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Approach in a Realistic Context Between Education

and CS Students in an HCI Course
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Abstract—Contribution: Prior studies on pedagogical method-
ologies to acquire soft skills have shown that developing collab-
orative tasks produces positive impact in students’ abilities. In
this article, a pedagogical approach based on interdisciplinary
practice and realistic problems is proposed to improve students’
teamwork skills.

Background: Traditionally, soft skill acquisition has received
scarce attention in high education curricula. Consequently, stu-
dents finish their studies without having developed important
competencies, such as communication, conflict resolution and
teamwork skills.

Intended Outcomes: Students who follow a realistic inter-
disciplinary approach improve both their soft and hard skills
compared to students who follow a traditional collaborative ped-
agogical methodology. Through the approach proposed, students
progress in completing tasks, participating in the team, collabo-
rating in the organization, accepting agreements and taking into
account the others’ points of view.

Application Design: The experience involved students from
two different disciplines, prospective computer science engi-
neers and preservice teachers. They worked together to design
an educational application that required prospective engineers
to apply Human–Computer Interaction fundamentals. A quasi-
experimental study was performed using either knowledge tests
or self-assessment pre-post-tests, both subsequently analyzed
using quantitative methods.

Findings: 1) the prospective CS engineers who followed
the interdisciplinary realistic practice approach achieved better
learning outcomes than those who did not; 2) the educational
context affects teamwork skill development; and 3) students
improved their ability to work and participate in the team after
the experience.

Index Terms—Experiential learning, interdisciplinary, profes-
sional practice, self assessment, teamwork skills.
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I. INTRODUCTION

THE KNOWLEDGE about a discipline (also known as
hard skills) has been traditionally prioritized over other

important aspects like soft skills. Nowadays, however, the lat-
ter are being more valued by employers [1], [2] and even some
part of the academia, e.g., teamwork, communication, or con-
flict resolution skills [3]. Training in soft skills helps students
to learn how to share the control of tasks and projects and how
to solve practical problems, always in connection with hard
skills [4]. Many approaches are being used to teach soft skills,
e.g., [5]: methodologies, such as problem-based, project-
based or game-based learning; learning platforms, such as
MOOCs, personalized learning environments, or collaborative
environments.

Interdisciplinary contexts are an interesting perspective for
the development of students whose future professional tasks
include dealing with people outside of their discipline. These
students need to train in how to apply their hard skills within
these contexts as well as how to use their soft skills therein.
Interdisciplinary contexts are often present in the profes-
sional world but are difficult to integrate into educational
programs [3]. The health field is an example where interdis-
ciplinary contexts are present and soft skills are also highly
important [3], [6].

The integration of realistic contexts with interdisciplinary
approaches has been previously addressed [7]. The use of
both approaches together with other related techniques have
shown interesting results, e.g., in terms of students’ satis-
faction [6]. In addition, these experiences allow to train in
skills that are not usually dealt in classroom [4] such us
developing creative and critical thinking [8] or organizing
the thinking process [1]. Other experiences have produced
improvements in the learning process and the performance
of interdisciplinary teams. Klipfel et al. [6] have detected
improvements in the performance and communication of mul-
tidisciplinary teams in the healthcare. Similar effects have
been achieved within other fields such as computer games
development, where teamwork skills and employability have
been increased [2]. In fact, improving students’ employa-
bility is an interesting aspect of these approaches, mostly
because soft skills are highly demanded by companies [1].
Other authors highlight the advantage of having students par-
ticipate in activities closely related to their future professional
life [4], [9].
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However, these pedagogical approaches have some limita-
tions. On the one hand, many of the experiences could be
classified as anecdotal ones and students could feel frustration
and anxiety during the project [4]. On the other hand, teachers’
workload is significantly increased due to the need for them
to prepare and run simulations [6] and to provide support to
students [2], [4].

Despite these limitations, the results of the previous works
point out that the study of interdisciplinary activities within
realistic contexts could produce interesting results. Urquiza-
Fuentes and Paredes-Velasco [7] showed how these activities
improved students’ motivation. Hall and Weaver [3] intuited
that an interdisciplinary approach could promote the acqui-
sition of teamwork, communication, and conflict resolution
skills. In addition, students’ self-assessment of soft skill acqui-
sition, through realistic activities is highly positive, as is the
case, e.g., of teamwork skills [2], [6]. Thus, the improve-
ments in soft skill acquisition could improve effectiveness of
the use of hard skills [6]. However, more studies are needed
to deepen the process of soft skill acquisition within the
university scope [1].

Therefore, the main aim of this work is to study the impact
on hard skills and teamwork skill acquisition of interdisci-
plinary practices and collaboration between Computer Science
students (hereinafter “prospective engineers”) and Education
students (hereinafter “preservice teachers”) within realistic
contexts in university education.

II. THEORETICAL FRAMEWORK

A. Realistic Projects and Problem-Based Learning

The educational use of real experiences is not a new idea.
Aristotle already proposed that experience is an important
source of knowledge. However, this idea is still the foundation
of many innovative learning experiences and new research.
The study of the role of students’ experiences in their learning
process has led to important learning theories such as Kolb’s
experiential learning theory (ELT) [10]. This theory states that
the transformation process from experience to knowledge fol-
lows a cyclic process made up of four phases which require
students to be engaged with the learning process. Thus, ELT is
also related to some forms of active learning like collaborative
learning or team-based learning.

Realistic practices are broadly used as educational tools
in some knowledge areas. They allow students to use their
acquired knowledge in realistic contexts as a colophon of
their education. A paradigmatic example is Teacher Education.
It was detected that traditional programs seemed to fail in
preparing prospective teachers for the real facts of the class-
room. Korthagen et al. [11] showed that 71% of the graduates
taught with realistic teaching practices achieved significant
better results than the rest of the graduates. In addition, the
value of realistic experiences is highlighted by augmenting
the ELT model with aspects that consider the nonreflective
learning extracted from these experiences [11].

Nowadays, teaching practices and programs are broadly
included in all degrees of early childhood, primary, or sec-
ondary education. Health Sciences or Law degree programs,

where working with other people is a constant in the daily
professional life, are other fields where this kind of prac-
tices has been longer integrated in the curriculum. Other fields
consider realistic projects but in a more anecdotal way, e.g.,
Accounting [12] or Computer Science [7].

