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This paper aims to analyse human mobility in a university campus on the outskirts of the Madrid region. Several surveys which
were distributed to students for completion during the 2017-2018, 2018-2019, and 2021-2022 courses were examined. Both an
exploration of existing transport modes using clustering techniques and a statistical analysis on trip origins, travel times, and
distances were performed. Not all municipalities with the highest number of trips were the closest to the university. The clustering
analysis identified a lower variability in the use ratio of the transport modes in the 2017-2018 course. The private car, which
exhibited a low sharing rate, was the most utilised transport mode. This was followed by public and university transportation.
Similarities between the probability distributions of journeys using public and university transports were found. High and
moderate correlations between the number of the existing stops and the amount of trips by subway and urban bus were detected.
The lowest median values of travel distances corresponded to students, administrative staff, teachers, and researchers who
exhibited very similar values. Considering the three analysed academic years as a whole, the most likely travel times were
30-60 minutes. It was detected that a higher gross annual income did not imply higher private car use. Residents in areas with the
highest ozone concentrations also exhibited a high use of motorised vehicles. A low familiarisation with car-sharing and car-

pooling platforms was also found. Globally, a high level of comfort during the trip was mostly perceived.

1. Introduction

L.1. Importance of Human Mobility in Urban Spaces. Both
human and goods mobility are key elements of urban devel-
opment, determining the urban spaces and the way in which
they function. The private car is one of the most widely used
modes of transportation for the human displacements Euro-
pean Commission [1], Eurostat [2]. In Spain, according to
Ministerio de Fomento [3], the functional dependence of pe-
ripheral areas in the city centre has been reduced by the increase
in facilities. At the same time, infrastructures and services have
increased urban development, resulting in urban sprawl. This
has led to (i) an increment in travel distances, (ii) an increase in
motorised mobility, (iii) a dispersed mobility demand, which is
difficult to satisfy through public transport, and (iv) a raise in
congestion, travel times, and environmental pollution.

In 2018, the Regional Transport Consortium of the
Madrid community conducted a survey on mobility E. D.
M. [4] which was based on telephone and face-to-face
interviews. The target population was individuals over
3years of age residing in the region. 75,208 persons
provided data on their mobility, allowing a total of 222,744
trips to be analysed. According to the survey, 27.3% of trips
carried out on working days were work-related, 15.7%
were study-related, and those caused by both shopping and
personal matters accounted for 12% each. 29% of journeys
were motivated by other reasons (walking, sport, ac-
companying another person, leisure, and medical issues).
Regarding the distribution of the transportation modes,
the most utilised was private cars (39%), followed by
walking (34%), public transportation (24.3%), and others
(2.7%).
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In accordance with the abovementioned, educational
services are among those services that produce the greatest
number of commuters in the region, which is generally the case
in cities Cadima et al. [5]. University students frequently use
more diverse modes of transportation than other citizens Paéz
and Whalen, Zhou, Whalen et al., Bagdatli and Lpek [6-9]. As
a result, some cities have adopted transport plans to improve
the overall quality of mobility around university campuses
Sgarra et al. [10].

At present, urban transport on offer is undergoing several
transformations that will have an impact on the achievement of
a more sustainable mobility. Information and Communication
Technology helps the implementation of new modes of mo-
bility through so-called “smart mobility,” which is expected to
facilitate multimodality and increase the use of public trans-
port, as well as improve accessibility in low-demand areas
Momentum [11]. The emergence of new mobility paradigms,
such as mobility as a service will also have implications on road
capacity, traffic evolution, land utilisation, and the urban de-
signs Wong et al. [12].

1.2. Background. Because university students are generators
of a large number of commutes, both the traits and factors
influencing their mobility have been extensively analysed.
Nash and Mitra [13] collected data concerning several
universities in Toronto to check patterns in the trans-
portation behaviour of post-secondary students. Two-thirds
of the students predominantly travelled on foot, by bicycle,
or carried out transitions between transport modes.
Obregon Biosca [14] explored the commuting characteristics
of students at the Universidad Auténoma de Quétaro,
pointing out that the transport choice is mainly related to the
trip distance and the individuals’ socioeconomic features.
Maia et al. [15] suggested that public transport prevails
among low-income users in certain locations. Students who
can afford higher costs tend to prefer a private vehicle, which
is seen as being safer and more comfortable. This is in ac-
cordance with Balcombe et al. [16], which mentioned that
fares, seven categories of attributes that are decisive in the
service quality, incomes, and car-owning impact on the use
of public transport. Liu et al. [17] found that student transit
riders inhabited in larger households (with more vehicles by
resident). Travel time and vehicle ownership per household
individual was demonstrated to have a very low influence.
Obregdn Biosca [14] in line with Nash and Mitra [13] stated
that the main cause for using the private car between
university students was the lack of alternatives to reach the
destination by public transport.

The influence of gender variables on the use of public
transport has also been analysed Pérez, Nayum and
Nordfjeern [18, 19]. Male students seem to show lower in-
tention to use public transport than female students, as
a consequence of the fact that both sexes differ in their
orientation towards proenvironmental behaviours Nayum
and Nordfjern, Finisterra do Pago et al., Torgler, [19-21].

Sustainability in universities has also been investigated
by Kaplan [22], Balsas [23], Daggett and Gutkowski [24],
Gurrutxaga et al. [25], and Cattaneo et al. [26] to obtain
reports that provide an overview of the students’ commutes
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in order to achieve reductions in pollution. In particular, the
Conference of Rectors of Spanish Universities (CRUE) has,
among its aims, evaluated the implementation of good
practices in both sustainable mobility and accessibility in
Spanish universities, promoting the development of mobility
plans Gutierrez and Jaraiz [27]. Balsero et al. [28] based on
the aforementioned mobility survey carried out by the
Regional Transport Consortium of the Madrid Community
E. D. M. [4] found that the use of public transport was at its
majority in six Spanish public universities, with percentages
in the range 52%-65%.

Miralles-Guasch and Domene [29] detected that the
most important restrictions for changing the travel mode
from private car to travel by nonmotorised/public trans-
portation were as follows: (i) lack of appropriate in-
frastructure, (ii) low level of walking and cycling as a priority
mode of travel among the population, and (iii) longer travel
times when public transport is utilised.

1.3. Motivation and Objectives of the Research. This research
aims to analyse the mobility of individuals attending a pri-
vate university on the outskirts of Madrid. Student surveys
conducted during the 2017-2018, 2018-2019, and 2021-2022
academic years were used. It must be noted that no surveys
were prepared for the 2019-2020 and 2020-2021 academic
courses because of the COVID-19 pandemic. This in-
vestigation focuses on answering the following questions.

(i) What are the most frequently used modes of
transport when travelling to university? Is there
a pattern of mobility, and has it changed throughout
different academic years? What is the perception of
trip comfort?

(ii) Which are the general trends in relation to private
car use? Are car-sharing and car-pooling platforms
known and used?

(iii) What are the statistical characteristics connected
with the closest distance to public transport stops? Is
there any relationship between the mode of trans-
port used and the aforementioned distance?

The goals to be achieved are derived from the answers to
the questions previously exposed.

