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Abstract. Drop out during the first year at university STEM courses
is a plague spreading all around the world and research in Mathematics
Education revealed that mathematics is one of its main causes: not only
the students’ mathematical knowledge, but also affective issues such as
attitudes towards learning mathematics, views about mathematics itself,
as well as emotions determine the students’ success or failure in univer-
sity career. We investigate the intertwining of cognitive and affective
dimensions in freshmen Engineering students attending a bridge course
in mathematics at the beginning of the first semester at the Politecnico
di Milano.

Keywords: Engineering students · Quantitative nonparametric
methods of data analysis · Blended learning · Secondary-tertiary
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1 Introduction

Every year, at the beginning of the first semester, in universities all over the
world, thousands and thousands of freshmen enrolled at STEM university courses
come to attend their first lessons. We know that around 40% of them would not
sit in the same classroom a few months later, because of dropout. What kind
of information can we get from these first days at university, which can help
universities to reduce dropout? In this paper, we aim at contributing to this big,
overarching question by: firstly, recalling the main findings concerning mathe-
matics difficulties at first year STEM university courses; and secondly, focusing
on the factors that have revealed to be central to understand the issue, and, thus,
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relevant to intervene on dropout. Using regression trees and community analysis,
we aim at identifying sub-groups of students (we will call them “profiles”) who
need differentiated interventions.

The phenomenon of STEM-related dropout has received increasing attention
in the literature. In [23], a theory of academic persistence is proposed that is
of inspiration for subsequent studies, since students’ persistence is affected by
a number of factors, as skills, abilities, and prior schooling, as well as by expe-
riences at university. In [16] it is stressed that students should adjust to a new
context, a new program, new teaching practices, and a new institution, and dif-
ferent variables that should be considered to understand students’ adjustment
in the school-university transition are proposed. Among them, gender, students’
expectations, coping strategies and school of provenience are the most relevant.

University mathematics, in particular, causes difficulties to students with
STEM majors in general and to Engineering students in particular [11]. These
difficulties can be traced back to several aspects that generally concern differ-
ences between secondary school and university [12]: from the different university
courses organization [13] to the different thinking modes that are required at
university. In a fundamental study, [5], it is contended that, at the basis of the
leap between secondary and tertiary studies, there is a shock from procedural
mathematics to conceptual understanding that university mathematics entails.
For such a reason, it is strongly suggested that transition should be smooth, and
communication between school and university should be improved [5]. Accord-
ing to this view, universities from almost all over the world offer preparatory
courses whose goal is to bridge the gaps between school and university, support-
ing freshmen students to recapitulate certain mathematical topics. In the sequel,
we name them “Bridge Courses”.

The focus of this paper is on sub-groups of students who may find the tran-
sition more difficult, compared to their mates. The differences in mathematical
attainments between groups of students, and across schools, is a topic of crucial
interest for both educators and policy-makers (see e.g. [19]). In the sequel, we
briefly recall the main findings to this regard.

Gender Issues. There is an increasing number of studies focusing on the crucial
role of social and affective factors, besides the cognitive ones, in undergraduate
mathematics learning. [19], for example, underlies that the students’ features
–such as gender and attitude towards study– influence students’ attainment. In
particular, it is well acknowledged that women are under-represented in STEM
disciplines (see e.g., [8]) and we refer to the model introduced in [7] to capture
stability and flexibility of gender differences in social behaviour. This model
is social and psychological in its roots and takes into account both the social
influences on boys and girls enrolled in STEM courses, and inner disposition.

Mathematical Backgrounds. Students’ views of mathematics take also a key
role. The study reported in [22] has for us many sources of interest. First of all,
it discusses from a theoretical point of view the concept of “views of mathemat-
ics” and the related concept of “beliefs about mathematics”. The authors state
that “students’ beliefs, wants and feelings are part of their view of mathematics”.
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Secondly, the authors argue about the key role of different school backgrounds, dif-
ferent math curricula and different views and expectations in freshmen students
attending aBridgeCourse.Within this perspective, the role of beliefs (aboutmath-
ematics) is crucial in determining university success or failure [1,6]. Specific to
the Italian context, [17] has proved that the kind of high school influences both
cognitive and affective factors in the transition. Also [19] proved that school-level
characteristics influence the students’ mathematical performances: however, they
focused on single schools features such as their size, theirDean’s views andmanage-
ment practices, while in our studywe focus on the kind ofmathematics the students
experience at school. In fact, in the Italian context, students who enroll in STEM
coursesmostly come from three kinds of secondary school: scientific (LS), humanis-
tic (HU), and technical (TE). LS is a type of secondary schoolwith a strong curricu-
lum in math and sciences, while HU is stronger in history, philosophy, languages
and arts. And, while LS and HU curricula are specifically designed to prepare stu-
dents to go to university, TE curriculum is mostly related to workplace, but it is
not rare that students from this type of school enroll at university. A focus of this
sort [1,17] allows us to understand the role that both mathematical prerequisites
(at cognitive level), and views about the importance of mathematics in real life
(mirrored by the importance assigned to mathematics in each school type’s cur-
riculum) may play in the transition to university STEM courses.

The Digital Turn. The last factor we consider is related to distance learn-
ing and e-learning in general. In particular, the students’ disposition toward on
line teaching material plays a key role in our study, given the organisation of the
Bridge Course under investigation. More generally, this factor is related to differ-
ences between conceptual and procedural aspects in mathematics, as we argue in
the following. Some researchers (e.g. [10]) found that teacher-centred (or teacher-
oriented) methods (TO) favour the development of procedural knowledge, while
student-centered (or student-oriented) methods (SO) favour the development
of conceptual knowledge. A TO lesson provides the students with a linear and
organised exposition of knowledge, while a SO one engages students in group-
work activities, classroom discussions and in the production of meanings that are
inevitably other than final or “authorized”, they are personal and provisional,
not universal and absolute. A Massive Open Online Course (MOOC) has a SO
pedagogical format, in that the students are required to: (a) watch videos and
get sense of their content (without any guidance from the teacher); (b) in case
parts of the videos are not clear for the student, search for other sources in order
to make sense of the content; (c) make interactive exercises and, in some cases,
engage in forum discussions. All this entails a production of meanings that is
personal and that emerges from the mathematical activity in which the student
is engaged. MOOCs are becoming a teaching format common to many universi-
ties all over the world. Also the Bridge Course under study takes on a blended
learning format, as we will detail more in the section dedicated to the context
of the research.
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2 The Context of the Research

The Bridge Course, delivered every year at the Politecnico di Milano1, is a
preparatory course before the beginning of the first semester. The Bridge Course
recapitulates the basic math knowledge learned at school and is made of an e-
Learning part and an attendance part. Students who enroll at university are
invited to attend the MOOC course before the attendance one. In the e-learning
part, the students are asked to recap essential mathematics on Pre-Calculus
MOOC on POK platform (www.pok.polimi.it), where they can watch videos on
theory and exercises, and assess their basic knowledge in mathematics through
quizzes. In addition, they can interact in a forum. The MOOC course is struc-
tured in 6 learning weeks, one for each of the following topics: arithmetics, alge-
bra, geometry, logics, functions, probability. The in-presence part features the
students in SO activities, such as group work activity and discussions built upon
the syllabus of the Pre-Calculus MOOC. The attendance part consists in 32 h of
lessons, spread in the first 2 weeks of September.

