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False results
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pervasive developmental disorder in children

A JWakefield, S H Murch, A Anthony, J Linneli, DM Casson, M Malik, M Berelowitz, A P Dhillon, M A Thomson,
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Summary

we a serles of
chiigren  with chronic  enterocolitls and  regressive
developmental disorder.

Methods 12 children {mean age & years [range 3-10]. 11
boys) were referred to a paediatric gastroenteroiogy unit
With 3 history of normal development followed by loss of
acquired sklls, Including language, together with diarthoea
and  abdominal  paln.  Chiidren  underwent
al, ., and
assessment and review Of developmental records.
Neocolonoscopy and biopsy sampling, magnatic-resonance
Imaging (MR}, electroencephalography (EEG), and lumbar
puncture were done UNder sedation. Banum follow-through
radiography was done whers possible. Blochemical,
haematological, and Immunological  proflies  were
examined.

Findings Onset of behavioural SyMPLOMs Was 3ssoC
by the parents, with measles, mumps, and mul
vaccination In elght of the 12 chiidren. with mea:
Infection In one child, and otitis media in 38

chiigren had intestinal abnormaltes
lymphoid nodular  hyperplasla to
Histology showed patchy chronic Ingar

seven, but no granulomas.
autism {nine), disintegrat
postviral or vaccinal g

Introduction
We saw several children who, after s p of apparent
normality, bost acquired skills, inclug gication.

They all had gastrointestinal
abdominal pein, diarthoes, and
cases, food intolerance. We i

diseases, and assessed the children. In 11
s obtained by the senior clinician (W-S).
prychiatric amessments were  done
(PH, MB) with HMS-4 criteria. Developmental
included & review of prospective developmental records
s, heakh visitors, and generul practitioners. Four
children did not undergo prychistric assessment in hospital: all
had been assesmsed professionally elsewhere, 50 these assessments
‘were used as the basis for their behavioural diagnoss.

After bowel preparution, ileocolonoscopy was performed by
SHM or MAT under sedation with midazolam and pethidine.
Paired frozen and formalin-fixed mucosal biopsy samples were
tsken fom the terminal ileum; sscending, tnsvene,
descending, and sigmoid colons, and fom the rectum. The
procadure was recorded by video or still images, and were
compared with imsges of the previous seven comsecutive
paediatric (four normal ies and three

were normal.
raised urinary
matched contr
Chaigren,

acld compared with age-
naemoglobin I four
chilaren.

issoclated gastrointestinal
regression In @ group of
3 ., which was generally assoclated
R possible environmental triggers.

on children with ulcerative colitis), in which the physician
reported nocmal appearances in the terminal deum Barium
follow-through radiography was possible in some cases.

Ao under sedation, cerchral magnetic-resonance imaging
(MRI), electroencephalography (EEG) including visual, brain
stem auditory, and sensory evoked potentials (where complisnce
made these possible), and lumbar puncture were done.

Laboratory investigations

Thyrid functon, serum longchain fatty acids and
cerebrospinal-fuid lactate were messured to exclude known
causes of chikhood neurodegeneritive disease. Urinary

Inflammatory Bowel Disease Study Growp. University Departments.
of Medicine and 1A ] Wakefield recs, A Anthory we,
1 Linnell 7+, A P Dhillcn wacewn, S E Davies wicres and the
University Departments of Paediatric Gastroente!

(S H Murch wn, D M Casson wice, M Maik wacr,

M A Thomson race, J A WalkerSmith race.), Child and Adolescent
Paychiatry (M Berelowitz mcescn). Nearology (P Harvey rce), and
Radiology |A Valentine racs). Royal Free Hospital and School of
Medicine. London NW3 206, UK

Corespondence to: Dr A J Wakefield

¥ acid was messured in random urine samples from
cight of the 12 children and 14 age-matched and sex-matched
normal controls, by » modification of & technique described
previously” Chromstogrums  were  scanned  digially on
computer, to analyse the methyimalonic-acid zones from cases
and coatrols. Urinary methylmalonic-acid concentrations in
patients and controls were compared by u two-sample ¢ test.
Urinary creatinine was estimated by routine spectrophotomstric
assay.

Children were screened for antiendomyses] anibodies and
boys were screened for fragile-X i this had pot been done
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Other false results

P-values and power
Publication bias
Researcher degrees of freedom

How to assess reproducibility?



