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ABSTRACT

Transport mode choice models commonly incorporate factors such as utility maximisation, socio-
ecological considerations, socio-demographic characteristics, and psychological factors. However,
there is still a lack of integrated models linking objective factors, such as travel mode attributes,
demographic & socio-economic characteristics and built environmental characteristics, with
subjective factors, such as attitudes, personal norms, and perceived behavioural control, to better
understand the commuters’ modal choices. Furthermore, a clear research gap exists on mode
choice behaviour in Southeast Asian countries, where motorcycling is widespread. This study aims
to address these research gaps by analysing data gathered from 618 Vietnamese motorcyclists
between December 2020 and February 2021. Reliability analysis and a Bayesian network are used to
identify the objective and subjective factors influencing the intention to use public transport among
Vietnamese motorcyclists. The findings highlight that among five subjective factors, personal norm
is the most sensitive parameter in calculating the posterior probability distribution of intention and
decision to use public transport along with other objective factors, namely travel time and travel
cost. The results also reveal that motorcyclists aged 23 + have a higher perceived value of travel time
than those aged 23-. In contrast, motorcyclists aged 23- and female motorcyclists have a higher
perceived value toward environment-friendly travel modes, such as public transport. At the same
time, they do not try to differentiate themselves from the societal standards in terms of motorcycle
usage. The findings of this study provide valuable insights to local urban/transport planners and
policymakers in Southeast Asian countries.



1. Introduction

Most commuters perform trips using private means of transport to engage in activities instead of
using public transport or emerging shared mobility services. Private vehicles are generally perceived
as more convenient and comfortable than other transport alternatives and promote accessibility for
supporting busy lifestyles. This travel mode is more attractive for individuals and is perceived as
symbolic or reflects a person’s identity (Steg, 2005; Redman et al., 2013). People without personal
transportation become more disadvantaged and even isolated from society, as workplaces and
public buildings are designed to accommodate people using private vehicles (Steg, 2003). Previous
studies have identified many factors influencing commuters’ choice of different travel modes due to
the differences in living conditions and land use from country to country (Washbrook et al., 2006;
Kim & Ulfarsson, 2008; Eriksson et al., 2010; Stanton et al., 2013).

For the cases of car or public transport, most recently, frameworks have been established
considering different dimensions such as utility function, social-ecological system, socio-
demographics, and psychology. Despite this comprehension, the link between objective factors
(travel mode attributes, demographic & socio-economic characteristics and built environmental
characteristics) and subjective factors (attitudes, personal norms, perceived behavioural control,
etc.) was still not investigated in a model for understanding modal choices. Moreover, for the study
objects, most prior studies focused on private car users, and only a few of them have attempted to
understand the factors influencing motorcyclists. This can lead to a lack of understanding of the
transport situation of some regions, especially in Southeast Asia, which is significantly different from
the Western world with typical features of a higher proportion of motorbike users (United Nations,
2018). Among the leading 20 countries with a high number of motorcycles per 1000 population,
seven come from the Southeast Asia region: Vietnam, Malaysia, Indonesia, Thailand, Lao and
Cambodia (Laksanakit, 2014). Taiwan, a state in East Asia, also has a very high motorcycle usage
(0.65 motorcycles per person on average) (Chang & Lai, 2015). The lower purchase and operating
costs and the small size and high manoeuvrability enabling the user to operate the motorcycle on
the road and parking even under poor traffic conditions can explain the rise of motorcycles in Asia
(Kepaptsoglou et al., 2011). Prior research about motorcycle usage has mostly focused on traffic
safety issues (Gkritza, 2009; Kepaptsoglou et al., 2011; Le & Trinh, 2016), sociodemographic analysis
(Sheikh et al., 2006; Abdullah et al., 2007; Satiennam et al., 2016; Le & Trinh, 2016), and economic
factors (Burge et al., 2008; Chang & Wu, 2008; Chen & Lai, 2011; Kepaptsoglou et al.,2011; Le & Trinh,
2016). Although the above variables are considered important factors in developing traffic and
transport safety plans and transport policies in areas with high motorcycle usage, this travel mode
has been scarcely recognised.

On the other hand, public transport is not a new concept in Vietnam, and Vietnamese people
used the first type of public transport since France dominated them in the 1880 s (Tran, 2011; Thu
Hang, 2016). Since 1968, the tramway system has been restored and developed to become an
important public transport in the city, serving more than 30 million passengers a year (Tran, 2011;
Thu Hang, 2016). Until the late 1980 s, bicycles and tramways remained familiar means of



transportation for the capital’s people (Tran, 2011; Thu Hang, 2016). In 1991, since the last road was
shut down, motorbikes gradually flooded Hanoi and other main cities of Vietnam, along with
urbanisation, socio-economic development, and a rising population. These cities are faced with the
urgency of the urban traffic crisis (Tran,2011; Thu Hang, 2016). The rapid growth of motorcycle usage
causes huge damage to the environment as each gasoline motorcycle emits 31.81 g of CO2 per km,
which is approximately two times higher in terms of CO2 than the electric motorcycle
(Koossalapeerom et al., 2019). Since 2001, the bus system has been reorganised and was expected
to be an alternative to private vehicles (Tran, 2011; Thu Hang, 2016). Developing a reliable, efficient,
and sustainable public transport system is essential to reducing private mode usage, such as
motorcycle use (Bhouri et al., 2015). Furthermore, if widely adopted, public transport could be an
effective, low-cost solution to current in-city transportation issues, including high CO2 emissions
and traffic congestion (Lee & Erickson, 2017).

Due to the research gaps mentioned above, this paper investigates the proposed model that
links intrinsic and extrinsic variables by applying reliability analysis and a Bayesian network. The
paper’s findings contribute to a better understanding of the factors influencing Vietnamese
motorcyclists’ public transport mode choice. Moreover, policy suggestions from this paper could be
used to determine local government priorities related to the shift of Vietnamese motorcyclists away
from the motorcycle. The remainder of the paper is organised as follows. Section 2 is about the
literature review, Section 3 describes the data collection process, Section 4 explains the method,
Section 5 presents the analysis results, and Section 6 discusses the results.

