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False	results	



Other	false	results	

•  P-values	and	power	
•  Publica-on	bias	
•  Researcher	degrees	of	freedom	

•  How	to	assess	reproducibility?	



Replica-on	and	predic-on	projects	
•  Psychology	
•  Experimental	economics	
•  Nature	and	Science	social	science	experiments	
•  Peer	beliefs	from	predic-on	markets	and	
surveys	

	
•  Joint	work	with	lots	of	people	



Open	Science	Framework:	Reproducibility	
Project:	Psychology	(RPP)	

•  Studies	from	3	top	psychology	journals	
•  100	replica-ons	completed	by	the	project	
deadline	

•  Replicate	yes/no	
– Yes:	Same	direc-on	and	p<0.05	in	two-sided	test	

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

•  270	authors	



RPP	outcomes	

Open	Science	Collabora-on	(2015).	“Es-ma-ng	the	Reproducibility	of	Psychological	Science.”	
Science,	349(6251).		



•  18	papers	in	2	top	economics	journals	
– All	experimental	papers	2011-2014	
– Only	main	effects,	no	interac-ons,	tes-ng	an	
hypothesis	

–  90%	power	to	detect	original	effect	size	at	p<0.05	
•  Same	replica-on	criteria	as	earlier		
–  Same	direc-on	and	p<0.05	

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

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

Experimental	Economics	Replica-on	
Project	(EERP)	



Camerer	et	al.	Science	2016	
11/18	replicate	



Social	Science	Replica-on	Project	
(SSRP)	

•  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)	“Evalua-ng	the	replicability	of	social	science	experiments	in	Nature	and	
Science	between	2010	and	2015.”	Nature	Human	Behaviour	



Social	Science	Replica-on	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	
•  Replica-on	sample	sizes	on	average	three	-mes	as	large	as	
original	sample	sizes	

–  Stage	2:	90%	power	to	detect	50%	of	the	original	
effect	size	in	the	2	stages	pooled	
•  Replica-on	sample	sizes	on	average	six	-mes	as	large	as	
original	sample	sizes	

–  90%	power	to	detect	50%	of	the	original	effect	size	
based	on	the	RPP	replica-on	effect	sizes	being	on	
average	about	50%	of	the	original	effect	sizes	

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



SSRP:	To	replicate	or	to	not	replicate	
•  Sta-s-cal	significance	criterion	

–  Same	direc-on	and	p<0.05	
•  Predic-on	intervals	

–  How	many	replicated	effects	lie	in	95%	predic-on	interval	which	
takes	into	account	the	variability	in	both	original	and	replica-on	
study?	

•  Small	Telescopes	approach	
–  Is	the	replica-on	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	predic-ve	performance	of	the	null	hypothesis	
against	that	of	an	alterna-ve	hypothesis	in	which	the	uncertainty	
about	the	true	effect	size	is	quan-fied	by	a	prior	distribu-on	

•  And	more	



Sta-s-cal	significance	criterion:	
13/21	replicate	in	Stage	2	

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



Different	conclusions	on	only	one	of	the	replica-ons	compared	to	sta-s-cal	significance	criterion	

14/21	replicate	for	Predic-on	intervals,	12/21	for	Small	Telescopes	approach		



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



Higher	power:	What	do	we	learn?	

•  Original	studies	overes-mate	the	effect	sizes	
of	true	posi-ves	

•  Replica-on	effect	sizes	about	75%	of	the	
original	effect	size	
– Similar	result	with	Bayesian	mixture	model	

•  Meta-analyses	of	true	results	will	over	
es-mate	effect	sizes	on	average	

•  RPP	and	EERP	probably	had	less	power	than	
intended	



“Could	gambling	save	science?”	