Most of the previously mentioned works focus the learn-
ing process on hard skills, but realistic activities can also
be used as educational tools to develop soft skills. Thus,
some approaches try to reach the realistic feature by means
of simulations in different areas like Computer Science [13],
Business [14] or Nursing [15]. Furthermore, there are some
examples that implement more realistic approaches to improve
student’s competency in soft skills related to university pro-
grams in Computer Science or Management [12].

Problem-based learning (PBL) is closely related to realis-
tic learning experiences. PBL is considered a very successful
method, as it engages students into realistic practices, and it
does so at a high level of cognitive activity. In the PBL method,
the objectives are to get students to solve problems they will
meet in their professional careers, and students’ assessment
is based on how well they solve the proposed problems [16].
In fact, early uses of PBL were applied in medical education
using “patient problems as a context for students to learn” [17].
Thus, the integration of real problems is being used to develop
either learning skills [18] or professional skills [19], like com-
munication [20] or teamwork ones [21]. Here, educational
technologies have contributed with more realistic contexts
using augmented reality [22] or virtual reality [23]. Positive
experiences have been recorded also with e-learning frame-
works [24], [25], [26], but these need to be carefully designed
as they could blur some of the desired effects of the PBL
methodology [27].

PBL is integrating innovative aspects that can affect how
students work in groups. One example is that of the Agile
principles [28], whose use has shown interesting effects on
teamwork skills [29] even outside computer science degree
programs [30]. Another example is the application of a
multidisciplinary approach, grouping students from different
programs to develop professional skills [31] and teamwork
skills among them [32].

B. Interdisciplinary Teamwork Skill

Teamwork skill is considered by many authors to be a key
competency; therefore, it is already included in the learn-
ing objectives of some university programs [33]. It is an
interpersonal skill with three different ways of collaboration
between disciplines: 1) multidisciplinary; 2) interdisciplinary;
and 3) transdisciplinary.

Multidisciplinarity means a process that provides juxtaposi-
tion of disciplines in an additional way, but without integrating
them [34]. In a multidisciplinary collaboration, individuals
work independently on different aspects of the same project,
in a parallel or sequential manner, but without exceeding their
limits of knowledge [35]. Furthermore, the objective set is dif-
ferent for individuals from the various disciplines, e.g., student
interactions within realistic context in the educational field [7].
Also in the case of interdisciplinary teamwork, individuals
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from different disciplines work on the same project, but they
analyze, synthesize, and coordinate their work in such a way to
establish a new level in the discourse and promote the integra-
tion of different fields of knowledge [34]. Interdisciplinarity
strives to create new disciplines, a common goal is pursued,
and a common methodology is used. Finally, in transdis-
ciplinary, individuals from different disciplines work on a
common problem by bringing together the theories, concepts,
and approaches of their own disciplines [35]. Arthur et al. [36]
went a step further, referring to transdisciplinarity as the
moment when different points of view are recognized and
conclusions are reinterpreted in terms of the other persons.
The difference between interdisciplinary and transdisciplinary
lies in the fact that in the first case, people from different
disciplines manage to work together using a common method-
ology, while in the second case, they are able to reinterpret
the conclusions of the other individuals. In relation to gen-
der, the roles assumed by engineering students in groups are
often assigned according to gender stereotypes [37]. In fact,
Stein et al. [38] stated that, although they make similar efforts,
men tend to write code and redesign, while women per-
form synthesis, presentation preparation, report writing and
documentation tasks.

There are also differences according to the age of the partic-
ipants in group work. Older students interact in a positive way
with younger team members, while the latter do not always
appreciate the leadership and organization of the project under-
taken by others [39]. Also, older students feel more pressure
because they take on responsibility for practical tasks of the
group [40].

In summary, realistic practices are often used in education,
law and health sciences degree programs. However, outside of
these areas, realistic practices are used in a mostly anecdo-
tal way. In CS education, simplified real problems are often
used instead of realistic problems and contexts. The approach
presented in this work does not simplify the real problem
because students will have to face the full development pro-
cess of a user interface. Furthermore, the context is made
more realistic thanks to the interdisciplinary approach. Instead
of involving other CS students as users, like [7], this work
involves education students as the users. This is a radically
different knowledge area, since there are no common concepts
or vocabulary shared between CS and education students on
Human–Computer Interaction.

III. DESCRIPTION OF THE STUDY

The main research question addressed was whether the inter-
disciplinary realistic project methodology impacts positively
on students’ teamwork skill and learning outcomes, stating
the following hypothesis.

H1: The interdisciplinary realistic project approach
improves Human–Computer Interaction learning
outcomes.

H2: The interdisciplinary realistic project approach
improves students’ self-perception of teamwork skill.

H3: Students’ educational context (degree and academic
year) affects their teamwork skill.

H4: Students’ personal profile (age and gender) affects
their teamwork skill.

In order to validate these hypotheses, an experience was
developed where prospective engineers had to develop an
interactive educational application collaborating with preser-
vice teachers.

A. Educational Context and Subjects

The proposed work was carried out in a public university
involving, in an interdisciplinary way, students from several
degree programs pertaining to different branches of knowl-
edge from two different schools located in two different cities.
All participants had previously completed courses on sub-
jects requiring them to acquire teamwork skills. On the one
hand, there were the prospective engineers who participated
in an experience-based course: they were attending a Human–
Computer Interaction course as part of their third university
year in the first semester. In this course, students learn user-
centered design techniques and the development of interactive
applications, focusing on the usability of the user interface.
The contents of the course are organized into three main
blocks: 1) specification of usability requirements; 2) design of
user interfaces; and 3) evaluation of usability. Prospective engi-
neers must apply these contents in a continuous practice during
the whole semester that involves the participation of hypothet-
ical users, applying both technical activities and tasks with
a high component of social interaction, such as interviews,
surveys, brainstorming, etc.

On the other hand, there were the preservice teachers from
two degree programs both belonging to the branch of knowl-
edge of Social Sciences. These students belonged to different
programs, from the first to the fourth year, although most
of them were in third year, and all of them were taking
courses in didactics of mathematics. In these courses the stu-
dents were trained in learning and teaching the first notions
of mathematics.

