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ABSTRACT

Mobility-as-a-Service (MaaS) has been recently gaining ground, presenting a shift away from existing
ownership-based transportation and towards access-based ones. MaaS is still surrounded by
uncertainties: its development and applicability are mainly centered in developed countries; however,
we believe that MaaS is modular, adaptable and applicable to several realities. In this sense, this study
aims to examine university student’s demand and predisposition for MaaS usage in a developing
country, as well as to understand the differences in mobility perception among those students who are
car users and non-car users. This survey was applied to over 300 university students in a Brazilian city,
Lavras. Using the CART algorithm, we obtained classification trees to predict favorable responses
related to MaaS use, based on several predictor variables (socio-economic characteristics, means of
transport used, distance, etc.). We observed that car users are a little less sensitive to cost than
non-car users. For car users, the commute alternatives that take longer, with less flexibility and
availability — even when offered at lower cost — are not appealing, while the non-car users accept
alternative options and expend more time when lower costs are available. Also, in general, a tree-based
classification model predicted a positive adherence possibility for a MaaS scheme for both car users
and non-car users (69%). As conclusions, this study suggests that there is a predisposition to accept the
MaaS model for creating value for commuters in a developing country. We found that many MaaS
characteristics (e.g. payment via app, transportation integration, monthly plan, customization, and so
on) presented a positively predictable possibility of substitution, especially for Millennials. Also, we
found that bicycles may be a mode that can be explored for MaaS schemes worldwide, and that
hitchhiking could be used as a strategy to apply MaaS in places where public transportation lacks
efficiency.

Keywords: college students, developing countries, Mobility-as-a-Service, public transportation, travel
behavior, university students, urban mobility, tree-based classification model.

1 INTRODUCTION

Over the course of the 20th century, private cars have become the dominant mode of
transportation worldwide, due to their capacity of fulfilling the growing need for
individuality, independence and flexibility; however, such private vehicles are also the source
of a variety of negative environmental impacts, both on a global and local level [1]-[4]. Thus,
urban mobility is suffering due to a rapid increase in vehicle numbers; hence, now the
challenge is to enhance mobility and accessibility, while at the same time, reducing
congestion, road accidents and pollution in cities. Therefore, the realization of more
environment-friendly transportation systems is now a worldwide goal [5], [6]. As an
alternative, shared mobility has the potential to reduce private vehicle dependence and by
consequence, their negative environmental effects [7]-[9].
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By presenting a shift away from the existing ownership-based transport system toward an
access-based one, the concept of Mobility-as-a-Service (MaaS) has been gaining ground: it
is becoming a concrete market option [6], [10]-[12]. By placing commuters as central actors,
MaaS aims to offer tailored-made on-demand integrated mobility solutions, based on such
users’ needs [6], [10], [13]-[15]. The concept, however, is still surrounded by ambiguities
and uncertainties [10]. Furthermore, most of MaaS deployments are centered in developed
countries with efficient transportation systems [10], [12]. On the other hand, we believe that
MaaS is modular, adaptable and applicable to several realities. In this sense, an eventual
MaaS user (in any given context) should perceive a level of value that surpasses that of
vehicle ownership or any other utilized transport mode. Nevertheless, to date, insights in
terms of the MaaS behavioral impacts or its future potential are very limited [16]. In addition,
studies about consumer behavior and MaaS usage are still incipient, as well as the fact that
research on MaaS in developing countries has not yet been found in the literature [17].

The early adopters of MaaS are expected to be comprised of younger generations (Gen-Z
and Millennials), because of their commute patterns: flexible travelers, who combine
different modes of transportation to make their trips [18]. Mostly current university and
college students can be comprehended as belonging to Gen-Z or the Millennials; in this
sense, it is important to understand that consumer acceptance of this group for personalized
on-demand services like this, in order to comprehend whether MaaS can be achieved, from
the consumer perspective, in a developing country.

Given the aforementioned, the following questions were raised as guidelines for the
present study: Is there a demand predisposition for MaaS among university students from a
developing country? Among these students, are there differences between private car owners
and non-owners, towards MaaS? Which are the main characteristics of the transportation
means that are valued by university students? This study aims to examine university students’
demand and predisposition for MaaS usage in a developing country, as well as to understand
the differences in mobility perception among students who are car users and non-car users.

