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•  Accident	models	and	road	safety	(reminder)	
•  Knowledge	in	road	safety	

– Paradigms	
– Diffusion	and	policy	

•  Science	making	in	road	safety	
– SystemaQc	reviews	and	meta-analysis	

•  Physical	vulnerability	in	collision	
•  EffecQveness	of	seat	belt	use	

•  Conclusion	



Accident	models	

E.	Hollnagel	(2004)	Barriers	and	accident	prevenQon.	Ashgate.	



Accident	tree:	event	and	fault	tree	
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Epidemiological	model	
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Risk	factors,	failures	and	barriers	

Structure	of	causaQon	codes	in	ACASS	Accident	CausaQon	Analysis	
with	Seven	Steps	(Jaensch	et	al.,	2008)	



•  DREAM	from	CREAM	CogniQve	Reliability	and	
Error	Analysis	Method	(Hollnagel,	1998)	

Warner,	H.,	Ljung	Aust,	M.,	Sandin,	J.,	Johansson,	E.,	&	Bjorklund,	G.,	2008.	
Manual	for	DREAM	3.0,	Driving	reliability	and	error	ananlysis	method.	
Deliverable	5.6	of	the	EU	FP6	project	SafetyNet,	TREN	-04-FP6TR-
S12.395465/506723.		



Causal	web	proximal/distal	condiQons	
and	factors	





Dual	nature	of	the	performance	

Monitoring						Detec,on					Dispersion					Correc,on	



Exemple	

•  Shared	spaces		
•  Hans	Monderman	



Knowledge	

•  PosiQvist	Vision	of	science	
•  The	Truth	and	the	paradigms	
•  The	network	of	researchers	with	experimental	
labs	and	data	bases	



What	works	?	
•  Feasability	

•  Effec,veness	
•  Efficiency	

•  Acceptability	
•  Equity	

•  Sustainability	
•  Rune	Elvik,	Truls	Vaa	The	handbook	of		
•  road	safety	measures	
•  World	report	on	injury	prevenQon		(WHO)	
•  Sharing	road	safety	(CMF),	OECD	



Paradigms	in	(road	safety)	research	
•  Paradigm=basic	belief	systems	based	on	ontological,	

epistemological	and	methodological	assumpQons	(Guba	and	
Lincoln,	1994)	

Posi,vism	 Postposi,vism	 Construc,vism	

Ontology	 Naive	realism	
«	real	»	

CriQcal	realism	 RelaQvism	
«	constructed	»	
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Modified	
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created	

Methodology	 Experimental/
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VerificaQon	
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Modified	
Quasi-experimental	
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HermeuneQcal/	
dialecQcal	



ImplicaQons	on	knowledge	
Posi,vism	 Postposi,vism	 construc,vism	
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How	to	increase	the	usage	of	evaluaQons	beyond	CMFs	
Crash	ModificaQon	FuncQons	

Posi,vist	CMF	 Construc,vist	CMF	

Ontology	 road	Engineering	only	 System	approach	

Methodology	 Purely	quanQtaQve	
Quasi-experiment	
AnalyQc	

QuanQtaQve	+QualitaQve		
History	
HolisQc	

Models	and	theories	 Black-box	outcomes	 Outcomes	+	
implementaQon	process	

Evalua,on	findings	 Manipulable	soluQons	
Instrumental	and	universal	
(generazlizable	probability)	

Transferable	explanaQons	

Knowledge	Transfer	 InformaQon		to	pracQQoners	
and	decision	makers		

Safety	culture	
Co-elaboraQon		with	
pracQQonners	and	public	

Policy	 Cost-benefit	 Integra,on	
Profesionalisa,on	





The	many	actors	and	the	complexity	of	the	
policy	networks	

	

Sandra	Nutley	and	al.	Using	Evidence 



Sandra	Nutley	



Evidence-informed	pracQce	



Science	making	

•  Network	of	laboratories,	insQtutes	
•  Data	bases	on	accidents	and		vicQms	
•  Conferences	and	internaQonal	insQtuQons	



Need	for	systemaQc	review	and		
meta-analysis	

	•  A	systemaQc	review	aims	to	provide	a	complete,	exhausQve	
summary	of	current	literature	relevant	to	a	research	quesQon.	
open,	but	not	always,	use	staQsQcal	techniques	(meta-
analysis)	to	combine	results	of	eligible	studies	

•  Not	flat	
–  Big	Names	(+	Followers	(detailed)	+	Contradictors)	

•  For	seat	belt	effecQveness	in	the	US	:	L.	Evans	(+	H.	
Joksch)	in	the	1980s,	90s	,	P.	Cummings	in	the	2000s		

