
Journal of the Eastern Asia Society for Transportation Studies, Vol.11, 2015 

1122 
 

Challenge of Public Transport Planning in Private Vehicle Dominated 

Community 
 

Paramet LUATHEP a, Suppakorn SUTTIPAN b, Sittha JAENSIRISAK c 

 
a,b Department of Civil Engineering, Prince of Songkla University, Songkhla, 90112, Thailand  
a E-mail: paramet.l@psu.ac.th  
b E-mail: suppakorn_01@hotmail.com  
c Department of Civil Engineering, Ubon Ratchathani University, Ubon Ratchathani, 34190, 

Thailand; E-mail: sittha.j@gmail.com 

 

 

Abstract: Daily trips in many Asian developing cities mainly rely on private vehicles. This 

paper presents a challenge of public transport planning in private vehicle dominated 

community. The case study was at Prince of Songkla University, in the southern Thailand. 

Electric bus service has been provided for internal trips within the campus. However, the bus 

service does not attract to the students and staff, influenced by private vehicles (motorcycle 

and passenger car). The Stated Preference (SP) technique was applied to evaluate travelers’ 

responses to different policies in encouraging the modal shift from private vehicles to public 

transport. Binary logit models were developed and applied to evaluate different policies. The 

results show that the integrated policies between improvement of bus service (travel time and 

waiting time reduction) and management of private vehicle parking (parking limitation and 

pricing) could promote the bus system and reduce CO2 emission in the community. 
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1. INTRODUCTION 

 

Private vehicles (e.g., motorcycle, passenger car, pickup car) are dominant transport modes in 

Asian developing cities. In Hanoi and Ho Chi Minh City (Vietnam), motorcycle shares about 

81% and 90%, respectively, of all motorized trips (Schipper et al., 2005). In Thailand, the 

motorcycle also plays an important role for daily trips in major cities, for example, 41% in 

Chaing Mai (Jittrapirom and Emberger, 2012), 49% in Khon Kaen (SIRDC, 2008 and 2010), 

51% in Hat Yai (Luathep, 2014). Apart from the motorcycle, passenger car is another 

dominant transport mode that Thai people mainly use for daily travel. These two dominant 

modes reach about 80% of all modes, whereas sustainable transport modes (bus, walk, and 

bicycle) are accounted for small proportion and it is likely to decline if no planning and good 

management. 

Travel by private vehicles significantly generate a number of negative impacts (e.g., 

traffic congestion, accident, air and noise pollution) on travelers, environment, health, and the 

economy. To alleviate the above problem, Travel Demand Management (TDM) is one 

approach aimed at achieving more sustainable travel patterns by influencing a reduction in the 

number of private vehicle trips. TDM plans or green commuter plans are most applicable to 

institutions generating a high volume of vehicular trips. Regulatory and incentive levers are 

used to achieve a redistribution of trips from low occupancy car travel to the more sustainable 

travel modes of walking, cycling, public transport, and high occupancy vehicles (Curtis and 

Holling, 2004). 
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Several authorities in Asian developing cities have planned for public transports (e.g., 

bus and rail) and put the efforts to promote and encourage the use of public transports (for 

more details see e.g., Alvinsyah et al., 2005; PDA, 2015; SIRDC, 2008). However, there is a 

challenge to stimulate a modal shift from private vehicles to public transports. 

This study presented a challenge of public transport planning in private vehicle 

dominated community. Prince of Songkla University (PSU), a major university in the 

southern Thailand, is selected as a case study. The PSU is like a small city and often face 

urban transportation problems. In the study, we applied the Stated Preference (SP) technique, 

which is useful for studying non-existing market situations, to evaluate travelers’ responses to 

different policies in boosting the modal shift from private vehicles to public transport (campus 

bus). Travelers on the campus, who use a motorcycle, passenger car, and campus bus, were 

surveyed. The technique examined how the travelers make a decision in mode choice. This 

method was based on individuals’ preferences and/or behavioral responses elicited when 

he/she faces with a set of hypothetical scenarios set up by researchers. 

In this paper, some literatures are reviewed and presented in Section 2. The details of 

the study area, SP exercise and mode choice modelling are explained in Section 3. The results 

and discussions of model development and its applications are presented in Section 4. Finally, 

Section 5 concludes main idea of the paper. 

