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This study investigates the intention to endorse Mobility as a Service (MaaS) in a developing country context,
examining its potential to mitigate car dependency by integrating multiple transport modes for seamless plan-
ning, booking, and payment digitally. To this purpose, a cross-sectional survey gathered data from 392 MaaS
users, analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM) and Importance-
Performance Map Analysis (IPMA) to identify decisive elements in digital integration for sustainable urban

practices. Findings reveal that Service Quality and Digital Dexterity are primary drivers of acceptance and
continued intention to use, while Social Influence plays a lesser role. These results highlight the need for resilient,
user-centered digital solutions to advance sustainable urban transit in developing economies. This research
provides actionable comprehensions for policymakers and MaaS providers, supporting the design of effective,
inclusive mobility strategies that nurture engagement and adoption in resource-constrained urban settings.

1. Introduction

The digital economy represents a transformative shift in how tech-
nological advancements integrate across social personal and profes-
sional domains to improve the sustainability of human life. This
integration encompasses digital infrastructures designed to make public
life more manageable, efficient, and resource-rich, addressing a wide
range of contemporary challenges. The transportation sector is partic-
ularly impacted by this digital landscape, with Mobility as a Service
(MaaS) emerging as a service model that combines multiple transport
modes into a single accessible platform. Within this landscape, the
digital transformation of the transportation sector stands out as partic-
ularly significant, offering substantial advantages to both governments
and citizens. Technological innovations in transportation are indis-
pensable for managing mobility challenges such as traffic control,
congestion dwindling, commuter guidance, toll payments, smart park-
ing, public transport promotion, car dependency reduction, and the
implementation of environmentally friendly strategies, as well as sup-
porting sustainable urban development goals [1]. MaaS exemplifies an
essential outcome of this technological evolution. Maa$ aims to enhance
commuter efficiency by integrating journey planning, payment plat-
forms, and various modes of transport into a unified service accessible
via a single mobile application [2]. This innovative model is being
adopted in both advanced and developing nations, with the primary
objective of supporting urban residents in managing their daily com-
mutes through multimodal options such as buses, trains, car-sharing,
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ferries, or bicycles [3]. MaaS provides multifaceted benefits: it helps
governments control car dependency and manage urban mobility, while
citizens benefit from a streamlined and organized commuting method,
saving time and reducing inefficiencies. A growing body of recent
research has focused on user perceptions toward MaaS adoption. These
studies included the MaaS towards inculcation of sustainable public
transportation [4], service experience [5], user experience and social
impact [6,7], pricing strategies [5,8], and privacy concerns, risks, bar-
riers, hopes and fears related to MaaS usability [9-12]. Information
systems theories and models are also used to assess the motivational
factors and willingness to adopt the MaaS mechanism [6,7,13-15].
Studies to date underscore the behavioral underpinnings essential to
understanding MaaS uptake. For instance, a study in Noida, India,
highlighted that socio-economic factors and personal vehicle ownership
significantly influence user behavior towards app-based mobility ser-
vices [16]. Another study employed Latent Class Cluster Analysis to
investigate user preferences for various Maas$ aspects, accentuating the
need to tailor MaaS applications to meet the preferences of different user
groups in Hungary [17]. Environmental benefits are also a focus area, as
demonstrated by research in Padua, Italy, which estimated a potential
41 % reduction in pollutant emissions through MaaS adoption, high-
lighting the importance of multimodal mobility options [18]. In Russia,
digital platform solutions like the Travel.RZD application are being
implemented to integrate various transport modes, showcasing the po-
tential for economic growth driven by digitalized communication
technologies [19]. Moreover, the planning and implementation of Maa$S
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in Athens, Greece, revealed several challenges and provided recom-
mendations for achieving successful MaaS integration, emphasizing the
importance of multimodal transport and user journey definitions [20].
Similarly, an event-based simulator assimilation mechanism proposed
for evaluating MaaS scenarios highlighted the significance of integrated
simulation models for improving user experience [21]. The development
of Al frameworks for MaaS has shown promise in enhancing service
quality by providing customized mobility options based on knowledge
discovery from various data sources [22]. Additionally, a
multi-stakeholder approach to Maa$ in smart cities emphasizes the ex-
igency for institutional restructuring and regulatory reforms to support
the assimilation of MaaS within urban environments [23]. Under-
standing the factors influencing micromobility service adoption is also
fundamental. Medina-Molina and Rey-Moreno [24] identified public
transport satisfaction and traffic congestion perceptions as key de-
terminants. Finally, research on the adoption of sustainable mobility
modes among university students in Seville found that perceived sus-
tainability impacts and economic issues significantly influence adop-
tion, providing insights for promoting sustainable urban mobility [25].
Despite the promising potential of MaaS to revolutionize urban mobility,
substantial gaps remain in the literature regarding its adoption and us-
ability, especially in developing nations. Most research has predomi-
nantly focused on developed countries, which possess different
infrastructural and socio-economic contexts compared to developing
economies [26-29]. This disparity suggests that findings from developed
nations may not fully apply to developing countries like Malaysia, which
face unique challenges, such as a higher car-to-population ratio, stron-
ger car dependency [30], and dense urban landscapes with both
mobility obstacles and opportunities, including integrated public
transport networks, multiple commuting modes for inter-city and
intra-city travel [31], and government policies aimed at promoting
user-friendly road systems.

A momentous, underexamined dimension in MaaS adoption is the
convergence of personal traits such as innovativeness and technology
self-efficacy into what is termed Digital Dexterity [32]. This eminence
merges a user’s readiness to adopt new technologies (i.e., MaaS) with
confidence in digital interaction and is essential in shaping engagement
in digital platforms. Digital dexterity directly influences initial uptake
and sustained usage, positioning it as a central factor in the adoption
process [30]. Digital dexterity has received growing scholarly attention
in workplace settings, yet its implications for user interaction with
public-facing platforms such as MaaS remain notably absent from
existing research. The most recent study by Sahoo et al. [40] applied
digital dexterity in B2B supply chain settings. However, that work was
focused on internal business environments. This study takes a different
route. It applies digital dexterity at the citizen level towards app us-
ability to deal with real-time, public mobility systems. By framing digital
dexterity as an essential user capability rather than a workplace skill,
this study breaks new ground in addressing urban transport challenges.
It marks one of the first applications of this concept to MaaS systems in
emerging regions. Complementing this, service quality, measured
through system reliability, intuitive interface design, responsiveness,
and data security, meaningfully impacts user satisfaction and loyalty by
addressing key domains around the functionality and dependability of
transportation services [33]. High service quality builds trust, reducing
the perceived risk associated with adopting new digital services [34].
Furthermore, when users experience reliable and responsive service,
their likelihood of continued engagement with digital platforms such as
MaaS increases, making service quality a cornerstone in sustaining
adoption [35]. Moreover, social influence shapes adoption by embed-
ding digitalization within societal norms and peer recommendations,
either encouraging or discouraging uptake based on perceived social
approval [6]. Social influence can meaningfully amplify adoption when
users observe the benefits experienced by their peers, creating a ripple
effect of acceptance [36]. Additionally, positive social endorsement
serves to validate the technology’s reliability, encouraging wider
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participation [37,38]. Together, Digital Dexterity, Service Quality, and
Social Influence form a comprehensive analytical framework for com-
prehending MaaS adoption [39-41], a perspective not yet thoroughly
examined or validated in current studies. Addressing this gap, the pre-
sent study emphasizes the importance of grasping users’ digital ability to
fully benefit from MaaS technology, alongside their expectations and the
social endorsements that influence adoption. This approach highlights
that successful MaaS deployment requires more than technological so-
lutions; it must resonate with users and surrogate broad social accep-
tance to achieve meaningful uptake.