Replication and prediction projects

* Psychology
* Experimental economics
* Nature and Science social science experiments

* Peer beliefs from prediction markets and
surveys

* Joint work with lots of people




Open Science Framework: Reproducibility
Project: Psychology (RPP)

e Studies from 3 top psychology journals

* 100 replications completed by the project
deadline

* Replicate yes/no
— Yes: Same direction and p<0.05 in two-sided test

* “High” power (average of 92% to detect 100%
of original effect size)

e 270 authors



RPP outcomes
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Fig. L Density plots of original and replication P values and effect sizes. (A) P values. (B) Effect sizes (correlation coefficients). Lowest quantiles for
P values are not visible because they are clustered near zero.

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



Experimental Economics Replication
Project (EERP)

* 18 papers in 2 top economics journals
— All experimental papers 2011-2014

— Only main effects, no interactions, testing an
hypothesis

— 90% power to detect original effect size at p<0.05

 Same replication criteria as earlier
— Same direction and p<0.05

* Replication and analysis plans publicly known on
project website and pre-registered at OSF and
sent to the original authors

Camerer et al. (2016) “Evaluating replicability of laboratory experiments in economics.” Science



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

Bartling et al., AER 2012 (34) -

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

de Clippel et al., AER 2014 (37)

Duffy 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)

licher and Zarghamee, AER 2011 (45)
Kessler and Roth, AER 2012 (46)
Kirchler et al, AER 2012 (47)

Kogan et al., AER 2011 (48)
Kuziemko et al., QJE 2014 (49)

0= no effect

11/18 replicate

‘ ‘ « Estimate
et —— 95% CI

1=same effect

as in original study

Camerer et al. Science 2016



Social Science Replication Project
(SSRP)

e 21 studies in Nature (4) and Science (17)
published 2010-2015

— Between or within subject designs with clear
hypothesis and students or other accessible
subject pools

— First study in papers with more than one study,
we chose the central result

Camerer et al. (2018) “Evaluating the replicability of social science experiments in Nature and
Science between 2010 and 2015.” Nature Human Behaviour



Social Science Replication Project
(SSRP)

* High power and two-stage procedure

— Stage 1: 90% power to detect 75% of the original
effect size. If result does not replicate, move to Stage
2

* Replication sample sizes on average three times as large as
original sample sizes

— Stage 2: 90% power to detect 50% of the original
effect size in the 2 stages pooled
* Replication sample sizes on average six times as large as
original sample sizes

— 90% power to detect 50% of the original effect size
based on the RPP replication effect sizes being on
average about 50% of the original effect sizes

Camerer et al. (2018) “Evaluating the replicability of social science experiments in Nature and
Science between 2010 and 2015.” Nature Human Behaviour



SSRP: To replicate or to not replicate

e Statistical significance criterion
— Same direction and p<0.05

Prediction intervals

— How many replicated effects lie in 95% prediction interval which
takes into account the variability in both original and replication
study?

Small Telescopes approach

— Is the replication effect size significantly smaller than a "small
effect’ in the original study with a one-sided test at p<0.05? Small
effect defined as the effect size the original study would have had
33% power to detect

* Bayes Factor

— Compares the predictive performance of the null hypothesis
against that of an alternative hypothesis in which the uncertainty
about the true effect size is quantified by a prior distribution

e And more



Ackerman et al. (2010)36, Science

Aviezer et al. (2012)37, Science

Balafoutas and Sutter (2012)38, Science
Derex et al. (2013)39, Nature

Duncan et al. (2012)40, Science

Gervais and Norenzayan (2012)'”, Science
Gneezy et al. (2014)42, Science

Hauser et al. (2014)43, Nature

Janssen et al. (2010)“, Science
Karpicke and Blunt (2011 )ds, Science
Kidd and Castano (2013)", Science
Kovacs et al. (2010)“, Science

Lee and Schwartz (2010)48, Science
Morewedge et al. (2010)49, Science

Nishi et al. (2015)™", Nature

Pyc and Rawson (2010)51, Science
Ramirez and Beilock (2011)52, Science
Rand et al. (2012)53, Nature

Shah et al. (2012)54, Science

Sparrow et al. (2011)55, Science
Wilson et al. (2014)”, Science
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Statistical significance criterion:

