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Mobility as a service (Maas) presents a shift from existing ownership-based transports and towards access-based ones and it has been recently gaining ground in urban mobility. Maas is still surrounded by uncertainties and, its development and applicability are mainly centered in developed countries. 

However, Maas is modular, adaptable and applicable to several realities. in this sense, this study aims to examine the perception of different transport models among students and to find the profile that can predict respondents’ willingness to use Maas in a developing country. this survey was applied to over 300 university students in a Brazilian city (lavras). using the cart algorithm, it was obtained classification trees to predict favourable responses related to Maas use, based on several predictor variables (socio-economic characteristics, means of transport used, distance and other). it was observed that, car users are a little less sensitive to cost than non-car users. For car users, commute alternatives that take longer, with less flexibility and availability – even when offered at lower costs – are not appealing, while non-car users accept and spend more time whether lower costs are available. also, in general, the 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 a willingness to Maas model for creating value for commuters in a developing country. it was found that many Maas’ characteristics (e.g. 

app payment, transport integration, monthly plan, customization, etc.) presented a positive predicted possibility of substitution, especially for millennials. also, it was found that bicycle may be a modal that can be explored for Maas schemes worldwide, and casual carpooling could be used as strategy to apply Maas in places where the public transport lacks efficiency. 
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1 introduction

urban mobility worldwide is suffering due to the crescent number of vehicles. in the course of the 20th century, the private car has become the dominant mode of transportation, fulfill-ing the growing needs of individuality, independence and flexibility ([1], [2]). at the same time, car-based transportation systems are responsible for a variety of negative environmental impacts, both on a global and local level such as; noise and air pollution, emission of greenhouse gases, traffic jams, road accidents, fragmentation of ecologically valuable land, increased health costs and hence contributes to climate change ([3], [4]). thereby, urban mobility is suffering due to this rapid increase on vehicles’ numbers, hence, the challenge now is to enhance mobility and accessibility while, at the same time, reducing congestion, road accidents and pollution in cities. 

in this sense, the challenge is to enhance mobility and accessibility while, at the same time, reducing congestion, road accidents and pollution in cities. given that, the realization of more environment-friendly transportation systems is now a worldwide goal ([5]–[7]). 

as alternative, shared mobility has the potential to reduce the private vehicle use and their negative environmental effects ([8]–[10]). in this sense, the concept of Mobility as a service 
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 Rodrigo M. Gandia et al., Int. J. Transp. Dev. Integr., Vol. 5, No. 1 (2021) (Maas) has been gaining ground in recent years and becoming a concrete market option, by presenting a shift away from the existing ownership-based transport system toward an access-based one ([11], [6] ,[12], [13]). 

the Maas concept is fairly recent ([14]) and brings an innovative approach to traditional transport practices. However, Maas is still surrounded by ambiguities and uncertainties, especially related to its main characteristics and use ([11]). Furthermore, most of Maas deploy-ments are mainly centred in developed countries with efficient transport systems ([11], [13]). 

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 vehicle ownership or any other utilized transport mode. 

although there are still gaps in its theoretical field, there is a consensus related to its key concept, which is to offer tailored-made on-demand integrated mobility solutions based on users’ needs ([15], [6], [16], [11], [17]). Maas is a user-centered service ([18]), this approach places the user as central to aspects related to mobility, as pointed out by Hannon et al. [19], the individual traveller is at the heart of this evolution, so consumers need to be open to adopting new technologies and services. nevertheless, “there is very limited insight to date in terms of the behavioural impact of Maas or its future potential” ([20]). in addition, studies on consumer behaviour and Maas usage are still incipient as well as the fact that research on Maas in developing countries have not yet been found in the literature [21]. 

