309 | 0.364 | 0.400 

0.429 | 0.503 | 0.582 | 0.635 42 | 0.257 | 0.305 | 0.359 | 0.395 | 
0.414 | 0.485 | 0.566 | 0.615 43 | 0.254 | 0.301 | 0.355 | 0.391 | 
0.401 | 0.472 | 0.550 | 0.600 44 | 0.251 | 0.298 | 0.351 | 0.386 

| 19 | 0.391 | 0.460 | 0.535 | 0.584 45 | 0.248 | 0.294 | 0.347 | 0.382 
20 | 0.380 | 0.447 | 0.520 | 0.570 46 | 0.246 | 0.291 | 0.343 0.378 | 

0.370 | 0.435 | 0.508 | 0.556 47 | 0.243 | 0.288 | 0.340 | 0.374 | 
| 22 | 0.361 | 0.425 | 0.496 | 0.544 48 | 0.240 | 0.285 | 0.336 | 0.370 
| 23 | 0.353 | 0.415 | 0.486 | 0.532 49 | 0.238 | 0.282 | 0.333 | 0.366 

0.406 | 0.476 | 0.521 
25) | (0.337 | 0.398 | 0.466 | 0.511 
ize | 0.331 | 0.390 | 0.457 | 0.501 

0.324 | 0.382 | 0.448 | 0.491 
| 28 | 0.317 | 0.375 | 0.440 | 0.483 
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Appendix G 

Fisher r to z Table 

If ye 

0.3 0.3095 

ORs 0.3205 

0.32 0.3316 

0.33 0.3428 

0.34 0.3541 

0.35 0.3654 

0.36 0.3769 

0.37 0.3884 

0.38 0.4001 

0.39 0.4118 

0.4 0.4236 

0.41 0.4356 

0.42 0.4477 

0.43 0.4599 

0.44 0.4722 

0.45 0.4847 

0.46 0.4973 

0.47 0.5101 

0.48 0.5230 

0.49 0.5361 

0.5 0.5493 

0.51 0.5627 

aki eal Meese! 
lpatteneallitocacnee 
Rana, 

0.55 0.6184 

0.56 0.6328 

r Z 

0.59 | 0.6777 
0.6 0.6931 

0.7089 
0.62 | 0.7250 
0.63 | 0.7414 
0.64 | 0.7582 
0.65 | 0.7753 
0.66 | 0.7928 
0.67 | 0.8107 
0.68 | 0.8291 
0.69 | 0.8480 
0.7 0.8673 
0.71 | 0.8872 
0.72 | 0.9076 
0.73 | 0.9287 
0.74 | 0.9505 
0.75 | 0.9730 
0.76 | 0.9962 
0.77 1.0203 
0.78 | 1.0454 
0.79 1.0714 
0.8 1.0986 
0.81 1.1270 

0.83 1.1881 
0.84 | 1.2212 
0.85 | 1.2562 
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Appendix H 

Critical Values for Chi-Square 
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Appendix I 

Computing SSs for Factorial ANOVA 

The above table displays the scores within each of the four conditions in this study. The LX 

and the £X? within each condition are displayed in each column of the table. 

We will start by computing the SS for all of the scores by summing all of the scores 

to find YX... = 72 + 56 + 128 + 80 = 336. Then, the sum of all the squared scores is 

DX? = 672 + 420 + 2124 + 824 = 4,040. Use the SS formula to find the SS._., where 
N = the total number of scores or 32. 

total’ 

=512. 
EX 2 2 

Sorel = yo os = 4040 — G29) 
N 32 

Then, compute the SS,,.,;, (also called the SS,,,,.) by computing the individual SSs within 
each of the four conditions. The SS for the low body temperature, beer condition is computed 
as follows: 

SS 2 2 

95 = 2x* 7 = 672-24, 
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By using the same procedure for the other three conditions, we find the other condition SSs to be 28, 76, and 24. The SS\,ni, is the sum of the individual condition SSs, or 152, 

SS \ithin = 24 + 28 + 76 + 24 =152. 

