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Abstract:

Moderation and mediation are two methods to evaluate the relationship between variables that go
beyond the traditional notion of an independent variable (IV) relating to a dependent variable (DV).
These methods allow assessment of other variables while evaluating the traditional [V/DV
relationship, and facilitate examination of multiple forms of relationships between variables. The
present chapter outlines the basic of these techniques in a simple manner.
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Chapter 40: Mediation and Moderation

Mark Stokes mark.stokes@deakin.edu.au
School of Psychology Deakin University

Introduction

Most readers will have some familiarity with linear regression. For those not familiar with this I'll provide a little
background. Linear regression is where a continuous (0, .051, 1.01, 1.1, 2, etc.) dependent variable (Y) is
believed to be related to a continuous independent variable (X) by some amount or slope (b) plus some starting
value or intercept (a). This gives the formula: Y =bX +a.

However, sometimes slightly more complicated relationships may be more useful than this straightforward one.
For instance, health and wealth may both independently explain well-being, but they may also have a further
impact when working together where the wealthier you are, the easier it is to attain health through medical
support. This leads to a situation where wealth and health interact with each other. When continuous variables
(like health) are involved, this interaction is also known as moderation.

Like all statistics, there are so many ways to complicate things. One of the most useful ways, and perhaps not all
that complex, is another concept where one variable can change the action of another, known as mediation. To
give a simple example, our well-being improves with community connectedness. We can think of well-being as
the dependent variable (Y), and community connectedness as the independent variable (X). But, as we know, if
you are socially isolated your well-being may not be that high (this is the cruel point of solitary confinement),
while if you have good social connections your well-being may be greatly strengthened. In this example, social
connectedness mediates the relationship between X and Y.

So, what are the limitations of these two techniques? Well, all the usual culprits. The data must be normally
distributed, and must be continuous in nature. These two assumptions give rise to a host of technical
assumptions that should you wish to understand, consulting a statistics text would be advised. When there are
exceptions to these requirements, there are analogous techniques available with categorical data.

Moderation

Let’s assume we have three variables. The DV and two main effect variables, A and B. Moderation is the
interaction of two variables, A by B (AB, we’ll call it C), that when combined give rise to a difference in the
continuous dependent variable. (There are forms available for categorical DVs, but we’ll not discuss these here
among polite company.) To calculate moderation effects, first subtract the mean effect from each variable.

ie: New A=A—-A4 &New B=B—B whered& B each represents the mean of A and B.

We then multiply New_A by New_B to obtain C. This is called centering, and ensures that the interaction
variable, C, does not correlate with either of the main effect variables. In truth it will correlate, not in a simple
manner, but in a higher order non-linear manner that for General Linear Statistics we don’t need to worry about
(see Figure 1).
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Figure 1: Testing moderation
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To test whether our new interaction variable is significant, we need to establish that it adds something more
than either A or B alone. So, first we must test the effect of A and then the effect of B. To do this we undertake a
simple hierarchical regression.

In step one, we enter A and B as separate effects (these are the uncentered variables), and obtain their
significance. We enter both at the same time, because as main effects, neither has precedence over the other.

In the second step, we enter C and assess if it adds anything to the model by testing its significance. If it adds to
the model, the effect will be significant, if it doesn’t, the effect will be non-significant. If the interaction is
significant, then A can be said to moderate B, and B can be said to moderate A. Neither variable has precedence.
In other words, B differs over levels of A, and A differs over levels of B.

Naturally, if you find significant moderation, there is more that must be done. However, this is a topic for
another day.

Example

Everyone knows that as things go well, you win the lottery, etc., you get paid more, your immediate well-being is
likely to improve. However, when things go poorly, say you live in a world where a pandemic erupts and you lose
your job, your immediate well-being is likely to reduce. So, as things improve, your resources increase,
immediate well-being will increase, and vice versa, and immediate well-being is positively related to life
circumstances. On the other hand, immediate well-being might go down as you have increased obligations. For
instance, your relatives might ask for loans or gifts due to your recent lottery win, or you have more work to do
as a result of increased pay. Here, your immediate well-being is negatively related to life circumstances. (Figure
2).
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Figure 2: Interaction of the Fortune and Target for Mood

First center the variables. Subtract the average of Resources from each case’s value for Resources to obtain the
centered Resource value, and then do the same for the Obligations by subtracting the average from each case’s
value for Obligations. Then multiply the centered Resources by the centered Obligations to obtain the interaction
term. This removes the linear correlation between the interaction term and each of the IVs.

Next build a Hierarchical Regression model (Figure 3), where in the first step you enter the 1Vs, Resources and
Obligations. Then in the second step, enter the interaction of the two variables. If the interaction is significant,
then for some level of Resources Immediate Well-being depending on Obligations. If the interaction is not
significant, then the main effects of Resources and Obligations may account for immediate well-being.
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Model 1: Main Effects Model 2: Interaction Effects
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Figure 3: Hierarchical regression model of Interaction. To the left is the first model. Note the interaction term is
absent. To the right is the second model with the interaction term included.

