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The concepts of

moderation and
mediation




Mediating (i.e., indirect) effects

GOAL.:
- ldentify the mechanism that explains

why X has an effecton Y
- Even better: rule out some other
potential alternative mechanisms




An example of mediating effect

p=41%%% 95% CI=.243; .639

Hedonic value

Visitor origin
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Wg‘***

(Foreign vs.
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P

Satisfaction with

the experience




Moderating effects

GOAL: identify the conditions under

which:

- X has an effectonY...

- ... the effect of X on Y changes (or,
the boundary condition for the effect
of X onY)




Reporting moderating effects... depending on X and Z
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The Macro PROCESS
(Hayes)
Definition and advantages O 2




At the origin of the Process macro...
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Porvonaiey wnd Social Prochogy
m’l.l“ I?)-lln

Commaht 1994 by e Amricas Prychelegint Amnciaten, bnc

The Moderator-Mediator Variable Distinction in Social Psychological
Research: Conceptual, Strategic, and Statistical Considerations

Reuben M. Baron and David A. Kenny
University of Connecticut

In this article,

u-mamrmnunwm-ummduwa

the many way

--'mw:, rcations of making

mm-mdamumummwmm

The purpose of this analysis is to distinguish between the
properties of moderator and mm.nm.m
nwdanfymetlamlmumw

dhmdmmﬂe-wwhmmﬂm
searchers the i

n--mmummdumm
wmmm:ummmm - mediator

we differentiate between two functions of third in ways that of this distinc-
mmmmwammm mfwmmm%mmanm
vnmblnnlo that es- fwmd i design, re-

dependen:
variable, which represents the generative mechanism through
which the focal independent variable is able to influence the
dependent variable of interest.

Although these two functions of third variables have a rela-
tively long tradition in the social sciences, it is not at all uncom-
mon for social psychological researchers to use the terms mod-
erator and mediator interchangeably. For example, Harkins,
Latané, and Williams (1980) first summarized the impact of
identifiability on social loafing by observing that it “moderates

rch ions, and plan of analysis.

ummnmmmmummdm
failure to
Amqm_uu-mmmmhm-;--dw
portunitics 0 probe more deeply into the nature of causal
mechanisms and integrate seemingly irreconcilable theoretical
positions. For example, it is possible that in some problem areas
disagreements about mediators can be resolved by treating cer-
tain variables as moderators.

The moderator and mediator functions will be discussed at

social loafing™ (ywl)ndun-dmnmm

three levels: conceptual, strategic, and statistical. To avoid any
. Sy 3= tsaciion by -
anmhmm‘umu

control and academic achievement. Thus, one largely pedagogi-

‘was supporied in part by National Science Foundation
Grant BNS-8210137 and National Institute of Mental Health Grant
ROIMH-40295-01 10 the second suthor. Support was also given 10 him
during his sabbatical year (1982-8)) by the MacArthur Foundation at
the Center for Advanced Studies in the Behavioral Sciences, Sunford,
Califoroia.

Thanks arc due to Judith Haracksewicz, Charles Judd, Stephen West,
and Harris Cooper, who provided comments on an carlier version of
this article. Stephen P. Needel was instrumental in the beginning stages
of this work.

Correspoadence concerning this article should be addressed to Rew-
ben M. Baron, of U-20, Univensity of Connect-
icut, Storrs, Connecticut 06268.

person variables, or between manipulations and verbal self-re-
ports, we will describe both actual and hypothetical examples
involving a wide range of variables and operations. That is,
may involve either manipulations or assessments
and cither situational or person variables. Moreover, mediators
are in no way restricted to verbal reports or, for that matter, 10
individual-level variables.
stress the need to make clear whether one is testing a moderator
or a mediator type of model. In the second half of the article,
we provide a design that allows one to test within the structure
of the same study whether a mediator or moderator interpreta-
tion is more appropriate.
Although these mmobvmﬂytmﬂorl&p

Some historical perspective on mediations

Reconsidering Baron and Kenny: Myths and
Truths about Mediation Analysis

XINSHU ZHAO
JOHN G. LYNCH JR.
QIMEI CHEN

mmmmwmmmmnmwam-
through some mediator s 50

authors and by reviewers almost . Many research progects
Peve bosn armnatedsaty 8 mm%nu.mm
mnmwmm Baron and s criteria, mpeding theo-