 

 

2. LITERATURE REVIEW 

 

Many studies have explored a challenge of modal shift to public transport in various cities 

(e.g., Choocharukul et al., 2006; Jaensirisak and Pongmesa, 2015; Nurdden et al., 2007; 

Satiennam et al., 2015). Improving public transport services could generate more passengers 

on public transport system. For example, Nurdden et al. (2007) evaluated an effect of 

transportation policies on modal shift from private car to public transport (bus and urban 

train) in Malaysia. A binary logit model was developed for the three alternative modes (car, 

bus and train). Age, gender, car ownership, travel time, travel cost, household size and income 

are significant factors in influencing the individual's choice of transportation. The most 

important variables likely to encourage the use of public transport were reduced travel time, 

distance from home to public transportation stations and subsidized fares. Satiennam et al. 

(2015) assessed the potential of Bus Rapid Transit (BRT) for attracting travelers from 

passenger cars and motorcycles. Modal split models for predicting the choice of passenger 

cars and motorcycle users were developed based on a SP technique. It was found that BRT 

could attract private vehicle users, especially the motorcycle user, to change mode choice. 

However, the majority of private vehicle users still prefer their own private vehicles. Travel 

time has a highly significant effect on passenger car users’ choice of BRT, but travel cost has 

a highly significant effect on motorcyclist’s choice. Some socio-economic factors, including 

gender, age, driving license holding and residence location also influence the choice of BRT. 

 However, improvement of public transport alone may not be able achieve significant 

reduction of private vehicle use. Choocharukul et al. (2006) investigated the potential of 

adapting communicative transportation measures to reduce car use in Thailand. It was found 

that few attitudinal aspects of car use had significant effects on a moral obligation to reduce 

car use, suggesting that it may not be easy to reduce car use in Thailand by utilizing strategies 

to change the images of cars and public transport (‘pull’ measures). This is similar to the case 

of mode choice behavior in a motorcycle-dependent region in Taiwan (Chen and Lai, 2011). 

They found that habit behavior increases choice probability for motorcycle use, revealing that 

the stronger the habit, the higher likelihood that motorcycle use is chosen. They suggested 
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that effective ‘push’ and ‘pull’ strategies should be carefully designed and implemented to 

disrupt motorcyclists’ habitual action and modify the structure of the decisional environment. 

Jaensirisak and Pongmesa (2015) assessed the possibility of the use of BRT and road 

pricing policies to reduce private vehicle use in Chiang Mai. Habitual behavior and captive 

attitude of private vehicle users were observed by a SP exercise and attitudinal questionnaire. 

Two situations were designed, including (1) development of a BRT system alone, and (2) 

development of a BRT system with road pricing. The results showed that most private vehicle 

users believed that private vehicles were important in their daily lives and would still be 

essential even if a comprehensive public transport system was implemented. They felt that 

using private vehicles had great benefit and they intended to use private vehicles even for 

short distances. However, the development of a BRT system with road pricing is more 

effective than the development of a BRT system alone. Therefore, this study believes that the 

improvement of a BRT system would be more effective if it is integrated with restraint 

measures such as road pricing that reduce habitual behavior and captive attitude. 

The above literatures focus on a challenge of modal shift in city scale. Apart from a 

city, big universities are like small cities and often face urban transportation problems. A few 

of them have introduced various pricing reforms, such as offering fare-free public transit and 

charging market prices for parking, that have produced promising results. These results 

suggest that many universities and cities can adopt similar reforms to reduce congestion, clean 

the air, conserve energy, and improve urban life (Shoup, 2005).  

Various researchers have applied a concept of Travel Demand Management (TDM) to 

encourage modal shift in universities (e.g., Balsas, 2003; Curtis and Holling, 2004; Miralles-

Guasch and Domene, 2010; Limanond et al., 2010; Poinsatte and Toor, 1999; Satiennam et 

al., 2011; Shoup, 2005; Toor and Havlick, 2004). From the best practice in the US, the UK, 

Europe, and Australia, Curtis and Holling (2004) suggest a comprehensive approach for 

transport planning in university campuses, which required three steps. First, understanding the 

issue involves the university evaluating its current practices and policies to see any barrier. 

Second, they need to find champions for the approach, which involves gaining support not 

only from persons targeted for behavior change, but also by partnering with local government 

and public transport providers and advocates and researchers within and outside the 

universities. The final steps, taking action, focuses on devising the TDM plan, implementing 

its actions and evaluating the outcomes. 

 

 

3. METHODOLOGY 

 

In this section, background of the study area, target group, and the details of methodology for 

data collection, model development and validation, and application of the developed models 

are explained. 

 

3.1 Background of the Case Study 

 

PSU is a leading research university in the south of Thailand. The university consists of six 

campuses. The major campus is located in the Hat Yai city, Songkhla province. This campus 

covers about 2.7 km2 with 38 km total length of the road network (Planning Division, 2013). 

