BFFICACY OF JURISDICTION-WIRE TRAFFIC

CONTROL DEVICE UPGRADINGS

FINAL REPORT

Richard W. Lyles
Dale R. Lighthizer
Aris Drakopoulos
Sandra Woods

Department of Civil and Environmental Engineering
Michigan State University
East Lansing, Michigan 48824-1212
7 for 7

CFFICE OF HIGHWAY SAFETY PLANNING
MICHIGAN DEPARTMENT OF STATE POLICE

OHSP ProJjects # MCD-83-0224
MCD-85-003A

MSU Projects # 71-4103
T1-4145

August 1985

COLLEGE OF ENGINEERING
MICHIGAN STATE UNIVERSITY
EAST LANSING, MICHIGAN 48824

MSU 1S5 AN AFFIRMATIVE ACTION/EQUAL OPPORTUNITY IMSTITUTION




DIBCLOBURE
The ‘Dpiniﬁns, findings, and conclusions expressed in  this
publication are those of the authér(s) and not necessarily those
o+ the Michigan Office of Highway Safety PFlanning or the U.S.

Department of Transportation, Federal Highway Administration.

ACKNOWLEDGEMENT

Frepared in cooperation with
Michigan Office of Highway Satety FPlanning
and -
U.5. Department of Transportation
Federal Highway aQdministration

ii



ABSTRACT

A evaluation of sevegral jwisdiction-wide traffic control device
upgradings in Mighigan was -undewtakgnu A "hefore—after with
control’ experiment design was emploved in  the examination of
general accident distribtuions and a wmore deteiled distribution of
vahicle-vehicle accidents. Resulis dn 'regard to assesgsing the
mveréll affectiveness of TOD upgradings on a Jjurisdiction-wide
basis were mixed at best. The general variability of accident
statistics and the fact that most sites in a Jjurisdiction have
pnly minor, it any, prablems tend to overwhelm potential positive
results at sites whare there may be Bighi¥icant improvements. It
im suggested . that "safetyv-effectivness" studies are more

appropriate at lower levels of éggr@gatiun,
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INTRODUCTION

DVEW. the years Michigan has spent considerable amounts of
faderal funds to undertake sign inventories/analyvses and then  to
upgrade traffic signs as a direct results of these inventories.
This has been done in order to meet compliance with both state and
Ftederal uniform manualﬁ; Over the past few years federal funds
for upgrading signs have diminished. However, the Michigan Dffice
ot Highway Safety Planning (OHSF)Y has continued to support the
funding of  sign inventories. Since the (OHSEP recognt xed fhat
Section 402" Federal Funds utilized to do so are of themselves
quite limited, it was.de:ided to undertake an evaluation which
wmﬁld look at whether such efforts actually resulted in reduced
tratfic accidents or, more impd?tantly, casualties fesulting £ om
such accidents,

Thus, the study described herein‘was undertaken by Michigan
State  University with the abjective o-f gquantifying . the
satety-related impacts of cmmprahangivé sign upgradings in ﬁéveral
juriﬁdictions  5$ varying size in Michigan. The ‘study WAS
%ﬁmngmred by the OHEF of the Michigan kDepartment of BSate Folice
irt cooparation with the Federal Hiéhway Administration.

Fedaral l y-supported .prmgramﬁ f o inventorying antd
subsequantly upgrading traffic rﬁmntrml devices (TCDs)  within
mpecific Tocal jurigdicﬁiana have long heen thought of as
gffective investments in highway safety. The-purpmﬁe ot suech &an
upgrading ié to bring all TCDs and and thedr plac@mént into
compliance with the Manual on Unitorm Tra¥ffic Cantro} Devices.

Although thers are numerous studies on  the effectivensss of



specific devices at specific 10;&tidhs, thare are +few which have
been éxplicifly concerned with the evaluation {(in terms of sa$@£y
maaaurea) of jurisdiction—-wide programs.

Michigan is well-suited Ffor the undertaking of & study on
the effectiveness of TOD wpgradings (or other safety programs)
because of its reasonably extensive and reliable

machine—-accessible accident file. Regardless of the jurisdiction,

& commﬁn accident report form  (UD-10)  must be filed with the

Michigan %State 'Paiice (MSF) , coded, and enteread inla central
syatem maintained hy MBF. The report contains information about
the physical description of the accident, the invelved vehicles,
the accident site, the drivers and passengers, as well as other
descriptive information {(@.Q., geo—coding, dates’. For ~the
aralvsis that was uwndertaken, approximately twelve years of data
were used (1972 through 1@83).

There -are' two more—or—-less fundamental approaches to
unclertaking such  an evaluatimh: a simple “hefore and after”
comparison  and analysis of safety statisticsy or a comparison of
Jursidictions that had TCD upgradings Qith "control! duwrisdictions
which ‘did nmttihave‘ such upgradings (1.8, a comparison of
“freat@d“ Vil “untreated; jurisdictions). The approach that was
chosen in this study would best be. described as a ‘“hefore and
after Etudy with 1imifed ﬁantrul“ ~ that is, & combination of the
two ganéral approaches.,

.The MERSLIrEs Amf effectiveness adopted concerned the
distribution of aCciden£5 by general type (e.g., vehicle-vehicle
collisions, vehicle with fixed objsct), the distribution of

multiuvehitle accidents by tvpe of gcollision (&@.0Q., rear—endg!



angle, _turning)g the absolute numbef_ of accidents, and the
savariéy of accidents. That is, did the TCD wpgradings have any
appérent impact on these satety (accident) measures.

The experiment design, the analysis, and the resulits are all

discussad in more detail in the following sections.



METHQDOL.DEY

The basic approach to . the study was to select BaEveral
Jurisdictions which had undertaken TCD upgradings and identify thm‘
safety-related impacts, if any, of those uwpgradings. There are
several aspects of the general methodology that  should byen
mentioned.

ALTERNATIVE EXFERIMENT DESIGNS

As indicated in the intrmductimn, for a stuldy where ithe
Jurisdiction itseld is the basic analysis unit, there are Ltwo
basic approaches for the emperiment-deﬁigna a hefore and after
study of the "treated” jurisdictionsg ‘aﬁﬂ & comparismn of treated
va. untreated (control) jurisdictions. Each approach has certain
advantages amdrdiﬁadvantages ~ the attempt was to develop a design
which ’wmuld capitalize on tﬁe bast attributes of each approach
while being responsive to their weaknesses or comstraintgn The
before—atter deﬁign. has the advantagé Df.reaﬁmnable consistency
of, for exampie, socio-econanic and Dﬁher potentially confounding
%actmré (e.ga;_ the "users” of +the system are -reaﬁmﬁably
cdﬁSiﬁtent) while the'traatedﬂcbntrﬂl design has the advantage of
providing an explicit basis for adjusting for general background
trends. Disadvantages of the treated-control comparison  incluade
gifficulty in ddentifving a control juwrisdiction that precisely
"matohes" a treated jursidiction, and more data are required for

the analysis.



SELECTED EXPERIMENT DEBIGN
Hiven thg foregoing, a design was selected which capitalized
o the advantégea af sach of the twﬁ approaches: the study was
based on a "betore and atter with modified control" design. The
modified control consisted of comparing treated and untreated
streets in sach Jjuwrisdiction — the latter being state trunklines
“Aile., numberad state routes) ineligihie for TCD upgrading projecht
funds. Thus, &  contirel s provided which has the advantage of
heing "internal.® A potential problem not addressed is that thers
may be differencess between the kinds of accidents that ocour on
state brunklines and the local city street Eyatém. This paoint
notwithstanding, the impacts of many other confounding factors are
ravolided by uﬁing.streeta which have the same variations in weather
conditicons and other wternal factors over the analysis period.
In addition, the control is prhvided without data being reguirsd
from another jurisdiction. Far each Jjurisdiction in the analysis,
ore o ﬁore before periods and an after periocd (all of sqgual
duration) were identifiesd. |
MEASURES OF EFFECTIVENESS
- The ﬁemt sfep'was to identify the measuwres of effectivensss
and amlléﬁt the appropriate data. The measwes of E#¥ectiven@ss
{(MOEs) waers based on the distribution and numbers of accidents in
wach Jurisdiction. More specifically, the MOEs dincluded the

fol Lowing:

1a The distribution of accidents hy  gengral btypes. For
example, is therse a shift between vehicle-vehicle
collisions  and vehicle-fined object collisions?

Examination of the before-—after statistics for the
control streets  (state trunklines) wowld generally



establish  whether there were shifts among general
accident categories. Having establ ished this
baseline, the shifts on the treated streets (the local
system which actually had the benefit of a TCD
upgrading program}  could  be examined - with some
caveals. I+ there was a shift +or +this group of
strests (and nane for the contrel), it could hbe
reasanably  concluded  that the shift was due to the
upgrading project. '

2 The distribution of.vehicle-vehicle collisions. Faor
erample, iz there a shitt between multi-vehicle
rear—end  and angle collision accident types? Ogain,
the comparison procesds from a consideration of what
happened on  control  streets to  what happensd on
treated streets. ' '

Evidence of the above shifts for treated and  control | streets
within Jjuwrisdictions is wseful information in itself,; bubt thers
are at leégt Twn _Dther aspects of the 5Hi¥t which are also
important.

S The total number of accidents. Biven that egual
duration before and after periods wers defined for
gpach juwisdiction, absolute comparisons of the total
number of accidents  and  the number of accidents in
various categories can also be made. Lomparisons
between control and treated streets provide the basis
for allecating the decrsases (increases) in accidents
par sg oF accident types to background variation or
the TCD upgrading.

4. The severity of accidents. The above information is
supplemented by a consideration of accident severity.
For example, it is useful to know whether there was an
increase - in  the severity of accidents as & resdlit of
the TCD upgrading — for example, there could be more,
but less severs, occurrences in certain accident
categories resulting From new TCDs.

AFPROACH TO DATA ANMALYSIS

7 %he approach to data analvyvsis was straightforward and
consisted of three basic 5tagea; The first was to identify all
Jurisdictions to be studied and select one as a "test case” - the
latter +to be examined in detail prior to undertaking the analvsis

on  all Jurisdictions. The latter selechkiocon was undertaken



primarily as a cost consideration. Albion was chosen for this
purpaﬁé hased on the average number of éccidEﬁts ooourring in &
year  and the %acﬂ bhat 1004 u%Ath@ local system had besn treatsd
charing an upgrading project.

The second level of analvsis was concerned with the
sxamination of the distributions of different characteristics of
the accidents bccﬁrring in Albkion - €.9., whalt age groups were
dnvalved, were there any contradictions ammﬁg data that were
purported to report the same information. This analvsis provided
a list of criteria for sliminating accidents which could confound
the results from further consideration. In addition, this level
of analysis waslalﬁm directed to identifying any basic differences
between accidents on trunklines (the caontrol group) and those on
the local street system (the treated ogroup). For @xahpl&v I
the age distributions of accident—involved drivers the same for
accidaents ocourring  on local streets  and trunklines. This
analysis provided, in part, the basis for defining different
groups of motorists/accidents on which the effects of TODs might
he apparent -~ +$or example, Dné gruﬁp of accidents consisted Q%
those oocourring aﬁring the day in gpod weather wheres thé i ver of
-véhicle #1l was unimpairsd, andther grroup consisted of those where
arn  impaired driver was..invmlved in an accident at night in bad
weather. |

The third level of anmlyﬁig was the actual comparison of the
before group (s) with the after group for the treated streets and
th@- comparison  between control  and -treated groups as oublined
above, Specific statistical tests and the results of the analvsis

are discussed in a later section.



BELECTION OF JURIBDICTIONS

Thea selection d%'which Jurisdictions would be analvzed waes
hased on several criteriaz:  the perm&ntage of locsl streets iigﬁug
other than state trunklines) in the Jjurisdiction treated as part
of  the upgfading projecty whether the project completion date
allﬁwed an adeguate "after" periocd for analysisy and did the eet
of Jjurisdictions pruvid@' for & reascnable mix of population and
geagraphical representation. There were also implicit economic
ﬁaﬁﬁidaratimngu Theare weré several other "chechs” of & somewhalk

\ .
more gqualitative natwe that were made on each Jjurisdiction -  for
mrample, did experience indicate that accident reports filed by

the juwrisdiction were typically dependable?

