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ABSTRACT

There is growing interest in identifying potential adopters of Mobility as a Service (Maa$). Although
socio-demographic and travel-related factors influencing adoption have been studied, the impact
of attitudinal factors within specific traveler groups has been partly neglected. This study explores
how attitudinal factors affect university students’ intention to use Maa$S through structural equa-
tion modeling. Latent class cluster analysis reveals two groups: high-income students who fre-
quently use cars (Cluster 1) and low-income students relying on public transport (Cluster 2). The
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results show that ease of learning the MaaS system and media influence significantly affect
adoption. Perceived benefits play a crucial role in shaping willingness among Cluster 1, while
environmental awareness influences adoption in Cluster 2. To enhance uptake, strategies such as
social media promotion and gamification are recommended, offering insights for transportation

planners and policy-makers.

Introduction

The advent of emerging mobilities (e.g. car-sharing and
bike-sharing) in cities caused by the development of
mobile technology and collaborative consumption may
complement public transport (PT) services (Mounce
and Nelson 2019). While shared mobility services pro-
mise such advantages as reduced carbon emissions (J.
Chen et al. 2020), decreased traffic congestion (Fan and
Harper 2022), and lower fuel consumption (Brunner
et al. 2018), travelers may find it difficult to utilize the
variety of transport modes, particularly when using
various mobile applications (apps) with different user
interfaces (Kamargianni et al. 2016). Mobility as
a Service (Maa$) is currently a focal point in the vision
of future connected and collaborative transportation
(Ho, Hensher, and Reck 2021). MaaS is designed to
unite multiple mobility services into one app
(Esztergar-Kiss et al. 2020), where the inconvenience
of installing several mobile apps and managing different
payment methods is solved, which is highlighted as an
advantage of the service (Arias-Molinares, Juan Carlos,
and Javier 2023; Smith, Sochor, and Karlsson 2017).
Given the promising benefits of MaaS, several studies
have examined which groups of travelers are more
inclined to use MaaS. Previous works (Alonso-

Gonzalez et al. 2020; van’t Veer et al. 2023) find that
the individuals with higher educational levels are most
likely to be potential MaaS adopters and have a greater
tendency to adopt MaaS packages (Matyas and
Kamargianni 2021). Furthermore, it is widely known
that young people are potential early adopters of the
service (Farahmand, Gkiotsalitis, and Geurs 2021) since
they can quickly adapt to the development of informa-
tion technology (Lee et al. 2020). Additionally, young
individuals tend to favor living in urban areas (Xu
2020), where various transport modes (Delbosc et al.
2019), such as shared mobility services, supporting mul-
timodal behavior (van der Waard, Jorritsma, and
Immers 2013) are available.

As part of the young generation, college students
frequently demonstrate flexibility in their choice of
transport modes (Limanond, Butsingkorn, and
Chermkhunthod 2011), and they tend to have positive
viewpoints on alternative mobility solutions (Whalen,
Péez, and Carrasco 2013), such as Maa$S (Zijlstra et al.
2020). University students travel regularly between their
campus, accommodation, social activities, and even
their part-time jobs (Allen and Farber 2018).
Moreover, students are more willing to try new services
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and technologies, which makes them potential MaaS
customers (Kriswardhana and Esztergar-Kiss 2023b).
Additionally, universities often collaborate with compa-
nies on pilot programs, and students can participate in
the co-creation, thereby contributing to service
improvement. Furthermore, capturing university stu-
dents as early users can build long-term loyalty.
Although their transportation needs can change in the
future, they may continue using Maa$S since they trust
the service. Moreover, university students are likely to
influence future urban transportation demand; thus, it
is important for policy-makers to take their preferences
into account (Nguyen-Phuoc et al. 2018). Therefore,
capturing university students’ preferences for MaaS is
crucial for supporting its development and wider
adoption.

Offering discounted fares for university students is
a common practice. Studies focusing on travel behavior
of university students often recommend giving students
discounted fares for PT (Ribeiro and Fonseca 2022) and
its integration with emerging mobility services (Irawan
et al. 2021). Some MaasS initiatives and shared mobility
services include several promotions aimed at attracting
university students. Helsinki Region Transport (HSL)
offers a student transport card with a 40% discount on
season tickets, which can be accessed through a MaaS
application (Helsinki Regional Transport Authority n.
d.). Similarly, a MaaS application called Jelbi, developed
by the main public transport provider in Berlin
(Hauslbauer et al. 2024), allows university students to
use their semester tickets within the platform, granting
access to multiple mobility services such as bike-sharing
and car-sharing. In the case of shared transport modes,
some operators provide student discounts for bike-
sharing (X. Chen et al. 2022) and car-sharing (Zhou
2014), both of which are frequently included in MaaS
schemes. Given this potential, several studies have
examined university students’ preferences for MaaS
bundles (Coppola, Silvestri, and Pastorelli 2025;
Silvestri, Silvestri, and Coppola 2025).