The campus community has been developed rapidly, resulting in continuously increasing in a 

number of students and staff. Currently there are totally about 30,000 people, as shown in 

Figure 1. The recent study of traffic conditions on Hat Yai campus reveals that the total travel 

demand is 11,693 person-trips/hour during the morning peak hour (Suttipan, 2014). 
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Figure 1. Number of students and staff in PSU from 2001-2012 

Source: Planning Division, Prince of Songkla University (2013) 

 

The PSU has operated a bus system on Hat Yai campus since 2004. In the beginning, 

diesel buses had been employed for the service. Later, the PSU aims to promote 

environmentally friendly public transport and extend the service to cover major areas on the 

campus. Electric campus bus system (Figure 2) has been introduced since 2008 until now. 

The system covers three routes, as shown in Figure 3. The time headway is about 5-10 

minutes. However, the trend of passengers has been decreasing significantly (Figure 4). The 

results from the recent study (Figure 5) also reveals that the mode share for the campus bus is 

only 6.68%, compared to the top two dominant modes, i.e., motorcycle (42.75%) and private 

car (25.86%). One of the main reasons is that most students and staff live off campus. 

Existing public transport modes outside the campus (e.g., bus, van, songthaew, Tuk Tuk) are 

in poor service. Thus, they always use their own private vehicles for travel between residence 

and campus, and use them for study and work trips inside the campus. Figure 6 shows that 

57% are those who use a motorcycle, while 83% are those who use a passenger car. Apart 

from the above reason, the use of private vehicles for those who stay on campus is more 

convenient compared to the campus bus. As a result, the PSU has rather low campus bus use. 

 

 
Figure 2. Electrical bus service in PSU 
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Figure 3. Three routes of campus bus system 

 

  
Figure 4. Number of campus bus passengers from July 2010 to January 2013 

Source: PPSSD (2014) 
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Figure 5. Modal share of the journeys in PSU 

Source: Suttipan (2014) 

 

 
 

               a) Motorcycle users     b) Passenger car users 

Figure 6. The proportion of students and staff living on and off campus 

Source: Suttipan (2014) 

 

Recently, the concerned authorities have put more efforts to shift private vehicle users 

for the students and staff living on and off campus to campus bus. However, disincentive 

measures for access by private vehicles have not been implemented yet. Understanding 

behavior of travelers in transport system is very important in transport planning and operation. 

This research thus focuses on how to encourage more motorcyclists and passenger car users 

shifting to campus bus by introducing both public transport and private vehicle related 

measures.  

 

3.2 Survey Method 

 
In this research, the Stated Preference (SP) technique was applied to investigate the factors 

affecting campus bus and private vehicle choices. Three measures encouraging modal shift 

from private vehicles to campus bus were proposed; 1) reduction of travel time and waiting 

time of the campus bus, 2) limitation of parking area for the private vehicles, and 3) 

introduction of parking charge for the private vehicles. The first measure is to decrease the 

travel time during the service and the waiting time at the bus stop by shortening the headway 

of bus service. The second measure is to increase the travel time of the private vehicles due to 

difficulty in finding the parking area. The last measure is to increase the travel cost of the 

private vehicles. 
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3.3 Design of the SP Experiment 

 

Using the SP technique, the study considered the attributes of PSU campus bus, motorcycle, 

and passenger car that influence travelers’ decision in mode choice. The selected attributes 

are: 

 Travel time and cost of motorcycle (Tmc and Cmc). From our pilot survey, the average 

travel time and cost of motorcycle are 7 minutes and 12 Baht per trip, respectively. 

 Travel time and cost of passenger car (Tpc and Cpc). From the survey, the average travel 

time and cost of private car are 8 minutes and 22 Baht per trip, respectively. 

 Waiting time at bus stop (Wbus). The service is provided for every 5 minutes. However, 

in reality, the waiting time is higher than the schedule. Three levels of waiting time (3, 6, 

and 10 minutes) are set in the SP exercise to investigate effects of waiting time 

influencing the mode choice. In addition, in-vehicle travel time of campus bus is 

denoted by Tbus. 

 Bus fare (Fbus). The campus bus has been currently serviced for free. However, the 

system requires a subsidy for operation and maintenance every year. Thus, this study 

sets three levels of bus fare (0, 2, and 5 Baht). 

 

In the design of SP exercise for each target group (motorcycle and private vehicle), 

three levels of each attribute (travel time, travel cost, waiting time, in-vehicle travel time, and 

fare) are set. This setting generates 35=243 experimental scenarios. Thus, the study reduced 

the number of scenarios by applying fractional factorial design (see Hensher et al., 2005) and 

rejecting no trade-off conditions that observers can easily select the preferred mode without 

thinking. Then, SP exercise came up with nine significant trade-off conditions (scenarios) for 

the choice between motorcycle and campus bus (presented in Table 1), and for the choice 

between passenger car and campus bus (presented in Table 2).  