2. Literature review

2.1. FACTORS INFLUENCE THE MODAL SHIFT FROM MOTORCYCLE TOWARD
PUBLIC TRANSPORT

A modal shift occurs when one mode of transport achieves a competitive advantage in travel over
another mode by differentiating its characteristics in travel time, travel cost, capacity, flexibility,
dependability, etc. (Vedagiri and Venkatachalam, 2009; Stanton et al., 2012). With competitive
advantages in terms of low purchase prices and operating costs, motorcycles are the preferred
means of transport in many developing countries. They are designed to suit various purposes, such
as long-distance travel, cruises, and sports such as racing and off-road riding (Cossalter, 2006).
Previous studies have determined that (i) psychological characteristics (Kitamura et al., 1997;
Parkany et al., 2004; Steg, 2005; Beirdo & Cabral, 2007; Domarchi et al., 2008; Murray et al., 2010), (ii)
mode characteristics (Andreassen, 1995; Hensher et al., 2003; Washbrook et al., 2006; Beirdao &
Cabral, 2007), (iii) demographic and socio-economic characteristics (Morikawa et al., 2003; Sheikh
etal.,2006; Abdullah et al., 2007; Satiennam et al., 2016), and (iv) built environmental characteristics
(Pucher and Dijkstra, 2003; Ewing et al., 2010; Zhang et al., 2012; Wang and Lin, 2013; Zailani et al.,
2016) are the considered factors influencing the modal shift from motorcycles toward public
transport. The following paragraphs show in detail the considered explanatory variables.



2.1.1. PSYCHOLOGICAL CHARACTERISTICS

The psychological factor is the intrinsic motivation that expresses an internal state that influences
the travel mode choice of an individual. The intention to use a particular mode of transport, which
results from a mental function that immediately sets the stage for

mode choice behaviour, is considered a part of psychological factors. It is known as a highly effective
tool for predicting as well as doing research about human behaviour, especially in the case of a hard-
to-observe situation (Krueger & Brazeal, 1994; Yurtkoru et al., 2014). For studying behavioural
intention, there are two most frequently used theories, namely the theory of reasoned action (TRA)
(Fishbein & Ajzen, 1975) and the theory of planned behaviour (TPB) (Ajzen, 1991). According to the
TPB, an individual’s intention to perform a behaviour is affected by three factors: (i) attitudes,
encompassing the positive and negative outcomes associated with a specific action; (ii) subjective
norms, reflecting an individual’s belief in the support for a particular behaviour from those around
them; and (iii) perceived behavioural control (PBC), indicating an individual’s perception of their
ability to execute a specific behaviour (Ajzen, 1991). Over time, this theory has evolved into a
prominent framework applied in numerous studies within the domain of travel behaviour,
enhancing its predictive capacity in understanding travel mode choice behaviour and providing
valuable insights into the decision-making processes of individuals (Betsch et al., 1998; Heath &
Gifford, 2002; Bamberg et al., 2003; Steg, 2005; Haustein & Hunecke, 2007; Haustein et al., 2009;
Murray et al., 2010; Chen & Chao, 2011; Olsson et al., 2018).

Investigations into the impacts of attitudes towards travel behaviour have been widespread,
exploring dimensions such as service quality, flexibility, time-saving, cost sensitivity, and the
inclination to use alternative travel modes (Kitamura et al., 1997; Steg, 2005; Beirdo & Cabral, 2007;
Steg & Brussel, 2009; Chen & Chao, 2011; Chen & Chen, 2011; Van & Fujii, 2011). Early research
acknowledged that attitudes towards mode choice arise from affective, symbolic, and instrumental
motives (Steg, 2003). However, subsequent studies found a lack of clear differentiation between
symbolic and affective factors (Steg, 2005; Van & Fujii, 2011). In the context of Vietnam, despite
advancements in the PT system’s onboard services, the adoption of these services among students
and employees remains limited. Consequently, a prevalent negative attitude exists towards PT
services, with motor vehicles retaining their status as the preferred mode of travel for these
demographics (Le & Trinh, 2016). Notably, motorcyclists exhibit a positive attitude towards
motorcycle use, driven by factors such as the thrill of speeding (Chen & Chen, 2011) and the flexibility
of this mode, enabling them to navigate through traffic efficiently (Steg & Brussel, 2009). In 2011, a
study by Van and Fujii (2011) examined attitudes towards cars and public transport in several Asian
countries, including Japan, Thailand, China, Vietnam, Indonesia, and the Philippines. The study
identified a new factor, social orderliness, influencing commuters’ attitudes towards travel modes.
This factor encompassed safety, quietness, environmental friendliness, altruism, etc (Van & Fuijii,
2011). In addition, a study conducted in Taiwan also demonstrated that PBC had a noteworthy
impact on motorcyclists’ intention to switch to public transport (Chen & Chao, 2011). However, this
effect was not observed among car users (Chen & Chao, 2011). Another research study in Taiwan
emphasised the pivotal role of PBC in predicting the intention to use motorcycles, considering it the



most influential factor in this context (Chen & Lai, 2011). Moreover, in a broader context covering
environmentally friendly transportation options such as walking, bicycling, and PT, PBC also
exhibited a significant direct influence (Haustein & Hunecke, 2007).

