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A MODIFIED DECOMPOSED THEORY OF PLANNED
BEHAVIOUR MODEL TO ANALYZE USER INTENTION TOWARDS
DISTANCE-BASED ELECTRONIC TOLL COLLECTION SERVICES

ABSTRACT

This study proposes a modified decomposed theory of
planned behaviour model (DTPB) that integrates satisfaction
and trust into the original DTPB model to explore what kind
of factors affect the user intention towards distance-based
electronic toll collection (ETC) services. The proposed model
is empirically tested by using data collected from a question-
naire survey with a computer assisted telephone interview
system. Empirical analysis is carried out in three stages that
combine confirmatory factor analysis, structural equation
modelling (SEM), and Bayesian network: (1) examination of
reliability and validity of the measurement model; (2) anal-
ysis of structural model; (3) prediction of the probability of
user intention change based on rigorous framework of SEM.
The results confirm that the satisfaction and trust have
positive effects on the behaviour intention, also validating
that five constructs have indirect effects on the behaviour
intention through attitude and perceived behaviour control.
Compatibility is the most important influence factor, followed
by perceived usefulness, facilitating conditions, self-efficacy,
and perceived ease of use. The findings of this study identify
potential improvements for ETC operator, such as contribut-
ing to the society to enhance the company image and trust
of enterprise with charity activities, and simultaneously up-
grading the information platform of website, software, and

Apps.
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1. INTRODUCTION

Electronic toll collection (ETC) is an automated
system, eliminating manual operations by toll payers
and receivers. From 2015 to 2020 the global ETC mar-
ket is expected to steer towards a strong double-digit
growth rate [1]. Most of drivers of the upcoming growth
comprise the need to save travel time, cashless travel
facility, the need to stop to minimize the traffic con-
gestion and fast toll transaction. In general, the ETC

market can be categorized into products, technologies,
applications and geographies. On the basis of technol-
ogies, the ETC market can be divided into various cat-
egories, such as radio-frequency identification (RFID),
dedicated short-range communications (DSRC), video
analytics, global navigation satellite system (GNSS) in-
cluding global positioning system (GPS), global naviga-
tion satellite system (GLONASS), Galileo, Beidou and
quasi zenith satellite system (QZSS). Currently, RFID
and DSRC are the leading technologies worldwide.
However, GNSS is expected to show a high growth rate
in the following five years.

As to ETC applications, highway, urban and bridg-
es are now very common. Undoubtedly, ETC systems
have been installed majorly on highways, but the in-
stallation in urban areas and on bridges has a bright
future opportunity. Geographically, the ETC market can
be segmented into North America, Latin America, Asia
Pacific, Japan, Western Europe, Eastern Europe, and
Middle East & Africa. The present market scenario rep-
resents a strong presence of ETC system in the US,
Canada and Mexico in North America, South Korea,
Taiwan, Thailand, Malaysia, Hong Kong, Philippines
and Singapore in Asia Pacific, and the UK, Ireland, Por-
tugal, France, Germany, Italy and Spain in Europe.

In 2015, the International Bridge, Tunnel and Turn-
pike Association (IBTTA) announced the results of its
annual toll excellence awards competition, and Taiwan
area national freeway bureau (TANFB) was the winner
for the category of customer service & marketing out-
reach with the “Program for transition from manual
flat-rate pay-per-use toll collection to electronic dis-
tance-based toll collection”. The TANFB explained that
since the introduction of the “private sector involve-
ment in development of ETC system” with Far Eastern
Electronic Tolling Company (FETC) team in 2003, it
has adopted a two-stage implementation: from man-
ual flat-rate pay-per-use toll collection to electronic
distance-based system to increase fairness and eg-
uity across the highway network, boost operational
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efficiency, streamline traffic flow through variable
pricing, and deliver superior accuracy. The agency
introduced manual and electronic tolling in February
2006, followed by a tag of radio frequency identifica-
tion (eTag) system in May 2012, and now averages
14 million transactions per day with a tolling accura-
cy rate of 99.97% and detection accuracy of 99.9%,
the world’s highest. The eTag system consists of 319
single gantries that feature a modular design for rapid
deployment. It took only 10 months to install all the
gantries, with no on-the-job accidents or loss in quality.
At present, more than 6 million vehicles have installed
eTag (94%) in Taiwan.

Owing to the relentless efforts of the FETC team,
Taiwan has become the first country in the world to
successfully make such a tolling system migration.
Statistically, since the launch of ETC, with more effi-
cient traffic, saving of fuel and reduction of CO, emis-
sion etc., the total benefits for the society amount to
about US$ 0.75 billion [2]. With the implementation of
ETC, Taiwan’s freeway has reached a new frontier and
become world-renowned. This also allowed Taiwan to
reach the threshold of intelligent electronic toll collec-
tion and advanced traffic management.

Since Taiwan’s ETC services are provided by a pri-
vate company FETC which is regulated by the govern-
ment, FETC has to be reviewed to achieve the standard
of satisfaction and utilization. Complaints of dissatis-
faction from eTag users so far still exist, which means
that the high utilization rate is not equal to the high
degree of satisfaction or high level of trust towards en-
terprise operating ETC services. Therefore, how to im-
prove the eTag users’ level of satisfaction and find the
degree of influence between trust and satisfaction are
current interesting issues for FETC and TANFB.