In the SP exercise, each private mode user (motorcycle or car) was only offered to 

choose two modes between the existing mode and the campus bus. This is because among all 

available modes they have already chosen the most preferable mode (which is the existing 

one). When a new mode (the campus bus) was offered, the travelers would choose between 

the existing mode and the new mode. 

The SP questionnaire survey was conducted in November 2013. 400 samples of 

motorcycle (MC) user and 400 samples of private car (PC) user were randomly obtained from 

students and staff. The characteristics of all respondents can be summarized in Table 3. 

 

Table 1. Mode choice scenarios between motorcycle and campus bus 

Scenario 

Motorcycle Campus bus 

Travel time 

(Minutes) 

Travel cost 

(Baht*) 

Waiting time  

(Minutes) 

In-vehicle travel time 

(Minutes) 

Fare  

(Baht*) 

1 4 5 3 4 0 

2 4 7 10 3 2 

3 4 10 6 1 5 

4 7 10 6 7 0 

5 7 12 3 6 2 

6 7 15 10 4 5 

7 10 15 10 10 0 

8 10 17 6 9 2 

9 10 20 3 7 5 

* 1 US Dollar ≈ 32 Baht (in July 2014) 
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Table 2. Mode choice scenarios between passenger car and campus bus 

Scenario 

Passenger car Campus bus 

Travel time 

(Minutes) 

Travel cost 

(Baht*) 

Waiting time  

(Minutes) 

In-vehicle travel time 

(Minutes) 

Fare  

(Baht*) 

1 5 10 3 5 0 

2 5 12 10 3 2 

3 5 15 6 1 5 

4 8 20 6 8 0 

5 8 22 3 6 2 

6 8 25 10 4 5 

7 12 30 10 12 0 

8 12 32 6 10 2 

9 12 35 3 8 5 

* 1 US Dollar ≈ 32 Baht (in July 2014) 

 

Table 3. Characteristics of Respondents 

Characteristics 
User group 

Characteristics 
User group 

MC PC MC PC 

Occupation 

 Student (Occu=0) 

 - 1st year student 

 - 2nd year student 

 - 3rd year student 

 - 4th year student 

 - Postgraduate student 

 Staff (Occu=1) 

 - Supporting staff  

 - Academic staff 

Gender 

 - Male (Gender=0) 

 - Female (Gender=1) 

Age 

 < 21 

 21-30 

 31-40 

 41-50 

 51 or more 

 

 

4.6% 

11.1% 

47.2% 

9.3% 

9.3% 

 

14.8% 

3.7% 

 

44.0% 

56.0% 

 

17.6% 

71.2% 

6.5% 

2.8% 

1.9% 

 

 

6.4% 

6.4% 

36.2% 

6.4% 

8.5% 

 

27.6% 

8.5% 

 

38.0% 

62.0% 

 

12.8% 

61.7% 

12.8% 

6.4% 

6.3% 

Individual income (Baht/month) 

 < 5,000 

 5,000-10,000 

 10,001-15,000 

 15,001-20,000 

 20,001-25,000 

 25,001-30,000 

 30,001-35,000 

 35,001-40,000 

 >40,000 

Residential location 

 - On campus (Location=0) 

 - Off campus (Location=1) 

 

20.4% 

49.1% 

11.6% 

5.6% 

4.8% 

3.7% 

2.5% 

1.5% 

0.8% 

 

43.0% 

57.0% 

 

8.5% 

36.2% 

27.7% 

8.6% 

6.4% 

5.7% 

4.3% 

1.5% 

1.1% 

 

17.0% 

83.0% 

 

3.4 Development of Mode Choice Model 

 

In this study, we applied the standard binary logit model to explain mode choice behavior. 

The model is based on the random utility theory (Domencich and McFadden, 1975). The 

probability (denoted by Pni) that an individual n chooses an alternative i with a utility function 

(denoted by Vni) rather than an alternative j with a utility function Vnj can be defined in 

Equation 1. 

 
ni

njni
ni

V

VV

e
P

e e



 (1) 

 

The utility (Vni) for any alternative i is related to relevant attributes (Xnik) representing 

the alternative and individual situation, e.g., time and cost, and can be defined in Equation 2. 
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1

K

ni ik nik

k

V X


  (2) 

 

The utility parameters ( ik ) denoted in Equation (2) represent an estimate of the weight 

of attributes k in the utility function Vni of an alternative i and an individual n. These 

parameters can be estimated by using the maximum likelihood technique. In this paper, we 

considered independent attributes in the utility function following the previous studies (e.g., 

Jaensirisak and Srisurapanon, 2003; Limanond et al., 2010; and Satiennam et al., 2011). 

