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RESEARCH ARTICLE

Exploring Market Segmentation for
Autonomous Ferries

Ashari Fitra Rachmannullah a, Taih Cherng Lirn a,*, Kuo Chung Shang b

a Department of Shipping and Transportation Management, National Taiwan Ocean University, Taiwan
b Department of Transportation Science, National Taiwan Ocean University, Taiwan

Abstract

This study aims to investigate the determinants that underlie psychographic segmentation in the domain of auton-
omous ferries (AFs) by using the theory of planned behaviour (TPB) as a guiding theoretical construct. The paper focuses
on Indonesian individuals who had previously utilised conventional ferry services. TPB was applied as a catalyst to
identify possible market segmentation among potential AF passengers. In this study, cluster analysis is used to
differentiate passengers by their perception of using AFs. The results identified three market segments through cluster
analysis based on passengers’ perceptions of using AFs: Resource-Limited, Resource-Capable, and Value-Optimistic.
Among these segments, the Resource-Capable and Value-Optimistic groups are most inclined toward using AFs. This
research contributes to the extension of the application of TPB by assessing the potential AF market and emphasising the
relevance of TPB in understanding user preferences and decision-making processes. Furthermore, several managerial
considerations aimed at enhancing awareness of AFs within the segmented research are discussed.

Keywords: Theory of planned behaviour, Market segmentation, Autonomous ferry

1. Introduction

A utonomous vehicles, including autonomous
ships, are rapidly advancing innovations in

transportation. They offer enhanced safety, sus-
tainability, and cost-efficiency compared to con-
ventional vehicles [1,2]. In the maritime industry,
autonomous ships have the potential to contribute
to sustainability by reducing weight, energy con-
sumption, and greenhouse gas emissions [3].
Furthermore, they offer benefits such as cost
reduction, improved environmental sustainability,
and operational efficiency [4].
Three Norwegian projects are pioneering auton-

omous ship technology: MUNIN, DNV GL ReVolt,
and YARA Birkeland. MUNIN is addressing the
shortage of seafarers in European shipping in-
dustries by focusing on the feasibility of autono-
mous ships [5]. DNV GL has developed the ReVolt,

a fully battery-powered autonomous ship designed
for short-sea shipping, intending to ease pressure
on onshore logistics networks, reduce operational
costs, and enhance maritime safety [6]. YARA, a
Norwegian chemical export company, in collabora-
tion with Kongsberg, a Norwegian maritime tech-
nology export company, has created the YARA
Birkeland, the world's first fully electric autonomous
container ship [7]. In January 2022, a demonstration
of a fully autonomous navigation system occurred
on a large car ferry in the Iyo-nada Sea, departing
from Shinmoji in Kitakyushu City, Japan [8]. The
trial featured a fully autonomous navigation system
operating on a 222-meter ferry, demonstrating its
ability for autonomous port berthing and
unberthing.
The International Maritime Organization has

engaged in discussions regarding the regulation of
autonomous ships, aiming to establish interim
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guidelines for trials involving Maritime Autono-
mous Surface Ships (MASS), the category in which
autonomous ferries (AFs) are included [9]. Accord-
ing to these guidelines, the level of autonomy in
MASS can be categorised into four key degrees:
Level 1: Ships with automated processes and de-

cision support systems. Seafarers are present on
board to oversee and control shipboard functions.
While some operations may be automated and are
occasionally unsupervised, seafarers are always on
hand to assume control if necessary.
Level 2: Remotely controlled ships with seafarers

on board. The ship is operated and controlled from
a different location, with seafarers on board and
available to take charge of shipboard systems and
operations.
Level 3: Remotely controlled ships that operate

without any seafarers on board. These ships are
controlled and operated from a separate location,
and there are no seafarers physically present on
board.
Level 4: fully autonomous ships, where the ship's

operating system can make independent decisions
and execute actions without human intervention.
The development of AFs represents a trans-

formative advancement in the maritime trans-
portation industry, offering improved safety,
efficiency, and sustainability [10]. To ensure its
success, ferry operators and stakeholders must un-
derstand the preferences, motivations, and attitudes
of potential users [11]. Accurate evaluations of the
impact of AFs on infrastructure and the environ-
ment require insights into their market penetration
and customer preferences. Effective market seg-
mentation can provide valuable insights into
different customer segments, enabling tailored
marketing strategies and targeted service offerings
for AFs [12,13].
Psychographic segmentation, which focuses on

understanding consumer behaviours, preferences,
and lifestyles, has emerged as a valuable approach
in market research [14,15]. By segmenting the mar-
ket based on psychographic variables, such as atti-
tudes, values, and personality traits, ferry operators
can gain a deeper understanding of their customers
and design strategies that resonate with specific
segments [16]. In the context of AFs, psychographic
segmentation can significantly contribute to a
comprehensive understanding of user preferences
and decision-making processes.
The most widely recognised theories for compre-

hending user preferences are the theory of planned
behaviour (TPB) [17,18] and the theory of reasoned
action (TRA) [19]. TPB is an extended theory derived
from TRA, providing a conceptual framework for

understanding human behaviour in specific con-
texts. It introduces the concept of ‘perceived
behavioural control’ (PBC), which factors in an in-
dividual's belief in the ease or difficulty of executing
a behaviour based on past experiences and antici-
pated obstacles. PBC elucidates the access to re-
sources and opportunities necessary for different
segments to engage in a behaviour, thus assisting in
the generation of a tailored marketing strategy [20].
Therefore, TPB sheds more light on exploring po-
tential market segments in the context of AFs.
TPB is a widely accepted theoretical framework

that explains human behaviour and decision-mak-
ing in various contexts [21e23]. It posits that
behavioural intentions are influenced by three main
factors: attitudes, subjective norms, and PBC. Atti-
tudes represent a person's evaluation or perception
of a behaviour; subjective norms reflect social in-
fluences and normative beliefs; and PBC refers to an
individual's perceived ability to perform the
behaviour [19].
Using the abovementioned literature statements

and TPB as a guiding theoretical construct, this
study aims to investigate the determinants under-
lying psychographic segmentation in the domain of
AFs. Thus, the objectives of this study are as follows:

1. To identify distinct market segments within po-
tential AF users based on the factors derived
from TPB.

2. To provide marketing strategies and service of-
ferings tailored to different market segments to
promote the adoption and usage of AFs.

