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ABSTRACT

The traffic volumes of trucks on freeways and parallel national and provincial roads significantly vary; moreover,
the utilization rate of freeways is markedly low at times. Implementing effective traffic volume guidance to
change the travel route choice intentions of truckers is a critical approach to improving the utilization rate of
freeways. Travel route choice intentions are influenced by numerous factors, such as personal and travel char-
acteristics. In this study, based on structural equation modeling (SEM), 186 truckers on freeways and 522
truckers on parallel national and provincial roads were collected using structural equation modeling (SEM) based
on a questionnaire survey in Guangxi, China. Relationship models of the influencing factors of travel route choice
intentions for truckers on freeways and on their parallel roads are constructed separately by SEM to explore the
direct and indirect effects of the personal characteristics, travel characteristics, economic factors, and travel
choice habits of truckers on travel route choice intentions. The model results for truckers on freeways indicate
that only travel characteristics significantly affected travel route choice intentions, and this effect was negative.
For truckers on parallel national and provincial roads, travel characteristics exerted the most significant positive
effect on travel route choice intention; by contrast, travel route choice intention was most negatively affected by
economic factors. The results for the two models reveal that personal characteristics, and travel choice habits
exert no significant effects on the travel route choice intentions of truckers on freeways and parallel roads. In
addition, the results of the mediation analysis demonstrate that personal characteristics have a significant in-
direct effect on travel choice habits mediated by travel characteristics. Based on the study findings, several
recommendations can be suggested as guidelines to facilitate the shifting of the traffic volume of trucks.

1. Introduction

varies from that of parallel national and provincial roads in certain re-
gions. In many cases, the traffic volume on freeways is average or even

Beijing Transport Institute (2021) and Shanghai Urban and Rural
Construction and Transportation Development Research Institute
(2022) have reported that road freight volume in Beijing and Shanghai,
two of the largest and most representative cities in China, increased
steadily between 2015 and 2019. The rise in road freight volumes and
the policy of prohibiting trucks from entering the city have led to an
increase in the volume of trucks on freeways and on national and pro-
vincial roads. Traffic congestion on intercity roads is also rapidly rising
(Han et al., 2018). Traffic operational conditions have been shown to be
significantly influenced by the increase in truck volume (Cherry &
Adelakun, 2012). Meanwhile, the traffic volume of freeways markedly

low, whereas the traffic congestion on parallel national and provincial
roads is heavy (Romero et al., 2020). Freeways, being fully closed roads
characterized by tolls or inflexible routes for short-distance travel, have
low utilization rates at specific times and even during rush hours.

An efficient approach to improving the utilization rate of roads
would be to guide traffic volume in road networks (Gruner & Vollrath,
2021). This method involves guiding the travel route choices of truckers.
Several studies have indicated that route choice behavior is primarily
determined by route choice intentions. According to the theory of
planned behavior (TPB), intention directly and significantly affects
behavior (Ajzen, 1991; Han et al., 2020; Liu et al., 2017; Zhao & Gao,
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2022). Accordingly, the route drivers plan to travel is a subjective
probability or possibility that they intend to choose (Hao et al., 2020).
Numerous studies have verified that the relationships between ante-
cedent variables and behavior intention are potentially complex (e.g.,
various direct and indirect effects) (Hao et al., 2020). Zudhy Irawan
et al. (2022) determined that exploring the intention of travel choices is
the basis not only for understanding travel choice decisions but also for
implementing relevant guiding policies before the trip. Therefore, the
travel route choices of truckers on freeways and parallel roads are rep-
resented by travel route choice intentions in the current study. The
influencing factors and relationships among factors for travel route
choice intention were extensively analyzed. This study aims to support
the development of more effective guiding measures for truckers before
they make travel decisions.

Few studies have been conducted on the causal mechanism of travel
route choice intention. Some studies using TPB or the mixed logit model
have determined that the travel route choice of drivers is affected by
personal and travel characteristics (Bamberg et al., 2003; Bamberg &
Schmidt, 2003). Meanwhile, the travel route choice intentions of drivers
could be correlated with travel choice habits that are commonly
described as recent and frequent travel routes chosen by drivers.
Frequently repeated behaviors tend to become habituated and auto-
mated (Gardner, 2009). Habits manifest in the form of simple alterna-
tives, hampering behavioral change, particularly in commuting (Lizana
et al., 2021). Jain and Tiwari (2020) used descriptive analysis with a
chi-square test to examine the relationships between income, travel
tolls, and other related factors. They showed that the variability in travel
choices need to be understood from the perspective of economic factors.

Using mathematical statistics or discrete choice models, the afore-
mentioned studies revealed the direct impact of those influencing factors
on travel route choice intentions. Nonetheless, Lanzini and Khan (2017)
clarified that the indirect effects of those influencing factors on travel
choice intentions should be sufficiently considered. Numerous drivers
were not willing to adopt an initiative policy aimed at changing their
travel intentions by merely considering the direct effects of factors
(Kennedy et al., 2009). For example, with the help of structural equation
model (SEM), Bouscasse et al. (2018) found that environmental concern
indirectly promoted public transport habits when treating perceptions
towards public transport as a mediator. Although Agrawal and Peeta
(2021) used the multiple-indicator multifactor model (a variant of SEM)
to analyze the causal mechanisms underlying the decision of drivers to
choose a freeway or arterial road, it failed to further explore the dif-
ferences in travel preferences of different driver groups. According to
Walker (2001), considering the difference between groups would better
explain the selection process, correct cognitive biases, and test the
behavioral hypothesis of the decision-making process. Owing to the
different road characteristics of freeways and national and provincial
roads, certain differences in the travel demand of truckers who choose
these two roads may exist. Clarifying these differences would contribute
to formulating more effective truck guidance strategies, aimed at
improving the utilization rate of freeways.

This study proposes the application of a systematic SEM framework,
using the data from the intercity travel route choice survey completed by
truckers in Guangxi (China) in 2021. The aims are as follows: (i) to
identify the influencing factors for the travel route choice intention of
truckers on freeways and their parallel national and provincial roads; (ii)
analyze the direct and indirect impact relationships among factors; and
(iii) explore the differences in travel preferences of truckers on the two
types of roads. First, based on the different characteristics of freeways
and national and provincial roads, the structural equation models for
truckers on freeways and national and provincial roads are respectively
constructed, with the mediating effects considered. Subsequently, the
factors significantly affecting the travel route choice intention of the two
types of trucker groups are identified, together with the relationships
among factors. Second, the direct and indirect impact relationships
among factors and travel route choice intention are analyzed based on
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the results of the two types of SEM and their mediation models. Third,
the differences in factors significantly affecting travel route choice
intention and the influencing relationships between the two types of
trucker groups are compared and discussed.

