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Abstract

The traditional method of forecasting mode choice relies heavily on travel time and travel cost to
explain traveller's behavior. Although, these two variables are important in mode choice, they may be
inadequate in representing people's behavoir. Transportation planners may need to consider people's
perceptions of travel mode in mode choice models to be able to produce reasonable forecasts. The
primary objective of this research is to investigate the effect f incorporating mode perceptions into the
modelling of mode choice process for intercity travel in Saudi Arabia. To achieve this objective first
scales were developed and tested for the purpose of quantifying the perceptions of mode privacy,
convenience, comfort and reliability using factor analysis through a pilot survey.

For the purpose of testing the effects of mode perceptions, multinomial logit mode choice models
were calibrated for business trips as well as social/recreational trips. The data required for calibrating the
models was obtained through a survey of all major intercity cooridors in the Kingdom considering air, bus
and private auto modes. The perceptual scales were confirmed by subjecting the main survey data to
factor analysis. The calibration process involved two stages. First, mode-choice models were calibrated,
excluding the perceptual variables and next, perceptual variables were incorporated into the previously
developed models to study their effect.

Among the four perceptual concepts used in the study, the perception of mode comfort was found
to significantly affect the choice of the travellers for business as well as social/recreational trips.
Perception of mode convenience was significant for business trips only.

It was concluded from the study that the inclusion of these variables resulted in a statistically
significant but marginal improvement in the explanation of the mode choice behavior. Because of the
difficulty and cost in obtaining the mode perceptions, it is therefore, recommended not to included these
variables in planning stages. However, they could be quite useful in identifying deficiencies of the
intercity modes as perceived by travelers and therefore could help operators in improving their services.
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Chapter 1
INTRODUCTION

1.1 OVERVIEW

The evolution of transportation engineering started before
the Second World War when planners attempted to study travel pat-
terns of inter-urban trips. During that period the focus of the
researchers was on the improvement of the engineering characteris-
tics of existing transportation systems, such as street capacity,
traffic signals, ete. After the Second World War, until the 1950's,
origin-destination surveys were conducted to gain information about

urban activities, in order to understand travel patterns.

Since the 1950's rapid development in mathematical tools
for the analysis of transportation demand has occurred and trans-
portation planning has become a complex task that requires the
joint effort of many parties: such as transportation planners, city

planners, economists, system analysts, psychologists and sociolo-

gists.

During this period the conventional transportation planning
process has been developed. This process represents the integra-
tion of many aspects of the urban environment. Main phases of

this process include:



- Inventory of existing conditions

Future public policy decisions and goals

Estimation of future urban area growth

Estimation of future travel

The last phase can be further sub-divided into trip gener-

ation, trip distribution, mode choice and trip assignment.

In the traditional method of forecasting mode choice,
transportation planners rely heavily on travel time and travel cost
to explain traveller's behavior. Although, these two variables are
considered important in mode choice, they may be inadequate to

explain people's behavior.

In addition to these quantitative variables, mode choice
models may need to consider perceptions of transportation modes to

be able to produce reasonable forecasts of mode choice.

1.2 STATEMENT OF THE PROBLEM

Mode choice is an essential step in transportation plan-
ning. In Saudi Arabia, people rely heavily on private cars for
intracity trips as well as short intercity trips. This is due to

many factors related to the availability of autos to almost all house-



hold members, mode characteristics and people's attitude towards
public transportation systems. Only a small percentage of people
rely on bus or taxi for their intracity trips. Most of these people

do not have automobiles.

However, travellers consider a multitude of modes when
they make their choice for intercity trips. This is due to the
large area of the Kingdom (2,240,000 km2) and long distances
between cities which makes travel by automobile difficult and tire-
some. For such trips, travellers can choose between air, bus,
car, taxi, and train (the last is available on the only Dhahran-Ri-

yadh corridor). Only few people rely on taxi, so this mode is

excluded from the analysis.

The prediction of mode choice for intercity trips is impor-
tant to balance the government spending on the development of
transportation systems. During the last two decades millions of
riyals have been spent on building a new highway network, air-
ports, railway stations, etc. to meet the increase in travel demand.
The investment on transportation projects should be balanced
between different transportation systems based on the usage of
each. To avoid the problems associated with under-design or
over-design of the components of the transportation systems, it
was considered necessary to study the behavior of travellers and

to determine the factors influencing their mode choice.
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The conventional mode choice models mostly consider quan-
titative variables in their model estimation. Such variables include
travel time and cost as well as the socioeconomic characteristics of
travellers. However, trip makers, in their mode choice may be
affected by other perceived levels of service variables such as
comfort, convenience, reliability and privacy of modes. Some of
these variables may be as significant as travel cost or travel time

or even more so,

This research will investigate the significance of introduc-
ing mode perceptions and in particular mode comfort, convenience,
privacy and reliability on the intercity mode choice models. Pri-

vacy may be more important in Saudi Arabia due to cultural rea-

sons.

1.3 GOALS AND OBJECTIVES

The main goal of this research was to study the effects of
mode perceptions such as comfort, convenience, privacy and reli-

ability on the intercity trips mode choice behavior in Saudi Arabia.

To achieve this goal, a number of objectives were identi-

fied which are summarized below:

- The collection of data for the construction of comfort, con-

venience, privacy and reliability attributes.
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- Construction and testing of scales for measuring percep-

tions of comfort, convenience, privacy and reliability.

- The collection of data for the calibration of intercity mode-

choice models.

- The development of mode choice models that will allow the
determination of the share of each mode in intercity trips,
and through these models test the effect of perceptual

attributes.

1.4 RESEARCH HYPOTHESIS

The main hypothesis of this research is that the percep-
tual variables; comfort, convenience, privacy and reliability affect
the mode choice behavior of the travellers for intercity trips.
This research was designed to test this hypothesis. For this pur-
pose, disaggregate intercity mode choice models were developed for
passenger travel inside the Kingdom. The contribution of the per-

ceptual attributes to the explanation of intercity trip behavior was

tested through this model.



Chapter 2
LITERATURE REVIEW

In the first part of this chapter an overview of disaggre-
gate mode choice models that have been developed for intercity
trips is presented. Attitudinal studies that are related to mode

choice are reviewed in the second part.

2.1 OVERVIEW OF INTERCITY MODE CHOICE MODELS

Intercity travel has received comparatively less attention
than urban travel. Since mid-1960's some mode choice models have
been calibrated for intercity trips. In the USA, most of the
intercity models were developed in conjunction with the Northeast
corridor project [1]. They were developed to predict the share of
potential new models as well as existing models. However, most of
these models were calibrated using aggregate data and few have

employed disaggregate data.

In the mid-1960's, it was recognized that population and
economic growth would increase travel demand on the Northeast
corridor and congestion problems would occur if no improvements

on travel services were made.

The aggregate models were developed using variables
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which describe the demographic and economic characteristics of the

city pair as well as the level of service provided by intercity

travel modes.

The aggregate intercity travel demand models can be clas-
sified into five groups. Table 2.1 shows a list of these aggregate
models [1]. The first group includes models which predict travel
demand between city pairs for each mode separately, using one or
a set of equations. In the second group, city pair travel demand
Is combined over all modes in the corridor. So the total demand
between origin and destination, not modal split, is predicted using
a single equation. The third group of models are mode-share mod-
els, used to predict the modal split of known intercity travel vol-
ume. These models may be used in conjunction with total origin-
destination demand models. The fourth group of models are
sequential models; in which both intercity demand, as well as modal
splits are predicted by combining both total city pair demand mod-
els with mode share models. The last group includes direct single
mode demand models, in which the city pair demand is predicted

for a single mode.

Besides aggregate intercity mode choice models, a number
of disaggregate models were developed. The development of such
models requires a data set that describes the behavior of an indi-

vidual, his individual characteristics, and his attitudes towards the



Table 2.1: Aggregate Models of Intercity Demand

Group

Group II: Total Origin - Destination Volume - All Modes

Group III: Modal Share

Group IV: Sequential Models

Group V: Direct Single Mode Demand

I: Direct Origin - Destination - Mode Volume

Kraft-SARC (1963)
Quandt and Baumol (1966)
Mayberry (1968)

Alcaly (1967)

Ellis et 31 (1971)
Walmsley (1979)ol (1966)
Bennet et al (1974) - Review

McLynn and Woronka (1969)

Monsod (1969)

New York State DOT (Cohen et al, 1977,

1978)

Ohio High Speed Rail Study (PMM, 1979)

Aerospace Corporation (1977, 1978, 1979,
1981)

Simple Gravity Models
Modified Gravity Models
Intrinsically Linear Models
Judgemental Models

Source: Koppleman et al. (1)



travel services provided by each mode. The first disaggregate
intercity mode choice model was developed by Watson in 1972 and
1974 |2]. The model was a binary-choice model since it was devel-
oped to forecast the share of rail and car in the Edinburgh-Glas-
gow, Scotland corridor. Line haul time, access and egress time,
cost and convenience were the variables included in his model. He
used the number of travel activities: walk, wait, ride or transfer
necessary to complete the journey as a measure of travel conven-

ience. Table 2.2 shows Watson's model.