2.1.2. MODE CHARACTERISTICS

The characteristics of a transport mode are determined based on extrinsic motivational factors that
influence individuals’ modal choice, for example, service quality and accessibility of public transport
(Andreassen, 1995; Hensher et al., 2003; Beirao & Cabral, 2007; Redman et al., 2013; Le & Trinh, 2016).
Early studies on public transport mode choice concentrated on evaluating service quality and
availability within the public transport system, with findings consistently underscoring the
paramount importance of attributes like travel time, travel cost, service reliability, frequency, seat
availability, and station facilities in determining service quality (Andreassen, 1995; Redman et al.,
2013). Travel time, encompassing in-vehicle travel time, waiting time due to traffic congestion,
waiting time at the bus station, and walking time to the bus station, emerged as a critical factor in
the decision-making process, particularly for work and school-related journeys (Le & Trinh, 2016).
Commuters generally prioritise a sense of control during travel, manifested through reduced waiting
times and shorter journeys in term of travel times (Beirdo & Cabral, 2007). For these commuters,
travel time and cost most significantly influence their choice of transportation mode (Beirdo &
Cabral, 2007). In addition, lower fares would raise commuters’ perceptions of public transport
quality, thus affecting their satisfaction with this mode choice (Andreassen, 1995; Hensher et al.,
2003).

Research focusing on Southeast Asian commuters concurs, highlighting attributes such as travel
time, travel cost, station distance, and service reliability as crucial determinants prompting a shift
toward PT usage (Andreassen, 1995; Hensher et al., 2003; Washbrook et al., 2006; Beirdo & Cabral,
2007). Previous studies found that local commuters in Kuala Lumpur, Malaysia, would not shift to PT
because these travel modes are not convenient enough (Kwan et al., 2018). Indeed, commuters want
a sense of control when travelling, with short wait times and quick journeys (Beirao & Cabral, 2007).
Conversely, in Thailand, an examination of modal shifts from private vehicles to bus rapid transit
(BRT) indicates that BRT significantly attracts private vehicle users, particularly motorcyclists, owing
to superior service (Satiennam et al., 2016). This study also establishes that travel costs significantly
influence motorcyclists’ choices, suggesting that increasing costs related to motorcycle use could
increase the likelihood of switching to PT use (Satiennam et al., 2016).

2.1.3. DEMOGRAPHIC AND SOCIO-ECONOMIC CHARACTERISTICS

Demographic and socio-economic characteristics have been shown to significantly influence
commuters’ behaviour, such as age and gender (Morikawa et al., 2003; Sheikh et al., 2006; Abdullah
etal.,2007; Abuhamoud et al., 2011; Satiennam et al., 2016). Demographic variables such as age and
gender were found to be good explanatory variables in understanding commuters’ behaviour
(Morikawa et al., 2003; Sheikh et al., 2006; Abuhamoud et al., 2011). In Southeast Asian countries
such as Thailand, Malaysia and Taiwan, household income can influence an individual’s mode
choice as well as car and motorcycle ownership rate (Abdullah et al., 2007; Chang & Lai, 2015;



Satiennam et al., 2016). An improved household income would make these vehicles an affordable
travel mode (Abdullah et al., 2007; Chang & Lai, 2015; Satiennam et al., 2016).

2.1.4. BUILT ENVIRONMENTAL CHARACTERISTICS

Besides psychological, demographic, and socio-economic factors, public transport usage is also
influenced by built environment factors. These factors are divided into four main components,
namely (i) good access to public transit, (ii) good pedestrian facilities, (iii) compact cities with mixed
land use, and (iv) high residential density (Pucher and Dijkstra, 2003; Ewing et al., 2010; Wang and
Lin, 2013). Previous studies found that inconvenience and inconsistent transit accessibility when
using public transport would lead to more private mode choices (Jenelius, 2012; Lucas et al., 2016).
Thus, increased pedestrian facilities and public transport stations would enhance the use of these
modes of transportation (Pucher and Dijkstra, 2003). Also, commuters who live in a residential area
that has mixed land use and high densities of social and commercial facilities tend not to use private
motorised modes (Zhang et al., 2012; Zailani et al., 2016).

2.2. THE DAG ILLUSTRATES THE MODAL SHIFT FROM MOTORCYCLE
TOWARD PUBLIC TRANSPORT USAGE

The above paragraphs describe both objective and subjective variables that influence PT usage
among motorcyclists. The relationships between these variables are shown in Fig. 1. This Figure
illustrates the hypothesised causal pathway from motorcycle usage to PT usage. The total causal
effect of the intention to shift to PT mode shift intention on actual PT usage can be objectively
estimated by adjusting the attitude towards PT (including instrumental, symbolic, and social
orderliness attitudes), personal norm, which is affected by injunctive norms and descriptive norms,
and perceived behaviour control. The intention to shift to PT and PT usage are also determined by
mode characteristics (including travel time and travel cost, traffic safety, etc.), socio-demographic
factors (including age, gender, socio-economic status, etc.), and built-environment characteristics
(including the distance to the most nearby bus station and parking space) that mutually influence
PT usage.

Figure 1. DAGs illustrating the hypothesised causal pathway from motorcycle usage toward public
transport mode usage. DEC - decision to use PT, INT - intention to use PT, PN - personal norm, PBC -
perceived behavioural control, Al - instrumental attitude, ASA - Symbolic/Affective attitude, AO - social
orderliness attitude, SES - socio-economic status, Age - motorcyclists’ age, Gender - motorcyclists’
gender, MS - motorcycle status, CS - car status, ENV - environmental, RS - road safety, PE - physical
effort, BSD - bus station distance, Time - Travel time, Cost - Travel cost.