2. Literature review

2.1. Market segmentation

Market segmentation involves adjusting market
offerings to meet the requirements of consumers or
users [24]. It divides a diverse market into homo-
geneous segments based on product preferences,
aiming to create manageable groups of consumers.
This is achieved through tailored marketing strate-
gies catering to the specific needs and characteristics
of each group [24]. Successful market segmentation
can strengthen a market position in well-defined
categories. To be effective, segments should be
accessible, actionable, sustainable, and measurable
[25]. It is important to note that market segmenta-
tion is a management strategy that makes assump-
tions about groups rather than individuals [26].
Two approaches to population segmentation in

market research are a priori and post hoc. A priori
segmentation involves predefined divisions based
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on factors like socio-demographics, while post hoc
segmentation identifies similarities through data
analysis [27]. For example, post hoc segmentation
can categorise individuals based on environmen-
tally friendly behaviour [28]. Both methods use data
to identify a segmentation theme, including de-
mographic, socio-economic, and psychological fac-
tors [29e31].
Moreover, Kizielewicz et al. [32] explore the

impact of travel motivation on demand by catego-
rising ferry riders based on their motivations (lei-
sure, business, family, etc.). These subgroups have
unique behavioural and socio-demographic char-
acteristics. Varying age groups, genders, and in-
come levels have different preferences for comfort,
convenience, reliability, and flexibility. Similarly,
Cheng et al. [33] analyse socio-demographic differ-
ences, including gender, age, income, and occupa-
tion, in travel behaviour between two
underdeveloped cities in China.
Additionally, recent developments in sustainable

transportation technologies, such as electric vehicles
(EVs) and autonomous vehicles (AVs), have specific
market segments that can be identified. A study by
Morton et al. [34] found that by analysing prefer-
ences for EVs, they could identify five unique seg-
ments characterised by socio-economic
characteristics, current vehicle ownership, and
psychographic profiles. Since EVs are still relatively
new on the market but show great promise as an
environmentally friendly product, market segmen-
tation is a vital tool for obtaining greater knowledge
about them and directing their growth in popularity
[35e38]. Private or public AVs potentially create a
cleaner and safer rider safety environment, which
could affect people's perception of AVs.

2.2. Psychographic segmentation in the
transportation sector

In the transportation industry, understanding the
profiles of different segments helps companies
target specific users. Companies can customise
marketing messages and services to meet their
users’ unique needs and preferences. Among other
methods, psychographics is more effective than
other segmentation methods, such as socio-de-
mographic and spatial segmentation, in identifying
user transportation groups [14,28,39].
Psychographic factors can be derived from atti-

tude-behaviour theories like TPB, based on the at-
tributes of its factors in shaping behavioural
intentions [40]. In TPB, attitudes pertain to an in-
dividual's positive or negative evaluation, encom-
passing their values and interest in a specific

behaviour. Conversely, subjective norm refers to the
social norm valuing society's perception of a partic-
ular behaviour. Both subjective norm and PBC are
psychological elements that can be associated with
psychographic segmentation. Furthermore, PBC can
be utilised to categorise people into segments based
on their varying levels of control over their behav-
iour [40]. For instance, when segmenting individuals
based on their likelihood to exercise, PBC could
serve as one of the segmentation variables.
The utilisation of TPB in identifying psycho-

graphic segmentation was applied to segment travel
behaviour. It involved profiling travel behaviour
between individuals who own cars and those who
do not, leading to the development of market stra-
tegies tailored to each segment's distinct psycho-
logical characteristics [31]. Additionally, Tkaczynski
[41] explored the connection between mode choice
and travel behaviour using psychographic segmen-
tation based on TPB, which includes factors such as
intention, perceived risk, social norms, PBC items,
and attitude items.
The segmentation process can deliver actionable

behavioural insights to inform planning at the
segment level through the application of theory.
Hence, the application of TPB in exploring the
market segmentation of AF passengers could help
with the understanding of the perception of poten-
tial passengers from psychological aspects, as TPB is
a widely used social psychology theory that explains
how attitudes, subjective norms, and PBC influence
individual intentions and subsequent behaviours
[42]. TPB has been used to recognise and predict a
range of behaviours, such as commuting mode
choice, vehicle purchasing, and sustainable travel
behaviour [28,29,39].
TPB is a useful tool for understanding the psy-