While the preferences for MaaS have already been
revealed, the attitudinal factors behind the adoption
have not been widely examined, especially of those
who are considered potential customers of the service.
Studies adopting the unified theory of acceptance and
use of technology (UTAUT) reveal the attitudinal fac-
tors influencing the intention to adopt Maa$S (van’t Veer
et al. 2023; Ye, Zheng, and Yi 2020). Other attitudinal
variables, such as environmental consciousness (EC)
(Matowicki et al. 2022) and technology readiness (TR)
(Alonso-Gonzalez et al. 2020), are applied to investigate
travelers’ motivation to use MaaS. Several methods,
such as structural equation modeling (SEM)

(Schikofsky, Dannewald, and Kowald 2020; Ye, Zheng,
and Yi 2020) and latent class cluster analysis (LCCA)
(van’t Veer et al. 2023), are used to investigate the
attitudinal factors behind Maa$S uptake. Earlier research
works use various methods to investigate the intention
to adopt Maa$, but mostly, one method is applied,
which limits the understanding of the factors behind
various groups of travelers’ motivation to use MaaS.

Based on the above arguments, this study aims to
address the research gaps by exploring college students’
heterogeneous attitudes toward Maa$, where the poten-
tial disparities in the preferences are investigated through
the combination of clustering solutions and SEM. The
current study has two contributions to the literature.
First, the existing UTAUT model is extended by incor-
porating added constructs pertaining to the acceptance of
new mobility services. Second, LCCA and SEM are used
simultaneously to understand the attitudinal factors
behind the acceptance of the mobility solution at
a group level. The variation in causal path coefficients
across the identified clusters can guide the development
of more targeted strategies and policy interventions to
promote MaaS adoption, thereby avoiding the one-size-
fits-all approaches and aggregation bias. For example, the
influence of EC on Maa$S adoption may differ between
varied user groups. While EC may significantly explain
the intention to use MaasS in one cluster, it may have little
or no effect in another. Consequently, the strategies aim-
ing at increasing the willingness to adopt Maa$S should be
tailored to the specific factors of each group. The applic-
ability of the proposed method to reveal the acceptance of
MaaS is examined, as well. This study uses data drawn
from a survey among students at a university in
Budapest. In the survey, the respondents are introduced
to MaaS through a textual explanation and a link that
provides a comprehensive description of the concept.
A detailed explanation of the survey can be found in
the Method section.

The paper begins with an introduction, followed by a
review of literature on young generations’ travel beha-
vior and their preferences for Maa$S. It then describes
the data collection and analysis, presents the results, and
discusses the findings. The paper concludes by high-
lighting the main outcomes.

Literature review

It is argued that young individuals exhibit distinct travel
behavior compared to the preceding generations.
Youngsters are considered tech-savvy individuals who
have more open attitudes toward collaborative con-
sumption (Hwang and Griffiths 2017) and consequently
are more interested in using such emerging mobilities as



e-scooter-sharing and bike-sharing (Alemi et al. 2018).
Young individuals often behave more environmentally
friendly (Brown et al. 2016). As a result, the intention to
adopt more environmentally friendly transport modes
among college students could be increased by providing
information on the environmental impacts of various
transport modes (Cattaneo et al. 2018). As part of the
young generations, university students are expected to
influence the future transportation demand significantly
(Nguyen-Phuoc et al. 2018). A study (Lee et al. 2020)
mentions that university students tend to be multimodal
travelers rather than monomodal travelers. However, it
is worth mentioning that college students are particu-
larly sensitive to the travel time (Oubahman, Duleba,
and Esztergar-Kiss 2024) and cost when conducting
a journey with transfers, especially when using e-scoo-
ter-sharing (Nikiforiadis et al. 2023). Moreover, univer-
sity students are more concerned about safety when
selecting transport modes (Khalid et al. 2024). The pre-
viously mentioned studies emphasize the importance of
investigating young generations’ travel behavior, but
most of them incorporate such classic transport modes
as PT, car, and bikes, while discussions about shared
mobility services are infrequent. As a new mobility
solution, Maa$ is more interesting for young genera-
tions (Feneri, Rasouli, and Timmermans 2022) includ-
ing university students (Zijlstra et al. 2020). Earlier
works on the preferences for Maa$ confirm that college
students who use PT and shared mobility services are
more inclined to adopt MaaS early (Kriswardhana and
Esztergar-Kiss 2024a). University students perceive that
using the service will not be demanding thanks to their
familiarity with journey planning apps (Kriswardhana
and Esztergar-Kiss 2024b). The current research extends
previous works on college students’ preferences for
MaaS by combining the LCCA and SEM methods,
which results in a more detailed understanding of the
motivational drivers for adopting the Maa$ service at
a group level.