As it will be described in the next section, the students
had to design an educational interactive tool focused on a
concrete aspect of mathematics. Thus, within the interdis-
ciplinary teams, the prospective engineers contributed with
their interface design and development skills, while preser-
vice teachers contributed with their knowledge about didactic
and pedagogical contents as well as activities needed to learn
mathematics.

B. Participants and Procedure

This study was conducted in two academic years:
1) 2018/2019 and 2) 2019/2020, with a total of four instruc-
tors and 164 students, 89 of whom were prospective engineers
enrolled in a Computer Science degree program, whereas 74
were preservice teachers enrolled in Primary Education and
Early Childhood Education degree programs. The students
were 19–24 years old. The research work was designed with
two groups, an experimental group and a control group. The
experimental group included 35 prospective engineers and 74
preservice teachers enrolled in their corresponding programs
for the academic year 2019/2020. The control group was made
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of 54 prospective engineers enrolled in the HCI course for
the academic year 2018/2019. Note that prospective engineers,
both control and experimental groups, did not have previous
HCI knowledge.

The treatment applied to the experimental group, i.e., the
interdisciplinary realistic project methodology, was divided
into four phases for a period of 12 and half weeks.

Phase 1 (Presentation): The students were divided into two
classrooms. In one classroom, the instructor introduced the
treatment to the preservice teachers, explaining the objective,
which was to develop an educational tool to learn mathemat-
ics, aimed at both students and teachers of first educational
stages. Afterward, the instructor explained that students had
to play the role of teachers in the process of developing the
educational tool. Similarly, other instructor presented the same
objective to prospective engineers in a separate classroom,
explaining that they had the role of developers and computer
experts. This phase took 15 min.

Phase 2 (Pretest Assessment): The instructor presented a
hypothetical situation where preservice teachers and prospec-
tive engineers had to work together. He asked the students
to evaluate their own teamwork ability in that situation. To
do this, the participants filled out a pretest to gather data
about the teamwork skill. This phase took 15 min similar to
phase 1.

Phase 3 (Development): All the students were gathered in
the same classroom and groups were formed consisting of
three prospective engineers and seven preservice teachers. In
this phase, students had to develop the learning tool taking
into account the roles explained in phase 1. The phase was
divided into three stages.

1) Requirements: Prospective engineers interviewed and
surveyed preservice teachers to determine the require-
ments for the prototype.

2) Design: Prospective engineers presented prototypes in
order to capture feedback from preservice teachers and
used it to improve their prototypes. To do this, prospec-
tive engineers filmed short videos, supported by the
ClipIt educational tool, showing their prototypes, and
preservice teachers commented on them. This stage was
cyclic, and students only met sporadically for it.

3) Evaluation: Once the tool was concluded, preservice
teachers evaluated its usability, with prospective engi-
neers applying empirical techniques, such as focus
groups, user feedback, thinking aloud, etc.

This phase lasted 12.5 weeks and students were free to meet
at their discretion, although professors established the need for
three face-to-face meetings, one for each stage.

Phase 4 (Post-Test Assessment): Participants were asked to
fill out post-tests which involved the same variables measured
in the pretest in order to evaluate teamwork skill of students
after the treatment. Besides, an HCI knowledge test was com-
pleted by prospective engineers. Table I shows a summary of
main phases to replicate the experience with the experimental
group.

These stages represent several teamwork experiences for
students through which they will develop their teamwork
skills. Thus, each stage involves students in an ELT cycle that

TABLE I
STEPS TO REPLICATE THE EXPERIENCE

is also connected with the next one, since the active experi-
mentation of one stage/cycle is associated with the concrete
experience of the next stage/cycle.

The treatment applied to the control group consisted in a
more traditional methodology based on a collaborative learn-
ing, nonrealistic approach. The students had to develop a pro-
totype similar to the experimental group’s prototype. However,
on this occasion, usability requirements were determined by
the teacher and each group consisted of three CS students. This
treatment was divided into two phases and lasted 12 weeks as
well.

1) Phase 1 (Development): Prospective engineers
developed a prototype throughout three stages.

a) Requirements and Design: A requirement docu-
ment was delivered to prospective engineers and
they had to develop an initial prototype without
taking into account usability requirements.

b) Usability Designing: The students improved the
initial prototype obtained from the previous stage,
considering usability principles and guides.

c) Evaluation: Each group of students evaluated their
own prototype applying Nielsen heuristics.

2) Phase 2 (Knowledge Assessment): A nominal HCI
knowledge test was required on completion of experi-
mental group treatment.

Fig. 1 shows a block diagram describing phases of the expe-
rience and treatment applied to both the experimental and the
control group.

C. Technological Infrastructure

Students in the experimental group followed a teamwork
approach together with a peer-review; the latter was used for
commenting videos about prototypes. Thus, the first approach
was to use the Moodle environment of the institution involved
in the study, which provides suitable tools, such as a forum
(https://docs.moodle.org/400/en/Forum_activity) and a work-
shop (https://docs.moodle.org/400/en/Workshop_activity).
These are powerful tools, but this institution does not allow
to mix students from different degree programs in the Moodle
environment. Therefore, an alternative tool had to be used,
choosing the ClipIt learning environment [41]. ClipIt is an
open-source software (https://github.com/juxtalearn/clipit)
that, among other features, allows group collaboration, and
video-based learning facilities. Within ClipIt, students are
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Fig. 1. Phases and process of experience.

distributed in groups by default. ClipIt provides two commu-
nication spaces based on discussion forums, and two types
of repositories of materials: 1) intragroup and 2) intergroup.
The former can be used as a private space for each group
where members can share opinions as well as materials, e.g.,
documents, videos, etc. The latter can be used to discuss and
share information with other different groups.

ClipIt natively supports a video-based learning approach.
Thus, activities are organized in different steps toward the
production of a video explaining a concept or presenting a
tool. The first step consists in intragroup discussions with the
aim of producing a script for the video. This script is stored in
the intragroup communication space. The second step consists
in producing of the video. The final step is publishing the video
for it to be evaluated by the members of other groups. All these
steps can be divided in different tasks so that students’ work can
be monitored, thus, providing a feedback to both, teacher and
students on the degree of completion of each task and step. In
this experience, only the two first steps were used, because the
focus of the study was the teamwork approach rather than the
global peer evaluation methodology implemented in the third
step, although a peer evaluation approach was used among the
members of each group before publishing the video.

