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Abstract

Effective resource planning in higher education requires anticipating student demand for
courses, especially when dealing with elective programs. Monitoring student preference
is a recurring topic in the literature; however, to the authors” knowledge, no simple meth-
ods for estimating student preferences when choosing courses in higher education have
been proposed. This study develops and explores the use of a simple questionnaire to
capture patterns in student course preferences within a university context. The research is
developed in the context of the nine Cross-Over modules offered as part of the curriculum
of the master’s programs (MSc) of the Faculty of Civil Engineering and Geosciences of
Delft University of Technology (The Netherlands). No prior registration is required far
in advance for these courses, making an accurate estimation of student numbers critical
for the planning and allocation of educational resources. The developed questionnaire is
applied three times in two different academic years to the students’ choice of Cross-Over
modules. The questionnaire was shared in 2021, with 225 responses out of 339 students,
in 2022, with 159 responses out of 365 students, and in 2024, with 94 responses out of
272 students. Student enrollment in the academic year 2023/2024 is used to assess the
performance of the questionnaire. The questionnaire is able to capture general preferences
of the students, providing fair estimates of the number of students per course; larger
differences are observed in courses with a lower number of students. In addition, some
patterns were identified in student preferences: there is a relationship between the first
and second choices, and students usually choose modules closer to their own disciplines.
The developed questionnaire provides with a reasonable first estimation of the expected
number of students in courses, allowing for better planning and allocation of educational
resources beforehand.

Keywords: student preferences; higher education; probability; university; engineering
education; student choices

1. Introduction

Effective resource planning is essential to balance institutional efficiency with the
delivery of high-quality education in universities. In a context of changing enrollment
numbers and evolving academic demands, universities face the complex task of efficiently
allocating resources, such as lecture halls and teaching staff, in a way that supports peda-
gogical goals while meeting operational constraints (Aupperle, 2024). Inefficient planning
can lead to uneven workloads, scheduling conflicts, and underutilized or overcrowded
spaces, ultimately diminishing the student experience and straining institutional capacity.
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Accurately anticipating student preference becomes a critical aspect for effective
resource planning, especially when dealing with elective courses. Here, student preference
refers to the expressed or inferred choices of students regarding which courses they would
like to enroll in. Without a reliable forecast of enrollment patterns, institutions risk assigning
inadequate room sizes or misallocating teaching staff, which can hinder the educational
experience of the student (Gu & Lu, 2023). Previous research points out that students
usually consider a limited pool of courses when planning their studies, so early preferences
can support the prediction of their academic trajectories (Chaturapruek et al., 2021). Factors
such as course difficulty, perceived relevance, and personal interest also influence elective
choices (Yao et al., 2023), emphasizing the complexity of the student’s decision-making
process and thus the need for data-informed forecasting.

In some cases, institutions may decide to limit the number of students allowed to enroll in
certain courses as a way to manage space and staffing constraints. While this approach can ease
logistical pressures, it also restricts students’ freedom to shape their academic pathways. In
addition, such limitations raise additional questions about how to fairly allocate the available
seats, adding complexity to the planning process (Bissias et al., 2025; Xue et al., 2024), which
may create dissatisfaction or perceived inequities between students.

Several studies can be found in the literature focused on examining student preferences
and perceptions (e.g., Alhumaid et al., 2020; Kooptiwoot et al., 2024). Especially after the
COVID-19 pandemic, student perceptions grew in relevance to address topics such as online
teaching (e.g., Alhumaid et al., 2020; Kooptiwoot et al., 2024; Larson et al., 2023; Stanley
& Mitra, 2024) or mental health (e.g., Chawla & Saha, 2024; Galadima et al., 2024). Before
that, monitoring of students’ preferences was applied as a tool to assess the effectiveness of
teaching techniques, such as the inclusion of interprofessional education in curricula (Lin
etal., 2024), teachers’ questioning during lectures (Zhang & Chen, 2024), or specific teaching
activities such as live coding (Masegosa et al., 2024). Moreover, student preferences have
also been used to obtain further insight in the factors that lead students to choose a specialty
within a discipline (Leutritz et al., 2024) or career to follow after their academic studies
(Sim-Sim et al., 2022).

Studies in the literature employ different methodological tools and theoretical frame-
works. As methodological tools to retrieve empirical data, these studies usually applied
interviews (e.g., Leydens et al., 2021; Potvin et al., 2024), questionnaires (e.g., Kooptiwoot
et al., 2024; Mares-Nasarre et al., 2023), a combination of both (e.g., Anani et al., 2025) or
clickstream logs from a course exploration platform (Chaturapruek et al., 2021). Inter-
views are mainly qualitative and help to better understand subjects” opinions, although
the sample of subjects remains smaller. Questionnaires have the benefit of (potentially)
increased sample sizes and being able to provide quantitative measures. Clickstream logs
are not simple to obtain and interpret, and their availability may depend on the platform
that the university is using. Regarding the theoretical frameworks, studies focused on
identifying factors that drive the student decision-making process usually adopted psycho-
logical and behavioral theories such as the Theory of Planned Behavior (TPB) (Ajzen, 1991)
or Expectancy-Value Theory (EVT) (Eccles et al., 1983). Other approaches used in quan-
titative studies focused on analyzing enrollment trends, including data-driven methods
(Chaturapruek et al., 2021).

TPB outlines a comprehensive model that explains the predictors of human behavior
in the context of decision making. Ajzen (1991) theorized that beliefs lead into attitudes,
and attitudes lead into intentions and behavior, in that order. The theory proposes that
human behavior is driven by three factors: behavioral beliefs, normative beliefs, and control
beliefs (Ajzen, 1991, 2002). For instance, Dahl et al. (2024) applied TPB to explain how
undergraduate students decided to register for newly offered courses; positive attitudes
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toward the course content, social influences, and students” confidence in their ability to
succeed significantly impacted enrollment intentions.

EVT theorizes that achievement-related choices are driven by the subjective value that
the individual assigns to the task and the individual’s expectations for success (Eccles et al.,
1983). According to this model, these two factors are shaped by an individual’s characteris-
tics, such as their abilities and previous experiences, as well as environmental influences.
For example, Breetzke and Bohndick (2024) investigates how students” expectancies and
subjective study values influence their intentions to drop out of higher education programs;
high study values can, to some extent, compensate for low expectancies.

Despite the wide variety of studies on student preference and perceptions, univer-
sities often face difficulties when translating these insights into straightforward tools for
operational planning. Many of the models and theories used require detailed and often
longitudinal data and complex analytical frameworks that are not easily implemented in
day-to-day administrative workflows. As a result, institutions frequently rely on historical
enrollment numbers to anticipate student demand. These approaches, while simple and
convenient, can lead to significant mismatches, especially when curriculum changes or
student cohorts differ significantly from previous years. The lack of simple methods for
estimating student preferences at scale remains a key limitation in improving resource
allocation and supporting student-centered course planning. Therefore, in this research, a
methodology to estimate the distribution of students in a set of courses based on a simple
questionnaire is proposed.