We maintain that the Bridge Course combines self-directed (i.e., MOOC) and
externally-regulated (i.e., attendance) learning types of instructional formats.
There’s a need for the latter, since learners are new at the university, they have
to acclimatise with the new learning environment and attendance helps them to
familiarize with the new didactical contract and the new organisation of courses
[21]. There’s a need for the former, since learners at university have to be more
self-directed and e-Learning helps to adapt their learning behaviour [18].

The data for this study come from a questionnaire, administered at the end
of the in-presence part, which investigates affective factors, and from four tests,
which assess the students’ knowledge on algebra, geometry and logics, calculus,
and probability and statistics.

The questionnaire (referred to as Q) is composed by two main sections: 1)
the personal data (Q0 in the sequel), and 2) the affective section (QA). Q0 asked
about: gender, school type and MOOC attendance. QA is made of 6 questions.
Question QA.1 asked whether students faced new math topics in the Bridge
Course, while Question QA.2 asked whether they saw exercises or problems
formulated in a different way. QA.3 opens a window on the students’ expectations
about math at the university and QA.4 investigates whether the students have
been exposed to SO learning formats at school. QA.5 and QA.6 were dedicated to
MOOC/course appreciation and aimed at investigating the students’ disposition
toward e-learning materials.

The math tests, made up of 10 multiple-choice questions each, provide infor-
mation about the students’ mathematical knowledge and skills. They have been
administered on the second day of the attendance course (algebra), on the fourth
one (geometry and logics), on the sixth one (calculus), and on the eight and last
one (probability and statistics).

1 Politecnico di Milano is the technical university of Milan with Engineering, Archi-
tectural and Designer programs.

www.pok.polimi.it
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3 Theoretical Background

The type of data that we would like to analyse are heterogeneous. Indeed, we have
both quantitative variables measuring students’ performances, and qualitative
ones related to personal-level features and affective aspects. Moreover, there is
a plea in Mathematics Education research for studies that do not assume linear
correlations between variables that are complex in nature. This is especially true
when affective aspects are under scrutiny.

For these reasons, we resort to methods that do not rely on strong modelistic
assumptions on the structure of data, nor on linearity of connections. We employ
classification trees to investigate the influence of personal-level features (i.e., gen-
der, school type, and MOOC attendance) on mathematical test performances.
We recall that previous studies in Mathematics Education have resorted to clas-
sification trees to investigate the interplay of cognitive and affective factors in
determining students’ performances [1].

Parallel to classification trees, in order to identify how students clusterize
when they expose their views of mathematics, we resort to network analysis and,
specifically, to community detection, a novelty in the educational context [14].
One can wonder whether a more classical unsupervised clustering method was
not employed for this purpose. We argue that in qualitative questionnaires the
strong limitation of the latter approach is the need of defining a suitable metric
to measure differences between students’ answers, which can be avoided using
a network analysis approach. In the following the two methods are described in
detail.

Regression Trees. The regression trees is a method that aims at predicting the
value of a numerical target variable on the basis of several input variables, and
selecting the input variables that explain the most the target variable. For the
analysis presented in this paper, we will use the tree for predicting the students’
score in the math tests. Specifically, a tree T is a set of successive splits that
group the initial set into C groups, corresponding to the leaves of T . A tree
is constructed by computing, for each factor to be considered, the information
gain (with respect to the target variable) given by splitting the initial population
into two groups, using some threshold value of the input variables. In the case
of regression trees, the gain is computed as the amount of variance reduction
of a split. Every possible split in terms of the input variables lead to a division
of the sample units into two separate groups (i.e., their intersection is empty).
For growing the tree, an iterative algorithm is used. The algorithm starts with a
tree with a single node and successively splits it exploring all possible splits and
performing the one that most reduces the variance (see [9]).

Network Analysis. Regression trees allow us to examine the relationship
between the students’ performance on tests (i.e., a measure of cognitive aspects)
and personal characteristics of the students such as gender, school type and
MOOC attendance. But we need a different mathematical tool to identify clus-
ters within the set of students who answered the questionnaire Q, which represent



Students’ Difficulties with Mathematics 189

a very big and complex set of data. Since the data are qualitative and not quan-
titative we decided to use the community analysis. Community analysis reveals
possible sub-networks (i.e., groups of nodes called communities, or clusters, or
modules) characterised by comparatively large internal connectivity, namely the
nodes that tend to connect much more with the other nodes of the group than
with the rest of the network [4].

Hence, we use community analysis to recognise clusters of students and figure
out students’ profiles according to their attitudes. To that end, a students’ net-
work is designed for the set of answers to Q. The method proposed by [4] is used
to design the network, where two nodes are linked if they co-participate at the
same ‘meeting’. In this work, the nodes of the network are the students while
the ‘meetings’ are represented by the same answer to the questions of the affec-
tive section QA: the more answers they have in common the stronger the link
between two nodes. For example, if students i and j gave 8 same responses to
the questionnaire (i.e., select the same items), hence there exists a link between
nodes i and j, and its weight is 8. Figure 1 exemplifies such an idea. The personal
data collected in Q0 represent further attributes of the nodes. As a consequence
of this approach, the network (N in the following) is undirected and weighted.

Fig. 1. Schema for the design of students’ network: students i and j gave 8 same
responses to the questionnaire, hence there exists a link between nodes i and j, and its
weight is 8.