There bR saveral problems with identifyving the
jurisdictions., One of the more serious was identifving exactly
when the TOD upgrading project actually began and ended. For

wample, some of the prmjéc£5 weré shown in records as having
prtremely short durations while others had official close-owub
dates ©that were Vclearly long _aftef the work had actually been
completed. Most of théﬁe vagaries were axplainable but-iﬁtrmduc@d
Edme doubt as to preciaé Epaci%icatian of when projects actually
started and ended. In the end, only those jurisdictions where the
project’'s start aﬁﬂ end dates could be specified with reasonable
accuracy ware included in the analysis.
Thirteen jurisdictions were chosen, and they are  shown in

‘table 1 along with some of the pertinent information about sach.



TRBELE 1§

Jurisdiction

Approdimate
Fopul ation

dJurisdictions Used in Analysis

w onfF Straets
Treated®*

Total #

ROpEr oK.
(v Er aog e
Anrueal R

Faleva
Martin
Freeport
L.aonard

Vandalia

Machinaw City

Dundes
East Tawas
Mudsonville

Aibioan

Muskegon Helghts

Fie. Fleasant

Fontiac

NOTES

820
2600
2600
400

11006
14&60
2IETE0

TETOO

130
100
100
100
100
100
100
100
100
100
7O
84

36

fpocidents™®
120
100

103

248
1145
1034
BEET
&571
7828

LATE54

Preidents

11

9

85
104
94

gy ey

tenit b ahin

&I4

L2

#] The percentage reported is based on the approdimate total local
street system mileage (not counting trunklines).

#2 Total aceidents = all accidents in file,

not all used in analysis.



COLLECTION OF DATA

Several kinds of data were collected for each Jurisdiction
such as accident records as well as project start and end dates,
Jurisdiction population, and so Forth;- Other #han the accident
records the data were primarily uwsed in the selection of the
sample of jurisdictions to be analyzed. Once the Jjurisdictions
had heen identified, &ll of *the accident récmrda for  esach
Jurisdiction over the entire time periad 19272 to 1983 WerE
obtained from Ffiles maintained by the Michigan Department of
Transportation (MDOT). (Thezse files contain a somewhat shorter
version of @ the tnmpiete accident record that is coded and
maintained By MBE. Ganer&lly, the data that are eliminated fram
the longer record concern the "uthér" viehicles in & collision.

Thérﬁ ware several prableﬁs encmuntéred with the data ~ some
which relate apecifiaaily to  the data that were avallable and
others which would likely be en;munteréd in any study. The former
were primarily concerned with the coding af the accid@nf data and
iﬁterhal descrepancies. These problems are discussed in mores
detall’ in appendix I. The latter problems includes
dif%erentiating the esffects of the TOD upgrading from general
hackground aacident trends across the state; isolating acocidents

that could realistically be expected to be atfected by TCD

upgradings from the general set of all accidents in =}
Jurisdictiony identifving an appropriate M"control” for  =ach
Jurisidictiony and accounting for general ococurrences like

10



spasonal  variation in accidents and user - volumes, waatheaer
cmnditimnﬁg and so Fmrth,

Thé resolutions of these problems as well as the resulis cf
the analysis are discussed in  the sections  that immediately

£l low,

11



DATA ANALYSIE AND RESBULTS ~ TEST CITY

The data analysis was done in  two fundamental phases - the
firat. was an explaration m%Ithe-data for Albion, the test cityy
and the second was concerned Qith applying the kpowledge gained
from  the Albion investigation t§ the twelve other cities. The
‘ ﬁiscussimn in this section _iﬁ broken into two parts: general
description of the'datag and presentation and discussion of the
analysis results for Albion. The presentation and discussion of
the Eesultﬁ for the rest of the cities is left to the next
section.

BENERML. DEECRIFTIDN OF THE DATA

As  indicated above, the firast phase of the analvsis was
concerned witﬁ Albion azs a "test” city, The general axamination
of the data started wiﬁh a reviéw of the frequency distribution of
the saveral variables available in the accident files. The
rationale for this review was to make .a basic. determination of
which “Canfnundiﬁg" variables we}e of concern ~ in mrdaf to either
ai @liminate soame accident5 frnm the analysis (e.g., accidents
poccurring in a construction zone) or b) provide the basis for data
stratification {i.e., identification of specific groups such as
separating [alcoholl impaired and non-impaired drivers).

Once  the basic déta were obtained #rmh MDOT , Lie
distribotions af variables wWarr e Exaﬁineﬁ F o general
reason&bleneg§ and the elimination of certain accidents. Table 2

- ashows the set of criteria that each acecident had to mest in order

12



e TABLE 2 Criteria for Eliminating Accidents from Analysis

Variable Variable
Mamea™? Betinition Accidents thet fre Eliminated
MEBFAT MBF accident type invalving animalsy; other or
urnknown
D1A fge of driver of where driver <1& years old
vehicle #1
Vol Misuwal obstruction of where obhstruction is in or
diriver of wvehicle #i o vehicle #1 {e.g., block-
ing vision through wind-
shield)
o1 Condition of where condition of vehicle
‘ vehicle #1 was contributing factor to
accident (@.g.., tire blow-
out) :
TAG ' Special tag ‘ "gpecial' circumstance

accidents (g.g.y, Doowrred
in a construction zone)

VTi Vehicle type : where vehicle #1 is non-
standard such as farm
vehicle

RD Road defect where road defect is
contributing factor
{does not eliminate
weather-related acoi-—

dents)
21 Ecnditinﬁ.uf where "defect" is really
' driver of vehicle #1 vehicle related -~ 2.9.,
: load shift '

NOTE

#1 Acronym used in analysis programs and report.

13




to ﬁe congidered in the analyszis. This dinitial analysis was
1argel§ qualitative in nature - By examination of the
fragquencies of the occuwrences of different ftypes of accidents.
Selected cross-tabulationes of the data were além reviawetd in order
to be reasonably certain that the data were dependable - e.g., did
wat/icy pavement cmndiﬁimns oocuwr - during bad weather periods WEr e
there snow days in Julyf Another principal purpose was  to
differentiate those accidents which could realistically be
gxpectad to be affected by the presence or absence of appropriate
TCRs  ~  for examplea, there ware several accidenfs in  wmach
Jurisdiction where the diriver of vehicle #1 {the "at fault”
vehicle) was not of age to be a licensed driver, in some instances
accidents involved esmergency vehicles (e.g., police cars giving
chase) . fha idea beiﬁg that in neither of these instances would
it be likely that TCDs would have any impact on  the accident
mcc;rremce“ | |

Table 3 shows a {few éelected characteristics of Albion
accidents. Care should be taken in interpreting these results -
they are based on an early version of the Albion data (in the
ariginal file 19721582 data were available, while in arlater file
1§7E~1983 dafa waere available) and later information may vary
slightly. For illustrative purposes however, these earlier data
alr e acceptablea The table shows the distribution of all accidents
atter basic deletions were made in accordance with the goal of
pnly considering “those accidents where the TCDs could reasonably
he expected to have an efffect.

In addition to eliminating ﬁertain accidents, the accidents

wars also stratified by assigning group designations. These were

14



TABLE 3 Selected Characteristics of Albion Accidents

Variable A oof Variable A oof

Cases Cases
ffter Pt faay
Belection™? : Belection
L.ight condition Waeathar condition
Davlight pas) - Clear/cloudy 7&
Dawn/dusk 5 Fog Tl
Dark~lights 14 Rain 12
Dark-no lts. i2 Snow 12
Urnknown _ o L
Driver | circumstance®™ Driver 1 drinking?
DUTL or drugs 2 Y@ 3
Reckless 2 ko 87
C I, Fatigued 2 Hetkriown i |
Lie. restrict o1
hscured Vehicle 1 type
vigiaon 3
Load shiftt 41 Fassenger car B35
Mone Q Tk i4
Bkidding 15 Motorcycle 1
Other /unknown 74 Bus %1
MEF accident type Highway accident type
(MEPAT) ‘ (HWYAT)
fverturned %4 . Head—on 2
w/tirain LA G85-same dir 2
w/parked veh 20 S8~opp dir 1
w/another veh . 3I4 . Angle 25
w/pedestrian 1 Left turn 9
w/tived aobj . 11 ' Right turn -4
w/bike ' 2 Rear end 18
w/other obj 41 Back into x

Farking
NOTES

#1 mome accidents were eliminated because they could not
he affected by TCD improvements and/or because they
noccurred during the project implementation period

®¥2  percentages may add up to slightly more or less than
100% because of rounding '

®¥3 "Driver 1 circumstance" and "“driver 1 dirinking" are
complementary descriptors — with the exception of the
drinking driver the first provides more detaily the
distinction hetween DUIL and "drinking® is that DUIL
represents a related citation and "drinking" does not.

15



not necessarily ~mutually Ceuclusive {(l.8., - an accident could be
classitied into more tﬁan one group). The purpose of  the group
designation was not Lo @liminate accidents but to stratify themn
according to certain common characteristics of interest {and which
might also confound the analyeis) - for example, the drunk or
otherwl se drug—impaired drivers e & separated from the
non-impaired drivers for potential separate analysis. The reason
being that the reaction of drunk driver to TCDs may be diftferent
than the reaction of the non—impaired deiver. Indesd, failure to
gseparate  the drunk drivers may confound the effects of the TCDs.
Th@_grmup'ﬁpgcifimatimns are shown in table 4., The sample size
for each grouwp is shown for Alhion for illustrative purposes. it
should be noted that in many instances, the groups have too  few
mambers to allow meaningful analysis. For larger cities, such as
Fontiac, some of the smaller grmupsjmay have more significance.
The third step prior to beginning the final anal ysis was the
identitfication of befﬁre and after pericods for each of the test
cities. First, usiﬁg :records maintaimnad by MDOT, the project
duration was identiftied for-  =ach citya A the study evolved,
several different definitions for the perimds.were-uﬁedu The
iﬁitial definition {(for Albion only) of beforse and after periods
was based solely on whether an accident was hefore or after the
project  psr se. Hence, the before period was typically of
substantially lmﬁger duration. A subssguent definition (again,
only for Albion) was based on the length of time from  the
clmﬁe—éut date of the prmject to the date of the most recent data
(the aftter periaﬁ) that were available (initially 1982). Once the

"after" pericd was identified, one (or more) hefore periods of

16



TABLE 4 Characteristice of Qccidant/Drivef @Froups*?

Broup Differentiating Characteristics .
Mumiy e in = pnumber in oroup for Albion as sxample)
i Good weather, day, dry pavement, straight™®, unimpaired

drivers, cars only (n=%20)

2 As 1 except trucks only (n=199)

3 As 1 except mnfarcycléﬁ orly {n=19}

a As 1 except night*® (n=180)

& As 4 except street lights are present (ns=%24)

o fAs 4 except no street lights are present (note that
groups T and & are mutunally exclusive subsets of
group 4 (n=84)

7 As 1 except impaired drivers only {(n=46)

B Bacl waaéh@r, day, wet/icy pavement, straight,
wnimpaired drivers, cars only (n=34&2)

9 As 8 except night (n=119)

10 Bad weather, night,fﬁet/icy pavement, straight,
impaired drivers, cars only {(n=564)
11 As 1 except all vehicles (n=1138).
iz fs 1l except night (n=19%)
13 Bad weather, night, wet/icy pavement, straight,
unimpaired drivers, all vehicles (n=13&)
14 QEII'eﬁcept curves only (n=10)
iﬁ Combines 1 amd'14 (n=%30)
1é Impaired drivers only (no other modifisrs) (n=788)
NOTES
*#1  Groups are not necessarily mutually exclusive - i.g.,

accident camn belong to more than one group

#2  Straight is a descriptor of the road alignment (i.sg., vs.

curve)

#3  Night includes accidents that peouwrred either in the presence

or absence of strest lights

17



équal duration was (were) defined. This approach lea to periods
of different Iéﬁgth for each project. Later, the criterion fbr
defining the 1eng£h of the periods was chahged to a common thres
vaars. While the three year periocds are squal in lengith they do
not  contain data for the same preﬁigg time periods (dus to
differsnt projects occwring dwing different vyears ). The
advantage of the equal  before and after pericds is that hoth
relative and absolute comparisons of the number of accidents can
be made. ﬁnalyaié wéﬁ Sdone for Albiton wsing  both  types of
de%iﬁitimna for the before and after periods while for the other
cities only the thres-year definitions were used.
DISBCUSBION OF THE.QNQLYBIQ FOR ALBION

As indicated earlier, Albion was chosen. for the preliminary
analysis because 11 DF-the local street system was treated under
the TCD projecty it had a reasoﬁably large number of accidents per
vearr, but not so large as to i R high analysis costs; and there
waere no  known problems with tHe accident data. As 1t turned out
lLater, the geweéal accident. reduction trend for Albion was
somewhat atypical alfhmugh that doéﬁ not invalidate any of the
analysis that was daone. |

Bagis Analytical Approach

The fundamental analytical approach taken was to compare
accident statistics before and after the project was undertaken.
The statistical technigue was chi"nquaré testing to evaluate
whether the before and after distributions of, say, accidents (MEF
accident type [MSPATI] - see table 3) or other variables were the
sam@. This was auvgamented with other testing as apprmpriate,.