Besides this introduction, our paper is structured as follows. Section 2 provides an
overview of urban mobility, with highlights on the efforts that are being made towards
access-based mobility, and also regarding consumer and travel behaviors. Section 3 presents
our research methodology, explaining the necessary steps to perform and analyze the survey.
Section 4 presents our results and discusses the proposed analysis by demographically
describing the sample; then by analyzing users’ importance given to transport mode choice;
the role of multimodality instead of ownership; and last, the tree-based classification models
utilized to understand users’ predispositions towards Mobility-as-a-Service schemes. Finally,
in Section 5, we present our concluding remarks, summarizing the study’s main findings and
highlighting the possibilities for future research.

2 LITERATURE REVIEW
2.1 Urban mobility: from car-ownership to MaaS

One of the biggest hurdles within urban transportation is car-dependency, especially in places
where public transportation is not efficient [19], [20]. Thereby, the excessive number of
automobiles has been pointed out as the main source of pollution and traffic congestion in
urban centers, worldwide [21]; thus, today’s mobility paradigm is reaching its environmental,
economic and social limits, to a point that the privately owned car will be more and more
challenged as a solution to satisfy mobility needs [22]. Thus, efficient urban mobility is
unlikely to be achieved without the provision of efficient, extensive and accessible
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multimodal transport options [6], [23]. In this sense, the concept of MaaS has been gaining
ground and it is becoming a concrete market option. The core idea behind MaaS is to envision
urban transport as a single service available on-demand and that incorporates all of a wide
range of transport modes, from cars to buses, to rail [6]. In short, to present a shift away from
ownership-based transport systems toward an access-based one [6], [10]-[12].

MaasS initiatives are fairly recent, and most of them resemble in scope the current models
of flexible transport services, including demand responsive transit [16]. What is different,
however, is the ability to bring such flexible options direct to users on a single app [24].
Nevertheless, the main issue with this value proposition is to integrate all transport means in
order to provide a better transportation choice for users, from shared economy perspective.

We comprehend, moreover, that the issues go beyond connectivity and modal integration,
and that a cultural shift is also necessary; one that aims at reducing private car dependency
and trips made with fossil-fueled vehicles, towards multiple, often shared and public mobility
offerings [11], [25]. However, such a task is easier said than done; in many cases, private
cars entail utilities besides mobility. According to Steg [26], “car use not only fulfills
instrumental functions, but also important symbolic and affective functions.” In this sense,
we understand the consumer and that travel behavior among car users and non-car users
seems to be an interesting perspective of MaaS that can be analyzed.

2.2 Consumer and travel behavior within urban mobility

In terms of mobility, the choice for a given mode of transport is an indicator of an individual’s
commute consumption pattern, which is mainly guided by cost, time and comfort factors.

Private cars are very good at fulfilling the “comfort” requirement; and to some extent,
“time,” which makes it one the most suitable options for those who can afford it [27].
Complementary, as stated by Hans Arby (CEO of UbiGo) car ownership is a kind of
“mobility insurance”; and therefore, represents flexibility and availability for its owners [28].

On the other hand, as pointed out by Delbosc et al. [29], some people would rather use
their cars due to poor city infrastructures or inappropriate offers of alternatives modes of
transport. Furthermore, as elucidated by Steg [26]; historically, car usage could be explained
by instrumental factors such as speed, flexibility and convenience; however, the author states
that symbolic and affective aspects also significantly influence the use of cars.

Nevertheless, younger generation cohorts (such as the Millennials and Gen-z) seem to
prefer alternative modes of transport, when compared to previous generations; they are
owning fewer cars, driving less, and making more use of other transport modes [29]. In this
sense, they perceive mobility not as a “product” (a physical asset to be purchased, like a car)
but as a “service” (available on-demand and with bundled transport offerings), seems to be
congruent with these generations [6].

Even an industry as solid and consolidated as the automotive one, could suffer from a
change of habits of a generation, as can be seen historically by the example of several
consolidated industries that were disrupted by digitalization: Kodak vs. digital cameras;
Blockbuster vs. Netflix; encyclopedia Britannica vs. Wikipedia; hotels vs. Airbnb, and so on
[30]. With an expectation that MaaS will be adopted first by younger generations, it has the
potential to disrupt the mobility industry on the same level as the aforementioned new
business platform entrants disrupted traditional business models [18], [31].