No. Code Detalls Sources

Artdrude

Instrumental

1 All For me, using public ransport iz convenient. Steg, 2005; Choocharukil

2 Az For me, using public mansport is fast et al 2006

3 Alz For me, using public mansport iz safe.

4 A4 For me, using public ransport iz simpls.

1 Als For me, using public mansport is comfortable.

Symbollc, Affectve

[} AZAl For me, using public ransport iz exciting. Steg, 2005; Choocharikul

7 AZAZ For me, uzing public ransport can make me feel rich. et al, 2006

b} ASAZ For me, using public ransport can make me feel pleazant

9 ASA4 For me, using public wransport is atmactive.

10 ASAS For me, uzing public mansport is superior.

11 ASAG For me, using public manzport can make me feel fachionable.

12 AZAT For me, public ransport iz a clean ravel mode.

13 AZAD For me, uzing public mansport is coal.

14 AZAD For me, using public wansport can makes me feel relaxed.

15 AZATD For me, uzing public ransport can make me feel positive.

146 ASATL For me, public mansport is an esteemed mavel mode.

Soclal orderliness

17 A For me, public mansport iz an environmentally fiendly mavel mode. Van & Fujid, 2011

13 AO2 For me, uzing public mansport is consmruetive.

1% AD3 For me, uzing public manspart is non-aggressive.

20 Al For me, using public mansport is non-amwroegance.

21 AOD5 For me, uzing public mansport iz along with alouistic feeling.

Soclal normes {Injunctive norms and descriptive norms) and personal norms

2z SN Mozt people who are important to me would support my choice of using public ranspart inctead of a motorbike Cil=on et al |, 2018
for daily ravel from my current place of residence.

23 SDN1 Mozt of the peaple important to me would use public transport instead of other travel modes.

24 Pul Regandless of what other people do, becanse of my own values, [ feel an obligaton o nse public mansport
instead of a motorbike for daily ravel from my current place of rezidence.

Percelved behavioural conorol

25 PBEC1 For me, using public ransport can take me to all the places | want to. Chen & Lai, 2011

26 PBCZ2 For me uzing public ranspart for daily oavel from my current place of residence would be eazy.

Intentlon

7 INT 1n the next six months, my intention to use public transport for daily wravel from my current place of residenceiz Chen & Lai 2011
strong.

Dacision

28 DEC How likeby iz it thar, over the next six maonths, you will use public ranspaort for daily travel from your current Chen & 131 2011

place of rezidence?




3. Data

The final list of items identified from the systematic review was presented at a meeting of experts to
ensure that all relevant items were present in the final list. These items were then used to prepare a
survey questionnaire for data collection. The questionnaire consists of an introduction with
questions such as main travel route, main travel mode, distance, cost per trip, etc. In the
questionnaire, the main travel route refers to the primary route that respondents take on a daily
basis, while the main travel mode denotes the mode of transportation used for the longest distance
travelled daily. Next, the respondents were asked to rate 28 statements (Table 1) on a 7- point Likert
scale (Likert-1 totally disagree, and Likert-7 totally agree). These statements were built based on the
assumption that PT was the main travel mode for the respondents to participate in their main
activities (school and work commuting). The authors asked the respondents to rate the statements
based on the situation before the Covid-19 pandemic. Note that until the end of February 2021,
Vietnam had less than 1,700 Covid-19 infected cases and less than 40 deaths in total, which brings
the infection and death rates much lower in Vietnam than elsewhere in the world, even though
Vietnam’s population reached nearly 100 million people (Worldometer, 2022). Because of timely
policies and actions, the Vietnamese government could keep daily activities running as normal
during the time of the data collection, particularly in Danang City. Thus, this situation would not
strongly influence Vietnamese norms as norms are influenced through informational social
influence and normative social influence (Deutsch & Gerard, 1955). Therefore, the authors believe
that querying information about the pre-Covid-19 situation yielded valuable information for further
analysis in this study.! Finally, the respondents were asked to provide their socio-demographic
characteristics (including age, gender, monthly income, etc.), built-environment characteristics
(including the distance to the most nearby bus station and parking space, house location, etc.), and
obstacles to use PT (including physical effort, time, cost, etc.).

The survey took place in Danang city - a class-1 municipality, the largest city in the central and in the
top 5 populated cities in Vietnam. The authors used a purposive sampling method to gather data.
Most questionnaires were sent to employees at the Danang Administrative Centre, members of the
Facebook group of Danang, people interested in local urban management, and students at the
University of Economics. The target population are Vietnamese motorcyclists, as this study aims to
explore the modal shift from motorcycle to PT. A total of 800 Vietnamese motorcyclists living in

! Until the end of February 2021, Vietnam reported fewer than 1,700 confirmed cases of COVID-19 and less than
40 deaths in total, reflecting significantly lower infection and mortality rates compared to other regions.
Although the original dataset was collected before the substantial increase in Covid-19 cases in Vietnam, the
authors recognized the necessity of conducting a supplementary survey to illuminate any potential shifts in
post-pandemic attitudes. Consequently, a supplementary survey (Appendix A) was expeditiously conducted
from December 5th to December 12th, 2023. A comparative analysis, delineated in Table 4 and Appendix B,
underscores the neglectable changes in the attitudes of Vietnamese motorcyclists during and after COVID-19.
The authors contend that this supplementary survey demonstrates the persistence of attitudes among
Vietnamese motorcyclists amidst the COVID-19 pandemic.



Danang city were randomly selected. All respondents are from 7 districts of Danang and represent
nearly 0.1 % of this city’s population.

4. Methods

In the first step, Cronbach’s Alpha test, including internal consistency and item-to-total correlation
analysis, was used to assess the reliability of each scale’s items. This test measures the correlation
of each item to the sum of the remaining items within one factor (Hair et al., 2014). This procedure
also can eliminate unsuitable variables. The minimum acceptable value is 0.70 (Hair et al., 2014).

In the second step, a Bayesian network is developed. This network is a probabilistic graphical model
representing a statistical dependence on a set of random variables, where the nodes represent the
variables and the arcs represent the conditional dependencies (Pearl, 1988). The joint probability
distribution of the variables is determined by the graph structure of the network (Pearl, 1988). In
most cases, nodes can represent different types of variables, such as a measurable parameter, a
latent variable, or a hypothesis, rather than just observable variables.

A Bayesian network is constructed as a directed acyclic graph (DAG) in which:
. Nodes represent variables,

. The arcs represent the statistical dependencies between the nodes and the local probability
distribution for each node’s value, given the values of its parent variables.