Another set of binary disaggregate models was developed
by Leak and Underwood in 1978 [3]. Seven binary mode choice mod-
els were formulated and evaluated for rail versus air travel, for
travellers in the London-Manchester and London-Glasgow corridors.
The selected model included measures of travel time and cost for
each mode. It was calibrated for work and non-work trips for

each corridor. Their preferred models are:

P
rail _
ln m =0ty (ln wair

- L wrail)

1/8
- . . \B
we = (cf + v (T * iF)")
where:

P = Probability choosing the alternative indicated



Table 2.2: Watson Intercity Mode-Choice Disaggregate Model

10

Variable Coefficient
Estimate
Relative travel time difference -1.05
Relative cost difference ~-0.667
Difference in waiting time -0.002
Difference in number of -0.132
journey segments (Ns)

Prait = {1 + EXP(TA(T

rail

WA(Wo = Wogg) + Ns(Ncar_Nrail)}}

car

- Trail) + Cd( Ccnr -

t-statisties

-6.48
-8.95
-9.45

-9.95

Crail )
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Wk = Composite measure of utility for mode k.
Tk = Travel time for for mode k.
Ck = Travel cost for mode k.

= Access plus egress time for model k.

<

Ao By s, 8 are representative parameters.

Besides the binary models, a number of multinomial models
have been developed. In 1976, Stopher and Prashkar used 2035
observations from the 1972 National Travel Survey to develop mul-
tinomial logit models [4]. The models were used to predict the share
of car, rail, bus and air for intercity travel. From various formu-
lated models, the best was calibrated for business and non-busi-
ness intercity trips (see Tables 2.3 and 2.4). The models
included variables such as travel distance, line-haul travel time,
travel cost, estimated access/egress time, and the frequency of
services for each mode. The average values for travel time, travel
cost, service frequencies and access-egress times for each mode
were used, hence these models are not considered truly disaggre-
gate models. The calibration of the models produced satisfactory

results with respect to signs of parameters and significance.

A similar approach has been followed by Grayson in 1981,
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Table 2.3: Stopher Intercity Mode-Choice Disaggregate
Model for Business Trip

traveller i.

Variable Coefficient t-statistics
Estimate
Line-haul travel time -0.62 -2.1
Line-haul travel cost -3.96 -9.79
Service frequency 0.01 3.44
Line-haul distance ~-10.64 -5.78
Access-egress travel time ~-0.52 -3.13
Bus constant -1.65 -4.31
Rail constant -0.40 -0.93
Air constant 3.13 0.10
X2 (d.f) 1016(8)
% Predicted correctly 63.1
_ EXP (Vki)
Z EXP (Vji)
)
where:
PLi = The probability of traveller i choosing mode k
ki = The systematic component of utility function of mode k to
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Table 2.4:  Stopher Intercity Mode-Choice Dlsaggregaie
Model for Non-Business Trip

CoefTicient

Variable

Estimate
Line-haul travel time -1.69
Line-haul travel cost -4.25
Service frequency 0.012
Line-haul distance -0.523
Acess-egress travel time -0.196
Bus constant -1.41
Rail constant —0.365
Air constant 2.476
Xz (d.f) 1561(8)
% Predicted correctly 77.8

t-statistics

-5.65
-7.95
4.48
-0.29
-1.6
-4.42
-0.96
4.08
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wherein, he formulated a multinomial intercity logit model for car,
bus, rail and air travel [5]. Grayson replaced the access time used
by Stopher in the earlier model by the access distance to a termi-
nal. In addition, he included family income as a multiplier of time,
access distance and frequency. The 1977 National Travel Survey
data supplemented with service data from industry guides and
round maps were used to calibrate his model. The utility function

of the model was:

U =aC + bYT + CY/2F + dYA + e
m m m m

where:
Um = utility function for model m
Cm = travel cost
Tm = travel time
Am = Access of mode m
Y = family income/2000
®mn = alternative specific constant

a, b, ¢, d = coefficients

The Grayson model presented in Table 2.5 shows that all
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Table 2.5: Grayson Intercity Mode-Choice Disaggregate Model

Coefficient

Estimate

Variable

Travel Cost -0.0161
Travel Time -0.024
Service Frequency -0.0055
Access Time -0.0007
Bus constant -2.552
Rail constant ~3.027
Air constant ~2.7

p? 0.303
% Predicted correctly 82.17

t-statistics
-5.65
12.66
-1.81
-1.66
~14.32
-16.89

-14.6
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variables have the expected sign and are statistically significant.
In addition, the likelihood ratio of 0.303 indicates that the model
has a satisfactory goodness of fit. The improvement in the Gray-
son model compared with theStopher and Prashkar model may be
attributed to the inclusion of access distance in the 1977 Survey

data also more accurate road mileage estimates and improved model

specification.

Stephendes, et. al. [6] recently calibrated multinomial
choice models for business travel in the Twin Cities-Duluth, Minne-
sota corridor The models were calibrated to predict the percentage
of bus, plane and auto in traveller's choice. Although train was
an available alternative, it was excluded from the analysis. The
responses of 90 travellers were selected for a random sample
including 300 travellers to calibrate the models. The intercity
mode choice models included: out of pocket cost, household income,
total travel time, out of vehicle time, in-vehicle travel time, dis-
tance and waiting time for bus only, household income for auto and
mode specific constants for bus and plane; as variables. The
result of the analysis showed that all variables, excluding the air-

plane mode specific constant, were significant at a level of 10 per-

cent (see Table 2.6).

In Canada, the Transportation Development Agency (TDA)

employed disaggregate logit analysis in modelling intercity passen-
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Table 2.6: Stophanedes et al. Intercity Travel Mode-Choice
Disaggregate Models
Variable* Coefficient Estimate (t-statistics) for
—
Minnesota 1 Minnesota 2 Minnesota 3

OPTC/HINC -3.43(-2.78) - -7.75(-5.07)
oPTC - -0.69(-5.10) -
OVIT/DIST - -30.90(-3.50) -23.20(-3.13)
IVTT -0.01(-2.03) -0.08(-1.41) -0.08(-1.81)
TTT -0.06(-4.38) - -
WT - - -0.20(-1.90)
HINCa - -0.24(2.13) -
Cb 4.80(2.10) 4.68(2.65) 3.82(2.95)
Cp -12.13 24.80(2.56) 7.62(1.20)
p? 0.61 0.64 0.50
% Predicted 73 78 69
correctly

*

OPTC One-way out-of-pocket cost

TTT One-way total travel time, min;

TTT = IVTT + OVTT

ovVTT One-way out-of-vehicie time, min

OvVTT = AT + WT + ET-vehicle time, min

IVTT One-way in-vehicle travel time, min

WT One-way wait time, min.

HINC Household income, 000%

HINC a Household income for auto, 000%
Cb 1 for bus, 0 else

C 1 for plane, 0 else
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ger mode choice, as part of the Intercity Passenger Travel Fore-
casting Project in 1971 (7). Disaggregate data were used to cali-
brate the models for bus, rail, air and car modes. Modal split
models for business and recreation trips were developed for the
Montreal-Ottawa corridor. During the calibration of the models
eighteen variables were tested; none of which is related to socioe-
conomic characteristics of the traveller. Models reported counter
intuitive coefficients, for instance the coefficient of travel time is
positive and the cost of travel does not influence business model
choice significantly. However, the authors reported that the mod-

els can successfully predict actual modal shares.

In another study in Canada, Ridout [7,8] developed
disaggregate intercity mode choice models using data from the 1969
Canadian Transport Commission (CTC) Windsor-Quebec City corri-
dor survey. The models were developed for three intercity modes:
air, rail and bus; excluding the car mode. The models were cali-

brated for business, pleasure and personal trips.

One of the weaknesses of the Ridout models was his elimi-
nation of the car mode since about 90% of total intercity personal
trips were made by car in 1980. Both Canadian disaggregate
intercity mode choice models are presented in Tables 2.7 and 2.8,

for business and non-business trips respectively.

