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e How “researcher degrees of freedom” and low
statistical power have lead to a replication
crisis and how we should design studies and
do pre-analysis plans to solve this problem

 Not only an experimental problem
 Not only a social science problem



False results

EARLY REPORT

lleal-lymphoid-nodular hyperplasia, non-specific colitis, and
pervasive developmental disorder in children
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Summary

Background We Investigsted 3 consacutive serles of
chligren with  chronlc  enterocolitls  and  regressive
developmental disarder.

Metnods 12 children (mean age 6 years [range 3-10]. 11
boys) were referred to a paedistric gastroenterciogy unit
with @ history of normal development followed by loss of
acquired skills, Including language, together with diarmoea
and  abdominal  pain.  Children  underwent
gastroenterological, neuroiogical, and  developmental
assessment and review of developmental records.
Beccolonoscopy and biopsy sampling, magnetic-resonance
Imaging (MRI), electroencepnalography (EEG), and lumbar
puncture were oone under sedation. Barum follow-through
rafiography was done where possible. Blochemical,
hasmatological, and  Immunological  profles  were
examined.

Findings Onset of behavioural Symptoms was assoc
by tne parents, with messles, mumps, and
vaccination In elgnt of the 12 cniidren, with mea
Infection In one child, and otitls media In 3
chiidien  had Intestinsl  abnormalities
Iymphoid  nodular Myperpiasia to
Histology showed patchy chronic I
In 11 children and reactive I
seven, but no granulomas. By

focal neurslogical
were normal. Abn

and EEG tests
signincantly

ssoclated gastrointestinal
regression In 3 group of
= , which was generally assoclated
§ possible environmental triggers.

Introduction

They all had gastrointestinal
sbdominal pain, diarrhoes, and

«cases, food intolerance. We i
and gastrointestnal featu;

including detsils of immunisations and
diseases, and amemed the children. In 11
s ohtained by the senior clinician (TW-S).
prychiatric smemmenis were dane
(PH, MB) with HMS-4 criteris.' Developmental
inclisded & review of prospective developmental reconds
health visiters, and general practitioners. Fous
children did ot undergn psychiatric assessment in hospital; all
had been amemed profmsionally clsewhere, 3o these misssments
were used as the basis for theis behavioural dingaoss

Afier bawel preparution, ileccolonoscopy was performed by
SHM or MAT under sedaticn with midezolam and pethidine.
Paired frozen and formalin-fived mucosal biopsy samples were
taken from the terminal ilewm: sscending,  trnsvene,
descending, mnd sigmaid colons, and fom the rectum. The
procedure was recorded by video or sl images, mnd were
compared with images of the previous seven comsecutive
pacdinizic calonoacopies (four mormal colenoscopics and thiee
on children with ulcerstive colitis), in which the physcan
reported normal sppesrances in the terminal deum Barium
follow-through radiogruphy was possible in some cases

Also under sedation, cercbral magnetic-resanance imaging
(MRI), electroencephalogrphy (EEG) including vinal, brain
stem muditary, and sensory evaked potentish (where complisnce
made these passible), and umbar puncture were dore.

Lahoratary investigations
Thymid functon, serum loagchan fimy  acids, wnd
cerebrospinal-fusid lactate were messured o exclisde known
caums of childaood neurdegenerasive  discmse. Urinary

Inflammatory Bowel Disease Study Growp. University Departments.
of Medicine and Histopathalogy (A | Wohficld rmcs, A Anthony we,
J Linned 7o, A F Dhillon uacrs, 5 E Davies wacres) and the
University Departments of Pasdiotric Gastroenteroogy

15 H Murch un, D M Cassan wnce, M Mali wrce,
M & Thomnson rece, | & Wailier-Smith rece.], Child and Adelescent
Pychiatry (M Berelowitz racrmchl. Newrology (P Harvey race), and
Fladiology (A Valentine recs], Aoyal Free Bospital and School of
Miedicine, London NW3 206, UK

Comespondence to: Or & | Wakcficld

acid was messured in random urine samples from
sight af the 12 children and 14 age-maiched and sexmaiched
normal conirols, by » modifcation of & tecmique described
previowsly’  Chromstognms were  scanped  diginlly  on
computer, ta snalyss the methylmalonic acid zanes from cases
and controls. Urinary methylmalonic-acid concenmations in
patients and contmls were compared by o twosample § test
Urinary creasinine was sstimated by rouiine mectmphotometnic
sy

B o e antiendomyses] ansibodies and
boys were screcned for fragie-X if dhis bad pot been done
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Coping with Chaos: How Disordered Contexts Promote 5tereotyping
and Discrimination
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How many published claims are false?

e False positive results

* False negative results

Most null results are never written up
The fate of 221 social science experiments