The next step is to compute the SSs for each of the three effects we are interested in— 
namely, the main effect of body temperature, the main effect of alcohol, and the interaction. 
First, we compute the SS for all of these effects combined, called the SSyeween: This is done by 
simply subtracting the SS from the SS, within total* 

SS =512-152 = 360. between 

Next, we must determine how much of the SS,.ine0en Variability was due to the main effect of 
Factor A—in this case, how much of the 360 variability was due to differences in body tempera- 
ture. This is done by using the following formula: 

A Ta 

SS ody temp ae > oe 7 N 

_ (72+56) é (128+80) (72+56+128+80) 
16 16 32 

=1,024+ 2,704 —3,528 = 200. 

A,.y., fepresents the sum of the scores in a given condition of Factor A. In the present case, 

Factor A is body temperature, which has two levels so that there will be two A,,,,, terms in the 

equation. For example, the sums of the scores in the low body temperature conditions were 72 

and 56, from the low body temperature with beer and low body temperature with placebo 

conditions, respectively. The sums of the scores in the high body temperature conditions were 

128 and 80, respectively. In the above equation, T represents the sum of all the scores in the 

design, n,,,., represents the number of scores in a given level of Factor A, and N represents the 

number of scores in the entire study. So, the SS accounts for 200 of the 360 between- 
body temp 

treatment variability. A similar procedure yields the SS for alcohol. 

AC sie SS = level 
alcohol >, hee N 

_ (72 +128) . (56+80) (72+56+128+80) 
* 16 16 32 
=2,900+1156— 3,528 =128. 

So the SS,,.n. accounts for another 128 of the 360 between-treatment variability. 

The final SS we need is the SS, action: AS Stated above, the three effects all created an SS,,..,,c6n 

of 360. If the SS,,4, temp WAS 200 and the SS,.,.o44; WaS 128, the SSinteraction Must be 32. 

SS =SS SS, SS.scono = 360 — 200-128 = 32. interaction between bodytemp 
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Charts 

Statistics for Comparing Means 

Goal i Statistic 

mean toa 

population mean 

or other value 

- 

———t 

ae a sample Use a z for a sample 

mean if o is known 

Use a single-sample t if 

o is unknown 

Compare two 

sample means 
| Use an independent 

measures t if the two 

samples are independent 

of each other 

Use a related samples t if 

the two samples are 

related (either matched 

or repeated measures) 

| Compare three or 

more sample 

means 

Use a one-way (single- 

factor) ANOVA if there is 

one independent variable 

Use a two-way (two- 

factor) ANOVA if there 

are two independent 

| 

Statistics for Doing Things Other 
Than Comparing Means 

617 

L- 

Goal Statistic 

Analyze frequency Use a chi-square goodness- 
counts of-fit test if there is one IV/ 

grouping variable 

Use a chi-square test of 

independence if there are 
hes two IVs/grouping variables | 

Determine if two 

ordinal, interval, or 

ratio variables are 

related to each 

other 

Use a Pearson correlation if 

both variables are interval/ 

ratio and linearly related 

Use a Spearman correlation 

if at least one variable is 

ordinal or if the relationship 

is not linear (but is 

monotonic) 

Use one interval/ 

ratio variable to 

predict another 

interval/ratio 

vanable 

Use regression 

en ST 
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Index 

Abel, E. L., 354, 366 
Algebra, in statistics, 3 
Alpha (qa) level: 

correlations, 535 

hypothesis testing rules, 290-291 

independent samples t, 330 

one-way independent samples ANOVA, 382-383 

single sample ¢ test, 222~223 

statistical power and, 191-193 

American College Test (ACT), 95-96 

American Psychological Association (APA): 

confidence intervals reporting style, 249, 265-266 

correlation reporting style, 529 

significance tests, 6 

two-way ANOVA reporting style, 463-464 

Analysis of variance. See ANOVA entries 

ANOVA, one-way, 367-438 

between-treatment variability, 392-394 
confidence intervals, 423-427 

example problem, 371-372 

family-wise error and alpha inflation, 382-383 
F ratio, 394-395 

overview, 367-371 

post hoc tests, 395-398 

SPSS, 383-387 
test statistic selection, 428-430 

within-treatment variability (error), 389-392 

ANOVA, one-way, activities: 

income inequality and politics, 490-493 

overview, 388-389 
SPSS for independent ANOVA, 400-410 
SPSS for one-way ANOVA, 398-400 
within- and between-group variability, 411-423 