Hanson	1995	Social	Epistemology	



Our	predic-on	markets	

•  2	sets	of	markets	on	44	RPP	studies	
– 2	weeks	and	about	45	par-cipants	each	-me,	USD	
100	

•  1	set	of	markets	on	18	EERP	studies	
– 10	days,	97	par-cipants,	USD	50	

•  1	set	of	markets	on	21	SSRP	studies	
– 2	weeks,	about	200	par-cipants,	USD	
– 2	treatments	



Our	predic-on	markets	
•  One	central	hypothesis	for	each	study	
•  Binary	outcomes	
•  Par-cipants	traded	contracts	that	pay	$1	(or	
$0.5)	if	the	study	is	replicated	and	$0	otherwise	

•  Price:	predicted	probability	of	the	outcome	
occurring	
– With	some	caveats	

•  Logarithmic	scoring	rule,	long	and	short	selling	
•  Par-cipants	get	replica-on	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	

	



RPP	trading	interface	



RPP	trading	interface	



RPP	trading	interface	



Predic-on	market	results	RPP	

Dreber	A,	T	Pfeiffer,	J	Almenberg,	S	Isaksson,	B	Wilson,	Y	Chen,	BA	Nosek	&	M	Johannesson	(2015).	"Using	Predic-on	Markets	to	Es-mate	
the	Reproducibility	of	Scien-fic	Research."	Proceedings	of	the	Na7onal	Academy	of	Sciences,	112:	15343-15347.		

•  Mean	market	price:	55%	
(range	13	to	88%)	

•  41/44	studies	finished	
–  16/41	successful	replica-ons		
–  25/41	failed	replica-ons	

•  Market	predicts	29/41	(71%)	
correctly	

•  Significantly	higher	than	
50%	
–  One-sample	binomial	test	

p=0.012	
•  Survey	predicts	23/40	(57%)	

correctly	
–  Not	significantly	different	

from	50%	



Predic-on	market	results	EERP	

•  Market	and	survey	equally	successful	
•  All	prices	(and	
beliefs)	>50	

•  Average	predic-on:	
75%	

•  Survey	average:	71%	
– Neither	different	
from	61%,	and	not	
different	from	each	
other	

Camerer	et	al.	2016	



Predic-on	markets	results	SSRP	

•  Mean	predic-on	market	belief	of	replica-on	is	63.4%		
–  [range	of	23.1%	to	95.5%,	95%	CI	=	(53.7%,	73.0%)]	

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

•  Actual	replica-on	rate	is	61.9%	
•  Both	predic-on	market	beliefs	and	survey	beliefs	are	
also	highly	correlated	with	a	successful	replica-on	
– Market:	Spearman	correla-on	coefficient	0.842,	95%	CI	=	
(0.645,	0.934),	p	<	0.001,	n	=	21	

–  Survey:		Spearman	correla-on	coefficient	0.761,	95%	CI	=	
(0.491,	0.898),	p	<	0.001,	n	=	21	



Predic-on	markets	results	SSRP	

From	treatment	2	



Posi-ve	predic-ve	value	(PPV)	
•  Predic-on	market	prices	can	also	be	used	to	
es-mate	a	probability	for	each	hypothesis	to	be	
true	(the	PPV)	

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

•  Market	par-cipants	know	sta-s-cal	power	and	
significance	levels	for	each	study	
–  Power	always	<	100%		
–  0.05	p-value	cut-off		

•  Combining	the	PM,	power	and	significance	level	
allows	us	to	es-mate	the	PPV	or	probability	for	a	
hypothesis	to	be	true	



Priors	and	posteriors	

•  Probability	that	a	hypothesis	is	true	(PPV)	
–  Can	be	assigned	at	three	different	stages	based	on	the	market	price	

and	info	on	power	and	significance	of	original	study	and	replica-on:	
before	original	study,	ater	original	study,	ater	replica-on	

p1: prior at time of replication 
pE : probability of observing 
positive evidence in the 
replication 
pM : final market price 
If positive outcome in original 
study:  
pE = p1β1 + (1 – p1)α1.  
If pM = pE, probability p1 can be 
reconstructed as  
p1 = (pM – α1) / (β1 – α1)  
Etc for p0 and p2 
 



