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In grder 10 plan bus eperations, it is necesmry for oramis planoe s o undeestand what Geoiors may infusoce taaelens”
chorice: of base s bor 1avels within g ciry. The propused methed imvalves various wenarics of By e e el DS o ramon
which was raled by a groop of individoals.

Analyees of Covaranes wehabyus i employed t onalyzs peapls’s sandtivities io dbeir pecteived BVl of Bus servio:
characitrntics. The 1echnique lwolwes:

1] esting for the signifcant effects of varying hwels of servics charsscmsiies vpio people’s ntenbons te o bus
scrvie, and

2} aseessing differences aMong varows o pul 1A SEMeniE i their senaitivity patieans towaskds bus 5 0viee charac-
B IRS,

TFeessudis from ibe application af the bechoique boariitudical dals oudke i by the: CDrenge County Transit Digdrticr iodicans
thail Bus strviee cheracreenrics do influenee, indepandently and joiotly, respondenls” stated intentuns bo nse busss.

Cercilivity pattern differed acroes the B Biunogentom seiment: dencified in an sarier ressarch baded on
sz Bt WM hargere rismics.

Dttt 5% w1 am o kder, prod P F
shan ibe rest of the sample] was rebatively Eeensitive 0 ch i Dot fire and was infinenced by chanpes io hesdusy
il pon dent of changes in peeess digtance. Anciber toraiagicp Of Rewde s WBEET WiTH | e SR
ik exhirited similar mdeprodent dpect of hendwary and aonesy disance.

The techoique is expecially wefuld in reduting 4 larp: iumber of propoeed aligenative bus syieens 1 8 Sehaller 561 Har
!'url:h:f planamgeomldgmmm speitying b= ranges within which vaxation f service ehrmemeiste would case

pex in 1b= i ded cmipe oRLpeNELs.

inail m:i:.n- lats i with higher home ownership Javal and lower ncome

INTRODOCTION

In grder to plan successful bus operations, it s
necessary 1o know what facters influgnoe poople’s
choices of busés for thoir wavels. In parficular,
transit planners weed o kpow potential wsers
teave] habits and preferences and their sensitvities
e varying levels of perfeived semvice charac-
verestiet of a bug systed,

[f people’s past avel behavier is not kmown,
necessary infprmation may be pbtained either by
direel expermentation or by sunularion. Such
information could be used for prelimnary analyss
of people's evaluations of aliernative bus sysiems,

1 Trnsporation and Urban Anahes Department, Cemnerul
Moeors Reseanch Laborawories.

T Satwr] of Business Admincseration, Thoiversity of DHinogs,
Urbana=—Champaign, Wiocis, aod Consuhang eo ibe General
Moans Researeh Laborasries.

i

Typually, experimentation is very expensive and
hence i seldom adopted for preluninary evalo-
atipns Simulation of snalytic models of mode-
choice bas been used cxweosively in ravel demand
studies. Rewigwing the mode-choice literalurs
over the last decade, Lowviere,-Beavers, Nonman
and Sietzer concluded thar despite their whide-
spread epplications, mode choice models do rot
adequately repiiate individuals' actual chodess.!
Conzequently, Lowviers of gf recommended that
future rescarch should bocws on samulafing szlec-
tive trawe] characteristics so as o assess people's
semsitivities o the ravel characteristics as a Grst
step toward modeling the mods-choice behavior.
Fellowing their own roommendatipns, Louviere
et al_ presented results of a simolaton wheh makes
usz of Andersons’ Integration Theary pringiples.’

The rescarch eported herein i a urther stepin
this tepommended direction, and employs sinw-
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jation to describe how  individuals perceive
changes in specific service characteristics. The
method invoives varions scenaréos of hvpothet-
jcal bus system prescnted o a ssmple of indi-
viduzls in 2 hame interview survey. Bach scepario
isspecified by thres bus service charagterrstics: bug
tare, hendway and access distanee. Each survey
respondent was tequested w evalmate saveral bus
scenarios and project their intentions to Use buses
for intra-urhan teavels if such bus systems were

ntly available. Statistical analyses of thess
ftentions are carried out o ientify significant
influenees of the service characteristics. Although
intentions to use Busss do nat imply individuals
commitment to use buscs, they indicaw the
respondents’ gensitivities towraed the perceived
lewels af the three service Characiorisfics.

