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CHAPTER |

INTRODUCTION

1.1 Introduction

The fast growing population and urba  n developm ent of Phnom Penh has
recently cau sed several traffic prob lems. Fi rst, the num ber of vehicles circulating
through the city and daily trips has been increasing due to an increase in urban
population. Secondly, the capacity of road ne twork in both urban and suburban areas,
including national roads, cannot suppor  t the growing traffic dem  and, and the
pavement status is generally in poor ¢ onditions. In addition , many motorists do not
respect traffic rules; some even do not unde rstand the traffic signs. To exacerbate the
problem, there is a lack of traffic signals = at som e locations. Currently, there is no
proper public transportation in the cit ~ y. Only m otorcycle-taxis (motodups) and
tricycles (cyclos) are available. Motodups are used by non-commuters for tem porary
or urgent use only, while cy clos are typically used to transport goods for a short

distance. Bus service is only available for inter-city travel.

One of the reasons for the increase in traffic congestion is that there is no proper
public transportation mode. A lack of prope r public transportation can potentially cut
down the number of trips, resulting in a negative i mpact to the economics and society
development. In such a situ™ ation, it is hoped th ‘at the introduction of intra-city bus
service will be beneficial and helpi  mprove the current traffic and transportation
system in Phnom Penh. Therefore, there is a need to-.conduct a transportation planning

research study in order to elucidate the passengers’ behavior towards the system.

1.2 Problem Statement

Inadequate transport facilities and m anagement system best describe the current
situation of transportation system in Phnom Penh. Traffic signals, signs and pavement

marking are not sufficient, and the pavem ent conditions of m ost road network are



poor. Currently, m ost of urban public tran sport relies on the m otodup, which is the
only public transport mode available. Howe ver, the m otodup is considered unsafe,

uncomfortable, inefficient, and is probably a major cause of traffic congestion.

According to a previous study conduc ted by JICA in 2001, the intra-city bus
service was recomm ended, and traf fic dem and for the bus service was found to be
sufficient for providing the service (J| ICA, 2001). Based on the study, the public
transport system has been proposed based on the future urban size (population and
area), income level, and public transport de mand in Phnom Penh. It is expected that
the intra-city bus system will be one of th e most appropriate public transport sys tems

for the Phnom Penh Metropolitan Area in the future.

One of the m ajor issues in bus ser vice planning is to inve stigate passengers’
demand. For example, a reasonable fare s hould be introduced to suit the passengers’
low standard of living. Contrarily, if people do not mind a long elapse time of waiting
for a bus, the bus headway can be adjusted. In this sense, it is necessary to understand
passengers’ trade-offs on bus service attr ~ ibutes such as bus fare, bus headway,

walking distance from home to a bus stop/bus stop to a destination and bus comfort.

1.3 Research Objectives

The study has been designed to investigate the attitudes of commuters in Phnom
Penh as a source of inform ation for decisi on makers and transportation planners to
decide the feasibility of starting a bus service in the city. Four main objectives are set

for the present study:

I. To review current traffic and transportation situations in Phnom Penh
2. To examine passengers’ likelithood of us ing bus service system in Phnom

Penh city if introduced in the future

3. To analyze users’ trad eoff between each of the bus service attribu  tes,

namely, bus fare, bus headway, walking time, and bus comfort.



1.4 Scope of the Research

The scope o f the study will be lim ited to potential passengers in Phnom Penh,
the capital city of Cam bodia. A stated pref erence survey will be em ployed. A set of
bus service scenario generated from or thogonal design will be presented during the
survey. Target subjects will be car users, motodup users, motorcyclists, bicyclists and
pedestrians, who are traveling or stopping by in the survey areas. The survey

interview will take place in several business areas in Phnom Penh.

1.5 Expected Benefits

Upon the completion of the study, the following benefits are expected:

1. Passengers’ behaviors will be r evealed in such trad e-off between all

attributes by a utility function

2. Research results will sh ed some light on intra -city bus service planning in

terms of its service, demand and fare

3. The analysis results can be addition ally used f or future research and stu dy
on transportation planning in order to establish an appropriate service of an

intra-city bus system in Phnom Penh.



CHAPTER 11

LITERATURE REVIEW

2.1 Introduction

Phnom Penh, the capital city of Cambodia, stands right at the intersection of the
four rivers, nam ely, ups tream Mekong, T onle Sab, Tonle Bassac, and downstream
Mekong. W ith this favorable location, Ph ~ nom Penh is the center of tourism,
commerce, industry and communication of  the country. The four rivers provide
potential freshwater an d river eco system as important resour ces for sustainable
environment condition, beauty of nature a nd prosperous culture for people of Phnom
Penh from the past to the present tim e (M PP, 2004). Furtherm ore, waterway is also
available, especially during raining season from June to Novem ber every year. Tonle
Sab can be used efficiently in raining s eason as a waterway between Phnom Penh and

Siem Reap, where Angkor Wat is located.

The capital city and its suburb cover 375 square kilom eters, consisting of
11,401 hectares of rice-field, and 26,106 hectar es of roads, wetla nd, resettlement and
lakes (MPP, 2004). The agriculture land of about 34.685 square kilom eters is located

in three suburban areas, namely, Dangkoar, Mean Chey and Reussey Keo communes.

The total population of Cambodia amounts to 14 million in 2007 with a growth
rate of 1.78%. W -ithits la nd area of 181,035 square kilometers, the density of 77
persons per square kilom eter is quite low (126 persons per square kilom eter for
Thailand). The population-in the city of Phnom Penh a mounts to 2 million, which is

14.3% of the total population.

2.1.1 Road Network
Road network can be considered a ba sic infrastructure supporting a transport
system. The road network in Phnom Penh is generally divided into two categories, the

urban and suburban road networks.



1. Urban Road Network

Phnom Penh has a well-planned urba  n road network; however, pavem  ent
conditions of m ost urban roads are very  poor, particularly for collectors and local
streets. As a resu It, vehicles tend to detour to a rterial streets, usually causing traffic
congestion. Some sections of the collectors and local st reets are som etimes flooded

and cannot be used during rainy season.

2. Suburban Road Network

The majority of municipal roads ar e in very poor conditions with insu fficient
width and unpaved rough surface. Som e br idges on these roads are severely
deteriorated and are not convenient for passenger cars and small trucks. There are also
some missing links on the arterial road netw ork such as the outer ring roads. Due to
such problems, the suburban road network is not functioning properly, causing traffic

congestion and a lack of proper transport services to many remote villages.

Consequently, both urban and suburban road networks are not only im posing
inconveniences to the citizens in their daily activities but also expected to be unable to
support the growing traffic in the metropolitan area of Phnom Penh. It is expected that
there will be severe traffic congestion m ainly on urban streets and some sections of
national roads immediately outside of the urbanized area in the target year of 2015, if

no measures are to be taken (MPWT, 2005).

2.1.2 Characteristics of Public Transport

There are m ainly eight m odes of public transportation curre ntly operating in
Phnom Penh, as shown in Table 2.1. Interes tingly, taxi and bus service, which are
common public transpo rt modes in urban areas , are not av- ailable in th e city ex cept
airport taxis painted yellow and white servi ng only passengers at th e airport. In terms
of inter-city transportation, bus es and taxi-buses (van, pi ck-up and sedan) typically
provide inter-city service. Buses are m ore convenient because they are operated
throughout the time schedule with fixed departu re times, while taxi-buses will depart

only when passengers are fully loaded and most often are over loaded.



Table 2.1 Public Transport Modes in Phnom Penh (JICA, 2001)

. Responsible Type of No. of
No. M ode Operation . . No. of Fleet
Agency Service Terminals
State . Phnom Penh
] . International/ .
1 Air transport N/A Secretariat of ) International N/A
. . Inter-city .
Civil Aviation Airport
Royal
) . Royal . . 29
Railway Railways . . 3 stations in .
2 Railways of Inter-city locomotives
transport of . Phnom Penh
. Cambodia 239 wagons
Cambodia
Department of
Inland 6 jetties for 7
. , Waterway ] ferry routes
River Private Inter-city/ .
3 Transport/ . (3 for intra- 7 boats
transport Sector Intra-city .
Department of city and 4 for
Water inter-city)
Transport
4 Bus 5 Private 4 N terminals 50
Minist nter-ci
Taxi-bus Sector 11?15 ryo Y 6 terminals 2,660
- Public Works
5 Tgxi 82
and Transport/
6 M otodup / 6098
Private Department of ) . Terminal
tra-cit
7¢ yelo Sector Public Works L DA ermimna 1203
Motorumok/
8 and Transport 227
Cyclerumok

in the city, are only para-transit. B ecause of its high level of service in term

frequency and door-to-door service, m otodups are probably regarded as the m

Motodups, motorumoks and cyclos, wh ich are common public transport m odes

s of

ost

popular public m ode of transportin P - hnom Penh. The motorum ok, a m otorcycle
attached with a cart, are usually used in "suburban areas, mainly by factory workers to
commute to/from work and by farmers to transport their agricultural goods to the city.
The cyclos, which are trad ' itional 3 -wheel bicy cles, ar e es pecially use d by people

leaving from the m arket with heav y stuffs. Due to the ir low speed and labor-b ased,
cyclos are not popular nowadays. The number of cyclos has decreased from 10,000 in

1980’s to just 1,200 in recent years (JICA, 2001).



In terms of rail transportation, the Royal Railways of Cambodia operates a 6507-
kilometers railway network comprising two lin es from Phnom Penh towards th e sea
port and an other commercial area in the west ern province. For water transportation,
the River transport operates over a total length of about 1,400 kilom eters in rainy
season and less than 650 kilom eters in su mmer. As for air transportation, the air
transport network comprises 9 international routes and 7 domestic routes, centered at
Phnom Penh International Airport which is served by 19 a irlines. The total annual
number of air passengers was approx imately 1,300,000 in 2006 (Airport of Phnom

Penh, 2006).

Table 2.2 Operational Characteristics of Para-transit in Phnom Penh (JICA, 2000)

Motodup Cyclo | Motorumok
Average Working Hours per Day (hour) 9 9.2 8.3
Average No. of Trips per Day (trip) 9.5 8.7 5.2
Average No. of Pax per Trip (person) 1.4 1.6 7
Average Fare per Pax per Trip (Riel) 808 755 945
Average Trip Length (kilometers) 4.1 1.8 20.1

Table 2.2 presents the operational aver age trip length of 4.1 kilom eters for
motodup, 1.8 kilom eters for cyclo and 20.1 k ilometers for motorum ok. The average
number of daily trips is 9.5 for mot ~ odup, 8.7 for cyclo and 5.2 form  otorumok.
Besides, the average fare per passenger pe r trip is around 800 and 900 Riel for these

modes.

Table 2.3 Vehicle Statistics in Phnom Penh (CIPS, 2004)

Vehicles/Year 1998 2000 2002 2004

Cars, minibuses and pickups | 144,830 | 151,090 | 162,997 | 185,420
Bus 2,387 2,483 2,736 3,045
Trucks 18,781 | 25,876 | 27,830 | 30,448
Other vehicles 317 371 421 440
Motorcycles 361,441 | 426,571 | 487,217 | 537,772
Total vehicles 527,756 | 606,391 | 681,201 | 757,125
% increase per year - 7.45% | 6.17% | 5.57%
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Table 2.3 shows vehicle statistics in  Phnom Penh. It can be observed that the

number of vehicles has been increasing from year to year. The majority of vehicles in
the city are motorcycles, which is am ounted to 537,772 in the year 2004. According
to a previous survey (CIPS, 2004), not all of the vehicles were registered. In fact, it

was found that nearly half of the m otorized vehicles were not registered. From Tables
2.3 and 2.4, the num ber of total registered vehicles throughout the country does not

even am ount to the total vehicles in Phnom Penh alone. Due to the governm ent’s
strict regulation, many vehicles are now registered so that in case of loss, there m ight

be more possibility to find and retrieve them back.

Table 2.4 Vehicle Registration Statistics of Cambodia (ADB, 2002)

Registered Motorcycles 336,502
Registered Cars 64,805
Registered Buses 1,331
Registered Light Commercial Vehicles | 28,746
Registered Trucks 15,321
Registered Other Vehicles 723
Total Registered Vehicles 447,428

Figure 2.1 shows a variety of public transportation in Phnom Penh. Three-wheel
rumok in figure (a) is recently seen operating in the city and is popu lar for tourists
since no tax i service is available. T he cyclo in figure (b) is tricycle, which is m ostly
used by passengers with belongings. The m otorumok in figure (c) usually operates in
suburban area and is popular for factory work ers for its fair price. The pick-up in
figure (d) transports passengers from city to other provinces sim ilarly to the taxi-bus
in figure (f) but with lower price. In 2001, both inter-city buses in figure (e) and taxi -
buses were prohibited from entering the city; however, re cently they can enter th e
downtown area. The motodup in figure (g) is the most popular public transport mode
in Phnom Penh becau se tax i in figure (h ) is available only from t he airpo rt to

downtown.



(c) Motorumok (d) Pick-up

(g) Motorcycle-taxi (motodup)

Figure 2.1 Varieties of Public Transport Modes in Phnom Penh
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2.1.3 Level of Services

Table 2.5 shows the average travel speed over the entire sections of the m ajor
roads in Phnom Penh. The average travel speeds of the major arterial roads are clearly
within the lowest acceptable range (LOS D). However, the Highway Capacity Manual
defines “L OS D” as the situatio n wher e “s mall increase in flow m  ay cause a
substantial increase in delay and hence decr ease in speed”. Therefore, even a sm all
increase in traffic volum e on these roads wi 1l lead to severe tr affic congestion. In
addition, travel speeds of those sections w  ith LOS C are close to that of LOS D.
Based on these facts, the traffic condition on  the urban arterial roads is approaching

an unacceptable level.