In this sense, dematerialization practices [32] seem to be aligned with the consumption
practices proposed by MaaS, with some pieces of evidence of this phenomenon already being
observed. For instance, the results from UBIGO (MaaS operator in Stockholm) indicate an
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increase in the usage of sustainable transport modes, while the use of private cars was reduced
by 50% [31], [33].

It is worth mentioning, however, that such positive MaaS results are derived from
experiments carried out in developed countries and regions (with good city infrastructure
and efficient transportation modes); thus, differing dramatically from the scope of
implementation of MaaS proposed in this study. According to Delbosc et al. [29], travelers’
behaviors are location-based; thus, the context in which mobility offerings are inserted
matters. With that, it is not reasonable to believe that a given MaaS implementation will be
effective in another reality, in a sense that, as stated by Datson [15]: “there will be no one
model of MaasS that fits all”.

3 RESEARCH METHODOLOGY
This study is characterized by having a quantitative and exploratory nature. The first step
refers to data collection. The survey was applied to 307 university students in Lavras, Brazil
enrolled in the second academic semester of 2018. This city of approximately 100,000
inhabitants was chosen as an object of study, given its peculiar mobility features. Due to the
high number of university students who attend one of the four universities in the city,
hitchhiking is commonplace on their daily commute.

Data collection was done by a cross-sectional study survey; with the application of a
questionnaire among some students of the four higher education institutions (HEI) of the city
(both public and private institutions). Participants were selected by non-probabilistic
sampling [34]-{36]. The questionnaire used in data collection consisted mainly of qualitative
questions. In addition to the characteristics of the individual, we investigated their
motivations for choosing some transportation means and their predisposition for sharing.

After the data pre-processing the data, descriptive statistics were used and tree-based
classification models were obtained. The latter was used while studying the profiles of users
predisposed to demand MaaS. This classification tree technique was particularly useful when
there were large numbers of predictor variables involved in the analysis. In this work, we
used the CART algorithm [37] as implemented in the rpart.R package, followed by the plots
obtained through the rpart.plot package.

4 RESULTS AND DISCUSSION
We collected a total of 307 responses. The average age range for car users was 25 years of
age; while for non-users, it was 22 years of age. As for gender, numbers were similar for men
and women (141 and 166 responses, respectively). As our sample comprised of university
students, the majority of respondents were single (282), while only 22 were married and 2
were divorced.

4.1 Importance of transport mode choice

Table 1 depicts the benefits perceived by the users regarding the choice of a transport mode
(depicted as columns) and the independent variables (depicted as lines) in a table. Such
variables were analyzed in 5-point scales (ranging from 0 to 4: from less important to most
important) for each transport mode.

Compared to other transport modes, vehicle owners pointed out that they opted for this
modality mostly because of its agility (3.83), flexibility (3.82), availability (3.73), security
(3.60) and comfort (3.28); such results are congruent with the ones found by others [27], [28].
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Table 1: Variable importance on the choice of transport mode by study participants.

(as g:i:e n (as p:i::nger) Walking Bus/Shuttle Motorcycle Bicycle
Mean SD Mean  SD Mean SD Mean SD Mean  SD Mean SD
Agility 383 0494 369 0467 273 1423 289 1191 3.86 0434 3.00 0816
Availability 373 0.617 297  1.206 3.10 1.287 277 1310 3.66 0.802 3.00 0816
Care for health 282 1276 275 1.380 282 1.289 247 1521 2.53 1.502 3.00 0.816
Comfort 328 0992 269 1369 201 1.557 256 1.382 240 1.354 1.50 0.577
Cost 238 1350 3.16 1.183 3.08 1531 313 1036 3.53 1041 3.50 0.577
Flexibility 382 0418 288 1326 322 1151 246 1.531 366 0.711 3.00 0816
Parking difficulties 2.80 1.280 1.86  1.690 s e e e 343 1.040 2.75 0957
Safety 360 0.761 322 1244 255 L1579 313 1.148 266 1.268 1.75  0.500
Status 047  0.893 036 0.833 0.53 1.140 062 1.119 0.76 1.250 1.00 1.154
Sustainability 1.78  1.438 219 1489 285 1149 272 1247 213 1.547 3.00 0816
Traffic avoidance  2.70  1.030 236 1220 238 1629 228 1.400 340 0968 3.00 0816