This research is performed in the context of the Faculty of Civil Engineering and
Geosciences of Delft University of Technology (The Netherlands). During the 2022 /2023
academic year, a new curriculum for the three master’s programs (MSc) of the aforemen-
tioned faculty ran for the first time. Two MSc programs were redesigned, namely MSc
in Applied Earth Sciences and MSc in Civil Engineering (Delft University of Technology,
n.d.-b), and a new MSc program was developed in Environmental Engineering. Each
MSc program is further subdivided into four, six and three fields of study (for AES, CE
and ENVM, respectively). The focus of this redesign was to boost collaboration skills of
students not only within their discipline but also between the different disciplines in the
faculty. In order to achieve this, two modules were introduced that are shared by all the
three MSc programs: (1) Modelling, Uncertainty and Data for Engineers (MUDE), and (2)
Cross-Over modules. MUDE is the first module that all the MSc students in the faculty
take and covers fundamental mathematical methods and programming skills required
for the MSc programs (Delft University of Technology, n.d.-a, n.d.-b, n.d.-c). During the
second year of the MSc programs and just before the MSc thesis, the second group of shared
cross-faculty modules takes place: the Cross-Over modules. These modules of 10 ECTs (i.e.,
order 300 h of work) span the technical domain of at least two of the three MSc programs in
order for students to expand their current expertise, learn from other programs and learn
to properly function in an interdisciplinary environment. Within the MSc in Civil Engineer-
ing and the MSc in Applied Earth Sciences, each student must choose one Cross-Over to
complete their curriculum (Delft University of Technology, n.d.-a, n.d.-b). In the MSc in
Environmental Engineering, a student can choose a Cross-Over module as one of several
options to complete the 25 ECTs of elective space before the MSc thesis, along with electives,
internships and/or carrying out a joint interdisciplinary or multidisciplinary project as
alternatives Delft University of Technology (n.d.-c). During the 2023 /2024 academic year,
eight Cross-Over modules were offered (Delft University of Technology, n.d.-d):

1.  Engineering for Global development (Global)
2. Surbsurface storage for Energy, Water and Climate Applications (Storage)
3. Data Science and Artificial Intelligence for Engineers (DSAIE)
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4. Noise and Vibration: Generation, Propagation, and Effect on Humans and Environ-
ment (Noise)

5. Probabilistic Modelling of real-world phenomena through Observations and Elicita-
tion (MORE)

6. From Sediments and Sludges to Solids and Soils (MU D)

7. Monitoring of Structural Health and Geohazards (MoSH)

8.  Sustainable cities: Ecoengineering Solutions for Climate Resilient and Healthy
Cities (Cities)

During the academic year 2024 /2025, an additional Cross-Over module is offered: Re-
silient Deltas (Deltas). A summary of each Cross-Over module can be found in Appendix A.

As mentioned, most of the students in an MSc program of the faculty choose a Cross-
Over module. However, no prior registration is implemented for any courses within the
faculty: students attend lectures (non-compulsory), participate in various in-class activities,
and eventually register for the exam at least 14 days before it takes place. This scheme gives
the student freedom to attend the first lectures of several modules and make a decision
later. The academic quarter system includes eight weeks of lectures and two weeks of
exams; the Cross-Over modules occur in the second quarter, which includes a two week
holiday break at the end of the calendar year. As actual enrollment is not known until exam
registration is complete, the true student enrollment in a module is uncertain until eight
weeks after the first lecture. This setting poses an obvious challenge for the planning and
allocation of educational resources, especially when a module is offered to all the students
of a given course in the faculty (order 300, in this case). Thus, a methodology to monitor
student preferences is needed to estimate the number of students that will choose each
module, based only on their study plans within the MSc programs, in order to better plan
the lectures and activities that take place within each module.

In this research, a methodology to estimate the distribution of students per Cross-
Over module based on the use of a questionnaire is proposed. It should be noted that the
simplicity of the proposed methodology allows its implementation in any other context
where students in higher education need to choose between different courses (e.g., electives
in most bachelor’s and master’s programs). The developed questionnaire is analyzed
here using (un)conditional probabilities, allowing for the estimation of the distribution of
students per Cross-Over and the analysis of student preferences based on their choices and
background. The effectiveness of the survey in predicting enrollment is also validated using
the actual distribution of students for one academic year. The paper is presented in three
main sections. First, in Section 2, the performed surveys are described, providing special
attention to the design of the questionnaire (Section 2.1) and posterior probabilistic analysis
(Section 2.2). Second, in Section 3, the questionnaire is assessed as a tool to monitor student
preferences (Section 3.1). Afterwards, it is used to analyze the influence of a student’s
background regarding their choices and the relationship between the first, second and third
choices (Section 3.2), as well as to estimate the distribution of students per Cross-Over
(Section 3.3). In Section 4, findings in this research are discussed in the context of the
existing literature. Finally, in Section 5, conclusions are drawn.

2. Materials and Methods

As previously introduced, different methodologies can be applied to obtain informa-
tion about the students’ preferences or beliefs, such as interviews (e.g.,: Leydens et al., 2021;
Potvin et al., 2024), questionnaires (e.g.,: Kooptiwoot et al., 2024; Mares-Nasarre et al., 2023),
a combination of both (e.g.,: Anani et al., 2025) or clickstream logs from a course exploration
platform (Chaturapruek et al., 2021). Since the main objective of this study is to propose a
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simple tool to monitor preferences and not fully explain them, a questionnaire is applied
following the recommendations in Cruz et al. (2020).