For example, if there is an arc from node a to node 3, then node 8 depends directly on node «, and
a is called the parent of B. If each node B;,i € {1,---, N}, then the dependent conditional
distribution of the variables is the product of the local distributions:

Pr(By, -+, B) = | [ Pr(Bidan

One advantage of Bayesian networks is that, visually, it is easier to understand the dependencies
directly and the local distributions. Particularly, the prototypical constraint-based algorithm (PC
algorithm), an efficient algorithm for learning Bayesian networks from data, was performed. In
particular, based on independence tests, the algorithms analyse the relationship between the
dependent and independent variables and then try to find a network that represents these
relationships as well as possible (Tsagris, 2018). They take a list of conditional independent
relationships as input and create a network representing most of these relationships (Tsagris, 2018).
Specifically, the PC structure learning algorithm starts by forming a complete undirected network.
Then it thins by removing edges with a conditional independent relationship of zero-order and then
re-considers with first-order conditional independence relations, etc. (Tsagris, 2018). The set of
conditional variables just needs to be a subset of the variables set adjacent to one or the other of the
conditional variables; this keeps changing as the algorithm progresses. Although the PC structure
learning algorithm starts by forming a complete undirected network, PC is a constraint-based



algorithm for directed acyclic graphs, just like Bayesian networks (Tsagris, 2018). In addition, the
values of observable items are converted into binary variables, which helps bring all considered
variables into the same reference scale. By doing this, the authors reduce the complexity while
implementing this algorithm. Table 2 shows the complete list of variables in the Bayesian network.
After the network is developed, network validation, the strength of influences, sensitivity analysis,
and probability of evidence are performed.

Specifically, cross-validation was used to train and test the data set. This method is the most
appropriate model evaluation to achieve the goal of both learning and evaluating the model on the
same dataset. It splits the dataset into K equal-sized parts, trains the network on K-1 parts, and tests
it on the Kth one. The process is repeated K times, with another part of the data selected for testing.
The number of folds is set through fold count, and the random allocation of records for different
folds is set up through folding seed.

Next, the influence strength test was performed to see the different thicknesses of the arc,
depending on the influence strength between the nodes to which they connect. The influence
strength is computed from the child node’s conditional probability table (CPT). Basically, it
represents the distance between different conditional probability distributions over the child node
conditional on the parent node situation.

Also, the probability parameters of the Bayesian network were confirmed through sensitivity
analysis. This is conducted by examining the effect of small changes in numerical parameters, such
as probabilities, on the output parameters, such as posterior probabilities, in which parameters with
high sensitivity affect the inference results more significantly. Their identification allows for an
oriented allocation of effort to obtain the correct results of the Bayesian network model. The
algorithm proposed by Kjaerulff and Van der Gaag (2000) was used for the sensitivity analysis.
Generally, given a set of objective nodes, the algorithm will efficiently compute an adequate set of
derivatives of the posterior probability distributions over the objective nodes on each numerical
parameter of the network. These derivatives show the importance of the network numerical
parameters’ accuracy in calculating the objectives’ posterior probabilities. In case the derivative is
large with respect to the parameter a, a minor change in a can lead to a big change in the posteriors
of the objectives. On the contrary, when the derivative is small, large changes in the parameter still
make a small change in the posteriors. In the final step, the probability of the evidence was
calculated for different situations to assess how likely it is that the set of observations in the model
occurs.



Table 2. Variables used in the Bayesian network analysis.

Facrors Warlables Labels Categories
Psychologleal factors Diecizion to use PT DEC 1: Yes, 2 No
Intention to use PT INT 1:Yes, Z No
Instrumental attifude toward PT Al 1: Yes, 2 No
Symbaolic/Affective attitude toward PT ATA 1: ¥Yes, > No
Social orderliness attinwde toward PT AD 1:¥es, 2 No
Parzonal nomms PN 1= Yes, 2 No
Perceived behavioural conmal PBC 1:Yes, 2 No
Mode characteristics Travel dme Time 1: mportant, 2: Mot Important
Travel cost Cost 1: Impartant, 2: Not Importanc
Soclo-demographic factors Aga Age 1: Balow 23, 2: From 23 and above
Gemler Gender 1: Male, 2: Female
Marmiage status MS 1: Single, 2 Marriage, 3: Divoree, 4
Widow
Zocio-economic Having a job 3ES 1: Mone, 2: Have one, 3: Have two, 4 All
status Having a monthly income above
average
Hawing a bachelor's degree and above
Car status Hawving a driver's licence cS 1:Nome, 2: Hawve one, 3: Have two, 4: All
Hawving a car
Having a parking zpace
Bullt-environment & Pro- BRoad zafety RS 1; Impartant, 2: Not lmportant
environment Phiyzical effort FE 1: Impartant, 2: Not Important
Environment ENV 1: Important, 2: Mot Important
Bus stadon distance BSD 1: From 1 km and below, 2- Above [ km

5. Results

The data from 800 respondents were collected from December 2020 to February 2021. First, we

checked the data for incomplete and invalid responses. Data with high-item non-response and

invalid data due to social desirability bias (e.g. straight-line respondents, scoring all the observable

items with a one or seven) were discarded for further analysis. After data cleaning, we retained 618
valid survey responses in the final analysis (Table 3), out of which 437 were female motorcyclists

(70.7 per cent) and 181 male motorcyclists (29.3 per cent). Furthermore, 368 respondents use
motorcycling for school trip purposes (59.5 per cent), and 250 respondents for work trip purposes

(40.5 per cent).

