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' CHAPTER ONE
- INTRODUCTION

Since the passage of the Highway Safety Acts of 1966, billions of
dollars have been spent in improving the highuay system in the United
‘,.States;' The main goal was to reduce the constant}trend'fn the death
1 toll of‘BQ,OQO 1i9es and more than 2.0 million 1njuréd in highwey ac¥‘
| cidents every'year (1), 'Thesenfigures haVe undergeneilitt]e en no
significant decrease fOr nearly ten years; until keeently, when'the
'speed limits were reduced to 55 mph. A]ong witn the fatalities and”
injuries are acc1dent costs near]y 10 b1111on do]lars a year, that are e'
N largely pa1d by the private c1t1zen.

The pr1mary concern here is the lack of any def1n1te p]ann1ng
structure to dea] with the h1ghway safety problems. If a hlghway safe-
ty program is to be suceessfu], goals must be stated and pnnSued;'Baken '
states that "operating without goal§ in highway safety means that there .
is no limit to the resources wh1ch can go into the program, since there R
is no 1limit to the level of safety that could be requ1red " (2) “Goals
should be in terms of'11ves saved and economic 1osses reduced. ~Sett1ng"
‘90515, resources and mobility requirements will penmit the beSt'a1]oce-‘s,
- tion among the severa1»programs of‘government re]ated'tp pneservation ;
of Tife and property. 7 o | : -

| The prob]ems of a11ocat1ng resources to h1ghway safety proaects "
stem from the fact that much of the money 15 spent on a11ev1at1ng the :
"cause“ of the acc1dents w1thout rea]]y know1ng what 1s the cause.

' Baker comments on th1s by say1ng that:



"A11 accidents for practical purposes, have more than one
contributing factor. Attempts to determine "the" cause, or
programs directed to eliminating "unsafe" conditions are
based upon a single cause-and-effect assumption; the best
way to reduce the occurrence of highway accidents is to
remove the cause. In reality an accident is a "breakdown"
or failure of the highway transport system; the system fails
to get people and goods from one point to another with safety."(2) »
From this standpoint highway safety is_a systems problem and should be
tackled as such. When a systems approach is applied to this probTem
the comp]exities'invo1ved become quite apparent and reveal the prob-
lem as being MOré than a simple task of identifying a "cause".

As it is financially impossib]e'to deal with all the weaknesses of
the‘highway system, the key to the most rapid improvement is the iden-
tification and correction of factors having thé greatest effect. The.
need for a systems approach to highway safety is evident_simp]y due to
the fact that the highWay system is a very large and complex one, re-

- quiring an approach or methodology that will identify those faétors
3 cohtributing to traffic accidents. Such an identificétibn process
shou]dvbe a higorou5»app11cation of procedures that will enable the’
analyst to deal with the large amount of statistics that would stem
from a systems analysis of highway safety. |

One procédure commonly used today for accident studies is mul=
tiple régression ana]ySis; This statistical procedure would seem to
~ be a potentially gbod approach for analyzing traffic accidents. However,
regréssion ana]ysis in past studies has often been misused and improp-
erly evaluated, apparently due to a misunderstanding of the limits and
capabilities of the procedure. With the use of high speed COmputePs '

regression analysis has become a valuable tool in the analysis of :



increasing]y larger variab]e and data sets. Among these 1arge var1ab1e"

sets are those defining var1ous e]ements of the h1ghway system These
: h1ghway system e]ements namely the human, the veh1c1e, and the road-s :
way/env1ronment, are descr1bed by a 1arge number of var1ab1es, many -

”hof wh1ch‘can be stat1st1ca11y ana]yzed ustng,regress1on techn1ques.;.h
. “Therefore, to‘useﬁregression techniques»SUCCesSfuliyta'great deaT-of -
thought and effort must be}directed toward the variable selection'and
‘data coTTectionfprocess.a Since it is 1mpractica1,hifenot'impossib1e

to incorporate every variable of the highway system into a regression .

e ana1ysis,fft is necessary that the analyst choose ‘specific areas of

-vrhthe h1ghway system that w111 benef1t most from the use of regress1on o

¥ techn1ques. As W1th any h1ghway~safety study, the var1ab1e se]ectlon
_15 a very cruc1a1 step in the analysis.
The fo1low1ng are obJect1ves for this study:
| .1, ;Rev1ew of past and present works that 1nvo]ve a systems approache
”i to h1ghway safety and those studies 1ncorporat1ng regress1on
techn1ques in acc1dent ana]ys1s,
‘2, Presentat1on of the acc1dent est1mat1on prob]em from a tota]
| systems v1ewpo1nt through identification of each main component
and the information available to describe each component

3. ‘Deve1opment of a. r1gorous regress1on ana]ys1s procedure, 1ncor-

porating var1ab]es from the var1ous components 1dent1f1ed in the 5

' systems approach, R
4, Demonstrat1on of the capab111t1es of a rigorous regress1on pro- 3

cedure that-anaTyzes the roadway{env1ronment component:of thev'



highway system; identifying the most significant variables that

contribute to accidents.-



CHAPTER THO

' |
LITERATURE REVIEW

Prior to the.undertaking of a systems approach of highwayvsafety o
incorpbrating negressioh‘techniques;’it.is desirable to review those.-
works and studies that have attempted simiiah aporoaches and/or teoh;
niques. 3

The purpose here is to d1scuss the extent of prev1ous research in
dea11ng with highway safety as a systems problem, i. e., to point out
. the discrepancies and inadequacies of those studies attemptxng to ex-

' plain highway accidentshfrom the use of regréssibh techniques; There-
.vfore, the bests of‘this-study(is to eXpand'and improve accident'estt- ,
mation where phevioos studiesfhave been unsuccessfu1'1n doing so.

The acc1dent studies reviewed in this study were somewhat Timited
in the1r scope of a systems approach to accident ana]ys1s. It was -

therefore necessary to suff1c1ent1y 1dent1fy and def1ne the hlghway

“,fe-system before regress1on techn1ques cou]d be applied.

The ma1n elements of the highway system used for ana]ys1s in th1s’
- study are ‘as follows:
1. Human

2. Vehicle |

3. Roadway/Env1ronment o
The highway system bas1ca11y involves the transport1ng of peopTe and
hjgoods from one point to another over a roadway network. It is the
~-interaction and var1at1on of the above e1ements compos1ng the system

that lead tovh1ghway safety prob1ems. Each of the three eiements s



cqmposed of a number of yariables, many of Which‘have a direct relation-
ship to the 6ccurrence'of traffic accidents. Some of the relavant
‘}factors w1th1n the three elements 1nc1ude the driver's cond1t1on, be-
havior and tra1n1ng for the human element; veh1c1e type condition
{‘and crashworth1ness for ‘the vehicle element and roadway . geometry, road-
s1de cond1t1ons and. traff1c cond1t10ns for the roadway/env1ronment
e]ement

' A,review of past and present 1iterature revea]s:thatimOSt,of the

previous ana1yses_have centered around the roadway/environment element

| a’and often just around a few variables of this specific element, The -

aflmain reason for this is simply a Tack of'data.for the other eleMéntS;
“Perhaps another reason this occurs is due to the problem of deciding
on pert1nent information to beé collected for drivers or vehicles.
In search1ng for stud1es or works dealing with a systems approach
- to highway safety it was found that only one work existed which came _
”'1'cldse to doing this. This was’the pub]ieation by Arthur D; Litt]e;:“a
. Inc. (10) cohcekning traffic safety. It is perhaps the most ebhpree:
. 'hensive work’avai1ab1e on the higﬁway system as a whole, _The ihfokmaa :
tibn’is;actua11y a 11te}ature review of the following factofSQ |
1. human factors, |
2. ‘env1ronmenta] Factors,
3. veh1cu1ar factors {before and during 1mpact),,
4, Toss- 11m1t1ng factors (post—acc1dent), and
5.‘ regu]atory and legal factnrs.

An 1mportant obJect1ve of thTS work was to polnt out that h1ghway ;



safety. involves many interhelated factors, thereby cautioning those who
would 1ook on]y at one or two of the five factors listed preViously

in studying traffic accidents. The description‘and-definitionyof the’h

o - many factors composing the highway system were taken from the Litt1e

(10) work and used as the basic structUre-foh the'highWayvsysteh_dis- d
cussion in Chapter Three. | o R

In ‘recent years traffic acc1dents have been stud1ed and ana]yzed
by‘a var1ety of methods. - Some of these methods 1nc1uded simple ranking f
| procedures to more comp]ex statistical ana]yses. | _ o |
_ Present]y much attent1on is g1ven to the stat1st1ca1 approaches, .
ddue in part to a better understand1ng of these methods p]us.the fact
‘that they pronde more reliable resuﬁts for decision makers in‘the‘aT-

‘ location of funds for-highway-safety improvement phojects;

As for the use of regression analysis in accident studies, it has
‘been used for identifying s1gn1f1cant variables as we]] as for the
:pred1ct1ve power it posses. However, the m1suse of. regressxon tech-}%_'
’ n1ques may have produced unde51rab1e and often use]ess resu]ts. (9),v'
(12), (13). o |

| There are severa];reasons for the continued use Oflreghession
anaTysis in accident studies. Besides the fact that regression com=

puter packages are readily available, groups.of‘variables of various

| ~ sizes can be ana]yzed with va1uab1e information prov1ded for each

variable analyzed. For 1nstance regre551on resu]ts can prov1de the
analyst with those var1ab]es hav1ng the most significant re]at1onsh1p