There was also a before-after comparison for the "control'
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iuntreaﬁ&d) strreets. _In general, the analysis proceesded as
follows: for  a specific variable (say MSPAT) a befmre;a¥tar
cmmharismn was made for the control streets (which were the state
trunklings ahd ineligible for treatmentl); and then the same
comparison was made for the tréated strests. If the data were
"well-behaved” and the TCD wpgrading WRS effective, ithe following
results could be expected {(for MSPAT): fm# the state trunklines
Athe control) a net decrease in accidents in allrcategmrieg mi gt
be observed although the before-atter digteibution would be
proportionately the sams; and, ¥5r the city streets (the treated
group) theres would be larger decreases accompanied by shifting
among the categories.

The initial hefore-after analysis used a definition that
grouped all actcidents as eithe# hetore, after, or daring the
actual project period. Hence, the before period was a much longer
time period since the praject Was raelatively recent. Tabkle 35
illustrates +two of the numermﬁﬁ comparisons that were undertaken
to ensure that there @ere not radical problems with the data.

Thie Ffirst variable illusfrated is weather condition. One
would Hpect that ‘there would be few dif?erencesr in the
digtributimng of accidents by weather category regardless of
maling before-aftter =l treated-control © comparisons. Both
qualitative and statigtical comparisons of the data in table 3
shaw that this is indeed the ¢ase. Oualitatively, this is
illustrated by reviewing the percentages (in parémthEQEE) o¥ the
Caccidents accurring  when  the weather was clear/cloudy - the
percentage hovers aernd 77% regardless of whether one examines

accidents on local streets or trunklines, or before or after the
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prmjectf

Qtatiﬁticallyu & chi-squars cﬁﬁpariamn based on the
frequency counts was conducted. Ignmring the "“fog" category as
being inconsequential, the chi-square values are shown immediately
below the distributions in the table. The small chi-sguare value
shows that there is not much difference betwesn the distributions
taken in a pair-wise fa%himn {(@xcept (1) vs. 3 where a marginal
difference is noted). From this sort of analysis one could come
to  the conclusion that any variations in accident statistics that
may be found 1later are probably not dus to variation in weather
conditiong.

Other variahles which reflect senvironmental, . accident,
driver, and vehicle characteristics were ertamined in a similar
mannar Lo determine which variables showld be used to ewcl@de
cartain accidents $rom analysisy  shouwld form the bhasis  for
defining group ﬁtrati#imatimﬁs;' or couwld legitimately be ignorsd
as a potentially confounding v;riable iﬁ the analysis. This type
of analysis led to thé,sheaificatimn of accidents to be sliminated
(tabla 2) and groups (table 3.

In ganeral; it was found that weather cmnditimnﬁ,‘driver age
cHaracteriatica, and  the other variables listed in table 2 were
reésonably Eimilar'bétweeﬁ the treated and untreated portions of
tﬁe system.

The second wvariable shown in hable 5 is MBPAT which is of
considerable interest as it is one of the fundamental variables
that can be used to svaluate satety impactsluf the TED upgradings.

The "testing® is basically the same as just described for

weather condition. In this instance, however, if the TCD projects
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frad émme identifiable _impactg "positive" results would be
variations in the parcentages of accidents in different categories
and higher valﬁéﬁ ot the chi-sguare statistic.

The results for MSPAT are, unfortunately, not as "good” as
those for  weather condition. Indesad, on a gualitative basis
texamining the pertentageg) there does not seem to be mach
variation ih the before—-after cmmpariﬁqns'for gither the treated
or control groups. This is & positive result insofar as the
control group is concerned, but a negative result for the treated

QI oL . It can further be seen that the distributions for ftreated

{local streets)  and control {gtate trunklines) grioups Al
different in both the before and after period ~ a not unexpected
result.

Qther Albion Results «~ Beneral Distribution of Accicdents (MEPAT)

As nmted,' there were several different definitions for  the
betore and after periocds used at various stages of the analvsis.

Table 5 incorporated the initiai, very broad definition —~  all

before accidents vs. a&ll after accidents - which allowsd for
unggual durations of the two periocds. A more refined de#initign

(used for most of  the initial analvsis of the ﬁlbioﬁ datal was
Eésed on ﬁﬁe duration of the after pericd'as & common time  length
which was, iﬁ turn, used to define several before pericods. This
allowed for additional testing of variationa in  the accident
distributions and so forth.

Table & shows the resulits for &Albion for group o
{representing the "best" conditions and dri?@ra - gee table 4) for
the variable MBFPAT. There are four sections in the table, one for

sach af fouwr pairwise time period comparisons (2.9., immadiately
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TABELE ©§ Sample Baﬁmrﬁwﬁftérmﬁuntrnl Comparisons for Albion

Variable = Weather Conditions
c Local Btreets Btate Trunklines
g {(Treatad) {intreated-Control)
Catenory Before aftar Hefore At e
(17 (2) Iy {4}
Clear/cloudy 1209 (746.8) 173 (78.8) 841 (73.4) 114 (77.%)
Fog 4 ¢ 0.3 O ¢ 0.0) 1 0.0) 1 € 0.7
Fain 178 (11.3) 20O ¢ 9.0) las (13010 17 (11,4
Snow 188 (11.9) 27 (12.2) 127 (11.4) 18 10,13

Chi-square information (note that tests were on IXE ftables):

(1) vs. (2): Btatistic = 1.044y p = 3935
(7)) vs. (4): Gtatistic = 0.5%94; p = 7473
(1) wva. (F)3 Btatistic = 2.0481y p = E57
(2) va., (4): Grtatistic = 0.2F1; p = .89l

Variable = MBP Accident Type (MBPAT)
Local SBireets State Trunklines
(Treated) (tintreated-Control)
Cateqory Betore After Batore At e
(1) (27 (3 {4)
Overturned g ¢ 0.5 O 0.0 200 0.3 2 0 1.3
w/train 900 0.3 0 ¢ 0.0 G 0. 1 ¢ 0.7
w/parked veh 4246 (27.0) a1 (27.3) 126 (11.73) G ¢ 607
w/other vah - 873 (55.4) 131 (82.0) Ba2 (77.3) 118 (79.2)
w/pedestrian g ¢ 1.0 0 0.0 22 ( 2.0) 4 2.7
w/tined abj 203 (12,9 24 1.7 83 ( 7.4) 11 ¢ Fudd
w/other obj S0 0.3 O (0., O 0.0) 0 (D, 0
w/bi ke 41 ( 2.6) 4 0 1.8 19 ¢ 1.7 I 00 2.0
Chi=-sguare information (note that tests were on 4X2 tables):
(1) vg. (&y: Btatistic = 5.7403 p = 125
(3 vs. (4)s Statistic = 4,986z p o= 173
(1Y we, (3): SBtatistic = 1538.83530p p = <10 (-&)
(2 ve. (4)y Bratistic = 32.874; p = 210 (&)
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before the project with immediately after the project ~ RBi-43 the
imm@diétely before period with the preceeding before periocd -
E2-B1Y., This allows sxamination of not only the before-after time
periods  which showld be of most interest, but also whether there
were other variations over time (i.e., well before the project)
which_ allmws a Judgement to he made as to whether the variation
between the hbefore and after periods waar similar to past
wvariations. (For exampleg, was a decrease in accidents betwesen the
before and after periods significanmt or merely an extension ,G{ #
trend starting earlier?)

While there are more MBPAT categories (see table 3) than
shown in table 4, the two illustrated are of most interesst
(accounting for over B80% of the accidents - see table 5).
Examination of the first line of data shows that acoidents with
parked vehicles on (untreatéd);trunklines (8TL.) decreased both in
actual fréquancy (& to 1) and as'a permentagé of the total numbar
pf accidents (8% to 1). On the ﬁther hand, on the (treated) local
street system (LOCY such acgidents represented an  increasssd
percentage (22 ﬁm 28) while there waﬁ;a decrease in actual number
(24 to 19). Furfhar,' vehicle-vehicle collisions (neitﬁar vehicle
pérked} decreased on thé 5TL system in freqguency but increased as
a percentage of the tatai. The résults*fmr such accidents on  the
LOG systam wWas similér" The parcentage decrease in
vehicle-vehicle accidents on the STL system was 24%, while it was
I5Y%  on LOC. These results would lend tentative support to the
notion that tha TED wupgrading may have had some positive effsch,
at least in an absolute sense.

Examination of the chi-gguare statistics indicates that the
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TABLE 4 Bummary of Selected Albion Results for MSBFAT, Broup

Strest Cﬁmpariﬁmﬁ . pA No. of A Total
Systam Time Accident ghift Accs incre ACCS
Pariod - Type : Within in Qat {decr)
Category>?
BTL B1i-A w/pkd veh w1 b—1 —~83 1Ll
oe Bi-A - w/pkd veh @ 22-28 | 24-19 -21 174
STL B1-A veh-veh - 8r-a7 CEE-40 —24 111
Loc Bl-f - veh-veh &bd—bé LE--44 -5 174
STL: chimaqmare = F.291y p = SEw=
LOC: chi-sguare = 3,059y p = 2%
5T B2-Bi w/phkd veh Lé—6 15-9 =40 171
LOC  B2-E w/pkd veh — 29-23 TH-24 35 23m
8TL R2-B1 vah—-veah 7&H-82 BO-573 =34 171

Loc B2-E1 veh-—-veh bE=&id 78-&8 =13 233

STL: chi-square = 1.269; p = .53

LOC: chi-aaquare = 2.444; p = .45

5TL BI~B2 w/plkd  veh 11-13 10—-14& el 200

Loc BE-RB2 w/pkd veh 2229 | 2@-3h +&7 2324
HTL BI-R2 veh-veh BI~74 80-78. -3 200
Lac BE-RZ - vehmveh &B-62 &7-78 +1 % 228
8TL.s éhimmquare = iu146; p = .57
L0 - chi-saqueare = 1,464y p. = .48
continued
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TAELE 6 Continued

Btreet Comparison. % Mo. of % Total

System Time Accident Bhift T Acos iree Aoos
Feriod Type Within in Cat {decr)
Category
5T B4-EZ w/pkd veh 811 710 +473 187
Lo B4-~BZ w/pkd veh 2422 27-22 -17 216
BTL. BA-B3 veh-veh 87-8% . BL-78 - 4 187
Loc B4R veh—-veh &H5~68 74-69 - 7 214
BT x chiésquafe = A7y o p = W72
LOD: chi-souare = J1863 p = .91

NOTES

For group definitions, see table 4; 5TL are state trunklines and
LOL is local streset systemy A refers to after period, Bl is
immediately before project, B2 is before Bl, etc.; accident type
is according to MBPAT, see table 33 total accidents include other
accidents in remaining MSFAT categories.

Bee narrative for discussion of results.

#1 7 Bhift = the shift in percentage of all accidents in a
specific category bhetween the two time periods in guestion

#2 Chi-square statistics calculated.using all cells

#3  Chi-square statistics calculated using only cells with »5
observations; all statistics without 2 calculated in this
way also; using all cells resulits in somewhat lower
chi—-sguare statistics and higher p-values
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distributimn“n# accidents in the MSEPAT categories ftor both LOD and
5TL ﬁyétﬂmﬁ varied hetween the before and after perinds - a result
that indicates that the observed decrease on the LOC system may
well have besn more attributable to overall decreases and
background variations than to the TCD upgrading (i,e.,l since  the
decrease occurred on both svstems).

