
Tahoe	East	Shore	Alliance	

September	2023	 1	

Sta$s$cal	Hypothesis	Tes,ng	Applied	to	US	50	Accident	Data	
Robert	W.	Byren,	TESA	Tech	Team	
Sydney	Morrow,	TESA	Tech	Team	

	
Abstract	
	
	 This	paper	tests	the	NDOT	US	50	Tahoe	East	Shore	Corridor	Management	Team's	(CMP)	
asser%on	that	30%	of	the	accidents	that	occur	along	the	US	50	corridor	between	the	SR28	
intersec(on	and	Stateline	are	caused	by	excessive	speed	using	the	standard	sta-s-cal	
hypothesis	tes*ng	methodology.		Our	analysis	is	based	on	a	sample	of	traffic	accident	data	
taken	between	2016	and	2020.		We	conclude	that	the	data	for	the	en/re	corridor	and	
individually	for	each	segment	do	not	support	the	CMP	asser8on	that	30%	of	the	accidents	
resulted	from	vehicles	traveling	above	the	posted	speed	limits,	and	in	fact	support	much	smaller	
percentages,	thereby	refu+ng	NDOT's	argument	that	so-called	"road	diet"	measures,	such	as	
lane	reduc*on	and	lane	narrowing	would	somehow	reduce	the	number	of	accidents	within	the	
corridor.	
	
Statement	of	the	Problem	
	
	 In	order	to	test	the	CMP	asser/on	that	30%	of	the	accidents	that	occur	along	the	US	50	
corridor	between	the	SR28	intersec2on	and	Stateline	are	a5ributable	to	excessive	speed1,	we	
must	formulate	the	problem	in	such	a	way	that	it	can	be	analyzed	rigorously	using	sta7s7cal	
hypothesis	tes*ng	techniques	and	applied	to	the	reported	accident	data.		Since	the	CMP	
asser%on	has	been	used	to	promote	the	use	of	speed	reduc%on	measures	such	as	lane	
reduc&on	and	narrowing,	it	is	reasonable	to	assume	that	the	30%	probability	metric	applies	to	
accidents	where	speed	in	excess	of	the	posted	limit	is	at	fault.		The	accident	reports,	from	which	
the	accident	data	in	Table	1	were	taken2,	show	two	categories	of	excessive	speed.		The	first	
category,	labeled	"Unambiguous	Speeding,"	includes	only	those	reported	accidents	where	the	
root	cause	of	the	accident	was	speed	in	excess	of	the	posted	limit.		The	second	category,	
labeled	"Possible	Speeding,"	also	includes	the	unambiguous	speeding	accidents	but	adds	those	
accidents	labeled	"Too	Fast	for	Road	Condi)ons"	but	where	those	condi(ons	could	not	be	
correlated	with	"	Wet,	Ice,	Snow,	or	Slush"	condi&ons,	based	on	the	way	these	accidents	were	
reported.			These	category	defini&ons	allow	us	to	establish	two	statements	of	the	problem,	
which	are	described	precisely	below,	when	we	formulate	them	as	null	hypotheses.		
	
	 Note	that	all	of	the	parameters	we	used	tend	to	favor	accep4ng	the	CMP	asser4on,	
thereby	giving	the	benefit	of	any	doubt	to	the	CMP	team.	
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Table	1.		Summary	of	US	50	Accident	Data	from	SR28	to	Stateline	
	

	
	
Bernoulli	Random	Variables	
	
	 A	Bernoulli	random	variable	is	one	that	takes	on	the	value	of	1	or	0	with	probabili,es	p	
and	1-p,	respec(vely.		A	classic	Bernoulli	random	variable	problem	is	determining	whether	a	
coin	flip	is	"fair"	in	the	sta0s0cal	sense,	where	1	denotes	heads	and	0	denotes	tales.		The	
asser%on	would	be	"the	coin	is	fair,"	that	is,	heads	does	come	up	in	50%	of	the	flipping	events.		
This	asser%on	can	be	tested	by	flipping	the	coin	a	number	of	5mes	and	recording	the	number	of	
!mes	heads	come	up,	which	is	a	random	variable	--	the	probability	of	heads.			
	