Since we are interested in identifying sub-networks of students according to
their attitudes, we seek for a specific partition of the set of nodes induced by
a certain measurable quantity. To that end, we adopt the so-called “Louvain
method” [3] based on the optimization of the modularity Q. Roughly speaking,
given a partition {C1, C2, . . . , CK} of the network, modularity Q is the (nor-
malized) difference between the total weight of links internal to the sub-graphs
Ck, and the expected value of such a total weight in a randomized “null net-
work model” suitably defined [20]. To evaluate the goodness or triviality of each
community we adopt the persistence probability αk, that measures the ‘cohesive-
ness’ of the sub-graph Ck. A sub-network which has αk > 0.5 can be reasonably
defined as a community. Obviously, the larger αk, the larger the internal cohe-
siveness of Ck. Notice that, since αk tends to grow with the size Nk of Ck it
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is necessary to test the non triviality of the community [4]. This can be done
introducing the significance of αk, identified by the standard z-score.

zk =
αk − µ(ᾱk)

σ(ᾱk)
. (1)

where ᾱk is the persistence probability of sub-graphs of size Nk, so that a large
value of zk (i.e., zk > 3) denotes that the community is not trivially formed on
the basis of the size of the sub-graph.

4 Results

Table 1. Number and characteristics of students and number of questionnaires and
tests answered by students

Total Males Females LS HU TE Other Q T1 T2 T3 T4

day 1 day 4 day 6 day 8

589 402 150 415 57 55 42 369 535 505 500 331

Table 1 shows the number of students, their characteristics and the number of
questionnaires and tests answered. We can see that the number of males is greater
than the one of females, and that the students coming from LS high school type
represent the majority. This confirms a general trend in STEM studies. In the
next subsection, we focus on the cognitive variables to see how the students
performed in the tests and how gender, school type and MOOC attendance
impact test performance.

Test Performances. The students’ performances in the four mathematical
tests is shown in Fig. 2. Each test consisted of 10 multiple choice questions.
Figure 2 shows the histograms of the number of correct answers out of 10 in each
test. Even though it is clear that some tests are harder for the students than
others, the distributions in the four histograms is similar. In general we have an
asymmetric distribution with a heavy left tail and centred in the medium-high
range of the scores. Further, it is also clear that the distributions of the scores
can not be assumed as Gaussian: first of all, there is only a discrete set of 11
possible score values, and secondly the distributions are asymmetric. We then
employ nonparametric statistical tools, e.g., methods that do not assume the
normality of data.

We remark that, since all tests were done in different days, and collected
anonymously, it is not possible to link the scores within students and the distri-
butions of the scores gained in the four tests are considered separately. In order
to understand how gender, school type and MOOC attendance influence the test
scores, we performed a Kruskal-Wallis rank test [15] whose results show that the



Students’ Difficulties with Mathematics 191

Fig. 2. Histograms of the scores in the four tests. T1 - Algebra, T2 - Geometry and
logics, T3 - Calculus, T4 - Probability and statistics

test score is significantly related to the school in the first three tests, it is not
related to the gender apart from test 2, and it is not related to the MOOC level.

To that end, we fit four regression trees to estimate the score of each test. We
consider the test score as the target variable, which ranges between 0 and 10. We
apply the regression tree method to single out which test score “characterizes”
different groups of students. We have at our disposal 3 input variables: gender,
school type and MOOC attendance. The construction of the tree is controlled
by the parameter, our choice γ = 0.5%, that is used to decide the minimum
information gain to be considered for a split. For the four tests the results are
similar, in terms of the order of the splits that are performed. Here we present
and comment the tree obtained for the fourth test, that is the one characterized
by a less significant relation between the covariates (school type, gender, and
MOOC attendance) and the final score, at least when considering one covariate
at a time. Our aim is to show that, also in this (say, worse) situation, a regression
tree is able to identify a relation between the covariates and the test score and
to classify the students into groups with different characteristics. Furthermore,
in the context of our research, the students who answered to test 4 were the
ones who were present in the last day of the Bridge Course: in this way, we are
somehow (and indirectly) able to consider the students who actually attended a
significant portion of the Bridge Course. The regression tree for test 4 is reported
in Fig. 3.

We read the tree from the top to the bottom and at the top we read that
the average test score is 6.7. We can see that the first split is determined by the
school type: students from LS perform better (average test score 6.8) than the
ones coming from other school types (representing 28% of the sample). In the
latter case, no further distinction is made and the average test score for these
students is 6.3. Among the students who come from LS, a second split is given by
MOOC attendance: those with high attendance (score greater than 3.5 on a scale
from 1 to 5) perform better than those who attended the MOOC less (i.e., <3 .5).
However, those who almost never attended the MOOC (i.e.,<1.5) perform better
than the students who partly attended it. Who are these students? Two groups
of students are identified, at this stage: one group is made by those students
who come from LS and dedicated time to watch the videos in the MOOC and
to make exercises (these are the ones with the highest test average, namely 7.4);
the other group is made of the students who come from LS, a school type where
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Fig. 3. Regression tree for test 4

math curriculum is strong, and hence they do not feel the need to learn more
math on the MOOC. In fact, their performance is good (their average test scores
is 6.7, which is higher than 6.3, namely the average of those who come from HU
or TE school types). Among those students from LS who partly attended the
MOOC, males perform much better than females. From this analysis, we have
seen that the school types is the most influencing variable in test scores, but
within the same school type we can identify different sub-groups of students
who have different attendance at the MOOC. These differences may be better
understood by looking specifically at affective variables (beliefs, attitudes, ...).
This is the aim of the next subsection.

Community Analysis on Q. The community analysis on network N (n = 369
nodes) allows us to identify a partition with three clusters (modularity Q =
0.0650), whose details are reported in Table 2. The persistence probabilities (αk)
coupled with the z-score inform that the three identified sub networks of the
whole students’ network are not trivial.

Table 2. Results of max-modularity community analysis for students’ network N

Community N N [%] αk zk

C1 79 21.409 0.250 8.647

C2 144 39.024 0.482 17.989

C3 146 39.566 0.455 12.413

Figure 4 shows the communities’ frequency of answers to Q0 in test Q: we can
notice that community 3 has more males in percentage, more LS students (and
fewer students from other school type), and more students who did not attend
the MOOC course. Similarly, community 1 has a relatively higher percentage of
male and LS students, while community 2 has a relatively lower percentage of
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Fig. 4. Percentage of answers to personal data section Q0 grouped by community.

LS ones and the MOOC attendance is almost uniformly distributed among the
three level of attendance. A χ2-tests on the differences between the frequencies
of answer to Q according to the identified communities shows that the three
personal-level characteristics are statistically different in the three communities.
At the same time, it highlights that the students in the three communities have
answered in significantly different ways at all the questions but QA.3 and QA.4.
The answers mostly given by the students belonging to the different communities
to questionnaire QA allow us to characterise the three communities as follows.