Socio-demographic and travel-related factors are fre-
quently considered in travel behavior research; however,
the impacts of socio-demographic variables on the pre-
ferences for MaaS can vary (Kriswardhana and
Esztergar-Kiss 2023a). While some research works
(Hasselwander et al. 2022; Liu et al. 2024; van’t Veer
et al. 2023) claim that females are more inclined to
adopt the mobility solution, other studies (La Gamba
et al. 2024; Liljamo et al. 2020) suggest that males tend to
have more favorable views on MaaS. Furthermore,
a previous work (Hasselwander et al. 2022) claims that
travelers” income levels are not related to MaaS$ prefer-
ences, yet other findings reveal a relationship between
income levels and the willingness to use MaaS. On the
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one hand, MaaS is argued to be more appealing to low
earners (Ko et al. 2022; La Gamba et al. 2024) as they
might expect the new mobility solution could poten-
tially reduce their transportation costs (Liu et al. 2024).
On the other hand, other findings suggest that indivi-
duals with high incomes exhibit greater interest in
adopting the service (Kim et al. 2021; Zijlstra et al.
2020), especially high-income PT users who appreciate
the ease of using MaaS in comparison to traditional
transport modes (Matowicki et al. 2024). Meanwhile,
other socio-demographic factors, such as age, educa-
tional level, and employment status, show more stable
effects on the MaaS preferences. Young (Farahmand,
Gkiotsalitis, and Geurs 2021), educated individuals
(Hoerler et al. 2020; La Gamba et al. 2024; Liu et al.
2024) mostly find MaaS$ an attractive offer. Students and
employed people are more inclined to embrace the new
mobility solution (Lopez-Carreiro, Monzon, and Lopez-
Lambas 2021) than those people who work from home
(Zijlstra et al. 2020). Given the diverse effects of demo-
graphic characteristics on the preferences toward Maas$,
the current research includes the factors as indicators in
the model to reveal the participants’ heterogeneity.
Thus, the preferences toward MaaS are investigated
not merely among general participants but at group
level, which provides more specific implications for
the escalating service uptake.

Previous works (Back, Shon, and Hwang 2025; van’t
Veer et al. 2023; Ye, Zheng, and Yi 2020) use the
UTAUT method to analyze travelers’ attitudes toward
Maa$, where it is mostly confirmed that the framework
can explain the motivations to use the service. Proposed
by Venkatesh et al. (2003), the UTAUT model identifies
the following four key factors that influence behavioral
intention (BI): performance expectancy (PE), effort
expectancy (EE), social influence (SI), and facilitating
conditions (FC). The current study builds on previous
research by integrating additional variables, such as
perceived risk (PR), TR, EC, and variety-seeking lifestyle
(VS), into the UTAUT framework. These factors have
been shown to impact the adoption of emerging trans-
portation technologies significantly. For instance,
Kapser and Abdelrahman (2020) examine PR in the
context of autonomous delivery vehicle acceptance. TR
and EC have been explored in relation to ride-hailing
adoption by Lavieri and Bhat (2019) and Gomez et al.
(2021). Ye, Zheng, and Yi (2020) investigate the role of
VS in the willingness to adopt MaaS.

The differences in the effects of attitudinal factors on
MaaS based on socio-demographic and travel character-
istics have not been widely explored. Ye, Zheng, and Yi
(2020) examine the willingness to use MaaS and find
that EE plays a significantly larger role in influencing BI
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among women, while it is not significant and has
a smaller effect in the case of men. Furthermore, age-
related differences are found, as well. PE has a greater
influence on the willingness to use MaaS among young
individuals than among old travelers. Back, Shon, and
Hwang (2025) evaluate commuters’ acceptance of MaaS
and argue that EC and SI have the strongest impact on
MaaS usage among those commuting by PT.
Additionally, PE and VS positively influence the inten-
tion of the users with prior smart mobility experience.
Therefore, the current research examines how various
socio-demographic and travel factors may influence the
relationship between varied attitudes and the intention
to use MaaS.

Method
Data collection and analysis

Primary data are collected by using an online survey
distributed through a university mailing list from
April 2022 to May 2022 among the students at
Budapest University of Technology and Economics
(BME). 712 responses are collected, of which 687 are
considered valid (i.e. having no missing values). The
survey consists of three parts. The first part presents
the aim of the survey and a description of Maa$ (https://
maas-alliance.eu/homepage/what-is-maas/).

The second section includes questions about socio-
demographic and travel characteristics. The partici-
pants’ attitudes are captured in the third part, where
the answers are assessed by using a five-point Likert
scale. Table 1 demonstrates the latent variables along
with their corresponding indicators.