Table 2.5 Travel Speed and Level of Service on Arterial Streets (JICA, 2001)

4 AM peak Noon PM peak Average
Street Name Direction
Km/h 1LOS Km/h | LOS | Km/h | LOS | Km/h | LOS
France/ N-bound 21.3Q 28.2 C 24.8 C 26.3 C
Norodom S-bound | 22.3 Q 29.0C 207 | D | 254 C
N-bound 19 .9 D 26.2 C 20.6 D 23.3 C
w Monivong
% S-bound 22.4 Q 26.3 20.7 D 23.8 C
—
= Charles de NE-bound 14 .1 D 20.4 C 16.4 D 17.4 D
E Gaulle/ SW-
. 18.9 D 17.5D 17.2 D 18.0 D
Monireth bound
Confederation E-bound 27.6 B 39.1 B 26.7 C 31.9
delaRussie | Ww.pound | 27.8 B 372 B 258 | ¢ |30 B
S/E-
: 18:7.Q 219 d 204 D 20.5 C
Inner ring bound
road W/N-
18.7 G 21.1Q 19.4 D 20.1 C
bound
» | Kim Il Sung S/E/N-
9 20.6 G 29.8 21.9 C 24.9 C
< /Mao Tse bound
2 Tung/ S/W/N-
&, . 21.5Q 27.4Q 20.0 D 24.3 C
Sisowath bound
S/E-
Jawaharlal 14.6 G 24.2 Q 18.3 D 21.0 C
bound
Nehru/
. W/N-
Sihanouk 18.5C 24.0 0 16.6 D 20.6 C
bound
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In conclusion, transportation system in Phnom Penh indicates poor management

and lack of facilities. With levels of service of D and E in general, m ost vehicles can
go at relatively low speed. The m ain reason is that the pavem ent of most roads is in
poor condition. In addition, a variety of vehi cles circulating on the road and a large

number of motorcycles make the traffic congestion worse.

Currently, most of the public transpor tations rely on m otodups which are the
only public transportation mode in the city. Providing door to door service, motodups
are very po pular; however, they are consider ed unsafe. In this sense, a m ass public
transportation is needed. Therefore, it is hop ed that an in tra-city bus sys tem will be
the most appropriate mode of public transportation to help facilitate the traffic flow in

the city and provide a safe and comfortable mode of public transport.

2.2 Previous Studies on Bus Service in Phnom Penh

In cooperation with the municipality of Phnom Penh, JICA implemented a one-
month period of intra-city bus service in 2001 as an experiment. The purposes of the
experiment were to identify potential and effects of bus servi ces in Phnom Penh, to
collect data for estimating the demand for bus services, to find out the problem s to be
solved for smooth operation of bus services in the city, an d to help the citizens of

Phnom Penh understand the merits of the bus system (JICA, 2001).

The accumulative total number of bus passengers reached 103,239 during th e
experimental period. The operation consisted of two bus lines, a straight line running
through the city downtown areas from  north to south, and a circle line crossing
several business areas (see Figure 2.2). A 23-bus fleet w as operated em ploying 88
staffs. According to the experim ent, the average daily trip leng th per bus was
approximately 95 kilom eters and the av erage fuel consum ption per bus was 4.5
kilometers/liter. The actual average travel speed was higher than the estim ated figure,
as shown in Table 2.6. The outline of the JICA ’s experiment of city bus operation i s

presented in Table 2.7.
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Phnom Penh City Shuttle-PPCS
Line 1 (Along Monivong Blvd.)

Line 2 Clockwise One-way Operation -
(Sihanouk-Nerhu-Kampuchea Krom-Norodom)

Bus Fare: 800 Riels Flat

"-._____1-_

F

=

Figure 2.2 Bus Route for JICA’s Experiment (JICA, 2001)
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Table 2.6 Bus Travel Speed (in kilometer per hour) (JICA, 2001)

) Estimated Actual )
Lines Pgak/Off-peak ] ) ] Difference
(Before experiment) | (During experiment)
. Peak 10.3 13.4 3.1
Line 1
Off-peak 11.8 14.4 2.6
) Peak 10.8 11.7 0.9
Line 2
Off-peak 12.5 14.5 2.0

Note: Bus travel speed at peak period is the average speed between 6:30-8:30 and 16:30-18:30

Bus travel speed at off-peak period is the average speed from 8:30-16:30

Table 2.7 Outline of Bus Operation Experiment (JICA, 2001)

a. Bus route

Radial route and ring route

b. Bus fleet

23 air-conditioned m inibus (29 seats) with logo sticker, front

board and designated number

c. Fare system

800 Riel flat fare

d. Operation hours

and frequency

5:30-19:30 (14 hours) every 6-10 minutes

e. Bus stop and bus
shelter

Installation of 56 bus stops and renovation of 8 shelters, a bus

stop was provided every 300-500m

f. Improvement of

the circumstances

Prohibition of motorcycles al ong bus route (along Monivong
between Sthanouk and Charles de  Gaulle), installation of bus

stop marking, prohibition of parking in front of bus stop

g. Advertisement

and others

Traffic campaign, public information by TV, radio, banner and

newspaper, distribution of posters and pamphlets

h. Bus passenger

demand forecast

500 Riel flat fare: 12,900 passengers/day
800 Riel flat fare: 4,900 passengers/day

i. Measures to help

smooth operation

Prohibition-o f 2-wheeled vehicles on a section of Monivo ng Blvd.
between Sihanouk Blvd. and Charles de Gaulle Blvd., also pavement

of St. 63 and St. 105 was improved to provide detour routes

The experim ent receiv ed widespread accep tance from passengers in Phnom

Penh, and the degree of satisfaction was also high according to the in terview survey.

However, the m ost serious problem of th e bus system was pointed out to be the
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waiting tim e of passen gers at bus stops. Th erefore, itis necess ary to m inimize

passenger inconvenience at the bus stops by giving enough infor mation of bus
operation and setting up bus shelters at tr  ansfer points and bus stops located near

traffic generation facilities such as markets and schools.

The experiment encountered some problems such as conflict between owners of
shops in front of bus turning point, slight traffic accident, rumor of a motodup drivers’
strike against the bus experim ent, and ille gal parking in the bus stop zone. Major

achievements of the JICA’s experiment were:

1. Potential of bus service s in P hnom Penh was proved by smooth operation

and large number of passengers.
2. Sufficient data were collected to estimate passenger demand.
3. Several problems on operation were identified and solved.

4. Bus services were well known and supported by the citizens.

The average daily passengers of the experim ent were 3,441, with 4,687
passengers for the flat fare of 500 Riel and 2,738 passengers when the flat fare was set
at 800 Riel. It was forecasted that in the year 2005, the bus passenger dem and would
be increased to 17,714 (five times the number of passengers of the experiment) for the
operation of four bus lines with the same operating conditions as in the experiment. In
addition, if the fare was reduced by 10%  (by issuing coupon ticket and decreasing
access time) the daily p ‘assenger dem and w ould be up to 2 *3,534. The forecast was

based on the forecasted origin/destination of 2005.

2.3 Other Studies on Bus Services

2.3.1 Quality of Bus Service

Several aspects of bus s ervice planning, namely, the bus quality of service and
user’s perceptions have been studied in literature. For instance, Sam ir (2001) looked

into the lev el of service quality in b us service operation in Dhaka, Bangladesh. Th e
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objective of the study was to define the m easure of effectiveness index over several

performance m easures, namely, travel tim e, waiting time, load factor, regularity of
service, and com fort. The m easure of eff ectiveness index consisted of six service
levels from A through F, and was developed using analytic hierarchy process (AHP).
Result found that the m easure of effectiveness index of travel time was LOS D or
LOS E comparing with the defi ned service categorie s due to the fact th at no sp ecial
priority on the road provided to the bus service, i.e. they had to run in the mixed mode
situation, no special lanes for them . However, the m easure of effectiveness index of
waiting time, load factor and comfort were found to be LOS A, while regularity of

service was found to be LOS C.

In Bangkok, Choocharukul (2004) investig ated the quality bus service from
passengers’ viewpoint. The objective of the study was to d evelop a quality of service
measure for passengers in Bangkok and to com pare the obtained LOS thresholds with
those outlined in the Highway Capacity Manual (HCM) and the Transit Capacity and
Quality of Service M anual (TCQSM). In the study, 195 passengers were survey ed
onboard from regular and air-conditioned bus es. Several ordered probability m odels
were developed and it was found that the LOS concept outlined in TCQSM did not fit
well for commuters in Bangkok specifically the perceived load factor ranges were

found higher than the TCQSM standard.

In Hanoi, Trinh (2005) inve stigated the existing bus system in order to examine
bus service characteristics, user ch aracteristics, and to analyze the deficiencies of bus
service. Using GIS application, the research employed a survey of 1,000 bus users and
people traveling or living along the 41 bus routes. Seve ral perform ance indicators
such as reso urce, service efficiency, and so cial effectiveness were analyzed. Results
showed that the m ain reason why peopl e did not use bus was the long walking
distance from the bus stop to the destin ation and vice versa. Acco rdingtoth e
performance indicators, most bus companie s op erated the s ervice ineffectiv ely and

inefficiently.
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In another study, Guarino (2001) recen tly looked into th e viability of

consolidating bus companies operating in Metro Manila. It was recorded that, in 1996
there were 437 active bus com panies, 19 of which provided m ore than 100 units of
buses, and 263 bus companies had less than 10 units. These com panies did not
warrant market differentiation in term s of passengers’ choice behavior because with
too many bus companies, it would cause stiff competition for more profit among them
and result in bus service in efficiency. It was found that passengers had no preference
for bus companies that offered the service; they usually caught any bus that cam e on
their way first as long as it t ook them to their destinations . Furthermore, the situation
then did not warrant the prom otion of new tr ansport policies, such as intelligent f are

collection and fare deregulation.

2.3.2 Passengers’ Attitudes and Perceptions

From litera ture review, ther e a re sever al p asts tudies on the as pect of
passengers’ attitudes. For instance Phan ikumar and Maitra (2006) conducted a study
of bus transportation system s in Kolkata, In dia. The objective was to search for
solutions to im prove bus patronage that w ould help m inimizing the usage of private
vehicles, decreasing road ~ congestion, and econom ically safeguarding the
environment. The willingness-to-pay (W  TP) values were estim  ated for various
qualitative and quantitative attr ibutes of bus service system in Kolkata. B ased on trip
purposes an d socio-eco nomic characteristics of users such as age, gender, income,
household size, and car ownership, several s tatistical models, including multinomial
logit (MNL) and random para meter log it (RP L), were employed. The W TP was
estimated separately for comm = uting a nd non-commuting trips. From  m odeling
estimates, it was found that travel tim - e was valued higher than waiting time, which
was not common in developed countries . Moreover, the W TP value for non-
commuting users was higher than that of co mmuting users for qualitative attributes;
and this was also true for the effect of  socio-economic attributes especially for the

high-income group.
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Noticeably, the perc eption of passengers on the waiting time at bus sto psis an

important issue regarding bus service planning and operation. Commonly, passengers
perceive the waiting time to be greater th an the actu al amount of waiting tim e. In
addition, people are m ore willing to wait if they know the exact am ount of ti me that
they will have to spend waiting for a bus. To confirm this belief, a study conducted by
Mishalani et al. (2006) aim ed to quantif y the relationship be tween perceived and

actual waiting times, and the value of providing real time information to passengers at
a bus stop in Columbus. The value of the eliminated additional time was also assessed
in the form of reduce vehicle hours per da y resulting from a longer head way. Results
confirmed that the perceived waiting tim e was greater than the actu al value when the
waiting tim e fell in th e rang e be tween 3 and 15 m inutes. Moreov er, the re was a
possibility that the difference between perc eived and actual wait time increased under

longer waiting time.

In another study, Sivakum ar (2006) investigated users’ attitudes towards bus
rapid transit (BRT) in Sri Lanka by means of stated preference survey. The objectives
of the study were to identify the effects of questionnaire design (m edia: images and
text), literacy of users, the trade-off betw een important variables such as com fort and
fare, and to com pare preference of existing bus and bus rapid transit. Results found
that questionnaire design in term s of image presentation was more efficient. Income
level was not a good predictor but car owne  rship was and had a correlation with
literacy. BRT was preferred comparing with the existing bus, especially car users who

are generally viewed as high income class.

2.4 _Stated Preference Analysis

Stated preference (SP) technique is rec ognized as a potential tool in consum ers’
behavior research. Under th is technique, a survey is  designed using experim ental
design to construct a series of hypothetical situations or scenarios. These scenarios are
developed from the combinations of different levels of factors (attributes) that af fect
the decision of the re spondents and are under the control of the analyst. Responses to

different situations can be achieved by aski ng respondents to either select the m ost
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desirable alternative or rank/rate each scen ario. Based on this analysis technique, a

wide range of trade-offs can be investigated in order to study th e influence of factors

on respondents’ preferences.

Ranking, rating, and choice are am ong the common techniques used in the SP
scenarios. A recent research stud y com paring the appropriateness of the abov e
techniques showed that each m  ethod has its own advantage depending on the
circumstance of the survey. The len gth and degree of difficulty of the interview, data
analysis and modeling tasks are the factors needed to be considered in using each

method (Ortuzar et al., 1994).