Furtherq examination of the comparisons of the marlier time
periods (@.g., BZ with BEl) shows that there had besn  somne
Feduction in vghicle*vahicla crashas before the TCD upgrading.
For srample, ammpar;ng the two {(before) time periods prior to the
upgrading (B2 and Bi) shows that on the STL system there was a I4%
reduction and_ 15% on the LOC system. Results from still earliee
cﬁmpariamns show mixed results ~ accident increases for 33—824
increases = and decreases +for the earliest comparison. The
chi-square statistics indicate that there was some shifting among
the MIFAT categories on bmth 5y5tém§ in all except the earlisst
comparison (B4-B3I) whéré the diétributiuns were similar especially
for the LOC system.

Based on these results it is quiﬁa difficullt o say whether
the TCD upgréding‘ had any substantial .impact nﬁ accident
Efatistics,

The somewhat erratic behavior noted above prompted the
redefinition of the before and after time perionds for the final
analysis such  that all periods wér& measured. in fhree“year
incremaents. This is consistent with generally accepted ‘ralea”
for studving accident Ffrequency at individual sites - the idea
being that some of the vear-—-to-year var;ation will be dampesned by

using the longer period. This redefinition notwithstanding,
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addi tional finitialf_reaults are presénted immediately below Ffor
Albion with the same definition of before and aftef periods., {In
later analvses, Alblion was re-examined wusing the thres—vear
detinition.?

Table 7 illustrates some of the (MBFATY results for other
groups for  Albion.  The analysis was based on all relevant MEFAT
categories although only the vehicle-vehicle crashes ére
Explicitly shown. '%he statistics aré bhased on the comparison of
the entire distribution (often in truncated form for the purposess.
af calcoculating the chi-sguare statistic). Group 2 is composed of
trucks only, group 4 consists of cars only at night, group 8
consists of day and bad weather/road conditions, and group 1%
consists of impaired drivers (see table 4).

Althnugﬁ thé samp1E'size§ are small for group 2, it zan he
sean that for the before-after (B1-A) comparison both the
percentages and absolute. numbers of accidents decrease although
somewhat more precipitwusiy for the LOC sygtem. The statistical
MEEASLT RS also indicate that the overall MBEFAT before-atter
distributions were somewhat more difféf@nt for the LOC system than
for §TL. Comparing the two most recent hefore groups (EE~BI), it
ié seen  that a similar, but less pronounced, absolute trend is
apparent for the LOC 5ystemg hut that  statistically the
distributions are somewhat more similar. This is & positive
finding in regard to patential'TCD effects.

Examination of the othegr time comparisons for growp 2
indicates that, in general, the MEPAT distfibutimns for the BTL
system were diverging over time while the opposite was  true for

the LOD system although the trend is not entirely consistent.
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TABLE 7 Summary of Selected &lbion Results for MSPQT

(Other Groups)

Group  Street Comparison Ferosntage MNumbsr of Total
: Byvstem Time Aocident Bhitt Accidents  Accidents
Par i o Tvpe ' in Category
2 5T BL-6 vah—~veh 4HF 30 11-7 | EO
| chi=-sguare = .92y p = ,04™1

2 LOGC Bi-4 vehmvah- 4413 20 =7
Chi—-square = &, 9% pn = , 27"1

2 BT BR-RB1 veh—veh bHL--&% 11-11 34
chiFmQuare = R.2%; op o= LGl

@ _LDC BzZ-gl vieit-veah b=~ 1712 &5
chi—souare = T3 pom o, SAwR

2 8TL. . BE-B2 veh-veh S—bl 12“11 =7
chi-square = 4%y p o= .80

2 L.oC BE-BE veh-veh T4 b 11-17 57
chi-sguareg = L A

2 8T  B4-BI  veh-veh 68-67 1 E-12 g
chi-sguare = 13y pom 992

2 LOC  B4-E3 veh=-veh &3 1211 9
chi-sguare = 3.10: pn = ,54%1

4 STL Bi-A vah—~wveh 87-91 B-10 20
.chiwdquare = 2,047 p = 34t )

A4 LoC Bl-A veh-~veh 2520 &2 2
chi-square = 1,32%: g = , G4=1

4 8T BE-R1 veh—~wveh HE-B89 119 26
chi;dquare = E.33y op o= 34w

4 L.OC BR-B1 vah-—veh 5125 b 4
chi-souare = J,. 495 p = , LHi=s

continued

28



TABLE 7 Continued

i e

Streat Compar i son Farcentage Numbsr of Total
Svstem Time Aocident Bhift Accidents Aocidents
Feriod Tvne in Dategory
8 SfL Bi-A veh-veah BE-90 19-18 4%
chi-sguare = -3,84; po= 28wt
2! LOC  Bi-A veh-veh 79-72 31-17% 58
chi-sguare = 1,0%: p = 08"
8 8TL B2~E1 veh-—veh 783 E0-19 &1
chi~sgquare = &5y p o=, 8E=
g LOC  E2-Bl  veh-veh £9-78 40-31 98
chim;quaré = 1.8%9: p = .HO*2
16 8TL. Bi-A veh-veah HE-54 17~2 48
chi-sguare = 1.88; p = .39
14 LOC El—A veh-veh = Z0-29 16-7 77
chi~snuarég = 0O.7%31s p = 868
L& 5T BZ-81 vah-veh 48~33 14-17 &l
chi-sguare = S.4%3 p = . 14*2
14 Loc  _B2-BL veh-veh ET2-30 21-16 118
chi-sguare = 0,09 p = 25
NOTEB

For group definitions, see table 43 8TL are state btrunklines
LOT is local street system; A refers to after

immediately before project, B2 is bsfore Hi, etco.y
Iy total accidents

is according to MSPAT, see table

pariod,
accident
include

accidents in remaining MEPAT categories.
Bge narrative for discussion of results.
#1 Chi-sguare statistics calculated using all cells

#2 Chi-sguare statistics calculated wusing only cells with

observationsy all statistics without *% calculated in this

way alsoy using all cells results in somewhat lowsr
chi—square statistics and higher p-values

!

29

ared

Ty p e
other

#5



For group 4_{night5, the trend on the LDC system is opposite
that 3u5t repmrted = with the before-after comparisons indicating
that the MSFAT distributions are similar. The distributions for .
the .STL system are, however; different with ‘vehicle~vehia1@
accidents increasing as a percentage. There 15 no particularly
satisfving exuplanation ({in regard to TCD wupgrading) for why the
STL diatributimn Ehmuld be changing, fnor any impiicit reason why
the TCD upgrading should cause the distribution to be the same for
the LOC ﬁyﬁtemu These unemﬁlained reversals tend Lo pose problems
in int@rpreting the reéultﬁ with respect to the imhact of the TCD
upgrading.s It should, however, be noted that the sample sizes are
even smaller for group 4 which no doubt ccntfibutes to  the
instahility of the results.

Hroup B (badrweather/rﬁad conditions) shows that there was
some increasa in vehicle-vehicle collisions and a general change
in  the distributiunél (b@%are'and after) on the 5TL system — the
reverse of the results on the LﬁC system. Compared to the earlier
time period comparison, the results are somewhat similar for the
5TL system but the opposite for the LGC gystem.

For impairéd drivers (graup‘lﬁ), there appears tﬁ be little
dif?erence in the MSPAT distributions for the LOC system although
there is an absolute decrease in vehicle-vehicle and all other
accidents. This is opposite to  the results on the 5TL system
where the distributions shifted and there ware increasss in
vehicle-vehicle cnllisions Jin' spite of an overall accident
reduction.

In general then, the results in regard to MBPAT are varied ~

in some instances there appears to be potential support for the
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assertion that the TCD upgrading had a positive result, while in
others there is no support. 6Given that the most important changes
in accident statistics would likely be found in  the distribution
of vehicle-vehicle accidents, additional prealiminary work was dmne'

on the variable HWYAT (see table 3 #or categories).

Qther Albion Results - Vehicle-Yehicle Accidents
The regﬁltﬁ in  table 8  are  for HWYAT. Considering the

bafora-afier comparisons, on the LOD system there were more angle

acoidents, fewer left turn accidents, fewer rear end accidents,
fawar  parking accidents, and fewsr accidents in all other
remaining . multi-car categories - all are consistent in terms of

hoth percentages and absolute numbers. The results for the &TL
aystem diffar primarily in rear end accidents where the accidents
increased proportionately and abénluﬁélys

The chi-sguare statistics indicate that the accident
distributions on both the LOC and STL systems varied significantly
betwsen the betore and a%ter perihds.

Fgadin, the variétimn (miy both systems makes the
interpretation of the results ?ur the Wals system problematic at
this point in  the - analysis - i.e@., one would expect the STL
&istributinn to Eemain the-same with variation for the LOC system.

Far the compgrismns of the earlier betore pericods, the
trends are somewhat different. For the more recent periods
(BZ2-E1), the LOC and STL system shifts are similar with decrsases
i angle accidents (different from above), increases in left tuen
accidents (different from above), decreases ?n rear and accidents
(different from above for 8TL) , decreases in parking accidents (as

above), and increases in "all other" categories (different from
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TABLE 8 Summary of Selected Albion Results for HWYAT, Broup |

Streest LComparison A Mo. of % Total
Svstem Time fecident Shifth Accs Incr. (STl g
Feariod Type Within in Cat (Decr)

Category

8TL B4 angla 15-Z1 g-12  +50 w2
Lo Bi-A angle 3167 2129 +38 110
5TL. Bl-A 1t turn 2E-1E 13-5 méE 72
Lo Bl-f 1t twn 15-32 10-1 -3 110
85TL Bi-f rear end 1524 8--10 +25 Q2
LoC Bi-a realr end 109 7t 473 11O
BT Bl-A partking LE-13 75 ~27 e
LOHC Bl-A parking 72*0 1-0 —~ 10 116G
8TL El-A © all other F2-18 177 ~59 : 92
00 Bl-& atl other 4223 28~ ~6H8 110

8Ty chi-sguare = 7.3%63 p = o193

LOCs .chimﬁquare = 13.7?1; p o= L0001
STL. B2~E1 angle 2515 18-8 iy ke
Lo Bzmﬁl .angle 3231 2221 -5 136
8TL B2-R1 It twern 13~23 | P-13 +4.4 125
Lo B2-Bl . 1t turn 12-15 a-10  +25 1738
STL B2-E1 rear end z2-19  23-8 —~&H5 125
LOC B2-F 1 rear end 1510 10-7 30 B
ETL B2-Bl1  parking 10-13 77 - L2%
L.GC B2-B1 pairking E-2 21 =50 1%é
aTL B2-B1 all other 2132 15-17 +1% 125
LoG B2-B1 all other 42 2718 A+ 4 154

8Ty thi—aquére = Q.,382; p = 095

LOC:  chi-sguare =  1.,4503 p = . 835

continued
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TABLE 8 Continued

Btraet Compari son b Mo. of 4 Total
Sywstem Time Accident Bhift T Tung imer Ao
Feriod Type Within in Lat  {Decr?

Category
5TL BA-R2 angle 2125 1718 + b 1352
Lo BA-RZE angle F2-E2 2722 - 4 141
BT BE-B2 1t twn 1173 8- =173 152
LOC BE~-R2 1t tuwrn 4—12 348 +1&67 141
BT St = vl raér erd AR 19-23 +17 153
LOC BE~R2 rear end 1718 1@~-10 ~17 a1
BTL TRIE-RE parking 135~10 1 O—7 ~30 LS
LOG BE-E2 parking Bk 2-2 - 141
5TL BAE-B2 all other ZE-1é 26-~15 —~42 152
O BE~-R2 all other 4439 F2-2 -16 141
8Ty chi-sguare = 6.8%46; p = .440
LEG: chi-sguare = 2.97%9: p = .91%
NQTES

For group definitions, see table 4y 8T are state trunklines and

LOL is local street systems
immediately before project,
is according to HWYAT, see table

-
3

A refers o aftter period,
B2 is before HL,

Bl is
@b, accident

total accidents include

accidents in remainming HWYAT categories.

Ses narrative for
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above). Taken alone, the results for the LOC system could be
intarpéeted‘ as é TCD effect but the results for the BTL system
bélie this.

The chi-square resulls indicate that there wéﬁ ﬁubétantial
change in the accident distributions for the 8TL system, but much
less for thélLDD system ~ the latter being opposite the result
reported above, The  before-atter comparisﬁn for ﬁeaf end
accidents would perhaps suggest that a TCD effect was  a decrease
in such accidenté on the LOC system - however, examination of the
shifts in the earlier before periods indicates that éimilar
decreases had taken place garlier, discounting the TCD

wplanation.

