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Preface

When research in an area is in its earliest phases, attention is typically fo-
cused on establishing evidence of a relationship between two'variables, X
and Y, and ascertaining whether the association is causal or.merely an arti-
fact of design, measurement, or otherwise unaccounted for influences. But
as a research area develops and matures, focus eventually; shifts away from
demonstrating the existence of an effect toward understanding the mecha-
nism or mechanisms by which the effect operates, as well as establishing its
boundary conditions or contingencies. Answering such questions of how
and when result in a deeper understanding of the phenomenon or process
under investigation, and gives insights.into how that understanding can
be applied.

Analytically, questions of how are typically approached using process
or mediation analysis, whereas questions of when are most often answered
through moderation analysis-~The.goal of mediation analysis is to establish
the extent to which some, putative causal variable, X, influences some
outcome, Y, through one of more mediator variables. For example, there
is evidence that violent video game play can enhance the likelihood of
aggression outside of the gaming context. Perhaps violent video game
players come to believe through their interaction with violent game content
that others are likely to aggress, that doing so is normative, that it is an
effective solution to problems, or it desensitizes them to the pain others
feel, thereby leading them to choose aggression as a course of action when
the opportunity presents itself. In contrast, an investigator conducting a
moderation analysis seeks to determine whether the size or sign of the
effect of X on Y depends in one way or another on (i.e., “interacts with”)
a moderator variable or variables. In the realm of video game effects, one
might ask whether the effect of violent video game play on later aggression
depends on the player’s sex, age, ethnicity, or personality factors such
as trait aggressiveness, or whether the game is played competitively or
cooperatively.

Both substantive researchers and methodologists have recently come to
appreciate that an analysis focused on answering only how or when ques-
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tions is going to be incomplete. A more fine-grained understanding of a
phenomenon comes from uncovering and describing the contingencies of
mechanisms—the “when of the how.” The analytical integration of moder-
ation and mediation analysis was highlighted in some of the earliest work
on mediation analysis, but it is only in the last 10 years or so that methodol-
ogists have begun to talk more extensively about how to do so. Described
using easily confused terms such as moderated mediation and mediated mod-
eration, the goal is to empirically quantify and test hypotheses about the
contingent nature of the mechanisms by which X exerts its influenceten
Y. For example, such an analysis could be used to establish the-gxXtént
to which the influence of violent video game play on aggressivedbéhavior
through the mechanism of expectations about the aggressivébehavior of
others depends on age, sex, the kind of game (e.g., firstzperson shooter
games relative to other forms of violent games), or the player’s ability to
manage anger. This can be accomplished by piecirig together parameter
estimates from a mediation analysis with parametengstimates from a mod-
eration analysis and combining these estimates i #vays that quantify the
conditionality of various paths of influence from/X to Y.

Mediation and moderation analysis are two of the more widely used
statistical methods in the social, behavioral,"and health sciences, as well as
business, medicine, and other areas. ‘Some of the most highly cited papers
in social science methodology thisicentury are about mediation or modera-
tion analysis. Indeed, it is néarly imperative these days that readers and
producers of research undérstarid the distinction between these concepts
and know how to implement moderation and mediation analysis in their
own work. The book-you are now holding is one of the few book-length
treatments covering thestatistical analysis of both mechanisms and contin-
gencies. The contents of this book, classroom-tested in university courses
and workshops\[*have conducted throughout the world over the last few
years, covefs‘the fundamentals of mediation and moderation analysis as
well as their integration in the form of conditional process analysis, a term I
introduced in the first edition of this book. Once you turn the final page,
you will be well prepared to conduct analyses of the sort you see here and
describe those analyses in your own research.

This is an introductory book, in that I cover only basic principles here,
primarily using data from simple experimental or cross-sectional studies of
the sort covered in most elementary statistics and research design courses. I
donot provide much coverage of longitudinal research, multilevel analysis,
latent variables, repeated measures, or the analysis of categorical outcomes,
for instance, though I touch on these topics in the final chapter. I presume
no special background in statistics or knowledge of matrix algebra or ad-
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vanced statistical methods such as structural equation modeling. All the
methods described are based entirely on principles of ordinary least squares
regression (Chapter 2 introduces and reviews these principles). Most stu-
dents in the social and behavioral sciences who have taken a first course in
statistical methods and research design will be able to understand and ap-
ply the methods described here, as will students of public health, business,
and various other disciplines.