The ClipIt learning environment was used in the second
stage of the third phase of the treatment applied to the exper-
imental group: “Design.” The objective of this stage was to
design the user interface of the educational tool, with a video
describing this interface as the final output. Therefore, the
intragroup video production facilities were used during this
stage, i.e., the group home page in the ClipIt environment
where group members can see their progress. In addition, they
can see a list of the members, a timeline detailing all the activ-
ities performed by the group, and links to other sections, such
as materials provided by the teacher, tasks, discussion, and
materials produced and published by the group.

D. Variables and Instruments

Two main aspects were evaluated in this work: 1) teamwork
soft skill and 2) HCI knowledge acquisition. Next, variables
and instruments used to measure both aspects are detailed.

1) Measuring Teamwork Soft Skill Acquisition: The project
“TUNING Educational Structures in Europe” [42] redesigned
degree programs in Europe and determined learning outcomes
in terms of competencies. The competency-based learning
assessment model proposed by [43], which is within TUNING
publications and based on this project, has three levels of
mastery to assess the teamwork skill: 1) actively participat-
ing and collaborating in team tasks and promoting confidence,
cordiality, and focus on shared work; 2) contributing to the
consolidation and development of the team, fostering commu-
nication, balanced distribution of work, good team atmosphere,
and cohesion; and 3) directing groups, ensuring member inte-
gration and high-performance orientation. This research is
focused on the first level [43], participating and collaborating
in team tasks, which determines five indicators of teamwork
competency. These indicators are considered as subskills to
valuate five teamwork’s dimensions in current study.

1) Work: Completing assigned tasks within the deadline as
group member.

2) Participation: Participating actively in team meetings,
sharing information, knowledge, and experiences.

3) Organization: Collaborating in defining, organizing, and
distributing group tasks.

4) Cohesion: Focusing on and being committed to agree-
ment and shared objectives.

5) Social Value of Activity: Taking into account the points
of view of others and giving constructive feedback.

Thus, teamwork related dependent variables were based
on these indicators [43], together with another one, named
“teamwork,” that represents a global view the previous five
indicators.

As it has been said in Section III-B, this study is based on
a pre-post-test design. Therefore, each indicator was associ-
ated with two variables measuring it before (pretest) and after
(post-test) the treatment applied to the experimental group. The
names of the variables were formed by adding the “_PRE”
(pretest) and “_POS” (post-test) suffixes to the name (or its
abbreviation) of the indicator. Table II shows the mapping
between the indicators (2nd column) and the variables (3rd
and 4th columns).

In order to measure these variables, a self-evaluation
questionnaire has been developed. Among teamwork skills,
self-evaluation and peer review are used to establish the respon-
sibility, identify the competencies and spot some of the learning
needs [44]. In addition, the evaluation of the individual compe-
tency in the groups must not depend only on the teacher. Thus,
self-perception manages to catch the information about ques-
tions and events that otherwise could not be obtained [45].
Therefore, previously mentioned dependent variables were
evaluated based on students’ self-perception.

Thus, the instrument is a questionnaire (see the Appendix)
that measures the six pairs of variables. Each question has
five possible answers (from “a” to “e.”) The instrument has
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TABLE II
DEPENDENT VARIABLES DESCRIPTION

been adapted from the rubric provided in [43]. Table II also
shows the mapping among questionnaire items, indicators, and
dependent variables. Each one of the first five pairs of variables
(X_PRE & X_POS) were valued using an ordinal scale (from
1 to 5) where answer “a” of the questionnaire was mapped
to 1, and answer “e” of the questionnaire was mapped to 5.
Note that the sixth row of the table corresponds to the global
teamwork perspective. Therefore, these two variables are not
mapped to any item, but computed as the mean of the other
five corresponding variables.

2) Measuring the HCI Knowledge Acquisition: This aspect
focuses on HCI hard skills, and, therefore, a new depen-
dent variable was created named KNOWLEDGE. Hard skills
pretest was not performed since prospective engineers did not
have HCI knowledge before the experience. The HCI hard
skills assessed through questionnaires were design usability
requirement, design low-fidelity and high-fidelity prototyping,
application of usability guides and standards, and UI evalua-
tion with Nielsen Heuristic and empirical methods (thinking
aloud, focus group, questionnaires, interviews, etc.) The instru-
ments used to measure this variable were the ones developed
for the HCI course assessment. They consisted of reports and
exams. Student teams were required to deliver three reports
describing the prototype and development process during the
treatment, one for each stage of development, i.e., require-
ments, design, and evaluation (see Section III-B). At the end
of the treatment, students completed an exam to assess their
HCI knowledge individually. Students’ final mark was deter-
mined applying the following weighting: 20% for each report
and 40% for the exam. This final mark was the value of the
KNOWLEDGE variable.

3) Independent Variables: Finally, independent variables
are those factors that might produce a change in students’
teamwork skill. Evidently, the list of those factors can be very
long, so the list is limited to the main ones: personal and aca-
demic profile, considering age, gender, degree program and
highest academic year of the subjects in which the student is
enrolled in the year in which this experience was carried out;
and pedagogical methodology, which is collaborative learning

TABLE III
MEANS COMPARISON WITH WILCOXON TEST

based on a realistic project for the experimental group and a
traditional approach for the control group. Consequently, the
following independent variables are defined: AGE, GENDER,
DEGREE, and YEAR.

IV. RESULTS

In this section, the analysis of HCI learning outcomes
and students’ self-perception regarding the teamwork skill
acquisition are presented.1 But first, in order to assess to assess
teamwork competence the reliability [46] of the scale based
on the five indicators of [43] is summarized. Statistical calcu-
lations show that the Cronbach alpha value was 0.764, which
is an acceptable level. Therefore, it can be stated that these
indicators are a valid instrument to assess the teamwork skills.