13/21 replicate in Stage 2

- 95% confidence interval

€9 Point estimate larger than zero (p < 0.05)
< Point estimate not different from zero (p > 0.05)

Mean relative effect size: 46%. For 13 studies that replicated: 74%, for the rest, 0.3%




Ackerman et al. (2010)36, Science
Aviezer et al. (2012)3/" Science
Balafoutas and Sutter (2012)38, Science
Derex et al. (2013)39, Nature

Duncan et al. (2012)", Science
Gervais and Norenzayan (2012)"'., Science
Gneezy et al. (2014)", Science
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Lee and Schwartz (2010)"‘8, Science
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Small effect in Small Telescopes approach
90% confidence interval
Point estimate larger or not different from small effect

Point estimate smaller than small effect (p < 0.05 one-sided)

Different conclusions on only one of the replications compared to statistical significance criterion

14/21 replicate for Prediction intervals, 12/21 for Small Telescopes approach



extreme Ho
very strong Ho
strong Ho
moderate Ho
anectodal Ho
anectodal H1
moderate H;
strong H

very strong Hi
extreme H;
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Default Bayes Factor

One-sided default Bayes factor < 1 ¥ One-sided default Bayes factor > 1

The default Bayes factor is > 1 and provide evidence in favor of an effect in the direction of the
original study for the same 13 /21 studies that replicated according to the statistical significance
criterion. Strong to extreme evidence for 9/21



Higher power: What do we learn?

Original studies overestimate the effect sizes
of true positives

Replication effect sizes about 75% of the
original effect size
— Similar result with Bayesian mixture model

Meta-analyses of true results will over
estimate effect sizes on average

RPP and EERP probably had less power than
intended



“Could gambling save science?”

Barack Obama

Last Price: 91.5 A3.0

You can sell
this at 91.5

this 2t 91.7 | Buy
| sell

2008 US Election - 2008 Presidential Election

John McCain

Last Price: 9.2 ¥3.0

You can buy

this at 9.6 m
EN

You can sell
this at 9.2

November 3, 2008

Hanson 1995 Social Epistemology



Our prediction markets

e 2 sets of markets on 44 RPP studies

— 2 weeks and about 45 participants each time, USD
100

* 1 set of markets on 18 EERP studies
— 10 days, 97 participants, USD 50

* 1 set of markets on 21 SSRP studies
— 2 weeks, about 200 participants, USD

— 2 treatments



Our prediction markets

* One central hypothesis for each study
* Binary outcomes

 Participants traded contracts that pay S1 (or
S0.5) if the study is replicated and SO otherwise

* Price: predicted probability of the outcome
occurring

— With some caveats
* Logarithmic scoring rule, long and short selling
e Participants get replication reports
* Prices start at 50




Pre-market survey

* “How likely do you think it is that this
hypothesis will be replicated (on a scale from
0% to 100)?”

* “How well do you know this topic? (not at all,
slightly, moderately, very well, extremely
well)”

—1-5
* Slightly more complicated for EERP



RPP trading interface: Consensus Point

My Account (bwilson) Sign out

The Science _ >
#Y11_ Prediction Market Project @HUUNU

TOPICS MY ANSWERS LEADERS HOW TO PLAY FAQ REFER A FRIEND CONTACT US DASHBOARD

hypothesis_19
54.76 +4.76

ST

35

In each of the below questions that you participate, you will bet on a binary
outcome: whether or not the replication study finds a statistically significant ‘ B
effect in the same direction as the original study. By statistically significant we
mean a p-value smaller than 0.05. By same direction we mean a coefficient that
has the same sign as in the original study (i.e. positive or negative).

My Rank

-
( .
2

Available Points 8,998

Hypotheses

Hypotheses

TIPS AND TRICKS
SCORE
. B o A simple range is 500 to 2000
Hypothesis 19, Vul et al., “Temporal selection is points for each question you wish
suppressed, delayed, and diffused during the attentional 54.76 to answer based on your level of
blink”, Psychological Science +4.76 confidence. Be sure to not run
out of points.

(hypothesis 19)

< e |




RPP trading interface

Hypothesis 19, Vul et al., “Temporal selection is
suppressed, delayed, and diffused during the
attentional blink®, Psychological Science

Hypothesis: Attentional selection is suppressed, delayed, and diffused in time during the
attentional blink and these effects are dissociated by their time course. Study in paper
being replicated: Study no 1 openscienceframework.org

Choose your answer

{ \ No

[ Post My Comment ]




RPP trading interface

Enter Your Points

i

1’01 Your answer: Yes
W/

1000

Your Points: 9,998

@.