Whie the technical ltecature has some of Baron and
Kamy:ncsmhmnn not We presert
a nontechnical summary of the flaws in the Baron logic, some of which
have not been previously provide a decision tree

of findings for thecry buiding and future research.

any a rescarch project has stalled in the starting gate

or staggered at the finish line because the data did

not conform to Baron and Keany's (1986) criteria for es-
tablishing mediation. Advisors tell their graduate students
to start by establishing a basic effect. "Once you have the
effect, then you can look for mediation.™ But after the first
couple of tries, if the effect is not found, the project is
abandoned. Other rescarchers find the cffects they hy-
and they da I account, but

they struggle in the review process when it becomes clear

Xinshu Zhao is professor and director, Center for Research in Jour.
salism and Mass Communication, Usiversity of North Carolina and chair
professor and dean, School of Communicaticn, Hoag Koag Baptist Uni
versity (zhaoSiunc.edu). Joha G. Lynch Jc. is Ted Anderson Professor,
Leods School of Business, Usiversity of Colorado, Boulder. CO 50309
(joha.g lyach @colorado.eds). During the writing of this article. be was
Roy J. Rostock Professor of Marketing. Fuqua School of Hasiness,
Duke Usiversity, Durham, NC 27708. Qimei Chen is Shidler Distin.
guished Professor. chair/associate professor of marketing. Shidier Col
fege of Dusiness, University of Hawaii at Masoa, Hosolala. Hl 96522

). The autho By 1o this asticle. This

was supported in part by 8 UNC-CH Rescarch Council Grant no.
mu UNC-CH School of Journalism and Mass Communication Sem.
mer Grants for Research, 20012007, and grasts from NICHD (R24
HDOS6670, Headersoa P1) and UNC-CH Ceater for AIDS Research (no.
071191, Rrows PI). The asthors wish to thask the oditoc, the asociate
editor, and reviewers, and James R. Hetman, Gavan Fitzsimons, Rhonda
Gitwon, Joe Bob Hester, Joel Huber, Lawence W. Jacobs, Chuansha Ji,
Wagner Kamakura, Angela Lee. Jing Lucille Li, Gary McClelland, Carl
Mela, Andres Musalem, Jossthan Levav, Jason Roos, Woockoe! Shin,
Stepbea Spillee, Rick Staclin, Ning Meas Wang, Willism . Wells, Stacy
Wood, and seminar participants at Duke Usivensity for their assistance
and comments. The authors also wish 1o thask Jon James for research
assistance on simelations. Asy errors of omissions are the authors’.

that the data do not comport with one or more of the Baron-
Kenny criteria.

This article shows that misapplication of the Baron-Kenny
procedure is causing authors to drop projects that may be
promising and causing journals to rejoct papers that may
deserve publication. We also show how misunderstanding
of mediation causes many authors to ignore important hints
for theory building.

Baron and Kenny's (1986) article had been cited by
12,688 journal articles as of September 2009, according to
Social Sciences Citation Index, with citations per year grow-
ing cach year, including 1,762 by then in 2009. The pro-
cedure is so well known that it is used by authors and

by almost y—cven when ex-
perimental approaches other than statistical oncs might be
more appropriate (lacobucci, Saldanha, and Deng 2007; Mi-
tra and Lynch 1995; Spencer, Zanna, and Fong 2005). Iron-

Tiorron's Note.— This articke was iavited. aad & is intended 10 serve

a3 2 guide to aothors cither 1o follow of 10 take into account if an alternative

approach is used. Bocause & aumber of articles ssbmitind 10 JCR follow

Baron and Keany (1986) on mediation analysis, | invised this article 1o
mediation

sets of reviewers were used, methodologists 10 answer the first question
and mainstream wsens of Baron and Keany's procedure who are ot meth
odologists 1o answer the second.

John Deighton served ax editor and Gavan Fitzimons served ax associate
edisor for thus article.
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Mediation effects

M1

M2




The 4-step old (1986...) fashion way of testing mediation

/' M \ Y=i +cX+ey. 1.

Y=04+c'X+IM+ e,
X Y .
M= +aX+e3, 3.

()

\ 4

1. Significant relation of Xtothe Yineq. 1

2. Significant relation of Xto M in eq. 3

3. M significantly related to Y when both X and M are predictors of Y in eq. 2
4. Non-significant coefficient relating X to Y in eq. 2

Baron, R. M. , & Kenny, D. A. (1986). The moderator-mediator variable distinction in social psychological research: Conceptual, strategic, and
statistical considerations. Journal of Personality and Social Psychology, 51, 1173-1182.