A. Analyzing Preservice Teachers and Prospective
Engineers Together

The quantitative and correlation analyses follow. They are
performed on the data collected with pretest and post-test
assessments regarding teamwork skill acquisition for prospec-
tive engineers and preservice teachers. Contrasts of hypotheses
in statistics analysis of results are validated significantly at
95% confidence level. Apart from a general point of view, the
teamwork skill has also been studied from other perspectives:
students’ educational context, students’ personal profile and
the realistic interdisciplinary approach.

1) Analyzing Students’ Teamwork Skill: The analysis of the
hypothesis involves contrasting the student’s teamwork abil-
ity before and after the treatment. Table III shows descriptive
statistic of students’ teamwork skill together with the signifi-
cance difference analysis between pretest (_PRE) and post-test
(_POS) measurements. Wilcoxon test was applied to con-
trast means differences since the Kolmogorov–Smirnov test
(using the Lilliefors significance corrections) determined that
all variables followed a no-normal distribution. The results
show significant differences for WORK, PARTI, and TEAMW
(values marked in bold in Table III, column W Significance
Test).

2) Students’ Educational Context Regarding Teamwork
Skill: Two analyses were carried out in order to consider
possible differences between students of different degree pro-
grams and academic years. Again, means of variables before
and after the treatment are contrasted, but in this case, the sam-
ples are grouped by students’ educational context (DEGREE

1Dataset available at https://doi.org/10.21950/E0D3QP (accessed
4/20/2023).
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TABLE IV
MEANS COMPARISON GROUPED BY DEGREE AND YEAR

and YEAR independent variables). Therefore, the Kruskal-
Wallis test for nonparametric independent samples was carried
out. Table IV displays the results of the test grouped by the
academic year and degree program in which students were
enrolled (Computer Science, Primary Education, and Early
Childhood Education), and shows no significant differences
in terms of degree program. However, the Kruskal-Wallis
test shows that WORK_POS variable was different regarding
the YEAR (Sig. = 0.044). The Kruskal-Wallis adjusted by
Bonferroni’s correction test revealed that WORK_POS was
significantly different (Sig. = 0.049) between academic years
1 (M = 3.71, SD = 0.488) and 4 (M = 4.63, SD = 0.916).
Prospective engineers of the experimental group participating
in the experience were 35, but 10 of them were eliminated
from this analysis because their questionnaires were invalided
(personal code of pretest and posttest do not match).

3) Students’ Personal Profile Regarding Teamwork Skill:
Students’ age and gender may be factors affecting their team-
work skill. In order to determine whether these factors are
decisive, a contrast test of AGE and GENDER variables
was developed. Mann–Whitney test with Bonferroni correc-
tion were applied grouping the sample by AGE and GENDER.
The results show that there are no differences in teamwork skill
regarding students’ age and gender.

4) Correlational Analysis of the Teamwork Subskills: As it
has been mentioned previously in Section III, teamwork skill
is formed by several components or dimensions named indi-
cators. Such dimensions might be related in a realistic project
approach. Therefore, a linear correlation analysis of every vari-
able with all the others was carried out. Particularly, the focus
was on correlations between teamwork skill and subskills,
before and after the treatment. Nonparametric Spearman test’s
coefficients shown in Table V represent significant correla-
tions with at least a 95% confidence level, whose values show
strong and medium positive correlations between all variables.
Besides, other less significant correlations were found between
SOCIAL_POS and PARTI_POS (0.375), ORGA_POS (0.282),
and COHE_POS (0.372).

TABLE V
CORRELATIONAL ANALYSIS

TABLE VI
COMPARING TEAMWORK SKILL OF HCI STUDENTS

BEFORE AND AFTER TREATMENT

TABLE VII
KNOWLEDGE EXPERIMENTAL VERSUS CONTROL GROUP

B. Analyzing Prospective Engineers

This section focuses on HCI students analyzing the influ-
ence of the treatment on teamwork skill and learning out-
comes.

1) Results of Teamwork Self Assessment: Within the exper-
imental group, HCI students’ teamwork skill was analyzed
independently of the rest of participants. Shapiro–Wilk test
showed that all variables followed no-normal distribution
except TEAMW_PRE and TEAMW_POS. Therefore, in order
to validate the hypothesis whether means are different before
and after the treatment, the t-Student test was applied to
TEAMW variable and the Wilcoxon test was applied to the
rest. Results showed in Table VI indicate that no differences
were detected (p>0.05).

2) HCI Learning Outcomes: The KNOWLEDGE variable
was analyzed in order to determine whether the realistic
project approach influences in knowledge gained by prospec-
tive engineers. To do this, the KNOWLEDGE means of exper-
imental and control group were compared. The Kolmogorov-
Smirnov (using the Lilliefors significance corrections) and
Shapiro–Wilk test determined that KNOWLEDGE followed
a no-normal distribution. Table VII shows that the experimen-
tal group significantly outperformed the control group’ since
Mann–Whitney test determined that means are significantly
different.

Additional studies were carried out to analyze correlations
between KNOWLEDGE and teamwork skill variables within
the experimental group. Table VIII shows the significant cor-
relations detected applying Spearman test with at least 95%
confidence level. The results indicate that KNOWLEDGE is
significantly correlated with AGE and COHE_POS.
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TABLE VIII
LEARNING CORRELATIONAL ANALYSIS

V. DISCUSSION

Realistic experience through interdisciplinarity have been
put into practice for studies associated with Nursing [15] or
Business [14], but its use within Computer Science is mostly
anecdotal [13]. From a general point of view, the approach
has positively impacted either students’ learning outcomes or
some aspects of teamwork skill acquisition. These achieve-
ments associated with realistic software have already been
highlighted by Hart [1], Vogler et al. [4], and Buffardi et al. [9],
among students from different fields of knowledge (includ-
ing engineering). Based on these results, it can be affirmed
that there exist benefits for prospective engineers and preser-
vice teachers. These benefits were achieved thanks to students’
social interaction through interviews, surveys, brainstorming,
etc. The social skills trained during the treatment are related
to their participation, organization, and cohesion in a realis-
tic project environment. These results follow the conclusions
obtained by Klipfel et al. [6] who highlighted that the use
of simulations improves teamwork and communication skills.
The environment for developing this experience was ClipIt.
This online social learning platform encourages student-driven
reflection and focuses, especially, on social interaction and
collaboration [41].