Points 4 Submit Answer!

Points After Answer: 8,998




RPP trading interface

My Answers

Below are the amount of points you currently have invested in each question. Feel free to add or subtract
points in a question by clicking the "Adjust” button.

TITLE
(SYMBOL)

Hypothesis 19, Vul et al., “Temporal
selection is suppressed, delayed, and
diffused during the attentional blink”,
Psychological Science
(hypothesis_19)

Hypothesis 21, Fischer et al., “Selective
exposure and information quantity: How
different information quantities moderate
decision makers' preference for consistent
and inconsistent information”, JPSP
(hypothesis_21)

Hypothesis 5, Shnabel, “A needs-based
model of reconciliation: Satisfying the
differential emotional needs of victim and
perpetrator as a key to promoting
reconciliation”, |PSP

(hypothesis_5)

POSITION SHARES

Yes 19
Yes 10
No 38
Holdings:
Points:

Networth:

VALUE
(PROFIT)

1,083
(+83)

368
(-132)

2,393
(+293)

3,844

6,398

10,242

Adjust

Close Position

Adjust

Close Position

Adjust

Close Position




Vial Rl pricc

Prediction market results RPP

= | Markt Varket precicte « Mean market price: 55%
(.) g:(l;r)\frzlise—weighted survey successful replicatic:r;. (range 13 to 88%)
2 e o | ¢ 41/44 studies finished
amd 6. o ¢ © — 16/41 successful replications
8 - « ) e RO — 25/41 failed replications
0%Q T ¢ ¢ O .
LD LAY . « Market predicts 29/41 (71%)
o | g wemnd® correctly
-y b * Significantly higher than
o | 50%
i — One-sample binomial test
p=0.012
° 1 , | l [ * Survey predicts 23/40 (57%)
0 10 20 30 40 correctly
Hypotheses, ordered by market price o #g:nSISgg(;flcantly dlﬁ:erent

Dreber A, T Pfeiffer, ] Alimenberg, S Isaksson, B Wilson, Y Chen, BA Nosek & M Johannesson (2015). "Using Prediction Markets to Estimate
the Reproducibility of Scientific Research." Proceedings of the National Academy of Sciences, 112: 15343-15347.



Prediction market results EERP

Market and survey equally successful

All prices (and
beliefs) >50

Average prediction:
75%

Survey average: 71%

— Neither different
from 61%, and not
different from each
other

Survey beliefs

1.00

<
~J
o

0.50

a e Replication
g p-value
e <0.05
O s >0.05
O a
45 line
0.50 0.75 1.00

Prediction market beliefs

Camerer et al. 2016



Prediction markets results SSRP

Mean prediction market belief of replication is 63.4%
— [range of 23.1% to0 95.5%, 95% Cl = (53.7%, 73.0%)]

Mean survey belief is 60.6%
— [range of 27.8% to 81.5%, 95% Cl = (53.0%, 68.2%)]

Actual replication rate is 61.9%
Both prediction market beliefs and survey beliefs are
also highly correlated with a successful replication

— Market: Spearman correlation coefficient 0.842, 95% Cl =
(0.645, 0.934), p<0.001, n=21

— Survey: Spearman correlation coefficient 0.761, 95% Cl =
(0.491, 0.898), p<0.001,n=21



Prediction markets results SSRP

Hauser et al. (2014)43, Nature
Gneezy et al. (2014)42, Science
Janssen et al. (2010)“, Science
Balafoutas and Sutter (2012)38, Science
Pyc and Rawson (2010)51, Science
Aviezer et al. (2012)37, Science
Nishi et al. (2015)", Nature
Duncan et al. (2012)40, Science
Karpicke and Blunt (2011)45, Science
Derex et al. (2013)39, Nature
Kovacs et al. (2010)47, Science
Morewedge et al. (2010)49, Science
Wilson et al. (2014)”, Science
Rand et al. (2012)”’, Nature
Ramirez and Beilock (2011)52, Science
Sparrow et al. (2011)55, Science
Shah et al. (2012)™, Science
Gervais and Norenzayan (2012)“, Science
Kidd and Castano (2013)46, Science
Lee and Schwartz (2010)48, Science
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Positive predictive value (PPV)