As anovelty with respect to research described in Section
1.2, various different statistical techniques as well as clus-
tering analysis were used (see Section 2.2). The study was
carried out for all profiles of individuals attending campus,
as well as for all types of academic studies being pursued. In
particular, the following features were examined: (i) Main
travel characteristics: most frequent travel origins, used
transport modes (various aspects related to sustainability
were considered), travel times, and trip-related distances,
and also trip comfort. (ii) Supplemental travel information:
transportation sharing as well as utilisation of car-sharing
and car-pooling platforms.

Specifically, as a novelty with respect to Balsero et al.
[28], in addition to the abovementioned, the human mo-
bility examination was conducted in a private university
campus. Balsero et al. [28], based on E. D. M. [4], for each
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individual’s profile attending six public universities in 2018,
calculated the percentage of used transport modes and
compared universities with each other. In order to evaluate
the impact caused by COVID pandemic, the information
was contrasted with the data obtained from a survey carried
out in 2021. The authors also examined information such as
the number of trips, the trip times, and schedules.

2. Materials and Methods

2.1. Sample Selection: Design of Surveys—Collected Data.
In this research, the target for the surveys was students,
teachers, researchers, and people working in administrative
services. Undergraduate and graduate level students as well
as those taking professional training courses were consid-
ered. All surveys were sent to participants through the ac-
ademic services of the university. For the 2017-2018 and
2018-2019 courses, paper surveys were used, while for the
2021-2022 questionnaire, a Microsoft Form was utilised.

The procedure used for the estimation of the ideal
sample selection and the obtained results have been included
in the supplementary material document (Section S1.1,
Table S1).

The information collected through the surveys was as
follows.

(i) Respondent’s profile, which includes data con-
cerning the role he/she plays at the university (re-
searchers and teachers, administrative staff, or
students), studies pursued (in the case of the student
role), which comprises undergraduate, post-
graduate, and advanced vocational training, as well
as training at School of Haute Cuisine Le
Cordon Bleu.

(ii) Data related to the journey, which are trip origin
(zip code, community), day of the week and time in
which the journey happens, priority transportation
mode (public or university transportation, private
car or motorcycle, bicycle, and walking). Travel
schedules are also monitored (day of the week,
morning, and afternoon), distances and trip times
(Iess than 15 minutes, between 15 and 30 minutes,
between 30 and 60minutes, and more than
60 minutes). Moreover, if the journey is by private
car, the motorisation and number of companions is
recorded (0, 1, 2, 3, 4, 5, or more than 5 persons). If
the trip is by motorcycle, motorbike motorisation is
noted. Additionally, we registered information on
the comfort of the journey, if it is not comfortable,
reasons for discomfort (time, distance, traffic, public
transport, insufficient parking, and others).

(iii) Data on the use of car-sharing and car-pooling
platforms. However, there were some differences
in the questions asked in the surveys between the
three academic years.

(iv) For 2021-2022 survey, the transportation mode,
travel duration, and trip distances should be in-
dicated at every stage of the journey. For the 2017-

2018 and 2018-2019 surveys, this information is
referred to the full travel itinerary.

(v) Surveys for the 2017-2018 and 2018-2019 courses
allowed students to indicate more than one option
for the used transport mode (public or university
transportation, private car or motorcycle, bicycle,
and walking). In the 2021-2022 survey, it was only
possible to indicate one transportation mode for
each trip step. If applicable, the public bus line used
in each stage should also be described.

(vi) Regarding vehicle motorisation, in the 2017-2018
and 2018-2019 courses, it took the following values:
gasoline, diesel, hybrid, and electric. In the 2021-
2022 course, more detail on typologies of car
motorisation could be derived from the results of
the survey, which were diesel, pure electric, gasoline,
liquefied petroleum gas (LPG), plug-in hybrid,
nonplug-in hybrid, or unknown.

Because of the abovementioned, in order to be able to
compare the surveys with each other, a data migration
procedure was performed.

All used questions in this work can be found in the
supplementary material document (Section S1.2 and
Section S1.3).

2.2. Overview of Used Methods. In this section, all utilised
procedures in this research are explained. The software
resources that were required for the implementation of the
methods have been briefly described in the supplementary
material document (see Section S2).

2.2.1. Analysis of Principal Travel Attributes. In this Section,
the used methods for the study of the main trip charac-
teristics are explained (see Section 1.3).

(1) Study of Journey Origins. Most of the people working or
studying at the university lived in the Madrid community,
which consisted of 179 municipalities. One of them is
Madrid city, which is administratively divided into 21 dis-
tricts. There are 135 postcodes in the Madrid community.
For the Madrid community, bar plots showing the number
of individuals coming from the 10 most frequent munici-
palities and postcodes were calculated. We also plotted
a histogram representing the number of commuters by
postcode. In addition, a map showing the number of in-
dividuals by postcode going to the university was displayed.

(2) Study of Used Transport Modes. For the 2017-2018 and
2018-2019 academic courses, each individual could be
characterised by a vector v;,,4; which represented the ratio of
the use of each transport mode over the total number of
utilised modes for one individual j. v;4; is a vector of six
elements, where each element (i) symllaolises one of the
possible transport types: i=1: public transport, i=2: uni-
versity transport, i = 3: private car, i = 4: private motorcycle,
i=5: bike, and i=6: walking.
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where j can vary from 1 to NR, symbolising NR, the number
of respondents.

For instance, an individual (indj) who uses public trans-
port and the private car would be represented by a vector of the
form v,y j= (0.5,0,0.5,0,0,0,0, 0). For the survey referring to
the 2021-2022 course, the usage ratio for each individual was
estimated, considering the used transport type in each trip step.

In order to study the variables that describe the usage
ratios for each transport type, V; variable, Vi = 1...6, their
cumulative probability distributions were computed.

Cumulative distribution function of a random variable X
is symbolised by F (x), which is stated as F (x) = Pr(X <x).
The cumulative distribution function for a discrete random
variable X, n< N, where N is the number of possible out-
comes of X, is defined as follows:

n-1
F(x)=F(x,) = Z =P, (X =x), Vxe|[x,,x,]
k=1

(2)

With the aim of comparing the cumulative probability
distributions of the variables (V;), Vi=1...6, the Kol-
mogorov-Smirnov test Berrendero [30] was applied Massa
[31]. The following hypotheses in conjunction with a sig-
nificance level (&) equal to 0.05 were considered.

(i) Null hypothesis (H,): “the samples came from the
same distribution”

(ii) Alternative hypothesis (H ,):“the samples came from
different distributions”

If a pvalue <0.05 was obtained in the test, H, would
be rejected, and H, would be taken.

The Kolmogorov-Smirnov test allowed us to know if the
transport usage ratios exhibited similar distributions. The
analysis was carried out both at the overall university level
and by the level of studies.

In addition to all the abovementioned, a clustering
analysis of transport usage ratios was also carried out. This is
a multivariate technique Cisewski, Rodriguez et al. [32, 33]
which assigns observations to groups (called clusters) so that
in each cluster the observations, which are characterised by
certain attributes, are similar to each other, that is, analogous
objects are placed in the same group. However, all groups
differ from each other.

In order to detect the existing clusters in the transport
usage ratios, the K — Means method Ullman et al. [34] was
utilised, considering the obtained v;,4; for all respondents of
the surveys. Various indexes for determining the optimal
number of clusters were also calculated.