A. H1—The Effect on HCI Technical Knowledge

Hypothesis H1 focuses on learning technical contents, ana-
lyzing the level of HCI knowledge acquired during the experi-
ence. The results of the current study show that students who
took the approach outperformed those that followed a more
traditional approach. Therefore, hypothesis H1 is assumed sup-
porting that interdisciplinary realistic projects improve HCI
hard skill acquisition.

Seman et al. [30] applied the PBL methodology to Electrical
Engineering students to evaluate the technical knowledge for-
mation process, and concluded that the passing rate raised after
the application of said methodology. Lee et al. [47] compared
PBL to traditional approach in two courses, Programming
Fundamentals and Laboratory of Programming. They found
out that the students in the PBL approach passed the course
at a rate of 47.37% while only 7.27% of the students follow-
ing the traditional approach passed. However, the differences
detected in these studies were not significant. This research
complements these studies and demonstrates that acquisition
of technical knowledge can be significantly improved. Thus,
this work is in line with [26], whose results confirm the exis-
tence of statistical differences in final marks between PBL and
a traditional approach.

Finally, another relevant finding of present study is the
correlation detected between hard and soft skill acquisition.
Considering that level of commitment and sharing objectives

was measured (cohesion subskill), it seems that students who
committed the most to the agreements and shared objectives
in their teams were the ones who learned the most [posi-
tive correlation between COHE_POS and KNOWLEDGE (see
Table VI)]. The authors consider that improving cohesion sub-
skill has a positive impact on hard skills where reaching
agreements and being committed to common objectives are
essential, such as prototype design, UI empirical evaluation
design, and requirements questionnaires design. Therefore,
within an interdisciplinary realistic project context, HCI tech-
nical knowledge could be related to social cohesion skills. As
far as authors know, nowadays there are not studies in HCI
related to this finding.

B. H2—The Effect on Teamwork Skill Acquisition

Based on the results reported in Table I, all the variables
seem to have increased their values after the treatment. The
significant differences detected show that the students’ ability
to work in a team (TEAMW) was higher after the treat-
ment based on an interdisciplinary realistic project approach.
To be more concrete, the improved dimensions were com-
pleting assigned tasks (WORK) and participating (PARTI).
Consequently, hypothesis “H2: The interdisciplinary realis-
tic project approach improves students’ self-perception of
teamwork skill” is assumed.

This study confirms some of the findings pointed out by
previous research. Sancho-Thomas [24] found out that a sim-
ulated environment based on PBL, where students collaborate
through a role-based game, improves soft skills to work on a
project. This research goes beyond, since the H2 hypothesis
confirms that the interdisciplinary realistic environment based
on problem solving, where students collaborate without any
team role assignment, improves self-perception of soft skills.
This self-perception in soft skill acquisition can be due to sev-
eral reasons. Hart [1] stated that the mode of project delivery
is not important and adding an interdisciplinary element to
project work improves the perceived gains in soft skills. The
nature of interdisciplinary projects supports important aspects
for soft skills learning [4]. Therefore, it seems that the interdis-
ciplinary approach developed in this study may have improved
the students’ soft skills.

An additional factor which may have an influence is the
technological infrastructure, which has played a significant
role in the study. The experimental group was formed by
students from two different degree programs (computer sci-
ence and primary education) of two different schools located
at two different cities. Therefore, it needed a way to facilitate
group collaboration outside the sessions where the students
met each other in person. This was the role of the ClipIt
learning environment. From the perspective of the tools avail-
able, forums and workshops from Moodle are quite similar to
ClipIt. However, ClipIt facilitated the control tasks performed
by the instructors during the work and it has been essential for
students’ collaboration tasks. Consequently, the technological
infrastructure was essential in the development of students’
teamwork skill.
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Another important aspect regarding soft skills improvement
is the learning methodology developed by instructors. The use
of a real-word problems approach in collaborative learning
contexts encourages student’ active participation and integra-
tion of diverse view points in the team promoting some soft
capabilities such as teamwork [2]. The results of current study
show that all variables of teamwork were increased after stu-
dents finished their software prototypes, and two of them were
raised significantly which were developed by real problem
solving sessions. Consequently, this work agrees with [2] and
consider that approaches based on real problem resolution is
an appropriate resource for developing the teamwork skill.

In summary, the authors consider that real-word PBL
combined with interdisciplinary and collaborative activities
enhance teamwork skill acquisition, particularly the task com-
pletion and active participation abilities. In addition, other
interesting aspects of team work such as organization, cohe-
sion, and social interaction were slightly improved.

C. H3—The Effect of the Educational Context

The H3 hypothesis was focused on the educational context
influence. This hypothesis must be discussed differently for
the two variables under consideration (DEGREE and YEAR).
On the one hand, the hypothesis regarding the study pro-
grams followed by the students (degree program) is rejected,
because there are no significant differences between them.
This contrasts with the literature reviewed, where [4] found
that student’s perception about some soft skills developed dur-
ing learning activities varied according to the student’s degree
program or a certain discipline, particularly in skills related
to communication and teamwork/collaboration, among others.
On the other hand, the results of the analysis show that stu-
dents’ skill about performing assigned tasks in group were
different depending on the academic year where they are
enrolled. The finding found is aligned with results of other
studies on interdisciplinary and PBL. In this way, the results
of [4] are complemented. Therefore, the H3 hypothesis cannot
be totally assumed but it is worth noting the importance of the
student’s academic year on teamwork skill acquisition.

D. H4—The Effect of the Personal Profile

Hypothesis H4 is focused on the personal profile where
the students’ age and gender is considered. Although cor-
relation between age and HCI knowledge has been found
(Table VIII), the findings of the literature reviewed regard-
ing teamwork skill [37], [38], [39], [40] cannot be confirmed
considering the results obtained in this study. This could be
due to the difference in the way of evaluating the teamwork
skill acquisition. Previous studies measured the amount of
tasks performed by each student (gender) and the leadership
roles assumed (age), while it has been used a self-assessment
approach. It remains as a future perspective to address how
the self-assessment of teamwork skills is related to the tasks
performed and leadership role assumed within a team.