An online questionnaire was shared with the potential students in the faculty who
were going to take the Cross-Over modules (see full questionnaire in Appendix A). This
questionnaire was shared three times: (1) between 31st May and 18th June 2021, (2) between
14th November and 27th November 2022, and (3) between 13th May and 18th June 2024.
Each survey was completed approximately 30, 12 and 6 months prior to the first lecture in
a Cross-Over, which typically occurs in early November. Surveys 1 and 2 were completed
prior to the first offer of a Cross-Over during academic year 2023 /2024, whereas Survey 3
was completed prior to the second offer during the 2024/2025 academic year. Survey 1 was
sent to students in the last year of the bachelor’s degree and all the students in the master’s
degree in Applied Earth Sciences and Civil Engineering, receiving 339 student responses,
of which 225 students were MSc students. Nearly all of the 339 students were currently
enrolled in, or soon would enroll in, the prior MSc programs of the faculty and therefore
would not take a Cross-Over. As the Cross-Over modules take place in the second year of
the new MSc curriculum, they were offered for the first time during the 2023,/2024 academic
year; thus, only a small number of students in Survey 1 was able to eventually take a
Cross-Over, for example, if a 1-year break was taken between BSc and MSc enrollment
(the exact number is unknown, but expected to be small). The purpose of this survey was
to assess the attractiveness of courses to students and, thus, provide the first estimation
for resource allocation, as well as to determine whether certain offers required additional
promotional efforts. The second and third surveys were shared with two different cohorts
of students, each of which were taking part in the first year of the MSc programs prior to
the Cross-Over modules offered (cohorts starting in September 2022 and 2023; Cross-Overs
taking place during academic years 2023/2024 and 2024/2025). In the second survey
(Survey 2), 159 students responded out of the total 365 students enrolled in the three
MSc programs, whereas Survey 3 received 94 responses out of 272 enrolled students. As
students who completed the second survey took a Cross-Over module 12 months later
during the 2023 /2024 academic year, the actual distribution of students per Cross-Overs
for that survey is known, allowing for an assessment of questionnaire effectiveness.

The results of the three questionnaires are analyzed to assess whether the answers to
the different questionnaires are consistent between them and with the actual realizations
and, thus, if we can deem the method an efficient tool to provide the first estimation of the
number of students per Cross-Over. Also, the results of the questionnaire are analyzed in
terms of conditional probabilities to assess the distribution of students if a Cross-Over has
a limited number of students with regard to the availability of lecturers. In the following
sections, a description of the questionnaire is given and the methods used to analyze the
responses from the students are outlined.

2.1. Questionnaire Design

Here, further details of the design of the survey are provided, which can be found in
Appendix A. The questionnaire was implemented in Qualtrics (2005). All the performed
surveys were identical and presented the following parts:

1. Welcome message with information such as an approximation of the time that it takes
to fill out the survey.

2. Questions about the study background, where the student indicates their MSc pro-
gram and the path within that MSc program. For instance, the MSc in Environmental
Engineering has three paths: (1) resource and waste engineering, (2) atmospheric
environmental engineering, and (3) water resource engineering. The list of the paths
in each MSc program can be found in Appendix B.
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Brief description of each of the Cross-Overs.
Selection of the preferred five Cross-Overs.
Ranking of the preferred five Cross-Overs.

AN

Ranking of the remaining Cross-Overs.

Parts 4, 5, and 6 of the questionnaire may seem redundant as they could be merged into
only one question. However, it has been observed that if a general ranking of modules is
provided, students do not pay too much attention to the rankings besides the first or second
option. Therefore, they are required to think about the five first options explicitly and then
rank them, in an attempt to reduce the randomness in the ranking of the first options.

2.2. Probabilistic Analysis

With the information obtained from the questionnaire described in Section 2.1, we
approximate probabilities of interest through their relative frequencies. The empirical
probability of an event (e.g., a Cross-Over being selected in a survey as a first choice) can
be calculated as

P'(A) = Na/N, 1)

where P’(A) is the estimated probability of the event A happening (e.g., probability that
the first choice corresponds to a given Cross-Over), N4 is the number of times that the
event A occurs in the survey, and N; is the total number of responses in the survey.

The confidence interval of those probabilities or proportions can be computed making
use of the Central Limit Theorem as

pP—p)

!
p="r £ |Zup N, , 2)

where p = 100 x P(A) and p’ = 100 x P’(A) are the actual and estimated proportions of
an event A happening, P(A) is the actual probability of an event happening, and Z, /; is
the value of a standard normal variable evaluated at a non-exceedance probability of 1 — «.

Conditional probabilities are of great interest in this research as they allow to analyze,
for instance, what is the probability of a Cross-Over being the second choice given the first
choice. Similarly, one can compute what the probability of a Cross-Over being the first
choice given the MSc program studied by the student is, for example. The definition of
conditional probability is given by

P(ANB)

P(AIB) = ~ 55y

3)
where P(A|B) is the conditional probability of the event A given that the event B has
occurred, and P(A N B) is the joint probability of A and B occurring.

The aforementioned probabilities can be used to compute the (conditional or uncon-
ditional) expected number of students in a given Cross-Over by multiplying them by the
final number of students taking all Cross-Overs.

3. Results

In this section, the results of the survey described in Section 2.1 are analyzed using
the methods described in Section 2.2. Those results are first used to assess the utility of a
survey to monitor students’ preferences. Afterwards, the preferences of the students are
further analyzed, and the last survey is used to infer the preferences of students for the
next academic year.
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3.1. Assessing the Survey as a Tool to Monitor Students’ Preferences

As mentioned previously, 339, 159, and 94 responses were received in Surveys 1, 2 and
3, respectively. Table 1 shows the number of students who chose a Cross-Over as their first
choice in each survey. The most popular Cross-Over was DSAIE in Surveys 1 and 3, and
Cities in Survey 2.

Table 1. Number of students selecting a given Cross-Over as a first choice in each survey.

Survey Global Storage DSAIE Noise MORE MUD MoSH Cities Delta

#1 57 27 96 14 18 15 31 81 -
#2 32 19 30 5 6 18 11 38 -
#3 12 1 20 9 8 4 11 18 11

In the following sections, the preferences expressed by the subset of students who
filled the surveys are translated into expected numbers.

3.1.1. Number of Students per Cross-Over During the Academic Year 2023/2024

Figure 1 presents the actual number of participants per Cross-Over during the
2023/2024 academic year compared to the expected number of participants according
to the first two surveys described in Section 2.1 and the confidence intervals of those
estimations, computed as described in Section 2.2.

Survey 1
B Survey?2
% Actual selection

90 A

80 ~

LA
i

70

60

30 A

40 -

30 A

Expected number of students [-]

20 1

10 -

T T T T T
Global Storage DSAIE Noise MORE MUD MoSH Cities

Figure 1. Comparison of expected number of students per Cross-Over based on surveys and the
actual selection by the students of academic year 2023 /2024, including confidence intervals for each.
Surveys 1 (N = 339) and 2 (N = 159) took place 30 and 12 months prior to the first lecture (see
Section 2).

In Figure 1, two aspects can be analyzed: (1) the consistency of students over time
(despite being a different cohort), and (2) the reliability of the survey in estimating the
number of students per Cross-Over. Note that students who filled Survey 2 took a Cross-
Over 12 months later (the next that academic year) as part of the second year of their
MSc program.
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Regarding the consistency of students’ choices over time, relevant differences, defined
here as the number of students varying more than 30% between Survey 1 and Survey 2,
are observed in three of the Cross-Overs. As the population of students in both surveys
should be comparable, these differences could be caused by factors such as differences in
the composition of students between surveys (see Section 2); information sessions carried
out by academic staff to present each Cross-Over to inform students about their decision; or
the fact that the two surveys are more than a year apart (see Section 2). However, it is noted
that, in most cases, the confidence intervals of both surveys overlap, showing consistency
of the results.