The SP method was first used in 1963 to value hunting in Maine (Steven, 2005).
Since then, SP valuation has b ecome very popular. A recent review of the literature
indicates that over 2,000 SP studies ha ~ ve been conducted (Carson, 2000). This
method has been applied to a wide range of real world problems such as water quality,
wilderness and wildlife preservation, air quality, h ealth care, food safety, an d
especially transportation research. As = noted by Carson (2000), m  ost m odern SP
studies are undertaken for the purpose of  policy evaluation. Many state agencies,
governments, and international organizati ons like the W orld Bank are now using SP

technique.

The SP te chnique has been widely applied throughout m any areas of
transportation. For instance, Copley (-~ 1991) used SP to study the dem  and for a
proposed light rail system  in Manchester. The objecti  ve of the study was to
investigate the trade-off between arang ‘e of level of service attributes, nam  ely,
journey time, fares, frequency access, and egress time. A utility function was derived

and provided as the basis for the calibration of a choice model between bus and rail.

Another example of application of SP is the study for Trainload Freight, a part
of the ex-British railways in 1992 (Ter  zis, 1992). Its objective was to identif y
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potential customers and to understand how those people decided to choose one among

all alternative tran sport modes. The Train load Freight was a comm ercial enterprise
responsible for the move ment of coal, metals, aggregates, building m aterials,
domestic waste and petroleum products. It was the only rail-based freight business in
Western Europe that has operated profitably in such a trading enviro nment. In the
study, freight executives were invited to compare four alternative shipments described

in terms of cost, reliability and responsiveness, and rate them in relative terms.

Application of SP in freight m ode choice has been widely conducted in Europe
because of the difficulties em bodied in the revealed preference approach. Another SP
application was conducted to m easure the e ffects of parking on traffic congestion by
Mede and Visser (1988). In the Netherla  nds, traffic congestion during peak hour
occurred not only in the dow ntown area but also in the suburban area due to the
increasing num ber of ca r ownership. It wa s believed that if people had to pay for
parking at their workplace they would tend to change their travel modes. Thus, the SP
was used in the f orm of ranking to wards eight alte rnatives within one set. Sever al
attributes were analyzed, including park ing fee, searching tim e for parking space,
walking tim e from parking space to work, and access tim e. Results revealed th at

parking fee had more effects in reducing car use than walking and searching time did.

In short, SP techniques are widely used throughout the field of transportation.
Many studies have employed SP in the desi  gn of hypothetical scenarios. The SP
method has been used with different techni ques such as ranking, rating, and choices.
In addition, SP is commonly em ployed togeth er with orthogonal design, which is a
method for the design of the experim ents. Orthogonal design or fractional factorial
design is ne cessarily us ed when th e full factorial design of experim ents cannot be

conducted.
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2.5 Theory of the Models

2.5.1 Theory of Binary Choice

From utility theory, an individual is assumed to choose the alternative for which
the expected value of the utility is m aximal. If such an ass umption is accepted, th e
utility theory can b e used to predict or prescribe the choice that the decision maker
will m ake, or should m ake, a mong the avai lable altern atives. The utility of any
alternative is known as a random variable, in w hich its prob ability can be written as

follows (Ben-Akiva and Lerman, 1985):

P(i|C,)=PrU, >U . ,VjeC,) (5.1)

in®
From Eq. (5.1), P(i|C,)1s the probability of any alternative i being selected by

individual n from the choice set C,,.

For binary choices, the choice set C, has only two alternatives, which can be

denoted as {i, j}. Therefore, the probability of individual n choosing alternative i and j

are
P.()=PrU, =V
) ) ; = : (5.2)
P.()=1=-R)
As random variable, the ut ility can be separated in to two com ponents as
follows:
Uin =Vin + ‘9in
(5.3)
U, =V, +¢&,

From Eq. (5.3), Vin and Vj, are called the systematic components of the utility i

and j; ¢,and ¢, are the random parts or disturba nces. Manski (1973) identified the

sources of random ness as unobserved attr  ibutes, unobserved taste variations,

measurement errors and imperfect information, and instrumental (or proxy) variables.



21
The systematic components, Vi, and Vj,, which are functions and assum ed to be

deterministic (nonrandom), can be perceived as the means of Uj, and Ujy, respectively.
Another way to explain the relative nature of the utilities is to rew rite the probability

as:

Pn(l) = Pr(Uin 2 U jn)
=Pr(V,, +¢, Zan +gjn) (5.4)

= Pr(gjn -&,<V,-V.)

in = j

From Eq. (5.4), all that matters is whether the difference in the V’s is less than
the difference in the & ’s. The systematic com ponent of the utility Vi, and Vj, can be
expressed as:

V., =V(x,), X,=h(Z,S,)
Vi, =V(X) X =h(Z,;.,S,)

jn>~n

5.5)

Zi, — vector of trip attributes (such as fare, walking time, comfort, etc.)

Sn — vector of socio-economic attributes (such as age, gender, income, etc.)

Therefore, the systematic components of the utility can be written as:

Vin = /leinl +ﬂzxin2 +ﬁ3xin3 +'“+ﬂK Xink » (5.6)
an = ﬂlxjnl +ﬂzxjn2 +133)(jn3 +"'+ﬂKXjnK

2.5.2 Binary Logistic Regression

Binary (or binomial) logistic regression is a form of regression that is used when
the dependent variable is a dichotomy and the independent variables are of any type.
Logistic regression can be used to pred  ‘ict a dependent variab ‘1e on the basis of
continuous or categorical independent variab les. Generally, logistic regression resul ts
can be used to determine the percent of variance in the dependent variable explained
by the independent variables w ith the value of a pseudo R 2, to rank the rela tive
importance of independent vari ables by looking at their t-statistics, an d to as sess
potential in teraction effects. In logistic ~ regression, the dependent variable is

transformed into a logit variable (log of the odds), which estimates the probability of a
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certain event occurring, i.e. th e changes in the log of the odds of the dependent, not

changes in the dependent itself.

Logistic regression and OLS (Ordinar y Least Square) regression have m any
properties in common. For example, logit coefficients correspond to beta coefficients
in the logistic regression equation, and th e standardized logit coefficients correspond
to beta weights. However, logistic re gression does not m ake re strictive assum ptions
like OLS regression. For example, linear relationship between the dependents and the
independents is not required ; normal distribution is not necessary but at leas tthe
distribution m ust be poiss on, binom ial, gamma, etc.;  homoscedasticity is not

necessary; and normal distribution of error terms is not required.

The binary logitm odel a rises f rom the ass umption th at ¢, =¢;, — &, is

logistically distributed, namely,

F(e,)= , >0, —o<g <o

1+e#n
/J X e_ﬂgn
(+e*o)?

(5.7)
f (gn) =

From Eq. (5.7), u 1s a positive scale parameter. Under the assumption that &, is
logistically distributed, the choice probability for alternative i is given by
P,(i)=Pr(U;, >U;,)

n
IV
e in
= (5.9)
e,UVin +e'uvln
1
—ﬂ(Vin—an)

1+e

2.5.3 Theory of Multinomial Choice

In a more general case, rather than having two alternatives, the choice set, Cp,
may consist of many alternatives. The number of alternatives within a choice set may

vary across individuals sin ce for certain circum stances, a p articular alternative m ay
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not be feasible for a group of individual. In such instances, analysis of m ultinomial

choice becomes more complex than binary choice analysis; particularly, assum ption

on univariate distribution of the differences in disturbances, &, — &, is not sufficient.

In>

Instead, the com plete joint dis tribution of all thed isturbances needsto be

characterized.

Given the num ber of feasible choices for each indiv idual, J <J,the

probability that any alternatives i within choice set, Cy, is chosen by decision maker n

is given by (Ben-Akiva and Lerman, 1985)

P.())=Pr(U, 2U,,.j C,)
=Pr(V;, +&, 2V, +¢,,,Vj€C,) (5.9)
=Pr(e;, <V, =V, +&,,¥]€C,)

Eq. (5.9) can be used to derive pa  rticular m ultinomial choice m odels given

specific as  sumptions on the join tdist ribution of the disturbances. If

f (gm, Eppsees gjnn) denotes the joint density function of the disturbance terms, without

loss of generality consider alternative i to be the first alternative in Cp,, then

P (1) = J- :—wjvm V., +an J-vln RV f(51n982nw"»8Jnn)d‘c"Jnnngn*Ln'“dgl“ (5.10)

Ean ==

From Eq. (5.10), itis not easy to c alculate P,(i); thus, a convenient way is to

express Pp(i) withth € cum ulative distributi on function of the disturbances

F (gm,gzn,...,gjnn). Then

P ()= j F (€10 Vin =Vay + 80V = Vi + £V =V 4, )dg, (510

Another way to express Py(i) is to reduce the multinomial choice to a binary

one. In this case, we note that the condition U;, > VjeC,,j#i,is equivalent to

Jn’

U;, 2maxU, . Then
jeC
j#i
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Pn(i)=Pr[Vm +&, Zmax(VJn+gm)] (5.12)
i€C,
j#i
Since Ujn 1s arandom variable, m%xU i» Will also be r andom; and we need to
J€ly

J#
derive the distribution of the utility of th is composite alternative from the underlying
distribution of the disturbances, F. This task is not an easy one; however, it is feasible

in the multinomial logit case.

The multinomial logit model can be expressed as
eVin

I
i€Cy

If we assume that U, =V, +¢,, forall i eC_, and that all th e disturbances ¢,

P.(1)= (5.13)

are ind ependent and id entically distribu ted, a nd also Gu mbel-distributed with a

location parameter 77, and a scale parameter g > 0, then

eﬂvin

T
jeCy

R ()= (5.14)

From the basic prop erties of Gumbel distribution, multinomial logit model can

be derived by assuming that 7 =0 for all the disturbances, and that i =1, then

P (1)=Pr [vm +8iy2) max (Vo &5, )} (5.15)
Define U, = max V, +&;,), where U, is Gumbel distributed with param eters
=2, N

1, &, . VT 1w .
[zane”v'”,,uj. Wecanwrite U, =V +¢ ,where V. :;aneﬂv‘" ,and ¢, is
i—2 =2

Gumbel distributed with parameters (0, ).
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Since:
P,()=Pr[V, +&,2V, +¢& ]
.. (5.16)
= Pr[O/n +6)—(Vip+&5,)< 0]
Then:
Ny Wi Niy
P(1)=—— S ° __" s

/”(Vn*’vln) - Wiy /-‘Vn* i) IV, Jn Wi, Jn Vi
l+e & € e +exp(lnzj ,e zjzle

There are two lim iting cases of th e multinomial logit m odel that res ult from

extreme values of x (Ben-Akiva and Lerman, 1985):
1. As u— 0, the variance of the disturbances approaches infinity. T he choice
model then provides no information, so the alternatives are equally likely.

lim P.(i) =—=;Vi e C. (5.18)
= J

n

2. As u— oo, the variance of the utility disturbances approaches zero and a

deterministic choice model is obtaine d because all the information about

individual preferences is included in the systematic utilities.

. . . 1
lim P, (i) = lim Z =
U0 yﬁool_i_ e# in"Vin
G,
J#i
1 ifV, >maxV, (5.19)
j€Cy
| | J#i
0 ifV, < rj;l%xvjn
j#i
In the event of a tie am ong the utili ties for som e of the alternatives,

V,, = m%Xan ,the lim itis 1/J; fort he J alte rnatives f or which V, = r_n%ijn ,
1,6, n Jely,
j#i

i=1,...,J,and is zero for the remaining J, —J alternatives.



CHAPTER IlI

METHODOLOGY

3.1 Research Procedures

To achieve the research objectiv  es, th e procedure is designed as shown in
Figure 3.1. First, a literatur e of basic inform ation in P hnom Penh, including vehicles
and traffic statistics, was reviewed. In addition, the previous studies on bus service in
Phnom Penh and oth er metropolitan areas were examined. After that, a pilot survey
was conducted to test the feasibility of the study, the readability and understandability

of the questionnaires, and the efficiency of the developed survey forms.

Following the pilo t survey, a verif ication of the questionnai res and the whole
structure of the survey was considered. The main data collection was collected with a
larger sam ple siz e to a ssure th e le vel of statis tical sign ificance. In d esigning the
scenarios, an orthogonal design was used in  both pilot and m ain surveys. After the
main survey, a datab ase was created by cleaning and coding the raw data. Several
computer program s were considered for da ta input such as SPSS, Stata/SE §, and
Microsoft Excel. Once the database was ready for analysis, several statistical models
were developed. Different m odels were te sted in the present study and results were

discussed in terms of the trade-off of the significant attributes.
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Literature Review
. Socio-economic Data
. Vehicles and Traffic
Characteristics Data
3. Previous Studies on Bus Service
in Metropolitan Areas

Pilot Survey
. Experimental Design
. Questionnaire Survey
Development
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Statistical Model Development

Discussion and Conclusions

N —

Ny =

Figure 3.1 Research Procedures

3.2 Pilot Survey

3.2.1 Data Collection

In order to obtain reliable results, a pilot su rvey is neede d. The benef its of
conducting the pilot survey ar e mainly to explore potent ial flaws of the survey
instruments and data collection procedure. In addition, the pilot survey is a guiding
tool to the f easibility of the main survey. In this re search, passengers’ likelihood in

using the intra-city bus service was obtained through the pilot survey.
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The sample size in this study was determ ined by Stratified Random Sampling

(SRS) technique, in which the sam ple was composed of small groups of respondents
called strata. In stratified random sampling, the entire population was divided into G
mutually exclusive and collectively exha  ustive groups, each of which called a
stratum. After that Ny, observations were sam pled from ea ch stratum using sim ple

random sa mpling, in which S denotes the sample, g denotes the subgroup in the

population, and N, = z; N, . Therefore, it is importan t to know the proportion of

each stratum or subpopulation compared to the whole sample or whole population to

be able to decide on each stratum size (Ben-Akiva, 1985).