The distance-based ETC system provides emerging
eTag functions which provide a brand new experience
to freeway users in Taiwan. The type of new ETC ser-
vices adopted by eTag users and influence factors will
consider whether the new ETC services can success-
fully narrow the gap. Previous studies concerned with
intelligent transportation systems (ITS) or advanced
traveller information systems (ATIS) or ETC take the
perspective of user intention to explain and predict the
influence factors for adoption of new systems or ser-
vices in terms of user intention behaviour through the
technology acceptance model (TAM) [3, 4, 5, 6] or the
theory of planned behaviour (TPB) [7, 8] or combined
TAM with TPB models [9]. Several empirical studies
conclude that the decomposed theory of planned
behaviour (DTPB) is a rigorous behaviour theory with
new technology and acceptance for intention to pre-
dict by considering multiple influence factors [10, 11,
12]. However, literature on the study of how various
distance-based ETC services influence the acceptance
of specific eTag users based on DTPB are quite rare at
the present time.

In view of this a modified behaviour intention mod-
el based on DTPB has been proposed in this study as
a rigorous theoretical basis. For empirical study an an-
alytical process is implemented to summarize various
opinions or perspectives from eTag users by question-
naire surveys on the users’ satisfaction, which con-
nects with structural equation modelling (SEM) and
Bayesian network (BN) to identify and verify the eTag
users’ behaviour intention changes on the satisfaction
of ETC and operator’s trust.

2. THEORETICAL BACKGROUND

2.1 Decomposed theory of planned behaviour
(DTPB) model

In TPB, the attitude (AT), subjective norms (SN),
perceived behaviour control (PBC) are affected by hu-
man behavioural beliefs, and the relationship among
the three constructs is not necessarily significant. To
more reasonably explain and to predict human be-
haviour on different conditions, Taylor and Todd [10]
proposed the DTPB model to decompose the uni-di-
mensional belief constructs into multidimensional be-
lief constructs. As shown in Figure 1, the individual’s
beliefs including attitude, subjective norms, and per-
ceived behaviour control are the three most important
factors explaining new technology adoption behaviour.

The attitude is decomposed into the three con-
structs which included perceived usefulness, per-
ceived ease of use, and compatibility with innovation
diffusion theory on personal perception of technology
innovation. The perceived usefulness refers to the
degree to which the users believe that using a spe-
cific application system will increase their job perfor-
mance. The perceived ease of use refers to the degree
to which users believe that using a specific application
system is easy and convenient. Compatibility indicates
the innovative acceptance which fits the current val-
ues, past experiences, and actual degree of demand
for potential acceptors.

The DTPB is a kind of improved behaviour mod-
el which is based on the innovation diffusion theory
(IDT), TPB, TAM, and it adopts the multidimensional
belief structure to study individual antecedents of con-
structs. Therefore, it is very resilient to consider multi-
ple impact factors for adoption of the technology [13],
and it can help the operators or managers to conceive
the factor of affecting the consumers’ behaviour.

Ajzen [14] points out the insignificance among the
three constructs due to uni-dimensional influence.
The uni-dimensional construct probably contains all
influences of beliefs, and it will produce the counter-
balance to the positive and negative beliefs which si-
multaneously exist in the same dimensional construct.
Therefore, the subjective norms are decomposed into
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Figure 1 - The original DTPB Model
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two constructs which contain peer influence and su-
perior influence from normative beliefs [15, 16]. Peer
influence indicates the perspectives from friends and
colleagues. Superior influence represents the per-
spectives and perceptions from predecessors and su-
periors.

Perceived behaviour control is decomposed into
two constructs based on the Ajzen’s research that in-
clude self-efficacy and facilitating condition which is
decomposed into the resource facilitating condition
and the technology facilitating condition. Self-efficacy
represents an ability to perform the specific behaviour
by selves. Resource facilitating condition and technol-
ogy facilitating condition are the external resource lim-
itations of two parts of capital and technique.

2.2 Modified DTPB model

According to the introduction of Taiwan’s ETC mar-
ket, the aim of this study is the modelling of the rela-
tionships among the degree of satisfaction with ETC
services for eTag users and the trust of the ETC opera-
tor from the users’ viewpoint. The original DTPB model
is modified by combining two constructs of satisfac-
tion and trust which are shown in Figure 2. Further, an
attempt is made to render the modified DTPB model
more valid to describe eTag users’ actual behaviour
intention. The advantages of the modified DTPB model
are as follows: firstly, it can clearly realize the relation-
ship between antecedents and belief constructs. Sec-
ondly, it can correctly point out the possible specific

Figure 2 - The modified DTPB model
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behaviour factor to be applied to different scenarios,
and thirdly, it can prevent the positive and negative be-
liefs from referring to a single construct effect.