E. Interesting Correlations Among Teamwork Dimensions

The study presented in this article analyzes importance and
relevance of subskills regarding the main skill teamwork. All
subskills showed important correlation with teamwork before
the treatment. However, two subskills maintained a high level
of correlation after the treatment: 1) social subskill, which
focuses on taking into account the points of view of others
and giving constructive feedback and 2) organization subskill,
which is centered on collaboration in defining, organizing, and
distributing work tasks in the group. The authors consider
that this finding is very interesting, although this belongs to
the psychological scope rather than the educational one and
requires further research.

Besides, some interesting correlations have been found after
the treatment, although they have medium level significance.
Particularly, the correlation related to taking into account other
points of view is noted. Vogler et al. [4] found that sev-
eral students indicated a need for negotiations (between client
and contractor) in context of interdisciplinary communication,
although they did not identify which participation and collab-
oration elements were related to negotiations. This research
expands results in [4] since the correlation study shown in
this article states that taking into account other points of view,
which is a basic aspect in negotiations, correlates with par-
ticipating, organizing, and agreeing. Therefore, the more the
students in a team are involved in participating, organizing,
and agreeing, the greater their sensitivity to other points of
view is, and consequently, the better is the negotiation result
they will achieve.

F. Limitations of the Study

Regarding validity of the study, the following aspects have
been taken into account: the control and treatment groups
were formed with different subjects, participants did not have
knowledge about the subject before the experience, and con-
tents and tasks were the same in both groups’ students, varying
only the applied learning methodology.

However, some risks or limitations can be identified. First,
the sample was formed come from only one university.
Besides, the control and experiment groups were not formed
randomly, but students enrolled in different academic years.
Therefore, there is no certainty that the sample is representa-
tive of the population.

Second, the control group was formed to validate learning
outcomes, but there was no control group to validate team-
work skill acquisition. Therefore, the finding regarding soft
skill could be limited.

Finally, a statistic study has been carried out, where an infer-
ential analysis has been performed. Type 1 errors (incorrect
rejection of the null hypothesis) and type 2 errors (not rejecting
a false null hypothesis) might be present in this analysis [48].

VI. CONCLUSION

This article presents an interdisciplinary experience of learn-
ing based on realistic contexts where preservice teachers
and prospective engineers had to work together in order to
design an educational tool for primary and early childhood
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education. An experimental group of students followed this
interdisciplinary approach, whereas a control group of students
followed a more traditional methodology based on collabora-
tive, noninterdisciplinary learning. Students’ teamwork skill
self-evaluation was carried out through on pre- and post-tests,
while students’ learning outcomes were measured through
knowledge tests.

The extant literature shows that realistic experiences through
interdisciplinarity have been carried out in several knowledge
branches. However, this is the first study about teamwork
skills in which an experience was developed with prospec-
tive engineers and preservice teachers in an interdisciplinary
way. Therefore, it is highlighted the possibility of developing
an experience based on interdisciplinary work in areas that are
not very similar to each other.

Based on the results, it can be confirmed that the interdisci-
plinary realistic approach improved significantly HCI learning
outcomes of the experimental group. Besides, the prospec-
tive engineers and preservice teachers increased their ability to
work in teams. Although all the three participating degree pro-
grams experienced this improvement, differences were found
in the ability to perform the task in groups between students
who were in the first year and those in the fourth (and last)
year, with the latter developing this competence more than
the former. Nevertheless, there is no evidence that gender
affect students opinion on their ability to work in a team. In
addition, the ability of students to perform tasks and partici-
pate in the group increases as their capacity to organize the
work grows. Also, the students’ ability to participate, orga-
nize, and accept agreements is as important as their ability to
consider other points of view and their willingness to work
in a group.

Finally, although this was not the main aim of this work,
an interesting contribution comes from the reliability analysis
of the teamwork skills’ indicators model [43] as an accept-
able scale to assess the teamwork skill. As far as authors
know, there is currently no published work regarding the first
level of mastery of the teamwork assessment model described
in [43]. In fact, one of the future works envisaged will be to
increase the sample size in order to achieve a more significant
validation of this instrument.

APPENDIX

QUESTIONNAIRE FOR THE ASSESSMENT OF

TEAMWORK SKILL

Note: Adaptation for preserve teachers in square brackets.
Self-Assessment of the Ability to Work in a Multidisciplinary

Group: The questionnaire assesses your teamwork skill in
a multidisciplinary working group. The answers are treated
anonymously and have no impact on the grades obtained in
the subject. As the experience is totally anonymous, you must
enter a code (which only you will know). The code will be
formed by the last three digits of your ID + letter of your ID
+ the last three digits of your phone number. For example, if
my ID finishes in 123R and my mobile finishes in 456, my
code is 123R456.

The scale consists of giving yourself a work scenario and
rating how you think you would behave in that scenario. Read
the description of the work scenario and rate the subsequent
items.

Imagine you are an HCI engineer (teacher) in a TIC company
(school), and you want to design and implement a computer
platform for teachers and students. You will be part of a team
of teachers, head of school, Web programmer, and network
administrator, in which you must work side by side quite fre-
quently for three months as an HCI expert (teacher) to build the
computer platform. Imagine yourself in this multidisciplinary
work situation and evaluate the following aspects.

1) Perform the tasks assigned to me within the group and
within the required deadlines.

a) I will not complete the assigned tasks.
b) I will partially comply and/or will do so with

delays.
c) I will comply with the established deadlines.
d) I will meet the deadlines and will also be an

important contribution to the team.
e) In addition to meeting the deadlines, I will guide

and facilitate the work of the rest of the team
members.

2) Participate actively in team meetings, sharing
information, knowledge and experiences.

a) I will often be absent from group and my presence
will be irrelevant.

b) I will take little part, mostly at the request of others.
c) In general, I will be active and participative in

group meetings.
d) With my interventions I will encourage partic-

ipation and improve the quality of the team’s
results.

e) My contributions are fundamental for the group
process and for the quality of results.

3) Collaborate in defining, organizing, and distributing
group tasks.

a) I will manifest resistance to the organization of
work within the team.

b) I will limit myself to accept the organization of
work proposed by other members of the team.

c) I will participate in the planning, organization, and
distribution of teamwork.

d) I will be organized and will distribute work with
effectiveness.

e) I will foster organization of work by taking best
advantage of team member talents and Know-how.