With regard to the estimation of the expected number of students per Cross-Over,
results from the surveys are, in general, consistent with the realization: the actual number
of students is typically within the confidence intervals of the estimations from both surveys.
When comparing results from Survey 2 to the actual selection, three Cross-Overs have a
difference between estimated and actual students of more than 30%. The highest relative
difference is observed for MUD followed by MORE and Noise. These high relative dif-
ferences are caused by the lower number of students selecting those specific Cross-Overs
(approximately 5 to 18 total responses for first choice). If absolute numbers are compared,
the largest differences are obtained for DSAIE and MUD, with a difference of more than
20 students.

Overall, the surveys provided for most of the Cross-Overs provide a fair first estimate
of the number of students per module. Therefore, they can be used with confidence in early
planning stages to determine the resources needed by the teaching team.

3.1.2. Distribution of Students for Each Path per Cross-Over, Academic Year 2023/2024

Figure 2 presents the distribution of students per path in each Cross-Over based on
the results of Survey 2 and the actual distribution observed during the academic year
2023/2024.

In general, the estimated and observed distribution of students per path are consistent
for all the Cross-Overs. On the one hand, the results from Survey 2 correctly identify the
paths to which most of the students in a Cross-Over belong. For instance, based on Survey
2, Global is expected to present the highest number of students coming from HOS, HE and
SE. Accordingly, most of the students during the academic year 2023 /2024 are coming from
those three paths. On the other hand, the paths with the lowest number of students in a
Cross-Over are usually well captured. This is, when no students from a path in Survey
2 choose a Cross-Over, that also happens during the last academic year in most cases.
However, sometimes a low number of students from that path chooses the Cross-Over. For
instance, although no students are expected to stem from CME in the Cross-Over DSAIE, a
small number of them finally takes it. That is caused by the intrinsic limitations of surveys:
not all the students are asked, so minorities might not be fully well represented.

As a summary, the survey is able to capture the distribution of students from each path
in a Cross-Over, although some deviations are observed for cases with low occurrences.
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Figure 2. Comparison of the distribution of students of each path per Cross-Overs based on Survey
2 (12 months prior to the first lecture; see Section 2) and the actual selection by the students of
2023/2024. Note that orange and blue bars are somewhat transparent, so overlapping parts of the
bars are shown in a maroon color.

3.2. Analyzing the Students” Preferences

Once the use of surveys to monitor student preferences was validated, a further analy-
sis was performed here to obtain some insights into the selections made by the students.

3.2.1. Relationship Between First, Second, and Third Choices

As shown in Section 2.1, the students were asked to rank the modules. Thus, the
relationship between the first, second, and third choices of the students could be analyzed.
Figure 3 shows the probability of selecting a module as a second choice given the first
choice for Surveys 2 and 3.

Figure 3(left) shows some relationships between the choices made by the students.
Global is often a second choice if Cities is a first choice, and vice versa. This shows that
students with interests in social and political aspects of engineering (Global) are also
interested in sustainability and climate resilience (Cities), which are impactful topics for
society. Moreover, Cities is often a second choice across all Cross-Overs, showing the
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exposure of the new generations to the current problems of engineering practice (namely
climate change and aging infrastructures), which leads to their interest in these topics
(Mares-Nasarre et al., 2023).

Similarly to the Survey 2 from the previous academic year, in Survey 3 (Figure 3(right)),
Global and Cities are often subsequent choices if one is the first choice. However, Cities
does not seem to be a common second choice anymore, regardless the first choice. In
Survey 3, a relationship similar to Global and Cities is observed for the pairs DSAIE and
MORE, and Noise and MoSH. DSAIE and MORE are the two methodological Cross-
Opvers, focusing on mathematical methods and, thus, seeming as though they attract similar
students. Similar reasoning applies for Noise and MoSH, as they share some components
related to structures and vibrations.
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Figure 3. Students’ second choice (x-axis) conditioned on their first choice (y-axis) for (left) Survey
2 and (right) Survey 3. For example, based on Survey 2, the probability of Global Development
being the second choice given MORE being the first choice is 0.5. Surveys 2 and 3 took place 12 and
6 months prior to the first lecture in two different academic years (see Section 2).

In both surveys, third choices seem to be mainly uncorrelated with the first choices
(see Figure Al in Appendix C).

3.2.2. Influence of Students’ Background on Their Preferences

Figure 4 presents the conditional probabilities of a student choosing a Cross-Over
given their master’s program and path based on Survey 3.

It can be observed in Figure 4 that students from the MSc in Applied Earth Sciences
(MSc AES) have a clear preference for DSAIE. That preference is shared across the four
paths of MSc AES. It is also noteworthy that the Cross-Over Delta shares popularity with
DSAIE in the Climate and Weather (CW) path. The second most popular Cross-Over
between the students from MSC AES is Cities, with a similar degree of popularity as Earth
Observations (EO), Geo-Energy (GE) and Geo-Resources (GR) paths.

The students from the MSc in Civil Engineering (MSc CIE) present a good spread
between most of the Cross-Overs. Storage and MUD present a very low popularity. How-
ever, while Storage is unpopular for all the paths of MSc CIE, MUD has some popularity
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regarding the Geotechnical Engineering (GE) path. This seems reasonable considering that
the topics covered in MUD are related to sediments and soil properties. Global and MoSH
present a relevant degree of popularity in almost all the paths, being especially attractive
for students following the path on Construction Materials Engineering (CME). Students
from the paths in Hydraulic and Offshore Structures (HOS) and Hydraulic Engineering
(HE) present a similar behavior; the most popular Cross-Over is Delta, followed by MORE
and Global. Deltas” development and resilience (covered in Delta) is directly linked to
HOS and HE, while probabilistic analysis (covered in MORE) is also key in the design of
hydraulic interventions. Thus, given the relevance of these topics for the aforementioned
paths, it is not surprising that the students feel very attracted for those Cross-Overs. Finally,
students in the Traffic and Transport Engineering (TTE) path present a clear preference for
Cities, which can again be identified as the closest topic to the path.
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Figure 4. Probability of selecting a Cross-Over conditioned on the student background based on
Survey 3. For example, the probability of DSAIE being a first choice given a student is from AES
is 0.59.

