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About me

Primary research question: 

How do we best understand 

and improve science?

My research





How can we assess proposals for interventions 

in the norms of scientific practice? 



How can we assess proposals for interventions 
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How can we assess proposals for interventions 

in the norms of scientific practice? 

What is the difference between prediction and 

accommodation?

And why was it better to bet on the Higgs 

boson (pre test) than broccoli (post test)?



Proposals



Backdrop



Causal factors
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Variation in replication rates across the sciences

—Gordon et al, 2020, “Are replication rates the same across academic fields? 

Community forecasts from the DARPA SCORE program”



53.4% in 2009 

to 

55.8% in 2018

—Gordon et al, 2020, “Are replication rates the same across academic fields? 

Community forecasts from the DARPA SCORE program”

Very modest improvement in replicability



Aims of this talk

Meta level. Present a framework for modeling a range 

of interventions in the replication crisis.

Object level. To demonstrate the potential value of the 

framework by using it to elucidate the dynamics of a 

specific research practice: HARKing.



The filter model

A shareable piece of conceptual machinery



The filter model
Adaptation of a classic model of
bias in science (Ioannidis, 2005;
Maniadis, Tufano and List, 2014) 
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Maniadis, Tufano and List, 2014) 



<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ

Significant findings published

False discovery rate of published findings

(The rate of failed replications is an estimate of this quantity.)

significant & false

significant
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α(1− φ)

(1− β)φ+ α(1− φ)



Interventions

§ Preregister
§ Lower significance 

threshold
§ Increase study 

power



Interventions

§ Preregister
§ Lower significance 

threshold
§ Increase study 

power

§ Publish null results



Interventions

§ Improve theory

§ Preregister
§ Lower significance 

threshold
§ Increase study 

power

§ Publish null results
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α(1− φ)

Population of hypotheses

Assessment by tests

Publication

§ False discovery rate

§ False omission rate

§ Absolute discovery rate

§ Exaggeration ratio 

§ Informativeness

Further test
(e.g., confirmatory studies)

Canonization
(e.g., in textbooks)

Further Decisions

Filtration

Generation



[Model GUI: Interventions & measures 

model]

https://amohseni.shinyapps.io/Reporting-Protocols-and-the-Reliability-of-Science/
https://amohseni.shinyapps.io/Reporting-Protocols-and-the-Reliability-of-Science/


HARKing

HARKing is one the four horsemen of the replicability 

apocalypse [along with “publication bias, low statistical 

power, and p-hacking.”]

   —Dorothy Bishop, Nature, 2019, p. 435



HARKing

HARKing is the presentation of a hypothesis selected 

ex post to observing the data as if it were one selected 

ex ante to observing the data.

                 —Norbert Kerr, HARKing, 1998, p. 197



Contrast this with the picture of science in which a 

scientist makes a prediction and then gathers data to 

test the prediction.



Account 1. (Kerr, 1998) HARKing undermines 

frequentist guarantees of reliability of 

statistical tests.

 

Why does HARKing undermine findings?
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Account 1. (Kerr, 1998) HARKing undermines 

frequentist guarantees of reliability of 

statistical tests.

Account 2. (Mayo, 1996, 2018) HARKing violates the 

requirements of severe testing.

Account 3.  (Rubin, 2017) HARking misrepresents 

hypothesis formulated ex post as 

formulated ex ante. 

Why does HARKing undermine findings?



Claim 1.  None of these accounts is right.

Claim 2.  The right account is a Bayesian one.

Claim 3.  Misdiagnosis of HARKing can lead to 

misprescription in the context of the 

replication crisis.



§ Intentional deception. 

§ Disclosing less than complete information.

§ Failing to communicate an accurate model of science. 

§ And so on…

That is, accounts that don’t have to do with the 

reliability of scientific findings.

Objections to HARKing I’m NOT addressing



Rather, I’m interested in the following question:

How, precisely, does HARKing interact with the 

reliability of scientific findings?



Claim 1.  None of the standard accounts is right.



Structure of the argument



P1   Each account i claims that HARKing undermines 

the reliability of scientific findings because it 

exhibits a particular property !i. 