‘with accidents and whether or not they contribute in reduc1ng or



ihbreasing'accident tates}‘ Regression techniques are aTso capabTe of -
produc1ng suff1c1ent resu]ts for small sets of data as wel] as the |
1arge data sets. Perhaps the most distinct advantage of regress1on
ana1ysis is the ab111ty to pred1ct certa1n ya]ues that_may ex1st when"
va-presented with specific cond1tcons | | . |
The fo110w1ng are summaries of severa] studies that used regres-
~sion ana]ys1s 1n acc1dent studies. Comments are prov1ded on the uses."
'*ay’of the regress1on technique in each study o
| One study (11) which eva]uated s1gna11zed and non- s1gna11zed 4
. 1ntersect1ons 1nocrporated the "traffic conf11cts technique" deve]oped °a
"e;‘bvaeneralvMotors Research Laboratories. |
1j“The basic premise of the conflicts techniquefis that ;1'T{‘F
the number of evasive maneuvers and brake-light
indications can be used both to estimate the number
of accidents that will occur over a given period of °
time and to evaluate the operat10na1 prob]ems of the
‘ »wsubJect intersection."” (]1) _ '
Mu1t1p1e regresston was used w1th var1ab]es fa111ng Tnto the fo]-
e‘TOW1ng six classes: -
| I Averageyda11y-traffic,
Conf]ict type, |

Env1ronment (rura1, reta11 str1p, res1dent1a1),

Intersect1on ‘type, -

oS W N

.- Major to minor route volume ratio, and
6. Intersection control (signalized vs non-signalized). -

vA]though general equationsbwere giVen for signalized and unsighaliZed |



1ntersectlons there was 11tt1e to indicate the values of these equa— '
-:t1ons since no *R2 va]ues were provided. | ‘

Snyder (13) used a d1fferent approach to acc1dent ana]ys1s by e~
p]oylng "env1ronmenta]" character1st1cs “into the Regress1on mode] These
characterlst1cs 1nc1ude the percentage of developed frontage percentage
of commerc1a1 frontage, percentage of res1dent1a1 frontage number of 1and
use category changes, percentage of‘reg1ona1 Tand deve10ped, veh1c]e den-
sity, emp]oyment‘density, population density, residential»density, value -
of homes, rent and‘percentage of pOpulation:betueenalo and.24. A]so in-
cluded as variables were road type and traff1c vo]umes. ;

A]though the results found by the author were good as far as the
R2 va]ues were concerned there 1s<some.doubt as "to the actual relation-
ship. between accidents and the environmentalfvariab]es.V_The use of
regreSSiOh_eqUationo containing'such'variab]es_is questionab]e-When.
considering‘poéeibTe'methods-of reducing the'aCCident rate.

The environmental variabTes.the author has chosen for his'regression
model are‘perhaps better suited for-predicting'highway user trips'rather
vthan hlghway acc1dent5 Also, it is unc]ear as to what: type of regress1onl
. mode] the author used whether it was linear or non- 11near in form, M

A study by Schultz, Berg, and.Oppenlander (12) eva]uated var1ousf
prOtection devices atlrailfhighway grade crossings,. The protective
' devices,incTuded'painted-croesbucks, reflecterized crossbucks, fTashersi

and gates. The authors incorporated a linear regression model‘into

:_*R2 = mult}p]e correlation coeff1c1ent (proportion of total var1at1on
“‘about the mean Y exp1a1ned by the regress1on) .



the study using the protectiverdevjces as."dummy" variabTeSiin'the
equation. The final regression equationsvalso inCTuded the number of ;k
tracks, lane width, trains per day and average'daily traffic. The,RZ,
“value for the equation, including the above variables (dummy'Variab]eé;'n
- also), was 0;193; which'gtves the.indication that'the equation wes
u5e1e35'tor predictive or explanatory purposes. A nomograph was preav
~pered from the study reéu]ts'to evaluate rail-highway grade croéstngs
' for‘determﬁning the best protective devfce that'preventedraccidents.
It should be pointed out the authors se]ected-crossings with and withé
out accident exper1ence. o .,“

Much of the highway acc1dent research be1ng conducted at present o
dea]s w1th relationships between accidents and h1ghway geometry or
design e]ements. ‘. B | ’.1

It has been env1s1oned that resu]ts from these stud1es could pro-:
| vide 1nformat1on to government agenc1es in a110cat1ng funds for im-
provement of the cr1t1ca1 highway geometry sections that show h1gh
~accident potent1a1 ‘

- A study by Dart and Mann, (4), attempted to identify roadway‘geo-H'
metry.variables contributing most to accidents and to prediot the»acé
cident potent1a1.of a certain section of Louisiana highwayst The vari=-
; ables studied'were peréentage of trucks, traffic vo]umevratio, 1ane .
w1dth, shoulder w1dth pavement cross slope, horizontal a11gnment
vert1ca1 a11gnment, percentage of cont1nuous obstruct1ons marg1na]

‘ obstruct1ons per m11e, and traffic access po1nts per m11egv The aboye'

~variables, their squares and first order interactions were used in



mno

regression'ana]ysis (Tinear mode])'to produce équations for accidents

occurr1ng on wet and. dry roads acc1dents occurr1ng at n1ght and dur1ng ;‘h'

dayt1me and for fatalities and 1n3ur1es.

The following variables were found to be most signifiCant:

1. Traffic.vo1nme and pavement crdsS'slope,

2. TraffictCOnflicte and traffic volume,

3. Lane width and traffic qonflicts, v

4, Traffieivo]Ume and hbrizontal_alignment,

5. ShoUTden width and horizontal alignment, and

6. Traffic volume and trucks |
The R2 value for the total acc1dents equat1on was 0. 46 w1th the F-rat1os
vbe1ng s1gn1f1cant at the 0. 05 Tevel.

As a who]e the study is very informative with'a so]id'andxlarne
| enough data baselfor'regression. There is some doqbt as to the ace
cunacydof the curves giVen in the study where severd1 of the indepen-‘ |
“dent var1ab]es are plotted aga1nst acc1dents (dependent var1ab1e) o
There appears to be too few points to Just1fy the curves g1ven.

K1h1berg and Tharp (9) performed a study s1m11ar to the one dlS-
cussed above. However, due to a lack of suff1c1ent data on each geo-“
methie‘vaniaﬁle;the»authohs used a different regressdon approaeh;

. Traffic volume data from road segments (al1 wéne19;3'm1]e segmentS) ,
were grouped by gradient, curvature, intersections, and strUctures
(bridges) and combinations'of these, Each of these groups were 1abe1ed
| accordlng to number of lanes, med1an, and access’ contro] The depen-

dent var1ab1e, acc1dents, was classified by acc1dent'type and'severjty;,



Thg.fo11owing regression model was used. for analysis:

log A = a + by Tog T'+ by Tog? T

A = accidents

constant

it

a

]61, bo = regression cééfficﬁents

T = average daily traffic |
The authors justified use of this model by staiing that traffic volume
and accidents are more or less directly re]dted which 1mp1iesVAS'tréf-
fic volume inéreaSes, accidents increase. Although the data base %or_
‘this study Was fairly large (data collected %or 3 states), it fai]ed to
'provide information on speC1fi¢ eiements of the roédway system._vTHekeQ
fore, the resu]fs'frqm this study were too.géneral tblbe Qf use td a .
highway improvemenﬁ program. | |

The review of the preceding studies indicate the differences and
mféuSes thét exist 'in the usé of régresﬁiOn ana]ysis.' Some of‘the‘
problems Tie in the type of variéb]es used in estimating accidents.
StUdfes»(13) have been conducted using variab]es,that'had little or no
apparent relationship with écCidents or two few variab]es, but.gaVe_
accepted resuits (high Rz'yalues); This 1gads‘to the‘pfoblem of basing -

study resuTts'sole1y on the calculated RZ values (coéfficients‘of

o multiple corke]ation) without regard to the types of'variables and

their regreséion coefficients. Studies (12) have also been pub]iﬁhgd
that QaVe'Rzivalues S0 1ow’that'the regression equatfqn wasﬂus¢1gss'fqr .
pf&cticaT purposes; 'Anofﬁer misuse or perhaps underuse of regression;‘
analysis is the usé of Very simple first‘degree eqdations,“(i:e;g'

?
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Y b + by x] + by x2) w1thout con51der1ng any transformat1ons of the
var1ab1es to improve the est1mat1ng quality of the equat1on. The
© simple equatnon above would be sufficient for those (x)~var1ab1es
_shav1ng a def1n1te 11near re]at1onsh1p w1th the Y variables, however,
\th1s does not a1ways ex1st for rea1 world situations in the hlghway
system.r

The regression methodelpgy deVe]oped in this study'deals with the o
above mentioned problems in a step by step procedure that prdvides the‘
ana]yst with graphical ana1ysis of the data before and during the
"statistica1 aha]ysis. Independent and’ dependent variable relat1onsh1ps o
’“can be exam1ned and 1mproved the var1ab1es in the regress1on equat1on
can be exam1ned and needed changes made at various stages of the pro-
cedure, andia statistical method is given to se1ect transfqrmations
4of the variables that will improve the regressipn equation. Also
corered is a discussion on the examination of the final regression