This study explores underexamined areas within the existing Maa$S
literature and provides several distinct contributions to the field. To
begin with, it adds to the discourse on MaaS adoption by introducing
Digital Dexterity. A behavioral, cognitively based concept stemming
from digital transformation literature underpinning the digital econ-
omy. Unlike other frameworks such as TAM or UTAUT, which mainly
highlight perceived usefulness, convenience, general technology readi-
ness, etc. Digital Dexterity centers on users’ navigational prowess and
adaptive behavior within complex multimodal digital ecosystems. This
construct enhances the explanation of the individual digital capabilities
influencing engagement with mobility platforms and integrated sys-
tems. The second contribution is forming a new multidimensional
adoption model by integrating Digital Dexterity with Service Quality
and Social Influence, thus bridging psychological, system, and socio-
contextual frameworks. The third contribution is the empirical testing
of the model in Malaysia, providing a perspective from an emerging
market that is often overlooked in Maa$S studies which focus on high-
income European countries and overlooked the MaaS$S initiatives in
developing territories. Pondering the integration of basic MaaS-level
applications, such as Moovit, can pave the way for more sustainable
societies and contribute to the digital maturity of urban dwellers. The
fourth contribution is achieved by revealing the role of digitally
empowered users interacting with modern transport systems in sup-
porting sustainable urban mobility objectives and reducing the de-
pendency on cars and environmental damage. Lastly, this study
introduces empirically grounded, context-aware evidence to shape more
tailored and inclusive design and policy interventions for digital sys-
tems. It situates its contribution within the specific realities of devel-
oping countries, highlighting infrastructural challenges, access
inequalities, and socio-economic complexity. Taken together, these
contributions position the research as a valuable catalyst for advancing
both theory and practice in the pursuit of sustainable and accessible
urban mobility futures. The research is proceeded with literature review
on MaaS, followed by methodology and results. Then discussions on
inferences for theory and practice are presented with future directions.

2. Literature review
2.1. Mobility as A service (MaaS)

Mobility as a Service (MaaS$) is transforming urban transportation by
unifying multiple modes of transport into a single, streamlined platform
[20]. This innovative model integrates public transit, ridesharing,
bike-sharing, car-sharing, and more within one accessible application,
allowing users to plan, book, and pay for various transit options in one
place [21]. MaaS aims to make urban mobility easier while reducing
dependence on private vehicles, supporting greener and more sustain-
able transport solutions. A notable example of MaaS in action is the
Moovit app, developed by Intel. Serving over 112 countries and 3400
cities, Moovit links users to 360 different shared and micro-mobility
providers, including services like Uber, Lyft, bikes, scooters, and
shared cars [42]. It has >100 million users across the world. This
extensive fusion enables efficient navigation of urban spaces without the
need for personal vehicles, ultimately forwarding a more sustainable
approach to mobility [3]. In Kuala Lumpur, Moovit has been successfully
adapted to local transit networks, demonstrating the platform’s
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versatility across diverse urban settings. With plans to expand to 2000
more cities, Moovit exemplifies the ongoing growth and reach of Maa$S
[43].

While the conceptual boundaries of Maa$S continue to evolve, Sochor
et al. [44] pose one of the most widely referenced frameworks by
introducing a topological model. This categorizes Maa$ into five pro-
gressive levels, from Level 0 (no integration) to Level 4 (full integration
with societal goals). In this typology, Level 1 MaaS involves the inte-
gration of information only via platforms that offer multimodal trip
planning, real-time updates, and system alerts. However, it comes with
the absence of transactional features such as booking, ticketing, or
payment. Moovit, as explicitly classified by Sochor et al. [44], is a
representative Level 1 MaaS application. Which provides centralized
access to multimodal travel information including buses, trains, micro-
mobility, and walking options. While it lacks end-to-end integration,
Moovit performs a significant enabling function in early-stage MaaS
ecosystems. Specifically in contexts like Malaysia where infrastructural
and regulatory incorporation are still emerging. Its role in familiarizing
users with digital mobility tools positions it as a legitimate and valuable
reference for understanding foundational adoption behavior.

The benefits of MaaS extend beyond convenience, offering substan-
tial contributions to environmental sustainability, economic efficiency,
and social inclusivity[45]. MaaS platforms such as Moovit provide
personalized travel plans and real-time updates, leveraging a network of
over 7500 mobility operators to give users access to options that best
match their needs [46]. This diverse range of shared mobility options
can help reduce urban traffic congestion and lower greenhouse gas
emissions, as orchestrated by Moovit’s inclusion of sustainable options
like bikes and e-scooters [47]. From an economic standpoint, Maa$S of-
fers an affordable alternative to private vehicle ownership, particularly
in urban areas where the costs associated with owning a car are often
prohibitive [48]. MaaS also promotes social inclusivity by expanding
transport options for people who may face mobility challenges or lack
access to private vehicles. Moovit’s network of 875,000 local editors
from 142 countries ensures the platform remains locally relevant and
accessible to diverse populations worldwide [49]. The future potential
of MaaS will be driven by advances in autonomous vehicles, artificial
intelligence, and data analytics. Moreover, public-private collaborations
will play a decisive role in aligning stakeholders toward shared goals of
sustainable, efficient, and inclusive urban mobility [42,47-50].

This study addresses certain research variances in the MaasS litera-
ture by pondering on adoption elements within developing countries, an
area that remains largely underexplored in recent research. Most studies
on MaaS adoption, mainly conducted in Europe and North America,
focus on digitally advanced regions, which differ significantly from the
socio-economic and infrastructural landscapes in developing economies
[1]. For instance, Malaysia encounters unique socio-economic con-
straints, such as variable digital access and inconsistent public transit
integration, which contribute to a distinct adoption environment not
adequately represented in existing studies [7]. Research by Alyavina
et al. [1] highlights infrastructure-based challenges within MaaS adop-
tion, while Butler et al. [10] advocate for context-specific strategies
tailored to the realities of countries like Malaysia. This study responds by
exploring the impact of Digital Dexterity, comprised of personal inno-
vativeness and technology self-efficacy, on MaaS adoption, offering a
closer look at user readiness and engagement. Additionally, it examines
service quality through aspects like interface design and system reli-
ability, both pivotal to user satisfaction and adoption rates, especially in
under-resourced environments [3,5].

