
Contrasts and Effect Sizes in Behavioral Research
A CORRELATIONAL APPROACH

Contrasts are statistical procedures for asking focused questions of data. Compared to
diffuse or omnibus questions, focused questions are characterized by greater conceptual
clarity and greater statistical power when examining those focused questions. If an
effect truly exists, we are more likely to discover it and to believe it to be real when asking
focused questions rather than omnibus ones. Researchers, teachers of research methods,
and graduate students will be familiar with the principles and procedures of contrast
analysis but will also be introduced to a series of newly developed concepts, measures,
and indices that permit a wider and more useful application of contrast analysis. This
volume takes on this new approach by introducing a family of correlational effect
size estimates. By returning to these correlations throughout the book, the authors
demonstrate special adaptations in a variety of contexts from two-group comparison
to one-way analysis of variance contexts, to factorial designs, to repeated measures
designs, and to the case of multiple contrasts.

Robert Rosenthal is Distinguished Professor of Psychology at the University of Califor-
nia, Riverside, and Edgar Pierce Professor of Psychology, Emeritus, at Harvard Univer-
sity. Dr. Rosenthal is also the coauthor, with Ralph L. Rosnow, of Essentials of Behavioral
Research, People Studying People, Beginning Behavioral Research, and other books.

Ralph L. Rosnow is Thaddeus L. Bolton Professor of Psychology at Temple University.
He is the author of Paradigms in Transition: The Methodology of Social Inquiry and other
books.

Donald B. Rubin is Professor of Statistics at Harvard University. He is the author of
Multiple Imputation for Nonresponse in Sample Surveys and the coauthor of Bayesian Data
Analysis, Statistical Analysis with Missing Data, and other books.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


Contrasts and Effect Sizes in
Behavioral Research

A CORRELATIONAL APPROACH

ROBERT ROSENTHAL
Department of Psychology, University of California,
Riverside, ana Harvard University

RALPH L. ROSNOW
Department of Psychology, Temple University

DONALD B. RUBIN
Department of Statistics, Harvard University

CAMBRIDGE
UNIVERSITY PRESS

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


University Printing House, Cambridge cb2 8bs, United Kingdom

Cambridge University Press is part of the University of Cambridge. 

It furthers the University’s mission by disseminating knowledge in the pursuit of  
education, learning and research at the highest international levels of excellence.

www.cambridge.org  
Information on this title: www.cambridge.org/9780521652582

© Cambridge University Press 2000

This publication is in copyright. Subject to statutory exception  
and to the provisions of relevant collective licensing agreements,  
no reproduction of any part may take place without the written  
permission of Cambridge University Press.

First published 2000 

A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data 
Rosenthal, Robert, 1933 – Contrasts and effect sizes in behavioral research : a
correlational approach / Robert Rosenthal, Ralph L. Rosnow, Donald B. Rubin.
	 p. cm.
Includes bibliographical references and index.
isbn  0-521-65258-8 (hc). – isbn 0-521-65980-9 (pb) 
1. Psychometrics. 2. Analysis of variance. 3. Psychology –
Statistical methods. 4. Social sciences – Statistical methods.
I. Rosnow, Ralph L. II. Rubin, Donald B. III. Title.
BF39.2.A52R67 1999
150´.7´27 – dc21 99-24199  cip

isbn  978-0-521-65258-2  Hardback  
isbn  978-0-521-65980-2  Paperback 

Cambridge University Press has no responsibility for the persistence or accuracy of  
URLs for external or third-party internet websites referred to in this publication,  
and does not guarantee that any content on such websites is, or will remain, accurate  
or appropriate.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


Contents

Preface page ix

1 Basic Concepts of Focused Procedures 1

Focused versus Omnibus Questions 1
An Example 1
Effect Sizes and Significance Levels 4
REVIEW QUESTIONS 6

2 Basic Procedures for Two Groups 8

Comparing Two Groups 8
Correlation Effect Size (r) 9
Other Effect Sizes: Cohen's d and Hedges's g 11
Transforming Between Effect Size Measures 12
Counternull Value of an Effect Size 13
Counternull Value of a Point-Biserial r 14
Problems When Interpreting Effect Sizes 15
Binomial Effect Size Display 17
Relating BESD, r, and r2 17
Counternull Value of the BESD 20
The BESD with Dichotomous Outcome Variables 21
How Big an Effect Size Is "Important"? 25
How Many Subjects? Considerations of Power 28
Extension to Unequal Sample Sizes in Two Groups 30
REVIEW QUESTIONS 35

3 One-Way Contrast Analyses 37

Obtaining Significance Levels 37
Effect Size Correlations 42
The Four rs in the Meta-Analytic Context 61
Extension to Unequal Sample Sizes in Three or More Groups 63
REVIEW QUESTIONS 68

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


4 Contrasts in Factorial Designs 71

Prologue 71
ralerting'- A Preliminary Look at the Data 71

Obtaining Significance Levels 73

i'contrast'- The Maximally Partialed Correlation 74

Another Example of the Calculation of raierting/ Significance Levels,

and Tcontrast 76

ralerting, Significance Levels, and rcontrast in Multifactor Designs with Unequal

Sample Sizes 79
reffect size 79

A More Detailed Example of the Calculation of reffectSize a n d reffectSize\NS 82
A Three-Factor Example 84