The modeling framework of the current study is
depicted in Figure 1. The latent attitudinal variables
are derived from the UTAUT (Venkatesh, Thong, and
Xu 2012) and other related studies (Alemi et al. 2018; Ali
et al. 2018; Lavieri and Bhat 2019; Ye, Zheng, and Yi

allows the identification of heterogeneous causal rela-
tionships underlying MaaS adoption among the differ-
ent clusters. The socio-demographic and travel
characteristics are applied as indicators in LCCA to
identify the user clusters. The LCCA method can reveal
varied subgroups of a sample sharing observable char-
acteristics, where the optimal number of classes and
mixed types of variables can be assessed (Vermunt and
Magidson 2002). The likelihood of obtaining a complete
response can be expressed as follows:

K

P(yilk) = P(k) [ [f (valk) 1

k=1 t=1

Let y; represent the response of person i on indicator .
k is the unobserved variable. P(k) denotes the likelihood
of being assigned to a particular class following the
multinomial logit model, while f(y;|k) represents the
probability density of y; given k.

Meanwhile, SEM is applied to evaluate the partici-
pants’ intention to use MaaS. SEM consists of two parts.
Initially, a confirmatory factor analysis (CFA) is con-
ducted to assess the measurement component. The pri-
mary goal of CFA is to examine how well a set of
observed variables represent one or more underlying
latent constructs. This relationship is expressed through
the following measurement model:

x=MAE+ S 2)

Where x is a vector of the observed variables,
Erepresents the latent variables, Ay is a matrix of factor
loadings indicating the strength of the association
between each observed variable and its corresponding
latent factor, and § denotes the measurement errors.

Afterward, path analysis is used to examine the pro-
posed hypotheses. In SEM, path analysis represents the
hypothesized causal relationships among the latent
variables.

2020). This research work uses LCCA and SEM to reveal n=p,+Té+¢ (3)
the participants’ intention to use MaaS. This approach
Table 1. Descriptive statistics of the sample used in this study.
Category % Category %
Gender Household income
Male 68 <700 euro 31
Female 32 >700 euro 69
Educational level Occupational status
Undergraduate 65 Unemployed 54
Postgraduate 35 Employed 46
Primary transport mode Shared mobility usage
PT 62 User 49
Micro-mobility 7 Non-user 51
Private car 5
Walking 20

Coach/train 6
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Step 1: Clustering the
participants (LCCA)

Indicators (f)

Gender

Educational level
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Income

Latent classes

Employment
status

Primary transport
mode

Shared-mobility
use

Figure 1. Modeling framework of the LCCA and SEM.

Where 7 is a vector of the endogenous latent variables,
&is a vector of the latent variables, Sis a matrix of the
coefficients that describe the relationships among the
endogenous latent variables, and T is a matrix of the
coefficients representing the effects of the exogenous on
the endogenous latent variables. The term { stands for
residual errors.

The clustering solutions from the LCCA method are
treated as a factor determining the multi-group analysis,
which allows the understanding of the varied attitudes
toward MaaS. Validity and reliability are evaluated to
establish the measurement part. The reliability of the
indicator is assessed through standardized loadings,
which should exceed 0.7 (J. Hair et al. 2017).
Additionally, the measurement reliability is assessed
through Cronbach a. The internal consistency of the
latent constructs is sufficient when the Cronbach «
values exceed 0.6 (J. Hair et al. 2017). The average
variance extracted (AVE) values should be above 0.5
thus confirming convergent validity (J. F. Hair et al.
2010). Maximum likelihood estimation is used to
develop SEM. Several fit measures are applied: the com-
parative fit index (CFI), the goodness-of-fit index (GFI),
and the Tucker-Lewis index (TLI), which should

Step 2: The intention to adopt MaaS (SEM)
Performance I
expectancy (PE)
H1 (+)
c
Effort expectancy ;
(EE) S
H2 (+) 8
Social impact %
(S 9
']
H3 (+)
. Ha Facilitating
Intention to ] condition (FC)
adopt Maa$S () !
(B8) H5 ]
Perceived risk
(PR) >
a
H6 (+) g
Q
Technology g
readiness (TR) z
H7 (+) §
Environmental )
consciousness
(EC)
H8 (+)
Variety seeking
(VS)
v

surpass 0.8. Moreover, the root mean square error
(RMSEA) should be below 0.05 (Byrne 2013; Kline
2015).

Hypothesis development

Table 4 shows the attitudinal statements related to the
respective latent variables. Several hypotheses associated
with the intention to use MaaS are proposed in this
study. The latent variables in the UTAUT model are
proven to be effective in revealing the travelers’ attitude
toward using emerging mobility solutions. Such latent
variables as FC (Kapser and Abdelrahman 2020), PE,
and EE (Madigan et al. 2017) have significant impacts
on the willingness to adopt autonomous vehicles
(Ferencz and Zéldy 2024). Furthermore, the close rela-
tives’ opinions substantially influence college students’
intention to adopt MaaS (Kriswardhana and
Esztergar-Kiss 2024b). Therefore, the following hypoth-
eses are proposed:

H1: PE positively affects the intention to use MaaS.