	 We	can	approach	the	US	50	accident	problem	the	same	way,	where	the	number	of	
accidents	sa*sfying	the	CMP	asser)on	is	treated	as	a	Bernoulli	random	variable.		Each	accident	
can	have	a	value	of	either	1,	corresponding	to	an	accident	that	is	a"ributable	to	excessive	
speed;	or	0,	corresponding	to	an	accident	a)ributable	to	some	other	cause.		This	is	a	special	
case	of	a	binomial	distribu.on,	where	n	=	1	and	p	is	the	probability	that	an	accident	falls	into	
the	former	category,	unambiguous	speed-over-limit.	
	

𝑝!(𝑘)  =  𝑃{𝑋 = 𝑘}  =  
𝑛!

𝑘! (𝑛 − 𝑘)! 𝑝
!(1− 𝑝)!!! , 𝑓𝑜𝑟 𝑘 ∈  (0,1) 𝑎𝑛𝑑 𝑛 = 1	

	
𝑝!(0)  =  1− 𝑝	

	
𝑝! 1 = 𝑝	

	
The	mean	of	this	distribu1on	is	
	

𝐸(𝑋)  =  𝑛𝑝 	
	

Summary of US 50 Accident Data from SR28 to Stateline

US 50 Road 
Segment

Description of Segment Total 
Accidents

Unambiguous 
Speeding 
Accidents

Posted 
Speed Limit

Too Fast for Road 
Conditions

Wet, Ice, Snow 
or Slush

Possible 
Speeding 
Accidents

Dry Other 
Highway

Total Corridor SR28 to Stateline 415 17 110 94 33 17 1
Segment 1 SR28 to Glenbrook 44 1 50 20 18 3 1 0
Segment 2 Glenbrook to Friedhoff Rd 57 0 45 19 14 5 0 0
Segment 3 Cave Rock to Skyland 92 4 45 28 27 5 4 0
Segment 4 Skyland to Round Hill Pines 116 7 45 25 24 8 7 0
Segment 5 Round Hill Pines to Kingsbury Grade 49 4 35-45 11 9 6 4 1
Segment 6 Kingsbury Grade to Stateline 57 1 25-35 7 2 6 1 0

Intersections 
(removed from 
Total Corridor)

Total of Intersections SR 20 to 
Stateline

119 0 17 7 0 3 0

Notes: 1.  All traffic accident data taken from accident reports between 2016 1ne 2020.
2.  Total Corridor row is the total for reported accidents across all six segments of the corridor, less accidents that occurred in intersections.
3.  "Unambiguous Speeding" includes only those accidents where speed in excess of the posted limit is the root cause, and the road surface was reported to be 
dry.

4.  "Possible Speeding" includes accidents reported as speed in excess of the posted limit PLUS accidents reported as speed too fast for road conditions MINUS 
those accidents where wet, ice, snow or slush was also reported.
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The	variance	of	this	distribu,on	is	
	

𝑉𝑎𝑟 𝑋 =  𝑛𝑝 1− 𝑝 	
	
	 This	formula-on	tends	to	be	unwieldy	when	large	samples	(like	the	414	reported	
accidents	in	our	analysis)	due	to	the	magnitude	of	the	factorials	involved.		With	such	large	
numbers,	it	is	appropriate	to	approximate	the	binomial	distribu.on	with	a	normal	distribu.on.		
According	to	Hald3,	the	normal	approxima/on	is	good	when	the	following	inequality	holds:	
	

𝑛𝑝(1− 𝑝)  >  9	
	
In	this	case,	np(1-p)	=	414*0.3*(1-0.3)	=	86.9,	which	is	quite	adequate.	
	
Hypotheses	
	
	 A	precise	statement	of	an	asser%on	is	called	a	null	hypothesis	in	engineering	sta$s$cs.		In	
this	case,	two	null	hypotheses	can	be	formulated	which	we	will	denote	as	H0(1)	and	H0(2).		
These	are	stated	below	with	their	alterna0ve	hypotheses	HA(1)	and	HA(2),	respec+vely:	
	
First	Hypothesis	set:	

H0(1)	=	"30%	of	all	accidents	along	the	segment	of	the	US	50	East	Shore	corridor	between	
SR28		and	Stateline	are	unambiguously	related	to	speed	in	excess	of	the	posted	
limit."			

