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Objective. In developing countries, motorcycle use has grown in popularity in the past decades. Commensurate with this
growth is the increase in death and casualties among motorcyclists in these countries. One of the strategic programs to
minimize this problem is to reduce motorcyclists exposure by shifting them into safer modes of transport. This study aims to
explore the differences in the characteristics of bus and motorcycle users. It identifies the factors contributing to their choice
of transport mode and estimates the probability that motorcyclists might a change their travel mode to a safer alternative
namely, bus travel.

Methods. In this article, a survey of 535 motorcycle and bus users was conducted in seven districts of Selangor state,

Malaysia. A binary logit model was developed for the two alternative modes, bus and motorcycle.
Results. It was found that travel time, travel cost, gender, age and income level are significant in influencing motorcyclists’
mode choice behavior. The probability of motorcycle riders shifting to public transport was also examined based on a scenario

of a reduction in bus travel time and travel cost.

Conclusions. Reduction of total travel time for the bus mode emerges as the most important element in a program aimed
at attracting motorcyclists towards public transport and away from the motorcycle mode.

Keywords

The motorcycle is an essential form of transportation
throughout much of Asia. There is exponential growth in
motorcycle use in Malaysia, China, Vietnam, and other Asian
countries as a result of emerging economies, increased urban-
ization, the development of infrastructure, and personal wealth.
With the exception of Brunei and Singapore, the proportion of
two- wheeled vehicles to other vehicles in the ASEAN member
countries varies from 36.9% to 94.4% (see Table I). As a result,
motorcyclists form the highest portion of road injury casualties
in these countries. Figure 1 shows the linear relationship between
the percentage of motorcycle fatalities against the proportion of
registered motorcycles in selected countries. This situation will
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likely deteriorate even further unless urgent and effective actions
are taken targeting motorcyclists.

In Malaysia, the motorcycle population has increased from
1,929,978 in 1987 to 5,859,195 in 2002. As one might expect,
motorcycle crashes have also increased during the period from
25,074 in 1987 to 86,834 in 2002 (PDRM, 2003). The increas-
ing number of motorcyclists involved in crashes and the as-
sociated injury has prompted the government of Malaysia to
undertake various measures to address the problem. One of the
most important measures was the implementation of the Mo-
torcycle Safety Program (MSP) in 1997 (Radin et al., 1998).
The program targeted crash prevention, exposure control, be-
havior modification, injury control, and post injury control for
motorcyclists as well as non-motorcyclists. The current article
is a part of the research that has focused on exposure control ini-
tiatives. These initiatives focused on shifting motorcycle users
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Table I The proportion of two- wheeled vehicles to other vehicles

Country Vehicle Motorcycles % Motorcycles
Brunei 244,727 6855 3.0
Singapore 711,043 134,767 19.0
Myanmar 467,350 172,568 36.9
Philippines 4,292,000 1,617,000 37.7
Malaysia 12,868,930 5,859,195 482
Thailand 25,100,000 17,800,000 70.9
Indonesia 24,994,890 18,800,000 75.2
Cambodia 447,428 336,502 75.2
Laos 278,384 223,088 80.1
Vietnam 12,054,000 11,379,000 94.4

Source: Melhuish (2002).

to safer modes of transport in order to reduce casualties among
motorcyclists. Based on the assumption that bus and motorcycle
users are likely to fall into the same income group, the bus was
selected as an alternative (and safer) mode of transport.

To date, research efforts have focused primarily on motor-
cycle safety issues rather than their choice as a transport mode
and the potential to modify their exposure. As such, factors in-
fluencing motorcycle use and their behaviour in relation to their
modal choice has not been empirically identified. This research
bridges the gap so that appropriate exposure control policies
could be implemented. The study explores the differences in the
characteristics of bus and motorcycle use, specifically in testing
the hypotheses as to whether motorcycles have outperformed
buses in relation to key characteristics especially travel times
and costs. A binary logit model was used to identify factors that
are significant in determining the choice of transport and to pre-
dict the probability of a change in bus ridership with respect to
various travel times and cost.