Prediction market prices can also be used to
estimate a probability for each hypothesis to be

true (the PPV)

The price (P,,) reflects the probability that a
published result will be replicated, not the PPV

Market participants know statistical power and
significance levels for each study

— Power always < 100%
— 0.05 p-value cut-off
Combining the P,,, power and significance level

allows us to estimate the PPV or probability for a
hypothesis to be true



Priors and posteriors

MARKET
PRICE

=
&4

Eq. 1
Initial study Replication
Po € 1 P1 > Py
Eq. 3 Eq. 2

* Probability that a hypothesis is true (PPV)

p,: prior at time of replication
P probability of observing
positive evidence in the
replication

p,, - final market price

If positive outcome in original
study:

pg=pib;t (1—-pja,.

If p,, = pg, probability p, can be
reconstructed as

pr=@u—a)/PB;—oy)
Etc for p, and p,

— Can be assigned at three different stages based on the market price
and info on power and significance of original study and replication:
before original study, after original study, after replication



Probability

Probability of hypothesis being true at
3 stages of testing for RPP

1.0

0.8

™

0.6
|

Replicatio

eplication
failed

0.4

|
\Original study

0.2

—

0.0

successful

| I
pO p1

Dreber et al. 2015 PNAS

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 379 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

Are the incentives for replications appropriate?

There is something systematic about results that
fail to replicate

Why are so many false results published?

— Researcher degrees of freedom

— Prediction market results: People savvier now than
before?

See forthcoming book chapter by Camerer, Dreber and Johannesson for more



Researcher degrees of freedom

Histogram of p-values
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loannidis 2005 Why Most Published Research Findings Are False; Simmons, Nelson and Simonsohn
2011 False-Positive Psychology: Undisclosed Flexibility in Data Collection and Analysis Allows
Presenting Anything as Significant; Gelman and Loken 2013 The Garden of Forking Paths



P-hacking

* Many ways to get p<0.05
1. Stop collecting data once p<.05

2. Analyze many measures, but report only those
with p<.05

3. Collect and analyze many conditions, but only
report those with p<.05

4. Use covariates to get p<.05
5. Exclude participants to get p<.05
6. Transform the data to get p<.05

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.



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 10 more observations 14.5% 1.7% 1.6%
per cell

Situation C: controlling for gender or interaction 21.6% 11.7% 2.7%
of gender with treatment

Situation D: dropping (or not dropping) one of 23.2% 12.6% 2.8%
three conditions

Combine Situations A and B 26.0% 14.4% 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%

Note: The table reports the percentage of 15,000 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 obtained 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). We 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 = I).

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.



P-hacking in economics

Density
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(b) No eye-catchers.

(a) Eye-catchers.

z-slatistic
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(c) Model. (d) No model.

(f) Other data.
Brodeur et al. 2016 AEJ: AE

(e) Lab. experiments or RCT data.

Sources: AER, JPE, and QJE (2005-2011). Distributions are unweighted and plotted using de-rounded

statistics. Lines correspond to kernel density estimates.



Forking

Study: We want to understand altruism from a dictator game. Hypothesis that the
gender of the recipient matters

So many forks!

Effect could be that everybody gives more to men
Everybody gives more to women

Men give more to men

Men give more to women

Or women give more to men

Or women give more to women

Or men and women have opposite effects

Maybe interacts with age

How define altruism? How much you gave or whether you gave?
What tests, parametric or non-parametric?

Etc — even if hypothesis is more precise

Enough with one test and you are forking



Priors

* Probability of a hypothesis to be true (“prior”)
* Typically subjective and unaccessible

 Combination of low prior, low power and
p<0.05 can be very misleading



Other thoughts

Less obsession with p-values?

p<0.005

— See Benjamin et al. 2017 “Redefine Statistical
Significance” Nature Human Behavior

Higher power
Team science

— Munafo et al. 2017 Nature Human Behaviour



Next

* Decision markets: Let the market decide
which replications to perform or hypotheses
to test
— Highest degree of uncertainty in the outcome?
— Highest disagreement?

— Highest chances of observing a suspected effect?
— Better survey measures
— PNAS papers in “social sciences”



Time-reversal heuristic
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Thanks!
anna.dreber@hhs.se