Table 3. Descriptive statistics of Danang motorcyclists

Maost frequency trip Gender Age
Schoal 368 Male 85 < 23 years old &2
== 23 years old 3
Female 283 < 23 wears old 282
== 23 years old I
Wark 250 Male Q6 < 23 vears old 11
== 23 years old &5
Femala 154 < 23 years old 0
== 23 vears old 125
Total 613 Total G618 Total 618

Firstly, the instruments’ reliability was checked with Cronbach’s alpha test using SPSS 16.0 to assess
the reliability of the study’s constructs. Particularly, the coefficient alpha of factors and the item-to-
total correlation of items included in each factor were evaluated to determine the construct’s



internal consistency and reliability. The reliability analysis results in Table 4 show that all five factors
have the accepted Cronbach’s value (0.7 <a < 1), and all observed variables within each factor have
a high coefficient of item to-total correlation ( > 0.3) (Hair et al., 2014). Therefore, the reliability
analysis met the reliability requirements and demonstrated high internal consistency (Hair et al.,
2014). This set of variables would be used for further analysis.

The results in Table 4 reveal that all items of personal norm and perceived behavioural control
factors are closely related. Regarding the five items of the instrumental attitude factor, the item
representing the safe characteristic of public transport (Al3) is discarded due to the increase in the
alphavalueifthe item is deleted. Similarly, the items representing the pleasant (ASA3) as well as the
attractiveness of public transport (ASA4), relaxed (ASA9), and positive feeling (ASA10) when using
public transport are excluded due to the improvement in the alpha value if items are deleted. As
shown in Table 4, the Cronbach’s alpha values support the re-categorisation of the three original
factors in TPB theory: attitude, personal norms, and perceived behaviour control into five factors: (i)
instrumental attitude, (ii) social orderliness attitude, (iii) symbolic/affective attitude, (iv) personal
norms, and (v) perceived behaviour control. This result is consistent with previous studies which
applied TPB theory (Kitamura et al., 1997; Steg, 2005; Beirao & Cabral, 2007; Steg & Brussel, 2009;
Chen & Chao, 2011; Van & Fujii, 2011; Chen & Chen, 2011).

Table 4. The Cronbach’s Alpha reliability analysis for each scale.

Factor Item Scale Mean If Scale Variance If Corrected ltem - Cronbach's Alpha If Cronbach’s Factor
Item Deleted Item Deleted Total Correlation ltem Deleted Alpha average
Instrumental All 10.95 19.374 0777 0819 0.873 3.671
AL 11.39 2M.773 0.749 0330
Al4 10.62 21.562 0711 0845
AlS 11.08 21.757 0.681 0857
Social orderliness AODI 1727 32779 0.782 0324 0.872 4.363
AD2 1713 32.452 0.817 0815
AO3 17.78 37.200 0.572 0.ETs
ADs 18.02 38.969 0.556 0877
AOS 17.07 33.606 0777 0825
Symbollc/Affectve ASAL 17.07 44273 0.551 0369 0.872 2917
ASAZ 13.02 47.862 0.581 062
ASAS 17.96 44572 0771 0240
ASAG 17.97 45.165 0.731 QB4
ASAT 17.33 43.579 0.623 0258
ASAS 17.18 43.731 0.692 0247
ASATLL 16.97 43.442 0.657 0852
Personal norms SIN1 721 7.348 0.603 0631 o7 3759
SDN1 3.01 7.551 0.634 0559
PN1 7.51 7.459 0.576 0722
Percelved PBC1 3.75 2952 0.581 0.735 3.651
behavioural PBC2 355 2903 0.581
conirol

Secondly, from the reliability analysis results, the authors compute five psychological variables
using the transform variables function in SPSS 16.0. The authors convert the values of these
variables from the 7-point Likert scale to binary (1 is Yes, and 2 is No); values from 4 to 7 are recoded
as Yes, and values from 1 to 3 as No. Then, we estimate the underlying Bayesian network based on
the PC structure learning algorithm (Fig. 2).



Figure 2. The Bayesian network model after the PC structure learning algorithm DEC - decision to use
PT, INT - intention to use PT, PN - personal norm, PBC - perceived behavioural control, Al - instrumental
attitude, ASA - Symbolic/Affective attitude, AO - social orderliness attitude, SES - socio-economic status,
Age - motorcyclists’ age, Gender - motorcyclists’ gender, MS - motorcycle status, CS - car status, ENV -
environmental, RS - road safety, PE - physical effort, BSD - bus station distance, Time - Travel time, Cost
- Travel cost.
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Three parameters are required to run the PC algorithm:

+  Max adjacency size limits the number of neighbours of a node and has a default of 8. This
parameter is essential to limit the number of parents a node corresponding to a variable can
have. The size of a node’s conditional probability tables grows exponentially in terms of
parent node numbers, which should be limited, so that network construction does not
exhaust all existing machine memory counts.

« The ssignificance level is the alpha value used in the classical independent tests that the PC
algorithm is based on. It has the default at 0.05.

« Maxtime (seconds) limits the search phase duration and has a default of 0 (no time limit). A
time limit should be set on any large data set so that the algorithm converges within a
reasonable computer run-time.

All developed Bayesian networks are statistically significant, with a p-value at most equal to 0.05.
Next, K-fold cross-validation was performed by setting the folding seed to any value other than 123,
allowing the evaluation to be reproducible. The results from Table 5 highlight the accuracy achieved
by the model during validation. In this case, the modes achieved 71.76 % accuracy in predicting the



correct intention and decision to use PT - the model correctly guessed 887 out of the total of 1236
records. During the process, the model selects for each record the state of the class node that is most
likely to occur over all other states.

Table 5. The results of K-fold cross-validation and strength of influences.

K-fold crozs-walldadon TL.76 b
Parent Child Welghted
Costz DEC 0.13
INT DEC 0.68
PBC DEC 0.11
Time DEC 010

Al INT 0.15

AD INT 0.17
ASA INT 0.18
Costz INT 0.15
PBC INT 0.14

PN INT .25
Time INT 0.18

After the cross-validation step, a sensitivity analysis is performed to confirm the probability
parameters of the Bayesian network. This analysis will change the network’s colour to indicate the
location of sensitive parameters (Fig. 2). The red nodes contain the parameters critical for computing
the posterior probability distributions in the nodes marked as targets (intention and decision in this
case). From Fig. 2, personal norm, time, and cost are the most sensitive and important parameters
for calculating the posterior probability distribution of intention and decision to use PT.