The remainder of this paper is organized as follows: Section 2 pre-
sents a comprehensive review of the related literature on the current
research subject. Section 3 introduces the method and our research
hypotheses. Section 4 presents the data used in this study. Section 5
provides our modeling results. Section 6 presents the significant find-
ings. Finally, Section 7 summarizes the key findings, conclusions, and
recommendations for future studies.

2. Literature review
2.1. Existing model frameworks

Travel route choice behavior is primarily studied using mathematical
statistics and theoretical models. Mathematical statistical techniques,
such as analysis-of-variance approaches, can adequately explain the
direct effects among factors. Thus, the relationship between variables
and intercity travel route choice behavior is typically explored using
mathematical statistics based on experimental data (Bachoo et al., 2013;
Toledo et al., 2020). Several theoretical models, such as discrete choice
models, are also used to conduct more extensive research on travel route
choice behavior (e.g., the identification of significant influencing factors
and interaction between factors). Among these models, the most
representative studies employ discrete choice models, including various
logit models, based on perfect rationality (PR) or bounded rationality
(BR).

In the study based on PR, various logit models were constructed in
accordance with the random utility maximization (RUM) principle
(Bekhor & Albert, 2014; Ben-Elia et al., 2013; Gan & Ye, 2014; Khoo &
Asitha, 2016; Moghaddam et al., 2019; Romero et al., 2020; Zhang et al.,
2012). These studies assumed that travelers had complete knowledge of
the advantages and disadvantages of all possible choices and thus
selected the one with the highest utility. Ben-Akiva and Lerman (2018)
presented a comprehensive structure of the multinomial logit model
(MNL) and its application in travel behavior modeling. Nonetheless,
several studies have demonstrated that people lacked accurate infor-
mation or were interfered by complex situations to obtain optimal de-
cisions, causing them to choose an option that was satisfactory but may
not be of maximum utility consciously (Simon, 1978). This finding also
implies that travelers exhibit bounded rationality. With the emergence
of BR theory, various logit models have been developed based on
prospect theory (PT), cumulative prospect theory (CPT), or regret theory
to analyze travel route choice behavior (Chorus, 2010; Di & Liu, 2016;
Jou & Chen, 2013; Mai et al., 2017). Iraganaboina et al. (2021) analyzed
the effects of travel characteristics, roadway features, and traffic infor-
mation, in addition to their interactions, on travel route choice behavior
(freeway or intercity arterial). A mixed-MNL model based on random
regret minimization-was developed. Machine learning has recently
become crucial for travel behavior research because its prediction or
classification accuracy is much better than traditional discrete choice
models (Hagenauer & Helbich, 2017; Koushik et al., 2020; Liu et al.,
2019; Zhou et al., 2019).

Indeed all aforementioned methods can be used to identify and
quantify direct effect relationships between variables that can be
directly measured and travel route choice behavior, as well as the
interaction between the variables; however, they failed to identify the
indirect effect relationships or quantify latent psychological and
behavioral variables effectively (e.g., travel choice habits) that cannot
be directly measured (Goldbach et al., 2019; Song et al., 2021). Travel
choice behavior stems from a combination of factors, hence the impor-
tance of a comprehensive analysis of the causal mechanism of route
choice behavior, as well as the determination of possible indirect effect
relationships. SEM has been used to explore various impact relationships
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among factors in previous studies (Cheng et al., 2019; Chorus et al.,
2007; Javid et al., 2013; Zhao & Gao, 2022). Using SEM, Choocharukul
(2008) explained the direct and indirect effects among various factors,
such as the likelihood of route diversion, the attitude of the traveler,
socioeconomic characteristics, and travel habits. To assess the route
choice of exporters Fan et al. (2019) developed a routing model and
derived a structural equation for widely accessible customs data. How-
ever, the differences between traveler groups were not discussed suffi-
ciently. Exploring these differences among traveler groups not only
improves the explanatory power of models but helps develop more
effective route guidance strategies for different groups (Alizadeh et al.,
2019), improving the utilization rate of freeways.

2.2. Influencing factors for travel route choice intention

Previous studies have shown the travel route choice of a driver was
influenced by several interdependent factors. These factors can be
classified as travelers’ personal characteristics, economic factors, travel
characteristics, and travel choice habits. The personal intention and
behavior differences in travel route choice may vary with the influ-
encing factors (Bamberg et al., 2003; Bamberg & Schmidt, 2003;
Ben-Akiva et al., 1985; Choocharukul, 2008; Gomez et al., 2017; Sun
et al., 2013).

2.2.1. Personal characteristics

The personal characteristics of drivers are usually considered as a
series of important independent or common variables affecting travel
route choice intentions, such as age and gender (Basu et al., 2021).
Further studies showed that drivers’ experience was also an important
variable (Ringhand & Vollrath, 2019). For truckers on freeways and
parallel national and provincial roads, personal characteristics may also
be an important factor influencing travel route choice intentions.
Meanwhile, according to the study by Knorring et al. (2005), drivers
would make route choice decisions based on the expected travel time,
while they usually highly depended on their experience to estimate
travel time. Therefore, the personal characteristics of truckers are
considered to indirectly affect travel route choice intentions through
travel characteristics. Choocharukul (2008) indicated that drivers al-
ways chose familiar routes to save time and ensure traffic safety. This
condition reflected that drivers’ personal characteristics affected route
decisions indirectly because of travel choice habits.

2.2.2. Economic factors

Existing research found that economic factors were one of the most
important elements influencing drivers’ travel route choice intentions
among a variety of relative factors (Burgdorf & Eisenkopf, 2018; May
et al., 2010). Travel tolls were the most widely used variable in repre-
senting economic factors in previous research (Adurthi et al., 2022; de
Souza et al., 2021; Toledo et al., 2020). According to the study of Sun
etal. (2013), travel tolls had significant effects on the travel route choice
intentions of truckers. With the increase of the freeway tolls, the prob-
ability of drivers choosing freeways decreased (whether peak or
non-peak hours) (Jou & Yeh, 2013). Therefore, it is predicted that
economic factors might significantly influence the travel route choice
intentions of truckers when choosing freeway or parallel roads.