Profile P1: The students of this profile have a strong mathematical curriculum
since they did not experience new math during the Bridge Course (QA.1).
Since they declare to “have been exposed to problems different from the ones
they were used to” (QA.2), they are unfamiliar with problem-based learning
and they have a rather procedural approach to mathematics. Their exposition
to procedural mathematics and more TO methods is confirmed also by the
fact that they appreciated more the attendance part, instead of the e-learning
part, the latter fostering more conceptual understanding (QA.5, QA.6).

Profile P2: The students’ sample has a large part of females and the majority
of them come from HU, TE and Other schools, moreover two third of them
attended the Pre-Calculus MOOC. The students belonging to profile 2 have a
weaker mathematical background with respect to the previous profile, indeed
they encountered new topics already in the bridge course (QA.1). However
these students show a more positive attitude toward the e-learning material
and the MOOC (QA.5,QA.6), suggesting a more conceptual approach and a
positive attitude toward SO methods (QA.2).

Profile P3: This profile is characterised by students who declared that they did
not see any new topics (QA.1) or problems posed in different ways (QA.2).
The sample is almost composed by LS students who have not attended the
Pre-Calculus MOOC. However half of them would like a future support to
the math exam as the some extra tutoring as the same style of this course
and even a support on MOOC (QA.6). We can infer that students belonging
to profile 3 have a very strong conceptual mathematical background and a
positive attitude toward SO methods.

In the next subsection we come back to the classification tree and try to
connect cognitive and affective variables.
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Connections Between Affective Questionnaires and Cognitive Tests
How do affective variables influence test performances of the students? If we go
back to the classification tree shown in Fig. 3, we can identify the three profiles
that emerged from the community analysis. After the first split, it emerges a
group of students who come from HU, TE and Other schools and who have
a lower test performance (average 6.3). These students can be identified with
profile P2. To the right of the split, LS students are identified and the ones
with the highest test performance (average test score 7.4) have also attended
the MOOC almost entirely. This group of students, which corresponds to 15% of
the sample, seem not to correspond to any of the profiles. Among the students
who come from LS and attended the MOOC less, we see another split: the leaf
of the tree with the students who attended almost no MOOC identifies profile
P3, whose average test score is pretty high (namely, 6.8). The other leaf of the
tree identifies the students coming from profile P1: males are the majority and
perform better that females in the test (average test score is 6.3 versus 5.1).

Even in an anonymous setting, we were able to establish a connection between
the questionnaire and the tests by looking at the features of the students that
most characterize the communities (i.e., gender, school type and MOOC atten-
dance), and by seeing if the same features influence the test scores. It was then
possible to identify four overarching, general trends that at a gross grain give a
representative picture of well-known phenomena related to dropout.

5 Conclusions

In this paper, we aim at contributing to understand the phenomenon of drop
out among first year STEM university students. We, thus, recalled the main
factors that can help decision-makers to activate resources in order to reduce
drop out by identifying and then intervening on subgroups of students who need
personalised intervention at the first year of STEM university studies.

Our findings reveal that three main communities can be identified. The first
community is populated by students who had been exposed to a strong curricu-
lum in high school, and who have a rather conceptual view of mathematics. They
show good performance inmathematics and they declare that in the Bridge Course
they encountered mathematical content that was familiar for them: in fact, their
acquaintance with conceptual mathematics allows them to feel comfortable with
the new context of university mathematics, and not to live it as a shock. Finally,
they seem to be able to discern which online content is useful for them: indeed, they
declared to have partly attended the MOOC and our interpretation is that, since
these students are good in mathematics, they selected the contents they actually
felt “useful” for them to recall-being able to not loosing their time. As pertains
this community of students, who represent the strongest group, our suggestion
(following upon Clark & Lovric [5]) for policy-makers at STEM university is to
promote and reinforce their relationships with high schools, especially focusing on
secondary school math teacher training, so that teachers will teach their students
more conceptual math, in a student-oriented fashion, and their learners will enter
the university “well equipped” to deal with the transition.
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A second community is as well populated by students who had been exposed
to a strong curriculum in mathematics, but with a procedural approach. These
students perform less well than their mates in the first community, they did not
attended the MOOC and they are able to appreciate only traditional ways of
teaching. A majority of males is present in this group. We can further comment
that their math performance in tests is good enough, and they declare not to
be shocked by the Bridge Course, because their strong mathematical knowledge
sustains them in the transition. However, these students seem not to be ready
neither for a self-organised way of studying, nor for student-centred learning
formats. We expect that these students will face difficulties in the first semester
at university, as observed in [2], a study conducted in a similar context. Andrà,
Magnano & Morselli’s [2] findings reveal that these students have the highest
probability of not taking the degree, with respect to the students with weakest
mathematical curriculum in high school-namely, those belonging to the third
community.

Students in the third community are aware that their mathematical knowl-
edge is not enough to attend first year STEM university, and they start to work
hard in order to bridge the gap: they attend the MOOC and they come to the
Bridge Course. They appreciate the new format of learning. According to [2],
these students have a probability of getting the degree on time that is comparable
to the one of the students in the first community. This tells us that mathemat-
ical knowledge is important, but it is also important the student’s awareness
about her weaknesses. For this reason, we suggest policy-makers at university
to make use of (or develop their own) questionnaires that help them detecting
the students’ attitudes towards mathematics, their beliefs about themselves as
learners, and their resilience.

From our findings, it emerges a confirmation of well established findings in
analogous contexts. However, there are two elements of novelty in this study: one
is the taking into account the students’ attitudes towards e-learning materials
(MOOCs, in particular), the other one is the idea of clustering students with
respect to both personal-level characteristics such as gender and school type,
and their views of mathematics, as variables that can explain their mathematics
performances.

References
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B., Bebernik, R., Göbel, L., Pohl, M., Schacht, F., Thurm, D.E. (eds.) Proceed-
ing of the 14th International conference on technology in mathematics teaching -
ICTMT14. vol. 48, pp. 91–98. DuEPublico (2020). 10.17185/duepublico/48820

15. Kruskal, W.H., Wallis, W.A.: Use of ranks in one-criterion variance analysis. J.
Am. Stat. Assoc. 47(260), 583–621 (1952)

16. Larose, S., Duchesne, S., Litalien, D., Denault, A., Boivin, M.: Adjustment trajec-
tories during the college transition: types, personal and family antecedents, and
academic outcomes. Res. High. Educ. 60, 684–710 (2019)

17. Lombardo, V.: Recuperare competenze matematiche all’ingresso di un percorso
universitario, analisi di un’esperienza. Quaderni di Ricerca in Didattica (Mathe-
matics) 25 (2015)

