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The replication crisis in the social & life sciences



Problems

§ Publication bias/file drawer problem

§ P-hacking/multiple comparisons/data 
dredging/data fishing

§ The garden of forking paths

§ Optional stopping (of data collection)

§ Post hoc storytelling (framing exploratory analysis 
as confirmatory analysis)

§ Perverse incentives and “publish or perish”

§ Fraud



Proposed solutions

§ Lower significance threshold

§ Require/encourage higher power studies

§ Require/encourage preregistration

§ Require/encourage sample-splitting

§ Publication of null results & data-sharing

§ Meta-analysis

§ Replication studies

§ Adversarial collaboration

§ Replace/augment statistical significance
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Aim of this talk

§ To share a dynamic—soundness-dependence—with 
implications for some of the proposed interventions: 
i.a., voluntary preregistration, sample splitting, 
increasing study power, and redefining statistical 
significance.

§ Emphatically not: to argue against any of these 
interventions.



Fact 1. Scientific studies vary in their methodological 
soundness. 



Fact 1. Scientific studies vary in their methodological 
soundness. 

Fact 2. Interventions in evidentiary standards and 
research practices can differentially affect 
studies as a function of their soundness. 



Claim. The conjunction of these facts has 

unrecognized implications for proposed 

interventions in the replication crisis. 



Intervention. Voluntary preregistration

Background problem 1. Publication bias

Background problem 2. Questionable research practices 
producing differentials in study soundness

Observation. Voluntary preregistration and study 
soundness can be positively correlated

EXAMPLE A



Preregistration

Specification of study 
design and analysis 
plan prior to 
conducting a study.



Publication bias

Results in a literature 
consisting largely in 
statistically significant 
(rather than null) 
results.



QRPs

QRPs produce  
methodological bias
such that more studies 
obtain positive results 
when the null 
hypothesis is true.



QRPs



The model

Consider a unit mass of independent studies.

A study consists of a hypothesis tests between a pair of 
null (H0) and alternative (HA) hypotheses.

Let              denote the fraction of null hypotheses 
that are true. 

� 2 (0, 1)
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Adaptation of a classic model of 
bias in science (Ioannidis, 2005; 
Maniadis, Tufano and List, 2014) 



False discovery

A false positive occurs when a study yields a 
significant outcome when the null hypothesis is true.

The false positive ratio is equal to the number of false 
positive outcomes over the number of all significant 
outcomes.

Pr(H0 | significant) = Pr(H0, significant)

Pr(significant)
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Methodological soundness

The population of studies exhibits some distribution of 
methodological soundness.

Assumption. Full support.

fS
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Methodological soundness

A perfectly-sound study attains significance when the 
null hypothesis is true with a frequency corresponding 
to the significance threshold.

z↵
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Methodological soundness

A less-than-perfectly-sound study will attain 
significance when the null hypothesis is true with a 
frequency greater than the significance threshold by 
some factor k > 1.

z↵
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Modeling preregistration

z↵
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When a study is preregistered we model this as having 
its unsoundness k decreased to k' nearer the optimal 
value such that k > k' ≥ 1.

k0↵
<latexit sha1_base64="7r1C3eJjFdWFvHIFHmzBWQkJmnA="></latexit><latexit sha1_base64="7r1C3eJjFdWFvHIFHmzBWQkJmnA="></latexit><latexit sha1_base64="7r1C3eJjFdWFvHIFHmzBWQkJmnA="></latexit><latexit sha1_base64="7r1C3eJjFdWFvHIFHmzBWQkJmnA="></latexit>

k↵
<latexit sha1_base64="CfyFse5ruh3iHGhuVc/D6sFaUjU="></latexit><latexit sha1_base64="CfyFse5ruh3iHGhuVc/D6sFaUjU="></latexit><latexit sha1_base64="CfyFse5ruh3iHGhuVc/D6sFaUjU="></latexit><latexit sha1_base64="CfyFse5ruh3iHGhuVc/D6sFaUjU="></latexit>{

↵
<latexit sha1_base64="xzoXBH6thDvS4SflP4gkRgtOteM="></latexit><latexit sha1_base64="xzoXBH6thDvS4SflP4gkRgtOteM="></latexit><latexit sha1_base64="xzoXBH6thDvS4SflP4gkRgtOteM="></latexit><latexit sha1_base64="xzoXBH6thDvS4SflP4gkRgtOteM="></latexit>{{



Study-level effects of preregistration

1. Preregistered studies produce fewer false positive 
outcomes.

2. Preregistered studies produce fewer positive 
outcomes as well.



A population-level problem

Voluntary preregistration can make it so:
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Assumption 1. Researchers who are, on average, more 
likely to preregister their studies are also 
more likely to already employ more-
sound methods.



