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1.1 Definition

Mediation analysis tests a hypothetical causal chain where one
variable X affects a second variable M and, in turn, that
variable affects a third variable Y. Mediators describe the how
or why of a relationship between two other variables.
Mediators describe the process through which an effect occurs.
This is also sometimes called an indirect effect.

Total Effect Model.
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1.2 Types of effect

o Total effectof XonY:c=c’+ab
e Indirect effectof XonY: ab

e Direct effect of Xon Y after controlling for M: ¢’=c - ab

R Yon X.
egress Y on NO

Does X predict Y? No ground for mediation
l'r’ES Not significant, but it makes sense

Total Effect Model.

Regress M on X.

Does X predict M? ﬂ:» No ground for mediation
a -
l’r’ES -
Regress Y on X and M. v letel
Does X predict ¥? €5, Competely No mediation effects X
lNot at all W, in a smaller size Basic Mediation Model.
Full mediation Partial mediation

l l

Test if the mediation effects are statistically significant.
Bootstrapping is recommended.

The original figure can be found here UZH
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https://data.library.virginia.edu/introduction-to-mediation-analysis/

2 Total mediation versus partial
mediation
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2.1 Understanding the different mediation
effects

Partial mediation occurs when the effect of X on Y decreases by a nontrivial amount (the
actual amount is up for debate) with M in the model.

One speaks of total mediation when the direct effect disappears as a result of mediation: c
=0, and thus ab =c.

One speaks of partial mediation when the direct effect does not disappear as a result of
the mediation, but a residue remains: c!=0 (i.e. if ab !=¢).

In the social science context, mediations are mostly partial, because one process rarely
explains the full influence of Xon'Y.
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3 Why consider ab instead of ¢c-c’?

The difference method (c-c’) originally assumed that ¢ must be significant (that is, that the
X must have a total effect on the Y, which is to be explained by mediation).

However, mediation can also exist if c = 0. This is possible because there may be several
significant mediator effects that cancel each other out (but not all may have been

measured).

The targeted examination of ab thus provides a more precise picture of individual
significant mediation processes, even if there is no total effect.
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3.1 Example when c and ¢’ cancel each other

Example: participation in social demonstrations (X) and satisfaction with government (Y)
mediated by media consumption (M).

Presumably, we have the following relations:
e negative direct effect of X on Y: more participation in (anti-government) demonstrations
suggests less satisfaction with government

e positive direct effect of X on M: more participation in demonstrations suggests more
media consumption

e positive direct effect of M on Y: more media consumption suggests more satisfaction
with government

Thus, we obtain:

e a positive indirect effect

e avery small total effect of X on Y because the direct and indirect effects will tend to

cancel each other out UZH
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4 Ways to conduct mediation analysis
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4.1 Three different methods

e Baron & Kenny’s (1986) 4-step indirect effect method
e “mediation” package (Tingley et al., 2014)

“lavaan” is the R package that handles measurement and analysis models most easily.
For the calculation, the model formula and the data are passed to the sem() function.

Typical questions are:

e Whether there is a total effect of the independent variables on the dependent variable?

e Whether there is a significant mediation effect?

= |f 50, is there partial or total mediation?
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https://psycnet.apa.org/record/1987-13085-001
https://imai.fas.harvard.edu/research/files/mediationR2.pdf
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4.2 Method with 4-steps from Baron & Kenny

e estimate the relationship between X on Y (c must be significantly different from 0)
e estimate the relationship between X on M (a must be significantly different from 0)

e estimate the relationship between M on Y controlling for X (b must be significantly
different from 0)

e estimate the relationship between Y on X controlling for M (should be non-significant
and nearly 0)

In general, complete mediation implies that these step 1-2-3-4 (in the 4-steps from Baron
& Kenny) be met. However, in practice, some researchers also consider that the essential
steps in establishing mediation are steps 2 (Xon M) and 3 (Z on Y, controlling for X).

Furthermore, if ¢' had the opposite sign to that of ab, then there would still be mediation
(even if step 1 could not be met).
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4.3 Sobel test

It is generally recommended to perform a single test of ab (rather than two separated
tests of a and b). The test was first proposed by Sobel (1982).