H2: EE positively affects the intention to use MaaS.
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H3: SI positively affects the intention to use MaaS.
H4: FC positively affects the intention to use MaaS.

Those travelers who expect drawbacks in using MaaS
are less likely to be interested in adopting the service
(Ye, Zheng, and Yi 2020). The familiarity with using
travel apps is proven to be significant in predicting the
keenness to use Maa$S (Hasselwander et al. 2022; Lopez-
Carreiro, Monzon, and Lopez 2024). Meanwhile, the
travelers with high environmental sensibility find the
shared transport modes interesting (Mouratidis 2022).
Finally, variety-seekers tend to embrace the new service
(Lopez-Carreiro et al. 2021). Based on these descrip-
tions, the following hypotheses are proposed:

HS5: PR negatively affects the intention to use MaasS.
Hé6: TR positively affects the intention to use MaaS.
H7: EC positively affects the intention to use MaaS.

HS8: VS positively affects the intention to use MaaS.

Results and discussion

The descriptive results of the survey are presented in
Table 1. The sample primarily comprises male partici-
pants (68%) with the majority being undergraduate
students (65%) aged 23 or younger (73%). The sample
is in accordance with the BME Facts and Figures docu-
ment (BME 2021), which reports that approximately
69% of the students are male and 61% are

undergraduate. Most students do not work (54%) and
come from households earning more than €700 per
month (69%). The participants’ primary transport
mode is PT (62%), while slightly more than half of
them (51%) are not shared mobility users.

Clustering the respondents

The LCCA method is conducted to identify the respon-
dents’ differences and variability. Figure 2 shows the
model fit, where five models are evaluated to determine
the most suitable number of clusters. Both the Bayesian
information criterion (BIC) and Akaike information
criterion (AIC) suggest that the 2-class model is the
best clustering solution.

Table 2 presents the parameters of the final model.
Except for the p-values of gender and educational level,
the p-values of the other indicators are less than or equal
to 0.05, which demonstrates that these indicators play

6300

6250 -
w 6200 o
S L~
T 6150 -
O 6100 —_— e
53]
S 6050 LS . p=
O b O @ecssessenes
< 6000 P o
5950
5900
1-cluster 2-cluster = 3-cluster = 4-cluster S5-cluster
model model model model model
-t BIC 6104.61 6095.32 6144.52 6199.37 6253.00
«s@.. AIC 6063.82 6009.20 6013.08 6022.61 6030.91

Figure 2. Model fit statistics for 1- to 5-cluster solutions based
on the LCCA.

Table 2. Parameter estimates for the 2-cluster solution from the LCCA.

Cluster-1 Cluster-2 Wald p-value
Gender
Male —-0.033 0.033 0.303 0.580
Female 0.033 —-0.033
Educational level
Bachelor's degree 0.071 —-0.071 1.538 0.210
Postgraduate —-0.071 0.071
Income
<700 euro —0.281 0.281 17.1942 0.001
>700 euro 0.281 —0.281
Occupational status
Unemployed —0.776 0.776 12.803 0.001
Employed 0.776 —-0.776
Primary transport mode
PT —0.268 0.268 9.074 0.050
Micro-mobility 0.347 —0.347
Private car 0.794 -0.794
Walking —0.545 0.545
Coach/train -0.327 0.327
Shared mobility use
User —-0.359 0.359 18.843 0.001
Non—user 0.359 —-0.359




a significant role in differentiating the clusters. Those
college students who work and come from high-income
households mostly fall into Cluster-1. The university
students in Cluster-1 are more probably private car
users. Meanwhile, Cluster-2 includes PT and shared
mobility service users.

Figure 3 provides the descriptive statistics for the
socio-demographic and travel characteristics of the
two clusters. Cluster-1 represents 54% of the overall
sample size. This group primarily comprises university
students where 74% are employed, 79% are from high-
income households, 8% use private cars, and 64% do not

79% &
74% o]

8% o

o )

EWorking

Cluster 1,
54%

1/
I/

% High income

PT user
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use shared mobility services. The students in Cluster-2
are primarily unemployed (88%), low earners (44%),
PT, walking, or micro-mobility (99%), and shared
mobility users (70%).

Estimation results

Table 3 demonstrates the factors and their loadings
from the exploratory factor analysis (EFA). Most state-
ments align with the expected indicators with the excep-
tion of the TR statements. TR2 and TR3 are removed
from the analysis since the factor loadings are below 0.3.