–  Big	Data	(FARS,	…)	
–  Big	Methods	
–  Big	Results	

•  The	job	of	a	mulQdisciplinary	and	intergeneraQonal	team	



Study	designs	in	risk	analysis	and	
evaluaQon	of	countermeasures	

•  Simulators	
•  Test	tracks	
•  Crash	tests	
•  Quasi-	
experimentaQons	
•  ObservaQons	

	



Processing	li:erature	
automated/manual	

Text	Mining	
	
Contentmine	
	
The	rigth	to	read	is	the	rigth	to	mine	
	
StandardisaQon	



Cochrane	Collabora,on	
	

•  Interven,on	reviews	assess	the	benefits	and	harms	of	
intervenQons	used	in	healthcare	and	health	policy.	

•  Diagnos,c	test	accuracy	reviews	assess	how	well	a	diagnosQc	test	
performs	in	diagnosing	and	detecQng	a	parQcular	disease.	

•  Methodology	reviews	address	issues	relevant	to	how	systemaQc	
reviews	and	clinical	trials	are	conducted	and	reported.	

•  Qualita,ve	reviews	synthesize	qualitaQve	and	quanQtaQve	
evidence	to	address	quesQons	on	aspects	other	than	effecQveness.	

•  Prognosis	reviews	address	the	probable	course	or	future	
outcome(s)	of	people	with	a	health	problem.	

•  Overviews	of	Systema,c	Reviews	(OoRs)	are	a	new	type	of	study	
in	order	to	compile	mulQple	evidence	from	systemaQc	reviews	into	
a	single	document	that	is	accessible	and	useful	to	serve	as	a	friendly	
front	end	for	the	Cochrane	CollaboraQon	with	regard	to	healthcare	
decision-making.	



•  The	Cochrane	CollaboraQon	provides	a	handbook	for	systemaQc	
reviewers	of	intervenQons	which	"provides	guidance	to	authors	for	
the	preparaQon	of	Cochrane	IntervenQon	reviews."The	Cochrane	
Handbook	outlines	eight	general	steps	for	preparing	a	systemaQc	
review:	

•  Defining	the	review	quesQon(s)	and	developing	criteria	for	
including	studies	

•  Searching	for	studies	
•  SelecQng	studies	and	collecQng	data	
•  Assessing	risk	of	bias	in	included	studies	
•  Analysing	data	and	undertaking	meta-analyses	
•  Addressing	reporQng	biases	
•  PresenQng	results	and	"summary	of	findings"	tables	
•  InterpreQng	results	and	drawing	conclusions	



SystemaQc	review	

•  Physical	vulnerability	
•  Injury	probability	funcQon	

– Pedestrian	
– Car	occupants	

•  Crash	tests	with	dummies,	corpses,	animals	
•  Accidents	
•  Numerical	simulaQons	



Physical	vulnerability	
•  The	vulnerability	which	can	be	measured	by	a	
probability	funcQon	of	the	chance,	when	involved	in	a	
crash,	to	be	injured	more	or	less	severely	from	no	
injury	to	death	will	depend	on	
–  The	characterisQcs	of	the	person,	mainly	the	age	(physical	
condiQons),	

–  The	effecQveness	of	the	barriers,	according	to	the	posiQon	
inside	the	car	related	to	the	forces	of	the	impact	and	and	
the	posiQon	aper	the	crash	in	case	of	ejecQon	,due	to:	

•  The	level	of	protecQon	by	the	use	of	safety	devices	such	as	seat	
belt,	

•  The	crashworthiness	of	the	car,	or	the	protecQon	offered	by	the	
structure	and	the	mass	of	the	car,	according	to	the	types	of	
collision	(frontal,	lateral,	rear-end,	…),	

–  The	amount	of	mechanical	energy	released	during	the	
collision,	measured	by	ΔV	or	other	measurements	of	the	
severity	of	the	crash.	



•  The	probability	of	sustaining	an	injury	in	a	crash	is	modeled	by	
an	ordered	probit	or	logisQc	or	Gumbel	distribuQon,	with	y*	
an	unobserved	conQnuous	variable	such	as	

•  y*	can	be	linked	to	a	measure	of	the	severity	of	the	collision,	
usually	ΔV,	but	also	other	crash	automaQc	recorder	data		
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•  Ordered	logit	model	=	proporQonal	odds	model	
																	Death/SI	+LI=	SI/LI	
•  If	not,	stereotype	logit	model	or	nested	logit	model	

•  No	raQng,	then	mulQnomial	model	with	Gumbel	
distribuQon,	mulQnomial	probit	or	logisQc		model	

•  WeighQng	to	correct	different	sample	sizes	according	to	
ΔV	

•  Non	zero	injury	probability	at	zero	severity	
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Teu	B.	(2011)	Impact	speed	and	a	pedestrian’s	risk	of	severe	injury	or	death.	
AAA	FoundaQon	for	Traffic	Safety,	Washington.	



