
Philosophy of Science and 
Statistical Reasoning

Moderation



But first, …

📢 
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😵 🤔 🥱
Student Puzzlement Scale



    “ In het begin voel je je als iemand die in de woestijn staat. Waar je ook om je
heen kijkt, er is alleen maar zand. Geen idee waar je naartoe moet.

— Professor Einmahl, uitzonderingsstatisticus, in NRC

3

    “ In het begin voel je je als iemand die in de woestijn staat. Waar je ook om je
heen kijkt, er is alleen maar zand. Geen idee waar je naartoe moet. Maar dan
langzaamaan begint er toch iets te dagen, en dan zie je toch licht aan het
eind van de tunnel – dat is weer een andere beeldspraak.

— Professor Einmahl, uitzonderingsstatisticus, in NRC

https://archive.ph/Drfz7
https://web.archive.org/web/20230922094547/https://www.nrc.nl/nieuws/2023/09/17/hoe-kun-je-zekerheid-krijgen-over-dingen-die-maar-eens-in-de-tienduizend-jaar-gebeuren-a4174533


Previously, on statistical reasoning

Ordinary least squares (OLS) Explained 
Visually.
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Compute t-statistic for 𝛽1 (same procedure as for 
the mean): t = (1.776 − 0) / 0.064 = 27.569

https://setosa.io/ev/ordinary-least-squares-regression/
https://setosa.io/ev/ordinary-least-squares-regression/


Pub quiz
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Topics

Statistical reasoning
Empirical cycle
Probability distributions
Frequentist inference
Sample / sampling distribution
Central limit theorem
Normal distribution
P-value
Type I/II errors
Effect size
Confidence interval
Power
Test statistics
Linear regression
t-Test
Moderation
F-distribution
Nonparametric inference
ANOVA
Bayesian inference

What will we learn today?

Questions

How can we determine if the relation between 
two variables depends on a third variable?
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Estimating relationships between variables

      “ Instructors who are viewed as better
looking receive higher instructional
ratings, [...]. This impact exists within
university departments and even within
particular courses, and is larger for male
than for female instructors.

— Hamermesh & Parker, 2005 🔒; NBER
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Beauty

Sex

Rating

      “ Instructors who are viewed as better
looking receive higher instructional
ratings, [...]. This impact exists within
university departments and even within
particular courses, and is larger for male
than for female instructors.

Disentangling whether this outcome
represents productivity or discrimination is,
as with the issue generally, probably
impossible.
— Hamermesh & Parker, 2005 🔒; NBER

https://doi.org/10.1016/j.econedurev.2004.07.013
https://www.nber.org/papers/w9853
https://doi.org/10.1016/j.econedurev.2004.07.013
https://www.nber.org/papers/w9853


Moderation / interaction

      “ In statistics and regression analysis,
moderation (also known as effect
modification) occurs when
the relationship between two variables
depends on a third variable. The third
variable is referred to as the moderator
variable [...]. — Wikipedia
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Variable A

Moderator

Variable B

https://en.wikipedia.org/wiki/Moderation_(statistics)



library(“moderndive”)
help(evals)

mod <- score ~ bty_avg + age + bty_avg : age

Q. Is the effect of beauty on instructional rating 
modified by age? 

H. 💭 What’s your hypothesis?

E. (Your hypothesis in terms of your 
operationalization.)

Ratingi = 𝛽o + 𝛽1 Beautyi + 𝛽2 Agei + 𝛽3 Beautyi × 
Agei + ei

Moderation
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Beauty

Age

Rating



Student evaluations
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💭 To mean center or not to mean center? See 
last paragraph of the Discussion section for 
practical advice.


# mean centering
dat <- evals
dat$bty_avg <- dat$bty_avg - 
mean(dat$bty_avg) # 4.4
dat$age <- dat$age - mean(dat$age) # 48.4

fit <- lm(formula = mod, data = dat)
summary(fit)

Ratingi = 4.20 + 0.07 Beautyi − 0.00 Agei + 0.01 
Beautyi × Agei + ei

Linear regression w/ interaction term
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https://doi.org/10.3758/s13428-015-0624-x


Visualize interaction
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library("interactions")
interactions::interact_plot(model = fit, pred = 
bty_avg, modx = age, data = dat)



 

Simple slopes analysis & Johnson–Neyman interval
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library("sandwich")
interactions::sim_slopes(fit, pred = bty_avg, 
modx = age)


interactions::johnson_neyman(fit, pred = 
bty_avg, modx = age, alpha = .05)



Model evaluation

See previous lecture

p-values; R2
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🧠 Students don’t know what’s best for their 
own learning (The Conversation)

https://theconversation.com/students-dont-know-whats-best-for-their-own-learning-33835
https://theconversation.com/students-dont-know-whats-best-for-their-own-learning-33835


Three-way

Ratingi = 𝛽o + 𝛽1 Beautyi + 𝛽2 Agei + 𝛽3 Sex + 𝛽4 
Beautyi × Agei + 𝛽5 Beautyi × Sexi +  𝛽6 Agei × 
Sexi + 𝛽7 Beautyi × Agei × Sexi + ei


score ~ bty_avg * age * gender

Higher-order interactions

Two-way
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Beauty

Age

Rating

Age

Beauty

Rating

Rating

Beauty

Age

Beauty

Age

Rating

Sex



Cooling down
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What did we learn?
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🔮

Illustration by Jennifer Cheuk
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Topics

Statistical reasoning
Empirical cycle
Probability distributions
Frequentist inference
Sample / sampling distribution
Central limit theorem
Normal distribution
P-value
Type I/II errors
Effect size
Confidence interval
Power
Test statistics
Linear regression
t-Test
Moderation
F-distribution
Nonparametric inference
ANOVA
Bayesian inference

https://www.jennifercheuk.com/


Take-home assignments

📆 Weekly assignment

Q2/3 ask you to use a different method to 
determine multicollinearity.

Illustration adapted from Snippets.com
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🍻 Pub quiz

Create an informative four-choice question 
about the content of today’s lecture.

An informative question has a large spread in 
responses across answer options.

Clarify answer options (which are (in)correct and 
why).

http://snippets.com/how-much-does-beer-consumption-vary-by-country.htm


Colophon

Slides
alexandersavi.nl/teaching/

License
Statistical Reasoning by Alexander Savi is licensed under a Creative Commons 
Attribution-ShareAlike 4.0 International License. An Open Educational Resource. 
Approved for Free Cultural Works.
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https://www.alexandersavi.nl/teaching/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://en.wikipedia.org/wiki/Open_educational_resources
https://en.wikipedia.org/wiki/Definition_of_Free_Cultural_Works