Also, the strength of influences was tested to observe the influence strength between the nodes to
which they connect. The thickness of the arcs shows the strength of parental influence on the
offspring, while the colour of the arcs indicates local influence (Fig. 2). In detail, the colour can be
green for positive, red for negative, grey for null, or purple for ambiguous. Fig. 2 shows that intention
positively influences the decision to use PT. This finding confirms Ajzen’s (1991) results mentioning
that intention is one of the best indicators for predicting human behaviour.

In addition, based on observational data entered into a network, we create different scenarios and
provide different answers to compute the likelihood of a combination of observations within the
model. For each scenario, we define stage 1 to yes, as the final choice for intention and decision to
use PT, and then we set the evidence for each of the observed variables listed in the table below. The
results of the (a-priori) probability of evidence are shown in Table 7. The results from Table 7 show
that Vietnamese motorcyclists younger than 23 years old or female or single have a higher chance of
shifting their intention toward PT usage and using this travel mode in the near future. Also, results
from Table 6 show that these groups of commuters do not perceive that the behaviour of using PT
would decrease or mislead their social status. These groups of commuters also prefer safe and
environmentally friendly modes as most answered “agree” on social orderliness. Interestingly, as
Vietnamese motorcyclists get older, they feel more that they need to be obligated to use PT as an
environmentally friendly travel mode. Also, when Vietnamese motorcyclists graduate from college



and join the job market, their perception of the value of travel time and travel cost is different. These
results could provide further policy insights for urban planners and decision-makers.

Table 6. Psychological differences between demographic groups.

Node's stage = 1 Al ASA AD PN PBC INT
Age <23 44.3 % 2l5% 50.7 % 53.0% 48.5 o 376 %
>=213 31.3% 126 % 66.4 % 41.6 % B3t 4%
Cender Male 337 % 140 % 50.1% EE.3% Ik 331%
Female 423 % 100 % 632 % 46.5 % 451 o 3250
Marriage stats Single 431% 21.0% 602 % 515% 478 % 367 %
Marriage 2B.1% 25% 672% 30.3% 3BHW 120%

Table 7. The results of (a-priori) probability of evidence when Vietnamese motorcyclists have both
intention and decision to use PT.

Varlable Stage Meaning P
Time 1 Important 20.6 %
2 Not Important 10.4 %
Cost 1 Important 11.7 %
2 Mot Important 19.4 3
Bux dizanre 1 Below 1 km 21.8 %
2 Above 1 km 92%
Phyzical effort I [mportant 11.7 %
2 Not Important 19.4 %
Road safecy 1 Important 17.4 %
2 Mot Important 13.6%
Car stz o None 16.7 %
I Cme 71
2 Twio 50%
3 All 22 %
Socio-economic stamus 1] None 0.9 9%
1 Ome 93K
2 Two B2 %
3 All 37w
Gender 1 Male 02
2 Female 21.9%
Age 1 Below 23 20.2 %
2 From 23 10.8 %
Marriage status 1 Single 24.2 %
2 Marriage 6.6 %%

6. Discussion and concluding remarks

Previous studies in western countries measure attitudes toward travel mode choice by assessing the
service quality, such as being flexible, saving time, cost sensitivity, or the intention to use alternative
transportation modes (Parkany et al., 2004; Beirdo & Cabral, 2007). They also admitted that attitudes
toward travel mode choice are formulated from instrumental, symbolic and affective motives (Steg,
2003; Steg, 2005; Gatersleben, 2007). The instrumental aspect mainly refers to the utility benefits of
using travel modes. Symbolic aspects are related to personal and social identity expression, while
affective motives refer to commuters’ feelings (Steg, 2003; Steg, 2005). However, many studies also
found a strong relationship between symbolic and affective factors and concluded that there is no
clear distinction between them (Hiscock et al., 2002; Steg, 2003; Steg, 2005; Gatersleben, 2007; Van



& Fujii, 2011). Our findings reveal that both instrumental and symbolic/affective are scored very low
in Vietnam as Vietnamese motorcyclists perceive public transport as an inconvenient travel mode
and not attractive in terms of cost. The low score in symbolic/affective attitude component reflects
that Vietnamese motorcyclists do not want to use public transport because they can be socially
misclassified.

In addition, the condition of traffic in the Southeast Asia region is different, with typical features of
a higher proportion of motorbike users (United Nations, 2018). Because of these particular
conditions, there is another type of attitude factor influencing Vietnamese motorcyclists named
social orderliness, which is related to safety, quietness, environmental friendliness, altruism, etc.
(Van & Fujii, 2011). The social orderliness attitude score is high in the group of commuters aged 23
years old, meaning that this group perceives public transport as an environment-friendly and safe
travel mode. However, because of their value and because they do not want to mislead their social
status, their intention to use PT is still lower than Vietnamese motorcyclists whose ages are below
23 years old. From Table 3, one can also depict a very high proportion of female respondents.
According to the context of social exchange theory, gender bias is intuitive in any conversation in
which participants decide moral choices based on the concept of a separate self (England, 1989).
This theory explains that males obtain a high value on separative selves while females consistently
obtain connective selves such as empathy. Therefore, a higher percentage of female respondents
would be willing to participate in a social survey. Potentially, this sample imbalance could affect the
results, but a comparison between the unweighted and population-weighted data showed that
differences in psycho-social variables were negligible. Thus, the gathered data would not bias the
findings of this study with its subjects in proposing a model for the shift from motorcycles toward
public transport.