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 transport to make their trips ([23]). Mostly of university and college students can be comprehended as belonging to gen-Z or Millennials, in this sense, it is important to understand the willingness to use Maas from this group in order to comprehend whether Maas can be achieved, by the consumer perspective, in a developing country. 

given the aforementioned the following questions were raised as guidelines for the present study: Which are the main characteristics of transport modes valued by university students? 

is there willingness for Maas among university students from a developing country? Which are the profiles more susceptible to use a Maas scheme among those students? in this sense, this study aims to examine the perception of different transport models among students and to find the profile that can predict respondents’ willingness to use Maas in a developing country. 

this paper provides as a first step, some insights to implement a Maas scheme in a developing country, understanding the user-perspective. 

2  researcH MetHodology

With the aim of identifying the perception of different transport modes among students and to find the profile that can predict respondents’ willingness to use Maas in a developing country,  this study is characterized as quantitative of descriptive and exploratory nature. Figure 1 

presents the detailed research carried out. 

the survey was applied to university students enrolled in the second academic semester of 2018, in lavras – Brazil. this city (approximately 100,000 inhabitants) was chosen as a study object given its peculiar mobility features. due to the high number of university students the act of casual carpooling is common practice on their daily commute, especially in the public university which institutionalized this practice. casual carpooling consists in the act of informal carpools for purposes of commuting and can be understood as a variation of hitchhiking for urban areas ([23]–[25]). their essential idea is to provide a free ride for a passenger in order to complete idles seats in the car. the campus of public university counts with five stops for casual carpooling, which all have different destinations in the city. 
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Data collection

Questionnaire pretest

Sample selection

Type of sampling used

Research corpus (sample size)

2

Statistical analysis

 Research guiding questions:

Descriptive analyses

•  Which are the main characteristics of transportation means valued by university students? 

•  Is there a demand predisposition for MaaS among university students from a developing country? 

Tree-Based Classification Model

•  Which are the profile more willingness to use a MaaS scheme among those students? 

3

Analysis and discussion of results

Figure 1:  research design. 

data collection (First step, Fig. 1) was done by a cross-sectional survey through a questionnaire applied among students of all Higher education institutions (Hei) (1 public and 3 

private) in the city. the non-probabilistic sampling ([26]–[28]) was used with a final sample of 307 participants. despite being a narrow segment of the entire population, our target population (university students) provides interesting insights as potential users of Maas. the questionnaire used consisted mainly of qualitative questions. individual characteristics, their motivations for choosing some transportation means and predisposition for sharing were investigated. 

step 2 consisted in statistical analyses. We used descriptive statistics and the cart tree-based classification algorithm ([29]). the analyses were performed in r ([30]) using the rpart ([31]) and rpart.plot ([32]) packages. the sample was divided into two distinct groups within the transport modes commute, (1) with car ownership and (2) without car ownership. 

in order to answer our first guideline question ( which are the main characteristics of transport modes valued by university students?) descriptive analyses was used. Furthermore, the other guidelines questions  (is there willingness for MaaS among university students from a developing country?  and  which are the profiles more susceptible to use a MaaS scheme among those students? ) it was used descriptive and tree-based classification models. 

classification trees are used as exploratory analysis or to predict a categorical response (in our case, a binary variable with answers yes and no) based on several predictor variables. 

this Machine learning technique (classification trees) is particularly useful when there are a large number of predictors in the dataset. in these situations, model-based approaches may fail, in addition to being restrictive in distributional assumptions and inference may be affected because of nonprobability sampling. 