2.2.3. Travel choice habits

Previous research showed that it was difficult to break drivers’ travel
choice habits (He & Thggersen, 2017). Habits can be explained as
repeated behavior, where daily travel is a common example of habitual
decisions. Daily travel choices usually become the most attractively
alternative without analyzing the attributes of the whole set of choices
(Lizana et al., 2021). This phenomenon could be explained by the fact
that commuters prefer a familiar route to guarantee punctuality when
they are required to arrive on time (Choocharukul, 2008). Thus, travel
choice habits may influence travel route choice intentions significantly.
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2.2.4. Travel characteristics

Generally, travel characteristics were represented by vehicle types,
the total weight of vehicle and cargo, travel distance, travel time, travel
purpose, and others. Existing research found that travel distance and
cargo types were important variables influencing truckers’ travel route
choice intentions (Bacero et al., 2022). Travel distance was positively
related with travel route choice intentions (Ben-Elia et al., 2008), and
the probability of changing routes increased with travel distance.
Vehicle types and the total weight of the vehicle and cargo had negative
effects on choosing routes with high travel tolls (Adurthi et al., 2022;
Cherry & Adelakun, 2012). The probability of choosing routes with
higher tolls decreased as the total weight of vehicles increased. There-
fore, it is expected that truckers’ travel route choice intentions might be
influenced by travel characteristics. Moreover, in order to ensure
arriving at a destination on time, drivers would choose the route they
habitually traveled (Jou et al., 2007). Thus, travel characteristics may
have an effect on travel route choice intentions mediated by travel
choice habits.

3. Conceptual framework
3.1. Method

The structural equation model (SEM) is a tool that can process many
observed variables and specified latent variables by their linear combi-
nations and investigate complex relationships among various endoge-
nous variables and exogenous variables (Lee et al., 2008). SEM consists
of multiple measurement models and a structural model. The structural
model can explore the complex relationships among latent variables,
including direct and indirect impacts, while the measurement model
uses specific observed variables to characterize latent variables. There-
fore, the SEM is adopted into this study to explore the relationship be-
tween travel route choice intention and its influencing factors.

Measurement models are normally specified as two sets of equations,
see Equations (1) and (2):

X=NE+S m
Y=An+e 2)

where X denotes the vector of observed exogenous variables, Y denotes
the vector of observed endogenous variables, A, denotes the matrix of
structural coefficients for latent exogenous variables to their observed
indicator variables, and A, denotes the matrix of structural coefficients
for latent endogenous variables to their observed indicator variables.
Additionally, ¢ and 5 denote the vector of latent exogenous and endog-
enous variables, respectively; § and ¢ denote the vector of measurement
error terms for observed exogenous and endogenous variables, respec-
tively.

A structural model relating the exogenous and endogenous latent
variables can be expressed as Equation (3):

n=Bn+It+<¢ 3

where B denotes the matrix of structural coefficients between endoge-
nous latent variables, I" denotes the matrix of structural coefficients for
exogenous latent variables to endogenous latent variables, and ¢ denotes
the unexplainable part of latent variables involved in the model.

Generally, determining the composition of the measurement model
is the premise of constructing the SEM. Exploratory factor analysis (EFA)
is commonly used for this purpose, which is a statistical method used to
identify the number and nature of the latent variables that lead to data
variability (Hassan & Abdel-Aty, 2011). In this work, the input codes of
the observed variables in questionnaires were first determined, and EFA
was performed in SPSS to reduce the dimension of the observed vari-
ables in the questionnaire.

However, we were unable to judge the fitting quality of latent
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variables by questionnaire data after EFA was performed. Thus, confir-
matory factor analysis (CFA) was carried out to verify whether the
observed variables (questionnaire items) expressed the latent variables
in the SEM correctly so as to correct the observed variables that were not
part of these latent variables (Kiatkawsin & Han, 2017). The measure-
ment model was considered reasonable if the reliability,
one-dimensionality, and validity of the model met the requirements.
Reliability refers to the confirmation degree between each variable of
the model. It can be evaluated by composite reliability (>0.6) and
Cronbach’s alpha (>0.3). One-dimensionality means that a set of
observed variables are associated with a single latent variable. It is
satisfactory only if the factor loadings of each observed variable are
significant and the respective standardized coefficients are larger than
0.5 (Pojani et al., 2018). Validity includes convergent validity and
discriminant validity. Convergent validity requires a significant corre-
lation among different questionnaire items measuring the same latent
variable, and it can be evaluated by average variance extraction (AVE)
(>0.36). The problem of multicollinearity will appear when the corre-
lation among latent variables in the structural model is strong.
Discriminant validity is fulfilled when two latent variables are not
strongly correlated with one another (Wijnen et al., 2002).

3.2. Hypotheses

Summarizing the aforementioned analysis, we present two hypo-
thetical frameworks regarding the relationships among factors influ-
encing the travel route choice intentions of truckers on freeways and on
parallel national and provincial roads, respectively. The hypothetical
framework of truckers on freeways includes personal characteristics,
travel characteristics, travel choice habits, and travel route choice in-
tentions. The SEM hypotheses for truckers on freeways are as follows,
and the model framework is presented in Fig. 1.

Model hypotheses for truckers on the freeway.

H1. Travel choice habits (TH), personal characteristics (PC) and travel
characteristics (TC) significantly affect travel route choice intentions
(TCD);

H2. The influence of personal characteristics (PC) on travel route
choice intentions (TCI) is indirectly mediated by travel characteristics
(TC) and travel choice habits (TH);

H3. The influence of travel characteristics (TC) on travel route choice
intentions (TCI) is indirectly mediated by travel choice habits (TH).

However, considering that freeway tolls and parallel national and
provincial roads are free of charge, truckers on parallel roads might pay
more attention to the influence of economic factors. Therefore, eco-
nomic factors are also included in the hypothetical framework for
truckers on parallel national and provincial roads, in addition to the
personal characteristics, travel characteristics, travel choice habits, and
travel route choice intentions. Based on the framework of Fig. 1 and the
model hypotheses for truckers on the freeway, the hypothesis (H4) that

/</’
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e W
Travel route
chmce mtentlons/
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“._characteristics __ habits
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Fig. 1. Model hypothesis framework for truckers on the freeway.
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economic factors (EF) significantly affect travel route choice intentions
(TCI) is incorporated into the SEM hypotheses for truckers on parallel
roads.

4. Materials
4.1. Data collection

The investigation was carried out on six freeways and their parallel
roads in Guangxi, China, from August 26 to 28, 2021. As shown in Fig. 2,
the specific starting and ending points of these roads are Baise to Jingxi,
Jingxi to Longbang, Liujing to Qinzhou, Liuzhou to Wuzhou, Mailing to
Hezhou, and Fenghuang to Guanyang.

The survey was conducted using a subjective questionnaire. We ob-
tained relevant data by distributing paper questionnaires to truckers
face to face in the service areas and toll stations of freeways as well as
gas stations and road sections of parallel roads. In general, there are two
kinds of classical survey methods for travel route choice intentions: a
stated preference (SP) survey examining human responses to hypo-
thetical situations and a revealed preference (RP) survey investigating
human responses derived from a real-life choice situation in the physical
world (Hassan & Abdel-Aty, 2011). We employed both RP and SP survey
in this study.

