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ABSTRACT

The objective of this paper is to present the simple moderation model as a resource for testing research hypotheses in the field of
business. The following topics are addressed: i) presentation of the simple moderation model - assumptions, conceptual and statistical
diagrams, and model equations; ii) probing the moderating effect; and iii) recommendations on how to report it in scholarly articles.
We hope to contribute to the field by disseminating the technique and good practices for presenting statistical analyses in academic

articles.
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1. INTRODUCTION

Hypothesis tests, in the statistical sense, constitute an
important stage of theoretical-empirical works using
a quantitative approach. Research hypothesis should
be prepared based on theories, and it is the
responsibility of the researcher to ensure that the
mechanisms behind the expected relationships
between the variables in the study are made clear.
How these relationships occur and under which
circumstances are important questions in the
development of the theory, and models with
moderation can help to understand the process
under study better.

In this text, we decided to address a highly specific
but common situation: the use of the simple
moderation model and its estimation with the use of
linear regression. The following topics are addressed:
i) presentation of the simple moderation model
(assumptions, conceptual and statistical diagrams
and model equations); ii) probing the effect of
moderation; and iii) recommendations on how to
report it in academic articles. We hope that this text
is easy for researchers without extensive quantitative
training to read. All that is needed to understand the
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explanation that follows is knowledge of the multiple
linear regression model.

The Simple Moderation Model

To better understand the simple moderation model,
let us begin by recalling the interpretation of the
coefficients of a linear regression model with two
predictive variables as follows:

E(Y)= Bo + B1 X1 + B2 X,

=  Where Y is the dependent variable and X; and
X, are independent variables.

(Equation 1)

= £(Y)is the expected value of Y for given values
of X3 and Xa.

" B, B, B2 are the coefficients of the multiple
linear regression model.

With sample data, the following estimated regression

equation is obtained:

= Where ¥ is the estimation of the expected
value of Y for given values of X; and Xa.

= by, by, b, are estimations of By, By, B2
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The intercept, bo, may be interpreted as the
estimated value of Y when Xj and X; assume the value
of zero (in many situations, however, X; and X; will
not assume the value of zero, and bo will only be a
support parameter, without relevant substantive
interpretation).

The coefficient b, is interpreted as the estimated
variation expected in Y for a unitary variation in X,
with the value of X; remaining constant. The
coefficient by, in turn, is interpreted as the estimated
variation expected in Y for a unitary variation in X,
the value of X; remaining constant. An important
point to highlight is that the expected variation in Y,
resulting from a unitary variation in X3, is independent
of the level at which X; is set. Therefore, it can be said
that the effect of X3 on Y is unconditional to X;. The
analogous interpretation extends to the effect of X,
on Y, which is unconditional to X.

We now present the concept of the moderating
variable. According to Hayes (2017, p. 208): “The
effect of an independent variable X on a dependent
variable Y is moderated by the variable M if its size,
sign or strength depends on or can be predicted by
M. In that case, M is said to be a moderator of X’s
effect on Y or that X and M interact in their influence
onY”.

When there is moderation of a variable (which we
will call M) on the relationship between two others
(which we will call X and Y), it is said that the effect of
X on Y is conditional to the level of the moderating
variable M.

An algebraic device that allows this moderation effect
to be modeled (and tested) is the incorporation of a
term corresponding to the multiplication of X by M in
the regression equation, as shown in Equation 3. This
term is called interaction between X and M.

E(Y) =By + B1X + M + B3 XM (Equagdo 3)

=  Where Y is the dependent variable, X the
independent variable and M the moderating
variable.

= E(Y) is the expected value of Y for given values of
X and M.

= Bo, B1, B2, B3 are the coefficients of the multiple
linear regression model

With sample data, the following estimated regression

equation is obtained:
Y =by+ b, X+ b,M+ b; XM (Equation 4)

This simple moderation model can be represented by

the conceptual and statistical diagrams shown in
Figure 1.
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Fig. 1
Conceptual and statistical diagrams
of the simple moderation model

The interpretation of bs requires attention. As we
have said, the inclusion of the term of interaction
(XM) enables the effect of X on Y to become
conditional to the moderator. In other words, the
effect of X on VY is different for different values of the
moderating variable.