The students from the MSc in Environmental Engineering (MSc EE) present a reason-
able spread between most of the different Cross-Overs, although Storage, Noise and MoSH
are clearly unpopular. The most popular Cross-Over for the students in MSc EE is Cities,
which also holds for the paths regarding Atmospheric Environmental Engineering (AE).
It is also the second most popular Cross-Over regarding the path related to Resource and
Waste Engineering (RW). However, students from Water Resources Engineering (WR) have
a clear preference for methodological Cross-Overs, namely DSAIE and MORE.

The results of the students’ preferences related to their paths show that most of the
students tend to choose the Cross-Over which is closer to the topics or tools that are covered
in or clearly relevant to their path. This is, most of the students do not take the chance to
explore topics further from their expertise, although some still do.

3.3. Estimating Students’ Preferences

In this section, Survey 3 is used to obtain a first estimate of the distribution of students
along the Cross-Overs for the next academic year. These results are also used to compare
the distribution of students across the Cross-Overs in the two academic years.
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3.3.1. Expected Number of Students per Cross-Over for the Coming Year

Here, the expected number of students per Cross-Over is computed considering two
values of the total number of students. First, it is computed considering that all the students
taking the second year of one of the master’s programs in the Faculty are taking the
Cross-Overs, namely 272 students. However, some students might decide to complete a
multidisciplinary project instead of taking a Cross-Over, which will reduce the total number
of students. During the 2023/2024 academic year, 77.5% of the students took a Cross-Over.
Therefore, the expected number of students per Cross-Over was again calculated here,
considering that the total number of students in the Cross-Overs was 0.775 x 272 ~ 211.
Figure 5 presents the expected number of students per Cross-Over computed based on
data from 272 and 211 students, together with their confidence intervals.

90 A # Students = 272
B # Students =211
80 A
70 A
60

50 A

40 - . =

Expected number of students [-]
2

. s
20 o

10 +

Delta Global Storage DSAIE Noise MORE MUD MoSH  Cities

Figure 5. Expected number of students per Cross-Over for the 2024/2025 academic year based on
Survey 3 (N = 94), completed 12 months prior to the first lecture.

As shown in Figure 5, five of the Cross-Overs present an expected number of students
between 20 and 40 for both of the calculated total numbers of students. Two Cross-
Overs present an expected number of students over 40, DSAIE and Cities, which can be
a challenge for the teaching team and with regard to the allocated resources. Therefore,
using the results of the survey, the teaching team can be warned and consulted. Moreover,
if needed, the number of students in a Cross-Over can be limited. Two Cross-Overs present
an expected number of students close or below 10. This result can be used to communicate
the need to further promote the course to the teaching team and to discuss the minimum
number of students in a module to run.

If Delta is removed from the results of Survey 3 for the next academic year, the
expected percentage of students per Cross-Over can be compared with the actual number
of students per Cross-Over from the previous academic year. Such comparison assesses the
variations in the popularity of the Cross-Overs between the two academic years. Typically,
students ask their peers from higher courses for advice on the selection of electives and
Cross-Overs. Thus, the popularity of a Cross-Over in an academic year can be affected
by the opinions of the students from previous years. The aforementioned comparison is
displayed in Figure 6.
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As shown in Figure 6, in general, there is no a dramatic change in the percentage of
students in most of the Cross-Overs since, typically, the actual percentage of students in
the 2023 /2024 academic year falls within the confidence intervals of the prediction for
the 2024 /2025 academic year. The exceptions are outlined for Global, Storage and MoSH:
while Global and Storage reduce the number of students significantly, MoSH increases
in popularity.

0.5

Academic year 2024/2025
¥ Academic year 2023/2024

0.4

0.3 1

0.2 1

Percentage of students [-]
*

0.1-4
b4

0.0

T .I.. T T T T T
Global Storage DSAIE Noise MORE MUD MoSH Cities

Figure 6. Comparison of the percentage of students per Cross-Over between the academic years
2023/2024 (actual numbers) and 2024 /2025 (Survey 3), disregarding the inclusion of the new mod-
ule (Deltas).

3.3.2. Expected Distribution of Students of Each Path for the Coming Year

Based on Survey 3, the expected distribution of students from the different paths in
each Cross-Over is computed and shown in Figure 7. Figure 7 also displays the distribution
of students from the previous academic year (2023/2024).

Based on Survey 3, Global, DSAIE, MoSH and Cities present students from at least
five different paths in the next academic year. The other Cross-Overs have a narrower
variety of students’ backgrounds. This is especially noteworthy for Storage, where only
students of one path selected it. However, it should be noted that the survey presented
limitations in estimating the contribution of paths with few students. Therefore, it can be
still expected that a small number of students from paths with no contribution in Figure 7
will take a given Cross-Over.

Regarding the differences between both academic years (Survey 3 and actual numbers
from 2023/2024), the distributions are, in general, consistent. The paths with the highest
representation in a Cross-Over are usually the same across the years. For instance, MORE
is especially popular among the students from HOS and HE.

3.3.3. Limiting the Number of Students in a Given Cross-Over

Having an estimation of the number of students that will follow a course allows for
the planning of the resources and the teaching team. If the number of students is higher
than the capacity of the team, there is a possibility of establishing a procedure to limit the
maximum number of students. Here, the expected number of students per Cross-Over
when limiting the maximum number to 40 is investigated using the results of Survey 3.
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To estimate the distribution of students when limiting the maximum number of
students per Cross-Over, a random assignment approach of the expected 211 students
is applied here 1000 times. Thus, the mean number of students per Cross-Over and its
variability are assessed. The assignment approach is structured as follows: for each of the
211 students, their first choice is randomly picked given the probabilities of a Cross-Over
being the first choice. The student is assigned to that first choice if there is room. If that
Cross-Over has already reached the maximum number of 40 students, the conditional
probabilities of the second choice given the first one are used to sample the second choice
of the student and assign it. If the second choice is also full, the process is repeated with
the third choice. Figure 8 presents the results of such random assignment together with an
uncapped distribution of students.

Small differences are observed between the uncapped and capped distributions in
Figure 8 as only two Cross-Overs contained above 40 students. Largest differences were
observed in DSAIE as it was the module with the highest number of students. The
reassigned students were mainly distributed between Global, MORE and MoSH.
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Figure 7. Expected distribution of students from the different paths in each Cross-Over based on
Survey 3 and the actual distribution from the academic year 2023 /2024. Note that orange and green

bars are transparent, so overlapping parts of the bars are shown in a darker orange color.
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Figure 8. Expected number of students per Cross-Over with and without the limitation of a maximum
number of students of 40, based on Survey 3.