Although the cost per trip for car owners is the factor with the least repercussion among
the other transport modes (2.38), it was observed that such average is not much higher than
the ones of other transport modes, such as bicycles, buses, or even walking. This may be
explained because, in general, car owners tended to consider only fuel costs when questioned
about their commute costs, and forget to include the fixed costs and other additional expenses
like insurances, taxes and depreciation. Thus, this can also be a complicating factor in
attracting car owners to participate in MaaS schemes. For instance, Lyons et al. [16]
concluded that the installment purchase of a Ford Fiesta and the monthly subscription to
Whim (the MaaS scheme in Helsinki) would have very similar values.

On the other hand, regarding status, we observed that car owners do not value the fact of
“being seen driving an automobile” as something important to them (0.47). This goes against
the symbolic and affective propositions in the choice of modal proposed by Steg [26]. Such
results may be explained due to the profile of the sample (university students belong to either
the Millennials or Gen-Z) and their unique commute patterns regarding transport modes [29],
which may lead to their motives to use a car as being more instrumental, rather than affective
and/or symbolic.

On the other hand, the modal that presented the highest averages attributed to status was
the bicycle (1.00), which may be linked to the assumption that bicycles incite health and
sustainability-related benefits, which may be influencers of this perception of status. This can
be supported by the fact that this modal presented the highest averages, regarding care for
health and sustainability (both 3.00). In this way, bicycle is a modal that is still neglected in
MaaS studies [31], but it is a one that holds great potential (especially for the first and last
miles of the daily commute). Corroborating this, Mulley [11] states that the recognition of
active travel commute (e.g., cycling) can play a fundamental role in pushing this modal
towards MaaS.

The search for parking spaces stimulated by high urban density is another factor that may
influence the predisposition towards MaaS [11]. We observed that motorcycle users are the
most concerned about parking difficulties (3.43). In this sense, it is important to highlight
that just as a lack of infrastructure can discourage the deployment of MaaS schemes, the
opposite can also serve as a stimulus (as is the case of the provision of parking spaces). In a
study carried out in Sweden on corporate MaaS (CMaaS), it was observed that while drivers
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had their cars parked outside the company, many potential users had never used the CMaaS
system [38].

For public transportation users such as a bus, the “costs” and “safety” were the
determining factors for the modal choice (both 3.13).

In a similar way, we observed that the profile of users who were riding in cars as
passengers presented averages that were very similar to public transportation users (except
for the “agility” factor that is most valued by car passengers: 3.69 compared to 2.89). This
may represent an eventual migration from being public transport users towards hitchhiking
as a transport mode (thus, balancing the deficiency presented by the latter), which could
contribute to MaaS implementation in any given locality.

4.2 Multimodality instead of ownership

Table 2 presents the predisposition to change vehicle ownership (car users) or unwillingness
to own a vehicle (non-drivers) due to the associated costs. We analyzed the survey for the
percentages of “yes” answers for each statement.

Table 2: Predisposition to use other transport modes instead of cars due to the
associated costs.

Car users Non-car users
% %

Lower Cost, but...

...Longer travel times 33.33% 52.97%
...Less comfort 55.13% 66.21%
...Less avaliability 23.08% 25.57%
...Less flexibility 16.67% 28.31%
...Less convenience 25.64% 21.46%
...Shared commute 67.95% 89.50%
...Change of transport mode 61.54% 72.15%

It was observed that except for the affirmative “cost over travel time” for the non-driver
group, all other assertions pointed out that cost is not the predominant factor, for both groups.
The fact that non-drivers are slightly more vulnerable to price as a result of travel time may
have a relationship with the waiting habit that is inherent to other transport means (e.g., bus)
rather than a car. Thus, in general, those users who own vehicles are somewhat less cost-
influenced than non-drivers.