44%
88% @

99% 3 &
70% o)

Cluster 2,
46%

User of shared
mobility

%)' Walking o—x

Low i . = Micro-mobility
ow income @Notworklngg%auser G5 Caruser Non-user of

Figure 3. The characteristics of the clusters from the LCCA.

Table 3. Final EFA results for the factors.

shared mobility

Factor 1 (FC) Factor 2 (PE) Factor 3 (EE)

Factor 4 (SI)

Factor 5 (PR) Factor 6 (EC) Factor 7 (VS) Factor 8 (Bl)

FC1 0.652

FC2 0.500

TR1 0.370

PE1 0.813

PE2 0.814

PE3 0.818

PE4 0.702

EE1 0.675
EE2 0.644
EE3 0.918
EE4 0.779

S 0.925
SI2 0.935
SI3 0.713

PR1
PR2
PR3
EC1
EC2
EC3
VS1
VS2
VS3
BI1

BI2

BI3

SS loading 1.01 2.80 2.64 245

KMO 0.851
RMSEA 0.042

0.922
0.971
0.462
0.800
0.809
0.402
0.484
0.915
0.814
0.621
0.314
0.697
2.10 1.69 1.92 1.42
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On the other hand, TR1 aligns with the FC indicator
likely due to their similarities in the questionnaire items
as both are related to the technical resources needed to
use MaaS. Therefore, TR1 is combined with other FC
statements. The EFA results indicate a Kaiser - Meyer -
Olkin (KMO) value of 0.851 and a significant Bartlett’s
test of sphericity, which confirms that the sample is
adequate, and the variables have sufficient correlations.

Table 4 shows the descriptive analysis of the indi-
cators. The number of indicators is reduced by remov-
ing those with factor loadings less than 0.5 thus
increasing the internal construct reliability. For FC,
the variable is eliminated since it has unsatisfactory
Cronbach a and AVE values. The remaining
Cronbach a values are between 0.72 and 0.90, which
confirms adequate reliability. Convergent validity is
confirmed by the AVE values ranging from 0.60
to 0.82.

The comparison of the mean values of the indicators
between the total sample and the identified clusters is

shown in Figure 4. Generally, the students in Cluster-1
show more positive attitudes toward Maa$ as evidenced
by the highest mean values for PE, EE, and BI. Most
college students in the first group work and come from
high-income households. While the majority of the
students in this group are PT users, a larger proportion
of private car users are found in the cluster, and they are
mostly not shared mobility users. Surprisingly, based on
the results of the descriptive analysis, more positive
attitudes toward Maa$ are found among the participants
in this cluster. Previous research works primarily sug-
gest that early adopters of MaaS$ are PT users (Coppola,
Silvestri, and Pastorelli 2025; B. Wang et al. 2024) and
those who have tried shared mobility services (Hoerler
et al. 2020; Kriswardhana and Esztergar-Kiss 2024b).
However, it is worth noting that the participants of the
current research are university students with more open
attitudes toward emerging mobility solutions.
Moreover, the students in the first group show high
interest in having new experience indicated by the

Table 4. Latent variables and their corresponding indicators, including item means, SDs, and factor loadings from the measurement

model.
Indicator Mean  SD  Factor loading
Performance expectancy (PE) (a= 0.88; AVE= 0.73)
The individual anticipates that utilizing MaaS will be time-efficient (PE1) (Kriswardhana and Esztergar-Kiss 2025). 4,04 1.00 0.81
The individual anticipates that utilizing Maa$S will reduce costs (PE2) (Kriswardhana and Esztergér-Kiss 2025). 4.00 1.06 0.80
The individual anticipates that MaaS will ensure convenience during trips (PE3) (Ye, Zheng, and Yi 2020). 4,02 1.02 0.87
The individual anticipates that MaaS will provide access to transportation services anytime and anywhere (PE4) 413 098 0.78

(Ye, Zheng, and Yi 2020).
Effort expectancy (EE)

(a= 0.86; AVE= 0.69)

The individual finds the MaaS framework easy to understand (EE1) (Kriswardhana and Esztergér-Kiss 2025). 3.04 1.1 0.74
The individual is able to accept the Maa$S system (EE2) (Ye, Zheng, and Yi 2020). 373 095 0.75
The individual thinks the MaaS framework is simple to learn (EE3) (Ye, Zheng, and Yi 2020). 3.41 0.92 0.79
The individual believes that Maa$ offers a quick purchasing process (EE4) (Venkatesh et al. 2003). 3.56 0.98 0.82
Social impact (SI) (o= 0.90; AVE= 0.82)
The individual is inclined to use Maas if it becomes widely used (SI1) (Ye, Zheng, and Yi 2020). 3.07 1.21 1.12
The individual is inclined to use MaaS if it gains approval from those around them (SI2) (Madigan et al. 2017). 3.27 1.19 1.1
The individual is inclined to use Maas if it gets media recognition (SI3) (Ye, Zheng, and Yi 2020). 2.87 1.19 0.90
Facilitating condition (FC)*
The mobile network in the area is reliable (FC1) (Ye, Zheng, and Yi 2020). 4.27 0.87
PT availability around the individual’s home is sufficient (FC2). 4,02 1.13
Technology readiness (TR)* 448 0.94