METHODOLOGY

A cross-sectional survey among bus and motorcycle users in
Selangor state, Malaysia, was conducted in order to determine
the characteristics that underlie a consumers choice of transport
mode. Selangor state was chosen for the study as it has the high-
est number of motorcycle crashes in Malaysia. A total of 535
randomly self-administered household questionnaires were ad-
ministered over a period of 6 months from (June to December
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Figure 1 Proportion of registered motorcycle against motorcycle fatality in
selected countries.

2003). Respondents were randomly selected based on a strati-
fied sampling approach of households in order to achieve a rep-
resentative sample reflecting demographic and socio-economic
profiles. Among the data collected were, a) demographic de-
tails, such as income, age, gender, and educational level, b) trip
characteristics, and c) travel behavior of each transport mode
user. The questions addressed to bus users included informa-
tion on transport mode attributes such as current travel mode
available to the respondent, total travel time (including walking,
waiting, and transfer), cost, accessibility and the purpose of the
most recent trip. Other details such as vehicle ownership in the
household were also collected in the survey. The questionnaire
was pre-tested and the response rate was 90%.

Respondents were also asked to rate specific statements re-
lated to their attitudes to certain travel modes and their prefer-
ences. Respondents who traveled by motorcycle were also asked
their perception and opinions towards various aspects of public
transport such as travel cost, trip time, risk, convenience, and
comfort. As well, they were asked whether they would consider
shifting to the bus mode of travel. A five-point Likert-scale with
rankings from “strongly disagree” to “strongly agree” were used
to indicate the level of agreement with the various statements.
For simplicity, these statements were further classified into three
major categories, Disagree, Neither Agree nor Disagree (NAD),
and Agree.

A binary logit model was developed for two alternatives
namely, bus and motorcycles, with the aim of comparing the
utility of these travel modes and to identify the factors that
would influence motorcyclists to move from traveling by mo-
torcycle to choosing the bus alternative. In this model, the de-
pendent variable was “1” if the commuters’ traveled by bus and
“0” for motorcycle use. The explanatory variables were: age,
gender, income, travel time and travel cost. Some of the ex-
planatory variables such as age, income per month and gender
were categorized. For instance, the income was categorized as;
<RM 500, RM 501-1000, RM 1001-1500, RM 1501-2000,
RM 2001-2500, >3001 (1USD  RM3.8) while gender was
categorized as 0 for male and 1 for female. Age was also catego-
rized as: 16-20, 21-25,26-30, 31-35,36-40, 41-45, 46-50, and
>51.

RESULTS

Highlighted in Table II are the descriptive attributes of the
sample. Of the respondents, 68% were male and the average
income varied between the bus users (RM 750) and motorcyclists
(Ringgit Malaysia- RM 500) (1USD  RM 3.8). The average
total travel time on trips to work or school was 52 minutes for
bus users and 20 minutes for motorcycle users and the average
weekly travel cost for bus users was RM 18 while weekly travel
cost for motorcyclists was RM 11.

A comparison of average travel time and travel cost across the
modes highlighted that the motorcycle had the lowest average
travel time; it also had a substantially lower travel cost than
the bus mode. In terms of travel cost on average, motorcycles
were the least expensive mode of travel. These values would
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Table Il Characteristic of commuters Table lll  Factors that encourage the use of the motorcycle or motorcycle
Commuter attributes ~ Motorcyclist ~ Bus Total Percentage popularity
Gender distribution No. Statements Disagree  NAD Agree
Male 290 75 365 68 1 Itischeap to own 18.0 18.6 63.4
Female 60 110 170 32 2 Itreduces travel time during trafbc congestion 8.6 6.6 84.8
Age (Years) 3 ltiseconomically to maintain (cost savings) 6.9 9.4 837
1820 100 93 193 36 4 ltiseasier to maneuver 24.8 226 52.6
21D25 124 58 182 34
26D30 a1 10 51 95 NAD = neither agree nor disagree.
31D35 27 5 32 6.0
36D40 12 13 25 4.7
41D45 17 2 19 35 travel was that it reduced travel time during trafbc congestion
165?50 1170 42 2112 42(-)2 while 83.7% and 63.4% considered it economical to maintain
Education and cheap to own. 165
Non graduate 271 141 412 77
Graduate 77 123 123 23 Factors Discouraging Motorcyclists from Using
Average bus riderOs income RM 750 Public Transport
Average Motorcyclists income RM 500 The most signibcant factor discouraging motorcyclists from us-
Average weekly travel cost (motorcycle) RM 11 ing the bus was that the Odesired route was not covered by public
Average weekly travel cost (bus) RM 18 transportO (see Table IV). This statement received an averpge
Average travel time for work trips (motorcycle 20 minutes . L . .
Average travel time for work trips (bus) 52 minutes rating of 63.7%. Other factors signibcant to motorcyclists in-

cluded Othe bus takes too long to reach a destinationO (60.9%)
and Ovehicles are overcrowdedO (60.0%).