1000 e R+ e

Strong results  Mixed results Null results
(42% of total) (36% of total) (22% of total)

B Unwritten B Unpublished Paper in Paper in
but written non-top journal  top journal

Source: A. Franco et al., Science (28 August)

loannidis 2005 PLoS Medicine: Why Most Published Research Findings Are False



“Researcher degrees of freedom”

Histogram of p-values
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Table |. Likelihood of Obtaining a False-Positive Result

Significance level

Researcher degrees of freedom p=<.l p<.05 p=<.0l

Situation A: two dependent variables (r = .50) 17.8% 9.5% 2.2%

Situation B: addition of |0 more observations 14.5% 1.7% l.6%
per cell

Situation C: controlling for gender or interaction 21.6% | 1.7% 2.7%
of gender with treatment

Situation D: dropping (or not dropping) one of 23.2% | 2.6% 2.8%
three conditions

Combine Situations A and B 26.0% | 4.4% 3.3%

Combine Situations A, B, and C 50.9% 30.9% 8.4%

Combine Situations A, B, C,and D 81.5% 60.7% 21.5%

Mote: The table reports the percentage of | 5,000 simulated samples in which at least one of a
set of analyses was significant. Observations were drawn independently from a normal distribu-
tion. Baseline is a two-condition design with 20 observations per cell. Results for Situation A were
obtained by conducting three t tests, one on each of two dependent variables and a third on the
average of these two variables. Results for Situation B were obtained by conducting one t test after
collecting 20 observations per cell and another after collecting an additional 10 observations per
cell. Results for Situation C were obmined by conducting a t test. an analysis of covariance with a
gender main effect, and an analysis of covariance with a gender interaction (each observation was
assigned a 50% probability of being female). VWe report a significant effect if the effect of condition
was significant in any of these analyses or if the Gender x Condition interaction was significant
Results for Situation D were obtained by conducting t tests for each of the three possible pairings
of conditions and an ordinary least squares regression for the linear trend of all three conditions
(coding: low = -1, medium = 0, high = 1).

Simmons, JP, LD Nelson, U Simonsohn, 2011, False-Positive Psychology: Undisclosed Flexibility in Data Collection and
Analysis Allows Presenting Anything as Significant. Psychological Science 22(11): 1359-1366.



Forking

Multiple testing problem where the universe
of tests is not clear

The data decide the analysis
Beware subgroup analyses etc

P-values are meaningless



Which results can we trust?

e Depends on
— P-values and power
— Publication bias
— Researcher degrees of freedom

— Priors
e Probability of a hypothesis to be true (“prior”)

e Typically subjective and unaccessible



How big is the problem?

(In some of the quantitative empirical
social sciences)
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A far from dismal outcome

Social Sciences Replication
Project

Microeconomists’ claims to be doing real science turn out to be true
——

Open Science Collaboration (2015). “Estimating the Reproducibility of Psychological Science.” Science.
Camerer et al. (2016) “Evaluating replicability of laboratory experiments in economics.” Science.

Camerer et al. (2018) “Evaluating the replicability of social science experiments in Nature and Science between 2010 and
2015.” Nature Human Behaviour.
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Fig. L Density plots of original and replication P values and effect sizes. (A) F values. (B) Effect sizes (correlation coefficients). Lowest guantiles for
P values are not visible because they are clustered near zero.

35/97 positive results replicate
Relative effect size about 50%

Open Science Collaboration (2015). “Estimating the Reproducibility of Psychological Science.”
Science, 349(6251).



Abelar et al., AER 2011 (32)
Ambrus and Greiner, AER 2012 (33)

Bartling et al., AER 2012 (34) -

Charness and Dufwenberg, AER 2011 (35)
Chen and Chen, AER 2011 (36)

de Clippel et al., AER 2014 (37)

Dufty and Puzzello, AER 2014 (38)
Dulleck et al., AER 2011 (39)

Ericson and Fuster, QJE 2011 (40)
Fehret al., AER 2013 (41)

Friedman and Oprea, AER 2012 (42)
Fudenberg et al., AER 2012 (43)
Huck et al., AER 2011 (44)

lficher and Zarghamee, AER 2011 (45)
Kessler and Roth, AER 2012 (48)
Kirchler et al, AER 2012 (47)

Kogan et al., AER 2011 (48) -

Kuziemko et al., QJE 2014 (49)