HA(1)	=	"Less	than	30%	of	all	accidents	along	this	segment	are	unambiguously	related	to	
speed-in-excess."		

	
	Second	Hypothesis	set:	

H0(2)	=	"30%	of	all	accidents	along	the	segment	of	the	US	50	East	Shore	corridor	between	
SR28		and	Stateline	are	possibly	related	to	speed	in	excess	of	the	posted	limit.		
These	include	all	accidents	that	cannot	be	ruled	out	based	on	wet,	ice,	snow	or	
sleet	condi+ons."			

HA(2)	=	"Less	than	30%	of	all	accidents	along	this	segment	are	possibly	related	to	speed-
in-excess."		

	
Random	Sample	
	
	 We	can	consider	the	set	of	reported	accidents	a	"random	sample"	if	it	is	representa0ve	
of	the	en(re	process	(all	accidents	along	the	corridor	or	segment)	and	no	data	have	been	
removed	solely	because	they	either	favor	or	disfavor	the	asser(on.		Data	can	be	removed,	
however,	if	there	is	a	problem	in	the	data	collec1on	and	this	brings	up	a	"hanging	chad"	
problem,	which	is	not	addressed	in	this	paper.		In	our	analysis,	we	did	not	remove	any	reported	
accident	data,	except	those	represen0ng	intersec0ons,	none	of	which	were	a4ributed	to	
excessive	speed.			We	believe	including	those	data	would	have	biased	the	analysis	against	the	
CMP	asser)on.		Again,	this	is	giving	the	benefit	of	the	doubt	to	the	CMP	team.	
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Confidence	Level	
	
	 Confidence	level	is	a	sta&s&cal	term	with	a	precise	meaning.		A	95%	confidence	level	
means	that	there	is	only	a	5%	chance	of	concluding	that	an	asser5on	is	true	if	it	isn't.		This	is	
referred	to	as	a	Type-I	error.		We	will	use	the	rather	lax	95%	metric,	since	the	down-side	of	a	
Type-I	error	is	rela*vely	minor	(no	one	will	be	killed	if	we	draw	the	wrong	conclusion).		The	
metric	α	is	the	probability	that	a	Type-1	error	could	occur,	i.e.,	that	the	alterna)ve	hypothesis	is	
actually	true.	
	

𝛼 =  1− 0.95 =  0.05	
	
Defini&on	of	Sta&s&c	
	
	 We	can	use	the	N	accident	reports	as	random	samples	from	the	process	with	results	
denoted	X1,X2,⋯,XN.	We	then	compute	a	sta$s"c,	Y,	such	that	Y	is	the	total	number	of	sample	
outcomes	that	meet	the	null	hypothesis:	
	

𝑌 = 𝑋!
!

!!!
	

	
	 Y	has	as	binomial	distribu.on,	where	the	probability	of	having	exactly	k	sample	
outcomes	that	meet	the	hypothesis	is:		
	

𝑃!(𝑘) =
𝑁!

𝑘! (𝑁 − 𝑘)!𝑃
!(1− 𝑃)!!!	

	
Le#	Sided	Test	
	
	 What	we	have	set	up	is	a	"le#-sided	test,"	wherein	the	"alternate	hypothesis"	asserts	
that	the	true	PY	is	less	than	the	value	P0	claimed	by	the	null	hypothesis,	i.e.,	that	the	number	of	
accidents	unambiguously	a1ributable	to	"speed	in	excess"	is	less	than	30%.	
	
	 Under	the	null	hypothesis,	the	expected	number	of	posi2ve	outcomes	in	N	trials	is	NP0.	
We	will	reject	the	null	hypothesis	if	Y	≤	θZ,	i.e.	Y	is	less	than	or	equal	to	a	threshold	θZ	that	is	
sufficiently	larger	than	NP0.	
	