18. Mandl, H., Kopp, B.: Blended learning: Forschungsfragen und perspektiven (2006)
19. Masci, C., De Witte, K., Agasisti, T.: The influence of school size, principal char-

acteristics and school management practices on educational performance: an effi-
ciency analysis of Italian students attending middle schools. Socioecon. Plann. Sci.
61, 52–69 (2018)

20. Newman, M.E.: Modularity and community structure in networks. Proc. Natl.
Acad. Sci. 103(23), 8577–8582 (2006)

21. Niegemann, H.M., Domagk, S., Hessel, S., Hein, A., Hupfer, M., Zobel, A.: Kom-
pendium multimediales Lernen. Springer (2008)

22. Roesken, B., Hannula, M.S., Pehkonen, E.: Dimensions of students’ views of them-
selves as learners of mathematics. ZDM 43(4), 497–506 (2011)

23. Tinto, V.: From theory to action: exploring the institutional conditions for student
retention. In: Smart, J. (ed.) Higher Education: Handbook of Theory and Research,
vol. 25 (2010)


	 Preface
	 Organization
	 Learning Methodologies and Technologies Online. HELMeTO 2022 Editorial: Introduction to the Scientific Contributions (Editorial)
	 Contents
	General
	The Psychological Impact of Online Learning During the COVID-19 Pandemic. A Survey on a Sample of Italian Undergraduates
	1 Introduction
	2 Method
	3 Results
	3.1 The Effect of OL on Learning Habits
	3.2 The Effect of OL on Learning Strategies
	3.3 The Effect of OL on Academic Achievement
	3.4 The Effect of OL on Academic Achievement

	4 Conclusion and Discussion
	References

	Machine-Learning-Based Software to Group Heterogeneous Students for Online Peer Assessment Activities
	1 Introduction
	2 Methodology
	2.1 Description of the Activities
	2.2 Participants
	2.3 Machine Learning Approach
	2.4 Data Collection and Methodology
	2.5 Data Analysis

	3 Results
	3.1 Realization of Heterogeneous Group
	3.2 Results of Peer Assessment

	4 Conclusions and Future Perspective
	References

	Analysis of MOOC Features in a Regional Platform: Design and Delivery of Courses
	1 Introduction
	2 Method
	2.1 Data
	2.2 Variables
	2.3 Analysis Method

	3 Results and Discussion
	4 Conclusion
	References

	Social Learning for Professional Development. A In-House Experimentation in Initial Teachers Training
	1 The Project in a Nutshell
	2 The Research
	3 Analysis
	3.1 Cluster 1Traineeship Tutor
	3.2 Cluster 2Documents
	3.3 Cluster 3Problems
	3.4 Cluster 1Sharing
	3.5 Cluster 2Response
	3.6 Cluster 3Help

	4 Interviews Excerpts
	5 Artefacts Selection
	6 Conclusions
	References

	Audiovisual as an Atelier. Theoretical Framework and Educational Applications
	1 A Theoretical Framework
	2 Video as a Form of Epistemic Writing
	3 Audiovisual as an Atelier
	4 Audiovisual Atelier as a Method of Knowledge
	5 Process, Product and Educational Design
	References

	Supporting Instructors with Course Attendance and Quality Prediction in Synchronous Learning
	1 Introduction
	2 Methodology
	2.1 Data Collection
	2.2 Feature Extraction
	2.3 Models Creation
	2.4 Model Evaluation

	3 Experimental Results
	3.1 Course Quality Prediction (RQ1)
	3.2 Predicting Attendance to the Next Lecture (RQ2)
	3.3 Predicting Attendance to a Course Lectures Percentage (RQ3)

	4 Discussion and Conclusions
	References

	Learning Analytics to Predict Students’ Social-Relational Skills in an Online University Course
	1 Introduction
	2 LA for Predicting Students’ Success
	3 Online Collaboration and Soft Skills Development
	4 Methodology
	4.1 Participants
	4.2 Tools
	4.3 Data Analysis Procedures

	5 Results
	6 Discussion
	7 Conclusions
	References

	How Did University Students Adapt to the “New Normal” of Teaching and Learning During the Pandemic? Preliminary Indications from Semi-structured Interviews
	1 Introduction
	2 Material and Methods
	2.1 Candidate Selection Criteria
	2.2 Semi-structured Interview Protocol
	2.3 Realization of the Interviews, Data Acquisition and Treatment

	3 Preliminary Findings from Content Analysis
	4 Discussion and Future Developments
	References

	Methodology and Education
	Two years of Blended Synchronous Mode Learning in Higher Education. The Students’ Experience Told Through Their Metaphors
	1 Background
	2 Materials and Methods
	3 Results
	3.1 Metaphors and Conceptual Categories
	3.2 Motivations Underlying the Metaphors

	4 Discussion
	5 Conclusion
	References

	An Autoethnographic Approach to Faculty Development Through a Longitudinal Analysis of a Co-taught Workshop
	1 Introduction
	2 The Context of the Study
	3 Research Approach
	4 Data Collection
	5 Data Analysis and Interpretation
	6 Conclusions
	References

	Teaching Cybersecurity: The Evaluation of Nabbovaldo and Blackmail from Space
	1 Introduction
	1.1 Serious Game on Cybersecurity: State of Art and the Novelty of Nabbovaldo
	1.2 Ludoteca del Registro.it
	1.3 Design Implementation and Development of “Nabbovaldo and Blackmail from Cyberspace”

	2 Methodology
	2.1 Procedure
	2.2 Self-report Questionnaire
	2.3 Sample
	2.4 Data Analysis

	3 Results
	3.1 Descriptive
	3.2 Video Games
	3.3 “Nabbovaldo and Blackmail from Space”: Satisfaction and Usability
	3.4 Ex-Ante Results
	3.5 Ex-Post Results

	4 Conclusion
	4.1 Theoretical and Practical Implications
	4.2 Limits and Future Directions

	References

	Self-efficacy and Digital Skill of University Teachers
	1 Digital Worlds
	1.1 Culture Change, Transformation and Transition
	1.2 Digital Transition Processes

	2 Digital University Education
	2.1 21st Century Skills and Digital Skills
	2.2 21st Century Teachers’ Digital Skills

	3 Digital University Teachers
	3.1 University Teachers’ Technology Acceptance
	3.2 Digital University Teachers and Students

	4 Methodology
	4.1 Research Questions
	4.2 Experimental Plan
	4.3 Data Analysis

	5 Discussion
	5.1 Cognitive Questions
	5.2 Emotional Question
	5.3 Teachers’ Digital Competence Belief
	5.4 Work in Progress