2.3 Research hypotheses

Previous studies conclude that IDT is a process to
understand the innovations and how to widely apply
them in the society system [17]. According to IDT in
the field of applying innovations of personnel, there
are five perceived characteristics of innovation: rela-
tive advantages, compatibility, complexity, trialability,
observability [18]. Most of the studies declare that rel-
ative advantages and compatibility increase the appli-
cation of the information technology [10]. The concept
of relative advantages is similar to perceived useful-
ness [19], and the concept of complexity is similar to
perceived ease of use [20]. Thus, whether in technolo-
gies or services of the distance-based ETC system, the
eTag system is regarded as a kind of transportation
innovation in Taiwan.

Typical for TPB application of the information sys-
tem only contains normative influences [10, 21].
Therefore, in the field of electronic retail, the norma-
tive belief was decomposed into two constructs, inter-
personal influence and external influence from Bhat-
tacherjee [22]. The interpersonal influence includes
family, friends, and parents, and the external influence
includes media reports, opinion of experts, advertise-
ments on television, and online word-of-mouth. This
study considers the adoption and choice of eTag from
users that will be affected by various information re-
sources in the era of high development.

In the previous study, the perceived behaviour
control has been separated into internal self-efficacy
and external resource limitations which point out less
time-consumption and less money cost that enhance
the degree of perceived behaviour control of users
[10]. Consequently, if eTag users need to understand
the complicated process of service and do not know
how to earn the service of operation or installing, they
will decrease the degree of acceptance of eTag and
then unload their eTag label from original equipment
of users.

According to TPB, if someone has positive attitude
for a specific behaviour, the specific behaviour may
have a higher behaviour intention. In terms of subjec-
tive norms, if consumers execute a specific behaviour
with more positive attitude, they will have higher in-
tention of the specific behaviour. Moreover, perceived
behaviour control is the resource limitation which
includes internal and external in executing specific
behaviour. If there are fewer restrictions, the user’s
ability to control the behaviour will be higher. Accord-
ing to DTPB, attitude, subjective norms and perceived

behaviour control have significant positive effects on
the behaviour.

Many previous studies demonstrated the impor-
tance of satisfaction in behaviour assessment, show-
ing that it has positive effect on the behaviour inten-
tion and trust [23-25]. Satisfaction has been noted as
a special form of consumer attitude. It is a post pur-
chase phenomenon to reflect how much the consumer
likes or dislikes the service after experiencing it [25].
Such as experience-based, global attitude construct
as customer satisfaction should strongly influence
the connective constructs, such as behaviour inten-
tion and repeat purchase behaviour. Hence, customer
satisfaction has been proposed as an important hy-
pothetical construct in models of consumer purchase
behaviour.

Cronin et al. [26] found a positive relationship be-
tween customer satisfaction and behaviour intentions.
Bolton and Drew [27] also confirmed the satisfaction
which had positive influence on customer post-pur-
chasing behaviour. Hutchinson et al. [28] validated
that traveller's satisfaction has significant positive
effect on the behaviour intention of revisiting a golf
course.

Trust is a degree of response to the satisfaction of
customers. Therefore, Singh and Sirdeshmukh [25]
divided the trust construct into two parts which con-
sisted pre-purchase performance expectations and
post-purchase performance evaluations among agen-
cy and trust mechanisms, and it validated that the
satisfaction had significant positive effect on post-pur-
chase performance evaluations.

Trust is an important belief of maintaining the so-
cial cooperation, and it is also a necessary foundation
for daily routine interaction [29]. Moreover, trust is
generalized loyalty which includes actual behavioural
loyalty and emotional cognitive loyalty. In the field of
e-commerce, when consumers trust the internet trad-
ing partner, it not only has a positive beneficial effect
on purchasing behaviour, but also contributes to a pos-
itive beneficial effect on the subsequent transaction or
online purchase behaviour. The online trust influences
the reliability of data from internet, and further affects
the online purchase behaviour intention [30-32]. The
relationship between trust and behaviour intention is
also verified by the research done by Garbarino and
Johnson [24].

In summary, the research hypotheses derived from
the modified DTPB model according to aforementioned
literature inferences can be listed as follows:

Hla: Perceived usefulness positively affects the
eTag users’ attitude.

Perceived ease of use positively affects the
eTag users’ attitude.

Compatibility positively affects the

Hlb:

Hic:
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eTag users’ attitude.

Interpersonal influence positively affects

the eTag users’ subjective norms.

External influence positively affects the

eTag users’ subjective norms.

Self-efficacy positively affects the

eTag users’ perceived behaviour control.

Facilitating conditions positively affect the

eTag users’ perceived behaviour control.

H1: Behavioural attitude of eTag positively affects
the eTag users' behaviour intention of adoption.

H2: Subjective norms of eTag positively affect the
eTag users' behaviour intention of adoption.

H3: Perceived behaviour control of eTag positively
affects the eTag users' behaviour intention
of adoption.

H4: Satisfaction of ETC products and services
positively affects the eTag users’ behaviour
intention of adoption.

H5: Satisfaction of ETC products and services
positively affects the trust of ETC operator.

H6: Trust of ETC operators positively affects the
eTag users’ behaviour intention of adoption.