	 The	probability	of	Type-1	error,	using	a	threshold	θ,	is	the	probability	of	obtaining	Y	>	
θ	under	the	alternate	hypothesis,	and	is	given	by	
	

𝛼(𝜃)  =  𝑃 𝜃 < 𝑋 ≤ 𝑁 =
𝑁!

𝑘! (𝑁 − 𝑘)!

!

!!!
𝑃!!(1− 𝑃!)!!!	

	
For	the	le#-sided	test,	we	choose	threshold	θz	as	the	smallest	θ	such	that	α(θ)≤αZ.	
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	 As	stated	above,	our	sample	size	is	sufficiently	large	that	we	can	use	a	con$nuous	normal	
distribu(on	with	a	correc%on	for	con%nuity	to	approximate	the	discon'nuous	binomial	
distribu(on	with	acceptable	accuracy,	where4:	
	

𝛼(𝜃)  = 𝑃 𝜃 ≤ 𝑋 ≤ 𝑁 ≅  
1

2𝜋𝑁𝑃(1− 𝑃)

!!!/!

!!!/!
 𝑒!(!!!")!/!!"(!!!)𝑑𝑧	

	
	 We	need	to	convert	this	to	the	form	of	the	Excel	func)on,	NORM.DIST:	
	

NORM.DIST(x,mean,standard_dev,cumula&ve)	
	
where	the	func)onal	form	is:	
	

𝑓(𝑥, 𝜇,𝜎,𝑇𝑅𝑈𝐸)  =  
1
2𝜋𝜎

𝑒!
!!! !

!!! 𝑑𝑥
!

!!
	

	
with	the	following	subs/tu/ons,	from	before:	
	

𝜇 = 𝑁𝑃	
	

𝜎 =  𝑉𝑎𝑟𝑋 = 𝑁𝑃(1− 𝑃)	
	
we	obtain:	
	

𝛼(𝜃) =  𝑃 𝜃 ≤ 𝑋 ≤ 𝑁 ≅
1
2𝜋𝜎

𝑒
!(!!!)!
!!! 𝑑𝑧

!!!/!

!!
−

1
2𝜋𝜎

𝑒
!(!!!)!
!!! 𝑑𝑧

!!!/!

!!
	

	
𝛼(𝜃)  ≅ 𝑓(𝑁 + 0.5,𝑁𝑃, 𝑁𝑃(1− 𝑃),𝑇𝑅𝑈𝐸)− 𝑓(𝜃 − 0.5),𝑁𝑃, 𝑁𝑃(1− 𝑃),𝑇𝑅𝑈𝐸)	

	
	
	 For	the	le#-sided	test,	we	choose	threshold	θz	as	the	largest	θ	such	that	α(θ)≤αZ.	
	
Conclusions	
	
	 Given	a	sample	size	of	415	accidents	across	the	en7re	US	50	corridor	between	SR28	and	
Stateline,	to	assert	that	30%	of	these	accidents	are	unambiguously	a8ributable	to	speed	in	
excess	of	the	posted	limit	with	a	95%	confidence	level	would	require	141	accidents	sa*sfying	
the	asser(on.		Since	only	17	sa(sfy	the	asser(on,	the	null	hypothesis,	H0(1)	is	therefore	
rejected.	
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		 Similarly,	since	only	33	sa0sfy	the	asser#on	that	30%	of	the	accidents	may	be	
a"ributable	to	speed	in	excess	of	the	posted	limit,	where	we	add	accidents	reported	as	"too	fast	
for	condi)ons"	but	where	these	condi)ons	are	unspecified,	and	with	a	95%	confidence	level,	
the	null	hypothesis	H0(2)	is	rejected.	
	
	 We	can	look	individually	at	the	6	road	segments	within	the	east	shore	corridor	of	US	50	
and	apply	the	same	hypothesis	tes/ng	methodology.		Table	2	summarizes	these	results	and	
conclusions.		In	all	cases	the	null	hypotheses	are	rejected.			
	

Table	2:		Hypothesis	Tes,ng	Results	and	Conclusions	
	

	
	
______________________________	
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