4. Discussion

In this study, a questionnaire was used to gather data on student preferences when
choosing courses. While questionnaires provide valuable quantitative information and
enable the identification of some patterns (e.g.,: Kooptiwoot et al., 2024; Mares-Nasarre
et al., 2023), they do not allow for an in-depth analysis of the underlying factors that
drive these preferences. As such, future research should aim to explore these contributing
factors more thoroughly, potentially using qualitative methods such as interviews (Leydens
etal., 2021; Potvin et al., 2024) or mixed methods combining quantitative and qualitative
methods (Anani et al., 2025), in order to gain a deeper understanding of the motivations
and decision-making processes behind student course selections.

The estimated number of students per course was compared with the actual choices to
assess the performance of the questionnaire. The results of the questionnaire capture the
general preferences of the students. Therefore, the early preferences of students can be used
as a first assessment for planning tasks, as proposed in previous studies (Chaturapruek et al.,
2021). Larger relative differences are observed when computing the number of students in
courses or paths with low numbers due to the intrinsic limitations of performing a survey.
Not all the students fill questionnaires, so the sample size for smaller target groups is very
small and might not be captured in detail. If a high level of detail with regard to the number
of students per course is needed, a registration system prior to the beginning of lectures is
recommended.

When comparing the preferences of the target group of students in time, some signifi-
cant changes are observed. This can be partially caused by the surveyed students, as they
might have partially changed despite being part of the same target group. This is, not all
the students who filled the first survey also filled the second, and vice versa. In addition,
the preferences of smaller target groups might not be captured due to the reduced sample
size. Moreover, the decision-making process is complicated and depends on many factors
(Godbole et al., 2024; Leutritz et al., 2024) that can also make preferences change over time.

The results show that three courses consistently rank among the most popular choices.
One of these, DSAI, deals with the application of artificial intelligence and machine learning
to engineering problems. This subject has gained significant attention in recent years as a
promising tool in a wide variety of fields, making it especially attractive to students (Anani
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et al., 2025; Chan & Hu, 2023; Coffey, 2024). The other two popular courses, Global and
Cities, focus on sustainability and the broader societal impact of engineering. This reflects a
growing interest among students in addressing global environmental and social challenges
related to their future profession, as found in previous research (Mares-Nasarre et al., 2023;
Students Organising for Sustainability United Kingdom, n.d.).

5. Conclusions and Recommendations

This research proposes a questionnaire as a simple tool to monitor student preferences
when choosing courses. The questionnaire captures the general preferences of the students;
however, larger relative differences are observed when computing the number of students
in courses or paths with low numbers due to the intrinsic limitations of performing a survey.
If a high level of detail in the number of students per course is needed, a registration system
prior to the beginning of lectures is recommended.

Some patterns are observed in student preferences. A relationship between the first
and second choices can be established; students who choose a methodological module as
their first choice, namely DSAIE and MORE, choose a methodological module as their
second module. The same holds for modules focused on social impact (Cities and Global),
or vibrations and structural responses (Noise and MoSH). However, no clear relationship
is observed with regard to the third choices. This might be caused by students knowing
that they will probably get their first choice and thus do not experience actual pressure
with regard to defining their complete ranking. Therefore, for future research or further
applications of the proposed questionnaire, its length could be potentially reduced.

When analyzing the relationship between the background of the students and their
preferences, it can be concluded that most of them do not explore far out of their discipline.
Students generally choose between modules closer or more relevant to their own discipline.
Therefore, if it is deemed desirable that more students take the opportunity to expand
their horizons further from their background, future efforts could focus on identifying the
factors that drive student choices in further detail. This would make it possible for us to
design strategies to motivate students to step out of their comfort zone (Kahvo et al., 2023;
Leutritz et al., 2024).

Finally, the validated questionnaire in this study was applied to estimate the distri-
bution of students for the coming academic year. The distribution of students along the
different modules is relatively even despite the lower numbers for two modules. This esti-
mation is also compared with the preferences of the students during the previous academic
year, identifying modules which gained or lost popularity. Regarding the background of
students in each module, no significant differences were found between the two academic
years. Also, the number of students per Cross-Over was simulated, assuming a maximum
number of students per module of 40. This simulates the situation where a maximum
number of students is defined according to the availability of the teaching team.

In conclusion, in this study, a questionnaire was developed and used to monitor
student preferences when choosing higher education courses. This research validates its
performance and illustrates its possible applications.
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Appendix A. Survey

Qualtrics Survey Software 07/05/2024, 16:59

%
TUDelft

Crossover Descriptions

Introduction

Dear Student,

Thank you from the cross-over team for participating in this survey! The survey will
take 10-15 minutes to complete. Please remember that the survey is about
preferences. Your answers to this survey will not have any influence on the
choice of cross-over module you will be allowed to make.

In this survey first, we will show you a short summary of the 9 different cross-overs
that are available. Please take time to read the summaries carefully. Secondly, we
will ask you to select your preferred cross-overs and rank them. At last we will ask

you to rank the remaining cross-overs. Remember that at completion of the survey
you will get a free drink at PSOR. Good luck!

Intro

Study background

Currently | am following the programme:

@) MSc Environmental Engineering
O WMsSc Civil Engineering

https://tudelft.eu.qualtrics.com/Q/EditSecti JAj SurveylD=SV_cvd9yleBLvOSPNY&ContextLibrarylD=UR_3ac70d6U86eX04C Page 1 of 11




Educ. Sci. 2025, 15, 859 18 of 29

Qualtrics Survey Software 07/05/2024, 16:59

(O MSc Applied Earth Sciences

Currently | am following the track:

O Resource and Waste Engineering
O Atmospheric Environmental Engineering

(O Water Resources Engineering

Currently | am following the track:

O Hydraulic Engineering

O Geotechnical Engineering

QO Hydraulic & Offshore Structures
O Construction Materials Engineering
Q Traffic & Transport Engineering

QO Structural Engineering

| plan to follow the discipline:

O Climate & Weather
QO Earth Observation
QO Geo-Energy

QO Geo-Resources

Block 3

Descriptions

Below the cross-overs are shortly summarized. Take a good look before ranking the
cross-overs in the next question. It is always possible to go back to this page when you

https:/ftudelft.eu.gualtrics.com/QfEditSection/Blocks/Ajax/GetSu...SurveylD=8V_cvd9yleBLvOsPNY&ContextLibrarylD=UR_3ac70d6U86eX04C Page 2 of 1
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are ranking the cross-overs.

Subsurface Storage for Energy, Water and Climate Applications

The subsurface is increasingly used to store fluids associated with energy and for
climate change mitigation. There are many potential technologies, and each has
its place. In this module, the key technologies which are available and
underdevelopment are detailed, including key aspects of flow of fluids in the
subsurface. These concepts are utilised to evaluate the technologies, such that we
can efficiently use the subsurface. Students will move from broad concepts and
theoretical concepts to modeling real systems.