the tree is obtained by splitting the data repeatedly into two mutually exclusive groups based on the variable in the node. the division starts with the “root node”, with the variable which explains most of the variability in the data, and it is applied to the subsequent nodes until the final ones. the partitions are interpreted from top to bottom, where the left paths indicate that the condition on each node (variable) has been fulfilled for the sample. the result is an intuitive and easy-to-interpret structure, which provides visual insights about associations between predictors and response. 
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 Rodrigo M. Gandia et al., Int. J. Transp. Dev. Integr., Vol. 5, No. 1 (2021) classification trees were used to understand the predisposition to use Maas and the profiles more willingness to use Maas from both the perspective of users with and without car ownership (one tree for each group). our objective is to analyse the conditions of appropriation of Maas and thus to examine the conditions of its acceptability. From this perspective we place ourselves in the paradigm of the analysis of the diffusion of innovations ([33], [34]) and identify the perceived usefulness of Maas (with performance expectancy variables as costs, travel time, flexibility, multiple transport modes, safety, etc.) and the perceived ease of use it taking into account the social influence and effort expectancy to use Maas (see dantan et al. [35] for a presentation of how the individual choices of users are taken into account in the acceptability of a mobility innovation). 

as Maas is a fairly recent concept ([14]), many of the survey participants might not have been familiar with it. thus, it was used in single statements (that were presented to the respondents) a compilation of features inherent from Maas platforms. the following variables were considered as predictors or moderators: age, sex, income, marital status, study day-time, driver’s license possession, distance from the institution, monthly expenses with transportation, commute weekly frequency and, type of institution (public or private). at last, step 3 in Figure 1 consisted of the analysis and discussion of results. 

3  analyses and results

the average age range for car users were 25 years old while for non-users was 22. as for gender, numbers were similar for men and woman (141 and 166 responses, respectively). as our sample comprised of university students, the majority of respondents were single (282), with only 22 married and 2 divorced. 

3.1  tree-based classification models 

Maas is still an incipient concept, which many users might not be familiar with. thus, for the construction of the trees it was use a compilation of characteristics present in a Maas scheme, in the same statement. thus, users were asked if they would change their private vehicle (tree model #1) or would no longer purchase a private vehicle (tree model #2) for a “means of transport that would integrate multiple transport modals on a single platform (mobile app) and charge a monthly plan for it”. still, it is noteworthy that, in order to reach greater assertiveness, characteristics such as; “payment via app”, “monthly plan”, “transport integration”, and, “customized” were analysed separately for users with and without car ownership (table 1). 

it was observed that all Maas’ characteristics presented positive results regarding the willingness to use it. 

table 1:  Willingness to use Maas scheme based on their characteristics. 

With car ownership

Without car ownership

MaaS characteristics

payment via app

71.79%

68.04%

Monthly plan

69.23%

69.41%

transport integration

79.49%

85.39%

customized 

79.49%

84.93%

[image: Image 1]
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Tree #1: Willingness to use MaaS from user with car ownership as depicted by Figure 2, in general, 69% of car owners were willing to use a Maas scheme. 

Five splitting variables were identified: (1) income, (2) weekly commute frequency, (3) lone commutes, (4) day/night study-shift and (5) transportation expenses. 

it was observed that the profile most likely to use Maas schemes are commuters with intermediate income rates that use their cars 3 times or less per week (100% of cases). on the other hand, it was observed that commuters with intermediate income rates, with higher frequencies of car usage (superior than 3 times a week) and that are used to commute alone (especially in the night-shift) present lower adherence and less willingness towards Maas schemes (only 17% of cases). 

Tree #2: Willingness to use MaaS from users without car ownership as observed in Figure 3, similarly to results obtained on tree #1 in general, users without car ownership have also presented a high willingness to use Maas schemes (69% of respondents). For this second model, eight splitting variables were identified: (1) distance travelled 

[daily average], (2) main transport mode, (3) car purchase intent, (4) gender, (5) age, (6) casual carpooling habit, (7) day/night study shift and (8) transportation expenses. 

in the case of users without car ownership, it was observed that those who travel daily between 1 and 4 km (3, 4, 5), who already own a car (but not as the main means of transport) or those who intend of buying a car and that have monthly transport expenses of more than 30 

euros present 100% of willingness to Maas models. on the other hand, users with monthly transport costs of less than 30 euros, intermediate commute distances, who already own a car (or those who intend to buy one) and with predominant commuting habits during the night shift, presented only 14% of willingness towards models of Maas (most negative profile among the sampled users). 