One of the limitations of the standard logit model is that the utility parameters are 

assumed to be the same for all individuals. To relax this constraint, we applied a random 

parameters logit (or called mixed logit) model to include the variation of tastes of individuals. 

This model allows the coefficients of observed variables to vary randomly across observations 

rather than being fixed (see more details in Louviere et al., 2000; Hensher, 2001a and 2001b; 

Hensher and Green, 2002; Train 2003).  

In general, the model specification of the mixed logit model is the same as that of the 

standard logit model, except that the coefficients ik  vary across the population. The 

coefficients can be assumed to be either uniform, triangular, normal, or lognormal distribution. 

The lognormal distribution is preferred when the parameters need to be a specific sign (+). 

When a coefficient is normally distributed. It is specified as β = b + sμ, where μ is an 

independent standard normal distribution with mean 0 and standard deviation 1, b and s 

represent the values of the mean and standard deviation of β. 

 

3.5 Model Validation and Selection 

 

In this study, the models developed in the previous step are examined by both internal and 

external validations. For the internal validation, the sign of the coefficients of independent 

variables are investigated. For example, negative sign means that the utility to travel by that 

mode reduces when that variable has a higher value. In addition, t-value is used to check 

whether an independent variable is fitting with 95% (or 90%) confidence level, the t-value is 

greater than 1.96 (or 1.64). 

For the external validation, a percentage correctly predicted (denoted as %correct) is 

used to evaluate an accuracy of mode choice forecasting. The mode choice resulted from the 

model is compared with that from the SP survey. Let nW  be the model results of niP . nW  is 

equal to 1 if a traveler n choose mode i ( 0.5niP  ); and 0 otherwise. Let N be a total number 

of observations. Then, the percentage correctly predicted can be determined from Equation 3. 

 

1%

N

n

n

W

correct
N




  (3) 

 

Apart from the model validation, model selection is another important step. If the 

developed models have the same number of independent variables with different values of the 

likelihood ratio index (denoted by 
2 ), we need to check this index. If the value of 

2  

approaches to 1, it means that the model provides a high correlation between dependent and 

independent variables (Ben-Akiva and Lerman, 1985). However, the 
2  values between 0.2 

and 0.4 are considered to indicate an extremely good fit (Louviere et al., 2000). For SP 
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studies, the values around 0.1 are typical. Let L(β) and L(0) be the maximum log likelihood 

function and the log likelihood function when all parameters are zero. The value of 
2  can be 

calculated from Equation 4. 

 

 

 
2 1

0

L

L


     (4) 

 

Once we obtain the most appropriate model among all developed models, the result of 

the model may be higher than that of the observed value. Following Train (2003), the value of 

constant in the developed model can be adjusted by Equation 5. 

 

 1 0 0lnj j j jS S     (5) 

 

where, 
1

j  : adjusted constant, 

0

j  : previous constant, 

0

jS  : choice proportion of campus bus from the developed model, and 

jS  : choice proportion of campus bus from a reference source. 

 

3.6 Model Application 

 

The developed models for motorcycle user group and private car user group can be applied to 

evaluate effects of the proposed measures on a modal share among the three modes of 

transport. These results can be further applied to estimate an amount of CO2 emissions from 

the three modes. A CO2 emission from a mode i on a road section a can be estimated by 

Equation 6. 

 

2

i i i

a a aCO Emission L T EF     (6) 

 

where, 

aL  is a length of road section a (km), 
i

aT  is a traffic flow of mode i on road section a (vehicles/hour), and 
iEF  is an emission factor of mode i (g/vehicle/km). 

 

In this study, the traffic flow in Equation (6) can be estimated by applying the travel 

demand forecasting model developed in the study of Suttipan (2014). The model was 

developed based on a sequential four-step model. The model can also estimate a speed of 

traffic flow on each road section. The emission factor of the campus bus, denoted by busEF , is 

assumed to be zero because the bus is powered by electricity, Note that considering the whole 

life cycle of electricity production, the emission maybe not zero. Future research can take this 

note into account. The emission factors of motorcycle and passenger car are borrowed from 

the study of SIRDC (2012). Let S be a speed of traffic, the emission factors of a motorcycle 

and passenger car can be defined as Equations (7) and (8), respectively. 
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 20.0308 3.6385 165.98mcEF S S     (7) 

 
20.058 7.284 347.7pcEF S S    (8) 

 

 

4. RESULTS AND DISCUSSIONS 

 

4.1 Results of Model Development 

 

In this study, we developed binary logit choice models among the three modes of transport 

(i.e., motorcycle, passenger car, and campus bus). The binary logit models between 

motorcycle user and bus user are presented in Table 4, whereas those between passenger car 

user and bus user are listed in Table 5. Note that all coefficients presented in the models are 

significant at the 95% confidence level. 