Based on the characteristics of truckers driving on freeways and
parallel roads, the five parts of the questionnaire were constructed as
follows: 1) Personal characteristics, mainly including gender, age,
driving years, occupation, and education level; 2) Economic factors,
including the rationality of tolls, expected toll rate discounts, etc.; 3)
Travel characteristics, including cargo types, the total weight of the
cargo and vehicle, vehicle types, the nature of freight, etc.; 4) Travel
choice habits, including the recent mileage and frequency of driving on
freeways and parallel roads, etc.; 5) Travel route choice intentions,
mainly including travel considerations, and the reasons for choosing
freeways and parallel roads. Specifically, the relevant data of expected
toll rate discounts, travel considerations and the intentions for choosing
freeways or parallel roads were collected by SP survey; while travel
choice habits and the rationality of tolls were collected by RP survey.
Table 1 shows an example of partial questions from the questionnaire.

4.2. Descriptive analysis

A total of 748 questionnaires were returned during the data collec-
tion process. After checking for missing and abnormal values and per-
forming data cleaning, 708 questionnaires were used for analysis.
Among them, 186 questionnaires were collected on freeways, and 522
questionnaires were collected on parallel national and provincial roads.
The sample statistics are listed in Table 2 and include various charac-
teristics of the truckers. It can be determined that most of the surveyed
truckers are middle-aged males with extensive driving experience. The
proportion of males is more than 97%, and their age and driving years
are concentrated in the 26-45-year range (accounting for more than
74%) and 3-20-year range (accounting for more than 78%),
respectively.

Meanwhile, most of the trucks on freeways are engaged in own-
account (accounting for 64%), long-distance travel (travel distance
>50 km accounting for 71%), with a median vehicle and cargo weight
(the total weight of vehicle and cargo <40 tons for 84.4%). For trucks on
parallel national and provincial roads, most are also own-account (ac-
counting for 73.2%), with median vehicle and cargo weight (the total
weight of vehicle and cargo <40 tons for 82%), while 52.9% of the
vehicles are engaged in short-distance travel (travel distance <50 km).
Moreover, most of the truckers on both freeways and their parallel roads
mainly consider tolls (accounting for 50.8% and 63.6%, respectively)
and believe that the current freeway tolls are high (accounting for 67.7%
and 71.9%, respectively).

In view of the result that most truckers driving on both freeways and
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Figure Legend

—— Freeway

------ Parallel national and provincial road
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Fig. 2. The roads surveyed in Guangxi.

Table 1
Example of the survey questionnaire.
Parts Questions Answers
Personal characteristics Gender [ Male
[] Female
Travel characteristics The total weight of vehicle and O<10t
cargo [J10-40t
[0>40t

Economic factors Reasonableness of freeway toll [ Inexpensive
[J Reasonable

[ Expensive

Travel choice habits Kilometers driven on freeways per O <50 km
recent travel [150-100 km
[0 >100 km
Travel route choice Reasons for choosing freeway [ Short travel
intentions time

[ High comfort
[ Good services

their parallel roads considered the freeway tolls to be high, we continued
to analyze the impact of freeway toll rate discounts on truckers’ travel
route choice intentions through SP survey data. As shown in Fig. 3, when
the toll rate discounts reach about 80%, 43.1% of truckers have a will-
ingness to use the freeways; at 75%, more than half (accounting for
55%) of truckers have a willingness to use the freeways. Therefore, the
number of truckers using freeways over parallel roads will rise with
increasing toll-rate discounts.

5. Results
5.1. Rationality of measurement model

According to EFA results, the four meaningful factors of personal
characteristics, travel characteristics, travel choice habits, and travel
route choice intentions obtained by the questionnaire on freeways were
used for SEM. Five meaningful factors acquired by the questionnaire on
parallel roads were also used, which included personal characteristics,
economic factors, travel characteristics, travel choice habits, and travel
route choice intentions. Based on the hypothesis stated above for SEM,
the personal characteristics and economic factors are exogenous latent
variables represented by &. Travel characteristics, travel choice habits,
and travel route choice intentions are endogenous latent variables rep-
resented by . Meanwhile, the observed variables describing the exog-
enous and endogenous variables are denoted by X and Y, respectively.
Table 3 shows the statement of variables used for the SEM.

In addition to EFA, variables were verified by the CFA to test the
reliability, one-dimensionality, and validity of the measurement models.
As shown in Tables 4 and 5, all the factor loadings of each variable are
significant, and standardized coefficients are larger than 0.6. These data
show that each latent variable can be effectively reflected by its
observed variables. However, we also find that some standardized co-
efficients are less than 0.6 in the model of truckers on parallel national
and provincial roads. This means that some of the latent variables in the
model are not perfectly reflected by their observed variables but are still
acceptable. All composite reliabilities of latent variables are larger than
0.6, and the Cronbach’s alphas are larger than 0.3, indicating that the
consistency of each measurement model and its observed variables are
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Table 2
Statistical results of sample characteristics.

Variable Options Freeway Truckers on
truckers parallel national
and provincial
roads
Gender Male 181 515 (98.7%)
(97.3%)
Female 5 (2.7%) 7 (1.3%)
Age 18-25 12 (6.5%) 29 (5.6%)
26-35 65 171 (32.8%)
(34.9%)
36-45 74 256 (49%)
(39.8%)
>45 35 66 (12.6%)
(18.8%)
Driving years <3 15 (8.1%) 50 (9.6%)
3-10 80 279 (53.4%)
(42.7%)
11-20 67 134 (25.7%)
(36.2%)
>20 24 (13%) 59 (11.3%)
Nature of freight State-owned 4 (2.2%) 12 (2.3%)
enterprise
Private 63 128 (24.5%)
enterprises (33.8%)
Own-account 119 (64%) 382 (73.2%)
Total weight of vehicle and <10t 59 224 (43%)
cargo (31.7%)
10-40 t 98 204 (39%)
(52.7%)
>40t 29 94 (18%)
(15.6%)
Travel distance <50 km 54 (29%) 276 (52.9%)
>50 km 132 (71%) 246 (47.1%)
Travel considerations Travel cost 95 332 (63.6%)
(50.8%)
Travel time 55 108 (20.7%)
(29.8%)
Comfort 36 82 (15.7%)
(19.4%)
Kilometers driven on <50 km 28 199 (38.1%)
freeways per recent travel (15.1%)
50-100 km 50 143 (27.4%)
(26.9%)
>100 km 108 180 (34.5%)
(58.1%)
Kilometers driven on parallel <50 km 43 130 (24.9%)
national and provincial (23.1%)
roads per recent travel 50-100 km 57 134 (25.7%)
(30.6%)
>100 km 86 258 (49.4%)
(46.2%)
Reasonableness of freeway Inexpensive 1 (0.6%) 7 (1.3%)
tolls Reasonable 59 140 (26.8%)
(31.7%)
Expensive 126 375 (71.9%)
(67.7%)

ideal. Although the Cronbach’s alpha of the model for economic factors
in parallel roads is 0.211, it is still acceptable when combining consid-
eration for other parameters of economic factors. For the convergent
validity, the convergent validity (AVE) of each measurement model is
greater than 0.4, which indicates that the observed variables can be
reasonably explained by the latent variables.