Mediation

Of the two concepts, mediation is by far the most difficult to understand. However, a simple, everyday example
is Well-being. Well-being is contingent upon a number of things, such as internal and external buffers. However,
studies have indicated that self-esteem may influence well-being. Another variable known to influence well-
being is resources. The more resource available to a person, up to some fairly high point, the greater is well-
being. Itis also observed that with increased resources, self-esteem increases. So, while there is a direct
relationship between well-being and resources, there is also a relationship between resources and well-being. It
would be reasonable to wonder would the relationship between resource and well-being is influenced by self-
esteem and its relationship to resources. This would be a mediation.

If we call the relationship between resources and well-being C, the relationship between resources and self-
esteem A, and the relationship between self-esteem and the well-being B, then we have specified a mediating
relationship (see Figure 4).

Self-esteem

Resources > Well-being

Figure 4: Mediation model.

We test mediation in one of several ways, but the easiest and clearest is to test the relationships in a hierarchical
model. First test relationship A, then in a second model, test relationship B and relationship C. We then have
three b-weights and their standard errors. If relationship B goes non-significant, while C remains significant, we
have prima facie evidence that there is a mediating relationship. Mediation is generally only found when A, B,
and C are significant, though there are exceptions in unusual circumstances. However, mediation is rarely this
clear, so we use a number of different techniques to asses if the indirect effect of A through B is significant. One
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common technique found in the wild is where we do this by calculating the Z-score

The formulais: Z = AB . (1)

J4* xSE} + B> SE* + SE* x SE>

The result we obtain is a straight forward Z-score that we look up in a table of Z-scores to obtain the level of
significance. If this is significant, then we have a significant mediator, even if the relationship Cis also significant.

Bootstrapping

Another frequently found technique for evaluating the significance of mediation is called bootstrapping. Sounds
technical doesn’t it? But really, it's pretty straight-forward.

Imagine you have a sample of 100 participants, you collect their well-being data, and put it in a dataset. Imagine,
you then randomly draw 10 of these well-being scores, and find the average of these 10 scores. Then, putting
the original 10 back, you randomly draw another 10, get the average score, and then you do this hundreds, or
thousands of times. Doing this you may increase the sample you draw up to n-1 for any data.

Next, you collect all the averages of bootstrapped well-being scores and find their overall average, and now you
do something a little like statistical magic (but it’s not really). You extract the standard deviation of all those
bootstrapped scores. Using the Standard Deviation (SD) of bootstrapped mean scores, you can estimate
confidence intervals around the bootstrapped mean. Following Central Limit Theorem (sorry, this is one of those
arcane statistical things, but it is very useful), the bootstrapped mean will be a good measure of the true mean,
and the SD of these bootstrapped scores will provide a very good estimate of the Standard Error of the Mean
(SEM). In other words, how much error there was in the measure of the mean.

If we use a 95% confidence interval, we multiply the SEM by a z-score of 1.64 to obtain a confidence range. Then
we add this confidence range to the mean to find the upper confidence level, and subtract this confidence range
from the mean to obtain the lower confidence limit. Thus, we will have 95% confidence intervals surrounding the
mean, and we will be able to report that we are 95% confident that the mean score occurs within this range of
scores.

So how does this help measure mediation? Well, we can use the same technique to obtain a measure of the
indirect variance. This is the path AB. We draw a random set of cases from our data, and calculate the path AB
for each of these. We obtain the mean AB, and the SEM of AB. Now we can provide confidence intervals around
the mean AB. If those confidence intervals do not include 0 in their range (lower and upper scores), then we can
conclude the indirect path AB is different from 0, and that we have a case of mediation. Of course, you don’t do
any of this yourself, you press the appropriate buttons on your software, or write the appropriate syntax, and off
you go.

Mediating Moderators & Moderating Mediators

It is possible to have a mediating variable that is the moderator. To test this, construct the moderator variable
(i.e., interaction) as before by multiplying variables A by B after removing the mean from each score, and test the
mediating pathways as described in mediation (see Figure 5).
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Figure 5: Mediating moderator. Var A less mean by Var B less mean is the
moderator, and path C renders it a mediator as well.

It is also possible to have a moderating mediator, which is not the same as a mediating moderator. To test this,
first establish if two or more variables are significant mediators, and then derive their interaction as before, and
then test this interaction (see Figure 6). If significant, the mediators are moderating, which may then be checked
further to see if the interaction variable also mediates. If it does, then you have a mediating moderator mediator.

This process may proceed ad infinitum.
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Figure 6: Moderating mediator. Var B is the mediator, and together
with Var Cit also moderates as well.
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