Building on this foundation, the research further integrates social
influence as a core factor in understanding Maa$S adoption in communal
societies prevalent across Southeast Asia. Social influence, encompass-
ing peer and societal perceptions, emerges as an inherent driver in these
settings, impacting user behavior through collective expectations and
cultural norms [12]. By situating Digital Dexterity, Service Quality, and
Social Influence within the context of Malaysia, this study broadens
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MaaS research beyond Western-centric findings, filling a significant
knowledge gap in how these elements interact to shape adoption de-
cisions. This contextualized approach not only advances the perception
of Maa$S adoption in developing nations but also provides empirical data
that could guide policy and practice in urban mobility. Ultimately, the
study’s intellect offers a foundation for sustainable MaaS strategies
applicable to diverse regions facing similar developmental challenges,
contributing to the global discourse on MaaS adoption across varied
socio-economic landscapes [14,18,22].

2.2. Service quality

Service quality is an elucidative concept in the domain of behavioral
sciences globally, as it pertains to the attributes and features of a
product, system, or service that enable it to meet user expectations
effectively [30]. Toward the compass of MaaS, service quality can be
defined through various facets of applications such as the "Moovit" app,
which includes a responsive interface, security, performance abilities,
flexibility, personalization, and other user-evaluated attributes. The
quality of Global Positioning System (GPS) services, characterized by
comfort, safety, unique functionality, and reliable information, has been
shown to pointedly enhance user satisfaction [4]. Similarly, the service
qualities of MaaS, such as informativeness and mobility convenience,
have a positive and significant influence on users’ behavioral intentions
towards the adoption of these services [51]. These findings accentuate
ore the importance of specific service attributes in shaping user satis-
faction and adoption behavior.

Extending this understanding, another study on digital technology
adoption found that factors such as safety, reliability, and utility of
mobile payment apps are considerably associated with users’ behavioral
intentions [52]. This indicates that the principles governing service
quality in MaaS are applicable across various digital platforms, rein-
forcing the need for high standards in safety and reliability to encourage
user engagement. A comprehensive study by Rajabi et al. [22] exerted
that users’ behavioral intentions in adopting MaaS are influenced by
factors such as infrastructure changes, service design, pricing, and
public awareness. These findings emphasize the necessity for continuous
enhancement of service quality dimensions to boost user adoption and
satisfaction. The interconnected nature of these aspects highlights the
comprehensive approach looked for to improve service quality
comprehensively.

Moreover, Ahmed et al. [53] found that perceived service quality,
perceived usefulness, and perceived ease of use appreciably impact
users’ intentions to continue using mobile applications for personal
learning and development due to comfort while traveling the public
transport. The impact of service quality on customer loyalty through
perceived value and customer satisfaction was explored in the frame-
work of mobile banking applications by Quddus et al. [33]. Their
research revealed that higher service quality leads to greater perceived
value and customer satisfaction, which in turn boosts customer loyalty.
This suggests a similar potential impact for MaaS applications like
Moovit, where improved service quality could enhance user loyalty and
long-term engagement.

A growing body of research underscores the meaningful role of ser-
vice quality in driving technology adoption, particularly in trans-
portation. Service quality encompasses aspects like reliability,
accessibility, and user support, each of which directly influences users’
perception of technological value and usability. For example, Ricar-
dianto et al. [16] find that high service quality in public transit not only
bolsters trust but mitigates typical adoption barriers, including conve-
nience and operational uncertainty. Similarly, extending the Technol-
ogy Acceptance Model (TAM) with service quality and trust, Kim et al.
[54] exert that trust and ease of use considerably enhance adoption
willingness in urban air mobility. By addressing these elements, trans-
portation technologies align more closely with user expectations, thus
enhancing engagement and adoption rates [55,56]. Such findings
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illustrate that service quality impacts adoption through multiple path-
ways, establishing trust and perceived value as vital elements for
achieving broad-based acceptance of transportation innovations.

Further supporting this perceptiveness, research by Eccarius and Lu
[57] indicated that while service quality positively influences customer
satisfaction, it does not directly affect behavioral intention. Instead,
customer satisfaction serves as a mediator, emphasizing the importance
of delivering high-quality services to achieve user satisfaction and sub-
sequent behavioral intentions. This reinforces the concept that satis-
faction is a key driver for continued use and advocacy. Additionally,
Tussyadiah et al. [58] highlighted the relationship between service
quality, customer satisfaction, and loyalty in the mobile social media
market. Their findings suggest that service quality dimensions such as
usefulness, convenience, design, and security/privacy are pivotal in
enhancing customer satisfaction, which subsequently drives customer
loyalty. This relationship could be extrapolated to the MaaS context,
where similar service quality dimensions might influence user behavior.
Therefore, this study hypothesizes that:

Hypothesis 1. (H1): Service quality positively impacts users’ behav-
ioral intention towards Maa$S adoption.

2.3. Digital dexterity

Traditional models of technology adoption, like the Technology
Acceptance Model (TAM) and the Unified Theory of Acceptance and Use
of Technology (UTAUT), have offered indispensable perspectives on
user behavior for years [59-63]. These models focus on attitudes and
inclinations, for example, how easy and resourceful a particular tech-
nology is to adopt or the social pressures surrounding its use, while
neglecting the intricate behavioral adaptive capabilities needed for
modern digital environments. In response, this research attempts to fill
the gap by proposing Digital Dexterity as a self-adaptive, innovative, and
highly mobile construct representing the ability to self-automate
reflexively within integrated digital mobility ecosystems. Digital Dex-
terity integrates personal innovativeness and technology self-efficacy to
describe not just the willingness to adopt new technologies, but the
proactive responsiveness required to effectively operate in real-time
data environments with dynamic multilateral integration as well as in-
teractions with complex adaptive systems [32], hallmarks of emerging
MaaS ecosystems. This aim captures the micro-behaviors and adaptive
mindsets that are critical, albeit not static, metrics of readiness to engage
meaningfully with MaaS. Most importantly, this aspect has been
extensively discussed in the context of enterprises and organizations
[32,64-68] which makes it surprising that Digital Dexterity has not been
empirically applied to mobility behavior at the user level, which renders
the findings of this study both unique and rich in theoretical
contribution.

Digital dexterity elucidates the individual skills and readiness
essential for effectively using new products, services, or processes to
navigate the evolving digital landscape. Individuals who exhibit Digital
Dexterity are not only more agile and skillful but also show a greater
willingness to engage with technological infrastructures and systems
[69]. This agility and readiness enable them to leverage digital tools
efficiently, contributing significantly to organizational success and
personal innovation [32]. Research identifies two key aspects of Digital
Dexterity: personal innovativeness and technology self-efficacy [68].
Personal innovativeness refers to a user’s knowledge and expertise in
experimenting with new systems, such as MaaS, reflecting a proactive
approach to adopting and utilizing digital innovations [32]. Conversely,
technology self-efficacy indicates a user’s confidence in their ability to
use new technologies effectively, featuring the psychological empow-
erment required for successful technology adoption [70]. The relation-
ship between personal innovativeness and user behavioral intention has
been extensively validated in recent studies. Individuals with higher
personal innovativeness are empirically shown to exhibit stronger
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behavioral intentions toward adopting new technologies and systems
[41,71]. For example, Cao et al. [72] exhibited that personal innova-
tiveness temptingly predicts behavioral intention, establishing a positive
correlation. Complementary findings by Sharma et al. [73] reveal that
innovativeness enhances user intention by influencing ease of use per-
ceptions in mobile payment services, while Kim and Garrison [74] note
similar trends in RFID adoption, where innovativeness impacts the ease
and speed of technology implementation in supply chains. Together,
these insights accentuate personal innovativeness as a core driver in
technology adoption models.