Table 6 reports the discriminant validity between the latent variables
in the two types of SEMs. It can be found that the square root of the AVE
of each latent variable is greater than the corresponding Pearson cor-
relation. Therefore, each latent variable can represent different factors,
and the problem of multi-collinearity is not present.

5.2. Rationadlity of structural model

The y? test that measures the discrepancy between the hypothesized

Research in Transportation Economics 101 (2023) 101350

model and the data is usually used to assess the goodness-of-fit of the
hypothesized model. However, when the sample size is more than 200,
the p-value is always significant in almost all studies (Newsom, 2012).
Therefore, alternative global fitting indexes, such as the Goodness of Fit
Index (GFI), Adjusted Goodness of Fit Index (AGFI), Normative Fit Index
(NFI), Comparative Fit Index (CFI), and Tucker and Lewis Index (TLI)
were adopted here. Different from the y? goodness-of-fit test, they are
not easily affected by the sample size. When each fitting index value is
greater than 0.9, it generally means good fitting. In addition, the Root
Mean Square Error of Approximation (RMSEA) and the Standardized
Root Mean Square (SRMR) were included to assess the goodness-of-fit of
the proposed model. RMSEA and SRMR values of less than 0.08 will
generally indicate an adequate fit (Byrne, 2001).

Fig. 4 shows the standardized path coefficients of the SEM for
truckers on parallel national and provincial roads. The goodness-of-fit of
the proposed model is evaluated according to the above criteria, where
the specific model parameters are: y? = 113.278, y?/df = 1.987,
P < 0.001,GFI = 0.968, AGFI = 0.948, NFI = 0.926, CFI = 0.961, TLI =
0.947, RMSEA = 0.044, and SRMR = 0.0456. Thus, according to the
results, the goodness-of-fit of this model is satisfactory.

Fig. 5 shows the standardized path coefficients of the SEM for
truckers on freeways. According to the criteria stated above, the
goodness-of-fit of the model is also acceptable. The specific model pa-
rameters are: y> = 85.859,y%/df = 2.259,P < 0.001,GFI = 0.915, AGFI
= 0.852,NFI = 0.914, CFI = 0.950, TLI = 0.930, RMSEA = 0.085, and
SRMR = 0.0613.

5.3. Analysis of SEM results

5.3.1. The SEM of truckers on parallel national and provincial roads

As shown in Fig. 4, personal characteristics have a significant posi-
tive effect on travel characteristics and travel choice habits (p < 0.001,
the weight is 0.380; p < 0.01, the weight is 0.153). Travel characteristics
affect travel choice habits and route choice intentions significantly and
positively (p < 0.001, the weight is 0.504; p < 0.05, the weight is 0.2).
Travel route choice intentions are significantly and negatively affected
by economic factors (p < 0.05, the weight is —0.223). However, the
direct effect of personal characteristics and travel choice habits on travel
route choice intentions is not significant. Our study analyzes the indirect
effect of personal characteristics on travel route choice intentions, where
personal characteristics affect travel route choice intentions through
travel characteristics and habits. Table 7 shows the unstandardized re-
sults of the mediation model between personal characteristics and travel
route choice intentions. The bootstrap estimation method is further
adopted in the study, and percentile and bias-corrected estimations are
obtained.

As shown in Table 7, the direct effect of the personal characteristics
on travel route choice intentions without mediation factors is not sig-
nificant (p = 0.617). When travel characteristics and habits are included
as mediators, the p-value of paths 1, 2, 3, and the total effects are also
not significant (p = 0.065, 0.541, 0.631, and 0.104, respectively).
Therefore, the travel route choice intentions are not affected by personal
characteristics.

Some mediating effects among other factors can also be observed in
Fig. 4. The effect of travel characteristics on travel route choice in-
tentions might be partly mediated by travel choice habits, and personal
characteristics might affect travel choice habits through travel charac-
teristics. As shown in Tables 8 and 9, travel characteristics have no
significant direct effect on travel route choice intentions (p = 0.071).
When travel choice habits are included as a mediator, the indirect effect
of travel characteristics on travel route choice intentions is still not
significant (p = 0.646). Therefore, there is no mediation effect in the
influence of travel characteristics on travel route choice intentions.
Besides, the direct effect of personal characteristics on travel choice
habits is significant (p = 0.019). When travel characteristics are included
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Fig. 3. Percentages of truckers willing to use the freeway corresponding to different toll rate discounts (for truckers on parallel national and provincial roads).

Table 3
Description of latent and observed variables for SEM.

Observed
variables

Latent
variables

Variable description

(Parallel national and
provincial roads)

Exogenous latent variables
£,: Personal characteristics (PC)

& (PC) X1 (Age) £,: Economic factors (EF)

X, (DY) Endogenous latent variables
&, (EF) X3 (RFT) n;: Travel characteristics (TC)

X4 (Discount) 15 Travel choice habits 1 (TH1)

Xs (ETD) n3: Travel choice habits 2 (TH2)
n (TC) Y; (VD) n4: Travel route choice intentions (TCI)

Y, (TW) Observed variables describing the exogenous
1, (TH1) Y3 (KM-NP) variables

Y4 (KM-F) Xi: Drivers’ age (Age)

Ys (TD) X»: Driving years (DY)
n4 (TCD) Y; (TCO) X3: Reasonableness of freeway toll (RFT)

Ys (RF) X4: Expected toll rate discount (Discount)

Yy (RNP) Xs: Enjoyed the freeway toll discount (ETD)
(Freeway) Observed variables describing the endogenous
& (PO) X, (Age) variables

X, (DY) Y;: Vehicle type (VT)
n; (TC) Y1 (VT) Y,: Total weight of vehicle and cargo (TW)

Y, (TW) Y3: Kilometers driven on parallel national and
13 (TH2) Y3 (KM-NP) provincial roads per recent travel (KM-NP)

Y4 (KM-F) Y,4: Kilometers driven on freeways per recent

Ys (TD) travel (KM-F)

Ys (FP) Ys: Travel distance (TD)
14 (TCI) Y7 (TCO) Ye: Fee paid each time in the freeway (FP)

Ys (RF) Y7: Travel considerations (TCO)

Yy (RNP) Yg: Reasons for choosing freeway (RF)

Yo: Reasons for choosing parallel national and

provincial roads (RNP)

as a mediator, the indirect and total effect of personal characteristics on
travel choice habits are also significant (p-value is 0.001 for these two
cases). Therefore, the influence of personal characteristics on travel
choice habits is a process of partial mediation. Personal characteristics
have a significant direct effect on travel choice habits, as well as an
indirect effect through travel characteristics.