A set of data points D {V41, Vinas - -

considered, in which Vy4; = {vindﬂ,vmdjz, .

s Vinang) Was

> Vindjr}’ Sym-

bolised a vector V';,4; in CR", and r represented the number of

dimensions (r = 6). The k — Means method groups the data
under analysis into k clusters, as follows Ullman et al. [34].

(i) Each cluster possesses a centroid
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(ii) Given k, the k— Means algorithm performs the
following operations

(1) Randomly select k data points (which are the
initial seeds), representing the initial centroids.

(2) Using the Euclidean distance as a metric, asso-
ciate each data point to the nearest centroid.

(3) Compute the centroids again utilising all data
points present in the current cluster.

(4) If a convergence criterion is not met, steps 2 and
3 must be repeated. The convergence criteria
corresponded to the best estimate of 26 indexes
(see Table S20, supplementary material docu-
ment). The optimal number of clusters was
considered to be that value in which the highest
number of indexes coincided (“majority rule”).

In addition to all the above, for the Madrid community,
where most of the people attending the university reside, we
analysed whether there was a relationship between the influx
at the stops and the mode of transport used on each trip.
Both the postcode, which represents the administrative
region where people reside, and the geolocation of the public
transport stops were known. The former could be obtained
from the survey results, and the latter could be easily
extracted from the data provided by the Madrid Regional
Transport Consortium CRTM [35]. In view of the previously
mentioned, in each postcode, it was possible to compute the
number of stops as well as the number of individuals that use
each transport mode. Consequently, we were able to esti-
mate whether there was a relationship between these two
quantities at each step of the journey.

To compute the correlation between the aforementioned
magnitudes, it was necessary to know whether they were
derived from a normal distribution. If there was normality in
the variables, Pearson’s method should be applied; other-
wise, Spearman’s algorithm should be used. The normality of
the distributions was tested using the Shapiro-Wilks test.

In addition to previously described, the relationship
between the type of used transport and variables such as year
weighed gross income by postcode/municipality and air
pollution was analysed.

The gross annual income data corresponding to 2020 was
used, which was obtained from the National Institute of
Statistics [36] and the Tax Agency [37].

It must be noted that Madrid city corresponds to the
largest and most populous municipality (604.45 square
kilometres and 3,280,782 inhabitants in 2022). For Madrid
city, the average gross annual income by person and post-
code was considered. For the rest of the municipalities, the
average gross annual income by person and municipality
was taken. Because information on gross income in 2020 was
only available for 56 postcodes (see supplementary material
document, Section S2), a common average value was con-
templated for the remaining postcodes.

Regarding air pollution, information corresponding to
each municipality was utilised. In particular, data related to
the presence of ozone gases (the amount of nitrogen
monoxide, nitrogen dioxide, suspended particulates, and
nitrogen oxides were irrelevant compared to that ozone)
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during May in 2021 was utilised. This information was
provided by the Madrid community administration [38]. In
order to analyse the concern of individuals who commute to
the university, about the pollution in their municipality, the
presence of the aforementioned pollutants in the atmosphere
was graphically related to the used transportation mode.

(1) Study of Trip Distances, Trip Times, and Trip Schedules.
With respect to the examination of the distance travelled by
individuals from the origin to university, from the ap-
proximate geolocation (longitude/latitude) corresponding

Alat = laty,, — lat

ori’

Along = long,, — long, ;.

Alat Al
a= sin2<7a) + cos (lat,y;) * cos(latyes) * sin2($>,

¢ =2=* atan va
a Vi-a )

d=R=xc.

The function that best fits each distribution was also
identified.

Regarding the exploration of minimal distances to public
transport stops according to the trip origin, information about
the geolocation of all existing public transport stops in the
Madrid community was used. For each individual’s profile, the
approximate lowest distance to each transport node type from
the trip’s origin was calculated. The cumulative probability
distributions and statistical quartiles were also computed.
Additionally, the function that provided the best fit with the
aforementioned distributions was also identified.

Similarly to trip distances, travel times from origin to
destination were statistically studied. For each academic
course, the cumulative probability distributions of the trip
journeys from origin to destination were compared through
the Kolmogorov-Smirnov test. Additionally, histograms
were drawn. The trip schedules to university (percentage of
individuals travelling by time range) were also examined.

(2) Study of Trip Comfort. The trip comfort was also ex-
amined as well as the main reasons for dissatisfaction. The
cumulative probability distribution of this variable was
analysed.

2.2.2. Analysis of Supplemental Trip Attributes. In this
section, the used methods for the study of the supplementary
trip characteristics are explained (see Section 1.3).

Both private car occupancy and usage of car-sharing/car-
pooling platform variables were checked. Their histograms
as well as their main statistical parameters (median, mode,
and mean) were studied.

to the place where each individual resides, the distance (d)
travelled could be estimated.

The cumulative probability distributions of distances for
students, researchers, and teachers, as well as administrative
staff were calculated. To summarise the central tendency and
variability of each distribution, the statistical quartiles were
also computed.

For the calculation of approximate distances from origin
(ori) to University (des), the Haversine Method Prasetya
et al. [39] was applied, where R symbolises the equatorial
earth radius (6,378 kilometres).

(3)

3. Results

3.1. Principal Travel Attributes. In this section, the results
corresponding to the analysis of the main trip characteristics
are presented (see Section 1.3).

3.1.1. Journey Origins. Figure 1 depicts the number of in-
dividuals travelling to university by postcode. The location of
the university is marked in red. It can be seen that the
municipalities with more people travelling to university are
some of the closest, although not all of them.

The postcodes corresponding to Pozuelo de Alarcén,
Boadilla del Monte, Universidad, Aravaca, Moncloa, Las
Rozas de Madrid, Galapagar, Torrelodones, Chamberi-Rios
Rosas, and Collado Villalba were among the most usual
postcodes in the three academic years. Alcorcén, Boadilla del
Monte, Majadahonda, Pozuelo de Alarcén, and Madrid were
the most recurring municipalities (see supplementary ma-
terial document, Section S2. Figures S1 and S2, show the 10
most frequent postcodes and municipalities).

3.1.2. Used Transport Modes. For the 2017-2018, 2018-2019,
and 2021-2022 academic courses, as well as for all individual
profiles and all levels of study, a higher use of the private
vehicle over public and university transport was identified
(see Tables 1 and 2). An exception was found for the vo-
cational training studies, in which the utilisation of public
transport was more frequent.

In 2017-2018 and 2018-2019, per academic year, the
percentage of trips by car were 51.23% and 49.96%. The
proportion of trips by public transport was 45.69% and
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Figure 1: For the Madrid community, individuals travelling to
university by postcode in 2021-2022 course. Some information
retrieved from CRTM [35] was used for the construction of
the map.

TaBLE 1: The percentage of the use of each transport type for each
academic course.

2017-2018 2018-2019

Transport type No filled

Filled (%) No filled (%) Filled (%)

(%)
PT 45.69 54.31 44.35 55.65
UT 44.64 55.36 42.58 57.42
CAR 51.23 48.77 49.96 50.04
M 2.05 97.95 213 97.87
BI 0.63 99.37 0.87 99.13
w 4.01 95.99 3.95 96.05

PT: public transport, UT: university transport, CAR: private car, M: mo-
torcycle, BI: bike, W: walking.