'*?equation. A demonstratidn of this methbdoldgy'is given in Chapter

The summaries on the above studies indicate there is no clearcut
method, even for regression analysis, in estimating,accidents. There

has been, in the past, ‘misuse of regression stemming‘most1y from lack

of understand1ng of the strengths and weaknesses of regress1on analys1s.l_-'

| -ATthough it is a va]uab]e tool for acc1dent est1mat1on there 1s no
‘reason to believe regress1on ana]ys1s 1s the only approach ava11ab1e S
for the analyst, however 1ts advantages of mu1t1var1ate ana]ys1s and

its pred1ct1ve potent1a1 make it .a valuable tool in highway safety‘



improvement programs.
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CHAPTER ‘THREE

- HIGHWAY SYSTEMS SAFETY ANALYSIS

The highway transportqtion system as it exists today is one of
many comp]exities'and probfems;. The role of safety in this systém re-
quires an understanding of a‘wide variety of social, economic, politi-
ca],vpsyth61ogica1, Tegal and physiological as well as’engineerjng
factors that ére related to the driver, the vehicle and the roadway.
The system is not only characterized by its complex nature, but also
by the high degree of interrelationships among_the_previoué]y mentioned
factors. _

A systems approach to highway safety requires the identification
“of the main elements as well as the identification of the variables
associated with each element. A necessary step inlény’analysis, the
identification and definition of significant variables wi]l often times
rely a great dea1 on the personal knowledge and experience.of the
ana1y$t. Of course, a rea]istfd approaﬁh to systems analysis would use
input from several disciplines associated with the human-vehic]e- |
roadway/environment e]emenfs. |

A. Systems Definition

The highway system can be characteriied by three main_e]ements;
these are the human, the vehicle, and the roadway/environment e]gments;
The qﬁestions of safety concerns a11’three, for it is frqm thé intgrac-
'tion and combination of the three that accidgn;s will oécur; \ o

There are those who will argue that hjghway'fata1it1¢s ar¢ rare

events and that the death rate (deaths per 100;000;000.Vehic1é miles

15
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driven)‘is-decreasing (11 deaths per 100:000v000 vehicle miles in 1945
‘to 5 deaths per 100 000 000 veh1c1es m11es in 1971) (1) A]though this

. may be true, the fact rema1ns that 1nadequac1es still ex1st throughouto

t'the highway system that need 1dent1f1cat1on and 1mprovement

The fo110w1ng, based on the work by A. D. L1tt1e, Inc. (10), is

i the basic structure of the highway system. Inc]uded are factors that
“may not be directly Tinked to accidents as contributors;lbut may be

‘:h.descriptors of accident eXperience severity,xor'type.' Since\vehic1eS-“
‘come’under:strict operation‘and condition codes from state and federal

"-government the uariabies for the vehicle e]ement may be used more for': -

‘descr1b1ng accident sever1ty than for contr1but1ng to the occurrence :
of acc1dents | o

]., Human E]ement - the human e]ement is usua]]y thought of on]y as the

1dr1ver but may include pedestr1ans as well, Pedestrlan h1ghway deathsv
.saccount tor about 20% of the total highWay deaths each.year; (1) How~ _‘“b
~ ever, it is the driver as a contributor of accidents with which most,t}
studtes are concerned, | | o

In response to the statement that driver error is respons1b1e for

- from 80 to 90 percent of a]] accidents;

"Driving involves the performance of a complex perceptual-

"motor skill with the driver respond1ng to and 1nteract1ng
with a,]arge set of stimuli. From this point of view, the
driver's behavior and his Tikelihood of error can be modi-~ -
fied by chang1ng the stimuli, whether these be conditions
which give rise to driver fatigue and a consequent deteri- -
oration in performance; visual arrangements which produce -
error in judging distance from the. car ahead; highway signs
which Tead a driver to slow down’ dangerous]y in a high speed = -
lane; medical conditions which impair:performance, or others.
In terms of this analysis, the driver, while controlling the
veh1c1e, may be no more a contr1butor to accidents than the -
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| hVEhiC]e,'rdad and legal and regulatory system."”(io)
This statement pointS‘out the'fact‘that a]though drivers:do have con-
trol overrtheir speeds and directionS-they are never able to perform
| under idea1 conditions atia]]ltimes. ‘Therefore their reactions to

'situatiOns will change with changes in the roadway, traffic conditions; |

e weather cond1t1ons and so forth. With this in mind, one can see that

dr1vers are capab]e of maintaining safe maneuvers only S0 1ong as the
‘other e]ements in the system provide no abrupt cond1t1on changes.

o a. B1ograph1ca1 Variables - these are variables referred to above '

as be1ng descr1ptors rather than contr1butors. Examp]es of‘these‘would’_
 be age~and sex per exposure rate, marital status and trafftc violation t
record. The exposure rate is‘the estimated‘amount of_trave1 and is
usuaTTy expressed in 100,000,000 riiles of travel. 'Thisvis also used
,when express1ng accident rates., (Accidents, fatalities or_injuries per_
100,000,000 vehicle-miles). |

| 97b. Psycho]og1ca1 Var1ab1es ~ little is known about the re]at1on- ‘
l',j ship between the psycho]og1ca1 conditions of certa1n types of drivers |

lffand accidents. Studies have been conducted which show that some
'<jdrivers may possess "acc1dent proneness" tra1ts.~(7), (]0). Co]]ect1on‘
of data for such variables would be difficult if not impossible. It

is hoped continuing research will revea1 more about the persona11ty of
h1ghway users., | ‘ k

c. Phys1o]og1ca1 Var1ab1es - th1s category cou]d 1nc1ude most all

bvariab]es of a medical nature; These include d1seases,fphy51ca1 impair-

ment, drug usage (alcohol included) and menta1.111ness:"1t is theorizad
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that'accidents dUe to,suicideS‘are caused:from a comp]ication:of the
fabove ment1oned var1ab1es espec1a11y, drug usage and menta] 111ness.

d. Dr1v1ng Sk111 Var1ab1es - a]though much work has been done in
determtnxng driving sk111ous1ng s1mu1ators as well ‘as actua1 driving
,observatton, there is no.scientificfevidence connecting;driving ability
with accident:occurrence.» It has been suggested, (10) that refinement .
of techniques be made to improve the qnaitty:ofvresults dea]ing with
n'driving skill. | | |

3. Driver Education Variables - Driver training is conceived as‘
an aid 1n contributing to highway safety The ma1n concern is the
ab1]1ty to proper]y train the thousands of young peop]e who reach the

o dr1v1ng age each year. Var1ab1es from th1s category m1ght 1nc1ude typezﬁ'

"“;and Tength of training and dr1v1ng exper1ence. |

- 2. Vehicle Element - The vehicle is that e]ement of the h1ghway system‘”';i o

that transports persons through the systemvw1th a re1at1ve1y high
degree of freedom as to t1me.and d1rect1on of trave] Thetidentifica- ff
tion of veh1cu1ar factors can be separated 1nto two categor1es one
concern1ng the proper funct10n1ng of the veh1c1e for safe trave] and

. the other that dea]s w1th occupant protect1on in the event of an acc1-ﬁ

wfmt'dent

, a. tvfsual‘Vartabies = these. variabies dea] With the‘driver‘s
ab111ty to observe at a]] t1mes those operat1ons ahead and behwnd him
during h1s own funct1on1ng of the veh1c1e. Th1s wou]d be those parts

Jof the veh1c1e such as W1ndsh1e1ds, side W1ndows w1ndsh1e1d p111ars

and head11ghts. Driver SJZetand age may be an 1mportant~factor to
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cons1der w1th these var1ab1es.

b.. Veh1c1e Design Var1ab1es = these perta1n to the 1nter1or
design features of veh1c]es,'such as foot and hand controls, sound and
weather proofing, and others that are necessary for cOmfortabTe opera- - -
tion of the vehicle. |

c. Dynamic Control Variables - the dynam1c aspect of these varia-

. _b1es include the steer1ng capab111t1es of the veh1c1e, effects of
- vehicle Tloading and espec1a11y the power-to-welght rat1o of veh1c1es.

d. Veh1c1e Condition Variables - these var1ab]es include the same
features of the vehicle that must be checked for state vehicle inspec-
't1ons. This usually involves any part of the vehicle necessary for safe
voperation at all times. Espeéia]]y important for consideration are.tire .
v_type and condition and brake type and condttion. o | S
e. Impact Var1ab1es = these var1ab1es relate to events where
| vehicles are 1nv01ved in an accident and subJected to 1arge, sudden
"forces causing distortion of the vehicle structure. Door»1ock fa11ure,
bumper strength and others fit into this group. A]though this type of

| Variab]é is not considered in the iniation of an accident they become
1tvery 1mportant dur1ng acc1dent occurrence.

f. Veh1c1e Occupant Protection Var1ab1es - these var1ab1es a]so ft v

- dea] w1th the occurrence of the acc1dent and not as contr1butors of

acc1dents. They could be thought of more as contr1butors to the sever-
1ty'of'injury. The main concern is the protect1on of the passenger
after the initial 1mpact and when the occupant is stillin a state of -

motion inSide the vehicle. Variables in this group‘include types of
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steering column assembly, shock absorption qualities of interior fix-
tures and devices and.restraint systems, such asvseatbbeTts and harnes-
- ses,

'!3.‘fROadway/Ehv{renheht;Efehehtr-'The roadway/environment e]emeht of the

highway system provides a passageway}used'bylthe-COmhination of driver
énd vehicle, as weT]vae information for travelihg»the passageway. Due
to the numerous studies and infOrmafion collected for,this.eTement

_(ameng'efheh reasons), more fuhds are allocated for its‘improvement of
safety than the combination of the first two e1ements; -The amount ofe

control exercised over most of the var1ab1es in this category make it

bri'a 1og1ca1 cho1ce for attent1on from eng1neers and decision: makers.

a. vRoadway Varwab]es - these variables 1dent1fy the phys1ca1 parf
of the roadway_and shoquer."Ihc]uded in this set of variahles would
be dimehsfone of road»and shoulder, number of lanes, topography, road-
Way surfaCe,type and condition, roadway defeets, shoulder type and etc;.’

b. Roadsidelvariables - vahiab1es in this group wou]d'be'thOSe
‘l!obstruct1ons or change of slope that ex1st from-the shou]der 'S, edge away
" from the road.surface. Obstructions wou]d 1nc1ude guard ra1ls trees,!
uti1ity ph]es, curbs, median barriers, etc. Change of slope indicates |
7 any abrupt change of s1obe from the‘shoulder's edge.thatfis not pho—

, tected by guard ra11 or. s1m11ar dev1ces | N |
Traff1c Conf11cts Variables - th1s group of var1ab1es wou]d
' 5;'cover those areas where 1nterference would occur in the traff1c flow.