Figure 2:  Willingness to use mobility as a service from users with car ownership. 

[image: Image 2]
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4 discussion

a Maas scheme consists of different modes of transport to provide an integrated mobility service for the user. ([11], [13]). in this sense, map the motivating factors and barriers to the use of transport mode by users is to understand the specificities to be eventually inserted in a Maas scheme. 

From our analysis, it was identified two categories of transport modes: users who own cars and those who do not. in the first category, the driver may choose not to share their vehicle or to do so (as a driver). in the second category, 5 options were identified, car (as a passenger), motorcycle, bus/shuttle, walking and bicycle. it is worth highlighting that a car owner, may also opt to use any of the categories identified for the non-drivers. 

For each mode the main benefits and barriers to their use were identified from the users’ 

reports. it was identified that there are distinct behaviours between whether or not to share a vehicle. it was considered that environmental factors and personal motivations may be responsible for this transition, as well as other unknown factors. in addition, sharing a car (as a driver) has motivations and demotivation that were not analysed because it is not part of the scope of this work. 

at last, it was understood that it is necessary to analyse the impact of each transport mode in a Maas model based on urban mobility issues that such given a mode entail. thus, it was considered that car ownership presents higher issues for urban mobility than non-ownership. 

among the alternatives, the worst scenario for urban mobility is a given user that owns a car and is not open to share it. in this sense, users who own the car but are open to sharing, and those who do not own the car, and use any of the other alternatives, present less harmful measures for urban transport. 

[image: Image 3]
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given the aforementioned and based on the importance of the transport mode choice, presented as the result of a survey with over 300 students (see gandia et al. [36]), Figure 4 

depicts the higher and lower factor indicated in our results for each mode of transport based in a spectrum indicating the urban mobility issues. 

looking at Figure 4, it was understood that the real challenge is to implement a solution that better satisfies the mobility needs than the usage of a private car. the factors that discourage users from using transport modes with less impact on urban mobility (carsharing, motorcycle, bus/shuttle, walking, bicycle) are mostly related to availability, agility and parking difficulties. a Maas scheme seeks to contribute exactly with solutions in optimizing the availability and agility of the search for the most appropriate transport mode with the aid of icts. is worth to highlight that, we use in the paper the term agility to refer to the question of an actor’s ability to change in systemic and uncertain contexts ([37]). that is why we will retain the agility definition of dove [38]:  “Being Agile means being proficient at change – 

 and allows an organization to do anything it wants to do whenever it wants to.” 

according to Kamau et al. [39], on public transport – despite of more being affordable –  

users face less comfort and more time constraints than private car users. thus, even with individual car ownership being one of the most comfortable options for those who can afford it, Maas schemes will help to contribute by minimizing the shortcomings of using other transport modes. 

However, as postulated by Hietanen [14], a Maas scheme is not suited for all user groups. 

therefore, it is important to understand exactly the predisposed profile to use Maas in order to start implementing a model from the most suitable users. thus, based in the outputs of figures 2 and 3, in order to summarize our results, Figure 5 brings the visual representation of the determinant variables for the use of Maas and the profile of users with greater willingness to its use, both for users with and without car ownership. 

When it comes to adherence to a Maas model, it was observed that the night shift of studies had negative influences for 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. 

also, shared travel habits of users for both groups influence the willingness to Maas. at last, it was observed that car owners that do not use their cars on a daily basis, are more willing to take part in a Maas scheme, as well as for those users that do not own vehicles, and that have a daily commute of intermediate distances, are also more prone to Maas schemes. 

Figure 4:  impact of transport modes on urban mobility. 

[image: Image 4]
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Figure 5:  determinant variables for a Maas scheme for the selected user groups. 

5  concluding reMarKs 

Maas seeks to integrate 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 – with efficient public transport networks ([11], [13]). 

consequently, it was observed a gap with regards to both academic studies and practical deployment of Maas schemes in developing countries. 