5.3.2. The SEM of truckers on freeways

As shown in Fig. 5, personal characteristics have a significant posi-
tive effect on travel characteristics (p < 0.001, the weight is 0.714).
Travel characteristics affect travel route choice intentions and habits
negatively and positively, respectively (p < 0.05, the weight is —0.388;
p < 0.001, the weight is 0.680). The direct effect of travel choice habits
on travel route choice intentions is not significant, and personal char-
acteristics have no significant direct effect on travel route choice in-
tentions and habits. We also analyzed the indirect effect of personal
characteristics on travel route choice intentions. Table 10 shows the
unstandardized results of the mediation model between personal char-
acteristics and travel route choice intentions.

As shown in Table 10, the direct effect of personal characteristics on
travel route choice intentions without mediation factors is not signifi-
cant (p = 0.124). When travel characteristics and habits are included as
mediators, the p-value of paths 1, 2, 3, and the total effects are also not
significant (p = 0.09, 0.543, 0.199, and 0.520, respectively). Like
truckers on parallel national and provincial roads, the result shows that
travel route choice intentions are not affected by personal
characteristics.

Meanwhile, as shown in Fig. 5, Tables 11 and 12, the direct effect of
the travel characteristics on the travel route choice intentions without
mediation factors is not significant (p = 0.095). When travel choice
habits are included as mediators, the indirect and total effects between
travel characteristics and travel route choice intentions are still not
significant (p = 0.204 and 0.160, respectively). Thus, there is no
mediation effect in the influence of travel characteristics on travel route
choice intentions. Personal characteristics have no significant direct
effect on travel choice habits without mediation factors (p = 0.781).
When travel characteristics are included as mediators, the indirect and
total effects are significant (p < 0.001 for these cases), indicating a case
of completely mediated effects.

5.4. Summary of SEM results

An analysis of the results for truckers on parallel national and pro-
vincial roads indicates the following: travel characteristics exert the
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Table 4

Parameters of measurement model for truckers on parallel national and provincial roads.
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Latent variables

Observed variables

Parameters of significant test

STD. loading

Cronbach’s alpha

Composite reliability

Convergent validity (AVE)

Estimate  S.E. EST/S.E.  p-value

PC Age 1 0.848 0.755 0.850 0.740
DY 0.724 0.096  7.542 o 0.872

EF Discount 1 0.600 0.211 0.670 0.400
RFT 0.679 0.338 2.011 0.044 0.683
ETD 0.417 0.123  3.390 o 0.628

TC ™ 1 0.886 0.732 0.880 0.780
vT 2.523 0.127 19.866 ok 0.879

TH1 TD 1 0.550 0.638 0.720 0.470
KM-F 1.711 0.156  10.968 o 0.750
KM-NP 1.017 0.123  8.268 o 0.738

TCI TCO 1 0.765
RF 0.436 0.146  2.986 0.003 0.470 0.350 0.670 0.420
RNP 0.782 0.245  3.192 0.001 0.666

Note: S.E.: Standard error; STD: Standardized; EST: Estimate; ***: p-value <0.001.

Table 5

Parameters of measurement model for truckers on freeways.

Latent variables

Observed variables

Parameters of significant test

STD. loading

Cronbach’s alpha

Composite reliability

Convergent validity (AVE)

Estimate  S.E. EST/S.E.  p-value

PC Age 1 0.865 0.891 0.840 0.730
DY 0.901 0.071  12.690 o 0.844

TC ™ 1 0.777
VT 2.784 0.177  15.729 o 0.792 0.703 0.760 0.620
TD 1 0.667

TH2 KM-F 1.819 0.179 10.162 ok 0.841 0.834 0.860 0.610
KM-NP 1.544 0.191  8.084 0.840
FP 2.040 0.198  10.303 0.758

TCI TCO 1 0.804
RF 0.756 0.181  4.177 0.742 0.629 0.800 0.570
RNP 0.814 0.197  4.132 0.716

Note: S.E.: Standard error; STD: Standardized; EST: Estimate; *

Table 6

*: p-value <0.001.

Discriminant validity analysis for two types of SEMs.

Variables ~ Convergent Discriminant validity (National and provincial
validity (AVE) roads)
PC EF TC TH1 TCI
PC 0.740 0.860
EF 0.400 —0.003 0.632
TC 0.780 0.380 —0.001  0.883
TH1 0.470 0.344 —0.001  0.562 0.686
TCI 0.420 0.144 —0.224 0.245 0.175 0.648
Variables Convergent validity (AVE) Discriminant validity (Freeway)
PC TC TH2 TCI
PC 0.730 0.854
TC 0.620 0.716 0.787
TH2 0.610 0.513 0.700 0.781
TCI 0.570 0.061 -0.079 0.052 0.755

Note: The bold diagonal is the square root of the average variance extraction
(AVE), and the lower triangle is the Pearson correlation.

most significant positive effect on travel route choice intentions; by
contrast, economic factors generate the most significant negative effect.
Meanwhile, travel characteristics exert the most significant positive ef-
fect on travel choice habits; similarly, personal characteristics signifi-
cantly and positively affect travel characteristics. In addition, personal
characteristics exert a significant direct effect on travel choice habits, as
well as an indirect effect through travel characteristics.

An analysis of the results for truckers on freeways shows that their
travel route choice intentions are only significantly and negatively
affected by travel characteristics. Personal characteristics exert a sig-
nificant positive effect on travel -characteristics, and travel

characteristics positively affect travel choice habits. The direct effect of
personal characteristics on travel choice habits is not significant, but the
indirect effect is significant when travel characteristics are regarded as
mediators.

6. Discussion

In order to explore the influencing factors and relationships among
factors for travel route choice intentions of truckers on freeways and on
parallel national and provincial roads, and analyze the differences in
travel preferences between these two types of trucker groups, this study
analyzed the relationships among personal characteristics, economic
factors, travel characteristics, travel choice habits, and travel route
choice intentions by establishing two separate SEMs.