Structure of the argument



P1   Each account i claims that HARKing undermines 

the reliability of scientific findings because it 

exhibits a particular property !i. 

P2   HARKing can increase the reliability of findings 

while still satisfying property !i. 

Structure of the argument



P1   Each account i claims that HARKing undermines 

the reliability of scientific findings because it 

exhibits a particular property !i. 

P2   HARKing can increase the reliability of findings 

while still satisfying property !i. 

"    Hence, !
!
 cannot explain why HARKing 

undermines the reliability of scientific findings.

Structure of the argument



HARK! WHO GOES THERE?

THREE ACCOUNTS OF HARKING



Account 1. HARKing undermines frequentist 
guarantees of reliability of statistical tests.



The frequentist locates reliability in terms of 

guarantees of error-control in hypothetical, infinite 

repetitions of her tests. 

Account 1. HARKing undermines frequentist 
guarantees of reliability of statistical tests.



Example. Let # $%&'%(%)*'+, -!. / 0 / 123.

Assume, under the HARKing protocol, that there are 

42 independent candidate hypotheses, all false.

For such a HARKed test, we get # $%&'%(%)*'+, -!. /

56173"!/ 2164.

Account 1. HARKing undermines frequentist 
guarantees of reliability of statistical tests.



“P-values are meaningless when taken out of context of 

all the analyses performed to get them.” 

       —Bishop, (2017, p. 435)

Account 1. HARKing undermines frequentist 
guarantees of reliability of statistical tests.



“HARKing is problematic for scientific progress 

because it results in hypotheses that are always 

confirmed and never falsified by the results.”

       —Kerr, (1998, p. 2)

Account 2.  HARKing violates a the requirements of 
severe testing.



Under the severe testing account, a statistical test 

provides us with warrant for/corroboration of a 

hypothesis in so far as it submits it to a severe test, 

where a severe test is one such that “it would detect an 

error in the study hypothesis if one were present” 

(Mayo, 2016, p. 13). 

Account 2.  HARKing violates a the requirements of 
severe testing.



In so far as HARKing involves failing to report non-

significant results for a given hypotheses, it fails to 

provide a severe test of that hypothesis.

Account 2.  HARKing violates a the requirements of 
severe testing.



“…it is deceptive for researchers to using current 

results to construct post hoc hypotheses that are then 

reported as if they were a priori hypotheses and to 

misrepresent accommodation as prediction.”

       —Rubin, 2017, p. 11 

Account 3.  HARKing misrepresents hypothesis 
formulated ex post as formulated ex ante. 



This is typically framed as a sort of ethical objection.

We will see that this account is most nearly right; not 

on ethical grounds, but rather on epistemological ones.

Account 3.  HARKing misrepresents hypothesis 
formulated ex post as formulated ex ante. 



THE RELIABILITY OF SCIENTIFIC FINDINGS 



Any argument that a particular method (HARKing) 

undermines the reliability of scientific findings needs 

to define that notion.



Classically, we want to have our epistemic methods 

produce fewer false beliefs and more true ones. 

In the context of null hypothesis significance testing, 

we can ask that fewer of the results we declare 

significant be false, and fewer of the results we declare 

non-significant actually be true. 



These correspond to the requirement that our methods 

exhibit lower rates of false discovery and false omission 

respectively.



False discovery rate

A false positive occurs when a study yields a 

significant outcome when the null hypothesis is true.

The false discovery rate is equal to the expected 

number of false positive outcomes over the number of 

all significant outcomes.

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

Pr(significant)
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False omission rate

A false negative occurs when a study yields a non-

significant outcome when the null hypothesis is false.

The false omission rate is equal to the expected 

number of false negative outcomes over the number of 

all non-significant outcomes.

Pr(H1|not significant) =
Pr(H1, not significant)

Pr(not significant)
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Definition (Reliability). Let a population of studies be 

specified by the fixed false positive rate 0 8 295  and 

mean false negative rate : 8 295  of its tests, along 

with the fraction of true hypothesis ; 8 295  from 

which candidate hypothesis are selected for testing. 

 



Definition (Reliability). Let a population of studies be 

specified by the fixed false positive rate 0 8 295  and 

mean false negative rate : 8 295  of its tests, along 

with the fraction of true hypothesis ; 8 295  from 

which candidate hypothesis are selected for testing. 