Fruamination of the comparison of the earliest two btime
periods (BI and B2), further confuses the interpretation - the
patterns are dif{@rent for both systems and somewhat inconsistent
with those reported abave.

Comments — Albion Results

The interpretgtian of the Albian results is  not
straightforward - there appears to be 'cuﬁsiderable variation in
-the distributibﬁg of  accidents on both the LOC and STL systems
tﬁat is wunrelated to the TCD upgrading. Trends that appear in one
instance to be "favorable® (i.2.4y a ‘"pogsitive" TCI upgrading
effect) are reversed in the next portion of the analvsis or are
seen to be possible entensions of earlier trends. Clearlv, at
thig point no conclusion can be dirawn with respect to the impact

of the TCD wpgrading — either in a positive or negative sense.
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DATA ANALYSBIEH AND RESULTS - AlLL CITIES

A review of ﬁhe annual accident trends for several of  the
test cities shows that Albion was somewhat atypical with a ﬁh&rp@r
decreasing  trend -  see ﬁiguﬁea 1 and 2. As a result of the
difficulities in  interpreting the data from flbian, the
before~atter periods were definéd for all cities with an wuniform
duration of three vears to dampen the potential vaarly
flugtuations. In addition, a consideration of accident severity
Qaa also purgued. For the analysis of all cities, *the same data
seleaction ocriteria and‘ group definitions werese used. MNamerows
7prnhlems were encountered with the "all cities" +file -~ the very
Email cities .have inadequate data and were virtually eliminmated
and Muskegon MHeights was eliminated because of problems  with an
unrealistically low number of accidents on the BTL system - thess
issues are discussed at somewhat more length - in  appendix 2. Of
the remaining citises, several gad_véry few accidents and are Qiven
mritly cursory  attention. The basic approach to the analvsis was,
however, basically as defined for Glbinn,

BENERAL ANALYSIS ~ ALL CITIES COMBINED

The first step was to examine all of the cities collectively
for  the trends in MSPAT and HWYAT. (The evception was Fontiac
which was enamined separately berause o f the numbear o
observations and cost of combining it with all the other cities.)
The overall analysis provides the broadest possible view of the
potential TCD impact. The Dne.ﬁhmrtcmﬁing is  that although - all

tima periods have a common tims length, the overall "betfore" data,
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for example, Qill cantain data from different "real time" periods
(due fm different .prmject start land gnd dates). Mo group
stratifications are repurted here.

Table 9 shows the overall results for MERAT. OGualitatively,
therse appears to be little difference in the percentages of the
different types of accidents (shown in parentheses). However, the
chi-sguare statistics indicate that the MBPAT distributions are
different on both systems (LOC and STL) which is counter to the
result that would lead to a straightforward interpretation of +the
TCD upgrading effect. Indeed, based on the relative p-values, the
betmrae—aftter distributions are more similar +for the LOC systenm
than for the BT system ~ the opposite result from one indicating
that the TCD upgrading had any effect. It should be noted that
the changes in the tﬁtal number of accidents are somewhat less
pronounced than was sesn fDE. Albion alone —lindicative of the
garlier observation that the decreases in the number of accidents
witnessed in Albion was atypicai.

The nex variable examined was HWYAT which is & subset of
MEPAT {(the wvehicle-vehicle collision éategnry), It is on  this
category of accidents that the TCD upgradings could be éupected to
bé most likely to have a positive effect.

Table 10 ghows a ha+are—a¥tér comparison for all cities
fexcept Fontiac) For HWYAT. Again, a oualitative examination
shows  that for ﬁhe 5TL system the major shifts in vehicle-vehicle
accident types are: & decrease in same direction side-swipes, a
relatively sirable increase in angle accidents, and a relatively
small decrease in left turn accidéntE, “This is within the context

ot an overall decrgase in  vehicle-vehicle accidents - 1528 to
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TABLE 9 Before-After Comparison for MSPAT
ALl Cities Combined*?*

Bvstem

Categories BT, Svstem LG
Betore After Befors At
averturned L= 10 2b 14
(0. &) (D, &) (0,7 (0. 4)
w/train {(combined 11 14
with others) (G. ) (0. 4)
w/parked vehicle &5 473 H12 H5HE
(2.7 (2.79 (16.5) (1. 1)
w/another vehicle 18528 1412 2638 2EED
(87.2) (88.& (71.) (7.8
w/pedestrian i8 14 7 ne
: (L. (0. %) (1.9 (1.7
w/tined obiect 112 21 287 R2TR
{bh.d) {BLT) (7.7 (7.7
w/bike i7 18 &7 &5
(1.0 (1.1 {1.9) (1.8
other categories a3 3 = 2
{combined) (nl,0) {£1,0) ol £ 1ty
TOTAL 1753 15973 CE7LB AR
Chi-square comparisons of before énd after periods
© BTl: chi-square (6X2) = J3.906; p = .563
chi-sguare (7X2) = 4,419 p = 594
LOC: chi-sguare (8X2) = 4.484; p = 701
NOTES
#1 Ercept Pontiacg

”
2

ey for entries in table:

absolute number

of accidents

{percentage of total in categorvy)
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TABLE 10 Before-After Comparison for

1412

MWYAT
All Cities Combined*=?

Categories BTL Svstem 00 Bvetem
Before After Betors ffter

other 277 247 475 417
(18. 1) (17.2) (16,50 {146.5)

head-on 27 20 &3 (s
(1.8) 11.4) 2.4 2.0

side—-snwipe X9 25 % 8
(same direction) F. (1.8) (2.7 (1.3)
side-swipe 10 11 24 19
{opposite direction) (.7 (0. 8) (0.9 (.87
angle E48 409 1106 1147
‘ 22.8) {29.,0) (4t.9) (4%.4)

left twrn 254 B 247 248
(16.4) (15.8) (9.2 {(9.8)

right turn 446 EE Fé b
' Z. (2.3 (3.8) (2.6)
rear end 4432 4135 454 E9%
(28.9) (29.2) (17.7% (15.5)

hack into BT 14 82 10E
(2.4) (1.1 (5. 1) (4.3

parking 27 19 72 it
(1.8 {(1.3) EPS) £1.4)

TOTAL 1528 2638 2529

Chi~sguare cmmpé&iaaﬁs of before and after periods

it

BTL: chi-square (10XD) = 000

T2.965; p

(10X

i

LOC:  chi-square E0.800; p o= L0003

NOTES
#1 Except Fontiac

absolute number of accidents
{nercentage of total in category)

#2 key to entries in table:

r
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1412.  On the local system the gqualitative review of the
percenfage changes Ehnwsn a small decrease i1in  sams dire&timn
side-swipes (similar to the 8TL resultsl; & mmd@rat@LincEeaﬁa in
angle accidents {again, similar to 8TL results); & small increase
in left twn accidents (opposite of and somewhat less than the STL
results); a decrease in rear end accidents (8TL had increased very
sliéhtly); and an increase in “backing” accidents., This with an
overall decrease of vehicle-vehicle accidents — 2438 to 2529. The
chi-square comparison of the before—-after distributions showed
ﬁhat.they wererdi¥§erent for hmth the LOC and STL syafemsu

The overall results then, are not particularly enlightening
in terms of the effects of the TCD upgrading. Nhilé there .were
changes on the LOC system, there were also changés an the ST
system. Moreover, the shifts that took place between categories
. the two systems were of similase magﬂitudeé = again making it
difficult to isolate TCD effects. & fuwrther confounding note is
that the data used for the cmmparismns Jjust discussed apparently
cmntained.a problem for one of the cities. Muskegon Heights had
ralativaely few observations for the.STL system in comparison to
the LOC system.'-This'Dvarwrepresentation in the cumbinéd LOC data
mgy well make the above interpretation even more problematic.

The problem just cited. was avoided in the next set of
analyses which was a general examination of individual cities;

ANALYSIS OF INDIVIDUAL CITIES

Before-After Comparison of General Accident Types (MBPAT)
Several of the cities were edamined on an individual hasis.
Table ‘11 shows the results from the first variable that was

investigated, MSFAT, for Albion, Dundee, East Tawas,; Hudsonville,
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TARLE 11 Summary of Before~fdter Comparisoeons — MBFAT
: Individual Cities

o BTL* ‘ LOG
Citw Btats Absolute | Stats Abhsplute
Albion 4,870 2E6—171 D.272 TO4~161
(. 182) (—33 {.15&) {—47)
Dundeg . 983 109-88 0,970 4i4-41
(o 24730 {(—1%) (. B8O { =73
East Tawas - R 758 0. &7 Y1583
: - (=27} ' {.874) {328
Hudsonville - Th4-57 .o 122108
- « ~2) - (=117
Mackinaw City - Q427 1.845 & &4
' - (~39) {. 60353 (. =7
Mt. Fleasant 4.4601 B74-9213% 14,485 FET=747
' (. Z31) ( +4) (L) ¢ 3D
Fontiac 17.189 F106-3104 13. 862 44854017
(0.1 S G (. 00T (=110
MOTES
#1 Key to entries:
Stats _ ﬁbsﬁlute
uhi;square statistic change in veh-veh accidents
{p-valua) - : (% change}

Chi~sguare is calculated on all possible cells of MSPAT
distributiony one cell is a combination.

2  Inadegquate number of cells with high enough frequency
for chi-square calculation
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Mackinaw City, Mt. Fleasant, and ?Dntiac. Several other, very
sméll cities were not #plicitly considered because of the
gntremsly lmw.numbar of accidents. (That is, chi-square tests wers
impossible due to low frequencies in a number of categories.)
Muskegon Heights, a larger city, was sliminated as Jjust noted.
Alblion is ineluded again because these results used the “final
de%initimn.€ur the b?%ura and after periods - i.e., .mf threg—year
duwration. A comparison of the'eérlier Alﬁibn'resultg with those
here will provide Sumé insight to the viability of "smoothing" the
vearly variations in accident statistics.

Looking first at Albion, it_céﬁ be seen that the results
displavyed in table 11 indicate that the MBPAT distributions vary
for bhoth the LOC and 8TL systems although the vehicle-vehicle
collisions on both decreased betwéen the pariods. On a percentage
hagia Lthe LOC system experienced é somnewhat larger decrease. The
éarlier examination of - Albion (raﬁultsrrin tabhles 5 and &)
indicated similar trends whe& the sarlier definitions had been
used both in terms of the values of the statistics and percentage
decreases. The absolute values would hmt bhe comparable.

Dundee, which - is somewhat smaller than ﬂlbiﬁn, showed
admewhat.di$§arent results. Nhilg there was a difference in the
before—after diatriﬁution fbf‘tﬁe 5TL system, it was marﬁédly less
for the LOC systém. Iﬁdeed, the absolute and percentage decrsases
in vehicle-vehicle arcidents reflected this -~ being more
pronounced for the S5TL system. Most of the statistics were not
calcul ated fmrrEaﬁt Tawas, Hudsonville, and ﬁackinaw City but the
absolute and percentage decreases can be xamined. All three

towns showed decreases for both syastems — for East Tawas and
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Hudsonville, the percentage decrease on the LOC system was
appruximately the same as for the 8TL Eystem but lessg (L.0C VE;
8TL) for Mackinaw Citvy.

Mt. Fleasant is substantially larger than Albion and, more
importantly, exhibited different results. While the results for
the chi-square were similar (distributional differences for bobth
systems), vehicle-vehicle accidents increased.

Fontiac, the largest city in the stuﬁy, showed results which
were similar to Albion and Mt. Fleasant as far as the statistical
comparison was concerned but somewhat more "favorable" in terms of
the changes in aceidents - approxdimately the samne nunber of
vehicie—veﬁicla accidents occurred on the 8TL system while there
WaR a decrease mn'the LOE system.

Based on the examination of the MEPAT distribotions for  the

sevaral cities, there ig little consistent evidence that the TCOD

upgradings had either a positive or a negative effect.