For the present study, travel m  ode a nd occupation were considered strata.
Proportion for each stratum  was considered based on the actual p roportion o f
population in the city from a previous JICA study (JICA, 2001). From JICA study, the
proportions of students, workers, sellers, and other occupations were 40%, 30%, 20%,
and 10%, respec tively. In add ition, the p roportion of trav el m ode f or car s,
motorcycles, m otodups, and bicycles we re found to be 20%, 35%, 20% and 25%,
respectively (JICA, 2001). Due to tim e and budget constraints for the pilot survey, a
sample size of 125 respondents was determ ined. The results of the sam ple size from

the pilot survey are categorized as shown in Table 3.1.

Table 3.1 Sample Size for Pilot Survey

Occupation-Student Worker Seller Other Total
1 Percentage 51.2% 26.8% 11.8% 10.2% 100%
Number of
65341513 127
respondents
Mode of Bicycle &
Car Motorcycle Motodup . Total
Travel Walking
2 | Percentage 14.3% 48.4% 9.5% 27.8% 100%
Number of
18 61 12 35 126
respondents
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The pilot survey was conducted on the 6 ™ of Novem ber, 2006, at the central

business district, Phsar Thom Thmey, in Phnom Penh (see Figur e 3.2). Five people

were hired to conduct the survey. Each of them had been trained with the developed
survey forms until th ey fully understood how to explain th

e questionn aires to th e
respondents before conducting a field survey.

o Survey Location

Bosungkak

Phnom Penh

Train Station
b N
F Ca'-"lni‘ed_aratiun dela Russ!
— WS ; - E Kamp-.;c\_-rea K_rgm givd-
T akm «f &
g Royal Palce
5
(™=
] Sdm
B oL Sihanduk Blvd. *
- { 1 Independence
Monurnent

Figure 3.2 Pilot Survey Location

To obtain information needed and to provide data for the analysis of passengers’
attitude towards the attributes of the intra-city bus service, a set of questionnaires was

designed in the pilo tsurvey. The item s as ked in the survey form  consisted of

passengers’ socio-economic status, trip characteristics, and the likelihood of using the

intra-city bus service under - hypothetical scenarios. Th e two-sheet questionnaire

survey form was translated from English into Cambodian. The first page of the survey

covered the introduction and three sets of hypothetical scenarios. The second page

comprised socio-economic status, trip charac teristics, and the likelihood of using the

intra-city bus service of respondents. Table 3.2 shows th e five attributes with their

corresponding levels used in pilot survey scenarios.
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From Table 3.2, the th ree levels in the bas ic f are and a dditional f are per

kilometer were determ ined based on the cu rrent cost in us ing the m otodup. W aiting
time levels were design ed according to the bus frequency of 10, 5, and 3 buses per
hour. Walking distance levels were designe d according to the di stance between two
bus stops, which was normally considered to be 200 m eters for urban areas, and 300
to 500 m eters for suburban areas (JICA, 2001). Regarding the bus comfort, three

levels, i.e. normal (no fan, no A/C), fan, and air-conditioned, were considered.

Table 3.2 Attributes and their Corresponding Levels

Attributes . Levels -
Low Medium High
Basic Fare (Riel) 300 500 700
Additional Fare Per Kilometer (Riel) 100 200 300
Waiting Time (minute) 3 6 9
Walking Distance (meter) 50 100 200
Bus Comfort Eg ia}l(l: Fan Alr_c&l/%;loned

Note: US$1 = 4000 Riel (Exchange rate in November, 2006)

From the experim ental setup with five attributes, a full fact orial design would
generate 243 (3°) alternatives; however, it was not a practical way to include all the se
alternatives in the choice set. Thus, a  fractional factorial or orthogonal design was
used, resulting in a total of 27 alternat  ives. T hese alternatives were orthogonally
grouped into nine blocks, each of which consisted of three alternatives. Due to limited
time of respondents in answering an d thinking about each choice, only three b locks
were provided for each respondent. To com plete a full test, three respo ndents were
needed, each of whom had to answer three scenarios. Thus, there were three different
forms of survey to be equally distributed to respondents: Forms A, B, and C as shown

in appendix B.

3.2.2 Results of the Pilot Survey

A total of 131 passengers were interviewed during pilot survey. The socio-

economic infor mation of surveyed passengers is summ arized in Table 3.3.
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Approximately two thirds of the total respondents were male, and the majority were in

the 21 to 30 age group, consti tuting about half of the tota | respondents. Half of the

respondents were students, while nearly 30 % of the respondents were workers, and
the remaining respondents were sellers and ot hers. In term s of education level, m ore
than half of the respond ents possessed a degree higher than high school. In addition,
the majority of respondents had m onthly income less than $80, and more than half of

the respondents came from the households of more than five members.

Table 3.3 Summary of Socio-Economic Characteristics for Pilot Survey

Variables Lev els Percentage
Gender M ale 60.3
Female 39.7
Age < 21 313
21-30 48 .1
31-40 9. 9
41-50 7. 6
> 50 3.1
Occupation St udents 51.2
Workers 26 8
Sellers 1 1.8
Others 10 2
Education Lower than High School 7.4
High School 36.1
Higher than High School 56.6
Monthly Income <$80 68.3
$80-$180 17 5
$180-$250 9. 5
$250-$400 4. 0
> $400 0.8
Household Size <4 8.3
417 4
517 4
>5 56.9

Based on responses from the pilot survey , Figure 3.3 presents the bus service
attributes’ levels and thei r proportions showing the likel ihood of bus usage. F rom
Figure 3.3(a), bus service dem and decreased as the basic fare increased. Specifically,
nearly 40% of the respondents indicated their intention to use the bus if the basic fare
was 300 Riel. Such a figure would reduce to 31% and 29% when the basic fare values
were 500 Riel and 700 Riel, respectively. Likewise, from Figure 3.3(b) the demand of
the additional fare per kilometer decreased from 38% at 100 Riel rate to 33% at 200
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Riel rate and 29% at 300 Riel rate. Figure 3.3(c) indicate s that respondents perceived

the waiting time negatively, i.e. the dem and decreased as th e waiting time increased.
Walking distance was found insensitive as seen in Figure 3.3(d). The bus comfort was
found to be the m ost significant among all attributes because the demand increased

sharply. The bus usage rate was 70% f or air-conditioned bus, 18% f or bus with f an,

and 12% for the bus without fan and air-conditioned.
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Figure 3.3 Proportions of the Main Attributes’ Levels
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3.3 Main Survey Design

3.3.1 Modification of the Pilot Survey

From the pilot survey, som e problems were found and corrected for the m ain
survey. Firs tly, key information obtained from the p ilot s urvey was not com plete,
while som e infor mation was not necessary and could be im proved. Secondly, the
scenario design was not yet reliable in te  rms of both the attributes’ level and the
quality of collected data; thus, some m odification of the scenario des ign was needed.
Furthermore, the understanding of respondents on the survey for ms was not yet fully
satisfied, particularly for the wa lking distance from /to bus stop. Given the
aforementioned issu es, the followin g m odifications were considered for th e m ain

survey.

3.3.1.1 Modification of Questionnaires

1. Household monthly incom e: Household monthly income was included and
categorized into five groups, nam ely, less than $50, $50-$150, $150-$250,
$250-$350, and more than $350.

2. Residential location: Residential locati on in ter ms of the district in Phn om

Penh was additionally asked in the main survey.

3. Frequency of bus usage: The frequency of using the intr a-city bus serv ice
was added to the survey. In addition, respondents were also asked to state

their expected frequency of using each of the hypothetical bus lines.

3.3.1.2 Modification of Scenario Design

1. Bus fare: A flat-rate fare was consid  ered in the m ain survey and was
designed with four levels, i.e. 900 Riel, 1200 Riel, 1500 Riel, and 1800 Riel
(exchange rate as of May, 2007: US$1 = 4,100 Riel).

2. Bus headway: A bus headway of 10 a nd 20 m inutes was considered in the
main survey corresponding to the aver age waiting time of 5 and 10 m inutes

respectively.
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3. Walking time: Two levels of walking time, 4 and 8 m inutes, were designed

in the m ain survey. Th ese lev els were based on the walk ing dis tance of
about 250 and 500 meters, respectively (assuming an average walking speed
of 4 kilometers per hour). W alking distance depends on the distance

between two bus stops.

4. Bus comfort: From the pilot surv ey results, nearly every passenger avoided
choosing the bus without fan and air-c onditioned, which was probably due
to the hot climate in the city. Therefore, in the main survey bus comfort was
reclassified into only two groups, i. €. bus equipped with fan and bus

equipped with air-conditioning.

3.3.2 Sample

A sufficient sam ple siz e 1s ne cessary in order to analy ze the data efficiently .
Determining a sample size is usually based on several constraints such as tim e, cost,
location of the data collection, etc. In th is study, an approxim ate sample size of 300
was determ ined for the m ain survey. The target subjects were travelers along the

hypothetical bus lines and within the nearby area.

Motodup
15%

Walking
15%

Bicycle

Motorcycle
40%

16%

: Motorcycle
Bicycle 56%

20%

(a) Expected Distribution (JICA, 2001) (b) Actual Distribution (Main survey)
Figure 3.4 Sampling Distribution
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To determine the sam ple size, stratified random sam pling technique w as used

considering travel m ode for the stratum . Based on the proportion from a previous
study conducted by JIC A, 10% of car, 15% of motodup, 15% of walking, 20% of
bicycle, and 40% of motorcycle were considered. A sample size of 30 was considered
for the smallest proportion of the mode, whic h is in this case the num ber of car. The
sample collected from the m ain survey is shown in Figure 3.4, com pared with th e

sampling distribution from JICA (JICA, 2001).

3.3.3 Data Collection

The main survey was conducted for th ree days during May 22-24, 2007. Five
people were hired to conduct the survey by di rect interview on the field. Sim ilar to
pilot survey, the surveyors had been traine d until they clearly understood the survey

forms and were able to explain to the respondents.

Figure 3.5 Proposed Bus Lines of Phnom Penh
Note: The four bus lines were used consistently with the previous proposed plan conducted by JICA (2001).

The data collection was conducted at two central business areas, Phsar Thom

Thmey and Phsar Oreussey, along the proposed bus lines (see Figure 3.5). Phsar
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Thom Thmey is located at the center of the city crossed by bus lines 1, 2, and 4, while

Phsar Oreussey is located close to lines 1 and 4 and also in the center of the circled
line 2. Bus lines indicated in the present survey were previously proposed by JICA
(2001) as an imm ediate action plan. The plan consisted of four line s, 2 circular lines
and 2 radial lines, crossing through all m ain activity areas in the city. Line 1 started
from south to north, while line 2 was a circul ar line centered in the city. Line 3 was a
long inner ring road and line 4 started from suburban areas in the south-west of the

city.

3.3.4 Survey Questionnaires

The survey questionnaire consisted of two m ain parts, hypothetical bus
scenarios and socio-economic characteristics. In the first section, four attributes were
considered, namely, cost, bus headway, wa lking time and bus com fort. Within each
scenario, passengers had to make a decision between their current transport mode and

intra-city bus service, and had to select the best alternative in the scenario.

At the beginning of the first page of the survey form, the hypothesis of the intra-
city bus service and th e objective of the survey were described. Then, passengers’
current transportation infor mation, such as travel m ode, tim e, destination, distance
and cost were to be identified. Socio-economic characteristics in the second section of
the survey for m consisted of age, gende  r, occupation, etc. In addition, trips
characteristics such as commuting m odes and frequencies of m ode usage were
solicited. Lastly, the expected frequency of using the bus service and the frequency

preferences on each of the proposed bus lines were asked:

The survey form was first drafted in English. A two-way check was conducted
for consistency purposes, i.e. the survey wa s translated into Ca mbodian and then re-
translated back to English. To assure th e clarity and understandability of the survey
form, a f ew people wer e asked to fill in th e form before the f orms were ac tually

implemented. Appendix A provides questionnaire survey forms of the main survey.
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3.3.5 Scenario Design

In the experimental design, four attri butes, namely, bus fare, headway, walking
time and bus comfort, were considered. With four levels of bus fare and two levels for
the other three attributes, a full factorial design would generate 32 (4x2°) alternatives.
An orthogonal design was develo ped and half of the full fact orial, i.e. 16 alternatives,
was generated. Afterwards, four blocks were created, and all the 16 alternatives were
orthogonally assigned to each b lock, 4 altern atives for one block. These block s or
scenarios were created to divide a large gr oup of alternatives into small group so that
they were easier for respondents to compare the alternatives. Only two scenarios were
assigned to each respon dent. Thus, two respond ents were required to co mplete a full
set of scenarios. The two different survey forms, identified as Forms A and B, would
be distributed equally during the data collection. The four attributes designed for the

scenarios according to their levels are shown in Table 3.4.

Table 3.4 Attributes and their Corresponding Levels

Attributes Levels

Bus Fare (Riel) 900 1200 1500 1800
Bus headway (minute) 3 6
Walking Time (minute) 4 8

Bus Comfort Fan Air-Conditioned

3.4 Summary

In summ ary, the procedures em ployed in this t esearch started from the pilot
survey. From the results of the pilot surv ey, the survey f orm was modified for the
main survey. The sam ple size f or both the pilot and m ain surveys were determined
based on stratified random sampling. Proportions of population from JICA study were
considered in terms of travel modes and occupation. As a result, a total number of 337
respondents were collected for the main survey. The characteristics of the sample will

be described in the next chapter.