A population-level problem

Voluntary preregistration can make it so:

Assumption 1. Researchers who are, on average, more 
likely to preregister their studies are also 
more likely to already employ more-
sound methods.

This will produce soundness-dependent filtration of 
studies that can diminish (or reverse) desired 
improvement.



Proposition 1. If preregistration and study soundness 
are sufficiently strongly correlated, then voluntary 
preregistration will increase the false discovery rate of a 
literature.



How this works

For simplicity, assume there are two types of studies:

Relatively sound studies with k = 2.

(So, at α = 0.05, kα = 0.1)

Unsound studies that always attain significance.



Stipulate that only sound studies are likely to be 
preregistered.

Preregistration of a study improves its soundness to 
the maximal value k' = 1.

Some reasonable further assumptions: studies are 
moderately powered with medium average effect sizes 
d = 0.5; and three-quarters of null hypotheses are true.
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Assumption 2. Researchers who are more confident in 
the truth of their studies are, on 
average, more likely to preregister their 
studies.

Assumption 3. Researchers’ confidence in the truth of 
their study hypotheses is, on average, 
positively correlated with the truth of 
their hypotheses.



Proposition 2. If preregistration and prior odds of study 
hypotheses are sufficiently strongly related, then 
voluntary preregistration will increase the false 
discovery rate of a literature.



How this works

For simplicity, assume there are two types of studies:

Plausible studies where, on average, 1/3 of the null 
hypotheses are true, and the studies are well-powered 
with medium average effect sizes d = 0.5.

Implausible studies where, on average, 2/3 of the null 
hypotheses are true, and the studies are modestly-
powered with small average effect sizes d = 0.2.



Stipulate that only plausible studies are likely to be 
preregistered.

Both types of studies are equally sound with k = 4, 
and preregistration of a study improves its soundness 
to the maximal value k' = 1.
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Analogous propositions on the overestimation of 
improvement and the possibility of backfire effects 
obtain for each:

§ voluntary sample-splitting, and

§ voluntary increase in study power.



Redefining
statistical
significance

Proposal to change the 
default p-value 
threshold for statistical 
significance from 0.05 
to 0.005.



Proposition 3. If the distribution of methodological 
soundness of studies exhibits full support, then there 
will be a critical value beyond which lowering the 
statistical significance threshold will increase in the 
false discovery rate of a literature.



How this works

For simplicity, assume there are two types of studies:

Sound studies with k = 1.

Unsound studies that always attain significance.

Further assumptions: studies are moderately powered 
with medium average effect sizes d = 0.5; and two-
thirds of null hypotheses are true.
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Discussion

§ Soundness-dependent filtration is always at play. 
E.g., when some researchers choose to employ 
higher power methods.

§ Soundness-dependent filtration has implications for 
the natural selection of bad science (Cf. Smaldino
2016; Grimes et al 2017).

§ A necessary condition for soundness-dependent 
filtration is publication bias. 

§ (Aside: subtle effects on sign & magnitude errors.)



Discussion

§ Consider soundness-dependent effects in choosing 
between interventions (and in choosing b/w 
voluntary & mandatory versions thereof).

§ Assess and report replication rates of studies in a 
literature by method (rather than in aggregate).

§ Adjust expectations for improvement from 
interventions that will likely produce soundness-
dependent filtration.



Moral

Interventions in evidentiary standards and research 
practices need not affect all studies equally. 

Indeed, whenever the effects of interventions are not 
entirely uncorrelated with study soundness, we should 
be alert to the interaction between the two.



Proposed solutions

§ Lower significance threshold

§ Require/encourage higher power studies

§ Require/encourage preregistration

§ Require/encourage sample-splitting

§ Publication of null results & data-sharing
§ Meta-analysis

§ Replication studies

§ Adversarial collaboration

§ Replace/augment statistical significance

Problems

§ Publication bias/file drawer problem

§ p-hacking/multiple comparisons/data 
dredging/data fishing

§ The garden of forking paths

§ Optional stopping (of data collection)

§ Post hoc storytelling (framing exploratory 
analysis as confirmatory analysis)

§ Perverse incentives and “publish or perish”

§ Fraud

Thank you.


