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Sta&s&cal	community	response	

		“The	ASA	statement	is	intended	to	steer	research	
into	a	‘post	p	<	0.05	era’	”	

	 	 	 	 	 	 											-	Ron	
Wasserstein,	ASA	Exec	Director	

	 	 	 	 	 	 						March	2016	



The	scale	of	the	“epidemic”	

•  Prevalence	of	NHST	(Hubbard,	2016	Ch	2)	
	 	Discipline																	1960s									2000s							Δ										Δ /10y	
										Psychology 								87% 	95%			 	+8% 	2.0	
	 	Management 								70%	 	86% 	+16% 	4.0	
	 	Economics 								52%	 	89%		 	+37%	 	9.3	
	 	Finance	 								55%	 	95% 	+40% 	10.0	
	 	Sociology		 								51%									 	90%					 	+41%. 	10.3	
	 	MarkeZng	 								43%		 	91%	 	+48% 	12.0	
	 	AccounZng	 								43%	 	99% 	+56%	 	14.0	
	 	PoliZcal	Science							30%								 	94% 	+64%	 	16.0	
	 	Mean 	 								54% 	92%							+38%	 	9.5	



The	scale	of	the	“epidemic”	

•  Prevalence	in	medicine		
Top	4	clinical	journals	(Stang	et	al	2017)*:		

	 				1975						2014						Δ      Δ /10y	
Mean												26%						73%						47%						11.8	

	
	*Abstracts;	p-value/CI	based	inference 	 		



Drivers	of	the	“epidemic”	

•  Research	community	(“addicts”)	
– Need	for	publishable	(“p	<	0.05”)	results	
–  Insistence	on	NHST	from	journals/referees		
– Training	in	staZsZcs	
– MisconcepZons	about	what	NHST	does	
–  Incredulity	that	NHST	can	be	misleading		
–  InerZa	



Drivers	of	the	“epidemic”	

•  Journals	(“Cartels”)	
– Need	for	high-impact	results	(è	low	bar)	
– Apathy	about	replicaZons	(	è	hides	NHST	issues)	
– Training	in	staZsZcs	(“Blind	reviewing	the	blind”)	
– Same	misconcepZons	about	what	NHST	does	
– Same	incredulity	that	NHST	can	be	so	bad		
– Complacency	(p	<	0.05	works	for	them…)	



Drivers	of	the	“epidemic”	

	
	

Lack	of	pragma&c	alternaZves	



Moving	beyond	p-values	
Need	to	accept:	
•  	“AddicZon”	to	NHST	is	understandable	

– Researchers	need	publishable	results,	journals	
sZll	demand	them,	and	they’re	familiar.			

	
	
	

	
	



Moving	beyond	p-values	
Need	to	accept:	
•  	“Cold	turkey”	has	not	and	will	not	work		

– Training	and	moZvaZon	are	not	there	(yet…)		
	
	
	

	
	

Now what? 



Moving	beyond	p-values	
A	pragma&c	approach	to	reducing	harm	

from	NHST	“addic&on”	
	1.	Allow	use	of	p-values	–	but	stop	thinking	
of	non-significance	as	“failure”.	

	
	
	
	

	
	



Non-significance:	a	non-trivial	problem	

Example:		A	classic	series	of	“failed	replica&ons”	(1972-81)		
	

	Ss	treated	to	reduce	risk,	so	tesZng	Ho
	:	OR	=	1.0	v.	H1	:	OR	<	1.0		

		

Most	probable	value	



Example:		A	classic	series	of	“failed	replica&ons”	(1972-81)		
	

	Ss	treated	to	reduce	risk,	so	tesZng	Ho
	:	OR	=	1.0	v.	H1	:	OR	<	1.0		

		

“Nothing	to	see	here”			

		



…If	at	first	you	don’t	succeed…	
	

	First	“replica&on”	(1974)	
		



Something	?	Nothing	?	
	

First	replica&on	(1974)		
		

Successful	replicaZon	of	Study	#1	(“Success”	=	N.S.)	
Failure	to	replicate	Study	#1	(“Success”	=	N.S.	and	OR	>	1)	
But	has	found	support	for	an	effect…	
Worth	conZnuing	???	



Let’s	se9le	this…	
	

	Replica&on	of	replica&on	(1974)		
		



Let’s	se9le	this…	
	

Replica&on	of	replica&on	(1974)		
		

Successful	replicaZon	of	Study	#2	(“Success”	=	N.S.	and	sign)	
Failure	to	replicate	Study	#1	(“Success”	=	N.S.	and	sign)	
Worth	conZnuing	???		Yes	!	2	studies,	ORs	<	1	

	 	 		No	!	inconsistent,	all	studies	sZll	N.S.	…	



…Ok,	now	let’s	REALLY	se9le	this	

	

	First	mega-study	(1977)		
		



…Ok,	now	let’s	REALLY	se9le	this	

Now	3	of	4	studies	covering	3,500+	Ss	with	ORs	<	1.0							
	 	 							But	all	N.S.	