Similarly, technological self-efficacy positively influences behavioral
intention. Users who believe in their capability to navigate new tech-
nological systems are more likely to adopt these systems, as they feel
more confident in overcoming potential challenges [75]. This positive
correlation between technology self-efficacy and behavioral intention
has been confirmed by several studies, indicating that enhancing users’
self-efficacy can significantly impact their willingness to adopt new
technologies [68,76].

Building on the established roles of personal innovativeness and
technology self-efficacy in shaping user behavioral intentions, both
qualities are integral to MaaS adoption. Users with high personal inno-
vativeness are naturally more inclined to explore and adopt MaasS,
motivated by curiosity and openness to new technologies that foster
initial acceptance and sustained engagement [77]. This curiosity miti-
gates common adoption barriers by encouraging users to embrace MaaS
platforms confidently and continuously [71]. Technology self-efficacy
complements this by instilling a sense of competence in users, allow-
ing them to navigate MaaS$ applications effectively and engage with the
technology over time [70,78]. By reinforcing both confidence and
willingness, personal innovativeness and self-efficacy jointly form a
strong foundation for overcoming entry barriers, enhancing user satis-
faction, and supporting lasting commitment to MaaS services [79].

Linking this foresight, it becomes clear that enhancing both personal
innovativeness and technology self-efficacy is essential for promoting
positive behavioral intentions toward MaaS adoption. Literature in-
dicates that Digital Dexterity, integrating personal innovativeness and
technology self-efficacy, eloquently influences users’ intentions to adopt
new technologies, especially in MaaS, where readiness to embrace
innovative mobility solutions is crucial [58,80]. By cultivating digital
dexterity, organizations can empower users to engage more effectively
with new systems, leading to improved adoption rates and enhanced
user experiences [81]. To support this, organizations and policymakers
should implement strategies that promote Digital Dexterity by offering
training and resources to boost users’ confidence and competence in
using new technologies [74]. Such initiatives create environments that
support innovation and empower users to effectively embrace new
mobility solutions [82]. Notably, there is currently no research specif-
ically exploring the relationship between Digital Dexterity and MaaS
adoption, making this study the first to address this gap and providing a
foundation for future research in this key domain. Accordingly, this
study proposes the following hypothesis:

Hypothesis 2. (H2): Users’ Digital Dexterity positively impacts users’
behavioral intention towards MaaS adoption.

2.4. Social influence

Social influence is a key construct in the Unified Theory of Accep-
tance and Use of Technology (UTAUT) model, reflecting both intended
and unintended efforts to shape individuals’ perceptions of new systems
usage [36]. In this study, social influence is considered both the inten-
tional and unintentional perceptions of users regarding the MaaS
"Moovit" app, driven by the actions and communications of their social
groups. The UTAUT model has extensively studied user willingness to
accept MaaS. Findings consistently confirm that social influence affects
user willingness to adopt MaaS [83]. This suggests that the opinions and
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behaviors of social networks play a decisive part in shaping individual
decisions regarding new technology adoption.

A contemporary work using a stated preference survey to assess
potential demands for Maa$ found that social influence strongly impacts
user willingness to subscribe to new services [8]. This indicates that the
collective behavior and endorsements of peers can drive individual
adoption rates. Similarly, research on integrated license service infor-
mation systems adoption supports the notion that social influence
momentously impacts user intention to utilize such systems [81]. These
studies highlight the pervasive effect of social influence across various
technological contexts. Towards automated road transport systems, so-
cial influence has been shown to play a pivotal role in public acceptance.
Nordhoff et al. [84] expounded that social influence, alongside con-
structs from the Diffusion of Innovation Theory, significantly affects the
acceptance of driverless automated shuttles. This underscores the idea
that societal norms and peer opinions are powerful drivers in the
adoption of innovative transportation solutions.

Moreover, in terms of sustainable urban transport systems, social
influence has been identified as substantial in encouraging the adoption
of environmentally friendly transportation options. Ariffin and Zahari
[85] pointed out that social influence is essential for promoting sus-
tainable transport behaviors in urban settings, illustrating its broad
impact on transportation choices and potential to drive positive envi-
ronmental outcomes. The role of social influence extends to the adoption
of Internet of Things (IoT) technologies and electric vehicles as well.
Building consumer trust through social influence can significantly
enhance IoT technology adoption [86]. Similarly, Globisch et al. [87]
found that social influence within commercial fleets was a profound
factor in the acceptance of electric passenger cars, demonstrating its
relevance across different technological domains.

Given the substantial evidence of social influence on technology
adoption, integrating social influence into the UTAUT model and
applying it to the Moovit app provides a wide-ranging framework to
understand and predict user behavior. This study aims to fill a gap in the
existing literature by specifically exploring the impact of social influence
on MaaS adoption, contributing effective interpretations to the field of
transportation technology. By acknowledging the power of social dy-
namics, this research underscores the importance of social influence in
the successful deployment and adoption of new technological solutions
[88,89]. Accordingly, this study posits the following hypothesis:

Hypothesis 3. (H3): Social influence positively impacts users’
behavioral intention towards Maa$S adoption.

3. Research methodology

A structured methodology grounded in the research onion frame-
work guides this study, detailing each stage of the research process. This
includes the research approach, strategy, choice of instruments, and
methods of data analysis [90]. This study employs a deductive research
design, aimed at investigating behaviors, preferences, and adoption
factors related to the MaaS application. The survey approach was
selected to collect quantifiable data from a targeted population of MaaS
users in the Klang Valley, Malaysia. The non-probability sampling
technique was utilized as a sampling method, leveraging respondents’
social and professional networks to extend the sample size efficiently
and hassle-free way in less time [91]. The survey was distributed
through social media platforms and professional networks frequented by
known MaaS$ users. The first wave of respondents was selected from
frequent public transportation users in the Klang Valley who had prior
experience with the MaaS application, i.e., Moovit. The survey was
specifically designed to focus on current Maa$S users to ensure that the
collected data reflected actual user behaviors and experiences.

Before participating in the survey, respondents were asked screening
questions to verify their use of the MaaS application within the past year.
Only those who confirmed prior usage of Maa$ platforms were invited to
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complete the full survey. After completing the survey, respondents were
encouraged to refer other MaaS users from their social and professional
circles to participate, thereby enabling the sampling process wider and
more integrated. This technique allowed the survey to grow organically,
expanding the sample size and ensuring that the data collected came
from a relevant and engaged population of MaaS users. The data
collection period extended from February 2023 to May 2023, providing
ample time to gather responses from a diverse range of MaaS users. The
sampling method yielded 392 valid responses, providing a strong
dataset for PLS-SEM analysis. The three-month data collection window
allowed for the inclusion of users with varied exposure to Maa$ services.
Such as ranging from new users to those with over six months of expe-
rience. It provides a well-rounded behavioral dataset that reflects
different stages of user engagement without enforcing rigid adopter
categories [92].