H2a:
H2b:
H3a:

H3b:

3. RESEARCH DESIGN

3.1 Questionnaire survey

A questionnaire survey is conducted to collect data
of eTag users and the questions of questionnaire are
designed with references to relevant theoretical liter-
ature to attain the objectivity of data in questionnaire
quality. A pre-test survey is also conducted with a pilot
sample of 30 eTag users to further increase the valid-
ity of questionnaire before the formal questionnaire.

The questionnaire consists of three parts. The first
part is structural equation modelling (SEM)-related
questions in which respondents need to indicate their
agreement level for each question. The responses to
these questions in each construct were measured
by five-point Likert-type scale from 1 point indicating
“highly disagree” to 5 points indicating “highly agree”.

The perceived usefulness construct is measured
by four questions derived from Davis et al. [19]. The
perceived ease-of-use construct is measured by six
questions and the compatibility construct is measured
by three questions which are all derived from Taylor
and Todd [10]. The interpersonal influence construct is
measured by four questions and the external influence
construct is measured by five questions which are all
derived from Bhattcherjee [22]. The self-efficacy and
facilitating condition constructs are measured by three
questions derived from Taylor and Todd [10], and Bhat-
tcherjee [22], respectively. The attitude and perceived
behaviour control constructs are measured by three

questions which are all derived from Aaker [33] and
Bhattcherjee [22]. The subjective norms construct is
measured by three questions derived from Ajzen [34].
The behaviour intention construct is measured by five
questions derived from the related studies [22, 33].
The satisfaction construct is measured by four ques-
tions derived from Zeithaml and Bitner [35] and An-
derson et al. [36]. Eventually, the trust construct is
measured by six questions derived from McKnight et
al. [37].

The second part of the questionnaire is a set of
scenario questions of Bayesian network which is con-
structed with the relationship of path of construct by
the specific scenario, and the responses of a set of
questions to predict the transfer probability under hy-
pothetical assumptions. The third part describes the
basic information of the respondents, including gen-
der, age, education level, monthly income, trip pur-
pose, and frequency of use on the freeway.

3.2 Sampling and data collection

The data collection of eTag users is conducted by
using a computer-assisted telephone interview (CATI)
system. With the help of CATI, the interview process
is standardized and the randomness of the process
to collect more complete data is also minimized. Due
to conditions of normalized assumptions of structural
equation modelling it is necessary to maintain a cer-
tain scale of samples [38]. We hypothesize 5% confi-
dence interval and set 95% confidence level to calcu-
late the sample size for 385 samples with registered
plate numbers by the sampling formula. The sampling
method of CATI in this study is stratified random sam-
pling procedure with the following steps: (1) Deciding
the sampling proportion from registration of the res-
idential address of vehicles to get individual sample
size of counties in Taiwan. (2) Distinguishing the coun-
ties sampling sizes into four regions. (3) Executing
random sampling in four regions. All valid samples are
distributed to four regions including northern, central,
southern, and eastern Taiwan according to regional
percentage of total registered plate numbers.

4. EMPIRICAL ANALYSIS AND RESULTS

4.1 Descriptive statistics

The demographic profile of 400 respondents can
be summarized in Table 1. As shown in Table 1, the
adults aged 31-50 (63.3%) are the major eTag user
group, and the monthly income is centred between
40,001 to 60,000 (41.8%). Geographically, most of
the respondents live in the northern region (56.3%).
The common trip purposes are commuting (41.5%)
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and business (36%). The frequency of use on freeway
is concentrated in 11 days or above per month (64%).

Table 1 - The demographic profile of the respondents
(N=400)

| Frequency Percentage [%]

Place of residence

Northern 225 56.3

Central 75 18.8

Southern 68 17.0

Eastern 32 8.0
Gender

Male 276 69.0

Female 124 31.0
Age

18~20 1 0.3

21~30 86 21.5

31~40 145 36.3

41~50 108 27.0

51 or above 60 15.0
Education level

Senior high school 86 21.5

College/University 263 65.8

Graduate school 51 12.7
Monthly income (NTD)

Less than 20,000 31 7.8

20,001~40,000 60 15.4

40,001~60,000 167 41.8

60,001~80,000 64 16.1

80,000 or above 78 19.1
Trip purpose

Commuting 166 41.5

Business 144 36.0

Returning home 21 5.3

Leisure 69 17.2
Frequency of use on freeways

1-2 Days/Month 47 11.8

3-10 Days/Month 97 24.3

11 Days or above,

Monthy / 256 64.0

4.2 ltem analysis

Iltem analysis refers to a statistical technique that
helps this study to identify the effectiveness of the
questionnaire items. The value of critical ratio is com-
puted to compare the significance of mean difference
in each question. The critical ratio of scale question-
naire is a total test score which is divided into higher
test scores (top 27%) and lower test scores (end 27%)
to determine a criterion for deleting the question. This
study tests the significance of the F value and variance
from population by using the independent-sample

t test and the Levene's test. The Levene's test is an
inferential statistics to assess the equality of variances
for a variable calculation for two or more groups. Hav-
ing run the item analysis, all items of the questionnaire
in this study are significant for testing the significance
by p-value of Levene’s test (p<0.05) and p-value of in-
dependent-sample test (p<0.05). It demonstrates that
all items of the questionnaire are discriminative with
valid results of statistical tests.