 

We say that a given a protocol for reporting findings # 

is more reliable than another #< if, for any such 

population of studies, findings produced employing # 

produce a lower false discovery rate and false omission 

rate than those produced using #<.



What of classical error-control guarantees? 
(Type I and II errors)

Consider a domain of scientific study in which no true 

hypothesis are available—that is, where the null 

hypothesis is always true. 

Regardless of the Type I and II error rates of tests, all 

significant findings will be false discoveries. 



What of classical error-control guarantees? 
(Type I and II errors)

More generally, one and the same frequentist 

guarantee—Type I and II error rates—is compatible 

with any reliability of scientific findings since 

reliability is critically a function of the prevalence of 

true hypotheses put to test. 



What of data-dependent measures? 
(p-values and test severity)

The same shortcoming applies to such measures.

Insofar as a measure ignores the prevalence of true 

hypotheses submitted to testing, it will assign the same 

measure of reliability to a set of findings assured to be 

false as to a set of findings assured to be true. 



WHEN HARKING CANNOT BE BAD



Let researchers select their hypotheses from a 

single set at random.



This is equivalent to setting the prior odds of 

hypotheses being true to be equal.



Suppose a researcher observes some data and obtains 

the p-values for L independent and ex ante identical 

hypothesis tests. Consider the reporting protocols:



Suppose a researcher observes some data and obtains 

the p-values for L independent and ex ante identical 

hypothesis tests. Consider the reporting protocols:

1. Prediction, =#: Test single hypothesis.



1. Select a hypothesis H* 

ex ante to observing the 

data.

H
∗

<latexit sha1_base64="bRU4fh0vejHVF3DUDPjr6KJID34="></latexit>

Prediction

H1

…

H*

…

HL



y
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1. Select a hypothesis H* 

ex ante to observing the 

data.

H
∗
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Prediction

2. Observe the data

H1

…

H*

…

HL



y
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1. Select a hypothesis H* 

ex ante to observing the 

data.

3. Report H* if the 

data show that it is 

significant.

H
∗

<latexit sha1_base64="bRU4fh0vejHVF3DUDPjr6KJID34="></latexit>

Prediction

2. Observe the data

H1

…

H*

…

HL

Report H∗

if pH∗ < α
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Suppose a researcher observes some data and obtains 

the p-values for L independent and ex ante identical 

hypothesis tests. Consider the reporting protocols:

1. Prediction, #$: Test single hypothesis.

2. HARKing, =%: Randomly select from significant 

hypotheses.



1. Don’t commit to any 

hypothesis ex ante to 

observing the data.

HARKing

H1

…

…

…

HL



y
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1. Don’t commit to any 

hypothesis ex ante to 

observing the data.

HARKing

2. Observe the data
H1

…

…

…

HL



y
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1. Don’t commit to any 

hypothesis ex ante to 

observing the data.

3. Report an Hl, if one exists, 

such that the data show that 

it is significant.

HARKing

2. Observe the data
H1

…

…

…

HL

H1

…

Hl

…

HL

Hl

<latexit sha1_base64="agEjbsnC/LTlefzKilW2BUVJUZ8="></latexit>

s.t. pHl
< α
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Suppose a researcher observes some data and obtains 

the p-values for L independent and ex ante identical 

hypothesis tests. Consider the reporting protocols:

1. Prediction, #$: Test single hypothesis.

2. HARKing, #&: Randomly select from significant 

hypotheses.

3. Selective HARKing, ='%: Report hypothesis with 

the lowest p-value.



y
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1. Don’t commit to any 

hypothesis ex ante to 

observing the data.

3. Report an Hl, if one exists, 

such that the data show that 

it is significant and it has the 

lowest p-value.

Selective HARKing

2. Observe the data
H1

…

…

…

HL

H1

…

Hl

…

HL

Hl

<latexit sha1_base64="agEjbsnC/LTlefzKilW2BUVJUZ8="></latexit>

s.t. min{pHl
}L
l=1

< α
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Proposition 1. When the base rates of true hypotheses 

selected vis prediction and HARKing are equal,

1. Prediction yields the same false discovery rate as 

HARKing, both exceeding the false discovery rate 

of selective HARKing 

>?@ #$ / >?@A#&. B >?@A#(&.