The examples I use throughout these pages are based on data from
published studies which are publicly available on the book’s web page-at
www.afhayes.com, so that you can replicate and extend the analyses repotted.
The archive containing the data files also contains syntax files with most of
the SPSS, SAS, and R code found in this book, so you won’t have to type
it in yourself. To facilitate the implementation of the methods introduced
and discussed, in Chapter 3, I introduce a computational aide in the form
of a freely available macro for SPSS, SAS, and R called PROCESS. PRO-
CESS combines many of the functions of computational tools about which
I have written and published over the years (toolsithat go by such names as
INDIRECT, SOBEL, MODPROBE, and MODMED) into a single integrated
command. PROCESS takes the computational burden off the shoulders
of the researcher by estimating the miodels, calculating various effects of
interest, and implementing modern ‘and computer-intensive methods of
inference, such as bootstrap confidence intervals for indirect effects and the
Johnson-Neyman technique in ' moderation analysis. Example PROCESS
commands are provided throughout the book, and SPSS users not inter-
ested in using the syntax version of PROCESS can install a dialog box into
SPSS that makes the use of PROCESS literally as simple as pointing and
clicking. This can greatly facilitate the teaching of the methods described
here to students-who are just getting started in the use of computers for
data analysis.

This bookis'suitable as either a primary text for a specialized course on
moderation or mediation analysis or a supplementary text for courses in
regression analysis. It can be used by educators, researchers, and graduate
students in any disciplines that use social science methodologies, including
psychology, sociology, political science, business, and public health, among
others. It will benefit the reader as a handy reference to modern approaches
to mediation and moderation analysis, and Appendix A is critical to users
of PROCESS, as it is the only official source of documentation for this
versatile computational aid. This book will be useful to anyone interested
in identifying the contingencies of effects and associations, understanding
and testing hypotheses about the mechanisms behind causal effects, and
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describing and exploring the conditional nature of the mechanisms by
which causal effects operate.

You will find 14 chapters between the front and back covers defining
tive broad parts of the book. The first part, containing Chapters 1 and 2,
introduces the concepts in moderation and mediation analysis and provides
an example of their integration in the form of a conditional process model.
I also cover a bit about my philosophy on the link between statistics and
causality and describe how we should not let the limitations of our data
dictate the mathematical tools we bring to the task of trying to understand
what our data may be telling us. In Chapter 2, I overview ordinary least
squares regression analysis. I assume that most readers of this.bookhave
been exposed to least squares regression analysis in some form.already, but
for those who have not or for whom much time has passed since their last
regression analysis, this review will be useful while also _introducing the
reader to my way of thinking and talking about linear modeling.

The second part focuses exclusively on mediatienanalysis. In Chapter
3, I describe how linear regression can be used to conduct a simple path
analysis of a three-variable X — M — Y causal system. The estimation and
interpretation of direct and indirect effects’is the first focus of this chapter,
first with a dichotomous causal agent/X.and then with a continuous X.
After an introduction to PROCESS, T then cover inference about direct and
indirect effects, with an emphasis on newer statistical methods such as boot-
strap confidence intervals that have become the new standard in the 21st
century for testing hypotheses about mechanisms in a mediation analysis.
Chapter 4 covers dealing with confounds, estimation and interpretation of
models with multiple-X\or Y variables, and quantifying effect size. In this
chapter I also providethe rationale for why the historically significant causal
steps procedure isnolonger recommended by people who think about me-
diation analysis for a living. Chapter 5 then builds on the fundamental of
mediation analysis by discussing models with multiple mediators, includ-
ing the parallel and serial multiple mediator model. Chapter 6 is dedicated
exclusively 'to mediation analysis when X is a multicategorical variable,
stch.as in an experiment with three or more groups constructed through a
random assignment procedure.

The third part temporarily puts aside mediation analysis and shifts the
discussion to moderation analysis. In Chapter 7, I show how a multiple
regression model can be made more flexible by allowing one variable’s
effect to depend linearly on another variable in the model. The resulting
moderated multiple regression model allows an investigator to ascertain the
extent to which X’s influence on outcome variable Y is contingent on or
interacts with a moderator variable W. Interpretation of a moderated multiple
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regression model is facilitated by visualizing and probing the moderation,
and techniques for doing so are introduced, along with how PROCESS can
be used to make the task a lot easier than it has been in the past. Whereas
Chapter 7 focuses exclusively on the case where X is a dichotomous variable
and W is a continuum, Chapter 8 continues this line of analysis to models
where X is quantitative rather than dichotomous. It also discusses the
equivalence between the 2 X 2 factorial analysis of variance and moderated
multiple regression, as well as why it is not necessary to enter variables
into a model hierarchically to test a moderation hypothesis. Chapter9
covers myths and truths about the need to mean-center or standardize
variables in a moderation analysis, models with more than one.moderator,
and comparing conditional effects in complex multiple moderator models.
Chapter 10, the last chapter in Part III, is dedicated to testing.a moderation
hypothesis using regression analysis when X or W is a multicategorical
variable.