' Th1s could be 1ntersect1ons, dr1veways, br1dges, constr1ct1ons, tunnels

o and etc. f



‘d,<'Communicationa1‘Vaki&b]es ~ included in thisvgroup are those
variables dealing with:theimotorist's ability to discern the roadway

ahead as well as identify various directional_and control informatioh

"';'prOVided by signs;'signéIS markings, and. roadway delineation. Some of'

' the variables would 1nc1ude levels of 111um1nat1on, glare from head-

: lights or sun]qght, types of signing, SJgna11ng, markyngs, de11neat1on,
andvplacehent etc.
e. Traffic Contro] Var1ab]es ; these variables deal with those
- dev1ces used for contro]11ng and regu]at1ng traffic speed and f]ow.»J
_:Such devices wou1d be signs (one way,,speed 11m1t, stop_s1gns, etc.),
s, traffic signa]s_ahdvothersf - | o
| f. Environmental Variables - this group of variables cqyers'mete-
orologica1‘conditions affécting the roadway and'driver, and the levels
. of nétura1f1ight present during the‘driving task. ‘Impertent informa-
B }tion'wou1d«concerh the atmospheric conditions‘such as degrees'of_rain- '
fall, snewfall;,dUSt, etc. andvthe amount of available lﬁght such as
~that present. at dawn and dusk. 4 |

B;' A Systems V1ewpo1nt of Highway Accidents

: ‘Haddon (15), in discussing highway safety, states that any analysis

of highway accidents should bé divided into three conséCutive phases.

}';: These three phases represent the before, dur1ng and after per1ods of a .

dh1ghway accident. The following is a descr1pt1on of the three ‘jd,_iV o
" phases (15):
- "The First, or-'In1t1at1on Phase is the period before a

crash:or near-crash ‘In it operate the many driver, pedes-
tr1an veh1c1e, highway, and other factors that lead to'a -
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crash or to its avoidance.

The Second or 'Crash' Phase is the brief interval of the
crash itself, -In it-the forces of impact - depending on
their characteristics and on the degree to which they have_y
been anticipated by appropriate vehicle and crash design -
do their work, harmlessly or with damage to people and to
the veh1c1e and other structure 1nv01ved -

" The Th1rd,,or 'Clean-up' Phase is the after-the-crash
“period in which the present slowness and inadequacy of
emergency medical care and transportation and other fac-

- tors commonly lead to completely unnecessary death, dis-
ab111ty, and prolonged medical care.

The three phases Pre—Crash Crash and Post Crash are shown in

""h F1gure 1 (16) in a matrix form. Each cell in the matr1x-represents a‘

:certa1n group of variables that relate to that phase of acc1dent occur- f
- rence for a spec1f1c eTement | }'
‘The "Pre-Crash" phase is the time period'befohe the accident or
,near-aecideht. In this\phaSe are the many variahles from the main
elements of the systemkthat contribute in initiating those‘actions
leading to the accident In the - "Crash" phase the veh1c1e and roadway/

environment play a large part in protect1ng or 1nJury1ng the human e]e—

”h_‘ment involved as wel] as influencing property-damage. The human e]ement;

whether driver or pedestrian, in the crash phase,ha5'11tt1e.or no con-

“trol over bodily or vehicular actions. TheyhPost-Crash?_phase deals
with,]imittng further ihjury and damage, and the 1mmediate*care of those

‘ h.involved ih accidents. L1tt1e work has been accomp11shed in the post-p
}acrash phase area 1eav1ng much of the respons1b111ty to. loca1 govern-
'7nments med1ca1 fac111t1es and c1v1c groups.

..Since the highway system is such a complicated and 1mmense systems

- the only approach for the analysis, for safety purposes, wou]d:be the
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»td1ssect1on 1nto those subsystems that 1dent1fy the main system e]ements.
For stat1st1ca1 ana]ys1s, such as the regress1on techn1ques used 1n this
' study, th1s d1ssect1on of the system can be somewhat of an advantage.
_Tak1ng var1ab1es from one or several of the ce]]s, regress1on ana]ys1s |
can-be used to 1dent1fy the s1gn1f1cant var1ab1es that relate to traff1c
-accidents. Know1ng what the most important var1ab1es are 1n each ce]]

- decision makers will have a gu1de11ne for setting safety goa]s and |
a]locat1ng funds for safety programs. - |

;C. Problem Def1n1t1on and Variable’ Select1on Phase

The specific statement of the problem 1s the most 1mportant phase
of. any prob1em—so]v1ng procedure. It is necessary that the ana]yst
be‘eXactrin,specification of his problem. The‘pr0b1em definition must t
" be to the point and, for regression analysis, both the response (depen-
| dent) -and pnedieton (independent) variables must,beielearTy identified.,-
Tokavoid a;pheblem statement that is too general in nature; the

- analyst must have some‘know1edge'of the vartabies he wi11 be working ;51
with. Instead of a prob]em statement where the ana1yst asks, "What |
causes acc1dents?“ he may ask "What are the effects of roadway geo- t

R metry on acc1dent rates for two- 1ane rural roads?" The prev1ous]y
def1ned h1ghway accident matr1x a]lows the ana]yst to view a f1n1te
aspect of the system, thus a11ow1ng him to make spec1f1c, and not
:bgenera1 prob]em statements. _ | o

- Since regress1on techn1ques are app11ed in th1s study, the var1a-:‘}’
ble se1ect1on consists of dec1d1ng what ce]l or ce11s from the traff1c,

-acc1dent matr1x will be used and what will be used for the dependent |



‘;(response) and 1ndependent var1ab1es. |
| There shou]d be no restra1nt in the 1n1t1a1 se]ect1on of var1ab1es '

before the data collection takes place. This will prov1de a ]arge group

"from which the ana]yst,can_eventua]]y narrow down and use in ‘the regres- =

'ilsion procedure. Dnaper and Smith’(G) state, "The important point to
remember is that the screen1ng of var1ab1es shou]d never be 1eft to the
sole discretion of any statistical procedure, 1nc1ud1ng the mu1t1p1e |
i”regress1on procedures.f _
- The fo]]ow1ng is a descr1pt1ve outline of variable groups that may :
"1nf1uence highway safety. It is deve1oped to aid 1in the var1ab1e o
selection phase, SOme pf_the,groups conta1n variables that are catego-
u fica] (non-numerical)'in form, but nonethe]ess should he’considered for
‘i»}ana1ysisjpurposes; The variables represented in theee_groups would be
independent variab]és in a regression equation. :Fq1lewing'this out]fne
} is a 11st1ng for dependent (response) variab1es; . |

The variables are grouped according:to highway e]ement (human—

-;Veh1c1e-roadway/env1ronment) and phase (pre—crash, crash and post- crash). B

.The out11ne starts at ce11 1 for the human e]ement and cont1nues through
'.3ce11 9 for the roadway/env1ronment element.
| | Shown in the append1x, Figures (38), (39), (40) and (41), is an
}facc1dent‘report form for the state of V1rg1n1a (17).; Th1s form.g1yes o
' some indication of what informationfis cnrrently eolleCted for highway
" accidents. L | |
Cell 1 - Human: VPreQCrash'Phase

v 1: 'PhySieal or Phyéio}ogica] Failures =



 a.. Heart Attack =

" b.. ‘Stroke |

- c. Falling Asleep -
~ ‘Mental PerformanceST"

“a. Physical

(1) Inattention
(i) ‘Distraction

b;,'Psychological :

(i) Improper maneuvers

(ii) Excessive speed
(ii1) Improper evasive action

(iv) ‘Misjudgement

c. Information Processing

(i) Recognition-‘

(1) Decision

(111) Action

(i) Reaction
Conditions

a. Physiological

(i) Drinking
(ii) Other intoxication
(ii1) Fatigue

(iv) Handicapped“ |

b. Psychological

(i) Emotional stress:' '
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( ) A]coho] or drug prob]em

Ulﬂ Mmmﬂ MSNﬁﬂS

. Training/Experience

a. User inexperience

- b. Vehicle unfamiliarity

c. Area/road ‘unfamiliarity

Cell 2 -

d.:‘Training in educational system

Human: Crash Phase -

- Human Tolerance =

a. Age effects -
(i) Brittle_bones; efc;"

f(ii)' Heart cohditioh

~ Human Kinematics -

a.. Seat belt submarining -

| ; b. Occupant impact behavior .