The test of the indirect effect is given by dividing ab by the standard error estimate of ab.
The ratio is treated as a Z test:

ab
\/b2*s§+a2*sg

<

If a z-score is larger than 1.96 in absolute value, the mediation effect is significant at the
.05 level.

The Sobel test is easy to conduct but presumes that a and b are independent (which may
not always be true). Furthermore, it assumes that ab is normally distributed (which might
not work well for small sample sizes).
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https://www.jstor.org/stable/270723?origin=crossref

4.4 R mediation package

This package uses the more recent bootstrapping method of
Preacher & Hayes (2004) to address the power limitations of
the Sobel test. This method computes the point estimate of
the indirect effect (ab) over a large number of random sample
(typically 1000) so it does not assume that the data are
normally distributed and is especially more suitable for small
sample sizes than the Barron & Kenny method.

This method includes 2-steps:

e estimate the relationship between X on M

e estimate the relationship between X on Y controlling for M
UZH
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4.5 Bootstrap

One solution to the drawback of the Sobel test is to use the
bootstrap method (see Bollen & Stine, 1990). This method has
no distribution assumption on the indirect effect ab, but rather
approximates the distribution of ab using its bootstrap
distribution.

Using the original data set (Sample size = n) as the population,
the model draws a bootstrap sample of n individuals with
paired (Y, X, M) scores randomly from the data set with
replacement. From the bootstrap sample, estimate ab based
on a set of regression models. The steps are repeated for a

total of N times (N=number of bootstraps).
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https://journals.sagepub.com/doi/10.1177/0049124192021002004

5 ExampleinR
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5.1 Example: news attention as mediator

For example, citizens’ media diet (e.g., attention to political news) could mediate the

effect of trust in politicians (e.g., trust in national parties) on the frequency of political
participation to popular votes (over the 10 last votes).

We will be using the Selects Swiss Panel Election Study 2019 and the following variables:

e Y: participation over the last 10 popular votes: W1_f12500
e X:trustin politicians: W3_f12800c (in W3)
e M: media diet (in W2): W2_f13400a-f

The regression equations go as:
Y, = By + B1 * trust; + B x media; +€; =c +b
M; = By + B * trust; +¢; = a

Y, = By + By xtrust; + €, =c=c + ab
UZH
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5.2 Prepare the data

db <- foreign::read.spss(file=pastel (getwd(),
"/data/1184 Selects2019 Panel Data v4.0.sav"),
use.value.labels = T,
to.data.frame = T)
sel <- db |>
dplyr::select (W3 £11100,Wl £12500,W3 £12800c,
W2 £13400a,W2 f13400b,W2 £13400c,
W2 £13400d,w2 £13400e,W2 £13400f) |[>
stats::na.omit () |>
dplyr::rename ("particip"="w3 £11100",
"participlOv"="Wl £12500",
"party trust"="W3 £12800c",
"tv"="w2 £13400a",
"newsp"="W2 £13400b",
"freen"="W2 £13400c",
"socmed"="W2 £13400d",
"online"="W2 £13400e",
"radio"="W2 £13400f")
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5.3 Recoding and creation of media use score

# recode participation over 10 votes

selSparticiplOv <- as.character (sel$SparticiplOv)
selSparticiplOv[sel$participlOv=="10 votes out of 10"] <- "10"
selS$participlOvisel$participlOv=="0 votes out of 10"] <- "0O"
selSparticiplOv <- as.numeric (sel$participlOv)

# trust as numeric

selSparty trust <- as.character(selSparty trust)

selSparty trust[selSparty trust=="Full trust"] <- "10"
selSparty trust[selSparty trust=="No trust"] <- "0O"
selSparty trust <- as.numeric(selSparty trust)