	References

	Differences in the Comprehension of the Limit Concept Between Prospective Mathematics Teachers and Managerial Mathematicians During Online Teaching
	1 Introduction
	2 Objectives and Literature Review
	3 Methodology
	3.1 The Sample and Stating of the Research Questions
	3.2 Preparation and Learning Phase: Lessons Descriptions
	3.3 Testing Phase
	3.4 Analysis of the Obtained Data

	4 Results and Discussion
	4.1 Pre-service Mathematics Teachers Group Results
	4.2 Managerial Mathematics Students Group Results
	4.3 Discussion

	5 Conclusion
	Appendix 1
	Appendix 2
	References

	Students' Difficulties with Mathematics: Insights from Secondary-Tertiary Transition in a STEM Program
	1 Introduction
	2 The Context of the Research
	3 Theoretical Background
	4 Results
	5 Conclusions
	References

	Framework for Technical Elements in Collaborative E-Learning Platforms
	1 Introduction
	2 Related Work
	3 Methodology
	4 Framework for Analysing Collaborative E-Learning Platforms
	4.1 Learning Element
	4.2 Communication
	4.3 Collaboration

	5 E-learning Platforms in Collaborative Learning
	5.1 Platforms Selection
	5.2 A Comparison of Collaborative E-Learning Platforms

	6 Future Steps
	7 Conclusion
	References

	Digital Tools to Enhance Interdisciplinary Mathematics Teaching Practices in High School
	1 Introduction
	2 Theoretical Framework
	3 The Interdisciplinary Teaching Practice with Digital Tools
	3.1 Observation and Description of the Physical Phenomenon
	3.2 From the Physical Phenomenon to the Mathematical Model
	3.3 The Interference Phenomenon

	4 Conclusions
	References

	Capability Approach and Sustainability, a Survey for the Faculty Development in Higher Education
	1 Theoretical Framework
	1.1 Capability Approach and Sustainability
	1.2 Capability Approach and Agenda 2030
	1.3 Faculty Development

	2 Research Section
	2.1 The Recipients
	2.2 The Tool
	2.3 Data Analysis

	3 Conclusion
	References

	Quality and Accessibility in Blended Learning and Hybrid Solutions at Higher Education Level: A Word from the Students
	1 Introduction
	2 Literature Background
	3 The Present Study
	3.1 Participants
	3.2 Methodology

	4 Findings
	4.1 HE Students’ Experience with HBLS
	4.2 Patterns of HBLS Appreciation for Accessibility and Quality

	5 Discussion and Conclusions
	References

	The Inclusive Design of a Learning Path with Integrated Digital Teaching in the Education Science Degree Course at the University of Genoa
	1 Introduction
	2 Theoretical Framework
	2.1 Designing the Technological Learning Environment
	2.2 Self-regulation in Remote Technological Environments

	3 Methodology and Data Analysis Tools
	3.1 Technological Environments Used
	3.2 The Organization of the Course
	3.3 Data Collection Tools

	4 Results
	5 Conclusion
	References

	A Methodological Framework to Cultivate Transformative Learning in Faculty Development
	1 Crossing the Crisis. The Disorienting Dilemma Produced by the Covid-19 Outbreak
	2 The Transformative Learning Theory and Faculty Development
	3 Materials and Methods
	3.1 The Method

	4 Findings and Discussion: How to Encourage Faculty Sense of Belonging
	4.1 Changes Brought by Emergency Remote Teaching
	4.2 The 4S Model

	5 Relevance to the Field
	References

	What Technology Enhanced Assessment and Feedback Practices do Italian Academics Declare in Their Syllabi? Analysis and Reflections to Support Academic Development
	1 Theoretical Framework
	1.1 Academics’ Digital Competences
	1.2 Technology-Enhanced Assessment and Feedback

	2 Methods
	2.1 Research Aims and Questions
	2.2 Sampling Methodology
	2.3 Analysis Procedure

	3 Results
	4 Discussion
	5 Conclusions and Future Perspectives
	References

	Academic Development Strategies to Support Teaching and Learning Processes Integrated with Technologies: Lessons Learnt at University of Trento
	1 Introduction and Theoretical Framework
	2 Methods
	3 Results
	4 Conclusions and Future Directions
	References

	A Phenomenological Study About the Effect of Covid-19 Pandemic on the Use of Teaching Resources in Mathematics
	1 Introduction
	2 Methodology
	2.1 Design
	2.2 Participants and Questionnaire

	3 Data Analysis and Results
	4 Discussion
	5 Conclusion
	Appendix
	References

	Training Faculty Developers in Hybrid Mediation: Organisational-Didactic Changes in the TLC Uniba
	1 Changes in Higher Education: Qualification of Teaching and Hybrid Learning Environments
	2 The Faculty Developer as a Change Agent in University Teaching
	2.1 What Hybrid Mediation for Faculty Developers?

	3 Conclusion
	References

	The Role of Educational Interventions in Facing Social Media Threats: Overarching Principles of the COURAGE Project
	1 Introduction
	2 The Severity of Cyber Aggression for Social Media Users
	3 The Role of Educators to Increase Students’ Social Media Awareness
	4 The Courage Project
	4.1 AI, Media Literacy, and Societal Changes in the COURAGE Project
	4.2 Transfer of the Virtual Learning Companion into Practice

	5 Impact of the COURAGE project
	6 Conclusion
	References

	Yes, Echo-Chambers Mislead You Too: A Game-Based Educational Experience to Reveal the Impact of Social Media Personalization Algorithms
	1 Introduction
	1.1 Why Wisdom of Crowds

	2 Related Work
	2.1 Digital Media Literacy and Teenagers
	2.2 Recommender Systems and Social Media
	2.3 Wisdom of Crowds

	3 Experimental Methodology
	3.1 Digital Media Literacy Talk
	3.2 Wisdom of Crowds Game Experience

	4 Results and Discussion
	5 Conclusion and Future Works
	References

	Empirically Investigating Virtual Learning Companions to Enhance Social Media Literacy
	1 Introduction
	2 Social Media Literacy Interventions
	3 Virtual Learning Companions
	4 The COURAGE Project and Its Contributions
	4.1 COURAGE Browser Plugin
	4.2 The Narrative Scripts
	4.3 Future Features Studies

	5 Discussion
	6 Conclusion
	References

	Concept of Quality in Online Environments: The Actual Role of Teaching and Learning Centers
	1 Introduction
	2 The Concept of Quality in Higher Education and Its Link to Motivation
	3 Models of Teaching and Learning Centers (TLCs) in Online Learning: Current and Developing Good Practices
	4 Conclusions
	References

	How Covid-19 Affected the Slovak and Czech Mathematics and Physics Teachers’ Use of Resources
	1 Introduction
	2 Methodology
	2.1 Basis for the Questionnaire B
	2.2 Change in Use of Resources Due to Covid-19 (Questionnaire B)