chological determinants of behaviour in different
segments, including attitudes, subjective norms,
and PBC. In transportation marketing, compre-
hending the psychological and emotional factors
that influence attitudes towards AFs is crucial for
effective marketing strategies. By segmenting the
target audience based on attitudes, marketers can
gain insights into perceptions and decision-making
processes related to public transportation. Attitude
segmentation, as revealed in [43], uncovers impor-
tant factors in travel behaviour decisions and pro-
vides valuable information for targeted advertising
campaigns. Latent segmentation using attitudes, as
shown in [44,45], helps create resonant campaigns
and increases the intention to use public trans-
portation. Attitudinal approaches have higher pre-
dictive power and provide a direct focal point for
information and communication strategies [28].
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Subjective normsas social norms could influence an
individual's perception through the perception of
their wider community, which could change an in-
dividual's behaviour toward a specific action [42].
Subjective norms put social pressure on an individual
through the influence of their community; for
instance, an individual may be surrounded by people
concerned about environmental sustainability in
transportation mode choices [28]. Community social
pressure influences the individual's perception to
change their behaviour to align with the wider com-
munity's beliefs [46]. In addition, classifying a poten-
tial AF passenger through social norm perception
could help identify a “high intention” group, as
proven by Mohamed et al. [29] in a study of potential
electric vehicle adoption. Those segments concerned
about other people's perceptions of AFs might be
classified and identified to aid the development of a
marketing strategy targeting potential AF passengers.
Internal and environmental factors, including self-

efficacy, resources, social support, and behaviour
difficulties, influence PBC [42]. Many potential AF
passengers may lack confidence in their ability to
control and overcome obstacles due to limited
awareness about AFs [28]. PBC plays a role in
defining a group with high control over their
mobility among commuter transport segments [28].
Previous literature [47] identifies ten significant de-
terminants of behavioural intention to drive an AV:
attitude towards AVs, compatibility, complexity,
sensation-seeking driving, PBC, perceived moral
norm, perceived advantage, self-efficacy, subjective
norm, and intention to operate an AV. These ele-
ments have also been recognised as significant in
recent research on behavioural intentions to drive
AVs or public acceptance of the technology [47e49].
Thus, based on the abovementioned literature,

this study suggests TPB variables (i.e., Attitude,
Subjective Norm, PBC) as factors for exploring
market segmentation among potential AF passen-
gers based on references listed in Table 1.

2.3. Risk perception and intention to use
autonomous ferries

2.3.1. Risk perception of using autonomous ferries
While TPB is a widely used psychographic vari-

able to explore market segmentation, perceived risk
also has a significant role in determining the use of

AFs. Perceived risk is defined as users’ subjective
perception of uncertainty or fear. It may negatively
affect their decision-making strategy for adopting
AFs [50e53]. Risk perception can be expressed as
anxiety or unpleasant reactions resulting from ex-
pected post-behavioural emotions such as fear and
tension [54,55], and this may substantially impact
the adoption of AFs [56]. The results of an investi-
gation into public perception of autonomous urban
ferries in Canada revealed that potential safety is-
sues on board autonomous vessels is the primary
factor of concern [57].
The notion of an AF devoid of a captain or crew

might be a novel and unfamiliar concept to potential
users, passengers, and stakeholders within the in-
dustry. Insufficient acquaintance with AFs can
generate doubt and unease, potentially hindering
the adoption and implementation of such vessels.
According to Chikaraishi et al. [50], the primary
obstacle blocking the acceptance of driverless vehi-
cles is the unfamiliarity and apprehension associ-
ated with them. The results can be linked to the
inclination towards utilising AFs as a distinct
implementation of autonomous technology within
the maritime sector. Therefore, it is beneficial to
identify the intention of each potential AF passenger
market segment to identify passenger perceived risk
as a hindrance factor.
The theory of planned behaviour offers a means of

predicting behaviour choices by accommodating po-
tential passenger intentions. The primary concept in
this theory is that individuals engage in specific be-
haviours based on intention, which is shaped by atti-
tudes, subjective norms, and PBC [42]. The
exploration of perceived risk and its impact on the
intention to use AVs has been studied [58,59]. The
studies found that the perception of risk influences
social acceptance and intention to use AVs. Elias et al.
[60] also discovered that the risk perception of road
crashes and fatalistic beliefs positively affect user
inclination to choose public transportation. Further-
more, Osburg et al. [61] found that exposure to posi-
tive information about AV services is negatively
correlated with the likelihood of membership in the
two most resistant segments, indicating a potential
barrier to acceptance. Based on the abovementioned
literature, this current study attempts to understand
the influences on each potential market segment to-
ward risk perception when using AFs.

2.3.2. Intention to use autonomous ferries
Intention, as defined in the TPB framework pro-

posed by Ajzen et al. [43], encompasses an in-
dividual's conscious plan or decision to engage in a
specific behaviour. This social psychology theory

Table 1. Variables for segmentation.

Variables References

Attitude [14,41,44,45,48]
Subjective norm [14,29,41,48]
Perceived behavioural control [14,41,48]
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aims to elucidate and forecast human behaviour by
considering individuals' attitudes, subjective norms,
and PBC [42]. While intention plays a significant
role in determining behaviour, it is noteworthy that
the translation of intention into actual behaviour is
not always guaranteed due to the influence of
various external factors and constraints. However,
this intention-behaviour gap can potentially be
reduced through the strength of intention itself [62].
Nonetheless, the TPB asserts that intention remains
a dependable indicator of behaviour and a valuable
tool for comprehending and foreseeing human
actions.
Furthermore, Şimşeko�glu et al. [63] sought to

categorise various market segments within the
transportation sector to gain a comprehensive un-
derstanding of the factors influencing users' choices
of travel modes. These factors encompassed trans-
port priorities, attitudes towards different travel
modes, and individuals' habits pertaining to car
usage. By examining these factors, the researchers
aimed to investigate the extent to which they influ-
enced users' intentions to utilise public

transportation as opposed to private vehicles. The
findings of the study highlighted the significant role
played by attitudes in shaping users’ intentions to
opt for public transportation.
Extensive research has examined the factors influ-

encing user intention, such as the use of information
technology (IT) and subsequent behaviour. Sun et al.
[64] have generated models that explore user per-
ceptions of technological attributes impacting the
intention to use IT. In the context of shared AVs, the
adoption intention of young people is explored
through the extended TPB-TAM [65]. Furthermore,
Jing et al. [66] studyingmode choice intention forAVs
using extended TPB aimed to better grasp travellers’
motivations, offering valuable insights for govern-
ments and companies to refine travel strategies and
services [58]. Additionally, the intention factor
accommodated several theories, such as the Unified
Theory of Acceptance and Use of Technology, to
provide a comprehensive model with core de-
terminants of intention and usage associated with
new technology, along with potential moderators
[56]. Through the research in the existing literature

Table 2. Questionnaire items.

