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● Canonical Papers Documenting the Replication Crisis
○ Why most published research findings are false (2005) PLOS Medicine
○ Estimating the reproducibility of psychological science (2015) Science
○ Evaluating the replicability of social science experiments in Nature and Science from 2010 to 2015 (2018) NHB
○ The Generalizability Crisis (2019) Behavioral and Brain Sciences

● Problems
○ Sample sizes chosen without regard for statistical power
○ Publication bias, file drawer problem
○ Type I and Type II errors, false positives, false negatives
○ P-hacking, HARKing (hypothesizing after results are known), misinterpreting p-values

● Tools to Partially Address and Evaluate Problems
○ Power calculations, pre-registration, open science
○ P-curves, z-curves, funnel plots, expected replication rate, metascience
○ Critical thinking

Brief Review
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Drawing inspiration from birds
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“Now, it is far from obvious, from a logical point of view, 
that we are justified in inferring universal statements 
from singular ones, no matter how numerous; for any 
conclusion drawn this way may always turn out to be 
false: no matter how many instances of white swans we 
may have observed, this does not justify the conclusion 
that all swans are white.”

Karl Popper (1935) The Logic of Scientific Discovery, p. 4
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Absence of 
Evidence is not 
Evidence of 
Absence 
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The Problem of Induction

(Sometimes called Hume’s Problem)
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Classic Mistake of Induction

The Turkey Problem
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Another Classic Mistake: Google Flu Trends

Source: Butler 2013, Nature
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So……. how do we turn 
observations into 
rigorous science?

(Demarcation Problem)
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Hume’s Exception: The Missing Shade of Blue
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Popper’s Solution

Induction is a myth
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Popper’s Philosophy of Empirical Falsification

● Scientific theories should be falsifiable
● If all actual attempts to falsify the theory 

have failed so far, then we can consider 
the scientific theory highly corroborated

● Knowledge is created by conjecture and 
criticism. Scientific experiments are 
attempts at criticizing existing theories
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Empirical Falsification

● Claim: All swans are white.
○ Falsification: One black swan
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Empirical Falsification

● Conventional wisdom: facial expressions reveal emotions
● Falsification:  Body cues, not facial expressions, 

discriminate between images of intense negative and 
positive emotions (Aviezer et al 2012)
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“affective valence was higher for winners than losers when 
ratings were based on the face + body (P < 0.0001), or the 
body alone (P < 0.0001), but not when ratings were based 
on the face alone (P > 0.3)”

Aviezer et al 2012 Science
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Empirical Falsification

● Scientifically-corroborated statement:  Body cues, not facial 
expressions, discriminate between images of intense 
negative and positive emotions (Aviezer et al 2012)

● How would you design an experiment to falsify this 
science-backed statement?
○ Direct replication
○ Adapted replication



MAS.S73 Moving Beyond the Replication Crisis, Lecture 3 by Matt Groh, groh@mit.edu

Counterfactual Thinking

Control: Full image showing the face and body

Treatment 1: Cropped image showing only the face

Treatment 2: Cropped image showing only the body
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Lack of Counterfactual Thinking → Fooled by Randomness
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Lack of Counterfactual Thinking → Fooled by Randomness

Probability = (22*21)/222 = 0.01%

That’s 1/10,000
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If we had all 15 million high school students in the United 
States flip a fair coin 20 times, we would expect around ?? 
of them to get the exact same side all 20 times in a row. 
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If we had all 15 million high school students in the United 
States flip a fair coin 20 times, we would expect around 30 
of them to get the exact same side all 20 times in a row. 

If we asked these 30 students to flip a 21st time, there’s a 
one in billion chance that they will all get the same side 
again. And, there’s a 50% chance that at least 15 will get 
the same side again.
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Imagine you are in a research experiment and you flip a 
coin and get heads 20 times in a row.

What is the likelihood you’ll get heads on the 21st time?
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The Ludic Fallacy

 “the misuse of games to model real-life 
situations”

- Nassim Taleb (2007), The Black Swan
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The Milgram Experiment

Milgram (1963)
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The Milgram Experiment

This archival material indicates that in 18 of 23 
variations of the experiment, the mean levels of shock 
for those who fully believed that they were inflicting 
pain were lower than for subjects who did not fully 
believe they were inflicting pain. These data suggest 
that the perception of pain inflated subject defiance 
and that subject skepticism inflated their obedience.

Perry et al 2019, Social Psychology Quarterly
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Is this research ecologically valid?
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The Linda Problem Kahneman & Tversky (1981)

Linda is 31 years old, single, outspoken, and very bright. 
She majored in philosophy. As a student, she was deeply 
concerned with issues of discrimination and social justice, 
and also participated in anti-nuclear demonstrations.

Which is more probable?

(a) Linda is a bank teller.
(b) Linda is a bank teller and is active in the feminist 

movement.
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The Conjunction Fallacy

 A fallacy when specific conditions are 
assumed to be more probable than a 
more general condition
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The Linda Problem Revisited Hertwig & Gigerenzer (1999)

Linda is 31 years old, single, outspoken, and very bright. 
She majored in philosophy. As a student, she was deeply 
concerned with issues of discrimination and social justice, 
and also participated in anti-nuclear demonstrations.

Which is more probable?

(a) Linda is a bank teller.
(b) Linda is a bank teller and is active in the feminist 

movement.
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What’s at stake?
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Counterfactual Thinking 
in the Potential Outcomes Framework

(The Rubin-Neyman Causal Model)
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Source: http://runningres.com/lecture-notes
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Creating good counterfactuals 
and avoiding selection bias
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Source: http://runningres.com/lecture-notes



Source: http://runningres.com/lecture-notes
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Source: 
http://runningres.co
m/lecture-notes
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Source: 
http://runningres.co
m/lecture-notes
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Source: http://runningres.com/lecture-notes
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Source: http://runningres.com/lecture-notes
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Source: http://runningres.com/lecture-notes
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Source: http://runningres.com/lecture-notes
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Natural Experiments
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Natural experiment shows hungry judges give harsher sentences

Source: Danziger et al 2011
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Source: Danziger et al 2011

Fooled by non-randomness
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Non-Random Variation in Shift Preferences

Source: Chang and Obermeyer 2020
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Consider Complexity
Resist Reduction

Source: https://wonderfest.org/layers-of-scientific-understanding-poster/
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Recap
● Black swans and the problem of induction
● Karl Popper’s solution: empirical falsification
● Empirical falsification via counterfactual thinking
● Survivorship bias and probabilistic thinking
● Keeping ecological validity in mind
● Formalizing counterfactual thinking with the Potential Outcomes Framework
● Randomized experiments for causal inference
● Approximating randomized assignment with clever Nobel Prize-winning insights
● Considering complexity and resisting reduction