MulQple	Survival	models	
•  Death	or	injury	occurs	if	ΔVi>v	
•  Hazard	funcQon		h(v)	and	survival	funcQon	S(v)	
•  Censored	data	

–  Lep	censored	for	injury	point	if	injury	treshhold	lies	in	
[0,	v]	

–  Rigth	censored	for	non	injury	point	if	injury	treshhold	
lies	in	[v,	∞]	

•  Parametric	and	non	parametric	models	and	
esQmaQons	
–  ProporQonal	hazard	and	accelerated	failure	Qme	
models	



Meta-analysis	
•  FormulaQon	of	the	problem	
•  Search	of	literature	
•  SelecQon	of	studies	('incorporaQon	criteria')		

–  Based	on	quality	criteria,	e.g.	the	requirement	of	quasi-
experimentaQon	

–  SelecQon	of	specific	studies	on	a	well-specified	subject,	e.g.	the	use	of	
seat	belt.	

–  Decide	whether	unpublished	studies	are	included	to	avoid	publicaQon	
bias		

•  Decide	which	dependent	variables	or	summary	measures	are	allowed	
called	the	study	effect	size.	For	instance:		
–  RelaQve	risks,	odds-raQos	
–  Regression	coefficients,	elasQciQes	

•  SelecQon	of	a	meta-regression	staQsQcal	model:	e.g.	simple	regression,	
fixed-effect	meta-regression	or	random-effect	meta-regression.		

•  Source	:	wikipedia	



•  Fixed-effect	model	

•  Random-effect	model	

where	βF	is	the	common	effect	under	the	fixed-
effects	model,	
and	Var(ei)	=	vi	is	the	known	sampling	variance.	
The	common	effect	is	esQmated	as	a	weighted	mean		
by	the		inverse	of	the	variances		1/vi	

A	random-effects	model	allows	studies	to	have	their	own	
study-specific	effect.	The	model	for	the	ith	study	is:	
	
	
where	βR	is	the	average	populaQon	effect	under	the	random-	
Effects	model,and	Var(ui)	=	τ	2	is	the	heterogeneity	variance	



Fildes,	B,	van	Ratingen,	M,	Lie,	A,	Keall,	M,	Tingvall,	C	A	(2015)	new	Approach	to	Evaluating	New	
Vehicle	Safety	Technologies	using	Meta-Analysis	Vehicle	Technology	ARSC	conference.	