CHAPTER IV

DESCRIPTIVE STATISTICS

4.1 Socioeconomic Characteristics

Table 4.1 summarizes several socioeconom ic characteristics of the respondents
obtained fro m the m ain survey. From the table, approximately two thirds of the
surveyed respondents were male. More than half of the responde nts aged between 21
and 30, while the overall range was from 13 to 70 years. Statistically, the average age
was 27 years with a standard deviation of 11. 11 years. In term of occupation, most of
the respondents were univers ity students and sellers. In  addition, most of the
respondents possessed a degree higher than a high school diploma, and 13 percent had

a degree lower than a high school diploma.

Table 4.1 Summary of Socioeconomic Characteristics

Socioeconomic Characteristics Levels Percentage
Gender Male 65.8
Fe male 34.2
Age < 21 22
21-30 57.4
31-40 7.6
41-50 6.1
51-60 5.5
> 60 1.5
Occupation High school students 7.3
University students 46.6
Sellers 21.2
Em ployees 15.9
Une mployed 4.1
Others 4.9
Education Below High School 13.7
High School 33.7
Higher than High School 52.6
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Figure 4.1 illus trates the distrib ution of respondents’ household monthly

income. It can be observed that the average incom e was in the range between $150

and $250 with a standard deviation of $157 which was m uch higher than the

estimated figure of $115 by JICA (2001).

Percent

Figure 4.1 Distribution of Household Monthly Incomes

Figure 4.2 shows the distribution of household size. From the survey, the size of
all households ranged from 1 to 21 m embers. A majority of the respondents reported

five members in their households. The average household size was 5.8 with a standard
deviation of 2.3.
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Figure 4.3 shows the summary of the num ber of vehicles owned in a household.

Among the three types of vehicles (car, motorcycle, and bicycle), m  otorcycle
possession was the largest. Som e respondents did not have a car oram  otorcycle;
however, almost 70% of the respondents had one or two motorcycles. Statistically, the
average motorcycle possession was 1.82 per ho usehold with a standard deviation of

1.23, followed by bicycle possession with th e average of 1.28 pe r household with the
standard deviation of 1.19. Lastly, the average car possession was 0.38 per household

with a standard deviation of 0.71.
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Figure 4.3 Summary of Number of Vehicles in the Household

4.2 Trip Characteristics

Figure 4.4 shows respondents’ current trips characteristics in terms of trip mode,
cost, time, and distance. Most of the res pondents (56%) were motorcyclists, followed
by bicyclists (16%), car users (10%), m otodup users (10%), and pedestrians (8%).
The average travel cost was 1,493 Riel with a standard deviation of 1, 496 Riel. The
average trip time was 15.6 minutes with a standard deviation of 9.5 m inutes, and the

average trip distance was 4 kilometers with a standard deviation of 6 kilometers.
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Figure 4.4 Trip Characteristics

Figure 4.5 presents the distribution of modes for commuting and shopping trips.
It can be s een that m otorcycle was a pr edominant m ode of transportation for the
respondents, and distributi on of trip m odes for both commuting and shopping trips

were not much different from each other.
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Figure 4.5 Distributions of Trip Modes
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Table 4.2 shows the frequency of tran sportation modes usage corresponding to

respondents’ comm ute t rips. The data co llected were what transportation m

odes

respondents used during the previous week. Fr om the figures, m ore than half of t he

respondents who stated cars, m otorcycles or bicycles as their commute modes used

their modes every day. On the other hand, 75% of motodup users rarely used motodup

during the previous week, i.e. they probabl y used other transpor tation modes or they

did not travel often during th e previous week. In addition, almost 80% of pedestrians

walked to work only a few days or less in a week. It was possibly that they walked on

the day of the interview, but they normally traveled using other transportation modes.

Table 4.2 Frequency of Mode Usage

Mode Frequency
Everyday 4-5 days/week | 2-3 days/week Rarely
Car 57.7 30.8 7.7 3.8
Motorcycle 80.6 13.7 4 1.7
Bicycle 74 22 2 2
Motodup 0 0 25 75
Walking 4.8 19 42.9 333




43

4.3 Bus Service Scenario

To grasp decision behaviors of the res pondents, a set of scenarios consisting of
4 alternatives was desig ned. Among those alter natives, there were som e which had
better quality in all the attributes co mpared with the others . In this cas e, the better
ones, commonly referred to the dom inated alternatives, should be chosen if
respondents considered the alternatives critic ally with rationale. On the other hand,
there were s ome alternatives th at had the worst quality in all at tributes. For rational
respondents, they would not choose such alternatives. It w as found for the survey
results that alm ost 16% of respondents were irrational. Hence, these responses were

removed from the analysis.

Figure 4.6 shows respondents’ percentages of frequency of using a bus service.
Generally, respondents showed a relativel ~ y strong supportto the bus service.
According to the figure, m ost respondents (8 3%) stated that they would use the bus

service at least two or three days a week.
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Figure 4.6 Frequency of Bus Usage

Table 4.3 shows respondents’ preferences for bus service by line. According to
the table, th e preference for each bu s line was not much different from one another.
To determine the overall ranking of each bus line, the m ean value for each line was
computed. The lower the mean value was, the higher the rank would be. For example,

bus lines 1, 2, and 4 were shown with lower m ean; thus, these lin es were ranke d
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higher than line 3. On the other hand, line 1 and 4 were ranked num ber one by 32.2%

and 32.6% of the total respondents.

Table 4.3 Preferences of Using Bus Service by Line in Percentages

Rank' Line 1 | Line 2 | Line 3 | Line 4
1 32.22[.519.7B2.6
2 19.9 26.2 26.8 [19.6
3 21.3 25.8 30.1 2.3
4 26.620.5 23.4 25.6
Total 100 100 100 100
Mean 24242624

Standard Deviation | 1.2 1.]l 1.1 1.2
'1: most frequent use; 4: least frequent use

Figure 4.7 presents the change in the likelihood of bus usage when the bus fare
varied. According to Figure 4.7, when the fl at fare was set to 900 Riel, approxim ately
72% of respondents would change from their existing mode to bus. When the fare was
1200 Riel, such proportion was down to 52% only. Moreove r, only 36% of
respondents would switch if the flat fare was 1500 Riel. At a maximum flat fare, 1800

Riel, a switching rate of 27% was observed.
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Figure 4.7 Effect of Bus Fare on the Likelihood of Bus Usage
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Figure 4.8 illustrates the proportion of surveyed respondents who would ride the

bus based on the frequency of bus service. W hen there were 3 buses departure per
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hour, 42% of respondents would change from their existing modes to the bus m ode.

The proportion of respondents would increase to 51% when the frequency of service

was doubled, i.e. 6 buses per hour.
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Figure 4.8 Effect of Bus Frequency on the Likelihood of Bus Usage

Figure 4.9 shows the proportion of surv eyed respondents who would change to

the bus service based on walking tim e. When respondents had to walk for 4 m inutes

to a bus stop or from the bus stop to their destinations, approxim  ately 54% of them

would switch from their current modes to

the bus service. The proportion would

decrease to 40% if they were supposed to walk longer, i.e. 8 minutes.
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Figure 4.9 Effect of Walking Time on the Likelihood of Bus Usage

Figure 4.10 presents the effect of bu s comfort on the likelihood of bus usage.

According to Figure 4.10, there would be about 59% of the re spondents who would
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use th e bu sifth e bu s was air-condition ed. Moreov er, the proportiond ropped

dramatically to only 35% when the bus was equipped with a fan instead.
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Figure 4.10 Effect of Bus Comfort on the Likelihood of Bus Usage

4.4 Summary

This chapter summarizes the results obtained from the m ain survey. A sam ple
size of 337 was obtained, com  prising 10%, 56%, 10%, 16%, and 8% of cars,
motorcycles, motodups, bicycles, and walki ng, respectively. Mo st respondents w ere
students and the average hous ehold size was 5.8 with an average household m onthly
income between $150 and $250. R esults show that respondents sp ent approximately
1,500 Riel for their trip. The average trip time was found to be 15 m inutes and the
average trip length was found to be 4 kilom eters. Regarding usage of bus lines, lines

1, 2, and 4 were found the most frequently used.

An analysis on the bus service attribut  es'yielded im portant findings that all
attributes presented in the questionnaire were found significant to the passengers. An
increase in bus service usage was shown  when'the bus f are or the walking tim e
decreased. Likewise, it was also shown th at when the bus frequency increas ed or
when the air-conditioned buses were used, the likelihood of bus patronage would be
increased. In addition, alm ost 85 % of the passengers stated that they would use the
intra-city bus service at least 2 or 3 days a week, while almost 50% of the passengers

would use at least 4 or 5 days a week.



CHAPTER V

MODELING ANALYSIS AND RESULTS

5.1 General

In order to study respondent s’ trade-offs towards bus service attributes and to
compare preference between their existing m odes and bus service, m odeling analysis
is nec essary. This ch apter p resents th e m odel developm ent process and results,
including, model structure, model specification, model calibration, and statistical tests
of the models. In this study, a set of condi tional logistic and binary logistic regression

models were developed.

5.2 Model Test and Calibration

A statistical software p ackage, Stata/ SE 08, was used to calib rate boththe
conditional logistic and binary logistic re gression. The calibration process was based
on the maximum likelihood method. Figure 5.1 shows the general procedure of model

development.

‘ Data Structure for Estimation ‘

o

‘ Model Structure ‘

4

‘ Model Specification ‘47

4

‘ Model Calibration ‘

Poor

Statistical Testing

‘ Model Comparison ‘

4

‘ Selection of the Best Model ‘

Figure 5.1 Flowchart of Model Development
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5.2.1 Data Structure for Estimation

Prior to model development, the data obtained from the survey was cleaned and
input into a single file for Stata/SE . All information obtained from the survey was
processed and kept in the database. Such inform ation included respondents’ trip
characteristics, socioeconomic characteristics, preference in using the bus service, and
especially the stated p reference d ata from bus service scenario s. Each piece of
information was rep resented ina num erical f orm data with d ifferent types of
measurement (scale, nominal, ordinal) according to its natural value; for instance, the
variable b_air would value 1if it wasana ir-conditioned bus and 0 otherwise.

Descriptions of all the variables used in the modeling are shown in Table 5.1.

Table 5.1 Descriptions of Variables

No. Variable Measure | Value Description
1 car dummy 0/1 Car as mode of travel (0: others; 1: car)
Motorcycle as mode of travel
(0: others; 1: motorcycle)
motodup | dummy 0/1 Motodup as mode of travel (0: others; 1: motodup)
bicycle dummy 0/1 | Bicycle as mode of travel (0: others; 1: bicycle)
5 walking | dummy 0/1 Walking as mode of travel (0: others; 1: walking)
Motorized vehicles as mode of travel
(0: non-motorized vehicles; 1: motorized vehicles)

2 moto dummy (/1

W

o

6 motorize | dummy (/1

Difference between bus fare and trip cost,

7 diffcost scale infeger =T

8 b_cost scale | integer | Bus fare in Riel

9 | bheadway | scale | integer | Bus headway in minutes

10 b_walk scale | integer | Walking time to the bus stop in minutes
11 b_air dummy 0/1 Bus comfort (0: fan; 1: air-conditioned)
12 age scale | integer | Age of respondent

13 gender dummy 0/1 Gender of respondent (0: female; 1: male)

= 1 if the residential location of the respondent is in
14 | downtown | dummy (/1 the downtown areas (i.e. Done Penh and 7Makara)
=0 otherwise

=1 if the respondent’s education level is
Bachelor’s or higher; = 0 otherwise

= 1 if respondent’s household monthly income is
$250-$350 and above; = 0 otherwise

A dummy variable created for difference in cost
interacted with motorized users.

15 | high_edu | dummy Q/1

16 | high_inc | dummy (/1

17 | demotori | Dummy (/1
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5.2.2 Model Structure

Two types of models were developed: conditional logi stic and binary logistic
regression. The conditional 1 ogistic regressions, or m ultinomial logit m odels, were
developed for the objective of trade-off analysis. Applying bus service attributes only,
several m odels were developed, classify ing by each m ode of travel. The binary
logistic regressions, or binary logit models, were developed as mode-choice models to
compare be tween the proposed bus and respondents’ existing m ode of travel.
Different model structures were deve loped and calibrated using different

combinations of variables.

5.2.3 Model Specification

In model construction, a num ber of va riables were analyzed based on relevant
statistical test, goodness of fit, and lik elihood estim ation of the m  odels. The
independent variables in the m  odels were b elieved to be able to explainth e
respondents’ decision behaviors. For the trad e-off model, only bus service attributes
were considered. For th e mode-choice models, the specifications of the independent

variables can be described as follows:

5.2.3.1 Generic Variables

- Difference in cost: the difference between bus fare and trip cost. This variable
was created assuming t hat the trip cost and bus fare valued the sam e (the sam e

marginal utility).

5.2.3.2 Mode Specific Variables
1. Existing modes’ variables

- Trip mode: This variable was generated as dummy variables. It was the m ode
that respondents used at the time of the interview, including, car, motorcycle, bicycle,
motodup, and walking. These variables correspond to  car, moto, motodup, bicycle,

and walking listed in Table 5.1.

2. Bus service’s variables
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- Bus headway ( bheadway): a scale v ariable. This variable was the time interval

between the departure of tw o buses. In the survey, two levels, 10 and 20 m inutes,

were tested.