HWYAT is a more important variable which allows a more
detailed savaluation of vehiCIE*vehiﬁle accidents. Tablea 1z
provides a summa%y of the hefnre¥after comparisons for fhe'ﬁaveral
citias‘ far  HWYAT, wamining the chi-sguare information, it
appears that there is a shift in the before—atiter distributions
for the STL systems for Hudsonville, Mackinaw Oity, Mt. Fleasant,
and Fontiac, ‘whereag for Albion, Dundee, and East Tawas there is
not.  With the exception nf Dundee (and to & lasser extent,
Mackinaw City), +the cities generally show changes in the HWYAT
accident distributions for the LOC system.

The resultﬁ for Albion here arg somewhat different than were
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TABLE 12 Summary of Ba%mré—ﬁ#ter Comparisons — HWYAT
Individual Cities

Citwy STL LOG Gommnents
Albhion O.522 B5.80% S8Ti: accidents decressed 2856-171
(. 2919 (117
: [N accidents decreased TQ4-141
figher % angls
lower % left tuwn
Dundees 0. 364 . Q27 generally low fregquencies
(. 98%) (. 871) )
8TL: arccidents decreased 109--88
LOC: accidents decreased 44-41
East Tawas 0,809 w83 STy accidents decreasad 7955
(.847) {257 higher 4 left turn
LOC: accidents decfeaaed L1563
higher %4 angle
lowar 4 lett turn
lower % rear end
Mudsonville &H.961 7.341 STL:. accidents decreased 7T4-&7
(. O87Y) (. Z90) lower %4 left twn
higher 4 rear end
LG accidents decreazsed 112108
higher % "other"
lower 4 angle
Mackinaw 2.628 . 628 8Tl.: accidents decreased 44-27
City (. 105) (o455 fewer rear end and "other”
»s not meaningful
l.0OCs accidents decreased &9~&4
higher % angls
lower 74 left turn
higher %4 backed into
Mt . Plaésant 17.982 1&. Q00 8Tl accidents increase 87&4-%13F
(L 021D (. 0467) highaer % angls
LG actidents increase 727747
higher % angle
continued
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TABLE 12 Continued

Lilw ST . L0 Comments
Fontiac 25 540 28 . 3548 87Tz accidents "decreased"” I10&4-F104
€. S (o CHOG) on a percentage basis, disteris

butions very similar
LG  accidents decreased 44832~-4019

o a percentage basis, distri-
butions very similar

NOTES

Fey to entries: chi-sguare statistic
{p~value)

Chi-sgquares calculated on distributions of valugs in HWYAT
categories, before and after project.

In comments, only shifts on the order of 5% or more are noted.
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roted earlier when there were significant shifts on both systems
(as upﬁmﬁed ko only the LOC system now! - apparently a result u$'
the smoothing of the year-to-vear fluctuations. It is important
to note between which categories  the "shifts" in accidents
actually ocowred -~ in Albion, for example, there was a higher
percentage of angle accidents and-& lower percentage of left  ftuwrn
accidents on the LOC system bhetween the before and afterlperiudau.

One of the interesting results is that for several of the
cities higher perceﬁtages of angle accidents are noted on the LIOC
system (the esxception being Hgdﬁmnville where the percemtage WaE
1o ) . In two of the smaller cities and Albion, this was
accompanied by a lowsr percentage of left tuwrn accidents. This is
a potential reéult of the TCD project.

Based on the finding just cited, & review of the shifts in
.fhe aC¢iden£ categories was undertaken using a slightly diffarent
techniqua. If the TCD upgradings have a consistent effech
{regardless of whether it is %a?urable o wnfavorable) in terms of
"mraventing” soms types of accidents (and possibly encouraging
athers), a pattern of categorical shi?ts should emerge from &
review m# the different cities. Table 13 represents arsummary ot
HNYQT accident type'shifts for tha.¥ive cities that were studied
in some depth. The table is divided intD.Fnur separate sections.
The first is a éummary tfor the LOC system where the table entries
are éither plusg (+), minus (-}, or zero (0). A plus indicates
that the percentage of accidents in the category increased by 1.5%
oF more between the before and after pericods; a minus indicates
that there was a decreaze of 1.59% or morey and a zero indicates

that the before-after shitt was between -1.8% and -+ 1.5%. Mert e
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TABLE 1% Summary of Proportional Shifts in HWYAT Categories

MNYAT ' Fontiac | Albion . Tawas Hudson- Mt .
Category™t ville Fleasant

LOC system (criterion = change > 1.5%)

Other 0 £ - oo -
Head-—-on 18] 0 A O - 0
58-game dir S0 - - + O
5G%—opp dir ] ¥ O 0 0
Angle “+ + e _ e o+
Lt burn O - - o - O
Rt turn ¥ 0 0 ] o
Rear end - + = - 4 -
Back into 8 * + '8 ()
Farking Q - + 0 0

8TL. system (criterion = change » 1.95%)

Other ) . - . 0 -
Head—on 0 oo o 0 | )
H8-same dir = e | o - -
SS-opp dir L0 0 0 + oo
.Angler 9] ‘ + + + o
Lt tuirn 0O ) “+ - 0
Rt twrn 0 : 0 0 - 0
Rear end £} ¥ | - 4 y)
Back into £ - ) O %)
Farking 0 o] - S0 0
eontinued
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TABLE 13 Continued

HWY AT Fontiac Albion . Tawas Hudsor-— Mt .
Category ) . ville Fleasant

LOC system (criterion = any change)

Other ' + o+ - + —
Mead-on o+ . + . - - n
E5-same dir - - | . o+ -
5%—-opp dir - | A+ . e -
Angle + - e "_ - "
Lt kurn - - - + -
Rt thn' - - v o -
Rear ﬁndl ' = . - _ - s -
Back into. - o+ o - -
Farking - - o - -

8TL. system (criterion = any change)

Other w + - = e
Head-on ' . £ - : ot 8] 0
S8-samae dir o o - v} -
S5~opp dir + e - + +
Angle I + b +* | *
-Lt turn _ | * . - _ 2 o o
Rt twrn | e - . - - -
Rear and =+ - . ) + o
Each into - 7 - 4 : o -
Farking - - e ) -
MOTES

ey to entries given stated criterion: if % increases
: it % decrease -
it "mo change" o

e

49



that these percentages are relative and have no implications in
regard"tm the  ab5D1ute humber of accidents in any category.
"ongle® accidgnts can  then be seen to have increased in fowr of
the five cities analvzed. The only other categories to show such
consistent results were "side-swipe-opposite direction” and "right
turns” which experienced very 1i£t1@ proportional change ~ all the
entriea.wera Teroes, This finding taken alone would indicate that
a TCD effect Was the iHCfeése of angle accidents.

The second part of the table is the same sort of comparison
for the 8TL system. Again, it is seen that angle accidents
increased  in  fouwr of the five cities (slthough the city withowt
the increase is different). Other consistaent trends for  the STL
system include a deérease for all cities in the "side-swipe-same
direction"  category and Tittle =hange in  head-ons,
%id@%ﬁwipe—mppmsite direction, right turns, backingq and parking.

The increase in the angle catégury for the S5TL system as
well as for the LOC system indicates that - the change was not
attributable to the TCD uﬁgfading (or anything else that is
characteristic of the LOC system).

The last two parts of table 13 are addressed to- the same
Eﬁrt of cmmparisﬁn with the guception that the "criterion” is now
any change at all —-i.e,,. it there waa any proportional increase
or decrease in a category, it is noted.

Review of the last two parts of the table reveals nmr
consistent trends on one system that are not present on the other.
Further, in most instances the results vary from city to city for
any given accident category. In shart, the systems are consistent

only in  their inconsistency in  terms of shifts among accident
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categories.

gg¥mre;ﬁfter Comparison of Accident Beverity

- The last phase of the analysis is the examination of the
severity of accidents occurring on  the systems in the various
cities. Regardliess of whether the shifts in accident types could
be tracked and/or attributed to the TCD upgradings, changes in the
saverity of accidents might be attributable to them. There are
confounding factors thét must be considered as well -~ motorists
becoming more safety conscious, vehicles becoming safer, and so
forth.  Howsver, the comparisons between trends on the STL and the
LOC systems will negate these problems.

A comment about the coding of accidents by severity is
appropriate. An agcident can result in a sericous injurv, propsrty
damage, and a *étalit?, and ﬂif{ekent numbers of sach - however it
was necessary to give sach accident one code for straightfofward
analysis. Further, an accident can result in several injuries
which.is not, for purposes heré, really a mgasuwre of the likely
severity of the crash per se. Hence, using information in the
accident record, pach accident waé assigned to a category
according tn' iﬁﬁ most serious outcome. The resulfant coding
<£ahle 14) was as follows: ?DD - only property damage was
inocuwred; ©C - the most serious outcome was a possible injury; B —
the most serimus cutcome was a non—incapacitating injwry; A& -~ the
most Eerimus outcome was an incapacitating ihjury; and F ~ the
most serious outcome was a fatalitv.

Given the above, table 14 provides a summary of all
vehicle~vehicle accidents {(sub jected to the "screening” criteria

as hefore) inm all cities other than Pontiag. The overall
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TABLE 14 Summary m$'Severity'¢§ Vehicle-Vehicle Accidents
Combined Cities ‘

Acc ' STl LOG
Bewvir Oefore Atter Hafars After

ALl Vehiclg:yéhicle Accidentﬁ

FDO 1147 (75) 1017 (72) 20872 (78) 1999 (79)

) 246 (14) 244 (17) FEE (14) EEO (14
E g0 ¢ 5 1O7 ¢ @) 144 ¢ 5) 128 (=
A 54 4) 42 I 7E ) sl 2)
F i - 2 - B S 1 -

8TL: Chi-sguare = 8.54%; p = 034
LOC: Chi-square = 3.4135 p = .30&

anale Accidents
236 (6B} 267 (&3 FI7 (7L g5 (7E)

FDO
e &I (18 7R 1P 183 (17 176 (1%)
B 26 0 7) 44 (1) 24 ( 9) TE L &)
f 22 ¢ &) 14 C 4) 45 (4 T2 00m
F 1 - 1 - 1 - 1 -
8Tl Chi-square = 3.323; p = 150
LAC: Chi—-sguare = B.891; p = 031
Left Turn Accidents
FDO 187 (?25 147 fé&) 188 (77 187 (75
G 42 17 dd 20 29 (12 RS =)
E 21¢ @) 25 L1 Silg 7)) 17 7
A o8 O3 g &) 8 % 70
= T - o - 0 - O -
8TL: Chi-sguare = 2.1183 p = 348
LOC: Chi-sguare = 1.0173 p = 797

NOTES

Acc Sevr:  accident severity classification where

FDO = property damage only
C = possible injury
B = non—-incapacitating injury
A = incapcitating injury
F o= ftatal

Key to entries:  absolute number {(column percentage)

Chi-sguare calculations did not include the fatal cell
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statistics ihdicate that, in general, *the before—after severity
distributions tend to be marginally diffarent on the STL system -
most @Mplimitly Py =ly allrvehiclemvehicle collisions are considered
and somewhat less so when angle or left twn accidents are
considersd; and they also tend to differ statistically {(although
gqualitatively they appear similar) for the LOC systeml— although
they are reasonably similar when only left turn accidents are
considerad.,

Mors qualitatively, the percentages of accidents in  each
category can gdamined. For example, %pr all accidents on the BTL
Eyﬁﬁeé it is seen that there are, pruportimnat@l?, tewsr  FDRO
accidents, slightly more C accidents, more B accidents, and
slightly fewer A& accidents - that i1s, while the number of
accidents decreased they became somewhat more serious between the
before and after pefiadﬁ on the 5TL system. For all_éccidenta on
the LOC system, it is seen that there are,' proportionatel v,
slightly more FDO acclidents ana-ﬁlightly fewer B accidents — that
is, not Dnl? did  the number of accidents decrease they became
slightly less serious.

Consideration of all angle accidents shows that-nn the HTL
'systém the number of accidents increased and there was sone
shifting from +he extremes (PDOs and As) to the middle (Bs and
Cs). On the LOC sygtem, there was an increase in accidents in the
category but, in general, the shift was to less serious accidents
- the FDO category was fhe only one with a proportionate increase.