6.1. Impact relationships

The effect of travel characteristics on travel route choice intentions
was significant for both freeway truckers and truckers on parallel na-
tional and provincial roads, indicating that the two types of truckers
would consider the total weight of the vehicle and cargo and vehicle
types to determine travel routes. This was also consistent with the
findings of Hyodo and Hagino (2010) and Rowell et al. (2014). Personal
characteristics, which were represented by age and driving years, had no
significant direct or indirect effect on their travel route choice in-
tentions. However, most previous researches about passenger car drivers
found that the influence of personal characteristics on travel behavior or
route choices was significant (Bunce et al., 2012; Doroudgar et al., 2017;
Pojani et al., 2018; Song et al., 2021; Zhu et al., 2022). Thus, significant
differences in personal characteristics are present between passenger car
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drivers and truckers as well as the purpose of vehicle use (Kockelman
Maria & Zhao, 2000). Truckers might not be affected by lack of expe-
rience when choosing their travel route. Similarly, the effect of travel
choice habits on route choice intentions was also not significant, indi-
cating that truckers’ travel route choice intentions would not be influ-
enced obviously by their recent driving conditions. Although some
research found that travel choice habits affected travel choice behavior
significantly (Chen & Chao, 2011; Eriksson et al., 2008), the different
results appearing in our study might be highly related to different tasks
and destinations for each type of transportation undertaken by truckers
(Fuller et al., 2003). Therefore, truckers exhibited less habitual travel
route choice behavior of repeating than private car owners especially
commuters.

Jou et al. (2007) found that the effect of freeway tolls on travel route
choices was significant and negative. Our study also indicates that

habits 2
. ///

i

* for p < 0.001).

economic factors have a significant negative effect on the travel route
choice intentions of truckers on parallel national and provincial roads.
The possibility of considering routes with high comfort and short driving
time (freeway) would be higher with increasing toll discounts. Coinci-
dentally, based on the analysis of the impact of different freeway toll
discounts on the travel willingness of truckers on parallel roads (see
Fig. 3), we also found that the number of truckers willing to turn to
freeways from parallel roads increased with increasing toll discounts.
Therefore, the method of decreasing freeway tolls could be employed to
increase traffic volume on freeways without considering the case of
other influencing factors. A similar conclusion was also reached in a
previous study in which tolls or toll discounts were regarded as an
important variable (Sun et al., 2013). For truckers on freeways, the toll
was also important according to descriptive analysis, but economic
factors were not correlated with their travel route choice intentions after
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Table 7

Mediating effects of personal characteristics on travel route choice intentions (unstandardized results).
Path Product of Coefficients Bootstrapping 2000 Times 95%CI

Estimate S.E. EST/S.E. p-value Percentile Bias Corrected
Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%

Indirect effectrowhead
1.PC—TC—TCI 0.045 0.029 1.552 0.065 —0.019 0.097 —0.004 0.106
2.PC—TH1—TCI 0.004 0.012 0.333 0.541 —0.021 0.031 —0.015 0.036
3.PC—TC—TH1—TCI 0.005 0.014 0.357 0.631 —0.023 0.035 —0.021 0.038
Total indirect effects 0.054 0.026 2.077 0.024 —0.006 0.102 0.01 0.115
Direct effectrowhead
PC—TCI 0.031 0.072 0.431 0.617 —0.091 0.191 —0.085 0.201
Total effectrowhead
Total effects 0.084 0.063 1.333 0.104 —0.026 0.214 —0.016 0.226

Note: S.E.: Standard error; EST: Estimate; Mediating factors: TC, TH1.

Table 8
Mediating effects of travel characteristics on travel route choice intentions (unstandardized results).
Path Product of Coefficients Bootstrapping 2000 Times 95%CI
Estimate S.E. EST/S.E. p-value Percentile Bias Corrected
Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%
TC—TH1—TCI 0.014 0.040 0.35 Indirect effect 0.646 —0.066 0.092 —0.060 0.102
TC—TCI 0.125 0.075 1.667 Direct effect 0.071 —0.057 0.249 —0.018 0.265
Total effects 0.139 0.061 2.279 Total effect 0.025 —0.023 0.228 0.035 0.256

Note: S.E.: Standard error; EST: Estimate; Mediating factor: TH1.

Table 9
Mediating effects of personal characteristics on travel choice habits (unstandardized results).
Path Product of Coefficients Bootstrapping 2000 Times 95%CI
Estimate S.E. EST/S.E. p-value Percentile Bias Corrected
Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%
PC—TC—TH1 0.096 0.023 4.134 Indirect effect 0.001 0.055 0.147 0.057 0.148
PC—TH1 0.077 0.032 2.406 Direct effect 0.019 0.012 0.138 0.017 0.141
Total effects 0.174 0.032 5.438 Total effect 0.001 0.112 0.237 0.115 0.239

Note: S.E.: Standard error; EST: Estimate; Mediating factor: TC.

Table 10

Mediating effects of personal characteristics on travel route choice intentions (unstandardized results).
Path Product of Coefficients Bootstrapping 2000 Times 95%CI

Estimate S.E. EST/S.E. p-value Percentile Bias Corrected
Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%

1.PC—TC—TCI —0.216 0.139 —1.554 Indirect effect 0.090 —-0.519 0.026 —0.507 0.032
2.PC—TH2—TCI 0.004 0.024 0.167 0.543 —0.045 0.057 —0.027 0.078
3.PC—TC—TH2—TCI 0.077 0.075 1.027 0.199 —0.047 0.243 —0.046 0.243
Total indirect effects —0.134 0.102 —1.314 0.170 —0.354 0.043 —0.344 0.054
PC—TCI 0.182 0.120 1.517 Direct effect 0.124 —0.052 0.419 —0.050 0.423
Total effects 0.048 0.088 0.545 Total effect 0.520 —0.161 0.196 —0.147 0.208

Note: S.E.: Standard error; EST: Estimate; Mediating factors: TC, TH2.

Table 11
Mediating effects of travel characteristics on travel route choice intentions (unstandardized results).
Path Product of Coefficients Bootstrapping 2000 Times 95%CI
Estimate S.E. EST/S.E. p-value Percentile Bias Corrected
Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%
TC—TH2—TCI 0.148 0.145 1.021 Indirect effect 0.204 —0.089 0.490 —0.089 0.490
TC—TCI —0.413 0.270 —1.530 Direct effect 0.095 —1.010 0.046 —0.997 0.063
Total effects —0.265 0.192 —1.380 Total effect 0.160 —0.675 0.077 —0.641 0.105

Note: S.E.: Standard error; EST: Estimate; Mediating factor: TH2.
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Table 12
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Mediating effects of personal characteristics on travel choice habits (unstandardized results).

Path Product of Coefficients Bootstrapping 2000 Times 95%CI
Estimate S.E. EST/S.E. p-value Percentile Bias Corrected
Lower 2.5% Upper 2.5% Lower 2.5% Upper 2.5%
PC—TC—TH2 0.208 0.049 4.245 Indirect effect *** 0.114 0.304 0.123 0.320
PC—TH2 0.012 0.045 0.267 Direct effect 0.781 —0.078 0.106 —-0.077 0.107
Total effects 0.220 0.039 5.641 Total effect *** 0.144 0.295 0.152 0.306

Note: S.E.: Standard error; EST: Estimate; Mediating factor: TC; ***:

analysis. This situation might occur through a combining effect with
some other factors. For example, existing studies demonstrate that the
route decisions of truckers are influenced by numerous critical factors,
and various trade-offs between factors exist (e.g., the trade-off between
travel cost and travel time) (Iraganaboina et al., 2021; Ringhand &
Vollrath, 2019; Toledo et al., 2020). These factors compelled truckers to
drive on freeways despite their unwillingness to pay toll fees. However,
the specific reasons have yet to be further explored, together with the
moderating effect of psychological factors.