4.3 Confirmatory Factor analysis

The two main factor analysis techniques are ex-
ploratory factor analysis (EFA) and confirmatory factor
analysis (CFA). CFA attempts to confirm the hypothe-
ses and uses path analysis diagrams to represent
variables and factors, whereas EFA tries to uncover
complex patterns by exploring the dataset and test-
ing predictions. CFA is used to test the adequacy of
measurement model with SPSS and AMOS software
tools. Prior to the extraction of the factors, several
tests should be used to assess the suitability of the
respondent data for factor analysis. These tests in-
clude Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy, and Bartlett's test of sphericity. The KMO
index, in particular, is recommended when the cas-
es to variable ratio are less than 1:5. The KMO index
ranges from O to 1, with 0.50 considered suitable for
factor analysis. And the Bartlett's test of sphericity also
should be significant (p<.05) for the factor analysis to
be suitable.

As shown in Table 2, the statistical results are cal-
culated with IBM SPSS Statistics 20 software. The
p-value of total question items in the questionnaire
is 0.000, and the results of the latent variables are
statistically significant which indicate that each KMO
value is basically greater than 0.60 and factor loading
of variable is equal to or greater than 0.50. However,
there are two observational variables (114 & TR6) must
be deleted due to non-significant lower factor loading
values.

4.4 Reliability and validity analysis

Reliability is a measurement of stability for ques-
tionnaires, and the Cronbach's o value is a measure
of internal consistency, that is, how closely related a
set of items are as a group. High a value denotes high
internal consistency in all variables. In general the o
value must reach at least 0.70 or higher to derive ac-
ceptable factor. As shown in Table 3, the Cronbach’s
a values in this study range from 0.767 to 0.951
which represent relatively higher internal consisten-
cy among the items of the questionnaire. Construct
reliability is then estimated to test the internal con-
sistency in a set of latent construct indicators. Table 3
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Table 2 - Measurement model results

Latent variables Observational variables Factor loading KMO Standard error t-value
PU1 0.865 0.063 18.508* **
Perceived PU2 0.898 0.798 0.063 19.327***
Usefulness PU3 0.785 ' 0.045 16.439%***
PU4 0.862 - -
PEU1 0.806 0.189 16.903***
PEU2 0.800 0.192 9.567***
Perceived PEU3 0.806 0.808 0.178 9.913***
Ease of Use PEU4 0.828 0.154 9.829***
PEU5 0.725 0.056 9.797***
PEUG 0.741 - -
comM1 0.751 0.206 9.152***
Compatibility COM2 0.846 0.675 0.109 11.248%**
COM3 0.795 - -
111 0.904 0.030 31.693***
Interpersonal 112 0.925 0.770 - -
Influence 113 0.914 0.027 37.087***
H4 6336
El1l 0.790 0.039 26.704%**
EI2 0.852 0.035 31.380***
Iﬁﬁ;gi EI3 0.877 0.834 i i
El4 0.829 0.040 21.842%%*
EI5 0.626 0.061 9.738***
SE1 0.938 0.040 27.501***
Self-Efficacy SE2 0.949 0.765 0.040 27.598***
SE3 0.925 - -
o FC1 0.839 0.080 13.482*%**
E?)Cn"(;tliggf FC2 0.876 0.705 0.099 12.969%**
FC3 0.815 - -
AT1 0.921 0.080 15.442%**
Attitude AT2 0.925 0.700 0.079 15.407***
AT3 0.824 - -
o SN1 0.819 0.058 15.203***
S”Nbé‘:rf's"e SN2 0.871 0.724 0.063 16.905% **
SN3 0.878 - -
. . PBC1 0.896 0.038 24.908***
Perce"’g:ntBriTa‘“O“r PBC2 0.948 0.743 0.032 33.034%%*
PBC3 0.936 - -
Bl1 0.792 0.067 17.375%**
BI2 0.834 0.047 19.946***
Behaviour Intention BI3 0.886 0.874 - -
Bl4 0.891 0.054 21.216%**
BI5 0.762 0.066 15.868* **
S1 0.757 0.058 13.807***
. ) S2 0.865 - -
Satisfaction s3 0.881 0.789 0.048 19.622%%*
S4 0.707 0.073 15.367***
TR1 0.820 0.063 15.592***
TR2 0.916 0.060 19.491 ***
TR3 0.910 0.051 22.719***
Trust TR 0.836 0.887 - -
TR5 0.841 0.055 18.596* **
FR6 0457
Note: ***p<0.01
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shows that the construct reliabilities for all constructs
in the measurement model of this study range from
0.840 to 0.956, exceeding the cut-off value 0.6 rec-
ommended by Bagozzi and Yi [39].