Recently, in 1988, Damodaran calibrated disaggregate
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models to predict the intercity travel demand in Canada [9,10].
Nested multinomial logit models that combine both trip generation
and mode choice were deveioped. The researcher used the Cana-
dian Travel Survey as a source for his data. This survey, which
was carried out during the third quarter of 1984, included socio-
economic variables of the individuals and information about the
intercity trips taken by them. Level of service variables were
obtained from other sources. For model calibration, the researcher
used 4963 observations with 1624 trips between 144 city pairs in

Canada.

Mode choice and trip generation models were calibrated for
auto, bus, rail and air travel. Inclusive value variables were used
to link both mode choice and trip generation models. The data
were segmented based on two criteria, namely trip purpose (busi-
ness and non-business) and geographic region (eastern and west-
ern regions of Canada). The models included travel time as well
as travel cost and frequency as level of servic variables. Travel
time was converted to speed and travel cost was transferred to
unit cost by dividing both variables by distance. The only socio-
economic variable used was household income, which was introduced

into the models as an alternative specific variable.

The calibrated models produced goodness of fit measures

with likelihood ratio index values ranging between 0.282 and 0.436.
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All variables had expected signs with significant values for coeffi-

cient estimated.

The major deficiency in the Damodaran models was the lack
of access and egress information due to data limitations in the main

survey. Also, for the same reason the destination choice was not

included.

In Saudi Arabia, there is only one study to be found in
literature related to intercity mode choice. In this study, which
was conducted by Al-Ahmadi [11}, disaggregate mode choice models
were developed for two major corridors in the Kingdom: the Dhah-
ran-Riyadh corridor and the Riyadh-Jeddah corridor. Multinomial
logit models were formulated to forecast modal split among car,
bus, air and rail (the last mode is available for the Dhahran-Ri-
yadh corridor only). The data were collected through self-admin-
istered questionnaires which were distributed to travellers at ter-
minals and gas stations. A total of 1338 responses were analysed
to formulate a number of intercity mode choice models out of which
the best were selected to represent intercity traveller behavior.
The calibrated models for the Dhahran-Riyadh corridor with and
without train and for the Riyadh-Jeddah corridor are given in
Tables 2.9, 2.10 and 2.11 respectively. Variables used to cali-
brate these models were: out of pocket cost (OPTC), in vehicle

travel time (IVTT), monthly household income (HINC), duration of



Table 2.9:
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Dhahran-Riyadh Corridor Mode-Choice Model for
Non-Business Trips (Train Included)

Independent Variables Coefficient t-stat Standard

Estimate Error

ASC-AIR 42.00 3.26 12.9

ASC-BUS 4.08 9.50 0.42

ASC-TRAIN 0.44 1.80 0.25

IVTT (specific to train, car and bus) -0.84 -2.44 0.34

IVTT (speciific to air) -47.79 -3.70 12.92

OPTC (generic) -0.013 -5.94 0.0022

HINC (specific to air) 0.236 1.65 0.142

HINC (specific to bus) -0.58 -6.33 0.092

COMFORT (generic) 0.61 8.00 0.076

SAFETY (generic) 0.39 4.82 0.082

DUR (specific to air) 1.88 3.45 0.55

LOG LIKELIHOOD L(B) = -307.2

LOG LIKELIHOOD L(0) = -665.4

-2[L(0)-L(B)] = 716.2

Rho sq. (0 = 0.538

Rho bar sq. (@) = 0.535

ASC-AIR = Mode-specific for air

ASC-BUS = Mode-specific for bus

ASC- TRAIN = Mode-specific constant for train

OVTT = In-vehicle time in hours

OPTC = Qut-of-pocket cost

HINC = Monthly household income

COMFORT = Qualitative variable

SAFETY = Qualitative variable

DUR = Duration of stay




Table 2.10:;

Dhahran-Riyadh Corridor Mode-Choice Model for

Non-Business Trips (Train is not Included)

24

Independent Variables Coefficient t-stat Standard
Estimate Error

ASC-AIR 40.34 3.8 10.4

ASC-BUS 5.33 6.45 0.83

IVTT (specific to train, car and bus) -0.56 -1.04 0.539

IVTT (speciific to air) -43.45 -4.21 10.33

OPTC (generic) -0.031 -6.17 0.0052

HINC (specific to air) 0.39 2.0 0.191
f HINC (specific to bus) -0.716 -5.54 0.129

COMFORT (generic) 0.670 4.5 0.147

SAFETY (generic) 0.492 33 0.149

DUR (specific to air) 2.1 3.1 0.68

LOG LIKELIHOOD L(B) = -100.2

LOG LIKELIHOOD L(0) = -395.5

-2[L(0)-L(B)] = 590.6

Rho sq. () = (.746

Rho bar sq. (7% = (.743

ASC-AIR = Mode-specific for air

ASC-BUS = Mode-specific for bus

ASC- TRAIN = Mode-specific constant for train

OVTT = In-vehicle time in hours

OPTC = QOut-of-pocket cost

HINC = Monthly household income

COMFORT = Qualitative variable

SAFETY = Qualitative variable

DUR = Duration of stay




Table 2.11:  Jeddah-Riyadh Corridor Mode-Choice Model for

Non-Business Trips
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Independent Variables Coefficient t-stat Standard
Estimate Error

ASC-AIR -0.5486 -0.15 3.754
ASC-BUS 7.6891 7.797 0.986
IVTT (specific to train, car and bus) -0.4263 -3.05 0.1398
IVTT (speciific to air) -2.795 -1.14 2.439
OPTC (generic) -0.0088 -7.43 0.0012
HINC (specific to air) 0.530 3.36 0.158
HINC (specific to bus) -1.646 -6.79 0.242
COMFORT (generic) 0.416 3.88 0.107
SAFETY (generic) 0.430 3.77 0.114
DUR (specific to air) 3.3 2.69 1.225
LOG LIKELIHOOD L(B) = -140.3
LOG LIKELIHOOD L(0) = -395.5
-2[L(0)-L(B)] = 510.4
Rhosq. (0» = (0.645
Rho bar sq. (7% = 0.641
ASC-AIR = Mode-specific for air
ASC-BUS = Mode-specific for bus
ASC- TRAIN = Mode-specific constant for train
OVTT = In-vehicle time in hours
OPTC = Out-of-pocket cost
HINC = Monthly household income
COMFORT = Qualitative variable
SAFETY = Qualitative variable

DUR = Duration of stay
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stay (DUR), in addition to two qualitative variables; comfort and
safety. The goodness of fit measure rho-square for the Jeddah-
Riyadh corridor and the Dhahran-Riyadh corridor models, with and
without train are 0.645, 0.534 and 0.746 respectively, which repre-
sent a very good fit. The transferablity of the models were tested
to find their feasibility. It was concluded that transferring models
across corridors in the Kingdom was feasible and gave acceptable
goodness of fit only when a modified approach was used. In addi-
tion, a general model was calibrated using the data set for both
corridors. The general model as shown in Table 2.12 explained

the behavior of the travellers in both corridors with goodness of

fit measure value, pz, of 0.568. The general modal split model
gave more accurate predictions than transferring a specific model

from one corridor to another. Finally, Al-Ahmadi that additional

corridors should be studied.

Al-Ahmadi's study was performed on two major corridors
only. These two corridors connect the Eastern coast of the King-
dom to the Western coast. There are other important corridors
that need to be considered. In addition, mode perceptions of com-
fort, convenience, privacy and safety were incorporated using a
single direct statement, to compare between different modes for

each of the perceptual variables.



Table 2.12: General Model for the Two Corridors
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Variable Name

Coefficient Estimate t-stat
ASC-AIR 4.54 5.08
ASC-BUS 6.18 13.63
OPTC -0.01 -8.82
IVTTg ¢ -0.70 -10.00
IVTT, -8.24 -7.87
COMFORT 0.65 8.68
SAFETY 0.36 5.17
MHINC, 0.27 3.34
MHINC, -1.01 -9.71
DUR, 1.23 3.75
p2 = (0.568
L) = -790.0
L(B) = -341.7
Notes:

L(B) The log likelihood for the general model estiamted from the data
set for both corridors.

2

Subscript A for air, B for bus, C for car

p Goodness of fit measure
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2.2 ATTITUDINAL STUDIES AND MODE CHOICE MODELS

In this section, a review of some transportation mode
choice models that have included psychological factors influencing
the choice of the traveller is presented. In this regard Transpor-
tation planners search outside the traditional boundaries of their
discipline looking for psychological factors to help understand

transportation mode choice.