To contextualize the platform selection, this study draws on the
Moovit application as a representation of early-stage Maa$S integration.
As classified by Sochor et al. [44], Moovit aligns with Level 1 MaaS
maturity. This aligns with emerging MaaS ecosystems, where user
behavior is often shaped by partial functionality and platform famil-
iarity. It makes such applications analytically valuable for foundational
engagement studies. The Moovit app is characterized by the fusion of
real-time multimodal travel information without transactional capabil-
ities such as booking or payment. In emerging urban contexts like
Malaysia, where higher-level integration remains limited, Moovit serves
as a functional and contextually relevant proxy for studying founda-
tional user engagement with digital mobility platforms. Furthermore,
the data collection spanned three months that denoted users with
diverse engagement patterns shaped by usage frequency and tenure.
While this timeframe does not support formal classification into adopter
categories [39,93], it offers meaningful variation for examining behav-
ioral trends across different stages of user familiarity. This framing al-
lows the study to investigate adoption dynamics within a realistic
operational setting reflective of current digital mobility offerings in the
region.

The survey instruments were designed to measure key constructs
related to MaaS adoption. The survey questionnaire was based on two
discrete sections. Section A captured essential demographic data,
including age, gender, income, occupation, location, Maa$S usability,
and public transportation usage. Section B focused on the core study
variables: Behavioral Intention, Digital Dexterity, Service Quality, and
Social Influence. The instrumentation strategy employed in this research
involves adapting established measurement items from previous schol-
arly works to ensure high standards of validity and reliability. A five-
point Likert-type scale, ranging from ’strongly disagree’ (1) to
’strongly agree’ (5), was used to quantify participant responses. The
measurement items for behavioral intention were derived from seminal
works by Chen & Chen [4] and Venkatesh et al. [93]. Similarly, the
construct for Digital Dexterity was measured using validated items from
prior research in technology management literature [41]. Social Influ-
ence was adopted from previous work of Venkatesh et al. [93]. Service
Quality was assessed through criteria specifically tailored to evaluate
MaaS platforms, reflecting user interface design, functionality, and
reliability [4]. These measurement items, as shown in Table 02, are
assessed for reliability and validity.

This study employs Partial Least Squares Structural Equation
Modeling (PLS-SEM), conducted through SmartPLS v3 software, as the
primary analytical method. PLS-SEM is particularly suited to assessing
complex model structures and is valued for its robustness in theory
testing and predictive analysis, especially with non-parametric data.
This technique enables a detailed evaluation of both the measurement
and structural models, examining construct reliability, validity, and
testing the study’s hypotheses within the MaaS adoption framework
[94]. To enrich the insights from PLS-SEM, Importance-Performance
Map Analysis (IPMA) is also applied. IPMA complements PLS-SEM by
assessing the importance and performance of each construct,
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Table 2
Outer loadings and outer VIF.

highlighting detailed factors that influence user satisfaction and adop-
tion rates. This combined approach offers precise recommendations for
improving MaaS platforms and informs policy adjustments aimed at

Variable Items Questionnaire statement Outer VIF
enhancing user acceptance [95]. loadings
Service SQ1 It is easy to find public transport ~ 0.679 1.451
4. Results Quality stops or stations using the MaaS
system.
. . SQ2 The MaaS$ system helps me 0.859 2.498
4.1. Demographic profile
graphic prof reach my destination without
. L difficulty, covering all key areas
The survey yielded numerous results as descriptive outcomes are in the city.
shown in Table 1. The response rates differed between male and female SQ3 The MaaS system provides 0.79 1.933
participants, with 61.49 % for males and 38.51 % for females. The accurate and reliable public
majority of respondents were aged between 26 and 30 years, making u transport schedules.
J Y P 8 R y ’ gup SQ4 The MaaS$ system helps ensurea  0.882 2.826
32.18 % of the total. In terms of educational background, 43.10 % held comfortable journey by
bachelor’s degrees, while 29.31 % had diplomas, and 27.59 % possessed providing real-time information
master’s or other advanced degrees. Regarding occupation, 46.55 % of about crowding on public
the respondents were students, 33.91 % were employed, and 19.54 % transport. )
. . . . SQ5 1 feel safer using public 0.851 2.305
were engaged in business activities. Most respondents (77.81 %) resided transport because the MaaS
in urban areas, with the remaining 22.19 % from suburban locations. For system provides real-time
Mobility-as-a-Service (MaaS) usage, 41.31 % had used it for 1 to 6 updates and alerts about delays
months, while 35.81 % had used it for less than a month, and 22.95 % or incidents.
. . . Digital DD1 1 know how to effectively use 0.894 2.328
had used it for more than six months. In terms of public transport usage, .
X . K Dexterity the Maa$ system to make my
58.21 % used it daily, 33.81 % weekly, and 7.98 % used it randomly. transportation more efficient
and organized.
DD2 1 feel confident that my 0.781 1.715
4.2. Measurement model understanding of the Maa$S
system enables me to make
In this study, the measurement model was rigorously assessed to smart, timely decisions during
ensure reliability and validity of the constructs used to evaluate the my travels.
. : . DD3 1 often explore new features in 0.765 1.816
adoption behavior of MaaS. The outer loadings of the measurement
X o o X the Maas$ system to find better
items were analyzed to verify instrument reliability, with most values ways to enhance my travel
above the standard threshold of 0.70, indicating strong acceptance, planning and flexibility.
while values above 0.50 also confirmed reliability [96]. Furthermore, DD4 Using the MaaS system helps 0.623 1.034
the Variance Inflation Factor (VIF) was measured to test for multi- reduce travel-related stress and
i . ith all VIF val bel h 1 £3 improves the convenience of
c.o 1pear1ty, wit :?1 . values elow the moment(?us ve} ue of 3, con- managing my journeys.
firming that multicollinearity was not a concern in this study [97]. DD5 I tend to adopt new features or  0.945 2.813
Table 2 outlines the outer loadings and VIF values for each measurement updates in the Maa$ system
item that confirm indicator relevance and the absence of multi- early, as the};_ us(‘j‘allydle?g toa
collinearity. This is followed by Table 3, which presents Cronbach’s z:;ﬁ_iset;izm ined and efficient
alpha, composite reliability, and AVE values, confirming the reliability Social Si1 People imp'ortam tome thinkI  0.718 1.781
and validity of the constructs prior to structural model evaluation. For Influence should use the Maa$ system for
construct reliability, the Cronbach’s alpha () was employed to gauge my commuting needs.
the internal consistency of the latent variables, with values ranging from Si2 My friends and family 0.671 1.67
0.726 to 0.923 ding th ble threshold of 0.70 [98]. Thi recommend the MaaS§ system
0.72 to O. 23, excee 1.ng the accep.ta e thresho .o 7 [. ; 1. This for navigating public transport.
indicates a high level of internal consistency. Composite Reliability (CR) SI3 I feel more inclined to use the 0.913 2.465
Maa$ system because it is
Table 1 popular within my social circle.
R d d hi S14 I use the MaaS system because 0.883 1.812
espondents demographic. people around me expect me to
Characteristics Respondent Background Frequency % use it for travel planning.
SI5 The positive feedback from my 0.528 1.777
Gender Male 241 61.49 peers encourages me to use the
Female 151 38.51 Maas$ system more often.
Age < 20 years old 54 13.79 Behavioural INT1  Iintend to continue using the 0.938 1.155
21-25 years old 119 30.46 Intention Maas$ system for my daily
26-30 years old 126 32.18 transport needs.
) > 30 years old 93 23.56 INT2 I will recommend the Maa$S 0.829 2.242
Education Diploma 115 29.31 system to others who use public
Bachelor 169 43.10 transport.
Masters / Others 108 27.59 INT3 1 plan to increase my use of the  0.835 2.374
Occupation Student 182 46.55 Maa$ system in the future.
Em;?loyees 133 33.91 INT4 I prefer the Maa$ system over 0.911 1.076
. Businessman 77 19.54 other transport apps when
Location Urban 305 77.81 planning my journeys.
Suburban 87 22.19 INT5  Iam committed to using the 0.86 2.654
Maas Usability Less than a month 140 35.81 Maa$ system for all my public
1 to 6 months 162 41.31 transportation needs.
>6 months 90 22.95
Public Transport Usability Daily 228 58.21
Weekly 133 33.81