The indirect impact relationships among factors were explored using
the mediation models of two types of SEM. The results of both models
showed that the indirect effect of personal characteristics on travel
choice habits was significant when travel characteristics were regarded
as mediators. This finding indicates that truckers gradually develop their
travel choice habits that matched their own characteristics based on
their age and driving years, moderated by their travel characteristics.
However, the indirect effects between other factors were not significant.
These findings regarding the indirect effect address a significant gap in
previous studies that pay more attention to the direct effect or interac-
tion relationships among factors.

Apart from analyzing the aforementioned direct and indirect effects,
the relationships among personal characteristics, travel characteristics,
and travel choice habits were also verified. Both SEMs for truckers on
freeways and on parallel national and provincial roads revealed that
personal characteristics exerted a significant positive effect on travel
characteristics, and travel characteristics positively affected travel
choice habits. Some studies also have clarified that age exerted a sig-
nificant positive effect on travel characteristics (Bosehans et al., 2023;
Mohammadi et al., 2021). In addition, the process by which travel
characteristics influence travel choice habits has been identified in
earlier research. Specifically, cargo service types and vehicle types
determine the transport tasks a truck can perform; meanwhile, repetitive
tasks can promote the development of travel choice habits over time (e.
g., becoming accustomed to perform tasks within a certain distance or
region) (Ahmed & Roorda, 2022; Fuller et al., 2003).

6.2. Group differences

Some differences between truckers on freeways and on parallel roads
were observed when analyzing the influencing factors and their re-
lationships. The travel characteristics of truckers on freeways had a
negative effect on travel route choice intentions, which was different
from the truckers on parallel national and provincial roads (shown in
Figs. 4 and 5). This result illustrated that with the total transport weight
increasing, the possibility of considering the route tolls was added for
truckers on freeways, while truckers on parallel roads paid more
attention to routes with high comfort and short travel time. This finding
explained why the proportion of trucks with total weights between 10
and 40 tones on freeways was higher (accounting for 52.7%), while
trucks of less than 10 tones were higher (accounting for 43%) on parallel
national and provincial roads. However, as most studies regarded
truckers as a homogeneous group, only the conclusion that truckers
preferred roads with lower tolls could be found (Arentze et al., 2012;
Holguin-veras & Wang, 2011).
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p-value <0.001.

In addition, we also found that the direct effect of personal charac-
teristics on travel choice habits was not consistent between truckers on
freeways and on their parallel roads (see Tables 7-12). For truckers on
freeways, without the mediating effect of travel characteristics
(regardless of the total weight of vehicle and cargo and vehicle type), the
mileage used to travel on freeways or parallel roads might not be
affected by their driving experience. However, for truckers on parallel
national and provincial roads, their mileage traveling on freeways or
parallel roads was related to their driving experience. According to the
descriptive analysis (see Table 2), the proportion of freeway truckers
with more than 10 years of driving experience is as high as 50%, which is
markedly higher than that of truckers on parallel roads (accounting for
37%). Half of freeway truckers have extensive driving experience; thus,
their personal characteristics might not be a significant factor directly
influencing their travel choice habits. Similar results were also found in
the research on risky driving behavior, indicating that the personal
characteristics (e.g., driving experience) of experienced drivers might
not be a factor in promoting risky driving behavior (Jovanis et al., 1991;
Strathman et al., 2010; Tseng, 2023). However, the research conducted
failed to identify any significant differences between groups within a
complete sample covering different types of drivers (Knorring et al.,
2005).

7. Summaries and conclusions

Based on the SP and RP survey data, two SEMs of truckers on free-
ways and on parallel national and provincial roads were established in
this work. The influence of personal characteristics, travel characteris-
tics, economic factors, and travel choice habits on the travel route choice
intentions of truckers were explored, and the findings verified the
research hypothesis. Meantime, the differences between the results of
the two SEMs were discussed.

The results showed that travel characteristics (i.e., vehicle type and
the total weight of the cargo and vehicle) had a significant effect on
travel route choice intentions of truckers on freeways and parallel na-
tional and provincial roads. The travel route choice intentions of
truckers on parallel national and provincial roads were significantly
affected by economic factors (i.e., expected toll rate discounts). There
was also an interactive relationship among these influencing factors in
the SEM of truckers on freeways and their parallel roads, where the
effect of personal characteristics (i.e., age and driving years) on travel
choice habits was significantly mediated by travel characteristics.

This study provides some insights for guiding the travel route choices
of truckers and improving the utilization rate of freeways. The following
measures related to influencing factors could be carried out to guide the
travel route choices of truckers.

(1) The most important influencing factor for truckers is economical.
They will consider choosing a route with shorter driving time and
improved comfort when the tolls meet their expectations.
Therefore, it is expectable that truckers on parallel national and
provincial roads can be transferred to freeways by providing
preferential economic measures on freeways.
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(2) In order to enhance the attractiveness of the freeway in terms of
economic factors, it is appropriate and necessary to give trucks
reasonable and precise preference measures, such as formulating
a variety of toll rate discount levels according to vehicle types or
mileage.

(3) While taking economic measures to transfer trucks on parallel
national and provincial roads into freeways, it is necessary to
stabilize the existing traffic volume of trucks on freeways. Some
supporting measures, including reasonably increasing the num-
ber of special lanes and steadily increasing the speed limit for
trucks, can be applied to shorten the driving time and improve
the operation efficiency and comfort.

This study mainly investigated the influencing factors and their
relationship with travel route choice intentions by using a questionnaire
in Guangxi, China. However, the results for the SEM model might not be
universally applicable because of limitations in data volume and dif-
ferences in populations within different regions. Therefore, the study
results require further verification with more SP and RP survey data in
many other provinces or cities to enhance its general applicability. In
addition to subjective investigations and theoretical modeling, testing
the precision of our findings by obtaining objective travel behavior data
(e.g., position data from Global Position System or Electronic Toll
Collection data) associated with the truckers is necessary. Two models
were constructed to analyze the differences between the relationships
among factors influencing the travel route choice intentions of truckers
on freeways and on parallel roads. A unified heterogeneity recognition
model can be valuable in identifying potential differences between the
two groups of truckers. Indeed, conducting research is crucial in pre-
dicting travel route choice intentions based on the results of factor or
relationship identifying models.
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