A Four-Factor Example 88

TBESD 92

Effect Size Estimation When Contrast Weights of 0 Are Set Aside 102

Extension to Unequal Sample Sizes in Factorial Designs 113

Preview 121

REVIEW QUESTIONS 122

5 Contrasts in Repeated Measures 125

Intrinsically Repeated Measures Studies 125

Introduction to Nonintrinsically Repeated Measures Studies 136

Nonintrinsically Repeated Measures Studies: Significance Levels and rcontrast 137

Nonintrinsically Repeated Measures Studies: Effect Size Correlations Other

Than rcontrast 142
REVIEW QUESTIONS 147

6 Multiple Contrasts 151

Relationships among Contrasts 151

Examining the Difference between Contrasts 159

Unplanned Contrasts 170

REVIEW QUESTIONS 178

Appendix A List of Equations 185

Chapter 2 185
Chapter 3 187
Chapter 4 189
Chapter 5 190
Chapter 6 190

Appendix B Statistical Tables 191

Table B.I Table of Standard Normal Deviates (Z) 191
Table B.2 Extended Table of t 192

vi Contents

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


Table B.3 Table of F 196

Table B.4 Table of x2 202

References 205

Index 209

Contents vii

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-65258-2 - Contrasts and Effect Sizes in Behavioral Research: A Correlational Approach
Robert Rosenthal, Ralph L. Rosnow and Donald B. Rubin
Frontmatter
More information

http://www.cambridge.org/9780521652582
http://www.cambridge.org
http://www.cambridge.org


Preface

There is a dual purpose to this book. First, we want to make available in a single
volume an exposition of the principles and procedures of contrast analysis that
have applications in a wide range of fields in the behavioral and social sciences.
Second, we want to introduce to the community of researchers, teachers of re-
search methods, and graduate students in these fields a series of newly developed
concepts, measures, and indices that permit a wider and more useful application of
contrast analysis. In short, this book is intended as both a text and a contribution
to new knowledge in the area of contrast analysis.

Although one of us might be viewed as a mathematical statistician (DBR), our
approach in this book is intuitive, concrete, and arithmetic rather than rigorously
or formally mathematical. The statistical examples we employ are in all cases hypo-
thetical, constructed specifically to illustrate the logical bases of the computational
procedures. The numbers are neater than real-life examples tend to be, and there
are fewer numbers in any single example than we would find in an actual data
set. All of this material has been pretested in our own courses, with the objective
of showing how practical, convenient, and inviting it is to use this approach to
contrast analysis.

So why is contrast analysis not used all the time? As Robert Abelson noted in
an unpublished paper prepared in 1962, the answer is not that the "method of
contrasts" is brand-new:

This method dates back virtually to the invention of the analysis of variance
itself It is well-known to most statisticians and to some psychologists, but
it has received only the most cursory and off-hand treatment in standard sta-
tistical reference works ... and presentations by psychologists of some of its
uses have tended toward very specialized applications Actually the method
of contrasts is extraordinary for its wide range of varied uses. That the method
has not heretofore received a comprehensive, unified treatment is a matter of
some mystery. One compelling line of explanation is that the statisticians do
not regard the idea as mathematically very interesting (it is based on quite el-
ementary statistical concepts) and that quantitative psychologists have never
quite appreciated its generality of application.

Indeed, the fact of the matter is that tradition in the behavioral and social
sciences has pretty much ignored contrast analysis, often in favor of omnibus
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significance tests and more complex techniques of data analysis. The problem is
that omnibus tests, although they provide protection for some investigators from
the danger of "data mining" when multiple tests are performed as if each were the
only one considered, do not usually tell us anything we really want to know. As for
more complex techniques (such as canonical correlation or multivariate analysis of
variance), they have useful exploratory data-analytic applications, but the danger is
that they are commonly used to test null hypotheses that are typically of doubtful
scientific value (cf. Huberty & Morris, 1989). Thus it is our hope that the present
volume will help foster that appreciation of the value of contrast analysis that Bob
Abelson found missing all those years ago.

Although the basic idea of contrasts is quite old, as Abelson pointed out long ago,
the approach taken in the present volume is almost entirely new. What makes our
approach new is the introduction of a family of correlational effect size estimates
including raierting, rcontrast, t'effect size, TBESD, and rcounternuu. We re turn to the applicat ion

of these five correlations throughout the book, showing their special adaptations in
a variety of contexts from two-group comparisons to one-way analysis of variance
contexts, to factorial designs, to repeated measures designs, to the case of multiple
contrasts.

Since the publication of an earlier book on contrasts (Rosenthal & Rosnow, 1985),
we have been thinking, teaching, and writing about the ideas elaborated more fully
in this book. We are very much indebted to the many colleagues and graduate stu-
dents who provided critical commentary at various stages in the evolution of these
ideas. In particular, we thank Professors Larry Hedges and Miron Zuckerman for
their recent suggestions. We are also grateful for the support provided by a number
of institutions, including the James McKeen Cattell Fund, Temple University, and
the National Science Foundation. We are grateful to Blair Boudreau for her superb
keyboarding of our oft-revised and sharpened manuscript, and to Julia Hough of
Cambridge University Press for her patience as our additions and improvements
pushed the date of publication further and further away. We thank the following
for generously granting permission to adapt the statistical tables that appear in
this volume: the American Statistical Association, Lawrence Erlbaum Associates,
Houghton Mifflin, and McGraw-Hill. And finally, we thank MaryLu Rosenthal,
Mimi Rosnow, and Kathryn Rubin for their forbearance and support of their ab-
stracted and overcommitted friends Bob, Ralph, and Don.
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