# trust as binary

selSparty trust b <- ifelse(selSparty trust>=6, "yes","no")
# reverse scale for media attention

selStv <- (as.numeric(sel$tv)-4)*(-1)
selSnewsp <- (as.numeric(selSnewsp)-4)*(-1)
selSfreen <- (as.numeric(selSfreen)-4)*(-1)
selSsocmed <- (as.numeric (selSsocmed)-4)*(-1)
selSonline <- (as.numeric(selSonline)-4)*(-1)
selSradio <- (as.numeric (selSradio)-4)*(-1)

selSmedatt <- (selStv+selSnewsptselSfreentselSsocmed+selSonline+selSradio) /6
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5.4 “mediation” package: interpretation and

bootstrap

fitM <- lm(medatt ~ party trust, # M ~ X

data=sel)
fitY <- Im(participlOv ~ party trust + medatt, # Y ~ |
data=sel)

fitMed <- mediation::mediate (fitM, fitY,

summary (fitMed)

Causal Mediation Analysis

# boot=TRUE,

# sims=999,
treat="party trust",
mediator="medatt")

Quasi-Bayesian Confidence Intervals

Estimate 95% CI

ACME 0.
ADE 0
Total Effect 0.
Prop. Mediated O

Signif. codes: O

Sample Size Used:

Simulations: 1000

Lower 95% CI Upper p-value

01505 0.00619 0.02 0.002 **
.08506 0.04400 0.12 <2e-16 ***
10011 0.05832 0.14 <2e-16 ***
.15031 0.06272 0.29 0.002 **
VREXTQ.001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1
3937

Multivariate statistics

ACME: Average Causal Mediation
Effects (here: significant effect of
media attention on the
relationship between trust and
participation)

ADE: Average Direct Effects (here:
significant direct effect of trust)

Total effect: combined indirect
and direct effects (here:
significant)

Prop. Mediated: ratio of indirect
and total effects (ACME divided

by Total Effect)
UZH
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5.5 “lavaan” package

# let's add the indirect and total effects explicitly

modell.tot = " The indirect effect (ab) of the
rticiplOv ~ *party trust ## direct effect (c'- . . .
ettt atparty b sen T independent variable via the
participlOv ~ b*medatt ## b-path .
ab := a*b ## indirect effect (ab) med|at0ron the dependent
Fotal iT cprarh HE total effect variable is significant and positive.
fit.tot = lavaan::sem(modell.tot, data=sel) . .
lavaan: :parameterestimates (fit.tot, standardized = T) The dlrect eﬁ:ect (Cp) IS alSO
1nhs op rhs label est pvalue significant. Since the indirect
1 participlOv ~ party trust cp 0.085 0.000
2 ‘mgdatt ~ party trust a 0.014 0.001 effect (ab) IS S|gn|f|cant at the
3 participlOv ~ medatt b 1.107 0.000 . .
4 participlOv ~~ participlOv 6.340 0.000 same t|me, thereis no Comp[ete
5 medatt ~~ medatt 0.263 0.000
6 party trust ~~ party trust 3.712 NA med|at|on.
7 ab := a*b ab 0.015 0.002
8 total := +a*b total 0.100 0.000 .
- - The link between the trust (X) and
lavaan: :inspect (fit.tot,"r2") L. . . .
iieioior memai participation (Y) is partially
0054 0003 conveyed through the media diet
(M).
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IKMZ

Multivariate statistics


http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf
http://127.0.0.1:7581/Mediation_slides.html?print-pdf

5.6 Further interpretation

lavaan: :parameterestimates (fit.tot, standardized = T)

e a-path: every l-unitincrease in

lhs op rhs label est pvalue

1 participlOv ~ party trust  cp 0.085 0.000 trust is associated with an a=

2 medatt ~ party trust a 0.014 0.001

3 participlOv ~ medatt b 1.107 0.000 0.014 increase in media

4 participlOv ~~ participlOv 6.340 0.000 .

5 medatt ~~ medatt 0.263 0.000 attention.

6 party trust ~~ party trust 3.712 NA

7 ab := a*b ab 0.015 0.002 . . .

8 total := cpta*b total 0.100 0.000 ° b_path' adJUStlng fortrUSt’ every

1-unit increase in media
attention was associated with
participation b =1.107.

e forevery a=0.014 unitincrease
in the association between trust
and media attention, there is an
ab=0.015increase in
participation. So, increase in
participation is associated with
increase in trust indirectly

through media attention. UZH

IKMZ
Multivariate statistics
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