Randomly 31 7.98
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Table 3
Reliability and validity results.
Variable o CR AVE HTMT
SQ DD SI INT
Service Quality 0.872  0.908 0.665
Digital Dexterity 0.736 0.835 0.581 0.63
Social Influence 0.726  0.729 0.592  0.311 0.338
Behavioural 0.923 0.942 0.767 0.78 0.826 0.278
Intention

was also computed, confirming the reliability of the constructs with CR
values all above 0.70 [97]. Convergent validity was evaluated by
calculating the Average Variance Extracted (AVE), with all constructs
achieving AVE values exceeding the threshold of 0.50, thereby affirming
adequate convergent validity [97]. Discriminant validity was assessed
using the Heterotrait-Monotrait (HTMT) ratio, with all values < 0.85,
demonstrating that the constructs were distinct from each other [98].
The results for construct reliability (« & CR), convergent validity (AVE),
discriminant validity (HTMT), outer loadings, and VIF comprehensively
ensure a strong validation of the measurement model employed in this
research.

4.3. Structural model analysis

The structural model analysis was executed using partial least
squares structural equation modeling (PLS-SEM) via SmartPLSv3 to
examine the causal relationships among key variables. The results point
out several notable intuitions: Service quality (SQ) emerged as the most
influential predictor of behavioral intention (INT), with a path coeffi-
cient of p = 0.386, T = 2.42, and p = 0.008, thereby supporting H1 (SQ
— INT). Digital dexterity (DD) followed closely as a significant deter-
minant of INT (B = 0.380, T = 2.099, p = 0.018), validating H2 (DD —
INT). Social influence (SI) also illustrated a statistically significant
impact on behavioral intention (B = 0.128, T = 1.701, p = 0.045),
confirming H3 (SI — INT). Table 4 reports the structural path co-
efficients, indicating the strength and significance of hypothesized re-
lationships among constructs.

To complement Table 4 output, Fig. 1 illustrates the full structural
model, highlighting key causal links and effect sizes within the proposed
theoretical framework. Further analysis of the structural model’s
explanatory power shows a coefficient of determination (R?) of 0.524,
indicating that SQ, DD, and SI collectively account for 52.4 % of the
variability in behavioral intention. It denotes a value exceeding the
standard 0.50 threshold and reflecting substantial predictive strength.
Additionally, f* effect size metrics, as shown in Table 4, were calculated
to assess the individual impact of each predictor variable, with all pre-
dictors meeting or surpassing the adequacy threshold of 0.02.

4.4. Importance-performance map analysis

The importance-performance matrix analysis IPMA) highlights the
relative importance of exogenous variables in explaining a particular

Table 4
Hypothesis testing and R-square.
Hypotheses B Standard T P Results f-
Deviation Statistics ~ Values Square
H1: SQ —» 0.386  0.154 2.42 0.008 Supported  0.048
INT
H2: DD — 0.38 0.152 2.099 0.018 Supported 0.041
INT
H3: SI - 0.128  0.053 1.701 0.045 Supported  0.023
INT
Overall R-Square R-Square Adjusted
Impact 0.524 0.515
on INT
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endogenous variable. The importance scores represent the unstandard-
ized total effects for the independent variables, while the performance
scores reflect the predictors’ scores for the unstandardized outer weights
for their response variable. These scores are graded on a scale from 0 to
100 in the IPMA scatter plot. Table 5 displays the IPMA results, quan-
titatively ranking the constructs based on their impact and performance
scores. Fig. 2 translates these IPMA results into a visual matrix through a
four-quadrant diagram. It aids in identifying resolute intervention areas
where performance enhancements can maximize behavioral intention
toward Maa$ adoption.

The vertical axis displays the performance scores for predictor var-
iables (ranging from low to high performance), whereas the horizontal
axis signifies the importance scores (categorized as low or high impor-
tance) [99]. In the framework of importance-performance analysis, this
study categorized the four quadrants as follows: Q1 (no issues), Q2 (is-
sues necessitating attention), Q3 (non-important construct with high
performance), and Q4 (non-important construct with low performance)
[95]. The findings revealed that Service Quality (SQ) and Digital Dex-
terity (DD) fall within the Q2 area of the quadrant diagram, indicating
that these elements are vital for enhancing Behavioral Intention (INT)
towards MaaS adoption. Additionally, it was found that Social Influence
(SI) is less important for INT, but its performance level is high, placing it
in the Q3 area. Consequently, while improvement efforts for SI are
necessary, they are not of the highest priority. Table 5 shows the IPMA
results, and Fig. 2 helps visualize these findings using the four-quadrant
importance-performance matrix. Together, they make it easier to see
which factors matter most and where performance can be improved. The
quadrant layout provides a clear way to spot areas that require attention
and those already performing well. This combined presentation of scores
and visual mapping adds clarity to the analysis and makes it easier for
other researchers to follow and apply the same method in similar studies
using PLS-SEM.

5. Discussion

This study, centering on the adoption behavior of citizens towards
the MaaS application, employed PLS-SEM and IPMA techniques for data
analysis. The inferences provide empirical support for the proposed re-
lationships, highlighting the significant influence of Service Quality
(SQ), Digital Dexterity (DD), and Social Influence (SI) on the Behavioral
Intention (INT) to use MaaS apps. The analysis orchestrated that service
quality noticeably impacts behavioral intention, validating the
commemorative role of SQ in the acceptance and usage of MaaS appli-
cations. This aligns with existing literature in transport and technology
research [4,6,15], emphasizing that better service quality assessment
and validation are essential for widespread MaaS adoption. For policy-
makers aiming at mass integration of MaaS, enhancing service provision
is of utmost connotation. Furthermore, Digital Dexterity was found to
positively relate behavioral intention, consistent with prior research
indicating that the adoption of novel technology in transportation is
driven by personal inclination towards innovative resourcefulness [30,
80,100]. This indicates that individuals with higher technological
knowledge and an innovative mindset are more likely to be the early
adopters of MaaS and continue using the service. Social influence also
meaningfully impacts the intention to adopt MaaS technology. Although
the effect of SI is smaller compared to SQ and DD, it remains noteworthy
and aligns with existing literature [6,8,15]. The relatively small impact
of social influence indicates that MaaS, being a new technology, would
benefit from increased public awareness. Limited debate and knowledge
about MaaS could somewhat slow its acceptance and broader adoption.