Table 3 - Results of reliability and validity

Indices of testing
La_tent Cronbach’s | Construct C‘;ﬁ;gcz
variables o Reliability )
(>0.7) (>0.6) Extraction
: : (>0.5)
Perceived 0.884 0.915 0.728
Usefulness
Perceived Ease 0.887 0.906 0.617
of Use
Compatibility 0.767 0.840 0.637
Interpersonal 0.951 0.939 0.836
Influence
External 0.896 0.898 0.640
Influence
Self-Efficacy 0.936 0.956 0.879
Facilitating 0.802 0.881 0.712
Conditions
Attitude 0.895 0.920 0.794
Subjective 0.844 0.892 0.733
Norms
Perceived
Behaviour 0.934 0.948 0.859
Control
Behaviour
: 0.926 0.920 0.696
Intention
Satisfaction 0.880 0.880 0.649
Trust 0.926 0.937 0.749

In addition to the reliability test, construct validity is
used to assess the quality of an instrument or experi-
mental design. Researchers usually establish both of
the two main types of construct validity, convergent and
discriminant, for their constructs. Convergent validity
is tested by examining the factor loadings and item re-
liability through CFA in this study. As shown in Table 2
and Table 3, the statistical significance on the factor
loading estimation for each item can be determined by
the t-value based on the literature recommendations.
The t-values of convergent validity range from 9.154 to
31.087, exceeding the critical value 1.96 recommend-
ed by literature in this study and each item exceeds
the critical value at the 0.001 significance level.

In terms of discriminant validity, the average vari-
ance extracted (AVE) measures the amount of vari-
ance that is captured by the construct in relation to
the amount of variance due to measurement error.
The average variance extractions for all constructs are
greater than 0.5 recommended by Fornell and Larcker

[40], indicating that more than one half of the varianc-
es in the items can be explained by their latent con-
struct rather than the measurement error. Results of
above statistical analysis reveal that all observational
items are sufficient to identify latent variables in the
modified DTPB model.

4.5 SEM Analysis

This study tests the research hypotheses using
SEM and applies the suggestions of test results to
prepare a comprehensive description on the construct
relationship of test results. The SEM analysis of the
modified DTPB model is conducted by analyzing the
path coefficient of construct relationships. This study
follows the process of overall model fit measurement
which contains three assessments: absolute fit mea-
surement, incremental fit measurement and parsimo-
nious fit measurement recommended by Hair et al.
[441]. In terms of the original fit indices of this model, it
is hot good enough to adapt the real world as shown
in Table 4. Thus, this study modifies the path model
by erasing the non-significant paths (H2a & H2b) and
by adding the connection of residual covariance from
recommendation by literature to achieve better results
of fit indices.

It is found that the p-value of the chi-square is
0.000. As shown in Table 4, the p-value should gener-
ally be less than 0.05 to indicate an adequate fit, but
the chi-square value is very sensitive to sample size
and frequently causes rejection of a well-fitting model.
Therefore, the normed chi-square (x2/df) value is often
a better indictor than chi-square. An acceptable level
of the x2/df value is a critical value below 3.84. The
normed chi-square value of the measurement model
on absolute fit measurement of this study is 2.272,
indicating a good fit. The goodness-of-fit index (GFI),
adjusted goodness-of-fit index (AGFI), and root mean
square error of approximation (RMSEA) are 0.853,
0.811, and 0.056, respectively, indicating an accept-
able or a reasonable fit, although these indices of ab-
solute fit measurement do not completely approach
the test standard. As regards incremental fit measure-
ment, it consists of normed fit index (NFI), relative fit
index (RFI), incremental fit index (IFl), non-normed fit
index (NNFI), and comparative fit index (CFl), which are
0.886, 0.861, 0.933, 0.917, and 0.932, respectively.
These indices approximate or exceed the recommend-
ed value of 0.9. Finally, the parsimonious fit measure-
ment consists of parsimonious NFI (PNFI), parsimoni-
ous CFI (PCFI), and parsimonious GFI (PGFI), which are
0.724, 0.761, and 0.664, respectively. These three
indicators exceed the recommended value of 0.9, pro-
viding further support for the measurement model. In
summary, the outcome of the model fit measurement
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Table 4 - Model fit measurements

Meztsi(:ztrincent Test Indices Test Standard orgnal Results po— Modi;;i;r\]/eriﬁ-

RMSEA <0.08 0.082 0.056 v
Absolute Fit GFI = 0.90 0.729 0.853

Measurement AGFI = 0.90 0.694 0.811 A
X%/ df <3.84 3.710 2.272 v
NFI =0.90 0.783 0.886 A
Incremental Fit RFI =0.90 0.766 0.861 A
Measurement IFI =0.90 0.832 0.933 v
NNFI =0.90 0.818 0.917 v
CFI =0.90 0.831 0.932 v
Parsimonious Fit PNFI =0.50 0.727 0.724 4
Measurement PCFI > 0.50 0.772 0.761 v
PGFI =050 0.624 0.664 v

indicates a good fit between the collected data and the
proposed measurement model.