By the results obtained in this study, it was observed the willingness to use Maas schemes among commuters in a developing country. in fact, there is a big challenge to offer seamless transportation in a country where public transport is inefficient. 

that is because the current and real situation of Maas implementation in Brazil is far from reach even its early stages. Firstly, although there are huge disparities among regions, several steps of infrastructure development and regulatory frameworks in the foundation layer must be consolidated such as physical and digital infrastructure; land use and planning; re-orienta-tion of regulatory frameworks to reflect changes in demands in human behaviour to encour-age active travel and more flexible use of mobility modals. secondly, it must be stimulated new array of mobility providers including traditional public/mass transit services, alongside private, shared, ride-hailing and micromobility services. 

and finally, at the level of intermediation layer with the end-users, investments in Maas platform providers for providing the best possible information on journey options (price, speed, modes and routes) must be considered, in order to ideally reach seamless purchasing end-to-end journeys, incorporating local charges and regulations. 

nevertheless, Maas is modular and adaptable and can be implemented to any context as long as users (commuters) perceive value. 

the results pointed out by trees #1 and #2 displayed a general 69% of 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, it can be inferred that Maas in a developing country has a positive acceptance from Millennials, corroborating with ([22]). Furthermore, perceived value is different between various categories of users : analysis of early adopters of 
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Maas and motivations (pp. 84 “understanding maas book”). When it was analysed isolated characteristics such as: app payment, transport integration, monthly plan and customization, results presented a positive probability of substitution for car users and non-car users. 

thus, while income has a predictive impact on car users, the daily distance travelled is the variable that exerts most influence on non-car users. Factors such as day/night study-shift, transportation expenses, vehicle ownership, gender, age, casual carpooling habit and main transport mode used, had positive and negative impacts on the prediction of willingness to use Maas. 

it was observed distinctions among users with and without car ownership when it came willingness to use a Maas scheme. in this sense, two general users’ profiles were found: (1) users with car ownership are more willingness to use a Maas scheme if they (a) do not use daily the car; has (b) sharing commute habit; has (c) lower transport expenses; and (d) mostly commute in day shift. on the other hand, (2) users without car ownership are more willingness to use a Maas scheme with (a) higher transport expenses, (b) daily journals with intermediate distances; (c) casual carpooling habits; and also, (d) mostly commute in day shift. 

gandia et al. [36] states 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 with this, car users pointed out availability, comfort and safety as the most important characteristics in the choice of car. also, the status was not signalized as representative for the car’s choice. in this sense, a Maas model that delivers more availability, safety and comfort transport modals’ choices may be an option for car users in a developing country. 

regarding non-car users, it was observed that features related to “availability, agility and parking difficulties” discourage the users. For instance, the casual carpooling and bus’s transport modals are alternatives that provide solutions in cost and agility, however the lack of availability discourages their use. 

also, a recent study show that casual carpooling modal can be a strategic alternative to address the lack of public transportation efficiency in developing countries ([36]). corrobo-rate with this, it was observed that the lack of availability should be solved in order to address motivation to use both of those transport modals. 

in addition, another transport modal for Maas schemes that could be explored in a developing country is the bicycle, especially as a solution for first- and last-mile ([40]). such transport modal is still neglected by most of Maas studies ([41]). it was observed that users of bicycles believe that this modal deliver status, in addition to a perception of care with health and sustainability. in this sense, if a Maas scheme provide certain strategies to improve the parking difficulties for bikes, that transport modal can strengthen Maas schemes. these facts reinforce the analysis of the motivational factors that have been highlighted in the literature (see J. schikofsky, et al. 2020). 

it was found that the dematerialization phenomena are perceived as positive for urban mobility users in our sample. the fact that transport is dematerialized, and it is presented as a mobile app, shows real perceived value in a considerable group of car users and 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 a reshaping effect on the way commuter relate to transportation means – similarly to what has occurred to the music dematerialization phenomenon ([42]). However, is worth highlighting that transport modes, spe-cifically in Maas schemes, present complex distinctions that were not analysed in this study. 