44.35%. The percentage of journeys by university transport
was 44.64% and 42.58%. With respect to the 2021-2022, per
academic year, in the first trip stage, the most recurrent used
transportation modes were, in order, car 46.03% and
walking 24.43% and 17.45%. In the second step, the most
widely used mode of transportation was public transport
with 24.34% of trips.

For the 2021-2022 course, histograms of the mode of
transport used both at each stage of the journey and by
postcode (in stages 1 and 2) have been described in the
supplementary material document (Figures S3-S5). Tables
showing data on the percentage of use of transport modes by
individual’s profile (Tables S2-S10 in addition to Tables S11
and S12) have also been included.

Also, for the 2021-2022 course, regarding trip step 1,
Figure 2 depicts by postcode, the number of individuals that
used each transport mode by postcode. In Figure 3, for trip
step 2, similar information is displayed.
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In 2021-2022, it was possible to identify some of the most
frequently used public bus lines. They were the following
five: 561-A (Aluche neighbourhood in Latina district, Las
Rozas municipality), 561-B (Pozuelo municipality, Las Rozas
municipality), 565 (Boadilla municipality, Pozuelo munic-
ipality), 561 (Aluche neighbourhood in Latina district, Las
Rozas municipality), and 659 (Moncloa district, Majada-
honda municipality). All these lines are managed by the
company AVANZA [40]. The university transport was the
following buses: Alcorcon-University, Aluche-University,
University-MSI Motor and Sport Institute, and Plaza
Castilla-University.

Regarding travel stages, 34.62% of persons performed
two steps in their journey. 22.03% and 5.28% of the people
carried out steps 3 and 4, respectively. And only 1.78% and
0.25% of the people make journeys with steps 5 and 6. It
must be noted that various individuals did not consider
walking to the car as the first step of the trip.

For all analysed courses, the percentage of use of each
type of car motorisation, which was calculated over the total
number of car trips could be obtained (see Tables 3 and 4).
As previously indicated (see Section 2.1), in the survey
corresponding to 2021-2022, more motorisation typologies
could be chosen by respondents.

Tables 3 and 4 depict a slight reduction in the percentage
of diesel and gasoline cars as well as a small increase in the
percentage of hybrid and electric cars during the analysed
academic years.

Regarding the usage ratio of transport modes, in 2017-
2018 and 2018-2019, in line with the results of Kolmogor-
ov-Smirnov test (p value > 0.05), similarities existed between
the probability distributions of public and university trans-
ports, as well as between the displacements by motorcycle and
bike. No similarities between the aforementioned distribu-
tions were detected in the 2021-2022 course (see Table 5).

In the analysis by educational level, for undergraduate and
graduate students, the similarity was detected between public
and university transport in 2017-2018, as well as between bike,
motorcycle, and walking in both 2017-2018 and 2018-2019.
For undergraduate students, analogies were found between
bike and motorcycle transportation in 2021-2022. Graduate
students exhibited similarities between walking, bike, mo-
torcycle, as well as public and university transport.

Tables displaying information on the transport uti-
lisation ratios and the obtained pvalue in the Kolmogor-
ov-Smirnov test by individual’s profile can be found in the
supplementary material document (see Tables S13-S18).

With respect to clustering analysis, for the 2017-2018
course, according to “the majority rule,” the optimal number
of clusters was 2. This magnitude was 3 for the 2018-2019
and 2021-2022 courses. For the 2017-2018 and 2018-2019
courses, in cluster 1, the highest means, medians, and modes
corresponded to public (0.42, 0.56, and 0.42) and university
transport (0.42, 0.27, and 0.42). In cluster 2, the highest
values were associated with trips by car (0.98, 0.89, and 0.98).
For the 2021-2022 course, cluster 1 and 2 exhibited the
highest values for car (0.99, 1, and 1) and public transport
(0.77, 1, and 1) journeys, respectively. Cluster 3 showed the
largest values for public transport trips (0.50, 0.50, and 0.33).
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TaBLE 2: The percentage of the use of each transport type, in each step, for 2021-2022 course.

Transport type Step 1 (%) Step 2 (%)

Step 3 (%)

Step 4 (%) Step 5 (%) Step 6 (%)

PT 17.45 24.34
UT 7.48 717
CAR 46.03 2.25
M 0.71 0.18
BI 0.09 0.06
W 24.43 0.62
Unfilled 3.82 65.38

8.18 1.45 0.25 0.03
11.20 3.14 0.28 0.15
0.30 0.09 0.03 0
0 0 0 0
0 0 0 0
2.34 1.11 0.52 0.06
77.97 94.22 98.92 99.75

PT: public transport, UT: university transport, CAR: private car, M: motorcycle, BI: bike, W: walking.

It is noteworthy that in all courses, there was a cluster of
individuals who used mainly private cars (modes took the
values 0.98 and 1). According to the results, in the 2018-2019
course, there was a cluster of persons that relevantly utilised
university transport (mode is equal to 0.89). In 2021-2022
a cluster that exhibited a high use of public transport existed
(mode took a value equal to 1).

A table depicting the number of obtained clusters
according to the indicated metrics in Section 2.2.1 can be
found in the supplementary material document (Table S19).
The document also describes tables showing mean, median,
mode, and standard deviation in each cluster
(Tables S20-S22 as well as Table S23).

For the 2021-2022 course, the dependence of the chosen
transport mode on the number of available public transport
stops was also analysed. The Shapiro-Wilks test was applied
in order to check the normality of the variables. None of the
variables derived from a normal distribution, since the
pvalue was lower than 0.5 in all cases (see supplementary
material document, Tables S24 and S25). Since, there was no
normality in the aforementioned variables, the Spearman’s
algorithm was applied to calculate the correlations. A high
correlation existed between the displacements by subway
and the numbers of subway stops. However, a low associ-
ation was found in the movements by commuter trains and
Madrid’s urban buses as well as by light subway (see Table 6).
It is noteworthy that the journeys by interurban bus
exhibited a low negative correlation with the number of
stops. A moderate association was found in the displace-
ments by urban bus.

In 2021-2022, the relationships between the type of
transport used and the variables of economic income and
air pollution were also examined. In Figure 4, which
displays the transport mode as a function of the weighted
gross income in step 1 (A) and 2 (B), it can be seen
that a higher gross annual income do not seem to imply
higher private vehicle use. Regarding pollution, Figure 5
depicts the transport mode as a function of ozone con-
centration in steps 1 and 2. It can be observed that even in
those areas with the highest ozone concentrations, in-
dividuals were travelling to the university by private car
and motorcycle.

3.1.3. Trip Distances, Travel Times, and Schedules. With
regards to trip times, it can be observed that the most likely
travel times are 15-30 minutes and 30-60 minutes for the

2017-2018 and 2018-2019 academic courses. In the 2021-2022
academic course, the most likely duration of trips are
30-60 minutes and > 1 hour. With respect to schedules, most
individuals stay in the university during the morning in all
analysed academic courses. In the 2017-2018 course, 36.80% and
27.15% of students stay in the university during the morning or
afternoon, respectively. 29.51% is there during the morning and
afternoon. In the 2018-2019 course, these percentages were
43.09%, 16.82%, and 33.85%. With respect to the 2021-2022
course, these features were 72.12%, 19.35%, and 4.12%.