Given the satisfactory performance in mod-
el fit measurement of the structural model, the
coefficients of path analysis are subsequently examined
to evaluate the proposed hypotheses. Calculations with
AMOS 17.0 software, Figure 3 and Table 5 show that the
perceived usefulness, perceived ease of use, and com-
patibility, these constructs have significantly positive
effects on attitude (8=0.338, t-value=7.467, p<0.001,
B=0.184, t-value=3.725, p<0.001, and 3=0.370, t-val-
ue=6.096, p<0.001, respectively), thus supporting
Hla, H1b, and H1c. Both the constructs of self-effica-
cy and facilitating conditions have significantly positive
effects on perceived behaviour control (3=0.218, t-val-
ue=4.472, p<0.001, and B=0.233, t-value=4.409,

( Perceived Usefulness

0.338
(7.467**%)

Perceived Behaviour
Control

Facilitating Condition

0.233
(4.409%***)

p<0.001, respectively), supporting H3a and H3b.
As expected, the attitude has a significantly positive ef-
fect on behaviour intention (8=0.321, t-value=6.797,
p<0.001), supporting H1. The subjective norms have
a significantly positive effect on behaviour intention
(B=0.291, t-value=5.849, p<0.001), supporting H2.
The perceived behaviour control has a significantly
positive effect on behaviour intention (8=0.100, t-val-
ue=2.417, p<0.05), supporting H3. The satisfaction
has a significantly positive effect on behaviour inten-
tion and trust (8=0.298, t-value=5.478, p<0.001, and
B=0.299, t-value=5.197, p<0.001, respectively), sup-
porting H4 and H5. In addition, trust has a significantly
positive effect on behaviour intention (=0.093, t-val-
ue=2.042, p<0.05), supporting H6.

0.100

2.407%%%)

( Perceived Ease of Use Attitude
(3_7'25* *) 0.321 ] ]
0.370 6.797***) (208 Satisfaction 0.299
6.096* ** AT8¥** 5.197***
( Compatibility ) (5.478 ) ( )
( Subjective Norms Behaviour Intention H Trust )
. 0.093
(5.849%% (2.042***)
: 0.218
Self-Efficac
( Y (4.472%%%)

Figure 3 - Overview of Structural equation modelling with path analysis results
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Table 5 - Parameter results of path analysis

Path Relationship Estimate | Standard Error Critical Ratio Stangardlzgd Test Results
(t-value) Regression Weights
Perceived Usefulness— Attitude 0.377 0.051 TA4BT7*** 0.338 significant
Perceived Ease of Use— Attitude 0.290 0.078 3.725%** 0.184 significant
Compatibility— Attitude 0.566 0.093 6.096*** 0.370 significant
. ;
erpersont Hence— Subjective 0:639 0:683 0472 0:637 i
jectt 0:69% 0-687 1047 0:295
significant

Self Efficacy— Perceived Behaviour 0.197 0.044 4.472% % 0.218 significant
Control
Facilitating Conditions— Perceived 0.306 0.069 4.409%%* 0.233 significant
Behaviour Control
Attitude— Behaviour Intention 0.296 0.044 6.797*** 0.321 significant
Subjective Norms— Behaviour 0.240 0.041 5.849% 0.291 significant
Intention
Perceived Behaviour Control— 0.082 0.034 2.417* 0.100 significant
Behaviour Intention
Satisfaction— Trust 0.320 0.058 B5.478*** 0.298 significant
Satisfaction— Behaviour Intention 0.289 0.056 5.197*** 0.299 significant
Trust— Behaviour Intention 0.084 0.041 2.042* 0.093 significant

Notes: *p<0.05. **p<0.01. ***p<0.001

This study also considers the effect of mediation
on the path model. It is found that the path model has
a partial mediation effect on trust between the satis-
faction and the behaviour intention.

4.6 Bayesian network analysis

The modified DTPB model is constructed with SEM
analysis which takes account of statistical methodol-
ogies to estimate the causal relationships linking two
or more latent variables. A scenario questionnaire
consisting of question sets is then conducted to un-
derstand how eTag user intention will be changed if
the ETC operator improves unsatisfied services. Since
Bayesian network is a powerful tool for scenario anal-
ysis and prediction, this study uses SEM to establish
the base path network by theoretical literature, and
carries on the construct prediction by BN with a pri-
ori probability and conditional probability with WEKA
software.

Since data pre-processing is the top priority of BN
analysis, this study recalculates and classifies the
scores from the question sets of scenario question-
naire. The scenario hypothesis is “Will the behaviour
intention of using eTag and services be enhanced if
the ETC operator improves the unsatisfied services
related to eTag users?”. The scores of constructs hav-
ing parent node are divided into the new respondents'
perceived degree that contains three different average
levels (strong, normal, weak). Thus, the continuous
data of this study are converted into the discrete data

to reduce the computing difficulties. Having identified
the constructs with parent nodes that influence the
end node(s) in the Bayesian network proposed by this
study, the conditional probability tables are then built
and the network is analyzed quantitatively based on
various scenarios.