- Walking time (b_walk): a s cale variable. This variab le was the wa lking time
from home to the nearest bus stop. In th e survey, two levels, 4 and 8 m inutes, were

tested.

- Bus comfort (b_air): a dummy variable. This v ariable represented the comfort

of the bus, which valued 1if it was an air-conditioned bus and O otherwise.

3. Interaction variable

- Travel mode multiplied by difference in cost: the interactions between existing
modes and difference in cost were consid ered. This variable was created under the

assumption that the effect of the difference in cost would vary across modes of travel.

5.2.4 Model Calibration

The coefficients of all independent va riables were obtained through running the
regressions in software package, S tata/SE 08. Each developed model was calibra ted
on the basis of sign test, t-st ~atistic value, and the like lihood m ethod until the best
model was obtained. All statis tical tests used in the ca libration were discussed in the

following part.

5.2.5 Statistical Testing

5.2.5.1 Sign test

If the sign of the calib rated coefficient was different from a priori belief, the
variable would then be removed from the model. For example, from a priori belief the
coefficient of bus fare should be negative, i.e. the preference for bus s ervice would
decrease as the bus fare increased. In th is case, the dependent variable which was a
decision to ride the bus was coded 1 for choosing bus and 0 otherwise. A priori belie f

on the signs of each independent variable was shown in Table 5.2.
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The t-test was used to test the hypothesis that any of S, =0 at some confidence

level. If the t-test value was greater than

the critical t-test, such the null hypothesis

could then be rejected. At 95% of confidence level, th e critical t-te st value is 1.96.

However, the variable can still be kept in the model as long as we have a strong belief

that this variable is important.

Table 5.2 A Priori Belief on the Signs of Explanatory Variables

. — . Expected
Variable Names A priori Belief p
Signs
Respondents would have a lower tendency towards
Difference in cost bus service if the differe nce betw een bus fare and -
current trip is high
Respondents would have a lower tendency towards
Bus fare i . -
bus service if bus fare increases
Respondents would have a lower tendency towards
Bus headway . - Y -
bus service if bus headway increases
Respondents would have a lower tendency towards
Walking time bus service i f their walking tim e to t he bus stop -
increases
As air-condit ioned bus va lued 1 and b us with fan
Bus comfort valued 0, a positive sign was expect  ed, indicating +
preference towards an air-conditioned bus
Age No strong a priori belief. +/—
It was believed that female respondents would prefer
Gender riding a bus than male. A negative sign was thus -
expected.
Respondents livin g in do wntown areas were more
Downtown : +
likely to use bus.
High education No strong-a priori belief. +/-
Respondents who currently use m otorized transport
Motorized users (such as motocycle, car, and motodup) are less likely -
to use the bus service.
Interaction between ) .
. ) Difference in bus fare and current travel cost has less
difference in cost and . +
i effect on motorized users.
motorized users
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5.2.5.3 Likelihood Ratio Test

Likelihood ratio test is a statistical test that is used to test between restricted and

unrestricted models under the null hypothesis that all £, added to the restricted model
are equal to zero. For large sam  ple size, the null hypothesis can be described as

-2 [ LL(Br)—LL(Bur )} , whichis #* distributed with K degree of freedo m, where

K is the number of restrictions. The test is conducted by comparing the obtained value
of y* with th e critical value at som e significance level. If y” is grea ter than the

critical value, it im plied that the null hypothesis can be rejected and that the

restrictions did not apply, i.e. all S, are not zero.

5.2.5.4 Goodness-of-fit Test

The goodness-of-fit ( p°)isused tom easure the f raction of an initia 11log
likelihood value explained by the m odel. The value of goodness-of-fit ranged from 0
to 1, and a value close to 1 indicates a good fit. T he value of p” will always increase
upon adding more variables into the m odel. In this case, the adjusted likelihood ratio

index ( p*) is more appropriate since it subtract s number of r estricted variables ( K)

from LL(3) . The values of ~ p> and p° canbe com puted using the following

equations:
sy L)
=100 G-
52 L1 LI—(ﬂ)_ K (5_2)
LL(0)

5.3 Modeling Results

5.3.1 Models for Trade-off Analysis

In response to the objectiv e of the s tudy, a con ditional logistic reg ression was
developed for separate travel m odes, incl uding, car, m otorcycle, m otodup, bicycle,

and walking. A pooled model consisting of all modes was also developed for m arket
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segmentation test. This procedure was conducte d to search for system atic variations

of taste pa rameters among modes of users in o rder to inclu de them explicitly in the
specification of the variables. The variab les’ coefficients of each m odel and their

corresponding t-statistic values are shown in Table 5.3.

According to Table 5.3, all variables have correct signs as a pr iori belief and
their t-statistic values are al so acceptable. It can be observed that the coefficients o f
each variable are alm ost equal across each travel mode. For bus com fort, pedestrians
were found the least influenced comparing with other users. In short, for all users, bus
fare was found the m ost important factor, while bus headway was the least but still

significant. The statis tical values of each m odel were show n in Table 5 .4. From the

table, the values of p’ indicate the good fit of the models.

Table 5.3 Trade-off Models by Modes

Variables Car Motorbike | Motodup | Bicycle | Walking | Pooled
Bus fare -0.0027 | -0.0026 -0.0031 | -0.0037 | -0.0033 | -0.0028
(Riel) (-4.40) | (-11.48) (-5.26) (-5.67) (-4.25) | (-15.61)
Bus headway | -0.0699 | -0.0873 -0.0669 | -0.0596 | -0.1193 | -0.0774
(minute) (-2.16) (-6.13) (-2.08) (-2.24) (-3.22) (-7.68)
Walking time | -0.3415 | -0.2204 -0.2159 | -0.5191 | -0.4223 | -0.2753
(minute) (-3.01) (-5.51) (-2.02) (-4.01) (-2.68) (-8.43)
. | 1.0211 1.2563 0.9221 0.9902 0.6269 1.0903

Bus Comfort
(3.38) (9.16) (3.00) (4.31) (1.91) (11.39)

'1: air-conditioned bus; 0: bus with fan
Note: Figures in parentheses indicate the t-statistic values.

Table 5.4 Statistical Values of the Models

Models Car Motorcycle | Motodup Bicycle | Walking | Pooled
LL(0) -83.18 -492.10 -81.79 -141.41 -69.31 | -890.00
LL(,B) -58.57 -335.41 -55.15 -89.74 -46.33 | -609.38
p> 0.29 6 0.318 0.326 0.365 0.332 0.315
No. of observations 240 1,420 236 408 200 2,568
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Test of Taste Variation

The behavior of an individual in the gr oup may be different from one another.
To account for such variation across the population, a test of taste variations is needed
to estimate the significance of the va riation among subgroup of the population. The

appropriate test statistic is the likelihood ratio test, which is given by:
~ G ~
22| LLy(B)-Y L, (B°)
g=1

where Ng denotes the sample size of m arket segment g =1,...,G ; G is the num ber of

G
market segments; Z N, =N, Nis the full sample size; LL, (/) is the log likelihood

g=1

for the restricted model that is estimated on the pooled data set with a single vector of

coefficients ,B; and LLNg (,5’ %) is the m aximum likelihood of the m odel estim ated

with the gth subset of the data. The null hypothesis test statistic is y* distributed with

G
the degrees of freedom equal to the num ber of restrictions, Z K, —K, where K is
g=1

the number of coefficients in the gth market segment model (Ben-Akiva and Lerman,

1985).

If the null h ypothesis can be rejec ted, which implies that the variation between
market segment is significant, further exploration can be conducted to test whether the
rejection of the joint hypothe  sis can be attributed to individual, or subgroup of the
population. This can be done by asymptotic t-test of equality of individual coefficients

between two market segments
Nl 2
,Bk — ﬂk
Al Ao 0.5
| var(f)+var(3) |

In this stud y, the variation on valu ing bus serv ice attributes from each travel
mode is interested. From statistical values of the models in Table 5.4, the values of the

likelihood ratio test can be com puted as shown in Table 5.5 . From the table, th e test
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statistic value of 48.36 was greater than the critical chi-square value of 26.3 with 16

degrees of freedom . Therefore, the null hypot hesis that all coefficients are equal can
be rejected at 95% level of significance. It can be concluded that there was different

taste across modes.

Table 5.5 Test of Taste Variations among Travel Modes

car motorcycle | motodup | bicycle | walking | pooled | Test statistic

-58.57 1335.41 -55.15 | -89.74 | -46.33 | -609.38 48.36

LL(B)

The asym ptotic t-test w as conducted afte rwards as shown in Table 5.6. From
Table 5.6, only three t-test values were significant, i.e. walking time for motorcyclist
and bicyclis t, bus com fort f or m otorcyclist an d pedestr ian, and walking tim e for
motodup user and bicyclist. These differences, if deemed important in the application
of the models, could be considered f or model reestimation using the full sample with
each of these coefficients replaced with the coefficients specific to travel modes (Ben-
Akiva and Lerman, 1985). However, due to the nature of the data in the present study,
the analys is of monetary equivalen ts of each attribute will be based on separate

models presented in Table 5.3.

Table 5.6 Asymptotic t Test of Equality of Individual Coefficients

Mode Pairs Bus fare | Bus headway | Walking time | Bus comfort
Car-motocycle -0.15 0.49 -1.01 -0.71
Car-motodup 0.47 -0.07 -0.81 0.23
Car-bicycle 1.11 -0.25 1.03 0.07
Car-walking 0.61 1.01 0.42 0.88
Motocycle-motodup (.79 -0.58 -0.04 0.99
Motorcycle-bicycle 1[58 -0.92 2.21%* 0.81
Motorcycle-walking (.86 0.81 1.24 1.77*
Motodup-bicycle 0.68 -0.17 1.81%* -0.16
Motodup-walking 0.20 1.07 1.08 0.66
Bicycle-walking -0.39 1.31 -0.48 0.82

*significant at 90% significance level
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Table 5.7 presents monetary equivalents for each attribute, classifying by travel

modes. It can be obs  erved th at the value of walking tim e f or caruse rw as
approximately 126 Riel/minute, and the value of waiting time for car user was around
52 Riel/minute. The value of waiting time in this case was assum ed to be double o f
the value of bus he adway since the average waiting time was cons idered half of the
bus headway. Comparing the value of walking time of 126 Riel/minute with the value
of ti me for car users in Bangkok of 0. 86 baht/m inute (Gwilliam, 1997) and 0.23

baht/minute (Nurcharissa, 2007), the value of time in this study (1 Baht ~ 100 Riel as
of May, 2007) was relativel y higher than expected. Th is was obviously due to the

difference in comfort between walking time and travel time spent in the car.

In addition, comparing the value of waiting time of 52 Riel/m inute with 0.23
Baht/minute for car users in Bangk ok considering the difference in econom ics and
GDP of both countries, the calcula ted value of tim e was still re latively high. For
comparative purposes, the value of tim e for car drivers in UK was £26.43/hour
(Mackie et al., 2003), equivalent to 28.7 Baht/minute (£1 ~ 65 Baht as of May, 2007).
In Malaysia, the value of tim e for ca rdrivers was found to ~ be roughly 0.86

RM/minute (1 RM ~ 10 Baht as of May, 2007) (Kamba et al., 2007).

Table 5.7 Monetary Equivalents for Bus Service Attributes

Attribute Car Motorcycle | Motodup | Bicycle | Walking | Pooled
Bus headway

(Riel/minutes) P9 P |5 36 28
Walking time

(Reil/minutes) 126 85 70 140 128 98
Air-conditioned'bus | 37 Jg3 297 | 268 | 190 | 389
(Riel)

A useful way in interpretin g the abo ve model is to ex press the utility of each
attribute in term s of m onetary e quivalents. The trade-o ffs for each user can  be

interpreted as follows:
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1. One m inute decrease in bus headway was equivalen tto an average of 28

Riel ( ~0.08/0.0028) decrease in bus fare fo  r all users. In other words, a
respondent was willing to pay for an addi tional 28 Riel of bus fare in order to

have one minute decrease in bus headway.

2. A one- minute decrease in walking tim e was equivalen t to an average 98
Riel ( ~0.28/0.0028) decrease in bus fare fo  r all users. In other words, a
respondent was willing to pay for an additional 98 Riel of bus fare to save one
minute in walking to the bus stop. The exception is for bicyclists, in which one

minute decrease in their walking time cost 140 Riel (~0.52/0.0037).

3. A change f rom a bus equipped with a f an to an air -conditioned bus was
equivalent to an average 389 Riel (~1.09/0.0028) decrease in bus fare. In other
words, a res pondent was willing to p ay for an addition al 389 Riel of bus fare
in order to ride in an air-conditioned bus. The ex ception is for pedestrians, in
which they valued an a ir-conditioned bus for 190 Riel ( ~0.63/0.0033), which

was approximately half of the value given by other users.

5.3.2 Models for Modal Split (Bus vs. Existing mode)

To com pare the p reference of bus and respondents’ existi ng travel modes,
several binary logistic regressions were de veloped. Two models were developed with
different model specification. The first m odel consisted of generic variable and m ode
specific variables, while the second model added the in teraction variables between

difference in cost and existing modes.

Table 5.8 describes the sp ecification of the first developed m = odel. From the
table, the cost differen ce between bus an d current travel m ode was shown to be
negative, showing that when all else bei ng equal respondents would be more likely to
use the cu rrent mode when the bus fare was set higher than the curren t travel co st.
Likewise, for bus headway and walking tim e, the higher these values, the fewer
respondents would ride the bus. In contra st, respondents would be more willing to

ride the bus if it was an air-conditioned  bus. In addition, the model shows that car
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users, motorcyclists, and motodup users would prefer bus comparing with those who

used bicycle or walked.

