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• CSAFE	“	.	.	.	works	to	build	a	staIsIcally	sound	and	scienIfically	
solid	foundaIon	for	the	analysis	and	interpretaIon	of	forensic	
evidence	.	.	.”	
•  To	what	extent	do	we	have	“staIsIcally	sound	.	.	.	interpretaIon	
of	forensic	evidence”	now?	
• Can	explore	the	advantages	and	disadvantages	of	various	"types"	
of	probabilisIc	tesImony	(e.g.,	verbal,	quanItaIve)		
• Can	provide	a	baseline	for	CSAFE’s	efforts	

Project	Rationale	&	Goals	



1.  whether	reports	are	consistent	with	published	disciplinary	
standards	

2.  whether	reports	are	probabilisIc	in	nature	and,	if	so,	how	
probability	is	expressed	

Key	Questions	



Standards	



•  If	experts’	language	is	rigidly	
bound	by	standards,	then	are	they	
really	funcIoning	as	scienIsts?	
•  Can	they	truly	convey	the	weight	
of	evidence	as	they	perceive	it	if	
they	are	bound	by	standards	

No	
• Without	standardized	language,	
experts	will	not	be	able	to	convey	
the	weight	of	the	evidence	in	a	
calibrated	fashion	.	.	.	Which	is	
difficult	enough	to	do	in	the	first	
place	

Yes	

What	is	meant	by	reporting	“standards”?	

Do	we	actually	mean	to	prescribe	the	words	the	experts	in	parIcular	
disciplines	would	use	in	parIcular	situaIons?	



•  Simon	A.	Cole,	Where	the	Rubber	Meets	the	Road:	Thinking	
About	Expert	Evidence	as	Expert	Tes;mony,	52	Villanova	Law	
Review	803	(2007).	
•  FBI/NACDL	Hair	Comparison	Review	(2015)		
•  269	transcripts	
•  Erroneous	tesImony	in	258	(96%)	

1.  Donor	pool	is	specific	individual,	rather	than	group	
2.  Baseless	probability	given	
3.  Computes	staIsIc	based	on	casework	

Testimony	reviews	



Testimony	review	



•  Trial	transcripts	are	not	systemaIcally	
archived,	indexed,	or	made	publicly	
available	
•  May	in	some	cases	be	possessed	by	
liIgants	

•  Usually	not	possessed	by	expert	or	
laboratory	

•  Laboratory	reports	are	even	less	well	
archived,	indexed,	or	made	publicly	
available	
•  May	in	some	cases	be	possessed	by	
liIgants	

•  Usually	possessed	by	expert	or	
laboratory,	but	no	mandate	to	archive,	
index	or	make	publicly	available	

What	we	have	

•  Record	of	each	laboratory	report	
and	trial	transcript	for	each	
discipline	in	each	case	
•  Or,	laboratory	Protocol	or	
Standard	OperaIng	Procedure	
(SOP)	for	each	laboratory	or	
idenIficaIon	unit	

What	we	want	

Data	Issues	



•  Sample	is	opportunisIc,	non-random	
•  Sample	is	probably	skewed	toward	higher	quality	expert	evidence	

Data	Sources	
Discipline	

Report	
sample	
size	

From	Westlaw	
From	
consultants	 From	CTS	 Median	year	

Latent	Prints	 91	 41	 50	 0	 2009	

Firearm	and	Tool	
Marks	 48	 25	 23	 0	 2003	

QuesIoned	
Document	 52	 52	 0	 0	 2006	

Shoe	prints	 48	 0	 0	 48	 2017	

Blood	pa6ern	 0	



• All	evidence	is	probabilisIc	in	nature	
• All	evidence	should	therefore	be	reported	in	probabilisIc	
fashion,	meaning	some	probability	no	ma6er	how	small,	should	
be	assigned	to	each	hypothesis	
•  “Categorical”	reporIng	is	at	least	subopImal,	if	not	worse	
• Data	>	no	data	
• Absent	data,	the	use	of	subjecIve	probabiliIes	might	be	
preferable	to	the	alternaIve	

Presumptions	



Standard	 Data	source	 Reports	

Meaning	
within	

framework	of	
standard	

Language	
actually	used	

Adherence	to	
standard	 ProbabilisIc?	

Type	of	
probabilisIc	
reporIng	

Process	



•  Explana=on:	Aoer	examining	the	evidence,	the	analyst	offers	insight	into	areas	of	potenIal	invesIgaIon,	someImes	called	“invesIgaIve	leads”	[Add	an	example].	The	analyst	arIculates	that	their	
conclusions	are	not	exhausIve,	and	no	evaluaIon	is	conducted	on	their	plausibility.	