Engineering for Global Development

Many Delft engineers mobilize their skills within global engineering initiatives
promoting societal development. As views on what is desirable development are
diverse, engineering solutions are always positioned within a social political
debate. With the use of several workshops including discussions, guest lectures,
design sessions etc. and a project in a team of 5 to 7 students based on a real life
issue, students learn how to recognize different ideas, how to engage their own
expertise within debates with experts and other stakeholders, and how to employ
co-creative practices when developing technologies.

Sustainable Cities: Ecoengineering Solutions for Climate Resilient and
Healthy Cities

Current society desires sustainable cities and therefore aged or desolate cities and
infrastructures need to be converted to climate resilient, healthy, liveable and
circular ones. In this module an existing city quarter is quantitatively analysed for
climate resilience and environmental quality, followed by a review of possible
nature-based improvement methods, concepts and products. Finally, in a case
study assignment, the gathered knowledge is applied by designing an integral
naturebased solution.

Resilient Deltas
This topical cross-over deals with the societal challenge of making deltas resilient
to climate change, subsidence, unprecedented economic growth and urbanisation.

https:/ftudelft.eu.gualtrics.com/QfEditSection/Blocks/Ajax/GetSu...SurveylD=8V_cvd9yleBLvOsPNY&ContextLibrarylD=UR_3ac70d6U86eX04C Page 3 of 1
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Future increases in sea level rise, droughts, extreme precipitation and flooding can
have adverse effects on the physics and dynamics of delta’s, salt intrusions and
groundwater, which requires new delta interventions to be developed. The focus is
on deltas globally, using the Dutch Delta as a nearby example and laboratory

Monitoring of Structural Health and Geohazards

Lifecycle engineering is currently one of the great challenges in civil and
geotechnical applications. Rapid developments in sensor technology and
monitoring techniques has opened many possibilities in this domain. In this
module, you will be introduced to a large variety of state-of-the-art monitoring
options that can nowadays be used to assess the health and integrity of civil
structures, rock, and soil masses. You will learn how to process and interpret data
for monitoring purposes, and how to create and update models from the data. The
module is taught using theoretical sessions on monitoring methods and data
collection/processing, live coding sessions, and workshops. We conclude with
case study projects in which you apply your gained knowledge to real-world
monitoring problems in different domains.

From Sediments and Sludges to Solids and Soils

Sediments, sludges and slurries are mixtures of mineral clay, organic material and
water. Sediment and slurries are dredged for port maintenance purposes. Sludges
are a by-product of water treatment plants. Slurries and sludges are dewatered
before disposal or reuse in engineered constructions like dikes or land
reclamation, hereby becoming soils. In this module, the biochemical and physical
properties of sediments, sludges and soils will be reviewed. The way to assess
these properties will be studied using a large variety of techniques, in the
laboratory as well as in the field. Module activities comprise interactive lectures,
group assignments and practical work.

Probabilistic Modelling of real-world phenomena through ObseRvations and
Elicitation (MORE)

Real-world phenomena (e.g., rainfall, earthquakes, cars crossing bridges, ocean
waves) are random and unpredictable! How can we take this into account in our
engineering research and design? In this module, you will use advanced

https:/ftudelft.eu.gualtrics.com/QfEditSection/Blocks/Ajax/GetSu...SurveylD=8V_cvd9yleBLvOsPNY&ContextLibrarylD=UR_3ac70d6U86eX04C Page 4 of 11
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probabilistic methods that incorporate observations and expert opinion to support
decisions that make our lives safer and more manageable. The module is of the
methodological type, and you will also learn how to translate theoretical knowledge
into computer codes. As part of this course, you will apply the methods learned in
an interdisciplinary group project around a specific theme of your choice.

Noise and Vibration: Generation, Propagation and Effect on Humans and
Environment

Noise refers to the unpleasant, loud, and disruptive sound that arises from
structural vibrations. While urban noise and vibrations from transportation or
construction works bring a negative influence on human health, underwater noise
pollution (from pile driving, seismic surveys, etc.) threatens the living space of
marine mammals and fish. In striving for a sustainable environment, tackling noise
pollution and excessive vibrations is crucial. In this module, you will learn the
fundamentals of noise and vibrations by focusing on (i) structural vibrations
generating noise, (ii) propagation of waves, (iii) noise and vibrations perception by
inhabitants, and (iv) noise and vibration control strategies to mitigate adverse
effects on the urban and marine environments.

Data Science and Artificial Intelligence for Engineers (DSAIE)

In the era of digitalization, engineers require enhanced data-related skills to solve
outstanding challenges. This module teaches students how to use data science
and artificial intelligence to tackle engineering problems related to the natural, the
living and the built environments. You will learn foundational as well as advanced
topics, moving from basic data handling skills to state-of-the-art machine learning
techniques (e.qg., Deep Learning). You will work on realistic datasets and learn how
to develop workable solutions in Python and PyTorch.

Select your five favourite cross-overs

0 Subsurface Storage 0O From Sediments and Sludges to
Solids and Soils

|:| Engineering for Global Development |:| Probabilistic Modelling
[0 Sustainable Cities [ Noise and Vibrations

https:/ftudelft.eu.gualtrics.com/QfEditSection/Blocks/Ajax/GetSu...SurveylD=8V_cvd9yleBLvOsPNY&ContextLibrarylD=UR_3ac70d6U86eX04C Page 5 of 11
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[ Resilient Deltas (O] Data Science and Artificial Intelligence
in Engineering

D Monitoring of Structural Health and
Geohazard

Cross-over Rankings

Ranking

Assume taking a cross-over module is mandatory and that there is a maximum capacity
to each module.

Rank your favourite cross-cvers from 1 (favorite) to 5 (least favorite). You can drag the
cross-over names and place them in your preferred order.

Number 1 is the module that you are most interested in. Supposing that option does not
admit more students, the module you rank as 2nd is your next option. Continue in this
way until you come to the module you rank at the bottom of your preferences. Keep in
mind that you can go back and forth between the summary page and this page in order
to answer the question.

If you place your cursor over the cross-over title you can also get a short description of
the module.

Noise and Vibrations

Monitoring of Structural Health and Geohazards
Engineering for Global Development

Subsurface Storage

From Sediments and Sludges to Solids and Soils
Data Science and Artificial Intelligence for Engineers

Probabilistic Modelling
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Sustainable Cities

Resilient Deltas

Descriptions2

Descriptions

Suppose all your five favourite cross-overs are not available anymore. Please rank the
remaining four cross-overs in a similar way to the previous question. Below you can find
their descriptions. On the next page you will do the ranking.