To illustrate this point, consider a study in which the
independent variable X represents an orientation
index for participative management (part_mana),
measured on a continuous scale of 1 to 7. The
dependent variable Y is a frugal innovation
(frugal_innov) index, measured on a continuous scale
of 10 to 70, and the moderator M (decentral)
indicates the company’s type of decision-making
structure: O (centralized) or 1 (decentralized). By
running the simple moderation model, the following
calculation was obtained:

¥ =19.55+ 195X — 11.62M + 4.56XM

When the participative management index is equal to
3 and M =0 (the decision structure is centralized), the
estimation of the frugal innovation index, Y, will be
equal to

¥y=19554+195%x3—-11.62x0+456x3x0 =2540

By increasing the participative management index (X)
from 3 to 4 (maintaining M = 0), the estimation of the
frugal innovation index (Y) will increase by 1.95 units:

y=1955+195%x4—-1162%x0+456x4x0 =2735

Using the same calculation, now with M = 1
(decentralized decision-making structure), we would
have:

For the participative management index X = 3:
y=19554+195%x3-11.62%x14+456x3x1 =2746
For the participative management index X = 4:
y=1955+195%x4—-11.62%x1+4+456%x4x1 =33.97

Note that now, by increasing the participative
management index from 3 to 4, in a company with a
decentralized decision structure, the estimated
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increase in the frugal innovation index (Y) is 6.51 units
(33.97 - 27.46 =6.51). This means that, in companies
with a more centralized structure (M = 0), the effect
of participative management on frugal innovation is
weaker than between companies with a
decentralized decision-making structure (M = 1).

Graphically, this effect may be represented as
follows:
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Graph 1

Graph showing the dispersion of the relationship between X
(participative management index) and Y (frugal innovation index),
moderated by M (company’s decision structure)

In a model without moderation, the differences in the
estimations would be equal, i.e., the lines would be
parallel, as shown in Graph 2. Geometrically,
therefore, the existence of the moderation effect can
be visualized by the different inclinations of the lines
that relate X and Y to different levels of M. If these
lines were parallel, we would say that the effect of
moderation was non-existent.
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Graph 2

Graph showing the dispersion of the relationship between X
(participative management index) and Y (frugal innovation
index), in the model without moderation

Statistical inference for the effect of moderation

It is necessary for a researcher to have statistical
evidence that the term of interaction is other than
zero for his moderation hypothesis to be accepted.
For this purpose, it is necessary to formally test the
null hypotheses that B; = 0 versus the alternative
hypothesis that f5 # 0. This text can be done using
the PROCESS macro developed by Hayes (2017) for
SAS and SPSS software, now available for R software
through the runMEDMOD application. This macro
can analyze diverse mediation and moderation
models and is indicated for analyzing models with
moderation and/or mediation based on regression.

Table 1 shows the (partial) output of the PROCESS
macro for the previous model with moderation. The
‘coeff column of Table 1 shows the coefficients of the
equation and column ‘p’, the p-value associated with
each coefficient. Note that, as the p-value of the
interaction (INT_1) between the variables X
(part_mana) and M (decentr) is lower than 0.05 (with
0.05 being a suggestion of the level of significance to
be adopted n the analysis), there is statistical
evidence of moderation in the relationship between
XandY.

Tab. 1
(Partial) output of the PROCESS macro
for the simple moderation model.

coeff Se t p LLCI uLcl

constant 19.55 330 593 0.00 13.05 26.05
decentr -11.62 452 -257 0.01 -2053 -2.70
part_mana 1.95 071 276 0.01 0.55 3.34
INT_1 4.56 098 465 0.00 2.63 6.50

Statistical test for the conditional effect of Xon Y

As seen above, the effect of X on Y depends on the
value of the moderating variable M. For M = O, the
effect is 8y_y = 1.95 and when M = 1, the effect is
Oy_y =1954+456 x1=6.51.

Both effects are not always statistically significant. X
may only have an effect on Y when M =1 or when M
= 0. The PROCESS macro provides these tests, as
shown in Table 2.

Tab. 2
Output of the PROCESS macro for testing the conditional
effect of X on Y in the values of the moderating variable

decentr  Effect Se t p LLcl uLcl
0 1.95 0.71 2.76 0.01 0.55 3.34
1 6.51 0.68 9.54 0.00 5.17 7.86
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Note that the p-value of the effect (‘p’ column in
Table 2), in both values of M, is lower than 0.05.
Therefore, there is statistical evidence of the effect of
XonY when M =0and when M =1.