•  Evidence	-		
•  	 Likelihood	Ra=o:	The	raIo	of	the	probability	of	the	evidence	on	the	assumpIon	that	the	 	accused	is	guilty	to	the	probability	that	of	the	evidence	on	the	assumpIon	that	the	

accused	 	is	not	guilty.	
•  	 Example:	these	hair	characterisIcs	are	more	likely	to	be	observed	if	the	hair	come	from	Mr.	X	 	than	if	the	hair	come	from	somebody	else.		
•  	 Random	Match	Probability:	the	probability	that	an	item	selected	at	random	from	some	 	populaIon	will	“match”	(in	some	defined	sense	of	“matching”)	another	preselected	

item.	For	 	example,	a	hair	is	collected	at	a	crime	scene.	The	random	match	probability	is	the	probability	 	that	the	hair	of	a	person	chosen	at	random	from	the	general	populaIon	will	match	the	
	characterisIcs	of	the	hair	from	the	crime	scene.	

•  	 Probability	Inclusion:	The	quanIfied	measure	of	uncertainty	that	a	suspect	is	included	in	a	pool	 	of	possible	offenders.		
•  	 Compound	Probability	of	Exclusion:	The	proporIon	of	a	parIcular	populaIon	that	a	specified	 	characterisIc	would	exclude.	For	example,	if	one	out	of	five	people	in	Kansas	City	has	

blue	eyes,	 	the	probability	that	a	person	chosen	at	random	from	this	populaIon	has	blue	eyes	is	1/5.	The	 	probability	of	exclusion	for	the	characterisIc	‘blue	eyes’	is	4/5.	
•  	 Consistent	with;	Match:	describes	an	associaIon	of	features,	statements	of	similarity	and	does	 	not	offer	a	measure	of	the	rarity	or	significance	of	the	associaIon.		
•  	 Example:	“The	characterisIcs	of	this	hair	are	consistent	with	the	hair	from	the	defendant.”	
•  	 “The	hair	found	at	the	crime	scene	matches	the	hair	of	the	defendant.”		
•  Subjec=ve	Posterior	Probability,	Verbal	Statement:	A	verbal	statement	offered	regarding	the	probability,	determined	a?er	consideraIon	of	specified	evidence.		Posterior	probability	is	a	measure	of	a	

person’s	beliefs	in	the	accused’s	guilt	or	in	the	veracity	of	a	witnesses	account.		
•  Example:	“It	is	highly	likely	that	the	hair	found	on	the	garment	of	the	vicIm	are	from	Mr.	X.”	
•  Subjec=ve	Posterior	Probability,	Numerical	Statement:	A	numerical	statement	offered	regarding	the	probability,	determined	a?er	consideraIon	of	specified	evidence.		Posterior	probability	is	a	

measure	of	a	person’s	beliefs	in	the	accused’s	guilt	or	in	the	veracity	of	a	witnesses	account.		
•  Example:	“There	is	95%	chance	that	the	hair	found	at	the	crime	scene	were	leo	by	Mr.	X.”	
•  Objec=ve	Posterior	Probability,	Verbal	Statement:	A	verbal	statement	offered	regarding	probability	that	conforms	to	a	logical	statement	that	is	taken	to	be	true,	with	a	measureable	outcome.		
•  Example:	“Using	[some	data/database/study],	there	is	a	high	probability	that	the	hair	found	under	the	nails	of	the	vicIm	belongs	to	Mr.	X.”	
•  Objec=ve	Posterior	Probability,	Numerical	Statement:	A	numerical	statement	offered	regarding	the	probability	that	conforms	to	a	logical	statement	that	is	taken	to	be	true,	with	a	measureable	

outcome.		
•  Example:	“Using	some	data/database/study,	there	is	an	80%	chance	that	the	hair	found	under	the	nails	of	the	vicIm	came	from	Mr.	X.”	
•  Categorical	Conclusion:	All	uncertainty	is	eliminated	from	the	conclusion,	there	is	no	doubt	expressed.		
•  Example:	“I	have	excluded	Mr.	X	as	the	source	of	the	hair	found	at	the	crime	scene.”	
•  	 “I	have	idenIfied	the	source	of	the	hair	found	at	the	crime	scene	as	being	from	Mr.	X.”	
•  	 “I	am	certain	that	Mr.	X.	leo	this	hair.”		