in this aspect, it is important to address the limitations of this paper about the notion of Maasćoncept among youngers in the countryside city of Brazil. the wide range of Maas 
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 Rodrigo M. Gandia et al., Int. J. Transp. Dev. Integr., Vol. 5, No. 1 (2021) services offered to the users can put in difficult of its understanding by the interviewers, which may have a simplistic view of such a complex system. this may result in a reductionism of trade-off among existing modal modes, which is certainly not the whole comprehension of the concept of Maas. and also, it can be considered that perhaps the lack of alternatives of public transportation services may be affecting positively the rate of willingness to accept Maas in this study. 

indeed, the Maas concept is still recent and incipient. therefore, further studies should analyse aspects related to the integration of actors (considering autonomous vehicles) and the Maas ecosystem. also, the implementation of a Maas scheme (specificities and strategies) in a developing country should be considered. However, this study provides, as far as we know, a first step to understand the willingness to use Maas in a developing country. 
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ABSTRACT

Mobility as a Service (MaaS) presents a shift from existing ownership-based transports and towards
access-based ones and it has been recently gaining ground in urban mobility. MaaS is still surrounded
by uncertainties and, its development and applicability are mainly centered in developed countries.
However, Maa$ is modular, adaptable and applicable to several realities. In this sense, this study aims
to examine the perception of different transport models among students and to find the profile that can
predict respondents’ willingness to use Maa$ in a developing country. This survey was applied to over
300 university students in a Brazilian city (Lavras). Using the CART algorithm, it was obtained clas-
sification trees to predict favourable responses related to MaaS use, based on several predictor variables
(socio-economic characteristics, means of transport used, distance and other). It was observed that, car
users are a little less sensitive to cost than non-car users. For car users, commute alternatives that take
longer, with less flexibility and availability — even when offered at lower costs — are not appealing, while
non-car users accept and spend more time whether lower costs are available. Also, in general, the tree-
based classification model predicted a positive adherence possibility for a Maa$S scheme for both car
ers and non-car users (69%). As conclusions, this study suggests a willingness to Maa$ model for cre-
ating value for commuters in a developing country. It was found that many Maa$S’ characteristics (e.g.
app payment, transport integration, monthly plan, customization, etc.) presented a positive predicted
possibility of substitution, especially for millennials. Also, it was found that bicycle may be a modal
that can be explored for Maa$ schemes worldwide, and casual carpooling could be used as strategy to
apply MaaS$ in places where the public transport lacks efficiency.

Keywords: Consumer behaviour, Mobility as a service, Travel behaviour; Tree-based classification
model, Urban mobility.

1 INTRODUCTION

Urban mobility worldwide is suffering due to the crescent number of vehicles. In the course
of the 20th century, the private car has become the dominant mode of transportation, fulfill-
ing the growing needs of individuality, independence and flexibility ([1], [2]). At the same
time, car-based transportation systems are responsible for a variety of negative environmen-
tal impacts, both on a global and local level such as; noise and air pollution, emission of
greenhouse gases, traffic jams, road accidents, fragmentation of ecologically valuable land,
increased health costs and hence contributes to climate change ([3], [4]). Thereby, urban
mobility is suffering due to this rapid increase on vehicles’ numbers, hence, the challenge
now is to enhance mobility and accessibility while, at the same time, reducing congestion,
road accidents and pollution in cities.

In this sense, the challenge is to enhance mobility and accessibility while, at the same
time, reducing congestion, road accidents and pollution in cities. Given that, the realiza-
tion of more environment-friendly transportation systems is now a worldwide goal ([5]-[7]).
As alternative, shared mobility has the potential to reduce the private vehicle use and their
negative environmental effects ([8]-[10]). In this sense, the concept of Mobility as a Service
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