Testing mediation using the Process macro

Model :4 Y :SATISF X :SWITCHO1 M :IDTHREAT

I
I
! :
#3 PROCESS v3.5 P : ok :
I .
—— gy Y ! OUTCOME VARIABLE: IDTHREAT |
& What is your age? [Age] & SATISF 1 coeff se t p LLCI ULCI |
U D X variable: v, ' constant  2.3143 1918 12.0678  .0000 1,9361 2,6925 |
& vt 00._Suhe . (e . [SWITCHOL 13485 2331 57842 0000] .8888 1,8083 '
& Conditions_DO_Switch_Perfec navaable names WlT H 1 1, 4 5 , 1 5’7 4 , , l’
& Condi:ions_DO_Swi:ch__accentt Mediator(s) M: : *kkkkkkk !
& CHECK & IDTHREAT I 1
& ACCULLG 5 I OUTCOME VARIABLE: SATISF :
S ; coeff se t p LLCI  ULCI
I constant 6,1991 ,1656 37,4358 ,0000 5,8725 6,5256 :
o) ! _SWITCHOl -0267 1653 -1616 8718 -3528 2993
| . [IDTHREAT 3120 0465 -6,7087 0000 | -4038 -2203 !
, " | wwoe DIRECT AND INDIRECT EFFECTS OF X ON Y wieiis |
'W B I Direct effect of X on Y :
Confidence intervals : EﬁeCt S€ t p LLCI ULCI 1
s R re——— . -,0267 1653 -,1616__ 8718 |-3528 ,2993 !
Number of bootstrap samples -» 7 1 I
5000 . = - Moderator variable Z : |ndirect Eﬁect(S) Of X on Y: :
[ [Swme st | ! Effect BootSE_BootLLCl BootULCI .
[[] Bootstrap inference for model coefficients Do not use PASTE button | IDTHREAT ',4208 ’0997 ',63 15 ',2418 1
| Paste I l Reset ’ |Cance|| I Help I 1 :
I
|
|



Testing moderations: what to do...

Performing a split (median- or mean-based) when Z is &

numerical/continuous oo

- Huge controversy around this method due to, among Y L’ -
others, arbitrary value of the split and insensitive S 3 e
analysis to the pattern of local covariation between P

X and Y within groups defined by the median split %7

- « We know of no statistical argument in favor of 1 .

median splits to counterbalance the chorus of statistical v e

critiques against them» (Mc Lelland et al., 2015, p.680).

Fitzsimons, G. J. (2008), Death to dichotomizing, Journal of Consumer Research 35(1), 5-8.
McClelland, G.H., Lynch, Jr., J.G., Irwin, J.R., Spiller, S.A., & Fitzsimons, G. J. (2015), Median splits, Type Il errors, and false—positive
consumer psychology: Don't fight the power, Journal of Consumer Psychology 25 (4), 679—-689.




What TO DO

- Keep the continuous measure (i.e., do NOT split)
- ldentify the Johnson-Neyman point

_I,-" _
5 q sl
Health frame
= == Mo health frame 5l
4- .
g !
” s 4
g . ) °
© ” 3
”
2 ol
1 1- L 1 L 1 1 1
| 1
Low Dietary High Dietary 1 B 321 4 5 6 7
Concern Concern Dietary Concern

Spiller, S. A., Fitzsimons, G. J., Lynch, Jr. J. G., & McClelland, G.H (2013). Spotlights, floodlights, and the magic number zero: Simple effects
tests in moderated regression. Journal of Marketing Research, 50, 277-88.