Dimension Items Attributes References

Attitude AT1 I like the idea of using an Autonomous Ferry (AF) [14,41,44,45,48]
AT2 Using an AF would be a wise idea
AT3 I think using an AF is a good idea
AT4 I think taking an autonomous ferry could minimize

the risk of being exposed to Covid-19
AT5 I am excited about the possibilities offered by AF

Subjective Norm SN1 If people around me use AFs, I will also use AFs [14,29,41,48]
SN2 I would comply with the demands of people who

are important to me to use an AF
SN3 Media or/and articles influenced me to use AF
SN4 The media gave me a good feeling about using an AF

Perceived
Behavioural
Control

BC1 Whether or not I use an AF is completely up to me [14,41,48]
BC2 I have enough opportunity to use an AF when travelling
BC3 I have enough money to use an AF when travelling
BC4 I will have the required knowledge to use AF when

travelling
Perceived Risk PR1 I am worried about certain risks for me and my

family when using AFs
[41,68,76,77]

PR2 I am afraid of suffering financial and time losses
when using Afs

PR3 I am worried that the system will cause me trouble
when using Afs

PR4 I worry about whether AFs will really perform as
well as a common ferry ship

PR5 I worry that taking an autonomous ferry will make me
exposed to Covid-19

PR6 Overall, using AF is risky
Intention IA1 I would consider using AFs when they are available in the market [58,64,67]

IA2 I expect that I would use AFs in the future
IA3 I would recommend AFs to my family and peers
IA4 I would encourage others to use AFs
IA5 I have positive things to say about AFs
IA6 I plan to use AFs in the future
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on intention toward behaviour, valuable insights into
AF market segments can be expounded.

3. Methodology

3.1. Survey design and sampling

This study applies quantitative analysis. A three-
part questionnaire was used to collect survey data.
The questionnaire covered the study's goal, pro-
vided information on AFs (including a video
demonstration), collected socio-demographic infor-
mation, and explored respondents' perceptions of
AFs, psychographic variables, risk evaluation, and
intention to use.
The survey instrument used in this study was

developed by drawing from multiple sources in the
existing literature (see Table 2). Initially composed
in English, it was then translated into Indonesian
and underwent a rigorous proofreading process by
an expert in transportation and shipping. Back-
translation was employed to ensure the question-
naire's quality, comparing the differences between
the original and back-translated versions. The
questions were structured on a 5-point Likert scale.
The questionnaire used in this study did not have

correct or incorrect choices; instead, respondents

were asked to indicate their primary preference. To
enhance the questionnaire's validity, a pilot survey
was conducted, and the questionnaire was evalu-
ated by an Indonesian academic specialist and a
ferry terminal officer.
The Indonesian version of the questionnaire was

distributed randomly through social media plat-
forms and colleagues using a Google online survey
template. As an incentive for completing the ques-
tionnaire, respondents received electronic vouchers
promptly delivered to their e-wallet apps.
Table 3 displays the demographic data of re-

spondents. Out of 550 distributed questionnaires,
401 questionnaire replies were received. After per-
forming data cleaning to filter out missing values,
incomplete answers, and outliers, a total of 351 valid
responses were retained. Among the respondents,
63.2 % were women. Most participants were aged
between 17 and 25, technologically aware, and open
to trying new technologies. In terms of education,
61.8 % held a bachelor's degree, 39.3 % were
employed, and 29.9 % were students. The monthly
income of the majority (44.7 %) was less than or
equal to 2 million IDR ($139).

3.2. Research methods

The research utilised a questionnaire survey,
incorporating 19 variables based on previous
studies [14,29,41,44,45,48,56,68] to ensure question
validity. Factor analysis was then applied to
condense the large set of variables into a smaller
number of factors or dimensions [69]. Factor anal-
ysis is a statistical technique that extracts shared
variance from variables, generating a unified score
as a representative measure [70]. It helps identify
meaningful factors based on similarity among the
original variables. In a similar vein, a prior study by
Lu [71] employed factor analysis to extract infor-
mation on variables related to international distri-
bution centres into underlying factors.
Principal Component Analysis was employed to

extract important information from the data and
create new orthogonal variables called principal
components. Principal Component Analysis helps
reveal patterns of similarity between variables and
observations [70]. The resulting factors underwent
reliability testing to assess the adequacy of each
factor in capturing perceptions towards AFs.
Two-step cluster analysis was used to identify

potential adopter characteristics by grouping cus-
tomers with similar traits and behaviours based on
variables such as purchasing patterns, de-
mographics, and product usage [41,72]. Therefore,
the current study adopted a two-step approach to

Table 3. Demographical data statistics.