In Table 4, six models were developed. The aggregated model was developed by 

including all typical attributes (variables) of the campus bus and motorcycle (i.e., T
bus

, Wbus, 

F
bus

, T
mc

, and C
mc

) in modelling, whereas the individual characteristics, listed in Table 3 (i.e., 

Gender, Age, Occu, Income, and Location), were considered in the disaggregated model. 

However, the result shows that only the gender is a significant factor in the disaggregated 

model. Apart from the aggregated model and the disaggregated model, the study also 

considered the taste variation among individuals by developing four mixed logit models based 

on the aggregated model. The typical variables were assumed to be uniform, triangular, 

normal, and lognormal, respectively. The results among the six models show that the 

aggregate model presents the most accurate model in terms of the highest percentage correctly 

predicted (% correct=74.68) and the highest 
2  (0.3059).  

In the aggregated model, as expected, the minus coefficients of travel time and travel 

cost of motorcycle and those of in-vehicle travel time, waiting time, and fare of campus bus 

imply that the preference of travelers would decrease when these attributes increase. The 

constant value of campus bus (Constantbus) is +0.767. It means that if all attributes of 

motorcycle and campus bus are the same, travelers prefer using the free campus bus. This is 

because most of the travelers are young students with low income. 

 

Table 4. Coefficients (β) and t-values of utility functions between motorcycle and bus users 
Model 

 

Variables   

Aggregated 

model 

Disaggregated 

model 

Uniformly 

distributed model 

Triangularly 

distributed model 

Normally 

 distributed model 

Lognormally 

distributed model 

β  t-value   β t-value β   t-value β  t-value β   t-value β   t-value 

Constantbus 0.767 1.34 0.601 1.03 0.481 1.21 0.571 1.22 0.671 1.30 0.698 1.27 

T
bus

 -0.191 -3.24 -0.197 -3.26 -0.221 -3.11 -0.201 -3.08 -0.199 -2.86 -0.198 -3.18 

Wbus -0.235 -5.03 -0.241 -5.09 -0.244 -4.96 -0.240 -4.97 -0.237 -4.18 -0.243 -4.89 

F
bus

 -0.143 -2.01 -0.147 -2.05 -0.161 -1.97 -0.158 -1.99 -0.150 -2.05 -0.149 -1.97 

T
mc

 -0.121 -2.70 -0.123 -2.68 -0.134 -2.56 -0.129 -2.65 -0.127 -2.87 -0.125 -2.56 

C
mc

 -0.189 -3.16 -0.181 -3.00 -0.197 -2.98 -0.184 -2.85 -0.182 -3.08 -0.192 -2.99 

Gender - - 0.460 2.27 - - - - - - - - 

Age - - - - - - - - - - - - 

Occu - - - - - - - - - - - - 

Income - - - - - - - - - - - - 

Location - - - - - - - - - - - - 


2

 0.3059 0.3096 0.2919 0.2916 0.2915 0.2909 

% correct 74.68 73.52 74.05 74.01 74.07 74.06 
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Similarly, six models presented in Table 5 were developed for the mode choice between 

passenger car user and bus user. It was found that the four mixed logit models are not 

significantly different from the aggregated model. However, the aggregated model is slightly 

less accurate compared to the disaggregated model in terms of both likelihood ratio index and 

percentage correctly predicted. The negative constants in the models mean that the travelers 

prefer using private car because of its comfort and accessibility. In the case of disaggregated 

model, the negative coefficient of occupation (-0.588) reveals that supporting and academic 

staff would less likely to use campus bus, compared to students. 

  

Table 5. Coefficients (β) and t-values of utility functions between passenger car and bus users 
Model 

 

Variables   

Aggregated 

model 

Disaggregated 

model 

Uniformly 

distributed model 

Triangularly 

distributed model 

Normally 

 distributed model 

Lognormally 

distributed model 

β  t-value   β t-value β   t-value β  t-value β   t-value β   t-value 

Constantbus -1.965 -2.71 -2.19 -2.96 -2.057 -2.54 -2.034 -2.61 -2.020 -2.64 -2.035 -2.73 

T
bus

 -0.169 -2.28 -0.182 -2.44 -0.191 -1.96 -0.186 -2.09 -0.182 -2.15 -0.188 -2.27 

Wbus -0.224 -3.26 -0.216 -3.11 -0.239 -2.90 -0.235 -3.05 -0.232 -3.13 -0.230 -3.25 