The findings from Tables 6 and 7 offer valuable insights for Southeast Asian urban planners and
policymakers as well as provide a basis for formulating policy suggestions that extend beyond the
specific context of Danang, Vietnam. First, personal norm is the most important intrinsic variable
that affects the decision to shift toward public transport among Vietnamese motorcyclists. In order
to manipulate this intrinsic variable, urban planners and policymakers can develop marketing
campaigns adapting information social influence and normative social influence (Deutsch & Gerard,
1955). The practices of information social influence and normative social influence can be related to
implementing social marketing and evidence-based marketing campaigns. These actions aim to
reshape and improve motorcyclists’ perception of PT usage. Urban planners and policymakers need
to focus on younger motorcyclists, whose main daily travel purpose is to go to school and female
motorcyclists, as it would be easier to shift their travel behaviour toward PT of these two groups. For
instance, a marketing strategy could be customised to target motorcyclists below 23 years of age,
as they tend to place greater importance on environmentally friendly transportation modes and do
not seek to distinguish themselves from a society centred on private vehicles like motorcycles. When
good perceptions toward PT usage become established, the behaviour will be persistent and
habitual. This recommendation holds particular significance for younger and female motorcyclists,
emphasising the potential for a broader application of our insights in the context of other South
Asian countries. Second, the finding underscores the significance of improving public transport



frequency and reducing station waiting times, recognising the higher perceived value of travel time
over travel cost. Currently, the bus system in Danang City does not have a timetable showing at the
bus stations, and most bus routes are operated with a frequency of 30 min per trip. Addressing the
distance from PT stations to key destinations, such as schools and workplaces, emerges as a crucial
consideration for urban planners seeking to encourage PT use. In addition, policymakers need to
transparently and effectively develop a unified process of administrative law enforcement in the
transport sector. This could slightly modify the mobility behaviour of local motorcyclists regarding
the current status of road safety and increase the intention to use PT. For example, the Vietnamese
government successfully enforced mandatory helmet wear for any motorcycle with engine power
above 50 cc. After two years of helmet law enforcement, the helmet-wearing rate increased
significantly to 99 % among adult motorcyclists (above 18 years old) (Pervin et al., 2009). The authors
believe that these recommendations have the potential to contribute not only to enhancing PT in
Vietnam but also to informing sustainable urban transportation strategies in Southeast Asia.

Despite the theoretical and practical implications, there are still some cautions due to the study’s
limitations. Firstly, the traffic condition of a testing area does not show the real traffic situation of
megacities in Southeast Asian countries. Indeed, the infrastructure and traffic congestion of Danang
city is much better than Hanoi or Ho Chi Minh city, the two most populated cities in Vietnam with
more than 8 million residents. Therefore, future studies could apply the proposed Bayesian network
to cross-test commuter behaviour from different megacities in Southeast Asian countries. Second,
despite the challenges posed by the COVID-19 pandemic during data collection, Vietnam’s bus
system and ridership appeared relatively normal (Nguyen & Pojani, 2021). However, there remains a
need for ongoing research into transportation systems and travel behaviours during external
disruptions like the pandemic, specifically focusing on their impact on psychological factors. The
current Bayesian network model does not account for the pandemic’s effects. Therefore, future
research should delve deeper into the psychological repercussions of the pandemic on travel mode
choices in Vietnam to gain a more comprehensive understanding of this evolving landscape.

In brief, this study examined the factors influencing Vietnamese motorcyclists’ choices in public
transport modes. The results align with prior research and support the Bayesian network model’s
effectiveness in predicting Vietnamese motorcyclists’ public transit behaviour. This study
contributes to Southeast Asian travel mode preference knowledge and offers insights into
sustainable urban transportation. The authors anticipate that these findings will catalyse further
research into commuter behaviour, ultimately leading to more effective public transportation
policies in Vietnam and the broader Southeast Asian region.
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Appendix A. Descriptive statistics of Danang motorcyclists (2023 DATA)

Maost frequency mip Gender Age
School 53 Male 14 < 23 vears old 14
== 13 yearz ald o
Famale 33 <= 23 years old 33
»= 23 years old 1
Waork a7 Male 6 < 23 yearz ofd 0
== 23 years old [+
Famale 21 < 23 years old &
»= 23 years old 13
Total oo Toial B0 Total ]
Appendix B. The Cronbach’s alpha reliability analysis for each scale (2023 DATA)
Facror ltem Scale Mean If Seale Varianee If Comrected Irem - Cronbach's Alpha If Cronbach’s Factor
Ieem Delered teem Deleted Toeal Correlation Item Delatad Alpha average
Instrumenital All 11.40 13.382 0.654 0.762 0.816 3.044
AL2 1200 14.076 0.688 0.743
Al4 11.04 15.480 0.626 0.774
Al 11.69 15.610 0.585 0.791
Soclal orderliness AD1 18.74 27842 0.801 0.865 0.893 4718
AOQ2 18.51 27731 0.856 0.243
AD3 19.20 32587 0.530 0.013
A4 19.28 20974 0,699 0.578
AQS 12.54 27.999 0.817 0.851
Symbolle/Affective AZAL 20.04 40.340 0,434 0.554 0.854 3440
ASAZ 21.39 41.000 0.564 0.540
ASAS 21.31 38.521 0.686 0.823
ASAG 21.29 37.752 0.748 0.814
AZAT 20.4 38.958 0.654 0.528
AZAS 20.54 38.556 0.680 0.824
Factor Item Scale Mean If Scale Variance If Corrected Item - Cronbach’s Alpha If Cronbach's Factor
ltem Deleted Item Deleted Total Correlation Irem Delerad Alpha average
ASATL 1975 40.747 0.522 0.247
Personal norms SIN1 6.79 7.942 0.630 0.751 0.803 3.529
SDN1 745 7.314 0.751 0.626
PN1 6.94 7.831 0.577 0.800
Parcelved PBC1 3.66 2.707 0.554 0.713 3.706
behavioural PBC2 3.75 2519 0.554

conirol
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