lead one to expect travel time and travel cost to be signibcanlz lihood of M lists Switchi Publi
factors in the choice of travel mode for motorcyclists. The mo&ée' ood of Motorcyclists Switching to Public

choice distribution is based on the most frequently used mod@"SPort (Bus) . 175
for the commuter to and from work. About 65% of commuterdnProved frequency and reduced fares were considered to be the

are motorcyclists while 35% are bus users. passenger transport options that would encourage motorcyclists
to shift modes. There was signibcant support for improving pas-

Alternative Mode of Transport for Motorcyclist senggrtransport services as a means of redU(_:ing motorcycle use.
cﬁs evident from Table V, the factor of most signibcance in gag

Findings from the study indicated that approximately 40% . . . :
. . quraging motorcyclists to switch to public transport was the
motorcyclists have access to a car as an alternative mode wiiile

0, i i -
27% use bus or light rail (LRT)(8.6%) as alternate transpo pw fare (75.1%). Other factors of importance included the re

about 24% have no alternative mode of transport. Therefore, ﬁg)'“ty of public transport (arriving on time) (70.8%), whether

0, I 0,
possibility of a modal shift from motorcycles to public transport Zyv\évﬁiﬁgev?gsa;fz(’)\?vré%rét(rgxe;;r;es (66.3%) and whether
(bus) and private car is not impossible. ~270): 185

Alternative Mode of Transport for Bus Users MODAL CHOICE MODEL

Respondents who were bus users were asked about their famll=I'he estimated coefbcients for travel time and travel cost for

Y8e bus mode (see Table VI) are negative, implying that an in-

0 .
Of the 187 bus users, 49% of them had no alternative mo fease in travel time and travel cost for the bus mode is likely to

of transport other than the bus, 13% used the motorcycle as;al, . . : .
; i increase the probability of a motorcyclist to continue choos
alternative mode of transport, while 27% used the caras a s b y y 1%

fife motorcycle as the preferred transport mode. The likelihood
o .
;gﬂzLyO:?Ode' Only 11% used the LRT as a secondary mOdeo? hifting motorcyclists to buses are likely if reductions in travel

time and cost could be achieved.

Factors Contributing to Motorcycle Popularity . . . . .
.. . . . . Table IV Factors discouraging motorcyclists from using public transport.
The study elicited specibc questions in order to explain factars

that contributed to motorcycle use as opposed to bus use. Tuwgber Statements Disagree NAD Agree
k_ey factors addre_ssed were: a) affordablllty,_ b) reduced travel Desired route not covered by public transport 22.3 14.0 63.7
time, c) cost savings, and d) maneuverability (see Table I1B. Takes too long to reach destination 23.1 16.0 60.9
The main incentives motivating the use of the motorcycle wesge Infrequent public transport services 252  19.7 55.1
that it reduced travel time during trafbc congestion, it offereti Unreliable services 34.6 229 425

Vehicles are too crowded 23.1 16.9 60.0

cost savings and itis affordable. About 84.8% of the respondeﬁte
agreed that the reason for choosing the motorcycle as a mod@#b = neither agree nor disagree.
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Table V  Likelihood of motorcyclists switching to public transport (bus)

Number Statements Disagree NAD Agree
1 Bus arrive on scheduled 14.8 14.4 70.8
2 Fare is low 10.6 14.3 75.1

3 Vehicles are not too crowded 20.0 15.7 64.3
4 Vehicles are clean 15.7 14.6 69.7
5 Short travel time 18.0 15.7 66.3
NAD neither agree nor disagree.