(1) ‘Bracing )
(ii)‘_S1eeping'

(iii) Panicked state

‘Occupant Use of Restraint Systems

‘a. Seat be]t.k

b, Seat_and'shou]dér belt -

;  'Ce11v3 "

c. Dobrs Tocked

d.}‘Helmets on motorcycle users -

Human Post—Crash Phase

'Occupant Extr1cat1on -
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_a.1’Hand11ng_of‘victims.during.¢Xtrication
‘b.L‘Panfé.bghaViors~during.¢xtrication :
' 2:?"Emergen¢y Sthiceé"
a. 'Ambu]ance’SerVice'arriva1
b;.'First'aid
(i) At scene
(i1) En-route
(iii) At hospital
3. Treatments
a. In hospital care
b. Autopsy
Cell 4 - Vehicle: Pre-Crash Phase
1. Vehicle Alterations
a. Non standardization -
b. Control panel Tayout
c. Special modificatidns
d. Driver incompatibility
e. Special controls
2. Vehicle Condition and Maintenance
d. Negligent or improper inspection
b. Vehicle handling and stability problems
c. Improper maintenance |
- 3. Vehicle Component Failure, Degradation or Maladjustment
a. 'Brake'fai?uke '

- b.. Tire failure
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. Steeringf1inkage;ﬂetC.
Cell 5 - Vehicle: Crash Phase '
‘1. ‘Design
,a. ‘Standardization -
(i) " Interior
(ii) Eiterior’
b.%@lmpact'TESts
2. Damage
a. Doors opening
b.  Gas tank rupture
~c. Hood penetrating windshield
3::'Crash-worthiness
: a; fEnergy.absofbingv1nterior-part$~ ‘
b. Shatterjproof windshield
4,. Injury Reduction
a; ,Séat‘restraints‘
“b. ‘Head rest
~c. Air bags
Cell 6 -'Vehic]é:v Post-Crash Phase
L 1.  Post Crash Hazards
| a. Fuel spillage
b. Firé-jgnition. |
c;’ ﬁon-f]ammab]g interiors ‘
2.71EgreSS'Prob1ems .

a. Doors jammed
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b.. Trapped passengers.
| 3. Emergency Equ1pment
Cell 7 - Roadway/Env1ronment. Pre—Crash'Phase"
1. ‘R1ght-qf—way (Roadway and: Roads1de)
. 'Regienel topography |
| (i ) Type of terra1n, h111 rees, bu11d1ngs _
_b;i“Features and Appurtances -
(i) Adequacy of design Standdrds |
(1) signs - break-away, fixed
(i) 'Obstacles - trees, unprotected guardra11
(iV) Shoulder ma1ntenance |
c; Geometr1cs
(i) Vertical and hofizontal curVes ﬂ
‘(fi) ‘Road width; lane Width.' |
(i1i) Pavement cross slope
“(iv)b Sight distance.
©od, Tréffic ControTs"” |
| (1) lSighs - clear, understandable, consistent
- (i1) SignaTSv- timing, etc. |
(iii) 'Marking,-de1ineat10n
'3e. ‘Accident History
f. 'Maintenahce |
g, Artificial illurination
| 2.1‘Env1ronmenta1 |

a. Reg1ona1 Var1at1ons



b. (i) ‘Urban, suburban, rUraIkm ”
| (ii) Pbpu]atioh
:(iij) Law énforcement o
b, Weathér .
| (i) Rain, snow, sleet, dust |
(11) ‘Pavement surface cond1t1on (skid res1stance)
e V1s1b111ty '
(i) Dark dawn dusk, br1ght etc..
d. Traff1c Characterist1cs
(1) Vo]ume |
(11) Speed ~ mean, d1str1but10n

(iii) Compos1t1on

| Ce11_8 - Roadway/Environmént' ‘Crash Phase -

1. _Restra1n1ng or Gu1d1ng Devices
| a. Absence of guardra1] or med1an barr1er
”: b. Break away sign supports
- c. Cush1on1ng vegatation
 'd. Energy absorbing barr1ers o
,2. InJury Produc1ng Agents |
| a. Exposed guardra1] ends
- b, Concrete s1gn supports
¢, Tree too close to roadway |
" Cell 9 - Roadway/Environment: Post-Crash Phase
1. Post Accident Traffic Control |

a. Other cdllisions



o b.,'tnadequate.warning,signalss

2. Debris, Hazard Qontro]; Qlean—up

'3."fEnvironmenta1 Repair %

4;;d'1nvestjgate; Follow-up | |
_MyDependent_(responSe) variab}es used,in regressionltechniques wi]}
| ideai with accidents.in one form or another. 'Actua11y;ybetter’and morej
.often used, are rates, whether they be acc1dent or sever1ty rates.
These m1ght be expressed as acc1dents per length of roadway.

1. Accidents can be classified as tota] acc1dents acc1dents oc- '_
curring in rural or urban areas, during 1nc1ement types of weather and ?
[;etc.t,Accidents may also be c]asstfied'according to severity such‘as :
fata]ities degree of‘injury and etc.: h | |
| _ 2. Rates. are in vehicle miles dr1ven and . are usua11y expressed
':as ]00 ,000,000 veh1c1e miles, and |
3. Length of roadway is the desired 1ength of roadway sect1on forys

'analysis purposes._ Some stud1es have used the same 1ength throughout,
~ such as increments of 0. 10 miles and some stud1es have used var1ab1e
.A, sect1on Tengths dependent on roadway geometry, number of acc1dents and
“etc. ‘ | 'f k

As it would be impractical to list every variable assoCiated with
eaoh element of the hfghway'system; the preceding out]ine‘provtdes a
SO]]d base for se]ect1ng variables from any part of the hlghway system ‘
hﬂbelng exam1ned by a h1ghway or- trafflc eng1neer. ' ; :
- The var1ab1es used in th1s study re1ate to: Ce11 7 of the roadway/r |

environment element and are cons1dered as potent1a1 contr1butors in
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the pre-crash phase of acc1dent occurrence. The response var1ab1e used

"s‘total acc1dent rate, 1s expressed as a. funct1on of the var1ous roadway,

roads1de and traff1c var1ab1es chosen for the study. Th1s 1s.shown in

equation llhe1ow.

R N N )]
: where, | | . |
Y = Computed accident rate (acc1dent/100 m1111on veh1c]e m11es)
S Xy = Roadway geometry variables
,va = Roadside friction variab]es‘
"xc'= Traffic variables -

| The various roadway/environment variables mentioned‘abOVe have
~ been used in‘preVious stUdies (9), (11) due to the fact that data for
d'these can usua]]y be co]]ected without much d1ff1cu1ty. Many state
N highway agenc1es keep records and computer data files on these var1a- -
b1es as we]] as other var1ab1es for the dr1ver and veh1c1e.
Var1ab1es from the human element, which are Targely dr1ver varia-

bles, have not beenv1ncorporatedvjn any extent into regression analyses

"_‘due'to7data-requirementstiThere is .certainly data.avai1ab1e.that*cou1d o

~possibly be incorporated into regression analysis in some form or

" another. Figure (41) in the appendix gives ah-eXample'of what driver

information is.collected‘by the state of Virginia for highway accidents;,‘
' A1though useful information_may exist for certain human and Vehicle

variables that are not currently'or previous1y used,in accident analy-

 sis, there are variables from these two elements that may prove to be

very important but data cannot be collected for then. 'These*may :



_1nc1ude the cond1t1on of dr1ver and: veh1c1e 1mmed1ate1y pr1or to the
acc1dent dr1ver psycholog1ca1 and persona11ty factors and etc. .
The incorporation of‘1qrge~groups of variables from the var1oﬁs
eieménts into regressioﬁ'andlysis may be hampered by the nonsuitability
of the variab]es as well as the unavailability in data collection. As
- a too]lin aiding the analysis of variab]es; Sugh as_thefscreéningfoff :

~variables, theVrégfesﬁidn‘methodo}ogyvih.Chaptér Four was developed.



Chaptensfgur..

| REGRESSION:METHODOLOGY%FQRnACCiDENT‘ESTIMATIONvn

| When‘considéring’thessafety'grob]ems of the‘highway system from a
,Systems ana1ysis vieprint“‘the néed arises for a procéduré on néthod- -
»ology that will effectnve]y hand]e the large amounts of data that re-
su1t from such a 1arge system. The matrix for h1ghway acc1dents from
~ the previous chapter can prov1de smaller scale data sets from the over- ‘f
all system and can be ana]yzed by regression ana]ys1s for acc1dent
estimation and identification of 1mportant var1ab1es as acc1dent con=-
tributors. The regre551onvmethodq1ogy developed 1nvthjs chapter}ganqui_ v

applied as a statistiéa] tool in the Systems ana]ysis approach to high-,;

N way safety. The methodo1ogy provides a r1gorous and he]pfu] approach ‘

in the useage of regress1on techniques.