•  DefiniIons	are	based	on	informaIon	from	The	Royal	StaIsIcal	Society	in	their	Guide	Communica;ng	and	Interpre;ng	Sta;s;cal	Evidence	in	the	Administra;on	of	Criminal	Jus;ce:	1.	Fundamentals	of	Probability	and	
Sta;s;cal	Evidence	in	Criminal	Proceedings		

Types	of	Probabilistic	Reporting	



Standards	

Discipline	 Standard	
	

Date	

Latent	Prints	 SWGFAST	#10	 2011	

Firearm	and	Tool	Marks	 AFTE	Range	of	Conclusions	 2011	

QuesIoned	Document	
SWGDOC	Standard	Terminology	
for	Expressing	Conclusions	.	.	.	 2013	

Shoe	print		
SWGTREAD	Range	of	
Conclusions	 2013	



Report	type	according	to	
standard	

n	 Actual	language	used	 n	 Adherence	to	
standard	

Probabilis=
c	

Sta=s=cal	Report	Type	

Consistent/match	
	

Subjec=ve	verbal	
probability	

Categorical	
	

Lacks	sufficient	detail	 0	 0	 0	 0	 0	 0	 0	

Exclusion	 2	 No	relaIon/not	same	 2	 0	 0	 0	 0	 2	

IndicaIons	of	non-
associaIon	

2	 IndicaIons	of	non-associaIon	 2	 2	 2	 2	 0	 0	

Limited	associaIon	 6	 Limited	associaIon	 1	 1	 1	 1	 0	 0	

Similar	 4	 0	 4	 2	 2	 0	

Consistent/correspondence	 1	 0	 1	 1	 0	 0	

AssociaIon	 4	 May	have	 2	 0	 2	 0	 2	 0	

Similar	 2	 0	 2	 1	 1	 0	

High	degree	of	associaIon	 34	 High	degree	of	associaIon	 17	 17	 17	 15	 2	 0	

Extremely/very	strong	support	 6	 0	 6	 0	 6	 0	

Consistent/Correspondence	 6	 0	 6	 6	 0	 0	

(Very)	likely/probably	 4	 0	 4	 0	 4	 0	

Similar	 1	 0	 1	 1	 0	 0	

IdenIficaIon	 0	 0	 0	 0	 0	 0	 0	

Total	 48	 48	 48	 20	(42%)	 46	(96%)	 29	(60%)	 17	(35%)	 2	(4%)	

Shoe	prints	(n=48)	



•  No	use	of	“idenIficaIon”	
•  TesImony	is	almost	always	probabilisIc	

•  But	no	objecIve	or	quanItaIve	probabiliIes	
•  Clustering	of	“associaIons”	in	“high”	
•  Same	term	in	report	used	to	indicate	different	conclusions	according	to	standard	

•  E.g.,	“similar”	for	“limited	associaIon,”	“associaIon,”	and	“high	associaIon”	
•  “consistent/correspondence”	for	“limited”	and	“high	associaIon”	[!]		

•  Low	adherence	to	standard	
•  Ambiguity	as	to	whether	purpose	of	reporIng	is	to	describe	consistencies	or	
posterior	probabiliIes	

•  Vocal	minority	of	Bayesian	responses	
•  Contrary	to	(US)	standard	
•  But	only	for	“high	associaIon”	[?]	

Shoeprints:	Observations	



Report	type	
according	to	standard	

n	 Actual	language	
used	

n	 Adherence	to	
standard	

Probabilis=c	 Sta=s=cal	Report	Type	

Consistent/match	
	

Categorical	
	

Exclusion	 4	 Exclusion	 4	 4	 0	 2	 2	

Inconclusive	 1	 Inconclusive	 1	 1	 1	 1	 0	

IndividualizaIon	 86	 Individualized	 8	 8	 0	 0	 8	

IdenIfied	 34	 34	 0	 0	 34	

Same	source/person	 27	 27	 0	 0	 27	

Match	 8	 0	 0	 7	 1	

Possession	 9	 0	 0	 0	 9	

Total	 91	 91	 74	(81%)	 1	(1%)	 10	(11%)	 81		(89%)	

Fingerprints	(n=91)	



• High	adherence	to	standard	
•  But	standard	allows	at	least	3	formulaIons	for	“individualizaIon/
idenIficaIon”	

• Variety	of	formulaIons	used	for	“individualizaIon/
idenIficaIon”	in	actual	tesImony	
• Almost	all	tesImony	categorical	
•  virtually	all	if	“match”	is	considered	categorical	