Testing moderation using the Process macro

@ Dataset Process JR.sav [DataSet3] - IBM SPSS Statistics Data Editor —= X
File Edit View Data Transform * R T e, Window Help
o Power Analysis > e &l
— , el LA ( {
mEE 0 e g B i @le Q
Descriptive: Statistics ? |Visible: 12 of 12 Variables
& Age @ Sex  Conditi ~ Bayesian Statistics 4 & IDTHREAT & SATISF & SWITCHO1 ¢ ACCULLG ¢ RETURN ¢ WOM
& s_DO_! Tables > var var
switc
— C M >
1 36,00 2 L ) 286 6,00 1 _ 5,00 467 A
2 27,00 2 SE0nm Eimna facre) > 0 5,86 5.00 1 5.40 4,67 2,00
3 32,00 2 Generalized Linear Models > b3 2.00 433 1 2.00 5,67 467
4 18,00 1 Mixed Models > 20 1,00 4,00 1 2.20 4,00 4,00
5 20.00 2 Correlate > 33 1,00 7,00 0 3.40 5,67 5,00
- £ ! Regression ? Automatic Linear Modeling... 9 i 00 e
7 36,00 1 por—— , ' 1 3.00 567 5,67
8 27,00 1 - fi Linear... 1 5,40 4,00 367
Neural Networks > N
9 27.00 1 _ B Curve Estimation... 1 3,00 433 3.67
10 33,00 1 Clanely > B Partial Least Squares... 1 340 6.33 5,00
Dimension Reduction
11 40,00 1 I PROCESS v3.5 by Andrew F. Hayes I 0 3.40 6.33 6.33
12 24,00 1 Scale . — 1 2,00 6,00 5,00
13 31,00 2 Nonparametric Tests , | [l Binary Logistic... 1 4,00 5,33 5,67
14 35,00 1 Forecasting ki Multinomial Logistic... 0 5,00 5,00 333
15 37,00 1 Sunival [ Ordinal... 1 6.00 467 5.00
16 37,00 2 Multiple Response Probit... 1 4.80 1,33 1,33
17 31,00 1 = e _ KA Noni 1 5.00 2,00 2.00
18 50.00 2 Missing Value Analysis... Nonlinear. .. 1 3.80 433 433
19 48.00 1 Multiple Imputation E Weight Estimation... 1 3.40 200 1.00
< Complex Samples [l 2-Stage Least Squares... 4
Data View Variable View B Simulation... £ Quantile. .
 ———— Quality Control R . .
PROCESS v3.5 by Andrew F. Hayes T — o It e IBM SPSS Statistics Processor is ready Unicode:ON



How to use It

#3 PROCESS v3.5

Variables: Y variable:
& What is your age? [Age] & IDTHREAT
&> What is your gender? [Sex] Xiiicibte:
&> Conditions_DO_No_switch -» & SWITCHO1
&> Conditions_DO_Switch_Perfect
& Conditions_DO_Switch_accent Mediator(s) M:
& CHECK
& SATISF
& RETURN -
& WOM
Covariate(s):
—li0deloumber -
[ -]
Confidence intervals
95 v
Moderator variable W:
Number of bootstrap samples \L “& ACCULLG ”
5000 v

Moderator variable Z:

[[] Save bootstrap estimates

[[] Bootstrap inference for model coefficients Do not use PASTE button

| Paste H Reset | ICanceI| | Help |

X

About

Options

Multicategorical

Long variable names

|
|
|
|

CUTCCME VARIABLE:
IDTHREAT

Model Summary

1
1 1
1 1
1 1
1 1
1 1
1 R R-sq MSE F dfl df2 - 1
: ,5222 ,2727 2,0616 24,4921 3,0000 19&,0000 ,0000 :
1 1
] Model |
| coeff se t P LLCI ULCI 1
| constant 2,0054 , 6619 3,0298 ,0028 , 7001 3,3108 1
: SWITCHO1 -1,1995 ,8325 -1,4409 ,1512 -2,8414 ,4423 :
| ACCULLG ,0801 ,1654 ,4844 , 6286 -, 2460 ,4062 |
| Int_1 ,59€3 ,0035 ,1983 , 9942 |
1 1
L e e e e e =\ e e e e e e e D e e e e e e e e e e e e e e = e = - 4

Tells you if the effect of X on Y depends on Z
(or if the simple slopes representing the
effect of X on Y significantly differ at different
values of Z)




ldentifying the Johnson-Neyman point

Moderator value(s) defining Johnson-Neyman significance region(s):

Value % below % above
2,9924 10,5000 89,5000
Conditional effect of focal predictor at values of the moderator:

ACCULLG Effect se t P LLCI ULCI
1,2000 -,4840 , 6023 -,8035 , 4226 -1,6719 , 7039
1,4900 -, 3111 . 5483 -,5674 /5711 -1,3923 , 7702
1,7800 -,1382 ,4952 -,2790 , 7806 -1,1148 , 8385
2,0700 ,0348 , 4435 ,0784 9376 -,8399 . 9095
2,3600 ,2077 ,3938 , 5275 , 5985 -,5688 , 9842
2,6500 , 3806 , 3467 1,0977 , 2737 -,3032 1,0644
2,9400 +9935 , 3037 1,8225 ,0699 -,0455 1,1525
2,9924 , 5848 , 2965 1,9721 , 0500 , 0000 1,1696
3,2300 , 7265 , 2667 2,7239 ,0070 , 2005 1,2524
3,5200 ,8994 , 2384 3,7718 , 0002 , 4291 1,3696
3,8100 1,0723 ,2223 4,8229 ,0000 ,6338 1,5108
4,1000 1,2452 , 2210 5,6334 , 0000 , 8093 1,6811
4,3900 1,4181 , 2348 6,0396 , 0000 , 9551 1,8812
4,6800 1,5911 ,2613 6,0899 , 0000 1,0758 2,1063
4,9700 1,7640 , 2970 5,9386 , 0000 1,1782 2,3498
5,2600 1,9369 , 3392 5,7103 , 0000 1,2680 2,6058
5,5500 2,1098 , 3856 5,4708 , 0000 1,3493 2,8704
5,8400 2,2827 ,4350 5,2474 ,0000 1,4248 3,1407
6,1300 2,4557 , 4864 5,0483 , 0000 1,4964 3,4150
6,4200 2,6286 ,5393 4,8742 , 0000 1,5650 3,6921
6,7100 2,8015 . 95932 4,7226 , 0000 1,6316 3,9714

You see that below a value of acculturation of
2.94, the effect of the swicth is non significant
(or, in other words, not different from 0, being
95% sure). Hence, the conclusion is that the
switch has a positive (check the coef. > 0)
effect on identity threat only for values of
acculturation greater than 2.99.

20




Probing the interaction (nhttp://www.jeremydawson.co.uk/slopes.htm)

Variable names:

MName of independent variable:
MName of moderator:

MName of dependent variable:

Unstandardised Regression Coefficients:
Independent variable:

Moderator:

Interaction:

Intercept / Constant:

Means !/ SDs of variables:
Mean of independent variable:
SD of independent variable:
Mean of moderator:

S0 of moderator:

Values of variables at which to plot slopes®:
Low value of V-

High value of [\V:

Low value of moderator:

High value of moderator:

(™ If left blank, this will automatically be done at one
standard deviation above and below mean)

Optional alternative legend™:
Low value of independent variable:
High value of independent variable:

Low value of moderator:
High value of moderator:

(" Leave these cells blank fo get the normal
"lowSfigh" legend)

Switch
Acculturation
|dentity threat

-1,1995
0,0801
0,5963

2,0054

0.68
0.469
411
1.08

3,03
2.19

Mo Switch

Switch

Low acculturation
High acculturation

Identity threat

4.5

3.5

2.5

1.5

—&— Low acculturation

--8--- High acculturation

No Switch

Switch



http://www.jeremydawson.co.uk/slopes.htm

Probing the interaction using SPSS syntax

3 PROCESS options X 7,00 — : SWITCHO1
. [ON
i H . s . . : =
[C]:Show covariance matrix of regression coefficients Heteroscedasticity-consistent inference . ) . O
Generate code for visualizing interactions NU"# : - 6,00 i S : : m:?
[] Show total effect model {only models 4, 6, 80, 81, 82) gec'ma' places in output ' - : 0: RZ Linear = 0,004
Y ' .. . 1: R? Linear = 0,204
[[] Pairwise contrasts of indirect effects : . . . . 5ca|emear
Mean center for construction of products 500 : @
[[] Effect size (mediation-only models) ) ' ’ ’ . . . ’ . 05
@® Mo centering . . . . o4
[] standardized coefficients (mediation-only models) O All variables that define products = : a 3
[ Test for X by M interaction(s) O Only continuous variables that define products g 4,00 0 12
[ Residual correlations Moderation and conditioning E o
Probe interactions... T 4
Many options available in PROCESS through command ifp< .05 < 3,00 . - " .
syntax are not available through this dialog box. See Conditioning values ‘ ‘ ‘ .
Appendices A and B of http://www _guilford com/p/hayes3 O 16th, 50th, 84th percentiles s —— - . .
@® -1SD, Mean, +1SD ' . °
Johnson-Neyman output oLt T . ®
1,00 ' : O e
[SGLIGIER | Cancel
- 1,00 2,00 3,00 4,00 5,00 6,00 7,00

ACCULLG



robing the interaction using the CAHOST procedure

rs 5,00 +
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