Before the final selection of regression énalysis as the statistif o

cal tool for this methodo1ogy several techn1ques were eva]uated for
possible use. The f1rst approach was using only the corre]at1on matr1x
for the variables. The correjation matrix only gave the interaction
existing between any two variables and not between the variable set
'_as a wno1e@>as was desired. Factor anaTysis was also reviewed as a
possible ana]ysis.n This approach was first used for the explanatiqn-f
of psychological fheories: “Its main purbose was to obtain quantitétivé;v
measures of the contribution of each variable in the data set. Sin¢e -'
the variables used in this‘studyvnene'neadi1y’q0antifiab1e%as~weT1'as:
many other var1ab1es from the highway" system, this approach was not

cons1dened for further use. )
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Regression ana]ysis,uincgrpqra;ing.thg use of "dummy" variab]es,

was chbSénfbecause‘of it51§trghgﬁh'and.f1exibility‘ih idéntfﬁying the
"significaht variables as contributors to thhway'accidents., The use of
:~fdummy? Variab1é§ in regression analysis ailoWS'for the anaiyéiS'df'
' non-numerical or categorical data as well as the quantifiable data. A
discussion of the use of dummy variables is given in the part B of this -
,chaptef;‘ Since the purpdse was,one}of finding the re]afionship of high-
;’wéy accidents with a speéific set‘df variables ffom-the‘highway system E
it was‘félt that multivariéte regression would provide the mostZSatis-»y
fying resuits, - | | | | | o | : »

A further requirément after regreésfon has been chosen foh thé,}
“analysis, is thevsé1ection of a best regression equation; There”is’no‘:
statisticaT procedure for doing this, thus making it necessary to use
persona] Jjudgement. Draper and Smith (6) in their discussion of

: search1ng for the best regress1on equat1on 1ook at the fo11ow1ng pro-

"~ cedures:

(1) all possible regressions

(2) backward e]imihation,
" (3) forward selection

(4) stepw1se

(S) two var1at1ons on the four prev1ous methods and
(6) stagew1se regress1on.

| Of the six procedures Draper and Sm1th found stepw1se regress1on |

_to be the best for mu1t1var1ate ana]ys1s. The stepw1se procedure in=

yo]ves'the'reuexamination at every stage of theihegkesSion of the



| variables incorporated into. the'moeei’in preyioue stages;r A variab1e
- wh1ch may have been the best single varlable to enter at an early stage
:may, at a 1ater stage, be nonessent1a1 because of the’ re]at1onsh1ps
o ’between 1t and variables in the regress1on. This process continues
' until no more. var1ab1es w111 be admitted to the equat1on. |
A1though Draper and Smith ‘recommend its use, they warn that step«}
~ wise regre551on can be easily abused; citing that "sensible judgement |
Cis'still required in the initial selection of variables and in the
critfea1'examinationeof_residuals.f,(G)'
With_this knowledge, stepwise regression was chosen for ana]ysie
purposes im fhie study. The.avai]abi]ity:of high speed.computers and
stetiética1 computer packages makes poséib]e a comprehensive appfoaeh

‘to regression ana1ys1s us1ng a 1arge number of var1ab1es The‘computer‘

oped bvaarr and Goodnlght. (3) Th1svpackage was available thrqugh‘the
Computer Center of VPI&SU and provided a variety of statistical proce-
duresfinc1udihg_the stepwise regression techniques;used for demonstra-
'1tionApurposes in this study. The Ca]compvP1otter, also avai]éb]e fn
the VPI&SU Computer Center was used for constructing the scatter d1a-
:grams.

AL Dummy Variables in Regress1on Ana]ys1s

‘ Dummy var1ab]es used in regression anaTys1s prov1de the ana]yst '
with a 51n91e method of handling d1scont1nuous and/or non- 11near var1—
. ab1es. Categor1ca1 variables such as sex, age, ‘vehicle type weather

cohdi£1ons,'etc;, can be properly treated without v1o1at1ng the basic
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3 eSSumptionS~made in. usiné'regreséion techniquéé;“

| The:. dummy var1ab1e ‘technique can be app11ed to. 1ntroduce non#
‘211near 1ndependent var1ab1es into a regress1on mode? These non-]1near

'».yar1ab1es arefchanged to a dummy format by grouping them into a number .
‘eofldiéerefe é1a$se$, each indicating a value or range of values which

~4,;the or1g1na1 var1ab1e fa115 w1th1n. A dummy‘variab1e is then‘assigned’

to each of the. d1screte c]asses Forvexample; the variable in this

- - study that was used. as a dummy variable was Tane width, When the

eerelat1onsh1p between accident rate and Tane width was exam1ned four

" d1st1nct“datavgrouplngs}were found one for each lane width (9ft., 10ft.,
‘"11ft,, 12ft.) in the‘déta set. By indicating only the dummy class into -
“'which ahvbbServation.fa]1s, errors often made in recording data of the
':’exp1anat0ry variables become less troublesome in their effect on the

)resﬁonSeivariab1e. This techniqueehelpe to,elimihate the biaSes_that o
"are'usuaTTy involved in assuming‘the-fOrﬁﬁbf functional re1ationshfp

- between the variab1es.'.This is because it allows for the identifica- .
- tion,of'ﬁon-]inear relationships without any previous aésumptibn con-
.h.cerning the character- of non-linearity. Therefore, assﬁmptiohs sdch :

‘as”1ihearity do not have to be made.

-Dummy Var1ab1e Techn1que
u In the dummy variable technique a value of one is ass1gned to the
dummy variable corresponding to the class within which the_va]ue_qf the
g observéd independent variable falls; all other dummy'vakiab1es'take on
~ the value of zero. ‘An example of thié wodld be'driVer'sek' As can be

| seen, the values for ma1e and femaTe drivers 1nv01ved in. traff1c
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*'gccidgn§sican.bg,éxpr¢55gd in.afsimplg matr%xvform;
o MALE T 0
FEMALE 0.1
‘Thus;'é 1isting'of the~data.wou1d show a value of 1;0_f0r male drivers
' in accidents and a value of 0,1 for female drivers in accidents.
The estimafing equation genéral?y takes the form ‘
n s ¢
Y =b,+ 151 byx; + kfl le ka ZJk (2)
S Where; Y .= the estimate of the dependent variable
| b =:regression constant
b, = regression coefficient for the ith Tinear dependent
 var1ab1é dénbted by X | |
‘bjk= coefficieht of the.jth dummy1variab1e in the'kth dummy
 gvar1ab1e set ‘ - ‘_
‘ijk= 1, if observed var1ab1e falls into the jth class and ’
: 0 if not in the jth c1ass

h-.= total number of linear variables

s = total number of dummy variable séts

c 1=‘number of ciasses}within a dummy variable set

| The least squares criterion can then be used to produce a regres-._}'

s1on surface where the sum of the squared dev1at1ons of all the obser-
~ vations about it is a minimum, Thg solution ofrthe.developed fnorma]f,,*
equations yield the‘desired'éstimates‘of this 1nt¢rcept and thg regres-

sion coefficients. (8) However the introduction of all classes of each



~ set of dummy variables into.the regression model Willtcause'the normal
equatiqns tO'beche'1ndeterminate;"This occurs because there are more

«coefficients than there are independent normal equations based on the

“-,1east‘squared criterion,

| To remove the 1ndeterm1nancy, one: of the coeff1c1ents in each of
k the dummy variable groups is set equa1 to zero and then the regress1on
is performed, In a report by Hobe1ka (8) a method is shown which

| evaluates the regkeésioh'coefficents of dummy yariables:; This method

',y1s der1ved from two constraint approaches, one in which a coeff1c1ent

-measures the net effect 4
- other approach obta1ns regress1on coeff1c1ents which 1nd1cate d1ffera »V
ences from the overall mean of the dependent variable rather than from o
| the individua] classes. | ‘ | A
- Even thdugh'the‘two approachee produceidifferent regression coef-
,Aficients when they are each imposed oh the normal equations it was
" shown that they differ only by a constant. Therefofe a relatfohshib
'1‘w35'deve]oped from the coefficients of the two approaches‘tO'prqduce-'“
- an adjusted uegressien'coefficient; This,re}gtionship is as fo]lows (8)§“‘
vv* c 3 ‘
bk = By - T Paibik @)

o

where: R | |
‘bjkeﬂ the'adjusted-partial regresSion coefficieht of the*jth* -
‘ dummy variable in the’ kth dummy varwab]e set 1ndicat1ng

the influence of the jth- dummy class in the kth dummy



‘variable set on the response variable with respect to

the overall mean. f

1

'udbjk_¥the uncorrected regress1on coeff1c1ent 1nd1cat1ng the
t ":relat1ve influence of the jth dummy c]ass in the kth
dummy variable set on the response var1ab1e,as comparedr
e'te that‘of the omitted dummy class in the set.
3 ij =a weighting 1ndicating the fraction of the sample in .
| the Jth dummy class in the kth dummy var1ab1e set

v;;i“_g | = total nunber of classes in the set.
Th1s approach 15 demonstrated in the fo11ow1ng chapter by us1ng

1ane width as the dummy var1ab1e set. One d1sadvantage of this dummy

 evar1ab1e approach is that one cannot perform the stat1st1ca1 t-test

"dfused for testxng whether a given partial regression coeff1c1ent is §ig~ -

 7danicant1yvdifferent:from some stated Bo (usuallyetakenuas‘zero).