Autonomous	Emergency	Breaking		



Street lighting for preventing road traffic injuries 
Fiona R Beyer, Katharine Ker 
Motorcycle rider training for the prevention of road traffic crashes 
Katina Kardamanidis, Alexandra Martiniuk, Rebecca Q Ivers*, Mark R Stevenson, Katrina Thistlethwaite 
Safety education of pedestrians for injury prevention 
Olivier Duperrex, Ian Roberts, Frances Bunn 
Vision screening of older drivers for preventing road traffic injuries and fatalities 
Ediriweera Desapriya,Rahana Harjee, Jeffrey Brubacher, Herbert Chan, D Sesath Hewapathirane, Sayed Subzwari, Ian Pike 
Post-licence driver education for the prevention of road traffic crashes 
Katharine Ker1,*,Ian G Roberts1,Timothy Collier2, Fiona R Beyer3, Frances Bunn4, Chris Frost2 
Area-wide traffic calming for preventing traffic related injuries 
Frances Bunn1,*,Timothy Collier2, Chris Frost2,Katharine Ker3, Rebecca Steinbach4, Ian Roberts3, Reinhard Wentz5 
Driving assessment for maintaining mobility and safety in drivers with dementia 
Alan J Martin1,*,Richard Marottoli2, Desmond O'Neill3 
Interventions for increasing pedestrian and cyclist visibility for the prevention of death and injuries 
Irene Kwan1,*, James Mapstone2 
Helmets for preventing injury in motorcycle riders 
Bette C Liu1,*, Rebecca Ivers2, Robyn Norton3, Soufiane Boufous2, Stephanie Blows2, Sing Kai Lo4 
Bicycle helmet legislation for the uptake of helmet use and prevention of head injuries 
Alison Macpherson2, Anneliese Spinks1,* 
The 'WHO Safe Communities' model for the prevention of injury in whole populations 
Anneliese Spinks1,*, Cathy Turner2, Jim Nixon3, Roderick J McClure4 
Increased police patrols for preventing alcohol-impaired driving 
Cynthia W Goss1,*, Lisa D Van Bramer2, Jeffrey A Gliner3, Todd R Porter4, Ian G Roberts5, Carolyn DiGuiseppi1 
School-based driver education for the prevention of traffic crashes 
Ian G Roberts1,*, Irene Kwan2 
Graduated driver licensing for reducing motor vehicle crashes among young drivers 
Kelly F Russell1, Ben Vandermeer2, Lisa Hartling 
Interventions for promoting booster seat use in four to eight year olds travelling in motor vehicles 
John E Ehiri1,*, Henry OD Ejere2, Lesley Magnussen3, Donath Emusu4, William King5, Scott J Osberg 
Helmets for preventing head and facial injuries in bicyclists 
Diane C Thompson2, Fred Rivara1,*, Robert Thompson 
Alcohol ignition interlock programmes for reducing drink driving recidivism 
Charlene Willis1,*, Sean Lybrand2, Nicholas Bellamy 
Speed cameras for the prevention of road traffic injuries and deaths (Review) 
Wilson C, Willis C, Hendrikz JK, Le Brocque R, Bellamy N 
Red-light cameras for the prevention of road traffic crashes (Review) 
Aeron-Thomas AS, Hess S 
Cycling infrastructure for reducing cycling injuries in cyclists (Started in 2014) 
Caroline A Mulvaney1, Michael C Watson2, John Parkin3, Carol Coupland4, Denise Kendrick1, Philip Miller5, Sherie Smith1 
Helicopter emergency medical services for adults with major trauma 
Galvagno SM, Jr., Thomas S, Stephens C, et al 



EffecQveness	of	seat	belt	use	

Hoye	A.	(2016)	How	would	increasing	seat	belt	use	affect	the	number	of	killed	or	seriously	
injured	light	vehicle	occupants	?		Accid.	Anal.	&	Prev	88,	175-186	







EffecQveness	of	seat	belt	use	
•  Two	main	kinds	of	studies	

– Cohort	studies	or	exposed/non	exposed	studies	

– Case/control	studies	

Exposed	
Belted		occcupant	

Non	exposed	
Unbelted	occupant	

Died	

Injured	or	survived	

Died	(Injured)	in	
collision	

In	traffic	

Exposed	
Belted		occcupant	

Non	exposed	
Unbelted	occupant	



Exposed/non	exposed	studies	
•  The	usage	of	the	system	is	not	randomly	distributed	among	

the	populaQon	(of	drivers	by	exemple)	
–  Unbelted	drivers	are	more	prone	to	traffic	violaQons,	high	
speed,	agressive	driving,	…	

–  Protected	road	users	as	belted	drivers	are	either	more	safer	or	
on	the	contrary	are	going	to	take	risk	because	of	an	increased	
protecQon	(The	problem	of	risk	compensaQon	or	adapataQve	
behavior).	

•  SoluQon	to	the	problem	of	endogoneous	selecQon	
–  To	model		both	the	choice	of	the	safety	device	(helmet,	seat	
belt,	..)	and	the	risk	of	injury	by	correlated		bivariate	models.	

–  A	joint	econometric	analysis	of	seat	belt	use	and	crash	related	
injury	severity.	N	Eluru,	C.	Bhat,	AAP	39	(2007)	1037-1049	(car	
drivers	GES	2004)	

–  M.	de	Lapparent	Willingness	to	use	safety	belt	and	levels	of	
injury	in	car	accidents	.	AAP	40	(2008)	1023-1032.	BAAC	2003	
Car		driver,	front-seat	and	back-seat	passenger	



Matched	pair	cohort	studies	
•  In	the	same	vehicle	:	matching	of	driver	and	passenger	

belted/unbelted	

Number	of		pairs	

	

	
•  In	the	same	two-vehicles	accident	:	matching	of	two	drivers	

belted/unbelted	

		Same	accident		
			severity	(ΔV)	

Driver	or	
passenger	

unbelted	

Diriver	or	
passenger	

died	 lived	

belted	 died	 a	 b	

lived	 c	 d	

Driver	1	or		2	 unbelted	

Diriver	1	or	2	 died	 lived	

belted	 died	 a	 b	

lived	 c	 d	



•  RelaQve	risk	
Just	based	on	the	counts	of	dead	drivers	and	passengers			

•  CondiQonal	Odds	RaQo	
Odds=p/1-p	

•  Marginal	OR	
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CondiQonal	logisQc	regression	
•  C.	Crandall,	L.	Olson,	D.	Sklar	Mortality	reducQon	with	air	bag	

and	seat	belt	use	in	head-on	passenger	car	collisions	.	
American	journal	of	epidemiology,	153,3,	219-224	(2000).	
FARS	1992-1997	head_on	pairs	of	passenger	cars	and	drivers.	
CondiQonal	ORs	and	condiQonal	logisQc	models.		