0= no effect

11/18 results replicate
Relative effect size about 60%

« Estimate
—— 95% CI

1=same effect

as in original study
Camerer et al. 2016 Science



a. Stage 1 results b. Stage 2 results

Ackerman et al. (2010)36, Science |—e— H—o— |
Aviezer et al. (2012)”, Science | o | o
Balafoutas and Sutter (2012), Science | —— |—&—i
Derex et al. (2013)*, Nature R T | —o—H
Duncan et al. (2012)", Science —o—— | | o |
Gervais and Norenzayan (2012)4; Science — 7—1 ] — 1—| |
Gneezy et al. (2014)“, Science | |
Hauser et al. {2014)43, Nature | |
Janssen et al. (2010)", Science | —— ll—O—i
Karpicke and Blunt (2011 )45, Science )—0—‘ }—0—‘
Kidd and Castano (2013)", Science — — ]—l
Kovacs et al. (2010)", Science | Lo | Lo
Lee and Schwartz (2010)*, Science o+ ] ol I
Morewedge et al. (2010)", Science I e | I
Nishi et al. (2015)”, Nature | —o— | —o—
Pyc and Rawson (2010)’?, Science H—&— | | —o— |
Ramirez and Beilock (2011)”, Science —"— | o1 |
Rand et al. (2012)53, Nature ——— ] H-&o— |
Shah et al. (2012)™, Science —&— ] —o— |
Sparrow et al. (2011)”, Science }—ﬁ — | —o— |
Wilson et al. (2014)%, Science 1 o | &
| | | | | I | | | 1 | | | |
Q S Q N Q D ) ) Q Q N N\ N Q
Relative standardized effect size Relative standardized effect size

13/21 results replicate in Stage 2

- 95% confidence interval
@ Point estimate larger than zero (p < 0.05)
Point estimate not different from zero (p > 0.05)

Mean relative effect size: 50%. For 13 studies that replicated: 74%, for the rest, 0%
Camerer et al. 2018 Nature Human Behaviour



“Could gambling save science?”

Barack Obama

Last Price: 91.5 A3.0

You can buy
this at 91.7 | Buy |
You can sell
this at 91.5 | sen |

200% U5 Election - 2008 Presidential Election

John McCain

Last Price: 9.2 ¥3.0

You can buy
this at 9.6

il at 02" E

this at 9.2

November 3, 2008

Hanson 1995 Social Epistemology



Our prediction markets on replications

e 10 days — 2 weeks

e USD 50-100

e 50-100 participants
e Central hypothesis
* Binary outcomes

e Price: predicted probability of the outcome
occuring

e Participants get replication reports
e Also survey questions



$ . The power of prediction markets
$ Mk oo
- |
o & ilentic i
& & $, ;ilil;e Bettors Can Sniff Out Weak Psychology Studies H-E
EB $ 3 Psychologists' betting market hints at most reliable research findings
i =
&
# & '
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Y b
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e - &‘
i
% j$$ Replication:
& Did not replicate
& ¥ # Replicated
o3
b
w Beliefs:
= 4 & ®  Market beliefs
& ’ & Survey beliefs
& &
. Pooling 4 prediction market
§ich .
$o studies: 73% (76/104) correct
prediction rate
Pooling 4 surveys: 66% (68/103)
correct prediction rate
. . . Work in progress
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Prediction market and survey beliefs



Prediction markets results Nature and
Science

Nat o
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Probability

Probability of hypothesis being true at
3 stages of testing for RPP
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Initial priors are low (median
8.8%)

Positive result in initial
publication moves prior to
intermediate level (median 56%)

If successful replication,
probability moves up (median
98%)

If failed replication, probabiliby
close to initial prior (median
6.3%)

Whiskers: range
Boxes: 15t to 3" quartiles
Thick lines: medians



What have we learned?

Common false interpretation of p<0.05: 95%
probability of hypothesis being true

For this to be the case, a p<0.05 finding needs to
supported in a high-powered replication

Meta-analyses will also have inflated effect sizes —
we need replications

Are the incentives for replications appropriate?

There is something systematic about results that
fail to replicate — and experts “know” this

— So why are so many false results published?

See, e.g., 2019 book chapter by Camerer, Dreber and Johannesson for more



Other thoughts

* Problems probably worse for non-
experimental work

 Higher power and team science
— Munafo et al. 2017 Nature Human Behaviour

e p<0.005



z-statistic ' z-slatistic

(a) Eye-catchers. (b) No eye-catchers.

z-statistie ' z-statistic

(c) Model. (d) No model.

z-statistie ' z-statistic

(e) Lab. experiments or RCT data. (f) Other data.

Sources: AER, JPE, and QJE (2005-2011). Distributions are unweighted and plotted using de-rounded
statistics. Lines correspond to kernel density estimates.

Brodeur et al 2016



0<0.005
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Fig. 2 | Relationship between the P value threshold, power, and the false positive rate.

Calculated according to equation (2}, with prior odds defined 351% =%. For more details, see
T

the Supplementary Information. L

Benjamin et al. 2018 “Redefine Statistical Significance” Nature Human Behavior



Thanks!
anna.dreber@hhs.se
www.replicationmarkets.com
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