- The dummy yariable fechnique can be exfended one step further. ‘A
vlubeta coeff1c1ent can be determ1ned for each group to estimate that |
‘, group s contr1but1on in the overall model, This holds only,when mpre '
‘iv:than one dummy variab]e group is being ana1y2ed. The'fo1]owing'beta

relationship is defined as follows (8):
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where: B beta coeff101ent of dummy var1ab1e set S

o

7 I
u

Sy standard dev1at1on of the dependent var1ab1e

number of observat1ons in each class of dummy

=
n

var1ab1e‘sets _

- B, adJusted part1a1 regress1on coeff1c1ent

d |
i The 1argest beta coefficient found for a Spec1f1C var1ab1e group s1gn1--~

ll

fles that it has the greatest effect on the response var1ab1e.
__Many'times a given class of dummy variable group or set will not
n’haye a:sufficient F-level to enter the model. The first olasses chosen
may.not have heen appropriate and this'requires a rEQrouptng of c]asses,‘
"irusua11y into a sma11erknumber than first used. However; after~eventu-
' a]]y reduc1ng the number of classes to the minimum of two and the c1ass
*‘vw111 not enter the equat1ng, other’ means will have to be taken. Often o
"vvthe a]tering of,the range of each class will have an effect on the
tclass enter1ng the equat1on. | |
It is posswble to select classes or regroup them by analyz1ng the

‘"“s1mp1e correlation matrix. It is often appropriate to break the given |

L ‘set 1nto ‘many- c]asses and restructure the range of classes after view-

ing “the: correlation matr1x. Classes. that. tend to have.corre?ation
,cOefficents;jnxtheusame»rangevand~are»eorre1ated-thewsame (pos1t1ve or’
‘.vnegatlve correlation) can many times be grouped 1nto one c]ass.A

It should be po1nted out that regression coeff1c1ents for dummy

| :'varTables must undergo the same scrut1ny as those for regress1on models

w1th 11near models. The direction and numer1ca1 va]ue for these coef—

f1c1ents should be 1og1ca1 for the var1ab1es and data used. 'In summ1n9
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np the'USe‘df dummy Variables SuitS'(14) states,'

~ "One occas1ona1y encounters suspicion of dummy var1ab1es
- and a fee11ng that somehow something not quite respectable
~is involved in their use . . . Perhaps part of the trouble
~Ties in the use of the term "dummy" variable. There is
. nothing.artificial.about such variablés; indeed'sin a funda-"
. mental sense they are-more properly scaled than convention-
a11y measured var1ab1es." :

'h‘f‘B Data Analysis: Procedure for Acc1dent Estimation

Fol1ow1ng the variable selection and co11ect1on of data 1t w111 be :
’necessary to-seTect the best regression model for the data. The fol-
',lowing’procedure, diagrammed~in Figure 2, was developed to a1d,the o

'vanaTyst in applying regression techniques to highway safety analysis.
:‘Thie nrocedure will enab]e the anatyst to examine the regression varie"
~ ables graphically and statistica]iy. It aisoAallows for 1mprovements

in'the'estimating quality of the regression equation through the use ;"v

- of dummy variables and data grouping.

1. Construct Scatter Diagrams for Individual: Varaibles

Scatter‘Diagrams are‘the graphical representations of the
dependent variable, Y plotted against the independent variabies, Xis
'.where i=1, 2 3. .. These d1agrams will give some 1nd1cat1on of the
‘ re]at1onsh1p that exists between the variables, i.e., a stra1ght 11ne
or curve re]at1onsh1p. However, as the case may be in many rea1 world -

‘ftuations c]earcut'relationships do not always-exist and it may be
necessary to a]ter the var1ab]es through transformat1on to 1mprove the
(x ,y) re1at1onsh1ps. | |

‘ Transformat1on of the var1ab1es will have to be made if no 11near

re]at1onsh1p exists between the dependent and 1ndependent var1ab1es.
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Ch0051ng which var1ab1es are to be subst1tuted for dummy var1ab1es re-

e qu1res more dlscret1on than for transformat1on 0n1y those var1ab1es wh1ch

E‘are categor1ca1 and/or non11near in nature as exp1a1ned in part A pre-‘m
- viously, should be changed to dummy variables. At this point in thE"
“procedure 1t may not be possible to te]] whether or not a var1ab1e w111
fall 1nto'thjs c]ass1f1cat1on; therefore Ithay be necessary to make a
zi-ldecisionvonTy after transformation of the variables has been.made. |

..........

2 Dummy Var1ab]e Check

; After the scatter diagrams have been constructed, the ana]yst
. should look for those plots that show distinct groupings‘of data points.
The analyst should consider the independent variable of such plots as

'possib1e dummy variables.

3,_ First Regress1on'and'Correlat1on Matrix

| "The correlation matr1x should f1rst be computed for ga1n1ng ;

‘v some 1ns1ght_1nto the reasonableness of an analyt1ca1 so]ut1on. The

' ,ana}ySt shou]d be looking at the corre]etion between the dependent_and ‘

_'jindependent variables and-whether or not any x-variables are cerrelated

'f ;:to each other. It is desirable to have a high correlation. approaching':

~1.00 between the,dependent_and independent variables, This will depend
, on the'yariab1es chosen-and‘the type of défa'col1ec£ed_for those_Vani-

f"a»b1ee° ' | |
”using those variables (untransformed at this poin;) finally decided;7 o
:Hupon.for'use‘in'the analysie; the firstVregression nun'shou1d oe made ~“Q7 
L;for'eachidependent variable if there is more than one. These first .

regneésion runs will inform the analyst which variables will need to be
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transformed and wh1ch Cross products of the var1ab1es cou]d poss1b1y
be made.:'/

It will be necessary to check the list of variables in the order
g in which'they entered the'regres§ion equation in order to determine
What contribution they'make to the R? value and what F-value each has.

' Thié is important becéuse a cutoff point may have to be made including
z__vor eXcluding Variab1es from the regression equation. This will in mdst
cases depend on the number of variables entered into the’regression

| ‘equation because of their F-values. Past studies have used cutoff

‘.4points where variables tontributed\]ess than one percent to the RZ
o value. .This decision is usually left to the analyst or will be done

{'within the barticu]ak computer program used. |
The combinations or cross products of the variables, [xké(xi:f xj)
- wheke k = new variable, i,j = initial variables], should be considered
: _for»those individual variables found in the final equation of the first

"vregression run. Dart and Mann'(4) explain the use of cross products of
“ the var1ab1es from the roadway component of the h1ghway system by
}.stat1ng that,
"The-]arge number of highly significant cross products |
means not necessarily that one variable depends on the
- other but that elements of the roadway are generally .
built as compatible units. For example, very seldom would
one suggest today that a roadway be built with a high
~degree of adequacy for surface width but a low degree of
adequacy for sight distance.".
| If cross products are to be used in the regress1on ana]ys1s they¢

~ should be made before transformation of the variables are made, fol- -

1owfhg'the'first regression on the individual variables. -
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4. Ca]culate 52 for Various a

,’ j f‘ Th1s step involves. the’ procedure for selection of the. "best"
'ftransformatlon, s where Y = by + by ,? + by (x]xz) . .v. for each |
variable and cross product variable from the previous step. The pur-
pdse.of‘the transformation; Gy is to improve the degree of estimation ,
) ‘/6f each variable thereby improving the estimation quality of the entire

E Hregres;ibn equation, As mentioned previously, if an (x;y) graphical

o »representation does not show a clear cut re1ationship,‘either 1inear

~oor curved then some transformat1on of the variables may be necessary.
The obJect here is to produce the 1argest poss1b1e square rat1o

or F-rat1o.' (See analysis of variance table below)

“Soﬁrce . df ss MS - ‘F-ratio

| vRegression 1 OSSR MSR MR
’ ReS"dua'l “““ '. n_z .} SSE L 52 R 52

Total el - SST

.whereig n = number of observations in.the data .set,

- df

vdegrees of freedom; this number indicates how many

- independent pieces of information invo]ving (n) 1ndepenw
~ dent observat1ons are needed to comp11e the sum of
'squares, | “ 3

- sS

sum of squares

fl

~MS = mean square;

SSR = sum of squares due to regression,

SSE”=‘sum of squares about regresé{on,'
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sum of squares about the mean or, SSR + SSE

o ‘SST:‘ =
S “SSR*
. MSR = regress10n mean square: or.” af, and
ST g 'SSE .-
52'=‘res1dua1‘mean square or df.

o This can be aecomplished by choosing o in such a way that MSR is large
and 52 1s sma11 'it should be pointed out that transformation is”being f
t‘;made only on X and not y so that the mean squares are examined 1nstead |
' of:the rat1osvof mean squares. For a given SST, SSE 1s-m1n1ma1 when
SSRUieimaxima1:v Therefore.s2 for various afs is needed for each vari-
~able in the data set. This method of ehoosfng‘a transformation nas

‘proposed}and demonstrated by Draper and Hunter (5) for a‘simple two

_variab1e‘regreésibn equation., The same basic technique is to‘be»applied :

~ to po]ynom1a1 regress1on analysis in addition to simple 11near regres-
sion analys1s. This is demonstrated in Chapter F1ve.

- The 52 shdqu be ca1cu1ated for each var1ab1e at several d1fferent
”d 1eve1s.to_obta1n‘a sufficient group for analysis purposes. Draper__
and}Hunter (5)_used o levels of -2.0<a<1.5 for their example. For the
demonstration in chapter 5 this was expanded to include a=2.0 which set
J-the Timits at -2;0<d<2.0t It may be necessary'tovgodbeyond theae Timits

until a.minimal value of 52

can be found; just how far is left to the
discretion of the analyst and his knowledge of statistical procedures.
It may be useful at this point to construct the plot of 2 vs o

to obtain a more accurate transformation. An example plqt,qf\sz ys,d' ,

is glven in Chapter F1ve° ‘However it is'feTt’that a's'rounded of f to SRR

. 'the nearest 0.5 will provide a sufficient transformat1on for the var1- R

| ables and therefore selection of the u 's at 1ncrement3'of 0;5 and
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: ;choos1ng the sma]lest s2 va]ue wou]d be. as easy and suff1c1ent as p]at.

't1ng 52 VS a.

'LS;IUConstruct-Scatter Diagram for Transformed Individual Variables .