Attributes Total Sample
(N ¼ 351)

Frequency Percentage

Gender
Male 129 36.8 %
Female 222 63.2 %

Age
Less than 17 6 1.7 %
17-25 210 57.3 %
26-40 108 30.8 %
41-55 27 7.7 %
Over 55 9 2.6 %

Education
Senior High-School 108 30.8 %
Bachelor 217 61.8 %
Master 25 7.1 %
Doctor 1 0.3 %

Occupation
Student 104 29.6 %
Civil Servant/Police/Army 18 5.1 %
Employee 138 39.3 %
Entrepreneur 31 8.8 %
Housewife 17 4.8 %
Other 43 12.3 %

Income (IDR Million month)
�2 157 44.7 %
2 to <4 87 24.8 %
4 to <6 48 13.7 %
6 to <8 19 5.4 %
8 to <10 9 2.6 %
�10 31 8.8 %
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leverage the strengths of hierarchical and non-hi-
erarchical clustering methods [69,73,74]. In the first
step, a hierarchical algorithm called Ward's method
was used to determine the number of clusters [71].
Ward's method, employed within hierarchical clus-
ter analysis, serves as a criterion that seeks to
minimise within-cluster variance. Subsequently, K-
means clustering was conducted to identify the
segment of the potential AFs market based on their
initial mean scores [75]. Thus, the application of the
K-means algorithm aims to group potential AF
passengers who share similar characteristics into
the same cluster, while segregating those with dis-
similar characteristics into separate clusters. To
examine the significance between the formed clus-
ter groups on several factors, one-way analysis of
variance (ANOVA) was employed. The post hoc
Scheff�e test was then conducted to distinguish be-
tween each cluster group.

4. Result

4.1. Perception of autonomous ferries

The study examined public perceptions of AF
usage by analysing 13 attributes derived from
questionnaire responses. The mean values of the
psychographic attributes ranged from 3.42 to 4.13 on
a 5-point Likert scale, as shown in Table 4. Among
the dimensions of PBC, BC4 had the highest mean
score, followed by BC1. In terms of attitude, the at-
tributes of excitement (AT5) and the concept of
utilising AFs (AT1) ranked third and fourth,
respectively. Media influence (SN4), falling under
the subjective norm dimension, attained the fifth
position in the mean overall analysis score.

The participants showed concerns regarding the
use of AFs in terms of risk perception, as indicated
by the data in Table 5. The comprehensive risk
statement associated with AF utilisation received
the lowest mean score, indicating high levels of
apprehension. This was followed by concerns about
potential financial and temporal losses (PR2) and
system malfunction (PR3). The lower mean scores
indicate higher levels of concern, which is also
supported by prior research that analysed the role
played by perceived risk and its impact on the
intention [58,59]. Interestingly, the study found that
the level of concern regarding COVID-19 exposure,
as measured by PR5, was relatively low.
Table 6 presents the respondents’ intention to use

AFs, with IAF2 receiving the highest mean score of
4.14 compared to other factors. This suggests an
anticipation of utilising AFs in the future, as indi-
cated by the response “plan to use AFs in the future”
with a mean score of 4.08 on a 5-point Likert scale.
Additionally, participants expressed a willingness to
recommend AFs to their relatives and acquaintances
(IAF3), although they exhibited a lower inclination
to actively promote its usage (IAF4).

4.2. Factor analysis

A total of 13 psychographic AF perception attri-
butes were extracted to form underlying dimensions
using principal component analysis with the vari-
max rotation method. The analysis accounted for the
KaisereMeyereOlkin value 0.894 as above the ideal
value suggested [73]. Further, Barlett's test of sphe-
ricity was significant (x2 ¼ 2428.082, P < 0.001),
which indicates that correlations exist between
some of the responses. The eigenvalue greater than

Table 4. Psychographic variable mean score from respondents.

Index Attributes of perception on the autonomous ferry Mean S.D.b

BC4 I will have the knowledge to use AF when travelling 4.13a 0.798
BC1 Whether or not I use an AF is completely up to me 4.12 0.882
AT5 I am excited about the possibilities offered by AF 3.98 0.789
AT1 I like the idea of using an Autonomous Ferry (AF) 3.97 0.769
SN4 The media gave me a good feeling about using an AF 3.87 0.826
AT3 I think using an AF is a good idea 3.83 0.765
AT2 using an AF would be a wise idea 3.81 0.812
SN1 If people around me use AFs, I will also use AFs 3.77 0.901
SN3 Media or/and articles influenced me to use AF 3.77 0.986
BC2 I have enough opportunity to use an AF when travelling 3.75 0.814
SN2 I would comply with the demands of people who

are important to me to use an AF
3.62 0.945

BC3 I have enough money to use an AF when travelling 3.61 0.894
AT4 I think taking an autonomous ferry could minimise

the risk of being exposed to Covid-19
3.42 0.944

a Likert-scale (1 ¼ strongly disagree to 5 ¼ strongly agree).
b S.D. ¼ standard deviation.
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one was applied to determine the number of factors
[77]. The results showed that the 13 perceptual at-
tributes in AFs were grouped into three factors with
the highest percentage of total variance on factor 1,
indicating that factor 1 could explain the datasets up
to 33.95 % of the total variances (58.14 %).
Table 7 provides the extracted interpretation of

the formed factors, sorted by factor loading values.
Factors with loading values below 0.5 were not
included for interpretation based on the conserva-
tive criterion [73]. The three psychographic factors
identified are as follows:

1. Factor 1: Attitude - This factor represents opin-
ions and ideas about using AFs. It has the
highest total variance (33.9 %) and includes
items related to assessing the idea of using AFs
in the future.

2. Factor 2: Subjective norm - This factor accounts
for 17.39 % of the total variance and includes
items related to social norms, relationships with
significant individuals, and media exposure.
Social influence has the highest loading within
this factor.

3. Factor 3: PBC - This factor accounts for 6.81 % of
the total variance and includes items related to
individual self-reliance and knowledge-seeking.
It reflects self-efficacy in using AFs.