ANOVA, two-way, 439-512 
critical region, 450-453 

effect sizes, 454-457 
factorial designs, 440-441, 614-615 
logic of, 441-445 
null and research hypotheses, 446-450 

purpose of, 439-440 
results summarization, 457 

SPSS, 458-464 
Statistical assumptions, 445-446 

test statistic, 452-454 
ANOVA, two-way, activities: 

cell phone use while driving, 476-481 

income inequality and politics, 490-502 
non-drug treatments for depression, 481-489 

pharmaceuticals, 464-476 

test statistic choice, 502-505 

APA format. See American Psychological 
Association (APA) 

Appropriate measurement of variables, 146-147, 211, 
219, 274 

Armed Services Vocational Aptitude Battery 
(ASVAB), 233 

Bar graphs: 

example of, 25-26 
overview, 13-14 

symmetrical and skewed distributions, 42 
Baseball Register, 354 

Bell-shaped distributions, 15-16 

Beta (8) error, 185. See also Type I and type II error 

Body temperature example of probabilities, 107-110 

Causal hypothesis testing, 6-7 

Causation, correlation vs., 523-524 

Cell means, in two-way ANOVA, 442 

Cell phone use while driving, two-way ANOVA on, 

476-481 

Central limit theorem (CLT): 

correct statistic selection and, 140-141 

distribution of sample means and, 171 

overview, 136 

probability of given sample from, 139-140 
sampling error in, 137-139 

shape, center, and spread of distribution of sample 
means, 119-121 

Central tendency, 39-63 

mean, 42-45 

median, 45-46 

mode, 47 

overview, 39-42 

SPSS on, 47-51 

Central tendency, activities: 
deviation score computation, 50-60 

frequency distribution, 59-60 

graphing, 52-54 

mean, graphs of, 55-58 
mean, median, and mode computation, 51-52 

summary of, 60 

Chi-square statistics, 567-596 

critical values table, 613 

logic of, 569-570 
overview, 567-569 
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Chi-square statistics, activities: 
goodness-of-fit vs. chi-square for independence, 

583-588 
test statistic choice, 588-592 

Chi-square statistics, for goodness-of-fit: 

chi-square for independence vs., 570 

degrees of freedom and critical region, 571-572 

null and research hypotheses, 571 

results summarization, 573 

SPSS, 578-579 
statistical assumptions, 571 

test statistic, 572-573 

Chi-square statistics, for independence: 

chi-square for goodness-of-fit vs., 570 

degrees of freedom and critical region, 574 

effect size, 576-577 

null and research hypotheses, 574 

results summarization, 577 

SPSS, 580-583 
statistical assumptions, 573 

test statistic, 574-576 
CLT (central limit theorem). See Central limit 

theorem (CLT) 

Coefficient of determination, 528 
Coefficients of correlation, 513-514, 516-519. See also 

Correlation 

Cohen, Jacob, 156, 206, 372n, 438, 573, 596 

Cohen’s d, 156, 169 

Computational formulas: 

correlation and regression, 519-520 

SS, 68-69, 87 

Condition means, in two-way ANOVA, 442 

Confidence intervals, 241-270 

APA style of reporting, 249, 265-266 

description of, 5-6 

correlations, 532-533, 546-549 

effect sizes, 249-250 

mean difference, 247-249 

mean differences between independent samples, 

357-361 

one-way independent samples ANOVA, 423-427 

population mean, 245-247 

repeated/related samples t¢ test, 299-308 

interpretations of, 250-251 

logic of, 244-245 

purpose in statistical procedures, 241-243 

sample means and sample mean difference, 

252-266 

SPSS, 251-252 
Confounding variables, 241 

Consumer Financial Protection Bureau, 211 

Continuous variables, 12 

Corley, K. M., 112, 

Correlation: 

causation vs., 523-524 

computational formulas for, 519-520 

confidence intervals for, 532-533 

correlation coefficient direction and strength, 

516-519 

hypothesis testing with, 524-525 

logic of, 515-516 
overview, 513-514 

scatterplots for, 520-523 

SPSS, 935-556 
z scores and, 514-515 
See also Pearson's correlation (r); Spearman's 

correlations (r,) 