A further check of the data following step 4 will be the con-
v,fstruétiOn of scatter diagrams for the transformed independent variables

versus the dependent variables., These scatter diagrams will be for the -

' WL purpose of ensur1ng that the transformat1ons made on the var1ables are

reasonable and show an 1mprovement toward 11near1ty in the re1at1onsh1p
;ﬁhbetween x and y. It should be pointed out that although scatter d1a—: .
i grams are4fdund for transformed individual variab1es,vthe‘same could
ef"épp1y to trénsformed cross product variables. If the anatyst has{any il
| doubts aqut the relationship between the dependent énd cross product
w'ﬂvariable; the scatteh diégram can be constructed and viewed for those
Variab}ee. | | '

If no change can be seen between scatter diagrams of untransformed -
‘variables and transformed variables, i.e., ho inprovement’in the |
*x‘linearity, then the vartab]e shOuId be considered as a»dUmmy variable

i,or else be dropped-fnrm the ana]ysis "A recheck of the correlation
 ‘»matr1x for var1ab1es may. be helpful in dec1d1ng what s1gn1f1cance to

e p]ace on the variable for further use in the regress1on analysis. A
Tow corre]at1on with the dependent var1abTe may indicate 11tt1e or na :
| contr1but1on to the equation and/or R2 value and therefore 1t should
" be deleted‘from analy51s. | |

" One advantage of the scatter d1agrams at th1s po1nt is the fact

that p1ots of variables that are non-categor1zed will sometimes shcw a

!
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d1st1nct break 1n the data for examp]e, a var1ab1e may have most of -
‘1ts observat1ons w1th the same value and the rest of the observat1ons
1”Hmay fall into: a d1st1nct or random pattern. This may indicate to the .
vana]yst that regress1on ca]cu1at1ons should be made for groups of data
'Ffpfor a var1ab1e. | |
A further advantage of the scatter d1agrams would enab1e the
":ana1yst to subst1tute transformed variables for dummy var1ab1es. ftf” '_
‘at was found that transformat1on wou]d not 1mprove the relat1onsh1p w1th

. the dependent varwab]e they may: be de!eted from the ana]ys1s. o

6. Group1ng of Data | |

. CIf, fo]low1ng the p]ott1ng of the transformed 1nd1v1dua1 vari-

' ab]es there appears to be any group1ng of data po1nts for the 1ndepen-
ddfdent var1ab1es the analyst should cons1der a separate regress1on analy-
s1shfon each group, Situations for grouping of data arising in highway
’ =f;accidentvana1ysis'may be straight, flat roads versus cunyed, hilly sec- -
tions ot roadway and etc. TherefOre negression,equationsfcoutd be ob-

3 :tained'for‘different charactenistics of the rOadWay-andtfor d%fferent‘; ;

: parts of a'statevor region 1n which those rOads exists. if grouping‘

2 1s made the ana]yst should begin the analysis of each group at step 3

5 7. Choose Transformat1ons

If the scatter d1agrams from step 5 show an 1mprovement in the '
two-var1ab1e relat1onsh1p and no d1st1nct breaks or group1ngs appear in
" the p]ot,,then the appropr1ate.a should be chosen for each variable to ”
be included in the next regression calculation. As mentioned intstep'

5, scatter diagrams may not be needed for crOSS'pnoduct variables,

\
i
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therefore theaminimum a found.for these VariabieS'can be the'a used for

'the regre551on caicuiation and. no grouping of the data w11] occur among

‘;1rthese variabies.

i_8;‘ Regre531on Run for Transformed Variabies

This run shouid 1nc1ude all those transformed variabies from

. step 7 and the dummy variabies, if any, for the data base as a whoie.

The regre551on run for transformed variables from the grouped data will.

~also be ‘made at this p01nt This will include as many groups as the

vgvanaiyst w1shes to use,

9 Examination of the Regression Equation -

B Once the finai regre531on run is made, 1t will be necessary to '
rj{examine and Justify those values found. The_foiiow1ng is a list of
- values that should be considered when performing regression analysis: |

as” RZ va]ue - This value: exp]ains ‘the tota] variation about the

:':, mean Y exp]ained by the regre551on equation. Expressed as a percentage; _

a high R value approaching 1.00 is obviously sought. Each significant
'variabie entered into the regre551on equation should be looked at. to
h?determine how much the variable contributes in explaining the variation.
Variab]es contributing little to the R2 value, for example less than 1£,
are of limited ua]uevand should be remoued, if this is not donephy_the
lcomputer program used, ' |
| As Draper and Smith (6) state,
| "The addition of a new variable may increase the ac-
curacy of the estimate of the response. This is be-
cause the reduction in the residual sum of squares may

be Tess than the original residual mean square. Since
one degree of freedom is removed from the residual ‘
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degrees of freedom as well, thelresultihg'mean square
may get 1arger.f‘ T ‘
ij1nce the res1dua1 mean square is a ratio of res1dua1 sum of squares
' tto the degrees of freedom, a reduct1on in the degrees of freedom would
indeed produce_a large mean‘value’and thus a larger R? value. As vari-
_’;ables are added and the Qegrees of freedom are reduced then the RZ |
v-lincPeqses beCause the mean square value increases. The‘authors of the
. preceding quote caution the analyst to be sure that eh improvement in |
:;RZ due to'adding a new term‘to the mode1 has some real significance and
~is not due to the fact that the number of parameters in the model 1s
;_gett1ng c]ose to the saturat1on point - that is, the number of observa-
Lt1ons. Th1s is arpart1cu1ar danger when there are repeat observat1ons.tﬂ
| “The fo110w1ng is a s1mp1e examp1e of the problems w1th repeat obserVa—
,t1ons wh1ch occur for 5 d1fferent lane w1dths in groups of ten repeat
'observatlons.i A simple regression equ;t1on is sought re]attng lane
o width}tortotal accidents. There are essentially ftve pieces of infor-
f mation,‘repreSented by fiye mean values, end fourty;ftve error degrees‘,

'.of‘freedom for pure error, nine at each point Thérefore a regression

5 mode1 conta1n1ng a variable for each lane width, or a f1ve variable

mode1 w111 provide a perfect fit to the f1ve means and may g1ve a very
‘?1arge value of R2, especially if the exper1menta1 error is small com-

't pared w1th the spread of the five means. A regress1on mode1 c0nta1n1ng
only one variabte representing 1ahe width would probably give a 1ow,
unexceptable R value but the equation would be a true representat1on

of the re]at1onsh1p ex1st1ng between total accidents and Tane width.
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. b.. Standard Error of the. Est1mate - A check should be made to
determ1ne 1f the standard error of the est1mate decreases or 1ncreases
. from the f1rst to final step of the regression procedure. The standard
error of the estxmate is often expressed as a percentage of the: mean o
response; A s1gn1f1cant decrease in th1s valie shows an 1mprovement
“in the accuracy of the estimation. Some computer programs or packages 't
‘may only give the error of the est1mate for the f1na1eequat10n - there- |
fore a manua1 calcu1at1on may be needed to check 1f the value 1ncreased |
z‘or decreased
c. B va1ues - These values 1nc1ude the B va]ue or .+ constant term |

e o e Bn, and precede

injthe-regre551on equation and coeff1c1ents, Bi

: the variables in the regression equation. The By term should be
examined for its numerical size and directional significance.A Large
constants, especial]y negative ones, shoqu be viewed with cautton.” The
size of the constant term may also depend on the type of data used. The
' same scrut1ny should be given the variable coefficients to determ1ne
whether they are reasonable and Togical for the variables they represent.'
. The size and direction of the coefficient should also depend onmthe,data
used, | |

':d.‘ Corre}ation and Covariance Matrices - If there is a’SEFTOUS h
doubt about the R2 va]ues and/or the B va]ues then a c]ose 1ook is
_‘needed at the corre1atjon and covar1ance matr1ces, Both g1ve 1nd1ca- f h
tions of the relationships that exist between the var1ab1es. {High]y L
corre1atedvvariab1es (those approaching a correlation value of'llQO)!d

“will often times give biased information and therefore it is important
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: tq;1qqk‘at ;hgfchrg]atiqns fqr'each yériab1¢ §o,det¢rmine whether of

hpt a yaridble'ér variables should beftransfqrmed,~gombined andfor .
: de]etéd‘frbm the'ana]ysis:v The'cqvariance'matrix also gives a degfeg

R of dependency.of one variable ob-anothef: ‘The smallefkthé ¢ovafiande
'ﬁhe more indépendent variab1es are of each other.

It would be wise to’]oqk;at‘the R, correlation coefficients, for

. Xy
the final'variab]és in the equatioh, for these measure the associatidn
| _xy-js the cokre]atidn coefficient for x-and Y,
the values fall between 0 énd 1) However, the fact that the correla-
'tioﬁ Rxy is nohzero implies bnly'that there is association between the:
. valueé x; and Yi,"i‘= 1, 2 . . . n and does not itself imply ahyhsdrt
of causal reTationship between x,énd Y. This false assumpfion can lead
tq'errdnébus conc]uéionso

| The methodo}ogy devéiopedgih this chapter is a tool to aid in the
'ana]ysis of the wide variety of variables that compose the highway
- system. Categorical and non-categorical (numerical) data can be ana-

lyzed at the same time and the results will allow the analyst to

- determine the significance of each variable of each type from the same

- regression equation,

" The abi]ityvto eva]uate the regression variables graphically and
statistically enhances the quality of the final regression equation
for accident estimation. Also, the.method for choosing @ranéfokmations‘
- 1s an imprbyement 6vgf a trial and error type method.

The overall effectiveness of thi