•  Used	only	two	discordant	pairs.	Problem	:	In	15	to	20	%	of	
fatal	crashes,	the	two	drivers	died.	So	OR	is	biaised	further	to	
1.	



Double	pair	comparison	
•  L.	Evans	Double	pair	comparison	A	new	method	to	determine	

how	occupant	characterisQcs	affect	fatality	risk	in	traffic	
crashes.	AAP	18,	3,	217-227	(1986)	

•  RaQo	of	RRs	between	two	tables	of	pairs		to	correct	the	
confounding	of	seat	posiQon:	
–  	belted	driver/unbelted	passenger	(front	seat)	
–  unbelted	driver/unbelted	passenger	

•  Source	:	FARS	Fatality	analysis	reporQng	system	in	the	US	



CondiQonal	Poisson	regression	

•  P.	Cummings,	B.	McKnight,	N.	Weiss.	Matched-pair	
cohort	methods	in	traffic	crash	research.	AAP	35	(2003)	
131-141.	FARS	1986-1998,	model	years	1974-1987.		
Driver/passenger	in	the	same	car.	With	and	without	roll-
over	accidents.	

•  L.	Ratnayake.	Development	and	tesQng	of	methodologies	
to	esQmate	benefits	associated	with	seat	belt	usage	in	
Kansas.	PHD	dissertaQon,	Kansas	State	University	(2007).	



Sample	selecQon	
•  S.	Levi:,	J.	Porter	Sample	selecQon	in	the	esQmaQon	of	air	bag	

and	seat	belt	effecQveness.	The	review	of	economics	and	
staQsQcs,	83(4),	603-615	(2001).	FARS	1994-1997.	Children,	
one-vehicle	crash,	three	or	more	,	involving	fataliQes	among	
vulnerable	road	users	excluded.	InformaQon	incomplete	on	
air	bag	and	seat	belt	use	dropped	from	sample	

•  CorrecQon	of	sample	selecQon	by	restricQng	the	
the	data	set	to	occupants	of	vehicles	in	which	
anyone	of	the	other	vehicle	dies	in	the	crash.	

	
–  Frontal,	parQal	frontal,	non-frontal	crashes,		
– Automobiles/uQlity	vehicles,	vans	

jvccvcjvcjvcjvcjvc ZVXairbagseatbeltY εββα +Λ+Θ+Γ+++= 21



Case-control	studies	
•  We	can	use	a	with/without	the	safety	device	approach	by	

comparing	the	fatality	rate	per	registered	cars.	This	method	
can	be	used	in	the	first	phases	of	diffusion	of	the	safety	device	
among	the	fleet.		

•  Braver	ER,	Ferguson	SA,	Greene	MA,	Lund	AK	(1997)	ReducQons	in	deaths	in	frontal	crashes	
among	right	front	passengers	in	vehicles	JAMA	278:17	(1997),	1437–1439.	

•  If	the	percentage	of	front-seat	occupants	wearing	a	seat	belt	
is	esQmated	with	a	sample	survey	on	the	road,	we	could	
esQmate	by	an	odds	raQo	the	relaQve	risk.	

Died	(Injured)	in	
collision	

In	traffic	

Exposed	
Belted		occcupant	

Non	exposed	
Unbelted	occupant	



Conclusion	
•  A	long	way	from	data	to	scienQfic	facts	and	knowledge	

about	physical	vulnerability	and	seat	belt	effecQveness	in	
real	crashes.	
–  Non	linear	effect	of	speed	impact	on	the	probability	of	injuries	
–  Seat	belt	use	is	effecQve	in	reducing	fatal	and	serious	injuries	

•  Some	methods	are	be:er	than	others	:	
–  Matched	pair	cohort	studies	to	control	for	impact	speed	
–  Bivariate		binary	regressions	to	control	from	selecQon	biases	

•  SQll	the	need	to	synthesise	by	means	of	systemaQc	review	
the	results	of	different	studies	with	different	data	sets	and	
methods.	

	