These three psychographic factors, along with the
dimensions of risk perception and intention to use

AFs, were evaluated for reliability using Cronbach's
a value (Table 8). All dimensions met the standard of
having a Cronbach's a value of 0.7 or higher, indi-
cating high internal consistency and good reliability
[73]. These psychographic dimensions will be used to
cluster the criteria of potential AF passengers.

4.3. Cluster interpretation

Hierarchical cluster analysis, utilising Ward's
method and square Euclidean distance, was
employed to link respondents based on factor score
similarity. By comparing the variance between
clusters and the variance within clusters, the num-
ber of clusters was determined.
The potential number of clusters is determined by

assessing the agglomeration coefficients and
dendrogram and exercising practical judgement
[73]. Initially, a stopping rule is employed to identify
significant changes in agglomeration coefficients,
indicating the merging of very dissimilar clusters
and suggesting a point to halt further merging.
Conversely, the merging of two similar clusters re-
sults in minor increases in the coefficients. Table 9
shows a notable increase in the percentage change
in agglomeration coefficients when transitioning
from 3 to 2 (42.91 %) and from 2 to 1 (48.24 %).
Consequently, it is reasonable to consider two to
three clusters as potential solutions.
Next, the dendrogram, illustrated in Fig. 1, is a

visual representation in the form of a tree graph that

Table 5. Respondents’ risk perception on autonomous ferries.

Index Attribute Meana S.D.b

PR6 Overall, using AF is risky 3.74 0.686
PR2 I am afraid of suffering financial and time

losses when using AFs
3.78 0.667

PR3 I am worried that the function and
the system cause me trouble when using AFs

3.78 0.694

PR1 I am worried about the risks that may affect
me and my family when using AFs

3.79 0.698

PR4 I worry about whether AFs will really perform
as well as common ferry ship

3.79 0.703

PR5 I worry taking autonomous ferry will make me exposed to Covid-19 3.87 0.753
a Likert-scale (1 ¼ Strongly agree to 5 ¼ strongly disagree).
b S.D. ¼ standard deviation.

Table 6. Respondent's intention to use autonomous ferries.

Index Attribute Mean S.D.b

IAF2 I expect that I would use AFs in the future 4.14a 0.773
IAF6 I plan to use AFs in the future 4.08 0.800
IAF3 I would recommend AFs to my family and peers 3.91 0.842
IAF1 I would consider using AFs when they are

available in the market
3.91 0.847

IAF5 I have positive things to say about AFs 3.82 0.826
IAF4 I would encourage others to use AFs 3.82 0.856
a Likert-scale (1 ¼ strongly disagree to 5 ¼ strongly agree).
b S.D. ¼ standard deviation.
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presents the distances at which clusters come
together. The dashed line on the dendrogram cor-
responds to the suggested three-cluster solution
based on changes in agglomeration coefficients. The
datasets associated with these three clusters exhibit
a relatively balanced distribution of samples.
Consequently, we conclude that the final cluster
solution consists of these three clusters.
To gain a better understanding of the character-

istics of each segment, further classification and
interpretation were conducted using the K-means
method with standardised mean scores from each
variable. The respondents were distributed across
the segments as follows: Segment 1 included 121
respondents, Segment 2 included 150 respondents,
and Segment 3 included 80 respondents.
In Table 10, an ANOVA analysis was performed

on three dimensions across three segments of re-
spondents, with the number of participants in each
segment mentioned in parentheses. The F-value
measures the variation between the segment means
relative to the variation within the segments. A
higher F-value indicates a more significant differ-
ence between the segment means. The significance
level (***), which is less than 0.001, indicates that the
differences between the segment means for each
dimension are statistically significant.
The mean scores for each segment from non-hi-

erarchical cluster analysis reveal that in Segment 1,
PBC has the highest score among the dimensions,
while attitude has the lowest mean score. Similarly,
Segment 2 also values PBC the most, but it has a
positive mean score compared to Segment 1, and
the subjective norm is the dimension with the
lowest score. Conversely, in Segment 3, attitude has
the highest mean score among the dimensions,
while PBC has the lowest mean score in this
segment.
Identifying the highest and lowest score di-

mensions helps describe each segment. For
instance, Segment 1 emphasises PBC yet slightly
follows the subjective norm and account attitude at
the least. In addition, this segment exhibits a nega-
tive score in all variables. Therefore, Segment 1
being labelled as “Resource-Limited” refers to in-
dividuals in this group having constraints when it
comes to accessing the necessary resources relating
to AFs, including knowledge, finances, and oppor-
tunities. The influence of society and media is not
the primary consideration when evaluating the use
of AFs. Instead, their assessments of the value of the
behaviour have a comparatively smaller impact on
their decision to utilise AFs.
Segment 2 has the highest positive score of PBC.

Thus, this segment is labelled “Resource-Capable”,

Table 7. Psychographic factor analysis.

Index Attributes of perception
on the autonomous ferry

Factor

1 2 3

AT2 Using an AF would be a
wise idea

0.849 0.226 0.222

AT3 I think using an AF is a
good idea

0.823 0.203 0.277

AT1 I like the idea of using an
Autonomous Ferry (AF)

0.751 0.206 0.300

AT5 I am excited about the
possibilities offered by AF

0.634 0.226 0.416

AT4 I think taking an autono-
mous ferry could mini-
mise the risk of being
exposed to Covid-19

0.589 0.390 �0.040

SN1 If people around me use
AFs, I will also use AFs

0.134 0.827 0.237

SN2 I would comply with the
demands of people who
are important to me to use
an AF

0.204 0.786 0.132

SN3 Media or/and articles
influenced me to use AF

0.280 0.757 0.143

SN4 The media gave me a good
feeling about using an AF

0.390 0.685 0.272

BC1 Whether or not I use an
AF is completely up to me

0.070 0.048 0.830

BC4 I will have the knowledge
to use AF when travelling

0.382 0.193 0.667

BC2 I have enough opportunity
to use an AF when
travelling

0.166 0.364 0.644

BC3 I have enough money to
use an AF when travelling

0.301 0.174 0.577

Eigenvalues 6.154 1.329 1.110
Percentage variance 33.949 17.389 6.810

Table 8. Reliability result.