5.1. Theoretical implication
This study offers a paradigm-shifting contribution to the field of

MaaS adoption by challenging the prevailing assumption that user
acceptance of digital mobility systems can be sufficiently explained
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Fig. 1. Structural model.
engage with integrated transport ecosystems. By doing so, the model
Table 5 R . .
transcends functionalist accounts of adoption and responds to recent
IPMA results. . . . . .
calls for behaviorally rich, ecologically valid models in the trans-
Predictors Outcome variables portation literature [1,9,10]. Moreover, the empirical setting, Malaysia,
Importance (Effect) Performance anchors this exemplar in a transitional urban milieu, where the digital
Service Quality 0.386 79.523 divide, infrastructural hybridity, and behavioral diversity intersect. This
Digital Dexterity 0.380 71.564 context brings out the model’s explanatory depth, demonstrating its
Social Influence 0.128 73.51 ability to account for heterogeneous user-profiles and market maturity
Mean 0.298 72.532

through traditional models focused on static attitudes or perceived
usefulness. In contrast to legacy frameworks such as TAM, UTAUT, and
TTF, which conceptualize adoption behavior as a largely rational
response to system features or social pressure, this research asserts that
Maa$ adoption represents a more complex behavioral transformation. It
is deeply embedded in digital adaptability, platform navigation, and
cognitive fluidity. The primer of Digital Dexterity (DD) lies at the heart
of this theoretical perceptive. The concept of DD is drawn from digital
transformation and organizational behavior literature but recontex-
tualized here as a user-centric behavioral capability. This construct
captures not merely a readiness to use technology, but a proactive, re-
flexive, and skillful engagement with data-intensive, and dynamically
integrated digital environments. In doing so, the study reconceptualizes
the user not as a passive consumer of a mobility service, but as an active
digital agent navigating a real-time decision space, mediated by adap-
tive learning, multitasking, and interface mastery. This move advances
existing theoretical expressions by shifting attention from user intention
to user agility, a concept critically underexplored in the MaaS domain.

This conceptual advancement is embedded within a multidimen-
sional behavioral framework that unites three domains: individual
cognitive capacity (Digital Dexterity), experiential system quality (Ser-
vice Quality), and socio-environmental influence (Social Influence).
These dimensions are often studied in isolation. This model brings these
into conversation, enabling a more complete understanding of how users

levels, unlike most prior studies focused on digitally saturated envi-
ronments in Europe and North America [11-14]. Finally, the use of
PLS-SEM and Importance-Performance Matrix Analysis (IPMA)
strengthens the theoretical claims by aligning predictive precision with
practical priority. This methodologically integrated approach enables
not only the validation of construct interrelationships but also the
strategic ranking of behavioral levers for MaaS adoption. Eventually
presenting a framework that is not only conceptually innovative but also
actionable for policymakers and platform designers alike [101-103].

5.2. Practical implication

In regions where private vehicle dependence is high, such as the
Klang Valley, improving the utility of public transport requires more
than infrastructure expansion. It demands a redesign of the mobility
experience that matches the convenience, reliability, and responsiveness
typically associated with private car use. The empirical prominence of
service quality in shaping MaaS adoption orchestrates the need to pri-
oritize both digital interface performance and the seamless orchestration
of multimodal transfers. These elements should be treated as founda-
tional in the design and delivery of integrated transport systems. The
study inferences direct that accurate real-time service, user-friendly
interfaces, and quick recovery from errors are not ancillary but essen-
tial to the behavioral intention change. These conclusions highlight a
broader challenge at the systems level. Public transit systems still lack
the digital operational integration needed to support seamless
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multimodality, which severely limits their potential to replace
entrenched car use. Therefore, stakeholders should focus on the coor-
dinated development of digital setup and mobility services, ensuring
that system reliability is matched by high standards of user interface
design. To support this, evaluation frameworks should be based on user
satisfaction metrics and applied consistently across all transport modes,
allowing for responsive improvements aligned with commuter
expectations.

The simultaneous presence of internationally adopted Maa$ platform
such as Moovit alongside govt-based local applications like MyRapid
PULSE illustrates an overarching trend of operational fragmentation
within the MaaS ecosystem in Malaysia. While Moovit offers compre-
hensive multimodal coverage and high accessibility, and PULSE pro-
vides moderately detailed insights related to the Rapid KL transit system
[104], neither platform has unrestricted access to integrated payment
systems, universal ticketing, or service bundling, which are character-
istic of more developed MaaS systems. This establishes the system’s
current level 1 maturity wherein advanced planning features still exist in
isolation from transactional elements. Instead of considering these
platforms as having competitive business models, their coexistence
should be taken as a chance for convergence in the ecosystem. Regula-
tory and policy frameworks need to change in ways that allow for shared
data frameworks, API cross-compatibility, and Touch 'n Go seamless
cash payments. Such convergence would integrate fragmented services
into a singular digital mobility infrastructure, thereby streamlining the
transition toward level 2 and level 3 MaaS capabilities.

The emphasis of Digital Dexterity in the context of MaaS adoption
requires rethinking the digital inclusion gap as a capability infrastruc-
ture challenge, rather than a question of mere access provision. In
digitally advancing economies, differences in digital fluency, linked to
age, location, and education, can limit equitable access to mobility
services. As MaaS platforms become more integrated and real-time, the
capability to navigate apps, opt for travel options, and respond to live
updates is the epitome of full participation. These inferences point to the
significance of user-centred design, entailing adaptable interfaces,
multilingual support, and built-in guidance features, to ensure that
digital mobility systems remain inclusive across diverse user groups. For
developers, this means designing adaptable user interfaces and

diagram.

environments that respond to different levels of digital fluency. For
public transport authorities, it means integrating digital capacity-
building programs into broader mobility reform initiatives, especially
in regions that are diverse or under-serviced demographically. If the
deepening integration of MaaS platforms goes alongside asymmetric
accommodation of these digital skill gaps, transport inequalities will be
exacerbated instead of alleviated.

Even though Social Influence had a moderate impact as per the
structural model, the IPMA performance score suggests that it functions
as a potential behavioral reinforcement latent lever. In terms of infra-
structure and interface optimization, this means that in addition to these
factors, social frameworks and inter-people networks have the potential
to serve as adoption accelerators, especially for hesitant or late-stage
adopters. This orchestrates the strategically effective demand-side in-
terventions as peer-to-peer referral programs, active commuting
schemes, university partnerships, and influencers-led campaigns to shift
the social norm tide towards greater adoption of sustainable mobility
solutions. From the transport governance perspective, this argues for the
integration of social marketing and behavioral nudges into Maa$ policy
frameworks as central, rather than peripheral, components to sustain
virtually autocatalytic adoption processes. Especially in developing
policies where formal incentive schemes might be absent, employing
social validation strategies could provide a low-cost option to initiate the
needed early network effects for scaling MaaS ecosystem.