Figures showing the cumulative probability distributions
and histograms related to trip times for the 2017-2018, 2018-
2019, and 2021-2022 courses have been described in the
supplementary material document (Figures S9 and S10). For
the 2021-2022 course, the document also includes histo-
grams of duration in each step of the journey (Figure S11) in
addition to histograms of the schedules in which individuals
stay in the university (Figure S8).

Regarding travel distances, Table 7 depicts, for each
individual’s profile, the statistical quartiles that correspond
to the trip distance. The lowest median values corresponded
to students. Administrative staff, teachers, and researchers
exhibited very similar values.

Tables 8 and 9 display the functions that provide the best fit
with the cumulative probability distribution of the afore-
mentioned distance. Students as well as researchers and
teachers were characterised by an accumulative probability
distribution which could be conveniently described by
a Pareto 2 function. In contrast, figures which correspond to
the administrative staff were symbolised by a Box-Cox power
exponential function (see Table 8). A Box—-Cox power expo-
nential function can be defined as follows Rigby, et al., Sta-
sinopoulos and Rigby, R-gamlss, Stasinopoulos et al. [41-44]:

saTexp[-1/2|z/c|"]

, 4
W o2 (1/7) )

fOlw o7 =y
where ¢ = [2C¥9T(1/7)/T (3/7)]%°, where if v #0, then z =
[(y/w)]” = 1]/ (vo) else z = log (y/u)/o, for y >0, u>0, 0 >0,
v = (—inf, +inf), and 7> 0.

Analogous information which referred to the distribu-
tion of closer distances to public transportation stops is
described in Tables 10-12. In the Madrid community, the
most dispersed networks correspond to interurban bus and
urban bus networks. This is in addition to the commuter
trains network. Therefore, these networks are those that
exhibit the greatest reach (see Figure 6).
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FIGURE 2: For the Madrid community, for the 2021-2022 course, the number of individuals who used public transport in step 1. Some
information retrieved from CRTM ([35] was used for the construction of the map. (a) Subway. (b) Light subway. (c) Interurban bus.

(d) Urban bus. (e¢) Madrid urban bus.
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FIGUre 3: For the Madrid community, for the 2021-2022 course, the number of individuals who used public transport in step 2. No
individual used the commuter trains for trip step 2. Some information retrieved from CRTM [35] was used for the construction of the map.
(a) Subway. (b) Light subway. (c) Interurban bus. (d) Urban bus. (e¢) Madrid urban bus.

As can be observed in Table 11, for administrative staft as
well as teachers and researchers, the cumulative probability
distributions followed a type 2 Pareto function.

A Pareto distribution type 2 is defined as follows Rigby,
et al., Stasinopoulos and Rigby, R-gamlss [41-43]:

f(y“/l; O,) — é}ll/u (y + #)—1/01-1, (5)

where y>0,4>0 and 0> 0.
However, that corresponded to students who could be
properly fitted by a Box-Cox-Cole-Green-Orig function.
The probability distribution function of a Box-Cox Cole
and Green distribution is defined as follows Rigby & Stasi-
nopoulos, Rigby and Stasinopoulos, Stasinopoulos et al., Hastie
and Tibshirani, Stasinopoulos & Rigby [42, 43, 45-48]:

1 yv—l ZZ
= —exp| — 6
f (i 0,v) Vi Ples o exP( 5 ) (6)

where if v#0, then

(ylw)" -1
jow=1l, )
else
o = logiw) (8)
o

where ¥y >0, y>0, 0>0, and v = (—00, +00).

For students, researchers, and teachers, the closest public
transport stops correspond to the subway and light subway.
By contrast, for administrative staff the nearest stops are
those associated with the commuter trains (see Table 10).

3.1.4. Trip Comfort. Most individuals thought the trip was
comfortable in all analysed courses (50.17%, 55.93%, and
61.49% in the 2017-2018, 2018-2019, and 2021-2022

academic courses, respectively). The most important
causes of discomfort in the 2017-2018 course were time,
distance, and traffic (51.83%, 46.33%, and 39.39%, re-
spectively). In the 2018-2019 course, these figures varied
slightly, displaying time and distance (46.78% and 37.89%,
respectively). Time (29.36%) was the main issue in the
2021-2022 course.

Figures showing the number of individuals by cause of
discomfort (time, distance, traffic problems, transportation,
insufficient parking, and other reasons) have been in-
corporated in the supplementary material document
(Figure S12). It must be noted that not all persons answered
the questions related to travel comfort.

3.2. Supplemental Trip Attributes. In this section, the results
corresponding to the analysis of the supplementary trip
characteristics are presented (see Section 1.3).

For all analysed courses, the highest probability of the
private car occupancy variable corresponded to vehicles
occupied by only one person.

Figures displaying the histograms and the cumulative
probability distributions corresponding to the number of people
in private cars have been included in the supplementary ma-
terial document (Figures S6 and S7). Table 13 depicts the main
statistical parameters referred to the aforementioned variable.

Regarding the usage of car-sharing and car-pooling
platforms, most persons knew the car-sharing platforms
but did not use them in all academic courses (in 2021-2022,
69.60% persons had knowledge of the car-sharing platforms
but did not utilise them, while 20.58% individuals had never
heard of them. These features were 61.69% and 9.92% and
61.69% and 14.10% in 2017-2018 and 2018-2019, re-
spectively). Figure displaying the histograms related to car-
sharing and car-pooling platforms for all analysed courses
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TaBLE 3: The percentage of the use of each type of car for the
2017-2018 and 2018-2019 courses.

Year 2017-2018 2018-2019
Type of motorisation Percentage (%)

Diesel 51.62 53.22
Gasoline 44.92 40.55
Hybrid 2.84 497
Electric 0.55 1.26

TaBLE 4: The percentage of car motorisation types for the
2021-2022 course.

Type of motorisation Percentage (%)

Diesel 49.68
Gasoline 38.14
Nonplug-in hybrid 5.83
Pure electric 2.18
Plug-in hybrid 1.60
LPG 1.47
Unknown 1.09

TasLE 5: Similarity between cumulative probability distributions of
transport utilisation ratios.

PT UT CAR M BI \4
2017-2018 survey
PT 1 0.74 0 0 0 0
uUT 0.74 1 0 0 0 0.82
CAR 0 0 1 0 0 0
M 0 0 0 1 0.81 0.43
BI 0 0 0 0.81 1 0.02
Y 0 0 0 0.43 0.02 1
2021-2022 survey
PT 1 0 0 0 0 0
UT 0 1 0 0 0 0
CAR 0 0 1 0 0 0
M 0 0 0 1 1 0
BI 0 0 0 1 1 0
w 0 0 0 0 0 1
2018-2019 survey
PT 1 0.82 0 0 0 0
UT 1 1 0 0 0 0
CAR 0 0 1 0 0 0
M 0 0 0 1 0.94 0.78
BI 0 0 0 0.94 1 0.17
4 0 0 0 0.78 0.17 1

PT: public transport, UT: university transport, CAR: private car, M: mo-
torcycle, BI: bike, W: walking.

have been included in the supplementary material document
(Figure S13).