Considaring left turn aceidents, there Qere fewar on the BTL
svystem but they were somewhat more seriousy and there were

somaewhat more on the LOC system and they became slightly more
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serious (the sgift, such as it is, was between FDO ‘and C
categm%ieg),

The same sorh Gf comparison is made on an individual béﬂi%-
for three cities (Alkion, Mb., Fleasant, and FPontiac) in table 15.
In gach instance all vehicle-vehicle accidents are examined and
then angle and left turn accidents. For the Albion 5TL svstem it
is seen tha£ within the'cuntext of an overall decrsase in  the
numbar of vehicle—-vehicle accidents (hetween the before and after
periods) there is a shift to sumewhﬁt mOre severe accidents (PDOs
decrease prcpartianatély [4%1 while B and C accidents increase).
On the LOC systen there i a more pronounced shift to more severs
accidants within an overall context of & decreasing numﬁar of
accidents, Tha trend is similar, but somewhat more prmnmun&ed
when only the éngle accidents are concerned. For  left turn
accidents there i a decrease in number on both systems with the
STL. accidente becoming smﬁewhat'mmre-serimus and the LOC accidents
becoming less serious. It should be noted that sample sizes are
auite small forr the angle and left twn categories and fthe
percentages vary greatly with only a few accidents.

The results in Mt. Pleasan£ are somewhat di?*arenfu For all
véhicle“vehicle accidents, the numbers of accidents on both the
8TL and LOC systems remained nearly constant between the before
and after lperimds while on the 5TL system they became somewhatb
more sericus and on the LOC system then became somewhat less
sa@rious {(although the latter shift was between the two least
sarious categories).

The Mt. Pleasant angle accidents increased on both systems,

becaming less serious on the STL system and more serious on the
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TABLE 15 Summary of Severity of Vehicle-Vehicle Accidents
Selected Cities

Aco. 8T .00
ey Hetore fFhar Batore £3F £ ey

flhbion: A1l VYehicle-Vehicle Accidents

PO 2135 (84 126 (B 258 (8% 1326 (78)

o R7 (11) 22 (1) BE OB 19 (1)
B 11 ¢ 4) L & 16 (%) i ¢ 73
Y AR A ) 2 D B G 5403
8TLy Chi-square = 1.6353 p = .441
LOC: Chi-sgquare = F,386; p = 340
Albion: - Anole Accidents
FDO 40 {807 27 (71) P53 (81} =570
N g (1&) B oa2n 1o ¢ &) 11 (14
B 2 0 4 Z 08 ? ¢(8) VARG
Fa O - ) - 4 (I 4 (5

Statistics not calculated, small cell freguencies

Alhion: Left Turn Accidents

{70 1% (70) 5 (83

FRO - 2&6 (7F) 18

L ' 4 (12) 2 a0 2 07 O =
[5) 2 0 &) 3 014y S {19 1 173
£ 3 1

( 3 1 ¢ 43 0 -
Statistics nobt calcuwlated, small cell freguencies

Mt, Pleasant: ALl Vehicle-Vehicle Accidents

FRA 219 (79 211 (73 195 (7&) 200 (8l

£ 5% {18} 44 (18 A 5 28 (1
B 14 (%) 25 ( 9) 14 ¢ &) 16 ¢ &)
A 2 9 (% 700 4 D)
STL: Chi-square = 4,671 p = . 198
LOC: Chi-sguare = 2.056y p = 357

M, Pleasant: Angle Acclidents

Do 3 (al) &0 (&7) 80O (A7) 22 (54
c 12 (21 12 (173 2éH (22) 19 (15
B 7 12) 12 (13 AR =} 11 ¢ %)
A 05 5 (&) 4 ¢ 3 I 00D
3TL: Chi-~sguare = 1.4413 p = 484
LOC: Chi-sguare = 1.9213 p = .3B3
Gontinue
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TABLE 1% Continued

Ace BTL LG
Savr Before At ter Before After

Mt. Pleasant: lLedt Turn Accidents

FDO S0 (81 a1 (73) 29 (78) AL (84
C g (15 12 (217 5ot I 08
H T 05 205 {03 3008
oY O e 0 - 2 05 8 I

Statistics not calculated, small cell freguencies

Pontiac: All VYVehigle-Vehicle Accidents

FLAG 2EE0 (72 20BO (&) F201 (7LD 27&7 (&%)

C 577 (19) 63T (20) 802 (18) 762 (19)
2 202 7Y RS () T4 7) IEE (8
A 92 (F) 123 (4 155 () 153 4)
F 5 - =R 1 - 5 -

ETL: Chi-sguars
LOC: Chi-sguare

R0.7H1y p = L0000
8,404y p = ,038

i

Pontiac: Angle Accidents

FDO 4EE (E2) 79 083 FEL (48 HEG (A5)
C 124 (19 179 (285) 201 (19) 208 (20)
B 87 (13 96 (14) 1O% (10) 102 1oy
(A g 5 52 07 40 43 Sa O B
F 2 - ; - 5 - 2 -

8TL: Chi-square = 16.54%; p = 001
LOC: Chi-square = 4,742 p = 1932

Pontiag: Left Turn Accidents

#D0 347 (&T) 376 (703 SEO (L) 284 (3%}
C 115 (22 88 (1&) 1S (20 116 (2
B 47 ( %) - 51 1 a4 {(12) 51 (i
& 250 4 SRl O 4 230 & 22007
F 1 - 0 - : i . ” -

BTl Chi-square = 4.994; p = 172
LOCys Chi—-square = 00,9003 p = 823
NOTES

Key to entries: absolute number {(column percentages)
Accident classifications: PD property damage only

!

C = possible injury

B = non-incapaciteating injury
A = incapcitating injury :
F = fatal

Chi-sguare calculations did not include the fatal cell
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LOC system {again the major shift was bhetween PDO and G categories
in huih instances). STL.la¥t-turn actidents decreased while L.OC
left . turn accidents ﬁtay@d. the same. However, therg ‘waa a
"positivae" shift on the LOE system in terms of severity and a
"mnegative" one on the 5TL svstem. Again most shifting was betwsen
the less severa categories and zsample sizes were small.

The reaview of the situation in Fontiac is somewhat mors
definitive in the éanse that all of the sample sizes are gresier.
For total vahialew#mhicle atzidents there was a shift toward more
severe accidents on bhoth systems in the context of an pverall
decrease in accidents on the LOC system. For angle and left  turn
accidents, on the LDélsyatem the shift is not great but clearly
toward more severe acclidents within an overall decrease 1in  the
numherﬁ\ of both tvpes of accidents. The shifts on the 8TL svsiem
were toward more severe accidents for the angle category and less
savere in the left tuwrn category with little éhange in the numbers
ot accidents  in tﬁe cafegmrieg. For Fontiac the chi-sguare
statistic and p-value indicate that the shifts for the LOC system
ArE Y highly significant for all .vehicle—vehicle accidents,
mﬁderately Eigni%icant for angle accidents, and insignificant for

leebt turn accidents.
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BUMMARY AND DIBCUSSION

The first analysis of Albion and then of several other
cities in Michigan in regard to the a?ficacy of jurisdiction—wide
traffic control device upgradings vielded inconsistent resulis.
In shorty, there is no substantive evidence that TCD upgradings
have a consistent, measuwrable (positive or negative) impact on
safety on a Jjurisdiction—-wide basis as measured by a variety of
sa?@t? {accident) measures. Howasver, it is important to note that
this is not to say that such upgradings should not be undertaken.

Table 14 ig araummary of the results for each of the several
parts of the analysis thaﬁ was undertaken. A review of this
information inditatea that the most striking result is the overall
lack of consistency in the results whenever detailed analysis was
attempted - this_is especially £mpmrtant in wview of a general
similarity in broad background characteristics.
| Does the lack of results (Either.pusitive or negative) mean
that TCD upgradingﬁ should nmf be undertaken? The ansﬁer is, at
léast, twmfﬁldu “First, from the point o# view of a jJwisdiction's
liability for damage suits and QD fofth, TCD upgradings are quite
important. The_ relative éuccess or failwe to identify and
guantity systemn-wide e%%ectﬁ doss neot mitigate against the
afficacy of improved TODs at specific sites.

The "%aiiure“ to arrive at definitive guantitative réaultﬁ
is due to genéral variability in ﬁccidents and a host  of

confnundihg variables for- which no control was possible. Loobking

58



TABLE 16 Bummary of Results
Trends in Background and Descriptive Statistics

Accident digtribution (by type of crash! were somewhat different
for the 87T.L and LOC systems with the biggest differsnce besing in
the proportion of the vehicle-vehicle ocrashes in the angle
mategory.. :

Im general, background information was similar for LOC and 8T
syabemns — &.0., demographic characteristics of the drivers,
weather conditions.

Beneral Trends in Amcid@nt Fregquencies

There was some city—city variation in the trends in the numbers of
accidents ocowring on the LOC and S5TL systems. For swzanple, in
Alhion there was a general decreasing trend on beobth svetems while
in Pontiac the trend was increasing and then decreasing.

Trends in Changes in Gensral and Bpecific Accident Types
{(MBPAT and HWYAT)

Changes occurred on both systems - that is, between the before and
atter periods an both systems there were changes in the MBFAT and
HWYAT distributions. This result was expected on the LT system
but uwnexpected on the 8TL system. | This points to the general
variability of the accident statistics over time which mabe
isolation of the sffects of specific changes on ailther svstem
{i.2.,y Tthe TCD upgrading) problematic.

Absolute and Proportional Changes in the Number and Type of
Vehicle~Vehicle Accidents

MNeither absolute nor proportional changes in the overall number of
actidents, vehicle-vehicle agcidents, o specific categoriss of
vahicle—vehlale raccidents  vielded any consistent results  for
either the STL or LOC systens. Indeed, one gualitative comparison
af trends in  the specific accident categoriss showed that the
trends were the same on both systems.

Trands in Accident Severity

Overall the trends in severity showed that there were mindmal o
changes  among the different accident types, and there was some
contradictory information — g.g, a trend toward more severity for
orie type  of aac1dmnt and less severity for another for the OO
 system with some 5TL trends being the same and some opposed, in
addition to city to city differences
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at-a juriﬁidictinn_as an analysis uhit has inherent drawbacks =~
while the TED upgréaing is  indeed jursidicfian"wida, many
intersections, for example, would probably experience no change in
either the placement o type of TCD present. Goditional
intersemtimn—related changes might be concerned with relatively
minor placement modifications. These are modest changes wnlikely
to  be pichéd up -in a general analysis., What is left then is a
relatively few changes in a jursidiction that might be termed
changes  of substance. The .chang9$ in accident freguency, for
gxample, at‘£h95a relatively few intersections are then lost
within (confounded by) the overall lack of change at the aother
sites.

An additional factor is that many of the TCD changes may be
concerned  with "nan“;ritical" signs such as no parking and so
Fmrthn_‘ﬁdd to this thét, in spite of reaﬁmnahla tdnsiﬁtency in
the user grmupz in most cities (over the short terd), there would
be some demographic changes, ne@ developments, and so forth within
the city with resultant changes in the numbers af accidents.

In summary, it would appear that safety analyses would b@
better directed toward the cdﬁaideratién of key "prableh sites" in
aA Jurisdiction. Prqcedures‘¥pr this type (level) of analysis are
well—defined énd accepted wifhin_tra%%ic gnginesring. While the
idea of bBeing able to make a sweeping generalization about the
efficacy of TCD upgradings ‘For diffarant Juwrisdictions is
appealing, and would indeed be helpful from an agency viewpoint
(in  terss of resourceg allocation for exémple), the overall
variability of the data appears to overwhelm detectable changes at

the jursidiction level.
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APPENDIEX 1

INTERSECTION CODING PROBLEMS
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-Gn int@rnal.incmﬁﬁiﬁtancy with the coding of accidents occureing
in  progimity  to intersections was discovered. The dimensions of
this problem are described in the @mllmwihg pages which are notes
which formed the basis for discusssions betwesen MERF, OHSF, MDOT,

and MSL stafd in September, 1984,

In the data analysis Ffor  the project which followsed thess
'meetingsq the intersection-related problems were basically avoided
by not making the intersection/non-intersection differentiation,
(Biven the results that were cbtained, such differentiations were

not reguired.)
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Notes provided for MSP/0OHSP/MBU meeting on 13 Bept 84
SUMMARY INFORMATION
INTRODUCTION

For the project it was desired to be able to edamine the impacts of
TCD upgrading on the number, rate, and type of accidents ocourring in
a Jjuwrisdiction. For example, if an dintesrsection (or  group  of
intersections) had been wncontrolled before the project and a stop or
vield sign was installed as part of the project, it would be expected
that the typa(s) of accidenti{s) ocowring at such interssctions would
change betwesn the before (the porject) and after periods - &.0.y
there might be fewsr angle accidents and more rear—end accidents.
Therefore it was useful to attempt to isolate different tyvpes of
accidents ~ @.¢., intergection vs. non-intersection. Note that the
basic data used to develop all of the +ollowing was provided by MDOT
in their "232" format.