A number of studies have measured general attitudes
towards a variety of transportation aspects. Several of these
studies have applied attitudes to a wider scope than mode choice.
These works have been more descriptive than analytical and have
attempted to outline the attitudes of Americans towards mobility,
their feelings concerning the automobile's role in society, their
basic motivations for driving, and their preferences for transporta-
tion innovations (12,13, 14, 15, 16, 17|. In 1967 the most compre-
hensive review of American attitudes was conducted and reported
in The National Survey of Transportation Attitudes and Behavior
[18, 19]. The main purpose of this research was to determine the
sensitivity of allocation procedures for highway funding to public
attitudes to find the relationship between transportation attitudes
and mode choice and to investigate factors affecting public atti-

tudes and behaviors.

As an outcome of this researéh, attitudes, opinions and
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values were registered regarding automobiles (95% considered auto
as an ideal mode for social trips). On the other hand, public
transit was generally regarded negatively. Another large scale
transportation survey conducted by Lansing and Hendricks, [20] at
the University of Michigan Survey Research Center, also reported
negative reactions to public transportation and a high preference
for auto travel. In their survey of Residential Location and Urban
Mobility, they indicated wvarious reasons and motivations for car
and transit mode. Convenience was strongly related to auto use
for work trips. A significant finding of this study was that mode
choice.was not sensitive to cost (75% indicated that they had never

calculated the cost of driving to work),

One of the earliest attempts to relate traveller attitudes to
mode choice was undertaken by Ackoff [21]. He formulated and
tested a modal-split model which was based on an individual's rela-
tive evaluation of four attributes: cost, travel time, comfort and
convenience. The model consists of four vectors describing the
effect of change of the service characteristics to preferred mode.
These calculated vector components were considered to represent
equal utilities in their effect on mode choice behavior. Ackoff's
exploratory effort in 1965 is considered to be a pioneer in consid-

ering psychological factors in mode choice.

Few studies in literature have attempted to integrate atti-
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tude variables with disaggregate choice models. Allen (1971, 1972)
included socioeconomic characteristics of individuals as well as their
attitudes towards transportation attributes in mode choice models
[22]. Using linear regression, linear and discriminant models were
used to analyze collected data for the two samples. Individuals'
satisfaction towards auto and transit together with attribute impor-
tance were used as attitudes in this research. Dummy variables
representing socioeconomic characteristics of the respondent were
used in conjunction with several combinations of the respondent
perceptions. Allen reported a greater predictive success using a
discriminant model. The model was able to classify between 70-90%

of respondents correctly in the two samples.

A number of researchers have employed various multidi-
mensional techniques to quantify attitudinal variables such as: con-
venience, comfort and reliability for use in the development of
mode-choice models. Spear [23] investigated the effect of a gener-
alized convenience variable in mode choice for work trips. Con-

venience was measured using the following fourteen individual

attributes:

- arrive at the intended time
- avoid leaving early to be on time for work
- have a choice of departure times

- have the station easily accessible from home
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- arrive in the shortest time

- pay as little as possible for the trip

- avoid a long wait for the vehicle

- avoid paying daily for the trip

- have understandable schedules and routes
- be able to travel in all weathers

- avoid a long walk

- avoid making numerous stops

- avold travelling in undesirable areas

- avoid changing vehicles

A questionnaire was designed to produce comparative
judgement data in conjunction with person and trip data. A total
of 397 responses were obtained from two major cities, Boston and
Chicago. A convenience index was constructed using indicated
respondent satisfaction to a preselected subset of ten attributes.
This idea was incorporated in a mode-choice model, in addition to
travel cost and travel time using a binary logit choice model. The
result of the analysis (as shown in Table 2.13) revealed that the
inclusion of a convenience index not only improved the fit of the
model but also caused a major decline in the alternative specific
constant and its significance. This decline is desirable since it

indicates a reduction in unexplained bias for a particular mode.

A similar study was performed by Nicolaidis |24] to investi-



Table 2.13:

Results of Convenience Index Used in Mode-Choice Model
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CoefTicient (t-scores)

Model Time Cost Conv. Constant | rho sq. p?
Number DiffT. Diff. Diff,
1 -0.0058 1.595 —— -1.083 0.42
(-0.53) (5.37) (-3.09)
2 -0.047 -1.41 -1.19 0.506 0.68
("2085) (-3083) (’4093) (0.97)
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gate the influence of comfort in individual mode choice work trips
using a multi-dimensional approach. Nine attributes were used to
define comfort variable. These attributes which described vehicu-
lar comfort, station comfort and psychological comfort, are the fol-

lowing:

- protection from weather

- possibility of adjusting temperature

- availability of storage space for parcels shopping bags,
etc.

- clearness of immediate environment

- number of stops (pick-up stops, traffic lights, etc.)

- visibility of the surrounding

- fatigue feeling

- feeling of privacy

- easiness when entering or leaving from means of travel.

A seclf-administrated questionnaire was designed to gain
information on travel mode used, individual characteristics, and
compa'rative judgement information about the nine comfort attributes
and the several travel modes identified. The survey was con-
ducted in Ithaca, New York and yielded in 141 responses. A com-
fort index built by derived similarities solution (see Tongersen [15]
for explanation of the techniques) was found to have higher corre-

lations with individual mode choice than cost and time difference
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variables as shown in Table 2.14. Nicholaides also built a linear

regression model as given below:
Choice = 0.63940 + 0.00107 (TIMDIF) + 0.53502 (COMDIF)

where, TIMDIF and COMDIF stand for travel time difference and

comfort indices difference, respectively.

The attitudinal variable, reliability was introduced to mode
choice behavior for work trips by Prashker [26]. Using a self
administered questionnaire, a survey was conducted among commut-
ers who worked in downtown Chicago and commuted to work from
two northern suburbs of the metropolitan area. The alternative
modes included: private car, commuter train, and rapid transit.
The questionnaire was designed to obtain information about travel
time and cost, reliability measure of the modes, and socioeconomic
data about the individuals surveyed. A total of 137 responses
were used in the analysis representing a response rate of 14 per-
cent. To measure the reliability performance of the modes, psy-
chometric scaling techniques, including factor analysis and a multi-
dimensional scaling technique were used. The following nine
attributes were used to measure the reliability of transportation

modes. These attributes are:
- Vehicle is as fast as possible;

- feel confident that the vehicle would not need to stop for
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repairs;

- vehicle travel time is unaffected by traffic congestion or

frequent stops;

- if vehicle travel time varies by less than one minute,

rather than 15 minutes from day to day;

- feel confident that vehicle will get you to your destination

without an accident;

- vehicle is available not later than 1 minute, rather than

not later than 10 minutes from the time it is expected;
- able to estimate the actual time of arrival at destination.

- vehicle travel time performance is not influenced by

weather; and

- having to search for a parking place not longer than 1

minute, rather than not longer than 10 minutes.

In addition to mode reliability measures, travel cost and
travel time variables were used to construct multinomial logit mode
cholce models. Reliability measures were statistically significant

and improved the explanatory power of the models.

Another research carried out by Neveu {27], studied the

influence of comfort, convenience and reliability on mode choice
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behavior for work trips. The following 14 attributes were used to

define the qualitative concepts:

Variables Attributes
Comfort Protection from weather

Cleanliness of vehicle and station
Fatigue felt when travelling
Control of immediate surroundings
Feeling of personal safety
Feeling of privacy
Convenience Transfers required
Stops required
Frequency of service
Accessibility to means of travel
Reliability Variability of travel time
Waiting required
Likelihood of accident or breakdown
Influence of weather on travel time.

These attributes were chosen because they were the most
important ones in previous studies. Perceptual data were collected
through a self-administered questionnaire distributed among work
commuters in Chicago. Using factor analysis, preference regres-
sion and first preference logit, the researcher concluded that peo-
ple do not perceive comfort, convenience and reliability as inde-
pendent variables in mode choice. Significant overlap exists in

public perception. In addition, the three variables are perceived

differently for access and main mode of travel.



38

Chapter 3
RESEARCH METHODOLOGY

To achieve the goals and objectives of this thesis, the
research was divided into two stages. In the first stage focus was
on the development of attitudinal scales for perceptual concepts.
In the second stage, behavioral intercity mode-choice models were
developed for the purpose of testing the contribution of attitudinal
variables in the explanation of intercity travel mode choice behav-
ilor. The general outline of research methodology is shown in Fig-

ure 3.1.

3.1 DEVELOPMENT OF ATTITUDINAL SCALES

The two most commonly used approaches in transportation
planning for quantifying attitudinal model attributes are the use of

dummy variables and the use of integer-based proxy variables.

"The primary difference that is implied between
a dummy variable and a proxy variable is that
the former is an "on-off" type of variable, used
to signify the presence or absence of an attri-
bute, while the latter is an integer value used
to approximate an amount of an attribute by an
alternative" [28].