The individual uses mobile apps to obtain travel updates (TR1) (Alemi et al. 2018).
The individual frequently utilizes in-vehicle GPS (TR2).* 327 130
The individual frequently accesses social media (TR3).* 3.64 1.19
Perceived risk (PR) (0= 0.83; AVE= 0.76)
The individual is concerned about the difficulty of learning how to use Maa$S (PR1) (Ye, Zheng, and Yi 2020). 2.05 1.07 1.00
The individual finds Maa$ potentially complicated (PR2) (Ye, Zheng, and Yi 2020). 207 1.08 1.02
The individual is worried about their decreased privacy (PR3) (Ye, Zheng, and Yi 2020). 2.27 1.13 0.61
Environmental consciousness (EC) (0= 0.72; AVE= 0.60)
The individual takes environmental factors into account when selecting transport modes (EC1) (Lavieri and Bhat 2019). 2.97 1.22 0.96
The individual is willing to spend more on environmentally friendly products (EC2). 2.95 1.22 1.01
The individual believes in climate change (EC3) (Ali et al. 2018). 446 0.93 0.41
Variety-seeking lifestyle (VS) (0= 0.80; AVE= 0.68)
The individual values new experience (VS1) (Rieser-Schiissler and Axhausen 2012). 4.06 1.06 0.59
The individual enjoys trying new things and tools (VS2) (Alemi et al. 2018). 349  1.09 1.02
The individual likes testing new products before others (VS3) (Lavieri and Bhat 2019). 3.40 1.18 0.94
Behavioral intention (BI) (o= 0.76; AVE 0.65)
The individual perceives adopting MaaS$ as highly beneficial (BI1). 337 099 0.84
The individual plans to reduce car usage with Maa$ (BI2). 278 116 0.58
The individual intends to use Maa$ once it is implemented (BI3). 3.38 1.02 0.89

*Eliminated in the EFA.
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Figure 4. The mean values of the indicators for the total sample and each cluster.

highest mean values of the VS indicator. The students in
this group present more environmentally friendly beha-
vior, too. These findings might be associated with the
fact that they mostly come from high-income house-
holds and can afford to adopt recent technologies and
pay for more environmentally friendly products. Thus,
although most car users are present in this group, they
could be considered potential adopters of the MaaS
service.

Meanwhile, the students in Cluster-2 are primarily
PT users who come from low-income households.
Generally, their interest in adopting MaaS is less com-
pared to Cluster-1 and all the sample. Moreover, the
students in Cluster-2 have a high perception of risk
when using MaaS. However, it is worth mentioning
that the disparities in the mean values between the
clusters are mostly insignificant except for BI2 (y*=
16.444, p < 0.001).

The Lavaan package in R is used to evaluate the
structural model (Rosseel 2012). The path coefficient
illustrates the relationships among the constructs
(Table 5). It is important to note that H4 and H6 are
excluded from the analysis due to unsatisfactory results

in the EFA and CFA. The results reveal that the
extended UTAUT framework can be used to increase
the understanding of students’” intentions to use MaasS.
In particular, the results confirm that the intention to
use MaaS is significantly influenced by PE, EE, SI, EC,
and VS, while PR is not statistically significant.

In the total sample, EE is the most substantial pre-
dictor of BI, which is followed by SI, VS, EC, and PE.
This means that those students who consider MaaS
easy-to-learn are more likely to be MaaS adopters.
Similarly, their relatives’ opinions and the media affect
the students’ intentions to adopt Maa$S. Thus, it can be
confirmed that HI-H5 are supported. In Cluster-1,
a more positive effect of SI on BI is present.
Conversely, the effect of SI on BI is lesser in Cluster-2.
PE positively influences the intention to adopt MaaS in
Cluster-1, while the effect is not significant in the other
cluster. This could be interpreted as the important role
of perceived beneficial aspects of using MaaS in influen-
cing the willingness to adopt the mobility solution
among the students of Cluster-1. Students will appreci-
ate MaasS if the service could provide lower travel time,
costs, and the ability to travel anywhere and anytime

Table 5. Results of the path coefficients for the total sample and each cluster.