The use of IPMA provides a diagnostic approach from which resource
distribution across system elements can be optimally directed. As Ser-
vice Quality and Digital Dexterity were identified in the analysis as high-
importance and high-performance factors, it justifies investment con-
centration where maximum behavioral and operational impact is ach-
ieved. This approach differs from conventional multi-indicator
development strategies that risk amplifying resource waste in the
institution. IPMA promotes precision planning, which is inclined to-
wards service refinements, infrastructure-enabled user capability culti-
vation, and, most importantly, directing resource allocation and
operational efforts. This type of prioritization is best suited to emerging-
market cities trying to cope with public funding limitations and the pace
of digital service deployment. Thus, the study not only develops a
theoretical model of MaaS adoption but also provides a practical
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roadmap for intervention-based systemic strategies that shift opera-
tional focus toward user-defined preference fulfillment.

Moreover, as Maa$S continues to evolve, its value proposition is no
longer confined to transport-only services. Research highlights the tra-
jectory toward integrated lifestyle ecosystems, where Maa$S platforms
are increasingly bundled with adjacent offerings such as parcel delivery,
event access, or local commerce services[105]. This convergence ex-
pands the utility of MaaS beyond commuting. It positions MaaS as a
digital infrastructure for broader urban living needs. Cities transitioning
toward higher maturity levels of MaaS must embrace this cross-domain
functionality to unlock new layers of value and user engagement. Doing
so will not only improve adoption rates but also embed MaaS more
deeply into the rhythms of daily urban life, solidifying its role as a
cornerstone of smart and sustainable city systems.

5.3. Limitation and future direction

This research provides a compelling theoretical and empirical
framework for understanding the adoption of Maa$S within the digitally
transforming urban environments of Southeast Asia, yet some limita-
tions still exist that can be addressed in future research. The imple-
mentation of cross-sectional design is a drawback because it does not
capture changes in behavior over time, making it inaccessible to eval-
uate how users’ preferences and digital skills advance with increased
exposure to the platform or the maturation of the market. Adoption
behavior over time in reaction to policy changes, new features, or
transitioning life stages could be deeply insightful with a longitudinal or
panel-based approach. Although the quantitative approach provides
sufficient statistical representation, it is inadequate in capturing the
emotional, situational, and experiential facets of user interaction.
Employing mixed methods such as interviews, usage diaries, or ethno-
graphic methods could shed light on what it means to use, adapt to, or
disengage from MaaS services. The survey was conducted over three
months, and while the data captures a broad time span, the study does
not formally classify participants as early or late adopters under con-
ventional innovation diffusion theory. Rather, it depicts users with
diverse experiences in usage shaped by duration and self-reported fre-
quency. As such, the temporal spread is not sufficient to capture
generational adoption curves or track behavior over innovation lifecycle
phases. Future research should consider longitudinal tracking or cohort-
based segmentation to more precisely examine the dynamics of adoption
timing and sustained engagement.

Geographically, the research focuses on Moovit, a globally available
trip-planning application that falls under the Level 1 MaaS maturity
model and does not integrate ticketing or payment systems. This
context, rather than limiting the study’s contribution, offers a unique
opportunity for timely cross-country comparisons of early-stage MaaS
platforms to investigate differing user expectations and behavior in
markets with similar maturity levels. The sample for this study is
concentrated on an actively engaging metropolitan area which may not
represent adoption patterns in rural and low-infrastructure populated
areas. Further research should look beyond the urban fringe boundary to
determine how the lack of digit access, service provision, and transport
infrastructure impact user engagement in those regions. Though social
influence had a low direct impact and effect on behavioral intention, the
high score in IPMA suggests unfulfilled work. Trust, habit, or perceived
value as a mediator and/or moderator should be examined to amplify
social factors that influence adoption, particularly through peer net-
works, community advocacy, or institutional campaigns.

Furthermore, the real-time customization of Al enhances MaaS
technologies, and while these innovations continue to unfold, there is a
need to study the impact of expectations and engagement models on
user research. This model was also not able to include broader structural
factors such as regulatory changes, economic conditions, and environ-
mental impacts, but the system dynamics at this level are quite impor-
tant for understanding personal adoption and organizational
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implementation. With existing external conditions like increasing fuel
prices, pandemic-induced behavioral changes, and goals for sustain-
ability, these factors should be integrated into future adoption frame-
works. Collectively, these limitations can be addressed by increasing the
scope of the research to build more immaculate, universal, and policy-
transforming proposals focused on designing responsive and digitally
robust Maa$S frameworks.

6. Conclusion

This study reaffirms that the successful adoption of Maa$S in urban-
izing contexts, especially within developing economies, rests not only on
digital innovation, but on the alignment of technological, behavioral,
and social systems. Through the integrated influence of Service Quality,
Digital Dexterity, and Social Influence, this research unveils a triadic
pathway to sustainable urban mobility. This path values reliability,
adaptability, and social endorsement as pillars of transformative
commuter behavior. Service Quality appears not merely as a technical
standard but as a trust architecture. It defines the interface between
human expectations and digital service delivery. Digital Dexterity, in
turn, reframes adoption not as a matter of access alone, but as a function
of users’ cognitive flexibility and digital resilience. It is pivotal in
navigating nascent multimodal mobility platforms. Meanwhile, Social
Influence shows the relational dynamics of adoption, where trust,
norms, and community play a decisive role in reshaping mobility culture
at scale. Beyond these empirical findings, the research surfaces a series
of practical lessons that reimagine MaaS as more than a product, it is a
public good, a sustainability instrument, and a vehicle for equity and
innovation. The roadmap forward involves establishing enforceable
service quality benchmarks. It includes integrating transparent and user-
friendly payment systems and embedding real-time feedback mecha-
nisms into Maas$ platforms. Digital inclusion must be prioritized through
community-driven literacy programs, multilingual support features, and
interface personalization. It ensures that MaaS does not become another
layer of exclusion for those with lower digital readiness.

Furthermore, the behavioral shift away from private vehicles de-
mands more than functionality. It requires incentive systems that reward
sustainable choices. Dynamic fare models, off-peak travel discounts, and
targeted subsidies for low-income groups can catalyze a modal shift
toward shared mobility. Governments, private operators, and technol-
ogy firms must form synergistic alliances to create a cohesive ecosystem.
The system that enables seamless intermodality while safeguarding user
data, accessibility, and equity. Importantly, this transformation is
incomplete without narrative change. Public awareness campaigns
ought to reframe MaaS not as an alternative but as a mainstream lifestyle
mobility solution, reliable, green, and empowering. As this research
suggests, MaaS can serve as a foundational framework for advancing
inclusive and sustainable mobility. This is markedly relevant as cities in
the Global South face the dual challenges of rapid urbanization and
ongoing digital transformation. The success of MaaS will depend not
only on the quality of its algorithms and interfaces, but also on its
integration into local cultures, social contexts, and trust networks. When
fully operational, MaaS will not simply move people from one place to
another. Rather, it will transform how we sustain, connect, and
reimagine urban life in an increasingly globalized world.
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