The dummy variable approach was used by Purker and
Clark [29] and Lave [30] in their work on quantifying comfort vari-

able. The alternative approach was implemented by Bock in
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quantifying comfort and convenience variables [31]. In his work,
comfort and convenience were combined into a single variable that
assigned the values 1 for auto, 2 for commuter railroad, 3 for sub-
way, and 4 or 6 for bus. These values were assigned by the

researcher based on a purely intuitive and subjective basis.

Watson used a proxy variable for measuring convenience
[32]. The proxy variable was formed by counting the number of
separate travel activities involved in completing the trip, that is to
count each walk, wait and ride and the resulting integer value was
assigned to the mode of travel. In Watson's work, no weights
were assigned to each separate travel activity which reflected dif-
ferent utilities of the activities. Both of these approaches included
subjective assessment by the researcher in quantifying qualitative
attributes. The values obtained are not readily forecastable for
existing modes nor can they be used to describe a new mode,
hence they are not useful in analyzing policy and investment deci-
sions. Both of these approaches improved the statistical fit of the
behavioral models and reduced the size of the alternative specific
constant. However, this improvement was not as large as might be

expected.

A third approach, which is based on psychometrics is used
to quantify qualitative variables and to overcome the shortcoming
of earlier approaches. This approach is based on a branch of

experimental psychology called psychometrics, which is principally



41

concerned with quantification of attitudes and preferences of indi-
viduals and groups. Two principal techniques are available for
this purpose which are unidimensional and multidimensional scaling
techniques. Both techniques produce scales that can be used to
measure people's attitudes towards qualitative variables. The pri-
mary difference between these techniques is that in the unidimen-
sional scaling the attribute to be measured is assumed to exist in a
one-dimensional space and can be described along a linear contin-
uum. On the other hand, no such assumption is made for multidi-
mensional scaling. Both scaling techniques were derived from the
Law of Comparative Judgement which was first formalized by Thur-
stone in the 1920's. For the theoretical development of the law,
see Thurstone's original work [33]. On the basis of Thurstone's
work, unidimensional scales were developed first, followed by the
develo;;ment of a broader concept of multidimensional scaling. The
developﬁent of both techniques is described by Torgerson [25].
Both techniques have been used in quantifying attitudinal variables
in transportation planning. As previously mentioned, Spear used
unidimensional scaling to quantify convenience and Nicolaidis used
the multidimensional approach for the definition of comfort variables
[34,35]. The results of their work indicated that both approaches

are useful in attempting to quantify such qualitative variables.

In this research, attitudinal scales were constructed for

the purpose of quantifying perceptual variables, using the method
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suggested by Ergun, [36] the general outline of which is given in

Figure 3.2.

The steps involved in scale construction are outlined

below:

1. Stating the purpose of measurement for developing the

attitudinal scales.

2. Definition of the environment to which the hypothetical

concepts have to be related.

3. Definition of the behavioral criteria of the environment,
based on the hypothesis that the selection of an alternative by a
traveller depends not only on the quantitative variables but also on

qualitative attributes.

4. Specifying the hypothetical concepts through literature

surveys, focus group meetings, expert opinion and common sense.

5. Writing attributes or items related in measuring respon-

dents' attitudes.

6. Removal of any ambiguities in the item list through

experts' consent.

7. Conducting a pilot survey with a convenient sample
through a pretest questionnaire that contains the items that meas-

ure respondents' attitudes towards the hypothesized concepts.
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8. Subjecting the responses obtained from the pilot survey
to factor analysis to confirm that the listed items represent the

hypothetical concepts.

9. Refinement and selection of the best attributes describing
each perceptual concept that were included in the development of

the main survey instrument.

3.2 DEVELOPMENT OF INTERCITY MODE-CHOICE MODELS

3.2.1 Model Variables

The variables needed for the mode choice model can be
categorized as socio-economic variables, level of service variables
and trip variables. From a literature review of previous research,

the following list of variables was obtained.

The socioeconomic variables that were shown to play a role

in the mode choice behavior are listed below:

1. Income: Household income is considered to be a major
factor in deciding between different modes because it

indicates the trade-off between cost and other variables.

2. Car Ownership: This variable is important as it shows

whether the traveller has a complete set of mode choices

or he is captive to other modes.
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License: This variable is used to find out if the travel-

ler can drive a car and the car is one of his choices.

Size of Travelling Group: This factor is important

because the behavior of a single traveller may differ

from the behavior of a group of travellers.

Family and Children: This variable is used to determine

whether the traveller is travelling with his family and
children or another unrelated group. The actual cost of

the trip can be estimated, depending on the family size.

Nationality: The nationality of the traveller will be
determined from the questionnaire to find out if the
travel behavior of Saudi travellers is different from that

of other nationalities.

Age: This variable will be introduced to find its effect

on mode choice.

The level of service variables are those attributes that

describe the characteristics of the mode which influence traveller

choice in areas such as travel time and travel cost. The following

level of service variables is considered important in many studies

so they need to be collected by the survey.

Travel Cost: Travel cost is one of the most important

level of service variables that has been considered by
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many researchers in mode choice decision. Travel cost
Is considered as the total cost that the trip maker
incurs for his trip starting from his home and continu-
ing to his final destination. Both actual and perceived
cost have to be tested because travellers' choices are
based on their perceptions. Dobson and Tischer con-
cluded that perceived costs worked better than actual
cost in mode choice prediction [37]. However , Golob,
Horowitz and Wachs stressed that both actual and per-
ceived costs should always be included in mode choice

studies [38].

Travel Time: Travel time is one of the traditional vari-
ables which is used to build mode choice models. It is
the time necessary for an individual to complete his trip
starting from his origin and continuing to his final des-
tination. The value of time changes between different
people, depending on their socioeconomic characteristics.
However, in this country most people may place a high
value on time due to their high standard of living.
Many researchers have recommended the use of per-
ceived time values rather than measured values in mod-
eling mode choice [39,40,41]. Others have found that the
perception of travel time varied as a function of the

mode, degree of comfort and the level of convenience
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[42]. A large difference could exist between the per-
ceived value of travel time and the measured one. In a
study undertaken by Dobson and Tischer [37] in which
they built different models using the actual value of
travel time and cost; perceived wvalue of travel time and
cost and demographic values, they found that the model
using perceived values performed better than the other
models. In this study the reported value of travel time
for each mode was used. In addition the total travel

time can be broken down into the following components:

- In-Vehicle Travel Time: It is the time spent in the
mode.

- Waiting Time: It is the time spent on the terminal
before departure.

- Access Time: It is the time spent on the way to
the mode of choice.

- Egress Time: It is the time spent betwen leaving

the mode and arriving at the final destination.

Perceptual Variables: The variables considered by

researchers as important in mode choice are mode com-
fort, convenience, privacy and reliability. In this sur-
vey, as indicated earlier, scales will be constructed to
measure comfort, convenience, privacy and reliability of

travel modes.
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In addition to socioeconomic variables and level of service
variables, data regarding the trip were collected. These variables

include:

1. Trip Purpose: Trip purpose is an important factor that

affects mode choice since traveller mode choice may dif-

fer for different trip purposes.

2. Duration of Stay: The duration of stay at the destina-

tion may affect the traveller's choice. For shorter trip

travellers tend to use faster modes.

3. Trip Length: The trip length may affect the choice of
traveller. It is believed that the traveller will choose a
faster mode for long trips and will rely on his car for

short trips.

3.2.2 Proposed Model

The development of disaggregate mode choice models came
after discovering the shortcomings of aggregate models. One of
the shortcomings of aggregate models, as indicated by many
researchers, is the loss of efficiency (i.e. large variances of the
estimates of model coefficients) due to data aggregation before
model calibration [44,45]. The problem is solved in disaggregate
models since the collected data at individual level are used. With

this approach the predictive power of a disaggregate model has
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improved. In a study performed by Watson, aggregate and
disaggregate binary mode choice models were calibrated using data
from the Edinburgh-Glasgow corridor. The results of his study
indicated that a disaggregate model provides a better statistical
explanation of mode choice behavior and the prediction errors are
12 to 15 times higher in an aggregate approach than those for a

disaggregate approach [46,2]. His conclusions were supported by

other researchers [47].

Another shortcoming of aggregate models is that the mod-
els are not transferable to another geographic area unless the
characteristics of the group of individuals, are controlled or
unchanged. This is due to the fact that a group of individuals,
on average, may not behave the same as individuals who possess

the averaged value of the group characteristics.

Another problem of aggregate models is derives from the
fact that these models are based on aggregate variables of a group
of individuals who do not necessarily reflect the actual individual
behavior. This problem is reported in literature as 'ecological fal-
lacy' [47,48]|. In the disaggregate approach this problem is elimi-
nated, since the models are based on the individual, the smallest

element of the population.