Table 5.8 Binary Model 1A

Number Variable name

Coefficient estimate t statistic

1 Constant 1.248 4.86
Generic variable

2 Difference in cost -0.00024 -3.22
Mode specific variables

3 Bus headway -0.0395 -4.21
4 Walking time -0.1487 -6.72
5 Bus comfort 1.0304 11.02
6 Car -0.7731 -2.30
7 Motorc ycle -0.4708 -2.46
8 Motodu p -0.8116 -3.46

p°=0.079

p°=0.074

Summary statistics

Number of observations = 2264
LL(0)=-1569.29

LL(B)= -1444.77

2| LL(0)= LL(B) | =249.03

It can be noticed from Table 5.8 that the coefficients of mode dummy variables

were relatively close. T herefore, it is appropriate to ¢ onduct a hypothesis testing to

see whether the difference between each dummy’s coefficients can be rejected. In this

case, an asy mptotic t-test.can be applied to test the null hypothesis Bl = ,5’2 . The null

hypothesis can be rejected if the t-test value is greater than the critical t-test value; and

then S and /3, cannot be combined: The t-test was calculated from:

131 — ,82
Var(ﬂAl - Bz)

W here var(f, — 3,) = var(f,) + var(3,) — 2 cov(f3,, )

(5.3)
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Test f(car)= f(motodup)

P (car) S (motodup) cov(car, Var f(car) var L (motodup) titest
motodup)
-0.77 -0 .81 -0.01 0.11 0.05 0.09
Test f(car)= f(moto)
cov(car,
P(car) S(motorcycle) v var f(car) var S(motorcycle) trtest
motorcycle)
-0.77 -0 47 -0.06 0.11 0.04 -0.58
Test f(motorcycle)= f(motodup)
. torcycle,
B(motorcycle) | S(motodup) aufgiotorcycle Var B(motorcycle) Yar f(motodup) titest
motodup)
-0.47 -0 .81 -0.06 0.04 0.05 0.73

The result was shown in Table 5.9 . From the table, th e test statistics were all

smaller than the critical value of 1.96 at 95% significance level, implying that the null

hypothesis could not be reje cted. Thus, these du mmies were then com bined into one

dummy representing motorized users. Table 5.10 presents the modeling results. From

the table, current motorized users would be less likely to use bus comparing with the

current non-motorized user.

Table 5.10 Binary Model 1

Number Variable name Coefficient estimate t statistic
1 Constant 1.207 4.85
Generic variable

2 Difference in cost -0.00021 -3.41
Mode specific variables

3 Bus headway -0.0394 -4.22
4 Walking time -0.1482 -6.72

5 Bus comfort 1.0272 11.02
6 Motorize -0.5036 -2.70

Summary statistics

Number of observations = 2264
LL(0)=-1569.29

LL(B) = -1448.40

2| LL(0)- LL(B) | =241.78
P =0.077

p°=0.072
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In this study, we hypothesized that there might be an interaction effect between

the dif ference in cost a nd travel m odes. There fore, it is o finterest to test sucha n
interaction ef fect in the m odel. Table 5. 11 presents the modeling results when an
interaction was added. W e found that the interaction has a posi tive effect on the

decision to ride the bus.

Table 5.11 Binary Model 2

Number Variable name Coefficient estimate t statistic
1 Constant 2.333 4.66
Generic variable

2 Difference in cost -0.00114 -3.13
Mode specific variables

3 Bus headway -0.0396 -4.21

4 Walking time -0.1499 -6.73

5 Bus comfort 1.0372 10.99
6 Motorize -1.6063 -3.36

Interaction variables

7 Differenc; in cost 0.00096 2.60
for motorized users

Summary statistics

Number of observations = 2264

LL(0)=-1569.29

LL(B)=-1437.32

-2[LL(0) - LL(5)] =263.94

p =0.084

p°=0.077

To com pare between th e two m odels in Table 5.10 and Table 5.11, several
statistics values were ob served and statis tical test was cond ucted. From Table 5.12,
the value of the adjusted likelihood ratio index of the second m odel appeared higher,
implying that the seco nd m odel could be = a better m  odel. Table 5.13 shows the
estimation result of the likelihood ratio test , in which Model 1 was regarded as the
restricted model and M odel 2 as an unrestricted model. From the estim ation results,
the likeliho od ratio value was hig her th an th e critical y* value, which could be

implied that the null hypothesis that the added parameter 3, are equal to zero could be

rejected at 99.5% significance level. Therefore, from the test the second model can be

considered better than the first model.
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Table 5.12 Statistical Values of the Models

Models Model 1 | Model 2
Initial log-likelihood LL(0) -1565.66 -1565.66
Log-likelihood at convergence LL( ,é ) | -1444.77 | -1433.66
Likelihood ratio index p’ 0.077 0.084
Adjusted likelihood ratio index p” 0.073 0.078
Number of observation 2264 2264
% Correct predicted 63.65 63.74

Table 5.13 Likelihood Ratio Test

Model 1 Model 2
Models ; -
Restricted | Unrestricted
Log-likelihood at convergence LL(S) -1448.40 -1437.32
Likelihood ratio test 2[LL(5,)~LL(5,)] 22.16
Number of restriction 1
4~ -critical at 99.5% 7.88

From the best model, the utility function could be written as follows:

V,

bus

=2.333-0.0011x (bus fare) —0.04 x (bus headway) — 0.15 x (walking time) + 1.04 x (comfort)

Y, =—0.0011x (trip cost) + [1 .61—-0.00096 x (cost difference)] x (motorize)

existing

All of the coefficients in the u tility function are reasonable. From the utility
function for bus, respondents would be less likely to use the bus when the bus fare
and bus headway are substantial and whenth ey have to spend a long time walking to
the bus stop. On the contrary, if the bus is air-conditioned, respondents would be more
likely to us e the bus. From the utility f unction for existing travel m odes, when the
current trip cost is high, respondents woul d be m ore likely to switch to the bus. In
addition, if a respondent was a motorized  user, he or she would have a higher
tendency to use his or her existing trav el mode com paring with the non-m otorized
users. This result was quite reasonable since most of the current m otorized users can
presumably travel with more com fort, while bicyclists and pedestrians were seek ing

for a more comfortable travel mode. From the results, it can be also observed that for
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a motorized user, he or she would not consider trip cost much in deciding whether to

use bus or not. In other words, a one unit in crease in trip cost would not make much
difference for a m otorized user in term s of the probability of switching to the bus

service.

To com pare the pref erence betwee n existing m odes and bus, a set of  utility
values for b oth competing modes were com puted. Two scenarios were assum ed. In
the first scenario, the bus fare was assumed to be equal to the travel cost of the current
mode. In the second scenario, an average cost for the motorized mode was substituted
in the developed utility function. T he util ity values were co mputed for the 32 bus
service alternatives used in the su rvey. Results of both scen arios are shown in Table

5.14 and Table 5.15, respectively.

From Table 5.14 for the same cost between bus and existing modes, almost one-
third of motorized users would prefer bus. The table also revealed that non-m otorized
users would always use bus. This can be explained by the fact that it is impossible for
the as sumption tha t bu s fare be e qual to trip cost of existing m odes, since non-
motorized u sers cur rently do not have any signif icant travel cost. In a ddition, bus
service alternatives that m otorized users chose were m ostly those r elated to a ir-

conditioned bus.

In Table 5.5 we assumed the average motorized trip cost of 1862 Riel, and non-
motorized trip cost to be zero. From the survey results, the cost of existing motorized
trips was often higher than the hyp othetical bus fare. However, th-e bus demand for
motorized users did not vary through cost. As can be seen from the table, one-third of
motorized users chose to ride bus. From the table, almost half of the 32 alternatives of
bus service would be preferre d by non-m otorized users. Th e decrease in the d emand
from the first assumption from Table 5.4 was d ue to the substantial difference in cost

between bus fare and non-motorized trip cost.



Table 5.14 Utility Values (Assumed Equal Cost)
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Bus Bus Walking Bus Utility for Utility for Utility for non-
fare headway time comfort bus motorized modes | motorized modes
900 10 4 0 0.35 0.62 -0.99
900 20 4 0 -0.05 0.62 -0.99
900 10 8 0 -0.25 0.62 -0.99
900 20 8 0 -0.65 0.62 -0.99
900 10 4 1 1.38 0.62 -0.99
900 20 4 1 0.99 0.62 -0.99
900 10 8 1 0.78 0.62 -0.99
900 20 8 1 0.39 0.62 -0.99
1200 1 4 0 0.02 0.29 -1.32
1200 2 4 0 -0.38 0.29 -1.32
1200 1 8 0 -0.58 0.29 -1.32
1200 2 8 0 -0.98 0.29 -1.32
1200 1 4 1 1.05 0.29 -1.32
1200 2 4 1 0.66 0.29 -1.32
1200 1 8 1 0.45 0.29 -1.32
1200 2 8 1 0.06 0.29 -1.32
1500 1 4 0 -0.31 -0.04 -1.65
1500 2 4 0 -0.71 -0.04 -1.65
1500 1 8 0 -0.91 -0.04 -1.65
1500 2 8 0 -1.31 -0.04 -1.65
1500 1 4 1 0.72 -0.04 -1.65
1500 2 4 1 0.33 -0.04 -1.65
1500 1 8 1 0.12 -0.04 -1.65
1500 2 8 1 -0.27 -0.04 -1.65
1800 1 4 0 -0.64 -0.37 -1.98
1800.2 4 0 -1.04 -0.37 -1.98
18001 8 0 -1.24 -0:37 -1.98
18002 8 0 -1.64 -0.37 -1.98
1800 1 4 1 0.39 -0.37 -1.98
1800 2 4 1 0.00 -0.37 -1.98
1800 1 8 1 -0.21 -0.37 -1.98
1800 2 8 1 -0.60 -0.37 -1.98




Table 5.15 Utility Values (Actual Cost)
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Bus Bus Walking Bus Utility for Utility for Utility for non-
fare headway time comfort bus motorized modes | motorized modes
900 10 4 0 0.35 0.48 0
900 20 4 0 -0.05 0.48 0
900 10 8 0 -0.25 0.48 0
900 20 8 0 -0.65 0.48 0
900 10 4 1 1.38 0.48 0
900 20 4 1 0.99 0.48 0
900 10 8 1 0.78 0.48 0
900 20 8 1 0.39 0.48 0
1200 1 4 0 0.02 0.19 0
1200 2 4 0 -0.38 0.19 0
1200 1 8 0 -0.58 0.19 0
1200 2 8 0 -0.98 0.19 0
1200 1 4 1 1.05 0.19 0
1200 2 4 1 0.66 0.19 0
1200 1 8 1 0.45 0.19 0
1200 2 8 1 0.06 0.19 0
1500 1 4 0 -0.31 -0.09 0
1500 2 4 0 -0.71 -0.09 0
1500 1 8 0 -0.91 -0.09 0
1500 2 8 0 -1.31 -0.09 0
1500 1 4 1 0.72 -0.09 0
1500 2 4 1 0.33 -0.09 0
1500 1 8 1 0.12 -0.09 0
1500 2 8 1 -0.27 -0.09 0
1800 1 4 0 -0.64 -0.38 0
1800 2 4 0 -1.04 -0.38 0
1800 1 8 0 -1.24 -0.38 0
18002 8 0 -1.64 -0.38 0
1800 1 4 1 0.39 -0.38 0
1800 2 4 1 0.00 -0.38 0
1800 1 8 1 -0.21 -0.38 0
1800 2 8 1 -0.60 -0.38 0




CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

This study addresses th e analysis of bus service attributes in the context of bus
service planning in the city of Phnom Penh, where currently lacks a form al public
transport mode. A pilot survey was conducted as a preliminary study on the feasibility
of stated preference research. Afterwards, a main survey was further conducted during
May 22-24, 2007 to collect the information on respondent s’ socioeconomic and trip
characteristics, likelihood in using the bus service, and their behavior towards the bus
service in the future. Based on a total of 337 respondents, the data obtained from the
survey was input in to a database a nd was analyzed using both descriptive statistics
and statistical modeling techniques in order to discover passengers’ decision m aking

characteristics towards riding the bus.

The main objectives of this study include d the trade-off analysis. It was found
that passengers in Phnom Penh had a positiv e attitude towards intra-city bus service.
Survey resu lts ind icated that the dem and for such serv  ice is rem arkably high.
Particularly, from the obtained d ata almost half of the bus servic e alternatives were

chosen, i.e. respondents chose to ride bus if such alternatives existed.

Among the respondents, non-m: otorized users w ere found to be the potential
users for bu s service. W hen the bus fare was set to be eq ual to th e cost of existing
modes; all non-motorized users would ob . viously use bus, and only one-third of
motorized users would use bus. However, in re ality the cost will not be the same, i.e.
the existing motorized trip co st is o ften higher than th e bus fare, while the exis ting
non-motorized trip does not have signifi ~ cant cost. W hen average trip cos t for
motorized trip was substituted, it was found that bus demand for motorized users did
not vary implying that motorized users did not take much into account for the fare. On

the other hand, only half of the non-m  otorized users would use bus due to the
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substantial difference in their trip cost ~ and bu s fare. Noticeably, m ost of the bus

service alternatives, which were chosen, were related to air-conditioned bus.