	

	First	mega-study	(1977)		
		



It	gets	no	be9er	

Status	aker	9	years,	4,353	Ss	



6	studies,	5	follow-ups	

Status	aker	9	years,	4,353	Ss	and	six	studies	



6	studies,	5	follow-ups	

Status	aker	9	years,	4,353	Ss	and	six	studies	

Studies	with	<OR>	supporZng	H1	:	4		out	of	6	
But	studies	rejecZng	H0	:	0		out	of	6	
	
Successful	replicaZons	of	Study	#1	(“Success”	=	N.S.	+	
sign):	0	out	of	5	
	
No.	of	these	studies	published	(“Publishable”	=	p	<	
0.05):	1	out	6	



	
“Non-significance”	masks	the	obvious	



Moving	beyond	p-values	
A	pragma&c	approach	to	reducing	harm	due	

to	NHST	“addic&on”	
•  Allow	p-values	to	stay	–	but	stop	thinking	
of	non-significance	as	failure	

•  Encourage	the	use	of	Cumula&ve	Meta-
analysis	(CMA)	

	
	
	
	

	
	



“Illumina&on	via	accumula&on”	

			 Cumula&ve	meta-analysis	confirms	intuiZon	
via	accumulaZng	evidence			

(Braver	et	al	2014)	



Forest	plot	for	1972	–	1980		

			

Individual	studies		

Favours	treatment	 Favours	control	

• 	Individual	studies:		noisy	
and	unconvincing		(n.s.)	



Forest	plot	for	1972	–	1980		

			

Individual	studies		 Cumula&ve	meta-analysis		

Favours	treatment	 Favours	treatment	Favours	control	 Favours	control	

	Individual	studies:	noisy	
and	unconvincing		(n.s.)	

	CMA:	Signal	soon	
emerges	from	noise	



Forest	plot	1972	–	1988	(Antman	et	al)	

17	trials:	final	OR	:	0.80	(0.73,	0.87)	p	<	10-5		(1988)		

CMA	:	p	<	0.05	from	1977	onwards	–	11	years	earlier		

	



Why	those	11	years	ma9er	

Beta	blockers	for	post-MI	
paZents	
	
“Thousands	of	lives	saved	
per	year”	è	11-year	delay:	
tens	of	thousands	affected	



Learning	points		
1.  Single	studies	or	replicaZons	misleading	
2.  “Non-significance”	=/=	No	effect	
3.  	Small,	non-significant	trials	sZll	contain	

evidence	
4.  	Need	to	encourage	accumulaCon	as	well	as	

replicaCon	



Moving	beyond	p-values	
A	pragma&c	approach	to	NHST	“addic&on”	
•  Allow	p-values	to	stay	–	but	stop	seeing	
non-significance	as	“failure”.	

•  Encourage	the	use	of	CumulaZve	Meta-
analysis	(CMA)	

•  Supplement	p-values	with	CIs		
•  Replace	“significance/non-significance”	
with	Analysis	of	Credibility	(AnCred)	

	
	
	
	

	
	



Standard	Bayesian	approach	
Prior	U	f(Evidence)	è	Posterior		

	
	
	

Good	1950	
	“What	prior	needed	to	give	a	credible	posterior	?”	

	
Posterior	!	f	-1(Evidence)	!	Prior	

	
Assessment:	Put	new	findings	in	context	of	prior	

knowledge	
	
	
	
	
	

Analysis	of	Credibility	(AnCred)	
(Maqhews	Roy	Soc	Open	Sci	2018)	



“Fair-minded	challenge”	of	claims	

•  Input:	95%	CI	summary	staZsZc	of	finding	
•  Analysis:	subject	evidence	to	fair-minded	
challenge:	

				Significant	result:	challenge	by	fair-minded	
scepCc	

				Non-significant	result:	challenge	by	fair-
minded	advocate	
	

	

	



Sta&s&cally	significant	results	

	The	Fair-minded	ScepZc	

•  Centred on no effect (“Sceptic”) 
•  Tails set by strength of evidence (“Fair-minded”) 

Scep&cism	Limit:	
prior	evidence	
must	lie	beyond	this	
for	credibility			



Sta&s&cally	significant	results	

				

Sceptic’s response to evidence  

Weak	evidence	è	Large	SL	è	scepZc	can	demand	
large	effects	must	be	already	be	plausible		



Sta&s&cally	significant	results	

				

Sceptic’s response to strong evidence  

Strong	evidence	è	Zght	SL	è	scepZc	can	only	
reject	if	prior	evidence	only	for	small	effects	



Sta&s&cally	non-significant	results	

		
																The	Fair-minded	Advocate		

•  Tails exclude no effect (“Advocate of an effect”) 
•  Tails aren’t limitless (“Fair-minded”) 