Model with quantitative moderating variable

In the following example, the variable M (level of
centralization-decentralization of the decision
structure), now measured on a continuous scale of 1
to 7, will be used to moderate the effect of the
variable X (participative management) on Y (frugal
innovation). The higher the value of M, the more
decentralized the company’s decision-making
structure is. Table 3 shows the (partial) output of the
PROCESS macro for the simple moderation model.
The term of integration, INT_1, is significant (p-
value<0.01), which shows that there is moderation. It
is important to highlight that when preparing a model
with moderation, the variables related to interaction
must not be eliminated, even if the p-values and their
coefficients are high. Therefore, the independent
variable part_mana must be maintained in the model
even if the p-value is close to 1.

Tab. 3

(Partial) output of the PROCESS macro for the simple
moderation model with a quantitative moderating variable

Coeff Se t p Ler uLal

constant 2564 563 456 0.00 1453 36.74
decentral level -3.06 131 -234 002 -564 -0.48
Part mang -004 122 -003 098 -244 236

INT_1 1.11 0.29 389 000 055 1.68

In this model, the conditional effect of X on Y is
Oxoym = —0.04 + 1.11M. This means that the
effect of X on Y increased by 1.11 units when we
increase the level of decentralization in a unit. The
effect of participative management on the frugal
innovation index increases as the company’s decision
structure becomes more decentralized. The increase
of the effect is visualized in Graph 3: as the level of
decentralization M increases, the effect of X on Y
(illustrated by the inclination of the line) increases.

The coefficient -0.04, which proved to be statistically
insignificant, is the effect of X on Y when M = 0. This
coefficient has no substantive interpretation as the
variable M assumes values between 1 and 7.
Therefore, mean centering the variable can be useful
when it comes to interpreting the coefficient (Hayes
& Matthes, 2009; Hayes, 2017). Mean centering the
variable is not compulsory, but can help researchers

to facilitate the interpretation of the coefficients of
the moderation model. The coefficient 4.13, shown in
Table 4, is the effect of X on Y for M = 3.755 (mean of
the variable). Note that for the output of the model
without centralization, we could reach the value of
4.13: all we have to do is calculate -0.04+1.11.3.755.
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Graph showing the dispersion of the relationship between X
(participative management index) and Y (frugal innovation
index), for various value of the variable M (decentralization
level)

Tab. 4

(Partial) output of the PROCESS macro for the simple
moderation model with mean centered participative
management (X) and decentralization level (M) variables

coeff se t p LLcl uLa

constant 3265 055 5888 0.00 31.56 33.75
decent_level 192 030 631  0.00 132 252
part_mana 413 054 771 000 3.07 518

INT_1 111 0.29 3.89 0.00 0.55 1.68

Probing the interaction

With a significant term of interaction, probing is
useful. The first and most frequently used probing
technique is called pick-a-point or spotlight analysis
(Rogosa, 1980; Bauer & Curran, 2005). In this
procedure, some values of the M variable are chosen,
and for each value the conditional effect of X on Y is
calculated and the significance of this effect is tested.
When M is a quantitative variable, the most usual
(albeit arbitrary) values are the sample mean (zero,
when the model is mean centered) and the points
located at one standard deviation below and above
the mean. Table 5 shows the output of the PROCESS
macro for the probing of the mean centered
moderation model. At the three points analyzed,
there is statistical evidence of the effect of
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Tab.5

Probing for the simple moderation model with mean centered participative management (X) and decentralization (M) variables

Effect

Quantile  Centered decentral_level Oy = £.13 + 1.11M Se t P LLCl uLa
0.10 -2.74 1.08 0.97 1.11 0.27 -0.83 2.98
0.25 -1.74 2.19 0.75 2.93 0.00 0.72 3.66
0.50 -0.74 3.30 0.58 5.65 0.00 2.15 4.45
0.75 1.26 5.52 0.63 8.74 0.00 4.28 6.77
0.90 3.26 7.75 1.05 7.35 0.00 5.67 9.83

participative management on frugal innovation.