Due to the above shortcomings of the aggregate approach,

it was decided to carry out this research utilizing the advantages
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of the disaggregate approach. These can be summarized by their
superior estimation results, data efficiency and their better repre-

sentation of the individual traveller's decision.

Most of the calibrated disaggregate mode choice models are
probabalistic models. Based on the socioeconomic characteristics of
the individual and the characteristics of available modes, the prob-

ability of choosing a particular model can be determined.

The building of disaggregate mode choice models is based
on the principles of utility theory. The utility theory assumes
that a trip maker will choose a transportation mode which maximizes
his travel utility for that trip. In other words, a traveller in his
choice process will try to maximize his benefit by reducing his
travel time and travel cost and by maximizing his convenience, pri-

vacy and comfort [45,49,50].

Since the behavior of traveller can not be predicted with
100% certainty, we can only estimate the probability of traveller's
choice. For this reason the utility function can be partitioned into
two components; a systematic component, or "representative util-
ity", V and a random component r which represents the utility of
unobserved attributes, unobserved taste variations, measurement
errors and imperfect information. The utility function can be pre-

sented mathematically as:
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Ui = Vit
where
Uki = the utility function of mode k to i;
Vki = the systematic component of utility function of
mode k to i;
ki = the random component of utility function of
mode k to i.

The systematic component of the utility function for mode

choice can be stated mathematically as follows:

Vii = ngl Po Xkin 1§1 1 Sy
where:
Vki = The utility function of mode k to i ;
inn = value of attribute n of mode k for i ;
Sil = the socioeconomic characteristic 1 of i ;
Bn = coefficient of attribute n; and
ay = coefficient of socioeconomic characteristic 1.

Using this principle, individual will rank his alternative
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modes according to their utility function value. It is assumed that
the value of the utility function will reflect individual preferences.
So if the value of the utility for one mode exceeds the value for

another, that first mode is preferred to the other.

Various functions have been used to represent the sto-
chastic disaggregate modes. The most frequently used ones are

multinomial logit and multinomial probit functions [49].

The only difference between the multinomial probit and
multinomial logit functional forms is the assumption made concerning
the distribution of random elements in the utility function. The
logit model assumes that the random component is independent, and
identically distributed with a Gumbel distribution function, while
the probit assumes that the random component has multivariate
normal distribution. There are no differences between the two
functional forms in their prediction ability. Many studies indicated
that results obtained using logit models were similar to those using

probit models [49].

Finally it was decided to use the multinomial logit function
since both multinomial logit and probit have the same prediction
capability and probit models require more a complex computational
procedure than logit models. Computer packages for logit models
have been used and tested by many researchers. Such a package

BLOGIT [50] was also available to the researcher.
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The general form of the multinomial logit model is shown in

the following equation:

b - EXP (Vki)
ki
EXP (V
5]: (V)
where:
Pki = The probability of i choosing mode k
Vki = The systematic component of utility function of mode

k to i;

The utility function Vki’ as indicated earlier, is a function

of socioeconomic characteristics of i and the characteristics of mode

k.
3.2.3 Model Calibration

The next stage in model development was to estimate model
parameters. This was done by fitting a model to the collected
data. For the multinomial logit model, the maximum likelihood esti-
mation technique is generally used, [49,51] with this method the
coefficients of the model were estimated so as to maximize the like-
lihood according to model being developed, of observing the
choices made by the individual in the collected sample. This was

done by iteratively solving the utility function until the best fit
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was obtained.

A number of computer packages are available for the cali-
bration of logit models. Examples of such packages are BLOGIT
[50], SLOGIT and ULOGIT [44] In this research the BLOGIT package
was used to calibrate the disaggregate Intercity logit models since
this package was available to the researcher. This package uses

the maximum likelihood technique to calibrate logit models.

Using maximum likelihood estimation technique, the BLOGIT
package will produce estimates of individual parameters by calculat-

ing various goodness of fit. The package produces the following

tests for the model testing:
1. t-test for parameter estimates.
2. Log likelihood function value L(p) at its maximum.

3. Log likelihood function value L(0) when all parameters
are zero, in other words when all alternatives are

assumed to have equal probability of being chosen.

4. Goodness of fit index pz (rho squared) that measures the
fraction of an initial log likelihood value explained by the

model. This value is computed as

p° = 1 — (L(F)/L0))
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_2
5. Corrected goodness of fit index p (rho - bar squared)

similar to p2 but corrected for the number of parameters

_2
estimated. p can be calculated using the following

equation:

2
p =1 (LM - K)/LO)

where K is the number of parameters in the model.

6. Prediction success table that shows the number of indi-

viduals predicted to use each mode.

In addition, the calibrated models should have expected
coefficient signs. In this process the sign for each coefficient was
examined and if the coefficient did not have the expected sign then
the model was considered to be a valid model. Hence, travel time
and travel cost should have negative signs since the increase in

these variables will decrease the travel demand.

In addition to the computer package output, the following

tests were performed using the likelihood ratio test:
1) Test for All Model Parameters:

This test is performed to find if all model parameters are

significantly different from zero, that is,
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Hy: B, = B =

the statistic

—2(L(0) - L(B)

is Chi square distributed with k degrees of freedom, where k is

the number of model parameters.

2) Test for AUl Model Parameters Except the Alternative Specific
Constants:

This test is performed to find if all model parameters,
except alternative specific constants are significantly different from

zero, that is,
Ho: Bj = Bj-»l = ... Bk =0
the statistic
—2(L(C) -~ L(B))

where L(C) is the log likelihood of the model containing constants

only.

This test is Chi square distributed with k - J + 1 degrees
of freedom, where k is the number of parameters and J is the

number of alternatives.
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3) Test for Difference Between Models:

This test was used to compare two models. It was used to
find the effect of introducing mode perceptual variables. If a sig-
nificant difference exists between Model 1 (the model with mode
perception) and Model 2 (the model without mode perception) then
we can conclude that mode perception significantly affects the indi-
vidual mode choice behavior. So, the null hypothesis states that
no difference exists between Model 1 and Model 2, or that parame-
ter estimates of all percentual variables are equal to zero. To test

this the following test statistics can be used:

~2(LB,) - L(B,))

where,
LB .) = Log-likelihood of model with perceptual variables
L(BZ) = Log-likelihood of model without perceptual vari-

ables

This test is chi square distributed with k2 -k , degrees

of freedom.
3.2.4 Model Validation

After the calibration process was completed validity of the

succeeding models was tested. The model validation process was
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done by using a portion of the collected data, other than that used
in model calibration, to predict mode choice using the calibrated
models. So, the collected survey data was divided into two parts.
The first part was used for model calibration while the other was

used for model validation.

The wvalidity of the models was tested by comparing
observed choices and the predicted choices using the calibrated
models. Also, the likelihood ratio test for difference between mod-
els was used to compare the calibrated models with models that
were calibrated using a portion of the collected data other than

that used for model calibration.
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Chapter 4

DATA COLLECTION

4.1 INTRODUCTION

This chapter explains data collection efforts for the pilot
and main surveys. In addition to this, pilot survey details, which
were carried out for scale development, are also presented. The
procedure adopted in scale construction is explained in a stepwise
manner. The design of the main survey instrument is presented
next. The chapter is concluded by explaining the method used in

collection and preparation of the data for analysis.

4.2 PILOT SURVEY FOR SCALE CONSTRUCTION

The procedure adopted in scale construction has been
extensively used in psychological research and was outlined in Fig-

ure 3.2. Following is a step by step explanation of the procedure

indicated in Figure 3.2.

The first step is to specify purpose of measurement. The
purpose of this research is to develop scales for measuring com-
fort, convenience, privacy and reliability of travel which will be

used in improving the understanding of intercity mode choice

behavior.



60

The next step is to define the environment to which the
perceptions will be related. This is the intercity travel environ-

ment and the perceptions and choices of travellers who are making

intercity trips.

Behavioral criteria is the mode choice in intercity travel.
Therefore, the perceptions to be constructed are those which are

relevant to mode choice behavior of people.

The next stage in developing a scale is to define hypo-
thetical concepts. It was found from the literature survey that
mode comfort, convenience and reliabjlity affect the choice of the
traveller. A further concept "privacy" was added to these con-
cepts because it was believed to be an important dimension espe-

cially considering local customs in Saudi Arabia.

After defining the hypothetical concepts, a pool of items
(statements) or attributes describing these concepts was prepared.
A literature survey, expert opinion, focus group meetings and
common sense were used to generate this list of items. This pro-
cess was difficult and required several iterations before a reason-
ably satisfactory set of items was obtained. This set of items was
subjected to a variety of tests and revisions at the items analysis
stage. The items were reviewed and tested by many people to
assure that no ambiguities were contained in the list. At this

stage, concepts were described to several people and they were
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then asked to sort the items in these defined concepts., After
rounds of review and analysis, a total of 31 items were grouped
into four hypothetical concepts namely: comfort, convenience, pri-
vacy and reliability. The final list of perceptual items is presented
in Table 4.1.