	3 Results and Conclusions
	3.1 Teachers of Mathematics
	3.2 Teachers of Physics
	3.3 Discussion

	4 Conclusion
	References

	The “Courage Companion” – An AI-Supported Environment for Training Teenagers in Handling Social Media Critically and Responsibly
	1 Introduction
	2 Related Work
	2.1 ITS and Companion
	2.2 Fake News and Challenges
	2.3 Integrating Machine Learning and Gamification into Learning Environments

	3 Architecture
	4 Implementations
	5 VLC Technical Architecture
	5.1 Natural Language Processing and Machine Learning API

	6 Educational Scenarios
	7 Conclusion
	References

	In-Person/Online Attendance at an Educational Technology Workshop. A Study on Student Teachers’ Perceptions at UniBg
	1 Introduction
	2 Background, Objectives and Participants in the Study
	3 Data Collection and Data Analysis
	3.1 Data Collection
	3.2 Data Analysis

	4 Results, Limitation and Discussion
	5 Conclusion
	References

	Intrinsic Motivation for Social Media Literacy, a Look into the Narrative Scripts
	1 Introduction
	2 Intrinsic Motivation and the Design of Learning Activities
	3 Narrative Scripts (NS)
	4 Method
	4.1 Study Design and Participants
	4.2 Instruments and Measurements
	4.3 Procedure

	5 Results
	5.1 Students’ Intrinsic Motivation
	5.2 Qualitative Analysis

	6 Conclusion
	References

	Online/Hybrid Course Design for Programming Languages in Engineering Education
	1 Introduction
	2 Methods
	3 Results
	4 Discussion and Conclusion
	References

	Facing the Didactic Emergency During Covid-19 Pandemic in an Analytical Chemistry Laboratory
	1 Introduction
	1.1 The Theoretical Framework: Teaching
	1.2 The Theoretical Framework: Analytical Technique

	2 The Conductometry Experience Learning Cycle
	2.1 Academic Years (Before Covid-19)
	2.2 Academic Year in Full Lockdown (2019–2020)
	2.3 Academic Year 2020–2021 (After Covid-19)

	3 Results and Conclusions
	References

	Experience-Based Training in Computer Science Education via Online Multiplayer Games on Computational Thinking
	1 Introduction
	2 An Overview of the Italian Coding League 2022 (ICL 22)
	3 Behind the Scenes of ICL 2022
	4 Assessment Using Data Collected During the Competition
	5 Reflection Phase for University Students
	6 Conclusions
	References

	Digital Wisdom Development and Self-reflection of Teacher Candidates
	1 Introduction
	2 Theoretical Framework
	2.1 The Importance of Self-reflection in Teaching
	2.2 Digital Citizenship and Wisdom Development in Initial Teacher Education

	3 Methods
	3.1 Sample

	4 Data Gathering Tools
	4.1 Wisdom Development Scale (WDS)
	4.2 SELFIE for Teachers

	5 Results and Discussions
	5.1 Wisdom Development Scale
	5.2 SELFIE for Teachers

	6 Conclusion
	References

	Promoting Leadership Skills in Teachers with Coaching
	1 Introduction
	2 Theoretical Framework
	2.1 Teachers’ Leadership Skills
	2.2 Coaching for Developing Teachers’ Leadership Skills

	3 Methods
	3.1 Sample
	3.2 Measurement

	4 Preliminary Results
	5 Conclusions
	References

	Coding Maps: A Distance Laboratory on Computational Thinking Inspired by Modal Logic
	1 Introduction
	2 The Platform
	3 The Concept
	4 Planets and Systems
	4.1 Logic
	4.2 Control Flow
	4.3 Variables
	4.4 Input/Output

	5 Coding Maps in Action: The Digilab at the Science Festival
	5.1 Feedback and Results

	6 Conclusions
	References

	New Educational Scenarios in the Framework of Blended Learning
	1 Introduction
	2 Digital Culture and New Learning Environments
	3 Blended Learning: Theoretical Framework
	4 A New Blended Model: Future Scenarios
	5 New Blended Models: The Scenario of the University of Foggia
	6 Conclusion
	References

	Technology and Digital
	Brain Wave, Heart Rate, and Facial Expression Relationship Validation During Programming Learning Comprehension Study
	1 Introduction
	2 Previous Work
	2.1 Application of Brain Wave to Learning
	2.2 Other Biometric Applications for Learning
	2.3 Previous Work on Estimating Task Difficulty Using EEG

	3 Experiment
	3.1 Questions to Use for the Experiment
	3.2 Biological Equipment Used for Experiments
	3.3 Experiment Participants
	3.4 Experimental Method

	4 Experimental Results and Analysis
	4.1 Analysis of the Difference ch40IEEESMC2022
	4.2 Analysis Using Cross-validation

	5 Consideration
	6 Conclusion and Future Work
	References

	An Empirical Study to Predict Student Performance Using Information of the Virtual Learning Environment
	1 Introduction
	2 Related Work
	3 Background
	4 Approach
	4.1 Raw Data Description and Pre-processing
	4.2 Features Model Description
	4.3 Evaluation Metrics

	5 Empirical Study Results
	6 Threats to Validity
	7 Conclusions and Future Work
	References

	Do 5W+H Commute? Examples in Calculus and Communication of Science
	1 Introduction
	2 Do 5W+H Commute? - An Example from Calculus Course
	3 Do 5W+H Commute? - The Example of Communication of Science Course
	3.1 Motivation of the Case Study at University of Bari
	3.2 Data Analysis of the Case Study
	3.3 Implications

	4 Conclusion
	References

	Harvesting Metadata for XR Digital Learning Objects
	1 Introduction
	2 Applicable Standards
	3 ARETE's Digital Repository
	3.1 Learning Objects

	4 LOM and OAI-PMH Moodle Integration Plugins
	4.1 Previous Work
	4.2 LOM Integration into Moodle
	4.3 OAI-PMH Integration into Moodle

	5 Conclusions and Future Work
	References

	A Case Study of Teachers’ First Designs Using ASYMPTOTE: A Tool for Teaching and Learning Mathematics Online
	1 Introduction and State of the Art
	2 The ASYMPTOTE System
	2.1 Tasks
	2.2 The Learning Graph

	3 Research Question
	4 Methodology and Data Source
	5 Findings
	5.1 The LG from the University of Aegean
	5.2 The LG from the University of Catania