I. TOTAL ACCIDENTS

in the Albion file there is a total of 2327 "good" accidents over the
11 vear period (1972-1982) in question. Note that {for this exercise
aome accidents were deleted ~ that is, there are more than 2327
accidents in the original Albion file.

Based on HAT, the breakdown is as follows:

HAT = 1 (interchange accidents) 3
HAT = 2 (intersaction accidents) 1471
HAT = 3 (not | or 2 above) a5

IT. TOTAL INTERSBECTION ACCIDENTS

Far the 1471 intersection accidents (based an HAT), the breakdown is
as followss ' '

accidents within the confines T9E
accidents withih the "wvicinity" | 424
ancidentﬁ.naar(?) drivewaysl I3
accidents otherwise cmded or blank A

IT1. TOTAL TRUNKLINE V8. LOCAL BYSTEM ACCIDENTS

For the total of 2327 accidents, the split between trunkline and
non-trunkling systems wast

accidents on the trunklines 1039
accidents on the “"local" system 1284

The differentiation between the local and trunkline system within a
gpecific jurisdiction was made based on the “"highway class" variable
which was recoded as "RC" where RC=1 if highway class was any of the
followings interstate route, U5 route, M route, interstate loop or
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spar, UE business route, connectors, or service drivey and RO=2 if
highway class was "?" — county road, city street, or not known.

IV. INTERSECTION ACCIDENTS VB. BYBTEM

OF the 1039 Lrunkline accidents, 9053 wers intersection-related
with the following brealkdown:

accidents within the contines 282
accidents within the vicinity 271
accidents near deiveways BE

accidents otherwise coded or blank o ELle

o+ the 1288 non~—trunkline accidents, Dhé e
intersection-related with the following breakdown:

accidents wikthin the confines 111
accidents within.the vicinity 153
accidents near driveways 0
accidents otherwise coded or blank 200

Ve DISTRIBUTION OF INTERSECTION ACCIDENTS BY TRUNELINE AND
NON-TRUNELINE SYSTEMS BY YEAR

Table 1 provides a more detailed summary of the distribution of
accidents hy the two systems and by year. Table 1 is based on the
coding for the variable "highway area code” which is, in turn, based
o1 bhe specification af highway area type. That is, if, for example,

highway area type is coded as & 2 (i.e., HAT=2; an intersection),
then highway area code (HACY is coded to give more specitic
information about the accident - e.9., was the accident within the

confines of the intersection or was i1t within 150 north of  the
intersection. ' : :

1t should be noted that the codes for HAC have changed over the

YERRTSE . The code for an accident within the confines of the
intersection ("00") has, however, remained constant over the eleven
year period of interest according to the manuwals - all other codes

changed.
T order to facilitate tables | and 2, HAC was recoded as HOCK with
the following rules:

i. T4 HAD ="00," then HACK = "O0"
2. If HALC greater than or equal to "1" and less than or
@equal to "35,7 then HACK = "IV

the range 1 to 55 basically defines (regardless of yvear)
an  accident that occurred relatively closse to the

intersection — varying between 30 and 230 feet depending
on the year ' :

. I HAC greater than or equal to "56” and less than or



egual to "&61," then HACK = "2"
this rang@'iﬁ’hasiaally driveways
If HAL in the range from "&2" to "QFY, then HACE = 03¢

this is & miscellaneous group and  twns out to be
unimportant

HaCk = "4" -~ pig-gpecified but also turns put to  be
unimportant

I HAD = "H9," HACKE = "35"

This is a lefttover growp — misc. coded (i.e., did rnot
fit elsewhere) accidents ended up here as  did uwuncoded
accidents
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TABLE 1._ Distribution of accidents ~ by year for trunkline system

VYALUES OF "HACK™"

YEAR 4] 1 = =) 4 pw) M1 M2 MOTES

1972 54 09 11 o .0 19 9 114

1973 70 L7 7 ¥ LA 29 123 138

1274 41 15 | 8 G ) 473 107 114

1975 26 7 7 0 2 S 75 28

1974 41 72 0 0 0 ] 114 LEO coding

changs

1977 2 20 O I £ % G2 Ly

1978 1 11 0 0 O 7E 85 100 coding
' change

Ry 2 22 o O & 47 71 gz

19O T 8 o o 0 19 =0 w7 praject yr.

1781 19 Q@ ) 0 ] 27 b b a8 |

1982 e Q -0 O | 2] 24 bt &€

TOTAL 282 271 X3 O ‘Q_ 319 P05 lDﬂé

Ml o= tbtal accidents coded HAT=2 (iﬂterﬁéctimn)

N2 = total acciderts for vear regardless of HAT code

1980 was the project y@&r - some accidents discarded
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TABLE 2. Distribution of accidents ~ by year for non—trunkline
systhem

VaLUES OF "HACK®"

YEAR 3 1 ey o 4 b, M1 M MNOTES
1972 0 ] 0 W 0 2 2 153 faw HAT=2
' ’ coded

1973 O 0 O o 0 0 0 150 ro H&T=2
) coded
1974 0 O 9] O '8 o3 0O { "

i {3 ') ) 0. ‘Q 0 0 130 2

19746 x2 &8 . O O 18] 1 141 141 codlng
: change
1977 i1 a7 0 0 y ) 98 171

1978 2 O 8 0 0 112 114 162 coding

e : change

1979 i 1 0 Q ] 83 84 114

1980 = 0 0 0 0 9 47 b1 projiect yr.
ClwEl ) O 3 0 Q =4 58 7E

1982 e 9] © Q 0 e &7 T

TOTAL 111 155 o 0 0 TO0 mEes 1288

GRANMD -

TOTAL 393 42 A (] o &H1e 1471 DI

ML = total accidents coded HAT=Z2 (intersaction)

N2

#

total accidents for year regardless of HAT code

GRAND TOTAL = total for both systems and over all years (from tables |
and &)

1980 was project yvear - some actidents discarded.
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VI, ~THE FPROBLEMS

The problems concern the inconsistency within o single accidegnt
racord of several variables -~ specifically those dealing with

whera the accident actuwally otcurred. The points below summarize how
the problem was identified.

1. {ne of the cross-tabulations that was done was HAT vs,
MBFAT (highway accident typs). MEFAT 18 important
because it is used as the basis for the "whsre and how"
analysis that is of use in examining the types of
accidents -~ &.g., a @-car angle collisgion in  an
intersection. Inconsis- tencies between HAT  and MSFAT
are not necessarily obvious.

2 HBased omn the valus of MBFAT the '"where" code is
k|

assigned. For example, 1if MBPAT = 4 (motor vehicle with
another motor vehiclel, then the WHERE can take =seven
gdifferent values -~ 2.g9., | indicates that the crash

involved two vehicles going in the same direction at  an
irntersection: 2 indicates that again the crash involved
two vehicles going -in the same direction, but not at the
intersection. ‘

Mew variables were created in  the analysis that
saeparated the "where" codes +From one another — for
gxanple, WHE was crested such that it took values only
when  MEFPAT = 4 and then it took the appropriate “"whers"
values, ' :

A #-tab between HAT and fthe new WHn variakhles,
indicated that,. for example, when HAT was equal to 2,
there were numerous instances where WH4  indicated that
the accident occurred away from the intersechtion.

I The  above was initially attributed to changing
detinitions (for coders) as to what constitubted the
intersection. In order to explore this more fully, Lhe
HMAC code was sxamined.

HAC provides a more explicit indication of where the
accident occurred ~ the explanation of HAD is dependent
on what value HAT takes. HACK (a new variable) is
merely an  abbreviated version of HAC, Tables 1 and 2
show that there appears to bhe some problem with the HAC
codes  ~  for o example, although the HAC coding changed
pver the years, the "00" code remained constant and
indicated an accident that ocouwrred within the confines
of the intersection {(that is, within the curblines).

For  the trunkline system (T1) the number of

accidents pocurring within the confines of the
intersection ssems to vary considerably more than one
would expect - accounting for more than ons-half of the
acidents in the sarly vears, dropping off to almost
nane  in  the mid-70s, and then increasing again in the
moreg recent years. Fuarther, the variations are not
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explaingd by known changes in the coding manual.

For  the npon-trunkline system (T2) the situation is
worse (and of more concern to the project) as there were
no accidents coded "00" in the first four  vears bsing

o sidered =l Bvean any opded as  even  being
intersection (HAT=2 accidents, For 1976 and afher,

there are numerous "intersection accidents, bot little
consistency in the number of incidents coded as "00G."

The gquestions that arise from the above findings and discussion ars

as follows:

1.

3

o

Is thers some fundamental error that we are making in,
recoding the data or in interpreting them?

Is there some way to explain the variation so that con-
sistent data € éan be devel oped? O aur e Lhe
inconsistencies with the original coding?

Is there anvy way to construct a new wvariable that
accuratel vy and consigtently provides the tvpse of
information that is desicred?

What are the lorg and short term impacts pf  the
identified problems 1+ the inconsistencies cannobt be
resolved? What actions are necessary?

In an effort to begin to lapk for some sort of recoding solukian,
complete records o owere  "dumped". in order teo see  whalt data were
available and whether availability varied over timg. The following
comments pertain to those datas '

1.

The general

Pasitions Ol and 02 (highway district) were coded as
Q7Y prior to 1978, then there were two "13s"  and  the

rest were "12s."

Fositions O3 through 07 (control section number) were
coded as "“13999" prior to 1978, then the numbers vary.

Fositions OB throwugh 12 {(control section milepoint) wers
coded as "99990" prior to 1978, then the numbsrs vary.

Fositions 57 through 60 (distance from ocrossrosd) wers
coded as "QOOO0" prior to 1978, then the numbers vary.

Positions 61 and &2 (direction to/from the crossroad)
and &3 through 82 (intersecting street name) were nob
coded until 1978.

thrust of the above is that it would seem to bhe

impussible to create & new intersection variable (.g., based on the
gistance to the intersection) for date coded prior to 1978 given the
information in the 282—-format. It may be possible to create sueh &

variahle if

raquisite dis

the original MEBF "long Fform" data are used, 1f the
tance data are in that form. For post-1978 data, such a

reconstruction may work, although for TCD analvsis puwrposes there

would onily
periods.

be a Ffew cities with adequate length before and after

o



AFPFENDIX 2

CONCERNS WITH MUSKEGON HEIGHTS DATA
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A nroblem was encountered " with  the data from Muskegon
MHeights which caused this jurisdiction to  be eliminated from
C further analvsis. As indicated in the text (page E5%) once  the
~data from Albion had been subiected to the initial analysis, data
from several other Jjurisdictions were analyzed. The first step in
that phase of the analysis was directed to aggregate data from all
cities, except Fontiac. These results are presented and discussed
{2.9.y table 9 in the text. The neut step was to look at several
of the cities individually. When the data were broken down by
city there was a problem with Muskegon Heights.

As indicated in  the text, accidents were identitied as

having either occocwrred on the S8TL or LIOIC system - in most
instances the accidents were split (very) rouwghly on the order of
EH-50. Examination of Muskegon Heights date showsed a @ much

ditfferent distribukion -

STi. Lo
yaar accidents acoidents
72 ' 13 462
73 13 587
74 , 24 510
75 o 1 ' S04
7h 28 &HOZ
77 29 =11
78 ' 7 29 HOT
79 29 Ah13
80 C20 417
81 14 ot
B2 17 =8
8% .18 405

Given this atypical split between the data reported for the two
systems, Muskegon Heights was eliminated from futher analysis. No
attempt was made to discern why this split was so different from
‘all of the othér jurisdictions. While the splitt may he correct
for reasons that are specfic to Muskegon Heights, it would seem
more likely that there may be some problem with atcident reporting
for this city.

This praoblem will provide some skew to all  aggregate
gtatistics in this report (f.e., for "All Cities Combined").
Moreover, +these data will also provide some slight skew to all
statewide statistics done by any agenhcy — Lthe problem (whatever It
actuwally is) may also be present for other cities Hhat wers - not
covergd in the analysis here. '
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