Dimension Total items Cronbach Alpha

Attitude 5 0.875
Subjective Norm 4 0.853
Perceived Behavioural

Control
4 0.749

Perceived Risk 6 0.861
Intention to Use AF 6 0.897

Table 9. Agglomerative schedule.

Stage Coefficients Differences Proportionate
Increase to the
Next Stage

Number of
Clusters after
Combining

341 204.571 21.509 10.51 % 10
342 226.080 22.356 9.89 % 9
343 248.436 28.279 11.38 % 8
344 276.715 29.483 10.65 % 7
345 306.198 36.477 11.91 % 6
346 342.675 61.229 17.87 % 5
347 403.904 91.744 22.71 % 4
348 495.648 212.678 42.91 % 3
349 708.326 341.674 48.24 % 2
350 1050.000 e e 1
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referring to the ability of individuals in this category
to effectively use their financial resources, knowl-
edge, and available opportunities for utilising AFs.
They hold a positive outlook on AFs as a promising
mode of transportation in the future. Additionally,
external factors such as media influence and the
opinions of others had a limited impact on their
decision to use AFs.

Moreover, attitude is the highest score for
Segment 3, emphasising its role in this segment.
Segment 3 is labelled as “Value-Optimistic”. This
label indicates their positive belief in the benefits of
using AFs and their expectation of it being their
preferred mode of transportation. Additionally,
their decisions to use AFs are influenced to a limited
extent by factors such as their financial resources,

Fig. 1. Hierarchical cluster analysis result.

Table 10. ANOVA of psychographic variables among the three segments.

Dimensions Segments F Value F Prob Scheff�e Test

1 (n ¼ 121) 2 (n ¼ 150) 3 (n ¼ 80)

Attitude �0.95 0.11 1.24 353.865 0.000*** (1,2) (2,3) (1,3)
Perceived Behavioural

Control
�0.82 0.42 1.17 210.775 0.000*** (1,2) (2,3) (1,3)

Subjective Norm �0.85 0.06 1.18 229.726 0.000*** (1,2) (2,3) (1,3)
*** Significance level <0.001.
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knowledge, and available opportunities, as well as
external factors like media influence and the opin-
ions of others.
Hence, these three groups are named Segment 1

(Resource-Limited), Segment 2 (Resource-Capable),
and Segment 3 (Value-Optimistic).
The Scheff�e test was used to determine which

segments differ significantly. The (1,2), (2,3), and
(1,3) indicate the pairs of segments that are signifi-
cantly different. Overall, the results suggest that
there are significant differences in the scores ob-
tained from the different segments in each dimen-
sion, with Value-Optimistic generally scoring higher
than the other two segments.
Table 11 presents the ANOVA results and Scheff�e

test for the differences in risk perception and
intention to use AFs among the three AF segmen-
tation groups. The findings indicate that intention to
use AFs varies significantly across all segment
groups ( p < 0.001). Additionally, the Scheff�e test
reveals significant differences in perceived risk
among the segment groups, except for the com-
parison between the Resource-Limited and
Resource-Capable segments. The Resource-Limited
segment places more emphasis on perceived risk
rather than intention to use AFs. Conversely, the
Resource-Capable and Value-Optimistic segments
show a stronger intention to use AFs, with the
Value-Optimistic segment having the highest over-
all mean score.
Additionally, cross-table is used to analyse de-

mographic attributes within segmented groups,
providing deeper insight into individual members
within each segment. In the Values-Optimistic
group with the highest intentions, the cross-table
results show that this group consists mostly of
women between the ages of 17 and 25, all of whom
have college degrees. Most group members are
employed and earn less than IDR 2 million. This
distinctive demographic composition is also re-
flected in all segments. For detailed demographic
characteristics of each segment, see Table 12.

5. Discussion and conclusion

Three market segmentations were identified using
cluster analysis to distinguish passengers through
their perception of using AFs. Those segments are
namely Resource-Limited, Resource-Capable, and
Value-Optimistic. Resource-Limited and Resource-
Capable are the two segments that account for self-
efficacy in terms of resource availability when using
AFs. However, the Resource-Limited segment tends
to have limited resources regarding AF utilisation.
Moreover, the subjective norm factor exhibits a
negative mean score. This means that other people's
opinions did not affect the member group in this
segment.
This research revealed that groups of people can

be classified according to their perception of AFs
and behavioural control. Resource-Capable seg-
ments consist of psychological factors which self-
assess the capacity for future AF use. Hence, tar-
geting this group's use of AFs should consider the
aspect of ease-of-use technology, particularly in the
utilisation of AFs as public transportation. People
can be engaged to shift their transportation choices
through personalised information, which aims to
reduce ignorance about alternative sustainable
transportation, such as AFs [78].
The public's interest in AFs created a group

segment that considers AFs as a promising future
means of transportation. The Value-Optimistic
segment group identified in this study could be an
example of several people having the same interest
in the value of AFs. Members in this segment tend
to seek the benefits of AFs over conventional ferries
and judge whether AFs positively affect their lives.
Targeting this market segment through information
or a simulation can likely aid their recognition,
leading people in this segment to shift to using AFs
as an alternative mode of transportation. When
provided with information, users spend time
considering a product or service's advantages and
disadvantages. Spending more on providing infor-
mation and knowledge to raise awareness of AFs

Table 11. ANOVA of perceived risk and intention to use AF among three segments.