2. The false discovery rate for selective HARKing is 

decreasing in the number of hypotheses.
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<latexit sha1_base64="but24Pue3BjxppFhAh5J46sTWhQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTUcugjWUEYwLJEfY2c8mSvb1ld08IIT/CxkIRW3+Pnf/GTXKFJj4YeLw3w8y8SAlurO9/e4WV1bX1jeJmaWt7Z3evvH/waNJMM2ywVKS6FVGDgktsWG4FtpRGmkQCm9Hwduo3n1AbnsoHO1IYJrQvecwZtU5qBmekowa8W674VX8GskyCnFQgR71b/ur0UpYlKC0T1Jh24Csbjqm2nAmclDqZQUXZkPax7aikCZpwPDt3Qk6c0iNxql1JS2bq74kxTYwZJZHrTKgdmEVvKv7ntTMbX4djLlVmUbL5ojgTxKZk+jvpcY3MipEjlGnubiVsQDVl1iVUciEEiy8vk8fzanBZDe4vKrWbPI4iHMExnEIAV1CDO6hDAxgM4Rle4c1T3ov37n3MWwtePnMIf+B9/gBF0o7h</latexit>

1− φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

<latexit sha1_base64="Pe0LfFuKzm46GSsXjCvIPHtFR6U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFaBeWRERdFt24rGAv0IYymU7aoZNJmJmIJfRV3LhQxK0v4s63cdJmoa0/DHz85xzOmd+POVPacb6twtr6xuZWcbu0s7u3f2AfltsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3Wb3zSKVikXjQ05h6IR4JFjCCtbEGdrnqnvUxj8e4llE8ZrWBXXHqzlxoFdwcKpCrObC/+sOIJCEVmnCsVM91Yu2lWGpGOJ2V+omiMSYTPKI9gwKHVHnp/PYZOjXOEAWRNE9oNHd/T6Q4VGoa+qYzxHqslmuZ+V+tl+jg2kuZiBNNBVksChKOdISyINCQSUo0nxrARDJzKyJjLDHRJq6SCcFd/vIqtM/r7mXdvb+oNG7yOIpwDCdQBReuoAF30IQWEHiCZ3iFN2tmvVjv1seitWDlM0fwR9bnD2w5ksI=</latexit>

(1− α)(1− φ)
<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ
<latexit sha1_base64="VaXKEWiYWSzJuPqEaiXTo5bYC1I=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DCI0JEiHrFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd2/qPt357XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/V55Bv</latexit>

βφ

<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

Possible hypotheses

Filtration by tests

Significant findings published

Prediction

Possible hypotheses

HARKing

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

φ
<latexit sha1_base64="but24Pue3BjxppFhAh5J46sTWhQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTUcugjWUEYwLJEfY2c8mSvb1ld08IIT/CxkIRW3+Pnf/GTXKFJj4YeLw3w8y8SAlurO9/e4WV1bX1jeJmaWt7Z3evvH/waNJMM2ywVKS6FVGDgktsWG4FtpRGmkQCm9Hwduo3n1AbnsoHO1IYJrQvecwZtU5qBmekowa8W674VX8GskyCnFQgR71b/ur0UpYlKC0T1Jh24Csbjqm2nAmclDqZQUXZkPax7aikCZpwPDt3Qk6c0iNxql1JS2bq74kxTYwZJZHrTKgdmEVvKv7ntTMbX4djLlVmUbL5ojgTxKZk+jvpcY3MipEjlGnubiVsQDVl1iVUciEEiy8vk8fzanBZDe4vKrWbPI4iHMExnEIAV1CDO6hDAxgM4Rle4c1T3ov37n3MWwtePnMIf+B9/gBF0o7h</latexit>

1− φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

<latexit sha1_base64="Pe0LfFuKzm46GSsXjCvIPHtFR6U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFaBeWRERdFt24rGAv0IYymU7aoZNJmJmIJfRV3LhQxK0v4s63cdJmoa0/DHz85xzOmd+POVPacb6twtr6xuZWcbu0s7u3f2AfltsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3Wb3zSKVikXjQ05h6IR4JFjCCtbEGdrnqnvUxj8e4llE8ZrWBXXHqzlxoFdwcKpCrObC/+sOIJCEVmnCsVM91Yu2lWGpGOJ2V+omiMSYTPKI9gwKHVHnp/PYZOjXOEAWRNE9oNHd/T6Q4VGoa+qYzxHqslmuZ+V+tl+jg2kuZiBNNBVksChKOdISyINCQSUo0nxrARDJzKyJjLDHRJq6SCcFd/vIqtM/r7mXdvb+oNG7yOIpwDCdQBReuoAF30IQWEHiCZ3iFN2tmvVjv1seitWDlM0fwR9bnD2w5ksI=</latexit>

(1− α)(1− φ)
<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ
<latexit sha1_base64="VaXKEWiYWSzJuPqEaiXTo5bYC1I=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DCI0JEiHrFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd2/qPt357XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/V55Bv</latexit>

βφ

<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

Filtration by tests

Significant findings published

Sample 1 at 
this step here

Sample 1 at 
this step



<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

φ
<latexit sha1_base64="but24Pue3BjxppFhAh5J46sTWhQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTUcugjWUEYwLJEfY2c8mSvb1ld08IIT/CxkIRW3+Pnf/GTXKFJj4YeLw3w8y8SAlurO9/e4WV1bX1jeJmaWt7Z3evvH/waNJMM2ywVKS6FVGDgktsWG4FtpRGmkQCm9Hwduo3n1AbnsoHO1IYJrQvecwZtU5qBmekowa8W674VX8GskyCnFQgR71b/ur0UpYlKC0T1Jh24Csbjqm2nAmclDqZQUXZkPax7aikCZpwPDt3Qk6c0iNxql1JS2bq74kxTYwZJZHrTKgdmEVvKv7ntTMbX4djLlVmUbL5ojgTxKZk+jvpcY3MipEjlGnubiVsQDVl1iVUciEEiy8vk8fzanBZDe4vKrWbPI4iHMExnEIAV1CDO6hDAxgM4Rle4c1T3ov37n3MWwtePnMIf+B9/gBF0o7h</latexit>

1− φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

<latexit sha1_base64="Pe0LfFuKzm46GSsXjCvIPHtFR6U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFaBeWRERdFt24rGAv0IYymU7aoZNJmJmIJfRV3LhQxK0v4s63cdJmoa0/DHz85xzOmd+POVPacb6twtr6xuZWcbu0s7u3f2AfltsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3Wb3zSKVikXjQ05h6IR4JFjCCtbEGdrnqnvUxj8e4llE8ZrWBXXHqzlxoFdwcKpCrObC/+sOIJCEVmnCsVM91Yu2lWGpGOJ2V+omiMSYTPKI9gwKHVHnp/PYZOjXOEAWRNE9oNHd/T6Q4VGoa+qYzxHqslmuZ+V+tl+jg2kuZiBNNBVksChKOdISyINCQSUo0nxrARDJzKyJjLDHRJq6SCcFd/vIqtM/r7mXdvb+oNG7yOIpwDCdQBReuoAF30IQWEHiCZ3iFN2tmvVjv1seitWDlM0fwR9bnD2w5ksI=</latexit>

(1− α)(1− φ)
<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ
<latexit sha1_base64="VaXKEWiYWSzJuPqEaiXTo5bYC1I=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DCI0JEiHrFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd2/qPt357XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/V55Bv</latexit>
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The fraction of true and false hypotheses must be the same.



Proposition 2. When the base rates of true hypotheses 

selected vis prediction and HARKing are equal, 

Prediction yields the same false omission rate as 

HARKing

>C@ #$ / >C@ #& .
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Notice that HARKing satisfies each:

D)E Undermines frequentist guarantees of error control,

D*E Violates requirement of providing a ‘severe test’,

D+E Misrepresents when hypothesis was formulated,

while being at least as reliable as prediction. 



Notice that HARKing satisfies each:

D)E Undermines frequentist guarantees of error control,

D*E Violates requirement of providing a ‘severe test’,

D+E Misrepresents when hypothesis was formulated,

while being at least as reliable as prediction. 