The next stage was to conduct a pilot survey to test per-
ceptual items and the reliability of the scale before conducting the

main survey.

4.2.1 Development of Survey Instrument

The pilot survey was designed to test the perceptual items
that would be used in the main survey instrument. As shown in
Table 4.1, the final list of perceptual items contained 31 items. It
was very difficult to include all the listed items in the main sur-

vey. Hence the main objectives of pilot survey can be stated as

follows:

1. To investigate whether the perceptual items can be cat-

egorized into four groups as originally hypothesized.

2. To reduce the number of items in each concept to a man-
ageable number by choosing items which have a high cor-
relation with others in the same concept but a low corre-

lation with items in other concepts.
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Table 4.1: List of Perceptual Items

TKFMLY Taking freely with family members or

ALONFMLY Being alone with family members or

DEPOTHRS Travelling without depending on others

FEELTIRD Feeling tired at the end of the trip

Concept Item Code Item
PRIVACY
PRIVACY Having some privacy
friends
friends
SITSTGR  Avoid sitting next to a stranger
FEELINDP Feeling of independence
TKTOSTRG Avoid talking to strangers
COMFORT
RELAX Relaxing while travelling
AVDCRWD Avoid crowded conditions
CLEANVEH Cleanliness of vehicle
BTHROTHR Being bothered by other people
COMFORT Comfort
CONVENIENCE

LOCSTOP Freedom in choosing locations and
time of stops

CHSTIME Freedom in choosing departure time
ACCHOME Accessibility from home




Table 4.1 (continued)
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The need to change vehicle in reaching

The efforts required to start the trip

The easiness of reaching final
destination after leaving the vehicle

The need for advance planning
The amount of waiting time and delays

Time spent waiting for others

The effect of weather condition

The feeling that the vehicle would

The variation on total travel time

The effect of weather on travel time

Concept Item Code Item
CARYLUG Carrying luggage and other
belongings easily
CHNGVEH
final destination
EFRTSTRT
CONV Convenience
EASYDEST
ADVPLNG
WTTIME
WAITOTHR
RELIABILITY
ARRONTM Arriving destination on time
EFWTHRCN
on the trip
VEHREPR
not be delayed for repair
VARITT
RELIBLTY Reliability
EFWTHRTT
ACCBRKD

The likelihood of accident or breakdown
during the trip
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~. A questionnaire was designed to collect information about
mode attributes related to comfort, convenience, privacy and reli-

ability. The questionnaire form, shown in Appendix A, consisted

of the following parts:

1. Cover Letter: The cover letter explained the purpose of the

survey, its importance and confidentiality of responses.

2. PART-I: In this part, people were asked to evaluate four
means of travel, namely: bus, private car, plane and train with
respect to all the 31 attributes describing the four concepts. The
items were randomly arranged. The respondents were asked to
record their response on a 5-point scale ranging from WORST (1)

to BEST (5) as shown in the following format:

PLEASE EVALUATE THE FOLLOWING MEANS OF TRANSPORTATION
WITH RESPECT TO:

COMFORT

WORST BEST
Bus 1 2 3 4 5
Private Car 1 2 3 4 5
Plane 1 2 3 4 5
Train 1 2 3 4 5

3. PART 11 - Socioeconomic Characteristics of the Respondent was

included in this section.
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More than 200 questionnaires were distributed among uni-
versity faculty, students, bus and train travellers. Although this
procedure would result in a biased sample, the results can be
accepted as our objective is to find correlational structure between
the items and to develop the perceptual scales. Nunnally (52)

stated that using a biased sample would not harm this objective.

A total of 135 usable questionnaires were collected and

analyzed.

4.2.2 Determination of Sample Size for Pilot Survey

The pilot survey was carried out to test perceptual items
which were included in the main survey. For this purpose factor
analysis was performed on perceptual items. Harman (53) recom-
mended 4-5 responses for each item as a rule of thumb to yield
reasonable accuracy. Based on this, since there were 31 percep-
tual items in the pilot survey, approximately 120 responses were
required to perform the analysis. It should be further noted that
each respondent was asked to evaluate four alternatives in the
pilot survey which means that the actual sample size achieved is

four times the number of respondents to the questionnaire.
4.2.3 Development of Preliminary Scales

The 31 statements related to mode perceptions were sub-
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jected to factor analysis in order to validate the hypothesized con-
cepts. Based on the correlations among the 31 items, factor analy-

sis groups these items into factors.

The basic assumption of factor analysis is that some
underlying dimensions or factors, can be used to explain complex
phenomena [53]. Correlations between variables might be attributed

to such shared factors as one of the hypothetical concepts.

The use of factor analysis can be classified into the fol-

lowing categories:

1. Explanatory uses - the explanation and detection of pat-
terning of variables with a view to the discovery of new

concepts, and a possible reduction of data.

2. Confirmatory uses - the testing of the hypothesis about
structuring variables in terms of the expected number of

significant factors and factor loadings.

3. Uses as a measuring device - the construction of indices

to be used as new variables in later analysis.

In this research, factor analysis was used in a "confirma-
tory" manner because factors had already been hypothesized ear-
lier. Moreover, it was used to reduce the number of items to a

reasonable number for inclusion in the main survey.
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Factor analysis was performed according to the principal
component technique /varimax rotation using the Statistical Analy-
sis System (SAS) package. Initial factors were determined by
common factor analysis with iterations. These factors were orthog-
onally rotated by the Varimax Method. The rotated factor loadings
were obtained for solutions in two through ten dimensions. Table
4.2, 4.3, 4.4 and 4.5 show the rotated factor patterns and vari-
ances, explained by each factor for the two-three-four-five-factor
solutions respectively. The results of these solutions are summa-
rized in Figure 4.1. In this figure, only those attributes that
have high loadings (a loading more than 0.4) on each factor solu-

tion, are indicated.

There are a number of criteria to determine the number of
factors that are sufficient or adequate for the research. The most
frequently used criteria is eigenvalues of one, discontinuity and
interpretability. The eigenvalue-one criterion is to limit the fac-
tors to those with eigenvalues greater than unity. The discontinu-
ity criterion is to stop increasing the number of factors when there
is a sharp decrease in the eigenvalue or the proportion of total
variance explained. One other criterion is to continue extracting

factors as long as they are interpretable.

Tne eigenvalue falls below 1.0 at the fifth factor indicating
that up to four factors can be extracted. The eigenvalue plot for

different number of factors is given in Figure 4.2.



Table 4.2: Rotated Factor Pattern for
Two-Factor Solution

Variable Factor 1 ( Factor 2
FEELINDP 0.85665 0.19171
ALONFMLY 0.80114 011680

SITSTGR 0.79993 0.01229
CHSTIME 0.756%0 -0.25581
LOCSTOP 0.75312 -0.44318
ACCHOME 0.74741 -0.18532
BTHROTHR 0.73782 0.31390
EASYDEST 0.73526 -0.04659
TKFAMLY 0.72191 0.13272
PRIVACY 1).70577 0.27484
ADVPLNG 0.69767 -0.35774
DEPOTHRS 0.68781 0.20334
WTTIME ).65925 0.22768
CHNGVEH 0.65560 0.06349
CRYLUG ).61652 0.19884
WAITOTHR ).56027 0.36523
AVDCRWD 0.54730 0.42940
COMFORT 0.16333 0.78770
VARITT 0.05405 0.73621
RELAX -0.10303 0.66040
CLEANVEH 0.37295 0.65837
FEELTIRD -.08582 0.63736
ACCDBRKD -0.11985 0.63060
CONV .50809 0.60339
ARRONTM 0.35314 0.59698
RELIVLTY 0.41461 0.57902
EFWTHRTT -0.01505 0.52785
VEHREPR 0.08941 0.50819
EFRTSTRT .027838 0.42785
EFWTHRCN -1).00989 0.36755
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Factor 3

.02787
.05309
.15878
.04919
.03087
.21415
.08643
.01480
.00456
.01566

11770

.00951
.07342
.07010
.19484
.02127
. 22145
.07700
.00898
.03465
.27681
.07941
.21018
.27429
. 21527
.01979
13775
.83167
.77549
.61743