‘The =cenaric appreach investipated in this
research is similar e the ane reported by Lowvicre
er af. (19731 with 2 grouwp of students from the
University of lowa,' Louviereeral. presented each
ctudent with & variety of bus scenarios. A3 % ix3
factorial design was adopred and the srudents’
responses were analymed using Analysis of Ver-
japce [ANOVA) The ANOVA Tosults led
Lowviere o of. to theorize alernalive respanse
functicns and postdate the behavioral mechan-
B

The present tesearch differs from Lowviere of
al's study B0 o3t least two respeets. First, this
rescarch consders 2 larger number of s0cRATHS
than the Lowviere's study, The partimular survey
design adopted by the DCTDE officials neces-
sitates the use of a covariate analysis rather than
the analysis of varianee. Sccondly. this research is
complenientary ¢ an garlier work reporied by
Micolaidis 2nd Sheth who identified five
homogensous groups of sespondents s 2 part &f
matket segmentation study. The present research
s concerned with investigating whether hese five
graups of respondents do indeed differ in their
sensitiviries 1o perecived kevels of the three servies
characterstics. Such a knowledge i assential for
designing bus systems tailered to the nceds and
seqsitivities of one o7 more homogencows groups.

The tescarch reported herein postulaces that
people’s preforence far & bus system is based on
their perceived levels of each of sovetal servies
characteristics such a3 headway timve, bus fare and
aeeess distance. This technique differs frem the
o0 devised by e auchors {Nicolaidis and ¥righ-

t Grange Cownny Traosit Dilsoicl

man) for analyzing people’s iMentions updsr |Lies
ditferent postulate.® There the authors pogiubareying
that people would comsidet each bus opcralinltiﬂn

scenarie a5 2 single stimulus and sapress their prg due
ference for the stimwlus without explicicy evaluat eacl
ing each service characteristic as done in th
reseatch,

Although resulis obtained from the simulatica ME
i be wsed for predictions of mods-chaices, w
regard the procedurt merely as a prelude u Fai
developing an analytic medel of mode—cheic dis
behavior, Results from this study conld be used v tac
identify attribates which are silisnt in consumers tin
choices and determine the perceived moge fa 1
cach atiribule within which (he respeadent relz
rively indifferzar, When dakz on people's choicet =il
ol mesdes ate available, such salient attributes may (¢
also be gleaned through revealod preferences a:
Haowever, when planoing fof 2 new sysicm, res w
data gre not available. In the lates case, the simw &
latipn of hypothetical seenarns is perhaps the only
reasonable recourse available to 4 ransit planser. i

DATA

ra Mmook o R

The dara used i this study were omained fom a
random sample of 1804 honseholds through 2
hote interview survey administered in Orange
County, California, by the Orangs County Transit
Distriat,

The ssction of the survey which clicited nespon-
dents intentinns W use buses under warious
sornarios of bus operations is the main data saures
for this study, The OCTT officials adopred the
loliowing sampling design for the survey:s 34
grenarios were prescated to the réspondents, each
scenaro being specified by & combination of s
fare, headway and distance from home to nearest
b starion. These 54 mmbinations comresponded
1o six levels of bus fare (0, 25, 35, 50,75 and 100
cents), three levels of bheadway (15, 3¢ and 50
mitites) and theee lovels of distance from home to
bus station (1, 3 and 5 blocks). Respondents were
gelected in such a way a3 to form S equal-sizod
groups, each geoup consisiing o respendents who
are hcated at epproximately the saie disranc2
{rom home o ap cxisring bus siaticd. Each group
ol mspondants wis administered  different sc1 of
ninE scenarios which were randomly selected from
Ihe 54 seenarios. The reason Lor selecting ooly nine
out of 54 scemares s 1o avesd passibbe respomse



hinses cavsed by Farigue or boredom from evaluat-
1or5 postalytding W many senarigs. A page from the gues-
bus opcradgionnairs ¢liciting the intended bus usage is repro-
press their prejduced as Figure 1. The nine sceadrios presenied 1o
plicity evafuadeach of the six groups arc shown in Table T.