Hence none of D), D*, and D+ explain why HARKing 

undermines the reliability of scientific findings.



WHEN HARKING MUST BE BAD



When is HARKing bad for the reliability of scientific 

findings? 

Under the conditions we described—equal prior odds of 

hypotheses selected via prediction and HARKing—

selecting hypotheses ex post to observing the data 

cannot undermine the reliability of one’s findings.



Thus, for HARKing to be bad in the course of normal 

scientific practice, one of the assumptions of our model 

must not obtain. 



The natural candidate is that scientists do not in fact 

choose their hypotheses at random. 



The hypotheses the researcher chooses prior to 

observing the data may be informed by theory, 

previous findings in the literature, and common sense. 



When a researcher is suitably informed, a hypothesis 

she selects is more likely to be true than a hypothesis 

selected at random from the set of hypotheses that are 

merely logically consistent with her data. 



In such a case, we can expect the researcher to do 

better than chance prior to observing the data. 



In contrast, when a researcher is engaged in HARKing, 

however, she is no longer filtering the set of possible 

hypotheses via her domain knowledge. Rather, the full 

set of hypotheses consistent with her data are 

submitted to the filter of statistical significance. 



Formally, this corresponds to a model in which the 

researcher chooses from two sets of hypotheses with 

different fractions of true and false hypotheses. 



When she chooses ex ante to observing her data, via 

prediction, she tests a subset of hypothesis with some 

prevalence of true hypotheses; and when she chooses 

ex post to observing her data, via HARKing, she 

chooses from a superset with a different prevalence of 

true hypotheses. 
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(1− β)φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

Possible hypotheses

Filtration by tests

Significant findings published

Prediction

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

<latexit sha1_base64="Pe0LfFuKzm46GSsXjCvIPHtFR6U=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFaBeWRERdFt24rGAv0IYymU7aoZNJmJmIJfRV3LhQxK0v4s63cdJmoa0/DHz85xzOmd+POVPacb6twtr6xuZWcbu0s7u3f2AfltsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Se3Wb3zSKVikXjQ05h6IR4JFjCCtbEGdrnqnvUxj8e4llE8ZrWBXXHqzlxoFdwcKpCrObC/+sOIJCEVmnCsVM91Yu2lWGpGOJ2V+omiMSYTPKI9gwKHVHnp/PYZOjXOEAWRNE9oNHd/T6Q4VGoa+qYzxHqslmuZ+V+tl+jg2kuZiBNNBVksChKOdISyINCQSUo0nxrARDJzKyJjLDHRJq6SCcFd/vIqtM/r7mXdvb+oNG7yOIpwDCdQBReuoAF30IQWEHiCZ3iFN2tmvVjv1seitWDlM0fwR9bnD2w5ksI=</latexit>

(1− α)(1− φ)
<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ
<latexit sha1_base64="VaXKEWiYWSzJuPqEaiXTo5bYC1I=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DCI0JEiHrFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd2/qPt357XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/V55Bv</latexit>

βφ

<latexit sha1_base64="IOiKzWGdkWgLcJc6xVjAQL/0vOs=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBHqwZKIqMeiF48V7Ac0oWy2m3bpZhN3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFco+N8Wyura+sbm4Wt4vbO7t5+6eCwqeNUUdagsYhVOyCaCS5ZAzkK1k4UI1EgWCsY3k391ogpzWP5iOOE+RHpSx5yStBIfsU99wKG5MxLBrxbKjtVZwZ7mbg5KUOOerf05fVimkZMIhVE647rJOhnRCGngk2KXqpZQuiQ9FnHUEkipv1sdvTEPjVKzw5jZUqiPVN/T2Qk0nocBaYzIjjQi95U/M/rpBje+BmXSYpM0vmiMBU2xvY0AbvHFaMoxoYQqri51aYDoghFk1PRhOAuvrxMmhdV96rqPlyWa7d5HAU4hhOogAvXUIN7qEMDKDzBM7zCmzWyXqx362PeumLlM0fwB9bnD3t2kUY=</latexit>