Quantiles of the distribution of M can also be chosen
for analysis. By selecting this option, the macro
analyzes the conditional effect on the quantiles 0.10,
0.25,0.50, 0.75 and 0.90 of the moderating variables,
as shown in Table 6. For the quantile 0.10, which
corresponds to the centered value -2.74, there is no
statistical evidence of the effect of X on Y, as the p-
value is higher than 0.05.

It is also possible to verify for which points of M
the effect of X on Y is statistically significant. This
technique is called the Johnson-Neyman or floodlight
analysis (Spiller et al., 2013), and has appeared more
frequently in scientific articles.

When this option is selected, the PROCESS macro
shows the data interval (if there is one) in which the
effect is statistically significant. In the example, for
centered values of the decentralization level lower
than -2.21, with 95% confidence, there is no evidence
of the effect of X on Y (the lower limit crosses zero, as
shown in Graph 4).

In short, we conclude that for very low
decentralization levels there is no evidence of the
effect of participative management (X) on frugal
innovation (Y). The higher the level of
decentralization, the greater the effect.

Recommendations on how to report the
simple moderation model in academic articles

Researchers who wish to publish the results of their
studies in a scientific periodical have to be careful on

several points when it comes to the effect of
moderation.

i. First, support the research hypothesis with
theory.

ii. Second, analyze and report on whether the
assumptions necessary for the use of the
model are met. The assumptions of the simple
moderation model in question are the same
as those of the multiple linear regression
model: independent, homoscedastic and
normally distributed residuals.

iii. Third, with the term of interaction significant,
it is useful to probe the moderation. In the
case of the quantitative moderating variable,
there are two ways: spotlight analysis and
floodlight analysis. We recommend using
floodlight analysis (Johnson-Neyman
technique), as it offers a broader vision of the
regions of significant of the effect of
moderation (it is not restricted to analyzing
some points).

iv. Fourth, interpret the moderation, not only
with regard to statistical significance, but also
in relation to the substantive meaning, using
vocabulary from the context of the problem in
question. Graphically representing the effect
of the moderation can also be helpful.

The use of moderation models to produce scientific
articles remains evident. A search conducted in
March of 2018 in the Google Scholar database, using
the terms “international business; Hayes’ PROCESS

macro” resulted in several dozens of articles

Tab.6

Probing with quantiles for the simple moderation model with

mean centered participative management (X) and decentralization level (M) variables

Effect
Centered decentral_level Oy = 4.13 + 1.11M Se t P LLCI uLc

-1.83 2.09 0.76 2.74 0.01 0.58 3.60
0.00 4.13 0.54 7.71 0.00 3.07 5.18
1.83 6.16 0.73 8.41 0.00 4.72 7.61
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Conditional effect of participative management (X) on frugal innovation (Y) for values of the
“decentralization level” of the moderating variable [95% confidence intervals.

published in the last five years. These studies include
Huang et al. (2017), who used the simple moderation
model to examine how the perception of government
proximity (defined by response capacity and
transparency) influences citizens’ perceptions of the
government and the relationship between political
trust and political participation in continental China.
Another study is that of Wurthmann (2017), who
found evidence that the influence of the type of
breach of contract on moral intensions is mediated by
moral conscience. This relationship of mediation, in
turn, is moderated by the implicit theories of the
observers. In the field of international marketing,
Mota (2014) tested moderated mediation
relationships to identify cultural idiosyncrasies
between Brazilian and Canadian consumers.

The aim of this article was to analyze simple
moderation mo dels based on linear regression. More
complex models involving moderators and
mediation, although not the object of analysis of the
present text, can also be useful to test hypotheses of
theoretical relationships.
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METODOLOGIA DE PESQUISA
O modelo de moderag¢ao simples

e seu emprego no campo da administracao
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RESUMO

O objetivo deste artigo é apresentar o modelo de moderagdo simples como recurso para o teste de hipdteses de pesquisa no campo
da Administracdo. Sdo abordados os seguintes tépicos: i) apresentacdo do modelo de moderagdo simples — pressupostos, diagramas
conceitual e estatistico, e equacdes do modelo; ii) probing do efeito de moderacéo; e iii) recomendac¢des de como reporta-lo em
artigos académicos. Espera-se contribuir com a disseminagdo da técnica e com boas praticas de apresentacdo de analises estatisticas
em artigos académicos.

Palavras-chaves: modelo de moderac3o simples; pick-a-point analysis; spotlight analysis; Johnson-Neyman technique; floodlight
analysis
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