4. Discussion

4.1. Principal Travel Attributes. In this section, the results
referring to the main trip characteristics are discussed (see
Section 1.3).

11

4.1.1. Journey Origins. As has been previously commented
on, not all postcodes with the highest number of students are
the closest to the university. This is in line with Studygram
[49] which explains that the most relevant factors that de-
termine the choice of university are the academic majors, the
academic quality, and the university reputation; the ac-
creditation, the cost of tuition and living, as well as the
available scholarships are significant factors. Finally, the
university location, the level of career opportunity and
success, the faculty members’ helpfulness as well as the
campus environment are among the main causes [49].
Word-of-mouth marketing has been recognised as one of
the most important drivers of university choice, particularly
recommendations from friends and family Elliott and Healy,
Spearman et al. [50, 51]. Various pieces of research describe
that working and nonworking students value the factors that
motivate them differently when selecting a university.
Students who were not working estimated that social media,
word-of-mouth, and school presentations strongly influence
their decision. Working students are more influenced by
outdoor advertising Spearman et al. [51].

4.1.2. Used Transport Modes. The results show that the car
was the most used transportation mode, followed by the
public and university transport in the campus. Bike, mo-
torcycle, and walking were much less utilised. The slight
increment detected in the number of hybrid and electric cars
was probably due to government subsidies, existing tax
credits, and rebates for the purchase of these types of
vehicles.

A greater use of private vehicles by students compared to
other modes of transportation was also detected in certain
universities around the world Zhou, Ribeiro et al. [52, 53].

With respect to the dependence of the chosen transport
mode on the number of available public transport stop, the
correlation analysis show that the used transport mode in
step 1 may depend more on other factors such as the used
mode in the next stage of the journey than on the number of
existing public transport stops.

The journeys to university are usually multimodal, as
a completed journey often requires two or three modes of
transportation (one of them walking). Transfers in the public
transport system, in addition to impact on the use of certain
routes and destinations, have been demonstrated to cause
disruption in the trip experience and diminish public
transport’s competitiveness with the private car, which
provides door-to-door service Guo and Wilson [54]. The
utilisation on-demand services with shared use to reach the
university from certain origins (postcodes) could be an
alternative option to the private car utilisation.

The results describe a higher variability in the use of
transport modes during the latter two courses (since they
exhibited a higher number of clusters). Each cluster consists
of individuals who are relatively homogeneous in terms of
modes of transportation to commute to the university. A
characterisation of individuals on the basis of clusters of
transport usage ratios could be useful for the determination
of appropriate policies and new strategies related to human
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TaBLE 6: Correlation between number of stops by postcode and
number of individuals by transport mode in trip steps 1 and 2 for
the Madrid community in the 2021-2022 course.

Transport type Correlation step 1 Correlation step 2

Subway 0.70 0.6
Madrid urban bus 0.2 0.4
Urban bus 0.3 0.3
Interurban bus -0.2 -0.2
Light subway 0.2 —
Commuter trains 0.2 —

A hyphen means some of the values to be analysed are constant, which
results in a standard deviation equal to zero and, consequently, the cor-
relation function returns an NA (not available) value.

mobility in the campus. Meetings could be held with some of
the individuals located in each cluster, in order to find out in
detail what motivates them to use each transport mode, as
well as to explore the positive and negative perceptions
of each.

In order to reduce the use of private cars by university
employees and students and thus achieve a more sustainable
conduct, a variety of the following factors could be taken into
consideration.

According to Schwartz [55], ecological conducts are
the results of the activation of personal norms that
manifest sentiments of moral obligation to either execute
or refrain from performing actions. If a desire to execute
an ecological behaviour exists, the individual has
a favourable attitude towards it. However, if the person
faces external (psychosocial and contextual causes) or
internal (personality causes) barriers, an attitude-
behaviour gap is formed. Consequently, there is a de-
crease in the rate of compliance with these ecological
conducts even when the intention is to carry them out. In
particular, [56] the awareness of consequences, the at-
tribution of responsibility, the personal norms, the
behavioural intention, as well as the habit of using the
private car, and the access to it, impact on the final ful-
filment of the aforementioned conducts. To modify the
habit of using the private car, it is required that univer-
sities implement both structural and psychological actions
Setiawan et al. [56]. The interventions must include
principles and techniques both to eliminate the custom
and to increase the responsibility towards the negative
impact of the utilisation of the private car Setiawan et
al. [56].

As was previously commented on, cycling, motorcycling,
and walking have low usage rates in the university campus
analysed in this research. With regard to walking, some
pieces of research showed that in Europe, individuals aged
17-18 years old commute by walking up to 2kilometres
D’Haese et al., Van Dyck [57, 58]. It is clear that the further
away one lives from a commuting location, the less likely one
is to commute actively. However, the walkable distance from
home to the study location seems to depend on other factors
as well (urban planning and cultural perceptions) Rous-
seeuw, Rodriguez-Rodriguez et al. [59, 60]. In accordance
with this, Djurhuus et al. [61] detected, based on a Danish
National Health Survey, that there was no significant
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association between the distance to the nearest bus stop and
an active commute.

Regarding cycling, Spanish Statistics National Institute,
INE. [62], provides information related to European Health
Survey corresponding to 2020, which describes the use of the
bicycle to get around (for population aged 15 and over).
Features show that 92.19% of the Spanish population did not
use the bicycle, indicating a general absence of cycling
culture. Research points out that several cities exhibit rather
relevant statistics related to cycling among students, which
has been achieved because of several factors Pogacar et al.
[63]: (i) universities are within walking distance of public
transport stations, (ii) detailed planning and relevant in-
vestments were made over many years to promote sus-
tainability, (iii) special policies towards students have been
implemented (limiting the use of parking), (iv) propitius
topography, (v) good quality infrastructure, and (vi) support
for students in cycling activities.

In the analysed university campus in this research, in
order to achieve the use of a more sustainable mode of
transport, in addition to considering some of the actions
listed above, which were proposed in Pogacar et al. [63],
a reorganisation of land use, prioritising cyclists, pedes-
trians, and university transport over private cars could be
carried out.

The result show that a higher gross annual income does
not imply higher private vehicle use, which is in line with
Aluko [64], who found, focusing on a higher institution’s
teaching staff in Ekiti State (Nigeria) that the majority of
workers (81.8%) used private cars, while only a small per-
centage (9.1%) used public transport services. This was
apparent despite the lower cost of public transport compared
to private vehicles (around 16%). An analysis carried out by
the University of the West of England in 2019 Chatterjee et
al. [65] points out that economic circumstances and spatial
context appear to account for much of the variation in
bus use.

With respect to the air quality, and the used transport
mode, the results show that environmental policies and
awareness-raising in the zones with the highest ozone
concentration should be carried out by public administra-
tions. This is because, in those areas, individuals continued
to use motorised vehicles.

4.1.3. Trip Distances, Travel Times, and Schedules.
Certain variability was observed with regard to the most
likely travel times during the three analysed academic years.
However, if the three academic courses are taken as a whole,
the most probable travel time was 30-60 minutes. This figure
is higher than the one found for the Madrid community,
where the average journey time is 25 minutes E. D. M. [4].

