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Motivations
Why Are You Taking a Foundational Course About

Statistics?
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Foundational knowledge?

In which domains of life have you acquired some foundational
knowledge?

When is foundational knowledge useful? Why spend time learning the
foundations of a discipline or activity?

When is it less relevant?
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What methodological skills should psychological scientists
develop?

Two possible routes:
Simple algorithms: what to do and when?

Foundations: how and why we do what we do in specific
circumstances?
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Making Bread: Simple Algorithms vs. Foundations

Robin Gomila | PSY 503 | Lecture 2: Foundations? What? Why? 5



Fixing Car: Simple Algorithms vs. Foundations
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Norm Interventions: Simple Algorithms vs Foundations
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Psychological Methods and Simple Algorithms

Historically: super controlled experiments on small samples of
undergrads

Invite participants to the lab

Randomly assign them to one of two tasks

Collect data

Analyze data

Write an article
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Standard Dataset
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Pick a method

T-test, ANOVA, Simple linear regression
They all yield same results!

Learn how to apply the method you picked
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T-test in R

t.test(
data$reaction_time[data$task == 0],
data$reaction_time[data$task == 1],
var.equal = TRUE)
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ANOVA in R

TukeyHSD(
aov(reaction_time ~ task,

data = data)
)
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Simple Linear Regression in R

summary(
lm(reaction_time ~ task,

data = data)
)
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That’s it!!
You have acquired 90% of the knowledge you need to

analyze experimental data from a super controlled lab

experiment that went extremely well.
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Problem?
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Problem:
Resistance to Change and Need for Methodological

Plasticity
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Resistance to Change

Simple Algorithms make it difficult to adopt:
New methods

New study designs

New technological tools
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Methodological Plasticity

Psychology researchers need Methodological Plasticity

Methodological Plasticity can be defined as the ability to:
quickly grasp new statistical methods and research practices

make reasonable interpretations of a wide array of statistical analyses

feel comfortable adopting new analytic strategies and computational
tools
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Psychology Today
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Many Methods
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Many Methods
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Many Methods
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Many Methods
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Many Methods
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Many Methods
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Many Roles

Evaluate research
Survey the literature

Feedback to colleagues

Attend talks

Collaborate

Review manuscripts
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Many Roles

Be evaluated by people who hold very different views!
Editors, reviewers, colleagues, students

Your methodological decisions will be challenged
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I repeat, your methodological decisions will be challenged
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Logistic vs. Linear on Academic Twitter
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Logistic vs. Linear on Academic Twitter
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Logistic vs. Linear on Academic Twitter
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Debates and controversies around statistical methods
happen all the time
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Foundational Knowledge and Methodological Plasticity

Empower you as a researcher
Many methods

Many roles

Many opinions

Robin Gomila | PSY 503 | Lecture 2: Foundations? What? Why? 30



Building Plasticity
Yes, but how?
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Underlying Structure of Psychological Methods

Two components:
Statistical

Computational
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Statistical Pillars of Psychological Methods

Probability Theory

Causality

Regression
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Probability Theory
Relevance
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Evaluating a claim
At a dinner party, your friend Charlie says:

“I have a superpower. Since I was a kid, I’ve been able to see what
people are doing without being with them. I just close my eyes,
think about someone, and I find myself in the room with them.
Let me try and find out what my sister is currently doing. . .

At
the moment, she is walking her dog.”

In search for evidence, you suggest:

“Charlie, I am going to go to the kitchen to prepare coffee for
everyone. I’ll make eight cups of coffee, four of which will contain
sugar. Will you be able to tell which cups contain sugar when I
come back?”

Charlie accepts the challenge and correctly identifies the cups that
contain sugar
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Evaluating a claim

Should you conclude that Charlie has superpowers?
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This is a serious question
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Scientific Approach: Does Charlie have superpowers?

Scientific approach is probabilistic!

Null Hypothesis
H0: Charlie does not have special abilities

Hypothesis testing
Does this hypothesis make sense, given the data? Do the data
contradict this hypothesis, making it highly implausible?

Proof by contradiction

Robin Gomila | PSY 503 | Lecture 2: Foundations? What? Why? 39



Scientific Approach: Does Charlie have superpowers?

Scientific approach is probabilistic!

Null Hypothesis
H0: Charlie does not have special abilities

Hypothesis testing
Does this hypothesis make sense, given the data? Do the data
contradict this hypothesis, making it highly implausible?

Proof by contradiction

Robin Gomila | PSY 503 | Lecture 2: Foundations? What? Why? 39



Testing the null hypothesis

Under H0: 70 possible outcomes
Charlie could have randomly chosen 4 cups in 70 different ways

Combinations of 4 possible elements within a broader set of 8 elements
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Testing the null hypothesis

Under H0, Charlie ’s chances of finding the combination of 4 cups is:
1

70 = .014

This number is a probability:
Charlie has 1.4% chances of finding the correct combination without
superpowers

This number is a p-value
p < .05

Reject the null

Conclude that Charlie has superpowers
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Lessons from Charlie

Science is cumulative
Repeat performance several times

Fisher: “Personally, the writer prefers to set a low standard of
significance at the 5 percent point. . . A scientific fact should be
regarded as experimentally established only if a properly designed
experiment rarely fails to give this level of significance.”

Psychological methods build heavily on Probability Theory
Probability theory is a framework for understanding and quantifying
uncertainty

Psychology studies inevitably involve some degree of randomness and
therefore, uncertainty
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Causality
Relevance
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What types of questions do psychological scientists ask?

Psychologists (most often) ask causal questions
Are police officers more likely to shoot Black people?

Do diversity trainings reduce prejudice against minority groups?

Does social support improve well-being? Does cognitive-based therapy
reduce depressive symptoms?

Understand whether a variable X causes a psychological or behavioral
outcome Y
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Causality: a giant with feet of clay

Human mind tends to interpret relationships in causal terms, and is
often wrong! Examples?

People’s race and their performance at “intelligence” tests
People’s gender and mathematical abilities
Moving to California and life expectancy
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Seriously, should we all move to California?
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Causality: a giant with feet of clay

Causality is difficult to establish
Rigorous studies and statistical analyses easily get it wrong.

Subtle elements of study designs, randomization procedures,
participants’ behavior during the study, analytic strategies, or statistical
analyses can compromise researchers’ ability to make a causal claim.
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Causality: a giant with feet of clay

Simpson’s Paradox
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Regression
Relevance
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What is regression?

A powerful and highly-flexible tool to represent the relationship
between variables

Describe how an outcome Y varies with a single or a series of
variables X

Suited for the analysis of experimental, quasi-experimental and
observational datasets, and can be used to make predictions.
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Computational Foundations
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Computational Tools

Expect them to change
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