	6 Discussion and Conclusion
	References

	Augmented and Virtual Reality in Computer Science Education
	1 Introduction
	2 Related Work
	3 Experiences
	3.1 Market Exhibition
	3.2 Academic Museum of Technology
	3.3 Arduino Day

	4 Learning Methodologies
	4.1 Project-Based Learning
	4.2 Peer Education

	5 Analysis and Assessment
	6 Conclusion
	References

	The Rational Numbers in a Pre-service Mathematics Teacher Educational Path Highlighting the Role of Feedback in the Formative Assessment
	1 Introduction
	2 Theoretical Framework
	2.1 Formative Assessment and Feedback
	2.2 Digital Resources: The FA Workshop Online

	3 Research Methodology: The Workshop Online
	4 Discussion and Results
	5 Conclusion
	References

	Evaluation of Pedagogical Strategies Based on Socio-Affective Scenarios in a Virtual Learning Environment
	1 Introduction
	2 Socio-Affective Scenarios
	3 Pedagogical Strategies
	4 Methodology
	5 Results
	5.1 Category I - Profile of Participants: Professors and Monitors
	5.2 Category II - Analysis and Evaluation of PS Based on Socio-Affective Scenarios by Professors and Monitors

	6 Conclusions
	References

	Online Asynchronous Mathematics Interactions: Similarities and Differences for Teachers and Students
	1 Introduction
	2 Theoretical Background
	3 Motivation and Research Question
	4 Methodology and Data Source
	5 Findings
	5.1 Example of Plasticity and Technological Multi-Modality in the MOOC
	5.2 Example of online resources for freshmen students
	5.3 Similarities and differences among the two contexts

	6 Conclusion
	References

	Engaging Mathematics Teachers as Designers of Digital Educational Resources to Foster Their Awareness in Counsel
	1 Introduction
	2 Theoretical Framework
	3 Research Context and Methodology
	4 Results
	5 Discussion and Conclusion
	References

	A Digital Educational Path with an Interdisciplinary Perspective for Pre-service Mathematics Primary Teachers’ Professional Development
	1 Introduction
	2 Theoretical Framework
	3 The Research Methodology and the Educational Path
	3.1 Research Questions

	4 The Project and the Structure of the Educational Path
	5 Results
	6 Conclusion
	References

	Incremental and Interpretable Learning Analytics Through Fuzzy Hoeffding Decision Trees
	1 Introduction
	2 Data
	3 Models
	4 Results and Discussion
	4.1 Experimental Setup
	4.2 Quantitative Evaluation
	4.3 Semantic Analysis

	5 Conclusions
	References

	Psychological Outcomes and Effectiveness of a Collaborative Video-Based Learning Tool for Synchronous Discussions
	1 Introduction
	2 Related Work
	3 The vGather2Learn Tool
	4 Methods of the Evaluation Study
	4.1 Sample
	4.2 Measures
	4.3 Procedure

	5 Results of the Evaluation Study
	5.1 Quantitative Results
	5.2 Qualitative Results

	6 Discussion
	6.1 RQ 1: Which Psychological Effects Drive the Learning Process and Usage of a Collaborative Video Learning Tool?
	6.2 RQ 2: What Drives Learners' Intention to Use the Collaborative Video Learning Tool in Higher Education?

	7 Conclusion
	References

	Combining Augmented Reality and Fairy Tales to Teach Science to Primary School Students: Teachers’ Experience from the Fairy Tale Science Augmented (FAnTASIA) Project
	1 Introduction
	2 The FAnTASIA Project and Its Educational Package
	2.1 The Fairy Tale
	2.2 The AR Application
	2.3 The User Manual

	3 The Pilot Study: Evaluation of the FAnTASIA Educational Package
	3.1 Research Design
	3.2 Measures
	3.3 Implementation of Impact Assessment

	4 Results: Evaluation of Teachers’ Experience
	4.1 Results the Likert-Type Questionnaire
	4.2 Results from Open-Ended Question

	5 Conclusions
	References

	Thinking Groups and the Development of Affective Problem-Solving Competencies in Online Learning Environments at the University Level
	1 Introduction and Research Context
	2 Theoretical Framework and Research Questions
	3 Design and Methodology
	4 Preliminary Findings
	4.1 Some Students’ Affective Improvements During the Cooperative Working Experience
	4.2 Some Students’ Perceptions of the Affective Potentialities of the Miro Online Learning Board

	5 Discussion and Conclusions
	References

	Nussbaum’s Lesson on Public Emotions: A Sociological Reading in an On-Line Academic Environment
	1 Introduction
	2 The Sociological Relevance of Nussbaum's Approach to Public Emotions
	2.1 Public Emotions and Social Participation
	2.2 Historicity of Social Participation
	2.3 The Transformation of Social Participation into Human Participation

	3 An Experimental Teaching Practice: The Semi-face-To-Face Intensive week
	3.1 Research Design
	3.2 First Evidence: Some Emergent Effects
	3.3 From the Emergent Effects to the First Analysis

	4 Conclusions
	References

	The Digitization of Onboarding Processes of New Joiners Aimed at Enhancing Soft and Hard Skills
	1 Introduction
	2 Research Objectives and Hypotheses
	3 Methodology
	4 The Case Study
	5 Statistics
	6 Main Results
	7 Conclusions
	References

	The ARETE Ecosystem for the Creation and Delivery of Open Augmented Reality Educational Resources: The PBIS Case Study
	1 Introduction
	2 Related Works
	3 ARETE PBIS Ecosystem
	3.1 Standard Used to Share AR Educational Content
	3.2 MirageXR in a Teacher's Perspective
	3.3 ARETE Moodle
	3.4 PBIS-AR App

	4 ARETE PBIS Pilot
	5 Conclusion
	References

	Flipping the Laboratory in an Academic Course on Object-Oriented Paradigm
	1 Introduction
	2 Background
	3 Related Work
	4 Experiment
	4.1 Goal
	4.2 Context
	4.3 Hypothesis Formulation
	4.4 Variables Selection
	4.5 Experimental Design
	4.6 Experimental Procedure and Material
	4.7 Analysis Method

	5 Results and Discussion
	5.1 Testing Hypotheses on Programming Performances
	5.2 Threats to Validity

	6 Concluding Remarks
	References

	Q&A Generation for Flashcards Within a Transformer-Based Framework
	1 Introduction
	2 Related Work
	3 Transformer-Based Recommender
	3.1 Recommendation and Filtering Context
	3.2 Transformer-Based Recommender Architecture
	3.3 Transformer-Based Flashcards Generation Framework

	4 Experiments and Results
	4.1 Datasets
	4.2 Evaluation Metrics
	4.3 Results

	5 Conclusions and Future Work
	References

	Author Index