(1− β)φ

<latexit sha1_base64="yy+la92pMEFmBnzRymDcA7Pp2NI=">AAAB9XicbVBNSwMxEM36WetX1aOXYBHqwbIroh6LXjxWsB/QXctsmm1Ds9mQZJWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+UyepIrRBEp6odgiaciZowzDDaVsqCnHIaSsc3kz81iNVmiXi3owkDWLoCxYxAsZKDz5wOYCKd+rLATvplspu1Z0CLxIvJ2WUo94tffm9hKQxFYZw0LrjudIEGSjDCKfjop9qKoEMoU87lgqIqQ6y6dVjfGyVHo4SZUsYPFV/T2QQaz2KQ9sZgxnoeW8i/ud1UhNdBRkTMjVUkNmiKOXYJHgSAe4xRYnhI0uAKGZvxWQACoixQRVtCN78y4ukeVb1Lqre3Xm5dp3HUUCH6AhVkIcuUQ3dojpqIIIUekav6M15cl6cd+dj1rrk5DMH6A+czx9KxJG6</latexit>

α(1− φ)

Possible hypotheses

HARKing

Filtration by tests

Significant findings published

Selection by researcher for testing

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

φ
<latexit sha1_base64="but24Pue3BjxppFhAh5J46sTWhQ=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgY7gTUcugjWUEYwLJEfY2c8mSvb1ld08IIT/CxkIRW3+Pnf/GTXKFJj4YeLw3w8y8SAlurO9/e4WV1bX1jeJmaWt7Z3evvH/waNJMM2ywVKS6FVGDgktsWG4FtpRGmkQCm9Hwduo3n1AbnsoHO1IYJrQvecwZtU5qBmekowa8W674VX8GskyCnFQgR71b/ur0UpYlKC0T1Jh24Csbjqm2nAmclDqZQUXZkPax7aikCZpwPDt3Qk6c0iNxql1JS2bq74kxTYwZJZHrTKgdmEVvKv7ntTMbX4djLlVmUbL5ojgTxKZk+jvpcY3MipEjlGnubiVsQDVl1iVUciEEiy8vk8fzanBZDe4vKrWbPI4iHMExnEIAV1CDO6hDAxgM4Rle4c1T3ov37n3MWwtePnMIf+B9/gBF0o7h</latexit>

1− φ
Sample 1 at 
this step here

Sample 1 at 
this step here

{
With the addition of research judgement in hypothesis selection, 

prediction exhibits a smaller fraction of false discoveries.



Proposition 3. Let hypotheses selected via prediction 

and HARKing exhibit base rates ;$ and ; of true 

hypotheses, respectively. Then prediction is more 

reliable than HARKing with respect to false discovery, 

>?@ #$ F >?@A#&., just in case ;$ G ;. 



This also provides an epistemic explication of the 

misrepresentation objection to HARKing.

If we expect the researcher to have substantial domain 

knowledge, we expect the hypotheses she selects ex 

ante to be more likely to be true. 

If we are misled on this count, and the hypothesis 

reported does not boast such support, we will 

(intuitively) assign too great a credence to her 

findings. 



WHEN (NOT) TO HARK?



This also tells us when HARKing will produce to more 

reliable findings than prediction. 

Consider an unlucky world in which the scientist’s 

judgment is anti-correlated with the truth. 

In this world, it is better to HARK than to predict. 



However, even if the researcher’s judgment is not 

much better than chance, it is important to notice that 

prediction is much less efficient at producing 

discoveries—which may be the priority in exploratory 

analyses.

We should limited researcher judgment when the set of 

relevant hypotheses is very large, highly complicated, 

or where researchers are known to be biased. 



(Camerer et al, 2018)



Moral 1

When researcher judgment on a problem is well-

informed, HARKing will tend to lower the reliability of 

scientific findings.

However, when researcher judgment is limited 

HARKing can actually outperform prediction. 



Moral 2

Current accounts of HARKing that stem from a 

frequentist philosophy of statistics fail to explain the 

actual logic of its interaction with the reliability of 

scientific findings; and a Bayesian analysis of the 

problem makes this all clear. 



Thank you. Looking forward to discussion.

All code and data for this project is 

available at: https://osf.io/7h89w/

https://osf.io/7h89w/