Correlation, activities: 
confidence intervals, 546-549 

learning strategies example, 540-546 

regression and prediction, 552-559 

scatterplots, 536-539 

Spearman’s correlations (r,), 550-551 

test statistic choice, 560-562 

Cramer's phi (), 576, 577 

Critical region: 

chi-square statistics for goodness-of-fit, 571-572 
chi-square statistics for independence, 574 

hypothesis testing with repeated/related samples 

t test, 290-291 
hypothesis testing with z scores, 168, 171-172 

one-tailed independent samples f, 327-328 

one-tailed Pearson’s correlation, 531 

one-tailed repeated/related samples f test, 281, 

291-292 
one-tailed single sample f test, 213-214 

one-tailed vs. two-tailed tests, 217-218 

sample mean example (one-tailed) of hypothesis 

testing, 150-154 

two-tailed independent samples f, 322 

two-tailed Pearson’s correlation, 527-528 

two-tailed repeated/related samples f test, 

276-277, 294 

two-tailed single sample f test, 220 

two-way ANOVA, 450-452 

Critical value: 

chi-square, 613 

define critical region, 152-153 

desired confidence interval, 245-246 

F for one-way independent samples ANOVA, 

374-375 

p values, null hypothesis and, 177-181 

Cumming, G., 249-250, 269, 279n, 314, 325n, 
341n, 366 

Cut lines, using x to find, 97-98 

Data, graphing, 12-15 

Definitional formulas, 68-69, 86, 519 

Degrees of freedom (df): 

chi-square statistics for goodness-of-fit, 571-572 
chi-square statistics for independence, 574 

one-tailed independent samples t, 327-328 

one-tailed repeated/related samples ¢ test, 281 
one-tailed single sample t test, 213-214 
sampling error associated with, 245 

two-tailed independent samples t, 322 

two-tailed repeated/related samples t test, 276-277 

two-tailed single sample t test, 220 
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Dependent samples ft test, 272 
Dependent variables: 

causal hypothesis testing, 6 

description of, 8-9 

two-way ANOVA, 439-440 

Depression treatment, two-way ANOVA on (activity), 
481-489 

Descriptive statistics, 8, 49, 386 

Deviation score, 59 

DeWall, C. C., 336, 355, 366 
Discrete variables, 12 

Distributed practice, as study method, 540 
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two-tailed Pearson’s correlation, 528-529 
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Independent samples t, 315-366 Levene’s test, 321, 332-335 

alpha levels for, 330 Levine, M. M., 107, 112 

confidence intervals for mean differences between Linear scatterplots, 521-522, 537 

independent samples (activity), 357-361 Line graphs, 13, 15 

formula for, 319 Lower boundary of confidence intervals, 244, 247-248 

independent, matched, and related research designs 

(activity), 355-356 Mackin, R., 227, 239 

single-sample t and related samples t vs., 315-319 Mackowiak, P. A., 107, 112 

SPSS, 330-335 Magnet, W., 476, 512 
test statistic choice (activity), 353-355 Main effect: 
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one-tailed Pearson’s correlation, 529-530 
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hypothesis testing with z scores (activity), 173-176 

overview, 158-159 

Statistical power, type I and type II error and: 

alpha level change and, 191-193 
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Sum of the squared deviation scores (SS): 

computational formulas for, 68-69, 87 

population variability, 68-69 

sample variability, 73 

standard deviation of the distribution of sample 
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See also Single sample t test 

Type I and type II error: 

alpha level impact on, 222-223 
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Violence Risk Appraisal Guide (Harris, Rice, & 