Subsurface Storage for Energy, Water and Climate Applications

The subsurface is increasingly used to store fluids associated with energy and for
climate change mitigation. There are many potential technologies, and each has
its place. In this module, the key technologies which are available and
underdevelopment are detailed, including key aspects of flow of fluids in the
subsurface. These concepts are utilised to evaluate the technologies, such that we
can efficiently use the subsurface. Students will move from broad concepts and
theoretical concepts to modeling real systems.

Engineering for Global Development

Many Delft engineers mobilize their skills within global engineering initiatives
promoting societal development. As views on what is desirable development are
diverse, engineering solutions are always positioned within a socio-political
debate. With the use of several workshops including discussions, guest lectures,
design sessions etc and a project in a team of 5 to 7 students based on a real life
issue, students learn how to recognize different ideas, how to engage their own
expertise within debates with experts and other stakeholders, and how to employ
co-creative practices when developing technologies.
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Sustainable Cities

Current society desires sustainable cities and therefore aged or desolate cities and
infrastructures need to be converted to climate resilient, healthy, liveable and
circular ones. In this module an existing city quarter is quantitatively analysed for
climate resilience and environmental quality, followed by a review of possible
nature-based improvement methods, concepts and products. Finally, in a case
study assignment, the gathered knowledge is applied by designing an integral
naturebased solution.

Resilient Deltas

This topical cross-over deals with the societal challenge of making deltas resilient
to climate change, subsidence, unprecedented economic growth and urbanisation.
Future increases in sea level rise, droughts, extreme precipitation and flooding can
have adverse effects on the physics and dynamics of delta’s, salt intrusions and
groundwater, which requires new delta interventions to be developed. The focus is
on deltas globally, using the Dutch Delta as a nearby example and laboratory.

Monitoring of Structural Health and Geohazards

Lifecycle engineering is currently one of the great challenges in civil and
geotechnical applications. Rapid developments in sensor technology and
monitoring techniques has opened many possibilities in this domain. In this
module, you will be introduced to a large variety of state-of-the-art monitoring
options that can nowadays be used to assess the health and integrity of civil
structures, rock, and soil masses. You will learn how to process and interpret data
for monitoring purposes, and how to create and update models from the data. The
module is taught using theoretical sessions on monitoring methods and data
collection/processing, live coding sessions, and workshops. We conclude with
case study projects in which you apply your gained knowledge to real-world
monitoring problems in different domains.

From Sediments and Sludges to Solids and Soils
Sediments, sludges and slurries are mixtures of mineral clay, organic material and
water. Sediment and slurries are dredged for port maintenance purposes. Sludges
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are a by-product of water treatment plants. Slurries and sludges are dewatered
before disposal or reuse in engineered constructions like dikes or land
reclamation, hereby becoming soils. In this module, the biochemical and physical
properties of sediments, sludges and soils will be reviewed. The way to assess
these properties will be studied using a large variety of techniques, in the
laboratory as well as in the field. Module activities comprise interactive lectures,
group assignments and practical work.

Probabilistic Modelling of real-world phenomena through ObseRvations and
Elicitation (MORE)

Real-world phenomena (e.g., rainfall, earthquakes, cars crossing bridges, ocean
waves) are random and unpredictable! How can we take this into account in our
engineering research and design? In this module, you will use advanced
probabilistic methods that incorporate observations and expert opinion to support
decisions that make our lives safer and more manageable. The module is of the
methodological type, and you will also learn how to translate theoretical knowledge
into computer codes. As part of this course, you will apply the methods learned in
an interdisciplinary group project around a specific theme of your choice.

Noise and Vibration: Generation, Propagation and Effect on Humans and
Environment

With growing cities and populations, and the expanding anthropogenic activities
nearshore and offshore, nuisance increases with adverse effects on both leaving
species and society. In this module, the student will learn by means of a series of
lectures the mathematical background of noise and vibration problems including
the underpinning physics, and apply this knowledge on an environmental noise
and vibration group project.

Data Science and Artificial Intelligence for Engineers (DSAIE)

In the era of digitalization, engineers require enhanced data-related skills to solve
outstanding challenges. This module teaches students how to use data science
and artificial intelligence to tackle engineering problems related to the natural, the
living and the built environments. You will learn foundational as well as advanced
topics, moving from basic data handling skills to state-of-the-art machine learning

https:/ftudelft.eu.gualtrics.com/QfEditSection/Blocks/Ajax/GetSu...SurveylD=8V_cvd9yleBLvOsPNY&ContextLibrarylD=UR_3ac70d6U86eX04C Page 8 of 11



Educ. Sci. 2025, 15, 859

26 of 29

Qualtrics Survey Software 07/05/2024, 16:59

techniques (e.g., Deep Learning). You will work on realistic datasets and learn how
to develop workable solutions in Python and PyTorch.

Ranking2

Ranking

Rank the remaining cross-overs from 1 (most preferred) to 4 (least preferred). You can
drag the cross-over names and place them in your preferred order.

Number 1 is the module that you prefer the most from the remaining ones. The module
you rank as 2nd is your next one in preference. Continue in this way until you come to
the module you prefer the least. Keep in mind that you can go back and forth between
the summary page and this page in order to answer the question.

If you place your cursor over the cross-over title you can also get a short description of
the module.

From Sediments and Sludges to Solids and Soils
Sustainable Cities

Subsurface Storage

Probabilistic Modelling

Resilient Deltas

Monitoring of Structural Health and Geohazards
Engineering for Global Development

Noise and Vibrations

Data Science and Artificial Intelligence for Engineers
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Appendix B. List of Paths per Master’s Program

The Faculty of Civil Engineering and Geosciences offers three MSc programs: MSc in
Applied Earth Sciences, MSc in Civil Engineering, and MSc in Environmental Engineering.
Their specialization paths are listed below.

MSc in Applied Earth Sciences:

e  (Climate & Weather (CW)

e  Earth Observation (EO)

*  Geo-Energy (GE)

e Geo-Resources (GR)
MSc in Civil Engineering:

¢  Construction Materials Engineering (CME)

*  Geotechnical Engineering (GEn)

e Hydraulic & Offshore Structures (HOS)

*  Hydraulic Engineering (HE)

¢  Structural Engineering (SE)

e  Traffic & Transport Engineering (TTE)
MSc in Environmental Engineering;:

*  Atmospheric Environmental Engineering (AE)

*  Resource and Waste Engineering (RW)

*  Water Resources Engineering (WR)

Appendix C. Relationship Between First and Third Choices
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Figure Al. Students’ third choice (x-axis) was based on their first choice (y-axis) for (left) Survey 2
and (right) Survey 3. For example, based on Survey 2, the probability of Global Development being
the third choice given MORE being the first choice is 0.26. Surveys 2 and 3 took place 12 and 6 months
prior to the first lecture in two different academic years (see Section 2).
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