When asked about a reduction in flexibility, convenience and availability (although this
would also lead to a reduction in cost), both groups were not willing to change, and the
acceptance rate was low for all categories. The increase in convenience, when there was an
increase in cost, presented similar average results; that is, lower acceptance. In this way, we
observe that flexibility, availability and comfort are variables that are not only valued by car
users [27], but also valued by users of other transportation modes. However, the statements
involving sharing and exchange of transport modes showed the opposite results. Acceptance
was high for both groups and categories, especially regarding vehicle sharing for
non-drivers, which achieved 89.50% acceptance, linked to reduced costs. This may
corroborate the strategy of including hitchhiking as a transport mode (especially with regards
to the non-driver group), as a way to complement a possible bottleneck in public
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transportation. In addition, the willingness to have a transport mode exchange for reduced
costs is in agreement with the proposal of modal integration within MaaS schemes.

4.3 Tree-based classification models

In order to understand the predisposition to use MaaS schemes from both the perspective of
car users and non-users, we built two tree-based classification models (one for each group).
In both cases, we considered predictor variables: age, sex, income, marital status, study
day-time, driver’s license possession, distance from their institution, monthly expenses with
transportation, commute as a weekly frequency and type of institution (public or private).

Classification trees model a categorical response variable (in our case, a binary variable
with the answers Yes and No) as a function of one or more predictor variables, which can be
both categorical and numerical. The tree is constructed by repeatedly subdividing the data
into two distinct paths per variable. Those divisions are dichotomic, splitting the data into
two mutually exclusive groups. The division procedure starts with the “root node,” a variable
that explains most of the variability in the data. In creating the sequence, the same procedure
is applied to the subsequent nodes, until the tree remains reasonably small. To interpret it,
the partitions are read from top to bottom, where the left paths indicate that the condition
given on each partition (for each variable) has been fulfilled.

Considering that MaasS is a fairly recent concept [24], many of the sampled users might
not have been familiar with it. Thus, for tree construction, we used in single statements (that
were presented to the respondents) a compilation of features that are inherent to MaaS
platforms.

4.3.1 Tree #1: Predisposition to use Mobility-as-a-Service obtained from private car users
As depicted by Fig. 1, in general, there was a predisposition to use MaaS by 69% of private
car users. Five splitting variables were identified: income, weekly commute frequency, lone
commutes, day/night study-shifts and transportation expenses.

We observed that the profiled people most likely to use MaaS schemes are commuters
with intermediate income rates who use their cars 3 times or less per week (100% of cases).
On the other hand, we observed that commuters with intermediate income rates, with higher
frequencies of car usage (superior to 3 times a week) and that are used to commuting alone
(especially for a night-shift) present lower adherence and less predisposition towards MaaS
schemes (only 17% of cases).

4.3.2 Tree #2: Predisposition to use Mobility-as-a-Service by non-private car users
As observed in Fig. 2, similar to the results obtained on Tree #1: in general, non-private car
users also presented a high predisposition to use MaaS schemes (69% of respondents). For
this second model, eight splitting variables were identified: 1) distance traveled (as daily
average), 2) main transport mode, 3) car purchase intent, 4) gender, 5) age, 6) hitchhiking
habits, 7) day/night study or shift, and 8) transportation expenses.

In the case of non-private car users, we observed that those who travel daily between 1 to
4 km, who already own a car (but do not use it as the main means of transport) or those who
intend to buy a car and whom have monthly transport expenses of more than 30 euros, present
100% of the predisposition toward MaaS models. On the other hand, users with monthly
transport costs that are less than 30 euros, have intermediate commute distances, who already
own a car (or those who intend to buy one), and with commuting habits that predominantly
are during the night shift, presented only a 14% predisposition towards models of MaaS (the
most negative profile among the sampled users).
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Figure 2: Predisposition to use Mobility-as-a-Service from the standpoint of non-car users.

4.3.3 Predisposition towards Mobility-as-a-Service: drivers and non-drivers’ perceptions
When it comes to adherence to a MaaS model, we observed that while income is a
determinant variable for drivers, for non-drivers one of the most relevant variables is the
distance traveled in a commute (rather than income). The night shift for studies had negative
influences on both groups of commuters. In the same way, transport expenses influenced
both profiles. While higher commute expenses negatively reflected the model for
drivers, lower transport expenditures positively influenced the MaaS adherence, regarding
non-drivers. This reinforces the greater sensitivity to price of the non-drivers (as previously
depicted on the descriptive analyses).
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5 CONCLUSION
MaasS seeks to integrate the on-demand commute via bundled offerings of public and private
transportation on a single platform; however, as far as we know, MaaS studies have only
been carried out in developed countries that have efficient public transport networks [17].
Consequently, we observed that there was a gap with regard to both academic studies and
practical deployment of MaaS schemes in developing countries.