As shown in Table 6, for instance, if the ETC oper-
ator improves the unsatisfied services related to at-
titude, the probability of strong willingness to use by
eTag users might have 38.43% possibility of the be-
haviour intention to use eTag and its relevant services,
which increases 6.34% from the original probability of
32.09%. Moreover, if the ETC operator simultaneously
improves the unsatisfied items related to attitude and
perceived behaviour control, the probability of strong
willingness to use by eTag users might have 43.81%
possibility of the behaviour intention to use eTag and
its relevant services, which increases by 11.72% from
the original probability of 32.09%.

In addition, this study also conducts the transferred
probability analysis on satisfaction and trust. If the ETC
operator improves the unsatisfied items related to sat-
isfaction at the same time, the probability of strong
willingness to use by eTag users might increase 9.91%
possibility of the behaviour intention to use eTag and
its relevant services, which is from 32.09% to 42.00%.

The better improvement effect with two constructs
seems to be indicative of the fact that the eTag
user intention can be significantly enhanced if the
ETC operator improves the unsatisfied services related
to more than two constructs.
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Table 6 - Results of Bayesian network analysis

Predicted Improved Degree of Orlglng .I Predlct'e.d Transfer
. Probability Probability .
Construct Constructs Perception Probability
(before) (after)

Strong 32.09% 38.43% 6.34%

Attitude Normal 40.95% 41.08% 0.13%

Weak 26.95% 20.48% -6.47%

_ _ Strong 32.09% 34.49% 2.40%

Perce"’ceodnfri?a‘”our Normal 40.95% 40.24% -0.71%

Weak 26.95% 25.26% -1.69%

_ ) Strong 32.09% 43.81% 11.72%

Attitude & Perceived Normal 40.95% 30.04% -10.91%

Behavi intention t behaviour control
ehaviour intention to Weak 26.95% 25.77% -1.18%
use eTag and its relevant

services Strong 32.09% 35.69% 3.60%
Satisfaction Normal 40.95% 32.60% -8.35%

Weak 26.95% 31.69% 4.74%

Strong 32.09% 34.65% 2.56%
Trust Normal 40.95% 29.28% -11.67%

Weak 26.95% 36.06% 9.11%

Strong 32.09% 42.00% 9.91%
Satisfaction & Trust Normal 40.95% 28.46% -12.49%

Weak 26.95% 29.53% 2.58%

5. CONCLUSION

Based on extensive literature reviews of DTPB,
SEM, and BN, this study proposes a modified DTPB
model to identify critical characteristics affecting user
intention towards distance-based ETC services. This
study confirms the results of related studies in dif-
ferent contexts, and shows good applicability of the
modified DTPB model in explaining the user intention
of eTag services by SEM analysis. The results validate
that five constructs have indirect effects on the be-
haviour intention through attitude and perceived be-
haviour control. Compatibility is the most important
influence factor, followed by perceived usefulness,
facilitating conditions, self-efficacy, and perceived
ease of use.

It is found that interpersonal influence and exter-
nal influence do not significantly affect the path to the
subjective norms. One reason for this is that some new
car buyers did not need to contact the ETC operator
to install their eTags which have been embedded in
the new cars from the car factory. The other reason
is that some users seldom communicate with FETC’s
call centre or contact FETC’s staff to deal with payment
problems.

This study also confirms the partial mediation
effect on trust between the satisfaction and the be-
haviour intention on structural equation modelling. The
results show that the respondents might be influenced
by public opinion, company reputation, and company

image. Moreover, according to results of SEM and BN
analysis the trust of the enterprise plays a partial role
between satisfaction and behaviour intention. It is
found that the satisfaction of ETC products and ser-
vices can directly influence the behaviour intention to
use eTag and its relevant services, but cannot com-
pletely influence the behaviour intention through trust
of the enterprise. It means most of eTag users are only
concerned about the satisfaction of products and ser-
vices to further influence their behaviour intention.

The meaningful insights and implications present-
ed in this study can help FETC and TANFB develop
effective promotion strategies and plans to enhance
user intention to use eTag. Firstly, for the perceived
ease of use and compatibility FETC should provide a
multifunctional information platform and the real-time
short messages reminders. Secondly, FETC should
communicate with government to strengthen the flex-
ibility of toll fare standards for facilitating conditions
and simplify the complexity of operating the interac-
tive telephone voice system for self-efficacy. Thirdly,
FETC should participate in more charity activities to
enhance a positive company image, and further enrich
the user experiences to achieve the users' trust of the
enterprise.

Although this study validates the modified DTPB
model to have an equivalent degree of adequacy for
real world, further details about eTag user behaviour
intention will be required by using big data analysis.
Because the relative importance of each antecedent

Promet - Traffic&Transportation, Vol. 29, 2017, No. 1, 85-97

95




C.-C. Tao, C.-C. Fan: A Modified Decomposed Theory of Planned Behaviour Model to Analyze User Intention towards Distance-Based...

in predicting behaviour intention may change over
time as users gain more experience. Future research
can apply integrated task-technology fit (TTF) model
and introduce the involvement theory from marketing
science to validate the change of behaviour intention.
In addition, the sentiment analysis of Internet public
opinions on eTag topics can also determine which
model can better explain the eTag users’ behaviour
intention.
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