In terms of bus service attributes, bu s fare, and comfort were found to be the
most important and significant aspects for passengers in Phnom Penh. A bus fare level
of 1200 Riel was acceptable for half of th e respondents. From the trade-off analysis,
respondents could accept a higher fare rate considering trade-offs with other factors
such as bus comfort, walking tim e, and bus headway. For instance, a respondent
would be willing to pay an addition al 98 Riel provided that he or she could save one
minute in walking to the bus sto p. Meanwh ile, they would be willing to pay an
additional 28 Riel if the bus headway wa s decreased by one m inute. Also, except for
pedestrians, respondents would pay an extra 389 Riel for a ride in an air-conditioned

bus.

The value of time in this study was charac terized by the value of walking time
and the value of waiting tim  e. Obviously, the analys is s howed that the va lue of
walking time was higher than the value of waiting time. The difference in these values
of time was clearly related to the comfort reason. The average value of walking time
in this study was found to be approxim ately 100 Riel/m inute for all users, and the
value of waiting time was found to be approximately 50 Riel/minute. These values of
time were relatively high er than the expected value com paring with the value of tim e
for car users in Bangkok of 0.86 baht/minute (Gwilliam, 1997) and 0.2 3 baht/minute
(Nurcharissa, 2007).

In short, this study have revealed th e Phnom Penh passengers’ behaviors in
terms of the trad e-offs between bu s service attributes, and preference between bu s
service and existing travel modes. Contribution of the results from the present study is
hoped to shed som e light on intra -city bus service planning in term s of service,

demand and fare. In add ition, the an alysis results can be ad ditionally used for future
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research an d study on transpo rtation planni ng in order to estab lish an appropriate

service of an intra-city bus system in Phnom Penh.

6.2 Recommendations

Due to tim e cons traint, the scope of th e present r esearch is lim ited to only

passengers’ characteristic and attitu des to ward the bus service. Further studies are

obviously needed in order to plan a bus service. From the study results and personal

viewpoints, several recommendations can be made as follows:

1.

From the second model (modal split), some trip characteristics of passengers
were found inconsistent with their decision making. This was probably due
to insufficient data. Th erefore, a larger s ample size is en couraged in the

further study.

The master plan for tran sportation system in Phnom Penh studied by JICA
should be implem ented as soon as po ssible. A bus service, one of the
project’s plans, can be established based on the outputs of this study in te rm
of bus service attribu tes, namely, bus fare, headway, walking tim e, and bus

comfort.

Further rese arch is ne eded regard ing the f easibility of th e service, f are
policy, and bus capacity. From the previous JICA st udy, the financial
feasibility was impossible; thus, this issue should be revisited based on th e
bus fare level and its dem and as presen ted in this study. In such situation
when the financial feasibility of the intra-city bus service is impossible, the
government should co . nsider subs idies f or th e serv ice a s long a s the

economic feasibility was possible as already investigated in JICA study.
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Bus Service Study in Phnom Penh

1. Please provide information about your current trip.

Transport mode | Private car _ Motorbike [ Motorcvele taxi _ Bicyvele _ Walk
Trip purpose Cwork _ School [ Shopping | Others (specify)............
Travel cost ...... riel Travel time. ey minutes Travel distance......... kilometer

2 Supw%ﬂmmabusmmmm'ué;ﬂ' ith 4 lines n service (see map). Many
features of the service will "thns,weﬁ i 1o ask you some questions for better

Suppose your best bus alternative 7' i1 ~ e fo ?1 ,. i 1 bus
instead of the transport mod ﬂmm ‘
7] Very unlikely Unhkgly':,ﬂ?ﬂm sure. \:3].'.[\‘ *gl_ge_iy ~ Very likely
Q R o
A7 g T -l
Alternative | Cost (1) Bus Frequency W. B »Ci:l-mforli" Your decision
1 ' {minute) 1l
5 1500 | 3 buses’hour 4 Fan | © Will use O Will not use
7 1 3 use O Will not use

Campn:msﬂwseabwe alternatives. I think the best alternative is Ahumnw
Suppose your best-bus ‘altemative is available-for the same trip, how |
instéad of the transport mode that you just made today?

U Vervunlikely [ Unlikely [ Notsure [ Likely T Very likely

Lastly, comparing both scenarios 1 and 2, the most preferred altemative for you is alterualjueD
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o iiiéiﬁéﬁer'"' '_T.f Location.................. | B
‘g' 1Surw.-y Date. .. .. May 2007 AM#PM F

Bus Service Study in Phnom Penh

1. Please provide information about your current trip.
Transport mode [ Private car | Motorbike [ Motoreyele taxi [ Bicvele [ walk

Trip purpose CWork C8chool [ Shopping C Others (specify)............

Travel cost ...... riel Travel time... .,#.:_n'rutes Travel distance......... kilometer

2. Suppose there is a bus system running in Phﬂ@h 4 lines in service (see map). Many
features of the service will bé"ﬂa@ﬂl, lhusywe wnuklm ask vou some questions for better

understanding your prefmﬁjhm@‘icqnside; cach scenario.
~ Bus Scenario 1
, “7 7 Walking Time . —
Alternative = Comfort Your decision
| minte) -
1 b= B\ ‘\ O Will use O Will not use
3 1500 ur e | ar Willuse O Will not use
< L3
Comparing these above alt ives, | the b ematlw 1s Alternative
Suppose your best bus 1w1&§gvg:hh1e Emﬁﬁ‘.ﬁme *np, how likelv will vou use the bus

instead of the transport mode that }ruu jﬁma&e
1\‘
71 Very unlikely p Unlikely “H Retsee 1 Ll.tel:f 1 Very likely

— o
—J Bus Scenario 2 i\J
Walking Time i
Alternative | Cost (H‘-‘ Bus Frequency ) ” Comfu‘rlA Your decision
| (minute)
5 e i | O Will use O Will not use
7 1200 | 6buseshour [ . 4 _Fan Willu ill not use
Comparing above alternatives. 1 1e best alternative ernative

Suppose your best bus alternative is available for the same trip, how likely will vou use the bus

instead of the transport mode that you just made today?
U Veryunlikely [ Unlikely [] Notsure [ Likely L] Very likely

Lastly, comparing both scenarios 1 and 2, the most preferred alternative for vou is alternative I:l
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H

Y—1

3. Please fill in the following:

1) Age _ Gender: [ Male _| Female
2)District of vour home: [ Done Penh (1 7 Makara ! Tuol Kork
[l Chamkar Momm [ Reussey Keo _ Suburban
3)Occupation | High school student [ University student [ Seller [ Employee
[ Unemployed L1 Others, please specify
4)Education [ Unedueated _ Primary sehool 1 High school
[ Bachelor"s T.i' Higher than Bachelor's

5)Monthly income [ None” [ Lessthan$50 [ §50-5150 ] $150-5250
L $250-3350 [J $350-8450 ) Higher than $450

6)Household monthly income " Nome 7 Lessthan 850  [$50-8150 [ §150-8250

[ $250-$350 [ $350-8450 ™ Higher than $450
7)How many members ase there inyour household {;m:ludiug yourself)
8)Do vou have cars in your household? / INo ] Yes, how many?
9)De you have motorcycles in your household? _E. No Tl Yes, how many?
10) Do you have bicyeles in your household? ::EF %&o [ Yes, how many?

11) How do vou usually commute from home to wérﬁ-'“s‘chﬁol”

L] Private car'~ <[ Private motorbike = Bicycle 5 Walking' [ Motorcycle taxi
12) How do you usually go shopping?

Tl Private car [ Private motorbike | Bicycle | Walking [ Motorcycle taxi
13) Within the last week, how often did you use the following modes of transport?
Private car: .0 Everyday) (] &5 ddysf wWeek O [T)2-3 daysfivaek ) “CJ Rarely [ Never
Motorbike: [ Everyday [ 4-5days/week [ 2-3days'week | Ramely, [ Never
Bicycle! L ‘Evenyday® [0 45 days/ week | () [ 2-3idays/Week ) | Raely O | Never
Motoreyele taxi: | Everyday [ 4-5 days/ week [ 2-3 days‘week (] Rarely [ Never
14) If there is a city bus service in Phnom Penh, how often would you use it?

[l Everyday [ 4-5days/week [ 2-3 days/week [ Rarely [ Never

15) Please rank the bus service line { from | = use the most to 4 = use the least)

_ Linel __Line2 _ Line3 __ Lined
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Preliminary Data Survey
Bus Service in Phnom Penh
Interviewer: Survey Date:
Location: Survey Time:

Suppose there is a bus system running in Phnom Penh. Many characteristics of the service can be
listed; thus, we would like to ask you some questions for better understanding your preference and

helping regulate the service’s characteristics properly.

1. For each scenario, please select (V) your preferred choice.

Scenario 1

Get-in cost | Cost per km | Waiting time | Walking Comtfort
(riel) (riel) (minutes) distance (m)
T Alternative 1 300 100 3 50 Air
O Alternative 2 500 200 6 200 Fan
T Alternative 3 N E'OnO y 300 9 100 Normal
Scenario 2
Get-in cost | Cost per km | Waiting time | Walking Comfort
(riel) (riel) (minutes) distance (m)

O Alternative 1 500 300 6 50 Air
T Alternative 2 300 200——= 3 100 Normal
Alternative 3 700 100==24% 9 200 Fan

Scenario 3
Get-in cost | Cost per km | Waiting time | Walking Comfort
(xicl) (ricl) (ininutcs) distance (m)
Alternative 1 500 100 6 100 Normal
Alternative 2 ~ 300 300 g — 200 Fan
Alternative 3 700 200 9 50 Air
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Preliminary Data Survey

Bus Service in Phnom Penh

Interviewer:

Location:

Survey Date:

Survey Time:

Suppose there is a bus system running in Phnom Penh. Many characteristics of the service can be
listed; thus, we would like to ask you some questions for better understanding your preference and

helping regulate the service’s characteristics properly.

1. For each scenario, please select (V) your preferred choice.

Scenario 1

Get-in cost | Cost per km | Waiting time | Walking Comfort
(viel) (ricl) (mn) distance (m)
Alternative 1 300 200 6 100 Air
Alternative 2 700 100 3 200 Normal
T Alternative 3 500 300 9 50 Fan
Scenario 2
Get-in cost | Cost per km | Waiting time | Walking Comfort
(riel) (riel) (mn) distance (m)
” Alternative 1 300 300 6 200 Normal
O Alternative 2 700 — 200 3 50 Fan
Alternative 3 500 100 9 100 Air
Scenario 3
Get-in cost | Cost per km | Waiting time | Walking Comfort
(ricl) (riel) {mmn) distance (m)
O Alternative 1 300 100 6 50 Fan
O Alternative 2 700 300 3 100 Air
” Alternative 3 500 200 9 200 Normal
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Interviewer: Survey Date:

Location: Survey Time:

Suppose there 1s a bus system running in Phnom Penh. Many characteristics of the service can be
listed; thus, we would like to ask you some questions for better understanding your preference and
helping regulate the service’s characteristics properly.

1. For each scenario, please select (V) your preferred choice.

Scenario 1
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Get-in cost | Cost per km | Waiting time | Walking Comfort
(riel) (riel) (mn) distance (m)

~ Alternative 1 700 200 B 50 Normal
Alternative 2 300 300 g 200 Air

_ Alternative 3 | 500 100 8 100 Fan

Scenario 2

Get-in cost | Cost per km | Waiting time | Walking Comfort
(riel) (riel) (mn) distance (m)

_ Alternative 1 300 100 9 50 Normal
Alternative 2 700 300 6 100 Fan
Alternative 3 500 200 3 200 Air

Scenario 3

Get-in cost | Cost per km | Waiting time | Walking Comfort
| (riel) (riel) (mn) distance (m)

T Alternative 1 | 500 300 3 50 Normal
Alternative2 | 700 100 = 200 Air
Alternative 3 | 300 200 9 100 Fan
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2. Please fill in your personal characteristics as listed the following:

2.1 Age
2.2 Gender — Male _| Female
2.3 Occupation _ Primary school student | High school student
_| University school student _| Employee
| Seller ' Unemployed
_| Others, please specify
2.4 Education _ Uneducated
_ Primary school _ High school
Bachelor’s. | Higher than Bachelor's
2.5 Monthly income _None L Less than $50 _ $50-$80
_] $80-5120  $120-5180 T $180-5250
T $250-5400  More than $400
2.6 How many members are there in your household (including yourself)
2.7 Do you have carsin your household? [ No _ Yes, how many?
2.8 Do you have motoreyeles in your household? e _ Yes, how many?
2.9 Do you have bicycles in your household? : No _ Yes, how many?
2.10How do you usually commute from home to work/school?
_ Private car _ Private motorbike :'Bd'ﬁyy:le _ Walking | Motorcyele taxi
2.11 How do you usually go shopping? -
| Private car _ Private motorbike — Bieyele _ Walking | Motorcycle taxi
2.12 Within the last week, how often did you use the following modes of transport?
Private car:  _ Everyday " 4-5 days/week 23 days'week  _ Rarely _| Never
Motorbike: | Everyday [ 4-5 days/week [ 2-3 dayslweek | Rarely | Never
Bicycle: _ Everyday _| 4-5 days/week ) 2-3days'week [ Rarely | Never
Motorcyele taxi: | Everyday [ 4-5 days/ week [ 2-3 days'week C| Rarely _| Never

2.13If there is a city bus service in Phiom Penh, how likely will you use it?
_| Very unlikely _ Unlikely Tl Notsure. | [ Likély _ Wery likely

2.141f there is a city bus service in Phnom Penh, please rank the following factors from 1 to 7, where

1= most important factorto you and 7 = least important to yeu,
O\l Faxe . Comfort | Walking distance
__ Bus cleanliness Speed _ Seat availability
_ Service frequency
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