Advocacy	Limit:	
Maximum	effect	
size	sZll	jusZfiable	
by	advocates	



Sta&s&cally	non-significant	results	
Advocate’s	response	to	weakly	N.S.	evidence	

Weak	evidence	è	Large	AL	è	N.S.	evidence	
puts	very	liqle	constraint	on	advocates	of	effect	



Sta&s&cally	non-significant	results	
Advocate’s	response	to	strongly	N.S.	evidence	

• 	AL	shows	even	“non-significant”	findings	s&ll	contain	eviden&al	weight	
• 	No	support	for	H1	only	if	N.S.	and	central	esZmate	contradicts	H1

		

	
	
	



Outcome	of	“Fair-minded	challenge”	
			

Significant	results:	prior	evidence	for	effects	outside		
(-SL,	+SL)?	Finding	is	credible.	
Non-significant	results:	advocates	can	claim	effects	
inside	(1,	AL)	are	credible.	

										
	 	 	AnCred	extracts	more	from	CIs	than				 	
				 							“significance/non-significance”	

	

	



Applying	AnCred	to	beta	blockers	
Norwegian	Mul&-centre	Study	Group	(1981):	N	=	1,884	
				95%	CI	0.60	(0.46,	0.79):		significant	(first	!)	
					
	
				
	
	
Prior	evidence	for	ORs	<	0.84	?	YES.	Verdict:	CREDIBLE	
		
			
	 	 	 		

	
	
	
	
						

ScepZcal	interval	for	raZos:	(1/SL,	SL)	
where	
	

U	=	0.79,	L	=	0.46	è	SL	=	0.84	
		



Applying	AnCred	to	beta	blockers	
First	study	(1972):	N	=	77	
				95%	CI	1.03	(0.19,	5.45):	weak	evidence,	OR	>	1	and	non-significant.			
					
	
				
					AnCred	verdict	for	this	study:	No	support	for	ORs	<	1	(both	n.s.	and	OR	>	1)		
	
Second	study	(1974):	N	=	230	
				95%	CI	0.48	(0.19,	1.76):	weak	evidence,	OR	<	1	and	non-significant.			
					
							AnCred	verdict	for	this	study:	support	for	benefit:	AL	=	0.001	<	ORs	<	1			
								
							CumulaZve	Meta-analysis	from	2	studies:	support	for	0.01	<	ORs	<	1	
	



Applying	AnCred	to	beta	blockers	
Study	#6	(1980):	N	=	111		
		
95%	CI	0.56	(0.15,	2.1):	weak	evidence,	OR	<	1	and	(STILL	!)	non	
significant.			
									
AnCred	verdict	for	this	study:	support	for	benefit:	AL	=	0.1	<	ORs	<	1	
				
CumulaZve	Meta-analysis	–	6	studies:		OR	=	0.78	(0.63,	0.97)	p	=	

0.025	
		UPSHOT:			

•  AnCred	extracts	insight	even	from	small,	N.S.	studies	
•  AnCred	+	CMA	quickly	lead	to	coherent	picture	

•  All	studies	have	something	to	add	
	
		

	
					
				



Where	does	all	this	leave	“p	=	0.005?”	
•  Gives	“novelty	seekers”	a	tougher	&me	

N	è	1.7	x	N	(=	2.1	x	N		for	90%	power)	
Benefits	
•  Increases	Pr(replicaZon)		
•  Equivalent	to	intrinsic	credibility	(Held	2018)	
•  Equivalent	to	“Double-the-variance”	rule		

– Helps	with	bias	issues	(Bias-Variance	Theorem)	
– Helps	with	model	mis-specificaZon	(Chebyshev,	
Copas	&	Eguchi	2005)	

	

	



P	=	0.005	and	Altman’s	Principle	
	
	
	
	

Doug	Altman	(1948	–	2018)	

“We	need	less	research,	bePer	research,	and	
research	done	for	the	right	reasons”.	(1994)	

P	=	0.005	in	line	with	this		
(Clinical	trials	should	be	exempt)	

		



Suggested	prescrip&on	for	trea&ng	
NHST	addic&on	

For	general	cases	
1.  	Supplement	p-values	with	CIs	

	More	informaZve,	less	prone	to	misinterpretaZon,	allows	further	
	analysis.		

2.  		Stop	viewing	non-significance	as	“failure”	
	Every	study	contains	some	insight.	AnCred	will	extract	it.	

3.							Encourage	accumula&on	and	replica&on		
	CumulaZve	meta-analysis	è	insights	emerge	faster		

	
	 	For	novel	findings 	 		

As	above,	but	more	rigorous	regime					
					(Low/unknown	prior,	non-replicaZon	risk,	bias,	model	probs)			

	 	 	Suggested	“dosage”	for	novel	effects	
α	=	0.005,	1	–	β	=	90%	

	Want	headlines?	Double	your	sample	size,	double	your	variance.	
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