With respect to travel distances, as we have mentioned,
the results show that the cumulative probability distribu-
tions of the travel distances, could be appropriately char-
acterised by Pareto 2 and Box-Cox power exponential
functions. Various existing pieces of research showed that
the probability of an individual’s movement with distance
Ad, denoted by P (Ad), decreases with an increase in Ad. In
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FIGURE 4: Transport mode as a function of weighted gross income in Steps 1 and 2. EMT refers to Empresa Municipal de Transportes
(municipal transportation company), which manages the urban buses in Madrid. The Renfe-Operator, E. P. E., is the main passenger and
freight rail transport company in Spain. Commuter trains are managed by this firm.

addition it is suggested that P (Ad) can be fitted by different
statistical distributions such as power law, exponential law,
or exponentially truncated power law, among others Liu et
al. [66].

The medians of the distances to reach the university
campus were similar to the average travel distances in the
European Union but higher than the existing ones in the
Madrid Community. In Europe, according to the report

“Transport New Mobility Patterns Study: insights into
passenger mobility and urban logistics”, which was con-
ducted from March to August 2021 by the European
Commission [67], displays the average length of travel
distance per person and per day in urban trips does not
exceed 14km. According to E. D. M. [4], in the Madrid
community, the average travel distance in mechanised
modes was 8.8 km.



14

Walking

UFV Bus - Plaza Castilla

UFV Bus - MSI

UFV Bus - Moncloa with stops
UFV Bus - Moncloa

UFV Bus - Las Rozas

UFV Bus - Boadilla

UFV Bus - Aluche

UFV Bus - Alcorcon

Train - RENFE Cercanias
Train - Other RENFE

Taxi

Private Car - passenger via app
Private Car - passenger

Private Car - driver

Other Public Bus

Other Private Bus

Other

Motorcycle

Metro - ML/train

Metro

Mechanical Bike

Electric Bike

Carsharing App Car - Personal
Carsharing App Car - Company
Bus - Principe Pio-MSI

Bus - Other municipality

Transport mode

Walking

UFV Bus - Plaza Castilla

UFV Bus - MSI

UFV Bus - Moncloa with stops
UFV Bus - Moncloa

UFV Bus - Las Rozas

UFV Bus - Boadilla

UFV Bus - Aluche

UFV Bus - Alcorcon

Train - RENFE Cercanias
Train - Other RENFE

Taxi

Private Car - passenger via app
Private Car - passenger

Private Car - driver

Other Public Bus

Other Private Bus

Other

Motorcycle

Metro - ML/train

Metro

Mechanical Bike

Electric Bike

Carsharing App Car - Personal
Carsharing App Car - Company
Bus - Principe Pio-MSI

Bus - Other municipality

Transport mode

| | —~
o
el

Journal of Advanced Transportation

(==}

1000 1500 2000

Weighted mean air quality (mcg/m?)

1000 1500 2000

Weighted mean air quality (mcg/m?)

FIGURE 5: Transport mode as a function of ozone concentration in step 1 and 2. EMT refers to Empresa Municipal de Transportes (municipal

transportation company), which manages the urban buses in Madrid.
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TaBLE 7: Statistical quartiles of the travelled distance in kilometres from origin to university for each individual’s profile.
Individual’s profile 25% 50% 75% 100%
Teachers and researchers 10.65 13.44 16.83 383.06
Administrative staff 10.48 13.37 16.22 49.05
Students 10.60 12.88 15.93 408.52

TaBLE 8: Function that provides the best fit with the cumulative probability distribution of the approximate distance in kilometres from the

origin to the university for each individual’s profile.

Function with

Individual’s profile the best DOF RDOF GD AIC SBC
fit

Teachers and researchers Pareto type 2 2 6 -289.29 -285.29 -285.13

Administrative staff BCPE, Box-Cox power exponential 4 6 65.21 73.21 74.42

Students Pareto type 2 2 7 -36.53 -32.53 -32.14

RDOF: residual degrees of freedom for the fit. DOF: degrees of freedom for the fit. GD: global deviance.

TaBLE 9: Parameters corresponding to the function that provides
the best fit with cumulative probability distribution of the ap-
proximate distance from the origin to the university in kilometres
for each individual’s profile.

Individual’s profile Parameters

Teachers and u=-368lando = 2.66
researchers

Administrative staff y = 64.82,0 = 2.14,v = -0.69,and 7 = 5.80
Students u=-37.75and o = 3.34

TaBLE 10: Statistical quartiles of approximate distance to public
transport nearest stop from the origin in kilometres for each in-
dividual’s profile.

Individual’s profile PT 25% 50% 75% 100%

Interurbanbus 0.16 0.42 0.84 262.31

Subway 0.02 0.12 0.37 347.12

Teachers and Commuter 5,5 515 797 36463
researchers trains

Light subway 024 0.3 037 34712

Bus 0.84 1.41 2.23 34448

Interurban bus 0.23 0.47 1.14 43.57

Subway 279 514 7.38 3694

Administrative staff O 07 013 022 39.42
trains

Light subway 0.86 134 200 9.75

Bus 0.18 0.18 0.87 4.13

Interurban bus 0.23 52.70 10.17 365.93

Subway 0.20 0.40 0.83 411.13

Students Commuter 5,0 551 674 406.95
trains

Light subway 0.06 0.11 0.18 405.72

Bus 0.79 1.37 218 371.74

4.1.4. Trip Comfort. According to the obtained results, the
opinion on trip comfort was mostly positive in all academic
courses.

In order to improve the travel comfort (time and dis-
tance), several transformations, which could Dbe

implemented in the public transport commute, were iden-
tified. Modifications, which should be carried out in a co-
ordinated dialogue between the Madrid City Council, the
Regional Transport Consortium, and the University, are as
follows: (i) Improving the design of currently available
public transport routes, even if they require individuals to
make more transfers. (ii) Establishment of public transport
frequency in coordination with university schedules. (iii)
Improvement of time, reducing the period in which users
walk between and wait for transfers. (iv) Actions to make
better use of travel time could be performed, for example, by
providing passengers with electronic devices (computers,
laptops, and tablets) including office and entertainment
applications to be used during the trip.

4.2. Supplemental Trip Attributes. In this section, the results
referring to the supplementary trip characteristics are dis-
cussed (see Section 1.3).

As we have mentioned, during the journey, the most
probable number of persons in a private car was 1. This is in
line with information related to the European Union where
the private car is the dominant mode of transport with less
than 2 persons on average per car. In particular, for the
population aged 15-84, the mean occupancy rate for
a passenger car used in urban trips is in the range [1.20, 1.90]
individuals, with a minimum value of 1.17 in Italy (pop-
ulation aged 15-80) and a maximum value of 1.87 in
Romania Eurostat [68].

With regards to the use of car-sharing and car-pooling
platforms, for all academic courses, a non-negligible per-
centage of individuals said they were not familiar with these
types of platforms. It must be noted that many universities
Genikomsakis et al., Reyes et al. [69-71] have among the
objectives of their mobility policy to reduce the number of
vehicles on their campuses as well as to fight against the
utilisation of the car alone. This has led them to implement
car-sharing and car-pooling strategies. However, various
factors must be considered for carrying out these actions
successfully. Certain research points out that saving money
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TaBLE 11: Functions that provide the best fit with the probability cumulative distribution of the approximate distance to public transport
nearest stop from the origin for each individual’s profile.