• Almost	no	tesImony	probabilisIc	
•  Probability	menIoned	only	in	its	denial	

Fingerprints:	Observations	



Report	type	
according	to	
standard	

n	 Actual	
language	
used	

n	 Adherence	
to	standard	

Probabilis=c	 Sta=s=cal	Report	Type	

Consistent/
match	
	

SubjecIve	
posterior	
verbal	

SubjecIve	
posterior	
numerical	

Categorical	
	

Exclusion	 6	 Exclusion	 6	 6	 0	 0	 0	 0	 6	

Inconclusive	 14	 Inconclusive	 14	 14	 14	 5	 8	 1	 0	

IndividualizaIon	 28	 IdenIfied	 12	 12	 2	 0	 2	 0	 10	

Same	source/
person	

16	 16	 0	 0	 0	 0	 16	

Total	 48	 48	 48	(100%)	 16	(33%)	 4	(8%)	 10	(21%)	 1	(2%)	 32	(67%)	

Firearm/toolmark	(n=48)	



•  Complete	adherence	to	standard	
•  Narrower	use	of	language	than	fingerprints	
•  2/3	all	reports	categorical	
•  Almost	no	probabilisIc	reports	(except	for	inconclusives)	
•  Verbal	probabilisIc	reports	for	idenIficaIon	

•  “The	probability	is	very	very	low.	.	.	.	Anything	is	possible,	anything.	But	the	
probability,	due	to	all	the	variables	that	I	menIoned	before,	is	close	to	zero.”	

•  One	numerical	probabilisIc	report	for	inconclusive	
•  	“I	was	not	able	to	assign	it	a	hundred	percent	certainty,	but	a,	what	we	call	an	
‘enIrely	consistent,’	95	percent	certainty.”	

•  Probability	discussed	in	its	denial	

Firearm/toolmark:	Observations	



Report	type	according	
to	standard	

n	 Actual	language	used	 n	 Adherence	to	
standard	

Probabilis=c	 Sta=s=cal	Report	Type	

Consistent/match	
	

SubjecIve	
posterior	verbal	

Categorical	
	

EliminaIon	 10	 EliminaIon	 1	 1	 0	 1	

Not	same	 9	 9	 0	 9	

Strong	probability	did	
not	

1	 May	have	 1	 0	 1	 1	

Probably	did	not	 2	 Probably	not	 2	 2	 2	 2	

IndicaIons	did	not	 2	 IndicaIons	did	not	 2	 2	 2	 2	

No	conclusion	 5	 No	conclusion	 3	 3	 3	 3	

Could	not	determine	 2	 2	 2	 2	

IndicaIons	 1	 May	have	 1	 0	 1	 1	

Probable	 7	 Probably	 7	 7	 7	 7	

Strong	probability	 7	 Strong/highly	
probably/likely	

7	 7	 7	 7	

IndividualizaIon	 17	 IdenIfied	 6	 6	 0	 6	

Same	source/person	 11	 11	 1	 1	 10	

Total	 52	 52	 50	(96%)	 26	(50%)	 1	(2%)	 25	(48%)	 26	(50%)	

Questioned	documents	(n=47)	



Discipline	 n	 Adherence	
to	standard	

Probabilis=c	 Sta=s=cal	report	type	

Consistent/
match	

SubjecIve	
verbal	

SubjecIve	
numerical	

Categorical	

Shoe	prints	 48	 42%	 96%	 60%	 35%	 4%	

FricIon	Ridge	 91	 74%	 1%	 11%	 89%	

Firearm/toolmark	 48	 100%	 33%	 8%	 21%	 2%	 67%	

QuesIoned	
documents	
	

52	 50%	 50%	 2%	 48%	 50%	

Summary	



• Adherence	to	standards	higher	in	disciplines	with	fewer	
categories	
• But	probabilisIc	tesImony	is	lower	
• High	usage	of	categorical	tesImony	and	consistent/match	
• ProbabilisIc	tesImony	overwhelmingly	tends	to	be	verbal	
• Almost	no	numerical	probabiliIes	
•  Source	of	the	li6le	there	are	is	not	clear	

Summary:	Observations	



Survey	distributed	by	ASCLD	



Survey	responses:	descriptive	(n=8)	