i dore im oy

ions onder

the simultatig METHOD
de-chobies, o
a prelude ©For cach combination of bus fare, Readway 2nd
F mode=choic distance frpm home to bus station (aocess dis-
auld be used b 1ange’), the respondents indicated the Aumber of
 in cansumen times owt of ten that they would choose bus for all
ived range fo travels,
sondentisrels  The responses could be interpreted as being,
sople’s choisd cither the subjective probability of using a bus
attributes maf {¢ g, six ot of fen means 50 percent probability of
d preferenced nse) or the expected fractian of times 2 mespendent
W SyStem, pas wonld uge a bus {z., 6 peroent of all future
case, the simul rravel wilf be made by bus),
srhaps the onl 1t & hypothesized That the 1espondents’ stated
Tansit planner. jptentions could be expressed as the aversge
respans by all individuals plus main effeces due o
tuas fare (B ). headway (H] and acoess distanoe (D),
=nd the interaction effccts dus to interpliy of twe
o more factors. This hypothesis may be expressed
35 bollows:

stainced from a
=pE R D By (DY +

Ids through 2 - ¥lam
wd in Orange (DEY, + (HF e + (HDE ) + fan (i

Sounty Teansil upere v, denotes intended bususage of mthindi-
licited res * vidusl when 1he headway is al the fth level, the
nder w.m 2ncess distance a1 the jth level, and the bus f2ce 2t
at da 5 the kth bevel. The Arst term o is the average
! SOUTEE o nanse of all individuals, The terms 5, 0, and B..

:,a;j.fg.fﬁ ﬂ;: denote the threc main effects when the factors are

woadents, each
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From the 0T survey data, the interaction
affects involving bus fare cennot be estimated
sinee for any combinadon of the three service
characteriztes only one obszrration i recorded at
cach price keved, as shown in Fable [ Therefore, in
order Lo separaie price effects fram other effects
showninEq, (1}, both mam and nteraction efects
imvalving bus fare are represented by a term called
covariate, denoted by B which islineady related
Fry. A seiond covariare, X, is also included in the
model =0 a5 to capture Lhe influznce of current
distance between 4 respondent’™s home and the
ncarest bus station, The medifed model is then

Yuu=p+ oD+ (HD), +
¥ Bt F Xy + ey P
where B, and X, are the twg covariaies cor-
responding Lo the ith kevel of headway, fth kevel of
actess distange for the & th individyal in the sampls
and y and b arc coctiicients of the two covaniares.

The main and interaction efects as well as e
epefiicients ¥ and & can be estimated by the least-
squares technigue which minimizes the mm of
squares of the emor terms. To test For the
significance of the main and interaction effects, the
variance of a main or intcraction ctfect is com-
pared with the variance of ihe ertor term. 1f the
ratio ol the vanances, is sufficiently laree it is con-
claded that the factar in gquestion influences
nended usage respinse significantly. Similar tests
are performed to test for the significance of 5
cowariate,

‘The variances are com d From an Analysis of
Covariance [ANCOVA) table. (“Covarance™ in
comirast bo “Varancs” bemuse of addinional
information about govariates). A modified mul-
uvariate aodlysis of vadance [(MANOVA) com-
puter program was used to perform ANCOWA S

The model shown by Eq. (2) was frst applied to
the boial sample in order to compare the results of
this study with those obtained by Louviere et al. A
separate analysis was then periormed for each of
the fve idenrifed homogenzous segments* Fig-
ure 2 presects (he sociostonomic characteristics of
the total sample ag wiell 35 those of each of the five
groups- Each group is significanly different from
the talal o terms of thess socipecpnomic charac-
teriskics.

ERESULYS

The average iniended usage responses to the 54
SETArins are shown in Table I1. The sows indieste

TaBLEDN
Average intended umge Tespoases”
QIFTOLCL MR W T0 SULm §
1 Bt 3 WL §
b rEMDVAT TING_[H HDMTES - =
] EEIETN IR EIEEE G
a AT I R I AR I
Fi] 5.0 (e | dEfdag | 3e | 3.6 | TEF | dm | r o
1% afd g | amalsia ] REE) LIP ) RO [ A | 2yl
] IEEE I A RRA RS B REETH BT
L1 FRTH S [ R R A AT
o I L :.ul

different lewels of bus Fare and the columns ngdj-
cate different levels of access distance and head-
Way.

Tt is clear from the cows that the avecage
inlended usape response decredses 8 aoness dis.
tance and headway increase. Similady, the col-
umns indicate tha: the average intended usage
response algn deereases ag bur fre incraages.