By the results obtained in this study, we observed that there is demand and a predisposition
towards MaaS schemes among commuters in a developing country. In fact, there is a big
challenge to offer seamless transportation in a country where public transportation is
inefficient. Nevertheless, we believe that MaaS is modular and adaptable, and can be
implemented in any context as long as its users (commuters) perceive value.

The results pointed out by study trees #1 and #2 displayed a general 69% adherence rate
from both car users and non-car users towards MaaS. Considering that the average age of our
sample was between 22 and 25 years old, we can infer that MaaS use in a developing country
does have a positive acceptance from Millennials, corroborating with Jittrapirom et al. [18].
Furthermore, we also found that, when we analyzed isolated characteristics such as: app
payment, transport integration, monthly plan, and customization, our results presented a
positive probability of substitution for both car users and non-car users. Thus, while income
has a predictive impact on car users, the daily distance traveled is the variable that exerts the
most influence on non-car users. Factors such as day/night study or shift, transportation
expenses, vehicle ownership, gender, age, hitchhiking habits and main transport mode used,
had positive and negative impacts on the prediction of predispositions towards MaaS.

We observed that among car users, the commute alternatives that take longer, with less
flexibility and availability even when offered at lower costs, were not appealing.
Corroborating this, car users pointed out that flexibility, availability and agility are the most
important characteristics in the choice of car. Also, status was not signaled as being
representative for the choice of a car. In this sense, we believe that a MaaS model that delivers
more flexibility, availability and agility may be an option for the car users in a
developing country.

Regarding non-car users, we observed that there was a relationship among car as
passengers’ users and public transportation users. In general, the importance given to the
choice of modal hitchhiking (except for the variable “agility”), is similar to that of the public
transport user (e.g. comfort, cost, safety and availability). Thus, we believe that the MaaS’
hitchhiking modal can be a strategic alternative to address the lack of public transportation
efficiency in developing countries. It is worth mentioning that models such as Wazecarpool
are already in operation in Brazil, and the adoption of hitchhiking in search of efficiency of
car users in urban transportation.

In addition, another modal for MaaS scheme that could be explored in a developing
country is the bicycle, especially when considering that this modal is an important part of the
MaaS system, especially as a solution for the first and last-mile [39]; yet such a transport
mode is still neglected by most of the MaaS studies [31]. We have observed that users of
bicycles believe that this modal delivers status, in addition to a perception of care toward
health and sustainability. In this sense, we believe that bicycles can strengthen MaaS models
not only in developing countries, but in MaaS schemes worldwide.

We also found in our sample that dematerialization phenomena are perceived as positive
for urban mobility users. The fact that transportation is dematerialized, and that it is presented
as a mobile app, shows there is real perceived value in a considerable group of car users and
in non-car users. Peer to peer business models such as Uber, Cabify and others, are already
playing an important role towards transport dematerialization, and this can promote a
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reshaping effect on the way commuters relate to transportation means, similar to what has
occurred as the music dematerialization phenomenon [32]. It is worth highlighting that
transport modes, specifically in MaaS schemes, present other complex distinctions that were
not analyzed in this study.

The MaaS concept is still recent and incipient. Therefore, further studies should analyze
aspects related to the integration of the Maas ecosystem and actors in it. We believe that the
specificities of each MaaS operator will impact its use; however, this study provides the first
step towards understanding the predisposition to use MaaS in a developing country.

We suggest that other variables must also be analyzed prior to the insertion of a
multimodal digital platform, such as: performance expectancy of the platform measured in
spheres of activity and travel time, effort expectancy and social influence [40]. Still, we
believe that hitchhiking as a transport mode can contribute to private vehicle efficiency. In
this sense, we point out the importance of analyzing the users’ perceptions regarding the
hitchhiking habit and its motivators, as a strategy for insertion of this modal in a developing
country. Another modal that should be deeply analyzed is bicycles, and consumer behavior
towards them. Last but not least, it’s worth noting that consumer perceptions are temporal
cutbacks, so it is necessary to understand the context in which the sample is inserted, prior to
making generalizations.
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