Path coefficient

Hypothesis Path Cluster—1 Cluster—2
H1 Bl —PE 0.126* 0.218* 0.027
H2 Bl — EE 0.607* 0.489* 0.690*
H3 Bl < Sl 0.281% 0.329* 0.261*
H5 Bl — PR —0.026 —0.062 -0.018
H7 Bl — EC 0.135% 0.078 0.204*
H8 Bl < VS 0.183* 0.093 0.244*
Fit statistics Total sample Multigroup analysis

GFI 0.994 0.993

CFI 0.994 0.995

TLI 0.993 0.994

RMSEA 0.068 0.067

*Statistically significant at a 95% confidence level.
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conveniently. This is understandable since most car
users are present in Cluster-1, and they are familiar
with the convenience of using private cars with no
transfers needed.

Meanwhile, the positive impacts of EC and VS on the
intention to adopt Maa$ are present in Cluster-2. The
students who frequently use PT and shared transport
modes as well as have a high awareness of environmen-
tal issues are more interested in adopting MaasS.
Conversely, while the students of Cluster-1 exhibit
a high level of EC, this variable does not have
a statistically significant impact on the intention to use
the mobility solution. Thus, the attitudes related to
saving the environment are not necessarily associated
with the intention to adopt MaaS in the case of those
students who are frequent car users and come from
high-income households. This finding implies that the
value placed on environmental benefits may vary across
different traveler groups. A similar trend is observed
with the VS variable, where the students of Cluster-2
who recognize the value of gaining new experience are
more inclined to adopt Maa$S. Referring to the charac-
teristics, most shared mobility users are present in
Cluster-2. This finding aligns with a study (Song, Hess,
and Dekker 2022) mentioning that novelty seekers are
more likely to switch from existing modes to new shared
mobility services. However, the effect is absent among
the students in Cluster-1, which indicates that VS is not
a main factor for frequent car users in adopting MaaS.

The policy implications for escalating the uptake of
Maa$S among college students differ based on the
identified clusters. Since for all clusters, PE and SI
are essential in affecting the willingness to use MaaS
among university students, travel experience and the
positive perception of the media and people toward
MaaS should be increased. Attracting private car users
to use MaaS$ is challenging since they are mostly not
interested in adopting this new mobility solution. The
integration of the modes supporting the use of PT
should be improved, and the gap in last-mile trips
should be covered. Furthermore, social media promo-
tion could be essential to attract university students to
use MaaS. As for Cluster-2, the MaaS system should
be simple. Mentioning the environmental benefits of
MaasS is essential for the students of this cluster. Thus,
the information regarding comparing the environ-
mental effects of using Maa$S and private cars should
be demonstrated. To increase the intention to adopt
MaaS$ among variety-seekers and maintain the engage-
ment, MaaS could provide gamification practices,
such as reward, recognition, and a sense of progress.
Gamification is a popular persuasive way to promote
sustainable travel behavior (W. Wang et al. 2022). For

example, those travelers who use Maa$S bundles con-
taining more environmentally friendly modes could
be rewarded with badges or points to climb the lea-
derboard. This way, MaaS will not be considered
a boring app for travelers.

Conclusion

This study analyzes university students’ acceptance of
MaaS by categorizing their preferences into two groups
identified through LCCA. SEM is conducted to uncover
the relationship between the latent attitudinal variables
and the intention to use MaaS. Current research work
extends the UTAUT framework by adding four latent
variables associated with the adoption of new mobility
services. Two groups of the examined students are
revealed. The first group is comprised of high-income
college students who use PT and private cars while
showing a willingness to adopt MaaS if the service aligns
with their positive expectations and receives favorable
feedback from other travelers and the media. Cluster-2
includes low-income university students who use PT.
They are likely to be interested in MaaS$ if the service is
user-friendly and environmentally friendly. Relevant
stakeholders could leverage these findings to implement
more effective promotional strategies, such as utilizing
social media platforms to promote MaaS among uni-
versity students and incorporating gamification ele-
ments to attract more users.

The first limitation of this study pertains to its
generalizability. The participants in this study are
drawn from a university; thus, the findings should
be interpreted with caution and may not be applicable
to other population groups. Future research could
broaden the sample to include students from various
institutions and geographic regions to improve the
validity of the study. Secondly, bias might exist since
MaaS is yet to be introduced at the time when this
study is conducted. Furthermore, the income category
might oversimplify the income range and potentially
introduce bias. The income grouping might overlook
important differences in the income categories and
could affect the results, especially if several respon-
dents have incomes close to the cutoff of 700€ or if the
income distribution is unbalanced. Several hypotheses
do not meet the statistical significance criteria, espe-
cially at the group level. Therefore, upcoming research
could redefine the group classifications by performing
other classification methods. Lastly, the FC indicators
do not completely account for the associated latent
variable. Future studies could investigate additional
indicators that may clarify the supporting conditions
for using MaaS.
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