Table 4.3: Rotated Factor Pattern for
Three-Factor Solution
Variable Factor 1 Factor 2
FEELINDP 0.82575 0.30405
SITSTRG 0.80239 0.06440
LOCSTOP 0.79243 -0.34201
ALONFMLY 0.78918 0.18101
ACCHOME 0.76681 -0.11864
CHSTIME 0.76484 -0.11045
EASYDEST 0.74955 -0.02172
TKTOSTRG| 0.7481) 0.26191
ADVPLNG 0.74328 -0.32471
TKFAMLY 0.70419 0.20651
BTHROTHR| 0.68063 0.46844
PRIVACY 0.66838 0.36379
DEPOTHRS 0.66731 0.25411
CHNGVEH 0.65351 0.09912
WTTIME 0.64942 0.22204
CARYLUG 0.58601 0.28619
WAITOTHR 0.53532 0.35138
COMFORT 0.06639 0.84432
CLEANVEH 0.28504 0.75357
CONV 0.43012 0.69411
VARITT -0.01296 0.68521
FEELTIRD -0.16178 0.65472
ARRONTM 0.29642 0.59139
RELAX -0.15981 0.58836
RELIBLTY 0.36073 0.57513
ADVCRWD 0.48629 0.53201
EFRTSTRT 0.23621 0.43218
EFWTHRCN 0.03582 0.01830
EFWTHRTT 0.00281 0.21968
VEHREPR 0.09165 0.28096
ACCDBRKD; -0.14856 0.45670

X I X X - T

.48509
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Table 4.4:
Soluticn
Variable Factor 1 Factor 2
FEELINDP 0.82671 0.31786
SITSTRG 0.80420 0.08078
LOCSTOP 0.79423 -0.34131
ALONFMLY 0.79111 0.20029
CHSTIME 0.76583 -0.11153
ACCHOME 0.76579 -0.12523
TKTOSTRG| 0.75039 0.28354
EASYDEST 0.74486 -0.04301
ADVPLNG 0.74001 0.34724
TKFAMLY 0.70780 0.23437
BTHROTHR| 0.68106 0.47911
PRIVACY 0.66978 0.38197
DEPOTHRS 0.66085 0.22769
CHNGVEH 0.64981 0.08502
WTTIME 0.64604 0.21654
CARYLUG 0.58234 0.27271
WAITOTHR 0.52973 0.33644
COMFORT 0.06176 0.83823
CLEANVEH 0.28293 0.75843
CONV 0.42778 0.69780
VARITT -0.01718 0.68470
FEELTIRD -0.16937 0.62720
ARRONTM 0.29296 0.59216
RELAX -0.16325 0.58964
RELIBLTY 0.35551 0.56604
ADVCRWD 0.48543 0.53910
EFWTHRCN 0.03301 0.03133
EFWTHRTT| -0.00138 0.22679
VEHREPR 0.08263 0.25704
EFRTSTRT 0.22400 0.37744
ACCDBRKD| -0.16016 0.41634
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Rotated Factor Pattern [or Four-Factor

Factor 3 Factor 4
-0.00299 ~-0.08215
0.08199 ~-0.11604
-0.15927 0.00222
0.08340 -0.13866
-0.21723 0.02719
-0.04227 0.08973
0.05307 -0.16084
0.05100 0.24182
-0.04368 0.23289
0.06434 -0.22564
-0.09821 ~-0.05473
0.04219 -0.12619
-0.03009 0.30109
0.04720 0.17364
0.18776 0.10367
-0.04302 0.16932
0.19882 0.19763
0.07007 -0.10916
-0.02010 0.00513
0.04379 0.02118
0.27995 0.05459
0.03518 0.29584
0.21495 0.04757
0.28004 0.02568
0.20325 0.14475
-0.00570 -0.02039
0.85887 -0.07826
0.79294 -0.01528
0.58135 0.28209
0.04693 0.56728
0.32069 0.43176




Table 4.5: Rotated
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Factor Pattern for Five-Factor Solution

Factor 4

Variable Factor 1 Factor 2 Factor 3
FEELINDP 0.82782 0.29598 0.03176
SITSTRG 0.80674 0.07238 0.09733
ALONFMLY 0.79517 0.19101 0.10241
LOCSTOP 0.78834 -0.36010 -0.13947
ACCHOME 0.76927 -0.12436 -0.09760
CHSTIME 0.76076 -0.13723 -0.19211
TKTPSTRG 0.75728 0.27660 0.06528
EASYDEST 0.74602 0.04272 -0.02544
ADVPLNG 0.73357 -0.35692 -0.08416
TKFMLY 0.70491 0.20769 0.15626
BTHROTHR| 0.68404 0.45515 -0.06921
PRIVACY 0.67626 -0.37248 0.05523
CHNGVEH 0.65695 -0.09367 -0.04301
DEPOTHRS 0.65419 -0.20418 0.01039
WTTIME 0.64796 0.21340 0.15617
CARYLUG 0.57571 -0.24336 -0.02320
WAITOTHR 0.53243 -0.33523 0.14534
COMFORT 0.07126 0.83535 0.03208
CLEANVEH 0.29634 0.75918 -0.02144
VARITT 0.00996 0.68957 0.25523
CONV 0.43466 0.68569 0.03735
FEELTIRD -0.16228 0.63222 -0.04841
ARRONTM 0.31109 0.61637 0.11326
RELAX .1 -0.15334 0.60487 0.23828
RELIBLTY. 0.37138 0.58706 0.08999
AVDCRWD 0.48197 0.50645 0.05947
EFWTHRCN 0.02908 0.05118 0.88323
EFWTHRTT 0.00445 0.24159 0.81022
VEHREPR 0.10736 0.32793 0.34032
ACCDBRKD| 0.14801 0.45604 0.24164
EFRTSTRT 0.19510 0.31424 0.11876

oL

0.13657
-0.06321
-0.08990
-0.04310

0.12908
-0.08450
-0.09887

0.22564
-0.16711
-0.26290
-0.15514
-0.10301

0.21812
-0.09928

0.10105
-0.03566
-0.16083
-0.02533
-0.00263

0.04849
-0.05513

0.18619
-0.18746

0.08530

0.23771
-0.19898

0.11647

0.11219

0.64555

0.51878
-0.00801

Factor 5

0.03067
-0.06496
-0.07069

0.01673
-0.03687

0.07420
-0.10297

0.13292

0.15731
-0.02223

0.05684
-0.05558

0.04086

0.33513

0.10132

0.26604

0.17190

0.13697

0.00926

0.09779

0.09521

0.22368
-0.06804

0.01879

0.01463

0.17321

0.01697

0.08780
-0.10224

0.18662

0.81607
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COMFORT &
PRIVACY & CONVENIENCE RELIABILITY
FEELINDP TKFMLY COMFORT  VEHREFR
ALONEFMLY PRIVACY VARITT EFRTSTRT
SITSTRG ADVPLNG RELAX EFWTHRCN
TKTOSTRG DEPOTHRS FEEKTRD
CHSTIME WTTMME ACCDBRKD
LOCSTOP(X) CHNGVEH CONV(X)
ACCHOME CARYLUG ARRONTM
BTHROTHR WAITOTHR RELIBLTY(X)
EASYDEST AVDCRWD(X) EFWTHRTT
‘L |
¥ N
PRIVACY & COMFORT
CONVENIENCE RELIABILITY
COMFORT
CLEANVEH EFWTHRCN
CONV AVOIDCRWD(X) EFWTHRTT
(SAME ITEMS) VARITT EFRTSTRT VEHREPR
FEELTRD ACCDBRKD(X) ACCDBRKD(X)
ARRONTM
RELAX
l RELIABILITY i
PRIVACY & COMFORT ? RELIABILITY
CONVENIENCE
EFWTHRCN
(SAME ITEMS) (ALL EXCEPT EFRTSTRT EFWTHRTT
EFRTSTRT) ACCDBRKD(X) VEHREPR
Y K
CONVENIENCE PRIVACY
EASYDEST TKEMLY
ADVPLNG my | e—e oo
LOCSTOP PRVACY | OTHER FACTORS
ACCHOME  FEELOMD(X) :Cg’ég\-,\(m
CHSTIME BTHOTHER(X) FEELINDP(X)
SITSTRG
TKTOSTRG BTHROTHR(X)
DEPOTHER

Figure 4.1 Summary of Factor Analysis Results
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The results of factor analysis which are summarized in
Figure 4.1, revealed that items related to convenience and privacy
are loaded in the first factor. The items included in this factor
remain in it until the 10-factor solution, where privacy items are
separated from convenience items and form a separate factor. The
second factor in the two factor solution contains items related to
comfort and reliability. It should be noted that items having

double loadings in two factors are indicated by (X).

In the three-factor solution, comfort and reliability items
are separated from each other and form separate factors. All fac-

tors at this stage are interpretable.

In the four-factor solution, factor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>