Figure 3 shows three plots of the average
ntended usage response 25 a function of bus fare
when the mccess disténce 33 ocoe block oor-
regpanding w three levels of headway (viz. 13, 30
and & minutex) and Figures 4 and 5 show simiar
Plots when the aceess distance is three and five
blecks respectively. All three figures clearly show
that the average wntended usape response is &
decreasing function of bus Fare, eccess distanes:
aod hoadway, However, in Figure 3 the average
intended wsage response is approsiiaiely the
same when the headway s 135 or 30 minutes, but is
tower when il is 60 minutes, Thus, it appears thia
when 1he access distance is ane block, people are
indifferent to headways of 15 and 3 minutes,
Simuar examinations of Figures 4 and 5 suggest
that when the access distance is thret blocks, po-
ple would be indilferent to beadways of 30 and 6
minules and that when the acoess distance 15 five
Blocks, they would respond differemly 1o differen
headways. These apparenfly dissimilar response
pattems lead 13 the hvpothesis that the main 2
well as the interaction cffsats of the thres sorvie
characteristics are sighificant, The hypothesis
tested using ANCOVA, ,

The ANCOFVA was first employed on the tota:
sample taking bus fare and current distance bet-
weef home and the nearest bus stop s Beo covan-
ates. The ANCOVA results in Table [T show
tha for the entire sample ¥arying levels of asoed
distance and headway significaniy infuenced the
intended rosponses, It particutar, both mair
and imeraction effects of e o factors welc
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In segments 1. 2 and 5, fhe makn and intecaction
efiects of headway and oaopess distange are
significnt. However, if segmments 3 and 4, only the
main ckects are significant; the imteraction bet-
sazen headway and access distance s ipsignificant.

The coctficients of bus Tate and current distange
are significant in 211 but segmet 4_Bolh covariates
are insignificant in scgment 4, whith consiis of
aldet, predominantly malé population with higher
hotpe cwnership and Jower ineome.
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The Analysis of Covariance tests show ahat
changes in bus fare, headway time and acoess dis-
tance significartly affeqt ndividuals' imended
usageof bus. However, intended usage is refatively
ingensitive o the three servics characteristics
when fhey are elready at extreme high or extreme
bow levels. For example, a chanpe in bus fare from
0to 25 cenrs did nat produce as muck decline in
the usage response as am increass fram 25 cents 1o
35 cents. The latter increase in bus Fare, however,
produced 4 larger decline in the wsage response
than an inceease from T3 cents to onc dollac. These
resauliz kend cvidence 1o the existence of lower and
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TABLE X
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upper threshold points msEuu:dingm each ser-
wice characteristie and to the hyponhesis that ndi-
viduale rasponses are sensitive to the levels of the
wervice characteristics only when they vary bet-
ween these upper and lower threshold points.

Two of the five segments yiclded insignificant
mteraction between headwsy time and acoess dis-
v, The absence of the interaction can be inter-
preted bo mean that headweay time and access dig-
tance influence intended usage responss in a lingar
compensatory mannes, In other words, disutilities
resulting frm increases in the leve] of one service
characteristic can be offset by ntilities gaimed rom
decreases in $he level of the other service charac-
teristic. One of the fwo e gments which yiglded no
imeraction effect is the older, predominantly male
segment, which 33 also ¢haracterized by higher
home ownership and lower income. The other
segmenl conzsists of fewer tegistered voters with
lower education.

Although ANCOVA yields significant E-ratis
for main eMects a5 well as the interaction effects,
the pements of varations cxplained by these
sources arc small. From Table OX the percent of 4l
varialions i3 prageically accounted for by the var-
iations im bus fare alpne.

The approsch used in this research is not w be

viewed 1 a forecastmg too] for planeing purposss,
Ratbier, it is an explanatory (ool for identifying the
variables which mBuence fransit usage, and the
ranges of the wariabfes at which the influence is
maximum. The approach sllows 3 transii phanner
not only to assess peoplt's sensithvities to three
service characterisaos MUt also 1o identify sapments
of the sample which cxhibi different wensitivity
siruchures. This knowbedge can lead to the for-
mnlation and structaring of travel demand models
which woadd include appropriate causal variables
and ascount for intaractions zmong wthese war-
fables. This can be potentially useful for designing
tramsportation systems which wil] provide service
10 different scpments of papulation.
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