Quinsey), 5 

Welch t test, 335n 

WISE statistical power applet, 182-185 

Within- and between-group variability: 

activity on, 411-423 

description of, 389-394 
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proportion between two, 103-104 

single score, 95-97 

standard normal curve and, 98-100 

table of, 612 

t test vs., 208-209, 232-233 

x for “cut lines,” 97-98 
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Effect Size Test Statistic 

Pearson Be ie | 

correlation | / = —— Guidelines for 

interpreting /’: 

| 

| 
} 

-01 = small, 

.09 = medium, 

.25 = large 

r 

Guidelines for 

.01 = small, 

.09 = medium, 

.25 = large 

interpreting rr: 

Two-Way ANOVA Effect Sizes 

2 SShetween 

For each main effect and interaction: 

ue SShetween ap SS) 

For pairwise comparisons: 

aia Ms 

within(error) 

dl 2 \|so? 

sp? — \m =1)SDy + (Mm ~ 1) 503 
P 

(m -1) +(m -1) 

Me 
.01 = small 

.06 = medium 

14 = large 

d 

.2 = small 

-5 = medium 

.8 = large 

Hypothesis Testing and Effect Sizes for Frequency Counts 

Chi-Square 
a= —— 

Test Statistic Effect Size 

fae goodness ( ’ 
5 OF — EF 2 of fit xy => Se 

df =( Categories -1) a 

——— 

Chi-square test of 2 7) 

independence = (oF - EF) For 2x2: We 

df =(Columns - 1) oa i 
2 

*(Rows = 1) Fe (RT) (cT) ; x 
All others: ¢ = |——— 

" n (df *) 

Confidence Intervals 

df * = (Columns — 1) OR (Rows | 

— 1), whichever is smaller 

See Chapter 14 for size 

guidelines 

Confidence Intervals 

Estimating a population 

mean: df =N —1 

Estimating a difference 

(related samples): 

df=N-1 

Upper boundary =M + (te )(SEMs ) 

Lower boundary = M - (tc, ) (SEMs ) 

Upper boundary = Mp + (tc; ) (SEM, ) 

Lower boundary = Mp - (tc )( SEM, ) 

Estimating a difference 

(independent samples): 

df =(n, —1)+(n —1) 

Upper boundary =(M, — M,) + (tc, ) (SEM; ) 

Lower boundary = (M, — M, )- (te, )( SEM; ) 

Around Pearson’s r: 

df=N-2 
1 

Upper boundary = @)+(ea)[ 45] 

ower boundary = (2, ) -(Zcr as] 
a 
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The Second Edition takes a unique, INTRO DUCT) Oo #724 
active approach to teaching and learning 

introductory statistics that allows students to 

discover and correct their misunderstandings 

as chapters progress rather than as they 

conclude. Empirically developed, self- 

correcting activities reinforce and expand on EDITION 

fundamental concepts, targeting and holding 2 

students’ attention. Based on contemporary 

memory research, this learner-centered 

approach leads to better long-term retention 

through active engagement while generating 

explanations. Along with carefully placed 

reading questions, this edition includes 

learning objectives, realistic research 

scenarios, practice problems, self-test 

questions, problem sets, and practice tests to 

help students become more confident in their 

ability to perform statistics. 

New and Key Features 

e Enhanced activity questions, with most 

questions using a fixed-choice format, 

provide better feedback to students to 

identify areas of improvement. 

¢ More instruction on writing results 

using APA style, particularly in the t-test @SAGE edg ay 
and ANOVA chapters, gives readers 

confidence to convey their data. Give your students the SAGE edge! 

* Adecision tree at the end of the book SAGE edge offers a robust online environment 
helps students choose the correct featuring an impressive array of free tools and 
statistical tool for hypothesis testing. resources for review, study, and further exploration, 

keeping both instructors and students on the 
cutting edge of teaching and learning. Learn more at 
edge.sagepub.com/carlson2e. 

¢ Chapter-ending practice tests provide 

students with more opportunities 

for practice. 
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