In the model, demographic variables such as age, income,
and gender were found to significantly explain mode choice be-
havior. For the gender factor, the model estimation suggests that
if the gender is female the preference would be for bus use rather
than motorcycle. The odds ratio increases by approximately six
times for females compared with males. For age, older people
are more likely to use the bus as opposed to motorcycle. The odds
ratio increases about three times for older people compared with
the younger commuters. The models explanatory power, the two
R-Square values indicate the model’s strong explanatory power.
The factors included in the model account for 74% of the vari-
ation for the Negelkerke, while Cox & Snellt can explain 54%.
Classification matrices were calculated to assess whether the
model fits the data and it was found that the model correctly
classified about 93.7% of motorcycle cases and about 82% of
the bus mode cases. The overall accuracy of the prediction model
was 89.7%.

The mode share probabilities categorized by various levels of
travel time and travel cost are shown in Figure 2. Mode choice
probabilities ranged from 65% likelihood of motorcycle use with
current bus total travel time and current weekly travel costs
(52 minutes and RM  18) to 1% likelihood of motorcycle
use with a reduction in weekly bus total travel cost and travel
time (5 minute, RM  9). At the same time, the probability of
bus ridership increased from 35% with current bus total travel
time and weekly travel cost of (52 minute, RM 18) to 99% of
likelihood with a RM 9 and 5 minute reduction in weekly bus
total travel cost and travel time. A 50:50 split may be achieved
when the travel cost and time are set at RM 15 per week and 35
minutes per trip for bus travel. Thus, by promoting the appro-
priate policy, in relation to travel time and cost, one could pro-
vide opportunities for mode shifts among motorcyclists which
in return, will reduce their exposures and therefore, the risk of
injury.

Table VI  Estimation results for binary mode choice model

Constants Coefficients S.E. Sig. Odd ratio
Age 1.075 0.334 0.001 2.93
Gender 1.921 0.342 0.000 6.8
Travel time 0.158 0.017 0.000 0.854
Travel cost 0.047 0.021 0.000 0.954
Income 0.817 0.353 0.000 0.442
Constant 4.215 0.779 0.000

( 2)log likelihood 280.158

Figure 2 Effect of bus weekly travel cost and travel time reduction on mo-
torcyclist mode choice probability.

DISCUSSION

One of the most important uses of mode choice models is the
ability to predict the effects of policy measures on consumers.
In order to promote greater use of public transport, this study
examined the effect on motorcycle use if total bus travel time and
travel costs were reduced. This was understood by solving the
binomial logit equation for probability using several options of
travel time and cost scenarios. The results suggest that travel time
and travel cost are characteristics that determine why motorcycle
use is a favored modal choice. This finding concurs with the
findings by Litman (1999) who studied user operating costs for
a range of transport modes in North America. It was found that
motorcycles cost their owners less in terms of out- of- pocket
cost and travel time than public transport.

To promote greater use of public transport and less depen-
dence on motorcycles, an efficient public transport system is
clearly needed. Higher capacity transit systems, use of bus lanes,
bus gates, and ITS systems are among initiatives that could be
implemented to improve the public transport system. The use
of traffic restraint policies such as Area Licensing in Singapore
(Geok, 1981) or London Road Pricing (Litman, 2005) could fur-
ther enhance a policy that promotes public transport; a policy that
is moving towards a more sustainable transport system compared
with total dependence on private vehicles. Similar approaches
have been reported, in Curitiba, Brazil, where improvements in
the public transport system, through the use of a Rapid Transit
System, attracted 28% of commuters who had previously trav-
eled by car (Smith et al., 1998). This resulted in about 70% of
commuters using the bus system daily. Borrowing from Brazil’s
experience, this study suggests that improved public transport
which is fast, reliable, and convenient will attract a significant
number of motorcyclists to use the bus system for their daily trip.

In light of the above discussions, some reflection is necessary
in relation to the modal split model for developing and newly
developed countries. Although the tendency is more towards
shifting to private cars, this has proven unsustainable, long-term,
in the developed countries. (REF) As such, promoting a shift
from motorcycling to an efficient public transport system would
be advocated as a model in a sustainable transport policy in
highly motorcycled countries such as Malaysia. Although, in the
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short-term, the introduction of a comprehensive public transport
system will require government infrastructure funding, such a
system is sustainable and will result in higher road crash cost
saving. Developing countries should not repeat the mistakes of
earlier industrialized countries.
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