The fourth part of the book, Chapters 11 through 13, integrates the con-
cepts and lessons described in the prior two parts by introducing conditional
process analysis. A model which includes both a mediation and a modera-
tion component is a conditional process model—a model in which either
the direct and/or indirect effect of X on ¥ through M is moderated by or
conditioned on one or more variables:Chapter 11 offers an overview of the
history of this form of modelings<—sometimes referred to as moderated medi-
ation analysis—and provides examples in the literature of such conditional
processes hypothesized or tested. An introduction to the concepts of condi-
tional direct and indirect'effects is provided, along with their mathematical
bases, and an example conditional process analysis is provided, including
estimation and inference using regression analysis or, more conveniently,
using PROCESS~Chapter 12 provides a further example of a conditional
process model with moderation of both the direct and indirect effects si-
multaneously,.and shows the equivalence between this one specific model
form and.something known as mediated moderation. But I take a stand in
this chapter and argue that unlike moderated mediation, mediated moder-
ation.is not a particularly interesting concept or phenomenon and probably
not-worth hypothesizing or testing. Chapter 13 addresses an example of
conditional process analysis when X is a multicategorical variable.

The last part of the book contains only one chapter. Chapter 14 ad-
dresses various questions that I am frequently asked by readers of prior
editions of this book, people who have taken workshops from me, or oth-
ers who have contacted me by e-mail over the years. The largest section
in Chapter 14 is dedicated to writing about mediation, moderation, and
conditional process analysis. The rest of the chapter touches on various
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miscellaneous issues and questions and a (typically) brief response to each,
from my perspective at least.

The appendices are very important, as they are the best source of in-
formation about how to use PROCESS. Appendix A is essentially a user’s
manual for PROCESS that discusses how to set up the macro, construct a
PROCESS command, and various options available in PROCESS that vary
depending on the analysis being conducted. Appendix B focuses on an im-
portant feature in PROCESS that allows you to construct your own model
rather than having to rely on one of the many preprogrammed models bt}
into PROCESS.

I have taken care to maintain a light and conversational tonedh¥eugh-
out the book while discussing the concepts and analyses, without getting
heavily into the mathematics behind them. I believe thafmaintaining a
reader’s interest is one of the more important facets of Scientific writing,
for if one’s audience becomes bored or disinterestedi@nd attention begins
to wander, the power and influence of the message is'weduced. Indeed, it is
this philosophy about writing that guides the-advice I give in Chapter 14,
where I talk about how to report a mediation, moderation, or conditional
process analysis. Most importantly, the adyice I offer in this part of the
book is intended to empower you asthéere best positioned to determine
how you tell the story your data aré telling you.

New to the Third Edition

You are holding the third edition of Introduction to Mediation, Moderation,
and Conditional Process Analysis. This new edition is a bit longer than the
second edition buf only slightly heavier. The sequence of chapters in the
third edition is consistent with the second edition, and the vast majority of
material in the second edition has been retained. Yes, most pages are a bit
different, most significantly the result of adding syntax support for R users
and the-release of PROCESS for R. Other changes include the addition of
new sections dispersed throughout the book. Below is a nonexhaustive list
of seme of the changes in this edition relative to the second edition:

e New code for R users accompanying every example, including PRO-
CESS for R released after the second edition of the book was printed.

e A substantially rewritten Appendix A to reflect new features added
to PROCESS since the second edition, including a discussion of sim-
ilarities and differences in the syntax structure in PROCESS for R
compared to PROCESS for SPSS and SAS.



Xiv

Preface

A more detailed discussion of effect scaling and the difference be-
tween unstandardized, completely standardized, and partially stan-
dardized effects in Chapters 3 and 4 and the implementation of stan-
dardized regression coefficients in PROCESS.

A rebuttal in Chapter 4 to a claim made by Yzerbyt, Muller, Batailler,
and Judd (2018) that we should return to the test of joint significance
rather than rely on bootstrap confidence intervals for inference about
indirect effects.

A new discussion in Chapter 5 about a method for comparing-the
strength of two specific indirect effects that are different in sign.

An expanded discussion and illustration in Chapter 5 of the partial
correlation between mediators in a multiple mediatormodel and the
generation of this correlation using a new PROCESS option.

The introduction in Chapters 11 and 12 of a bootstrap-based Johnson—
Neyman-like approach for probing moderation of mediation in a con-
ditional process model, with R code for generating a visual depiction
of regions of significance.

A discussion in Chapter 14 abeut testing for interaction between
a causal antecedent variable X and a mediator M in a mediation
analysis and how to test this’assumption in a new feature available
in PROCESS.

A section on power analysis and sample size originally in Chapter 4
has been expanded and relocated to Chapter 14.

AppendixC from the second edition describing MCMED, a macro for
the construction of Monte Carlo confidence intervals, has been cut and
moved, to supplementary materials online at www.afhayes.com.
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