Probability	of	hypothesis	being	true	at	
3	stages	of	tes-ng	for	RPP	

–  Ini-al	priors	are	low	(median	
8.8%)	

–  Posi-ve	result	in	ini-al	
publica-on	moves	prior	to	
intermediate	level	(median	56%)	

–  If	successful	replica-on,	
probability	moves	up	(median	
98%)	

–  If	failed	replica-on,	probabiliby	
close	to	ini-al	prior	(median	
6.3%)	

Whiskers:	range	
Boxes:	1st	to	3rd	quar-les	
Thick	lines:	medians	Dreber	et	al.	2015	PNAS	



What	have	we	learned?	
•  Common	false	interpreta-on	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	replica-on	

•  Are	the	incen-ves	for	replica-ons	appropriate?	
•  There	is	something	systema-c	about	results	that	
fail	to	replicate		

•  Why	are	so	many	false	results	published?	
–  Researcher	degrees	of	freedom	
–  Predic-on	market	results:	People	savvier	now	than	
before?	
See	forthcoming	book	chapter	by	Camerer,	Dreber	and	Johannesson	for	more	



Researcher	degrees	of	freedom	

Ioannidis	2005	Why	Most	Published	Research	Findings	Are	False;		Simmons,	Nelson	and	Simonsohn	
2011	False-Posi-ve	Psychology:	Undisclosed	Flexibility	in	Data	Collec-on	and	Analysis	Allows	
Presen-ng	Anything	as	Significant;	Gelman	and	Loken	2013	The	Garden	of	Forking	Paths	
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P-hacking	

•  Many	ways	to	get	p<0.05	
1.  Stop	collec-ng	data	once	p<.05		
2.  Analyze	many	measures,	but	report	only		those	

with	p<.05	
3.  Collect	and	analyze	many	condi-ons,	but	only	

report	those	with	p<.05	
4.  Use	covariates	to	get	p<.05	
5.  Exclude	par-cipants	to	get	p<.05	
6.  Transform	the	data	to	get	p<.05	

Simmons,	JP,	LD	Nelson,	U	Simonsohn,	2011,	False-Posi-ve	Psychology:	Undisclosed	Flexibility	in	Data	Collec-on	and	
Analysis	Allows	Presen-ng	Anything	as	Significant.	Psychological	Science	22(11):	1359-1366.		



Simmons,	JP,	LD	Nelson,	U	Simonsohn,	2011,	False-Posi-ve	Psychology:	Undisclosed	Flexibility	in	Data	Collec-on	and	
Analysis	Allows	Presen-ng	Anything	as	Significant.	Psychological	Science	22(11):	1359-1366.		



P-hacking	in	economics	

Brodeur	et	al.	2016	AEJ:	AE	



Forking	
•  Study:	We	want	to	understand	altruism	from	a	dictator	game.	Hypothesis	that	the	

gender	of	the	recipient	mawers	
•  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	subjec-ve	and	unaccessible	
•  Combina-on	of	low	prior,	low	power	and	
p<0.05	can	be	very	misleading	

	



Other	thoughts	

•  Pre-analysis	plans	
•  Less	obsession	with	p-values?	
•  p<0.005	
– See	Benjamin	et	al.	2017	“Redefine	Sta-s-cal	
Significance”	Nature	Human	Behavior	

•  Higher	power	
•  Team	science	
– Munafo	et	al.	2017	Nature	Human	Behaviour	



Next	

•  Decision	markets:	Let	the	market	decide	
which	replica-ons	to	perform	or	hypotheses	
to	test	
– Highest	degree	of	uncertainty	in	the	outcome?	
– Highest	disagreement?	
– Highest	chances	of	observing	a	suspected	effect?	
– Bewer	survey	measures	
– PNAS	papers	in	“social	sciences”	



Time-reversal	heuris-c	



Thanks!	
anna.dreber@hhs.se	