2	

4	

2	
A	law	enforcement	
agency	

Another	type	of	
government	agency	

NaIonal	Academy	of	
Sciences	

US	

Not	US	

•  Laboratory	size	
•  Mean	=	110	
•  Range	=	30-500	

•  Appeared	in	ASCLD	newsle6er	9	Imes	
•  Distributed	twice	by	ENFSI	Secretariat	
•  71	opened	surveys	
•  28	responded	eligible	and	willing	to	

parIcipate	
•  8	answered	quesIons	about		reporIng	

pracIces	in	specific	disciplines	
•  14	answered	opinion	quesIons	



	Discipline	 PracIce	

Consider	
reporIng	

probabilisIc	
Verbal	
report	

Verbal	
categories	

range	

Verbal	
categories	

mean	

QuanItaIve	
basis	for	
verbal	
report	

Numerical	
report	

HandwriIng	 8	 4	 7	 3-7	 5.9	 1	 1	
F/T	 6	 2	 5	 5-7+	 5.6	 1	 1	

Fingerprint	 5	 1	 5	 3-5	 4	 0	 0	
Footwear	 4	 2	 4	 5-7+	 7.3	 1	 0	

Tire	 4	 2	 4	 5-7+	 5.5	 1	 0	
Blood	 3	 1	 3	 5-7+	 5.7	 1	 0	

Survey	results:	reporting	



•  Some	European	laboratories	believe	they	are	tesIfying	
probabilisIcally,	but	not	all	
• ProbabiliIes	are	overwhelmingly	verbal	
• Almost	no	numerical	probabiliIes	
•  And	basis	for	those	there	are	is	not	clear	

• One	laboratory	claims	to	have	numerical	basis	for	verbal	
probabiliIes	

Survey:	Observations	



Opinion	survey	respondents:	descriptive	
(n=14)	

5	

7	

1	
1	

A	law	enforcement	
agency	

Another	type	of	
government	agency	

University	

NaIonal	Academy	of	
Sciences	

US	

Not	US	

•  Laboratory	Size	
•  Mean	=	125	
•  Range	=	2-500	



Definitely	yes	 Probably	yes	 Might	or	might	not	 Probably	not		 Definitely	not	

6	 6	 3	 0	 0	

Survey:	opinions	(n=15)	
Do	you	think	probabilisIc	reporIng	of	forensic	results	is	necessary?	

How	important	do	you	think	probabilisIc	reporIng	of	forensic	results	is?	

Extremely	
important	

Very	important	 Moderately	
important	

Slightly	important	 Not	important	at	
all	

3	 7	 5	 0	 0	
How	would	you	characterize	the	steps	you	feel	your	laboratory	has	taken	toward	the	probabilisIc	
reporIng	of	forensic	results?	
A	great	deal	 A	lot	 A	moderate	

amount	
A	li6le		 None	at	all	

3	 4	 5	 3	 0	



• What	percentage	of	all	forensic	reports	would	you	esImate	use	
the	probabilisIc	reporIng	of	forensic	results?	
•  Mean	=	62%	
•  Range	=	10%-100%	

• What	percentage	of	all	forensic	reports	would	you	esImate	use	
the	probabilisIc	reporIng	of	forensic	results?	
•  Mean	=	44%	
•  Range	=	5%-100%	

Survey:	opinions	(n=13)	



Publicly	available	SOPs	



• ProbabilisIc	reporIng	is	viewed	as	important	
• Progress	is	viewed	as	modest	

Summary:	survey	



• Data	is	difficult	to	obtain	
• Most	SOPs	are	sIll	not	publicly	available	
•  Li6le	American	interest	in	compleIng	surveys	on	reporIng	
•  Li6le	probabilisIc	reporIng,	especially	in	disciplines	with	
“idenIficaIon/individualizaIon”	commonly	used	and	3-category	
schemes	(e.g.,	latent	prints,	F/T)	
• What	probabiliIes	there	are	overwhelmingly	subjecIve	and	
verbal	
•  Li6le	or	no	quanItaIve	basis	for	verbal	probabiliIes		

Conclusions	



•  Lower	adherence	to	standards	
•  More	probabilisIc	tesImony	

•  But	neither	objecIve	nor	quanItaIve	
• Will	require	greater	regulaIon	of	
actual	language	used	

5+	category	

•  High	adherence	to	standards	
•  High	use	non-probabilisIc	reports	

3	category	

Verbal	scales	



• American	Society	of	Crime	Laboratory	Directors,	European	
Network	of	Forensic	Science	InsItutes,	Laura	Sudkamp,	Jeremy	
Triple6,	Deborah	Leben,	Ma6hew	Game6e,	Joelle	Vuille,	Jan	De	
Kinder	

Thanks	