F
bus

 -0.166 -2.21 -0.167 -2.20 -0.179 -2.06 -0.176 -2.12 -0.173 -2.15 -0.171 -2.30 

T
pc

 -0.173 -3.72 -0.178 -3.79 -0.186 -3.06 -0.183 -3.28 -0.180 -3.41 -0.176 -3.53 

C
pc

 -0.125 -3.74 -0.120 -3.58 -0.135 -3.01 -0.133 -3.27 -0.131 -3.42 -0.127 -3.58 

Gender - - - - - - - - - - - - 

Age - - - - - - - - - - - - 

Occu - - -0.588 2.81 - - - - - - - - 

Income - - - - - - - - - - - - 

Location - - - - - - - - - - - - 


2

 0.2919 0.2987 0.2806 0.2808 0.2809  0.2811 

% correct 74.59 75.28 74.70 74.50 75.09 74.19 

 

The results of the aggregated models presented in Table 4 and Table 5 can be used to 

calculate the values of travel time and waiting time of the two traveler groups. These values 

represent how much a traveler is willing to pay for travel time (and waiting time) reduction. 

The results are presented in Table 6. As expected, the value of travel time of the motorcycle 

user group, 0.64 Baht/minute (-0.121/-0.189), is less than that of the passenger car user group, 

1.38 Baht/minute (-0.173/-0.125). The results imply that the passenger car user group would 

pay more to save one minute of travel time, compared to the motorcycle user group.  

Regarding the motorcycle user group, the values of in-vehicle travel time and waiting 

time for using campus bus are 1.34 Baht/minute (-0.191/-0.143) and 1.64 Baht/minute (-

0.235/ -0.143), respectively. These values are slightly higher than those of the passenger car 

user group, i.e., 1.02 Baht/minute (-0.169/-0.166) and 1.35 Baht/minute (-0.224/-0.166). This 

may be because most respondents are students and they may not perceive the value of time 

thoroughly. This issue should be clarified in future research.  

 

Table 6. Values of time 

Traveler group Mode of transport 
Value of travel time 

(Baht/minute) 

Value of waiting time  

(Baht/minute) 

Motorcycle user 
Motorcycle 0.64 - 

Campus bus 1.34 1.64 

Passenger car user 
Passenger car 1.38 - 

Campus bus 1.02 1.35 
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From the above results, the values of bus waiting time for both user groups are higher 

than the values of bus travel time (22% higher for motorcycle user group and 32% higher for 

passenger car user group). This may imply that both user groups perceive the waiting time is 

more important than the travel time. The results also imply that the passenger car user group 

is more sensitive to the waiting time than the motorcycle user group. So if the bus service is 

more frequent (lower waiting time), more private vehicle users would switch to the campus 

bus. 

 

4.2 Applications of Developed Models for Campus Bus Planning 

 

The aggregated models developed in the previous section can be applied to evaluate an effect 

of the proposed policies on modal shift, especially from who currently travel by motorcycle 

and passenger car. The results of each proposed policy are as follows. 

 

4.2.1 Decreasing travel time and waiting time for campus bus 

 

Decreasing travel time and waiting of campus bus can enhance the quality of bus service. In 

the policy test, the current values of travel time (10 minutes) and waiting time (5 minutes) for 

the campus bus are supposed to decrease from 5% to 30% with 5% different interval. The 

results of the modal shift are presented in Figure 7. It shows that the percentage of travelers 

using the campus bus tends to increase when the travel time and waiting time decrease. 

However, the reduction of travel time causes a more effective modal shift, compared to the 

reduction of waiting time. So if the service improvement could reduce the travel time by 30% 

(3 minutes), the motorcycle user group would shift to use the campus bus and increase the 

mode share of the campus bus from 4.17% to 5.40%. Similarly, the passenger car user group 

would change to the campus bus and generate higher bus users (from 2.52% to 3.44%). This 

strategy can be implemented by, e.g., increasing service frequency (or route), providing 

exclusive lane for campus bus. 

 

 
Figure 7. Modal shift to campus bus when travel time and waiting time of bus decreased 
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4.2.2 Parking area limitation scheme 

 

İmproving bus service itself may not increase more passengers significantly. Decreasing the 

utility of those who use the private vehicles by increasing travel time could raise up a number 

of bus passengers. Following this idea, a parking area limitation scheme is proposed to 

increase additional travel time for finding an available parking space. This assumption was 

tested by setting the travel time to increase by 3, 5, 7, 10, and 20 minutes, respectively. The 

results are displayed in Figure 8. İt shows that a higher extra travel time for seeking a parking 

space, the higher number of bus users. İf the travel time is increased by 20 minutes, the 

motorcycle user group and the passenger car user group would shift to use the campus bus in 

total 22.49% and 22.77%, respectively. 