Function with

Individual’s profile the best DOF RDOF GD AIC SBC
fit

Teachers and researchers Pareto type 2 2 12 -777.86 -773.86 —772.58

Administrative staff Pareto type 2 2 7 —-34.69 -30.69 -30.29

Students BCCGo, Box-Cox-Cole-Green-Orig 3 -2 -53.80 —47.80 —53.80

RDOF: residual degrees of freedom for the fit. DOF: degrees of freedom for the fit. GD: global deviance.

TaBLE 12: Parameters of the functions that provide the best fit with the probability cumulative distribution of the approximate distance to
public transport nearest stop from the origin for each individual’s profile.

Individual’s profile Parameters
Teachers and researchers u=-36.09ando = 1.71
Administrative staff y =-45.27and o = -3.39
Students y=-493e—-13,0 = -28.20,and v = 1.42
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FI1GURE 6: For the Madrid Community, in each postcode, for 2021-2022 course, location of stops by transport type. Information retrieved
from CRTM [35] was used for the construction of the map. (a) Subway. (b) Light subway. (c) Commuter trains. (d) Interurban bus.
(e) Urban bus. (f) Madrid urban bus.

is one of the principal causes for utilising car-pooling Bento  travelling with strangers Ciasullo et al. [73]. Also, an analysis
et al., Ciasullo et al. [72, 73]. Other relevant reasons are conducted in Lahore city Muhammad and Ali [74] showed
environmental efficiency, comfort, traffic, socialisation, and  that certain factors had a relevant influence on the in-
curiosity. Among the main causes of deterrence are the  dividual’s decision to adopt a car-pooling alternative. These
privacy protection and the perception of the danger of  included, commuters’ marital status, education level, daily
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TABLE 13: Main statistical parameters corresponding to the number
of individuals in private car for each course.

Course Median  Media  Standard deviation =~ Mode
2017-2018 1 1.83 116 1
2018-2019 1 1.82 1.17 1
2021-2022 1 1.40 0.77 1

trip distance, the mode of travel usually used, household
income, car ownership, and the possession of a driving li-
cence. Additionally, both the reason for the trip and the
number of people with whom the vehicle was shared also
had an important impact.

With respect to car-sharing, users often perceive it as an
innovation to be tested. Car-sharing provides a flexible al-
ternative that meets diverse transportation needs while re-
ducing the negative impact of private vehicle ownership
Duziak, Ramos et al. [75, 76] which was carried out a survey
taking as sample 1,519 users and 3,695 nonusers of car-
sharing. The survey included 36 questions regarding atti-
tudes towards car-sharing, the environment, political ori-
entation, personal norms, frequency of utilisation of
transport modes as well as transport mode choice for dif-
ferent trip purposes. The authors found five clusters, in-
cluding both users and nonusers of car-sharing whose
members differed regarding both psychological and
behavioural aspects. They were multimode and low envi-
ronmentalism (user mobility type 1), car-focused ambiva-
lent (user mobility type 2), active public transport green
(user mobility type 3), car-focused low-green (nonuser
mobility type 4), and multimode and high environmental-
ism (nonuser mobility type 5).

5. Conclusions and Future Research

The conclusions obtained for each of the objectives are
detailed below.

What are the most frequently used modes of travel to
university? Is there a pattern of mobility, and has this pattern
changed from academic year to academic year? What are
perceptions on journey comfort?

Globally, the most frequently used mode of trans-
portation for commuting to university was the private car. In
the analysis by level of studies, only vocational training
students used cars and public transport in a similar per-
centage. According to cluster analysis, some differences in
the patterns of mobility existed among the three academic
years. Two clusters were detected for 2017-2018 and for
2018-2019 courses. By contrast, for the 2021-2022 course,
three clusters were identified. In all three courses, a cluster of
individuals who mainly used private cars existed, while in
2018-2019, a cluster of persons that relevantly utilised the
university transport was found. In 2021-2022, a cluster that
exhibited a high use of public transport existed.

In order to establish actions to encourage public
transport or that which is offered by the university, focus
groups and qualitative surveys should be conducted. This
would allow us to obtain more detail on the causes that
motivate, in general, a greater use of the private car.
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With respect to the trip’s comfort, the opinion was
mostly positive. Time, distance, and traffic were identified as
the main inconveniences.

What are the characteristics of private car usage? Are
digital car-sharing and car-pooling platforms known and
used?

As indicated by the statistical metrics used, the highest
probability corresponded to vehicles occupied by only one
person. More than 60% of individuals said they were aware
of car-sharing/car-pooling platforms but had never used
them. Works aimed at increasing the awareness of in-
dividuals about the benefits of car-pooling should be
carried out.

A slight increase in the use of hybrid and electric cars in
detriment of gasoline and diesel cars was also detected.

What are the statistical characteristics of distances and
journey duration to the university?

With respect to approximate distances to the university,
different cumulative probability distributions were detected
among the different profiles of individuals. Students, as well
as researchers and teachers, were appropriately characterised
by a Pareto 2 function. In contrast, the cumulative proba-
bility distribution associated with the administrative staff
followed a Box-Cox power exponential function.

The lowest median of the approximate distance to the
university corresponded to students. Researchers and
teachers, as well as administrative staff exhibited very similar
values. This suggests that distance to the university is among
many of the factors that may influence the choice of
university.

Travel times changed over the analysed academic years,
probably because of the higher academic offers. In 2021-
2022, the most probable trip times were higher or equal to
30 minutes.

What are the statistical characteristics of the closest
distance an individual can travel in order to reach a public
transport stop? Is there any relationship between the mode
of transport used and this distance?

For administrative staff as well as teachers and re-
searchers, the cumulative probability distributions of the
aforementioned approximate distance followed a type 2
Pareto function. By contrast for students, the distribution
could be appropriately represented by a Box-Cox-Cole-
Green-Orig function.

For students, researchers, and teachers, the lower me-
dian of the distance to the nearest public transport stops
corresponded to subway and light subway. Nevertheless, for
administrative staff, the lower closest stops were associated
with the commuter trains.

The chosen transport mode for one trip step seems to
depend more on the mode of transport to be utilised in the
next trip stages and, to a lesser extent, on the number of stops
in the postcode of the origin of the journey.

Additionally, no direct relationship was detected be-
tween income level and private car use.

Both private vehicle and motorcycle use was associated
with higher ozone pollution. In these areas, specific
awareness-raising actions with an important focus on sus-
tainability should be carried out.
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This work could be continued by analysing the re-
lationships between the used mode of transport and other
socioeconomic factors not examined in this research. These
could be, among others, the level of education of the stu-
dents’ parents, or the place of birth of the commuters.

An exploration of the perceptions of trip comfort based
on the analysis of the text completed by the respondents in
future surveys could be carried out. Various methods
concerning sentiment analysis, which is a procedure that
mechanically identifies attitudes, opinions, or emotions
from text, could be used Balakrishnan, Janda et al., Kaur
et al. [77-79].

Carbon footprint could also be evaluated for commuting
to university based on ISO 14069 standards, even dis-
tinguishing by individual profiles. ISO 14069 I. S. O. [80]
provides guidance on the quantification and reporting of
greenhouse gas emissions for organisations.
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