Dimensions Segments F Value F Prob Scheff�e Test

Resource-Limited Resource-Capable Value-Optimistic

Perceived risk1 3.62a (0.43)b 3.76 (0.43) 4.11 (0.53) 27.488 0.000*** (1,3) (2,3)
Intention2 3.38 (0.56) 3.94 (0.53) 4.71 (0.46) 210.775 0.000*** (1,2) (2,3) (1,3)
*** Significance level <0.001.
1 On the 5 Likert-Scale (1 ¼ Strongly agree to 5 ¼ strongly disagree).
2 On the 5 Likert-Scale (1 ¼ Strongly disagree to 5 ¼ strongly agree).
a Mean score.
b Standard deviation.

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2024;32:1e15 11



would engage potential passengers' perspectives on
AFs, which influences the adoption of AFs.
Moreover, the results of ANOVA (Table 11)

revealed how the Resource-Limited segment has
concerns about risk perception. A study by Rundmo
et al. [79] noted that risk plays a crucial role in
determining people's choices regarding trans-
portation modes. It defines the safety concerns of
this segment group when choosing AFs as a future
transportation mode. In contrast, the other two
segments showed an interest in using AFs that
outweighed their risk perception. Therefore, the
Resource-Capable and Value-Optimistic segment
groups are the most likely users of AFs.
This research offers a marketing strategy and

organisational resources to comprehend and eval-
uate the characteristics of segment groups. This will
assist stakeholders and ferry companies in effec-
tively targeting potential AF passengers and raising
awareness of the benefits of AFs. Consequently, it is
imperative to differentiate between segmented
groups in the promotional strategy to initially
heighten their awareness of the value of AFs when
targeting potential AF passengers [80].
Furthermore, the characteristics of the segmented

groups should be considered when formulating

such a promotional strategy to engage people's
awareness of AFs. For instance, PBC is the dominant
factor in the Resource-Capable segment, which ac-
counts for self-control toward a behaviour. PBC
considers the knowledge and resources required to
self-assess the capability to use AFs. In this study,
self-efficacy to the knowledge, cost, and opportunity
to use AFs are the key factors that form character-
istics in the Resource-Capable segment's group.
Tian et al. [81] also found that people are concerned
about vehicle availability and access time when
considering shared AVs. In addition, the lack of
observation and trials can also lead to disengage-
ment stages in the market penetration of AFs [81].
Therefore, organisational resources such as public

relations and marketing teams should focus on
educational campaigns and demonstration events to
emphasise practical knowledge and promote the
convenience of using AFs, which is important in
aligning their preference for self-directed choices.
Additionally, offering incentives can further moti-
vate this group [84].
In contrast, the Value-Optimistic group requires a

unique approach that places a significant emphasis
on attitudes and is subsequently influenced by
subjective norms. Given that the majority of this

Table 12. Cross-table of demographic characteristics distribution between segments.

Demographic Characteristics Segments Total

Resource-Limited Resource-Capable Value-Optimistic

Gender Male 40 57 32 129
Female 81 93 48 222

Total 121 150 80 351
Age <17 4 1 1 6

17e25 68 91 42 201
26e40 40 39 29 108
41e55 7 15 5 27
Over 55 2 4 3 9

Total 121 150 80 351
Education Background Senior High-School 42 42 24 108

Bachelor 71 96 50 217
Master 7 12 6 25
Doctor 1 0 0 1

Total 121 150 80 351
Occupation Student 35 47 22 104

Civil Servant/Police/Army 6 8 4 18
Employee 56 52 30 138
Entrepreneur 11 13 7 31
Housewife 4 8 5 17
Other 9 22 12 43

Total 121 150 80 351
Income (IDR Million/

month)
<2 54 70 33 157
2 to <4 34 35 18 87
4 to <6 12 22 14 48
6 to <8 4 11 4 19
8 to <10 2 4 3 9
�10 15 8 8 31

Total 121 150 80 351
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group's members possess a high level of education,
it is imperative to tailor promotional strategies
effectively. This can be achieved by concentrating
on educational campaigns that underscore the ad-
vantages of reduced travel time, minimised envi-
ronmental impact, and enhanced safety through
advanced technology [82].
Additionally, leveraging social media, digital

marketing, and influencer collaborations as a form
of community engagement can be instrumental in
conveying the positive impact of using AVs and
increasing awareness. Online social media holds
immense potential as a primary channel for raising
awareness and serving as a public education plat-
form for disseminating accurate and trustworthy
information about autonomous vehicle-related
technology to the public, particularly younger au-
diences [83]. Moreover, social networks, including
family members, close friends, and peer groups can
play a persuasive role in encouraging the potential
adoption of AF solutions [84].
Theoretically, this research has contributed to

enriching knowledge about the assessment of AVs,
especially in the ferry market. This research ex-
pands the implementation of TPB as a psychological
theory that was applied as the catalyst to identify
potential market segmentation in AFs. The current
study uses TPB as the factor that underlies psycho-
graphic segmentation. This study also contributes to
the AV field in terms of consumer perspective;
usually, AV studies are concerned with technology
development.
Lastly, this research has some limitations

regarding geographical and demographic perspec-
tives. Indonesia was chosen for this study's sample
as it is surrounded by many islands, and the ferry is
a required mode of public transportation. Further-
more, the participants primarily consist of the
younger demographic with modest incomes, mak-
ing them more inclined to adopt new technologies
at an affordable cost. Thus, future research could be
applied to other countries and targeted to broaden
respondents' characteristics to enrich the literature
on AF studies.
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