 

 
Figure 8. Modal shift to campus bus when the parking area limitation scheme is proposed 

 

4.2.3 Introducing parking charge for private vehicles 

 

Now, parking on campus is free. As a result, most students and staff prefer using by their own 

private vehicles. İntroducing parking charge for a motorcycle and passenger car could reduce 

the users’ utility. İf they have to pay 5, 10, 15, 20, 25, and 30 Baht, the results of modal shift 

in Figure 9 show that when the travel costs of both groups are increased by 30 Baht (from the 

parking charge), the motorcycle user group would shift to use the campus bus from 4.17% to 

70.98% and the passenger car user group would shift from 2.52% to 26.47%. 

 

4.2.4 CO2 emissions from the proposed policies 

 

Applying Equations (6)-(8) and the results of the developed models, we can evaluate a total 

amount of CO2 emissions (from motorcycles and passenger cars) during the peak hour from 

the proposed policies compared to the current mode share condition. The results in Table 7 

shows that among different scenarios from the three proposed policies, the parking charge 

measure is the most effective in CO2 reduction. İt could reduce the CO2 emissions by 45.82% 

when the 30 Baht parking charge is implemented. The parking area limitation is the second 
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effective scheme. İt could decrease the CO2 emissions by 20.06% when the additional travel 

time for finding a parking lot increases 20 minutes. However, bus service improvement 

measures (reduction of travel time and waiting time), could not reduce the CO2 emission 

significantly. 

 

 
Figure 9. Modal shift to campus bus when the parking charge for private vehicles is 

introduced 

 

Table 7. Estimated CO2 emissions from different scenarios 

Scenario Total CO2 emissions (kg/hour) Percentage of CO2 reduction (%) 

Current condition 213.75 - 

T
ra

v
el

 t
im

e 

re
d

u
ct

io
n
 

5% 213.41 0.16 

10% 213.02 0.34 

15% 212.65 0.52 

20% 212.25 0.70 

25% 211.83 0.90 

30% 211.39 1.11 

W
ai

ti
n

g
 t

im
e 

re
d

u
ct

io
n
 

5% 213.61 0.07 

10% 213.46 0.14 

15% 213.30 0.21 

20% 213.16 0.28 

25% 212.94 0.38 

30% 212.82 0.43 

P
ar

k
in

g
 a

re
a 

li
m

it
at

io
n

 

(t
ra

v
el

 t
im

e 

in
cr

ea
se

d
 b

y
) 3 minutes 211.00 1.29 

5 minutes 208.68 2.37 

7 minutes 205.91 3.67 

10 minutes 200.64 6.13 

20 minutes 170.88 20.06 

P
ar

k
in

g
 c

h
ar

g
e 

(t
ra

v
el

 c
o

st
 

in
cr

ea
se

d
 b

y
) 5 Baht 207.85 2.76 

10 Baht 198.08 7.33 

15 Baht 183.39 14.20 

20 Baht 163.52 23.50 

30 Baht 115.81 45.82 
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5. CONCLUSIONS 

 

This paper presented a challenge of public transport planning in a private vehicle 

dominated community. Like small communities, many universities in Thailand generate 

substantial daily trips which result in significant negative impacts on health, environment, 

and the community. The case study of free-fare bus in the PSU campus was used to 

illustrate the challenge of shifting travelers (students and staff) from a motorcycle and 

passenger car. It was found that apart from the typical attributes (travel time, waiting time, 

travel cost, and fare) of a transport mode, a few socio-economic factors (gender and 

occupation) affect individuals’ modal shift significantly. 

Direct improvement of bus service (reducing travel time and waiting time) could 

encourage a certain modal shift. Parking area limitation and parking pricing scheme for 

private vehicles (motorcycle and passenger car) are much more effective compared to the 

traditional policy (currently, there is no disincentive measure for access by private vehicles 

on the campus). Apart from the modal shift, the results of the total CO2 emission reduction 

from different test policies reveal that the introduction of parking charge is the most 

effective measure (reduced by 45.82%), followed by the limitation of parking area 

(reduced by 20.06%), the reduction of bus travel time, and the reduction of bus waiting 

time, respectively.  

In summary, only public transport improvement are not sufficient to encourage a 

more modal shift and CO2 emission reduction in the private vehicle dominated community. 

Integrated policies between incentives for public transport and disincentives for private 

vehicles should be introduced to push a substantial shift. However, it requires several 

stakeholders to get involved in the plan’s development. This issue should be considered in 

future research. Taking action and evaluating the outcomes in Asian developing cities are 

also challenges. 
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