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Can we use Bayesian methods to resolve the
current crisis of statistically-significant research

findings that don’t hold up?

Andrew Gelman

Department of Statistics and Department of Political Science
Columbia University, New York

University of Amsterdam, 30 Oct 2013
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The crisis of non-reproducible research

I 10 stories
I 10 principles
I 3 steps toward a solution
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Story 1: The political attitudes of men with fat arms
(Problems of measurement)
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Story 2: ESP
(Interactions)
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Story 3: Effects of redistricting
(Interactions)

Estimated partisan bias in previous election
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Story 4: Beauty and sex ratio
(Implausibly large claims)
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Story 5: Ovulation and the color of clothing
(Researcher degrees of freedom)
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Story 6: Ovulation and voting
(Implausibly large claims)
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Story 7: Monkeying around
(Problems of measurement)

Andrew Gelman Can Bayes resolve the research crisis?



10/2

Story 8: Sexy research
(Fraud)

Andrew Gelman Can Bayes resolve the research crisis?



11/2

Story 9: “No irrefutable proof”
(Data processing errors)
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Story 10: Early childhood intervention
(Small sample size)

Charles Murray: “To me, the experience of early childhood
intervention programs follows the familiar, discouraging pattern
. . . small-scale experimental efforts [N = 123 and N = 111] staffed
by highly motivated people show effects. When they are subject to
well-designed large-scale replications, those promising signs
attenuate and often evaporate altogether.”

James Heckman: “The effects reported for the programs I discuss
survive batteries of rigorous testing procedures. They are conducted
by independent analysts who did not perform or design the original
experiments. The fact that samples are small works against finding
any effects for the programs, much less the statistically significant
and substantial effects that have been found.
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Bonus story: This week in Psychological Science
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This week in Psychological Science

I “Turning Body and Self Inside Out: Visualized Heartbeats
Alter Bodily Self-Consciousness and Tactile Perception”

I “Aging 5 Years in 5 Minutes: The Effect of Taking a Memory
Test on Older Adults’ Subjective Age”

I “The Double-Edged Sword of Grandiose Narcissism:
Implications for Successful and Unsuccessful Leadership
Among U.S. Presidents”

I “On the Nature and Nurture of Intelligence and Specific
Cognitive Abilities: The More Heritable, the More Culture
Dependent”

I “Beauty at the Ballot Box: Disease Threats Predict
Preferences for Physically Attractive Leaders”

I “Shaping Attention With Reward: Effects of Reward on Space-
and Object-Based Selection”

I “It Pays to Be Herr Kaiser: Germans With Noble-Sounding
Surnames More Often Work as Managers Than as Employees”
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This week in Psychological Science

I N = 17
I N = 57
I N = 42
I N = 7,582
I N = 123+ 156+ 66
I N = 47
I N = 222,924
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Principle 1: The difference between “significant” and “not
significant” is not itself statistically significant

I Experiment 1: 25± 10: significant!
I Experiment 2: 10± 10: noise!
I Difference: 15± 14.1: . . .
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Principle 2: Flat priors give inference we can’t believe

I Experiment 2: 10± 10: noise!
I But, using flat prior, Pr (true effect > 0) = 0.84!
I Epidemiology studies with 95% conf interval [1.1, 8.5]
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Principle 3: Research hypotheses and statistical “hypotheses”

In one case, you want to confirm; in the other, you want to reject.
I ESP example
I Fat arms example
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Principle 4: The statistical significance filter

Statistically significant results are overestimates.
I Beauty and sex ratio example
I Early childhood intervention example
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Principle 5: Researcher degrees of freedom

It’s not just about the file drawer.
I Fat arms example
I Redistricting example
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Principle 6: The garden of forking paths

Researcher degrees of freedom can be a problem even when there is
no “fishing expedition” or “p-hacking” and the research hypothesis
was posited ahead of time.

I ESP example
I Ovulation examples
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Principle 7: The “That which does not destroy my statistical
significance makes it stronger” fallacy

A deterministic intuition that fails when variation is large.
I Ovulation and clothing example
I Early childhood intervention example
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Principle 8: The quest for certainty

What do usual research practice, fringe science, unethical
scholarship, and fraud have in common?

I Psychological desire for certainty
I Incentives for appearing certain
I The never-back-down attitude

I Psychological Science examples
I ESP example
I “No irrefutable proof” example
I Hauser and Stapel examples
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Principle 9: Type S and Type M errors

I I’ve never made a type 1 error in my life
I I’ve never made a type 2 error in my life
I I make Type S (sign) errors
I I make Type M (magnitude) errors
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Principle 10: Variation and interactions

Interactions are substantively important and surely exist but are
difficult to estimate with precision.

I Monkey example
I Psychological Science examples
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Solution 0: Open science

I Public data (including measurement protocols, survey forms,
information about data processing and analysis)

I Publish successful and unsuccessful studies
I Prominent publication of retractions, criticisms, and

replications
I Replication with preregistered protocols in psychology, political

science, etc.
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Solution 1: Design calculations

I Generalizing the concept of “power analysis”
I Estimate: beautiful parents are 4.7 percentage points more

likely to have girls (with standard error of 4.3):
I Suppose the true effect was 0.3%
I Retrospective design calculation:

I 3% probability of a statistically-significant positive result
I 2% probability of a statistically-significant negative result
I Type S error rate is 40%
I Type M inflation factor is at least 1.96∗4.3%

0.3% = 28
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Solution 2: Informative priors

I Can implement using Bayes or design calculation
I Sex ratio example: effect in the range (−0.3%,+0.3%)

I Ovulation and voting example: effect in the range (−2%, 2%)
I Three sorts of prior belief:

I Effect is near 0 (most things don’t work, attenuation due to
measurement error, etc.)

I Effect is positive (researcher’s belief)
I Effect is negative (bias toward pessimism)
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Solution 3: Hierarchical models for interactions
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Data don’t always “speak for themselves”
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