4) Focus on and being committed to agreement and shared
objectives.

a) I will only pursue own objectives.
b) I will have difficulty in integrating personal and

team objectives.
c) I will accept as own the objectives of the group.
d) I will promote a clear definition of objectives and

the group’s integration round them.
e) I will motivate and marshals’ group round more

demanding objectives. Groups where will partici-
pate noteworthy for performance and quality.
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5) Consider (take into account) the points of view of others
and provide constructive feedback.

a) I will not listen to classmates and systematically
disparages them, wanting to impose own opinions.

b) I will listen little and will not worry about the opin-
ion of others. My contributions will be redundant
and not very suggestive.

c) I will accept the opinions of others and I will be
able to give ow point of view constructively.

d) I will promote constructive dialogue and will
inspire quality participation from other group
members.

e) I will integrate others ‘opinions into a higher per-
spective, maintaining atmosphere of collaboration
and support.

REFERENCES

[1] J. L. Hart, “Interdisciplinary project-based learning as a means of devel-
oping employability skills in undergraduate science degree programs,”
J. Teach. Learn. Grad. Employ., vol. 10, no. 2, pp. 50–66, May 2019.
[Online]. Available: https://doi.org/10.21153/jtlge2019vol10no2art827

[2] H. Jun, “Improving undergraduates’ teamwork skills by adapting project-
based learning methodology,” in Proc. 5th Int. Conf. Comput. Sci. Educ.,
Hefei, China, 2010, pp. 652–655. [Online]. Available: https://doi.org/10.
1109/ICCSE.2010.5593527

[3] P. Hall and L. Weaver, “Interdisciplinary education and teamwork: A
long and winding road,” Med. Educ., vol. 35, pp. 867–875, Dec. 2001.
[Online]. Available: https://doi.org/10.1046/j.1365-2923.2001.00919.x

[4] J. S. Vogler, P. Thompson, D. W. Davis, B. E. Mayfield, P. M. Finley,
and D. Yasseri, “The hard work of soft skills: Augmenting the project-
based learning experience with interdisciplinary teamwork,” Instr. Sci.,
vol. 46, pp. 457–488, Jun. 2018. [Online]. Available: https://doi.org/10.
1007/s11251-017-9438-9

[5] M. Caeiro-Rodríguez et al., “Teaching soft skills in engineering educa-
tion: An European perspective,” IEEE Access, vol. 9, pp. 29222–29242,
2021, doi: 10.1109/ACCESS.2021.3059516.

[6] J. M. Klipfel, B. J. Carolan, N. Brytowski, C. A. Mitchell,
M. T. Gettman, and T. M. Jacobson, “Patient safety improvement
through in situ simulation interdisciplinary team training,” Urologic
Nurs., vol. 34, no. 1, pp. 39–46, Jan. 2014. [Online]. Available: https://
doi.org/10.7257/1053-816X.2014.34.1.39

[7] J. Urquiza-Fuentes and M. Paredes-Velasco, “Investigating the effect of
realistic projects on students’ motivation, the case of human–computer
interaction course,” Comput. Human Behav., vol. 72, pp. 692–700,
Jul. 2017. [Online]. Available: https://doi.org/10.1016/j.chb.2016.07.020

[8] V. J. Miller, E. R. Murphy, C. Cronley, N. L. Fields, and C. Keaton,
“Student experiences engaging in interdisciplinary research collabora-
tions: A case study for social work education,” J. Social Work Educ.,
vol. 55, no. 4, pp. 750–766, Jul. 2019. [Online]. Available: https://doi.
org/10.1080/10437797.2019.1627260

[9] K. Buffardi, C. Robb, and D. Rahn, “Tech startups: Realistic software
engineering projects with interdisciplinary collaboration,” J. Comput.
Sci. Coll., vol. 32, no. 4, pp. 93–98, Apr. 2017.

[10] D. A. Kolb, Experiential Learning: Experience as the Source of Learning
and Development. Englewood Cliffs, NJ, USA: Prentice-Hall, 1984.

[11] F. A. J. Korthagen, J. Kessels, B. Koster, B. Lagerwerf, and
T. Wubbels, Linking Practice and Theory: The Pedagogy of Realistic
Teacher Education. Mahwah, NJ, USA: Lawrence Erlbaum Assoc.,
2001. [Online]. Available: https://doi.org/10.4324/9781410600523

[12] D. Beard, D. Schwieger, and K. Surendran, “Integrating soft skills
assessment through university, college, and programmatic efforts at an
AACSB accredited institution,” J. Inform. Syst. Educ., vol. 19, no. 2,
pp. 229–240, 2008.

[13] S. De Ascaniis, L. Cantoni, E. Sutinen, and R. Talling, “A lifelike expe-
rience to train user requirements elicitation skills,” in Proc. DUXU,
2017, pp. 219–237. [Online]. Available: https://doi.org/10.1007/978-3-
319-58640-3_16

[14] Y. Levant, M. Coulmont, and R. Sandu, “Business simulation as an active
learning activity for developing soft skills,” Account. Educ., vol. 25,
no. 4, pp. 368–395, Jul. 2016. [Online]. Available: https://doi.org/10.
1080/09639284.2016.1191272

[15] J. L. Grady, R. G. Kehrer, C. E. Trusty, E. B. Entin, E. E. Entin, and
T. T. Brunye, “Learning nursing procedures: The influence of simulator
fidelity and student gender on teaching effectiveness,” J. Nurs. Educ.,
vol. 47, no. 9, pp. 403–408, 2008. [Online]. Available: https://doi.org/
10.3928/01484834-20080901-09

[16] J. B. Biggs, “What the student does: Teaching for enhanced learning,”
High. Educ. Res. Develop., vol. 18, no. 1, pp. 57–75, 1999. [Online].
Available: https://doi.org/10.1080/0729436990180105

[17] M. Albanese and S. Mitchell, “Problem-based learning: A review of
literature on its outcomes and implementation issues,” Acad. Med. J.
Assoc. Amer. Med. College, vol. 68, no. 1, pp. 52–81, 1993.

[18] B. Chew, C. Chia, and F. Teo, “Work in progress: Self-directed approach
for project based learning activity,” in Proc. IEEE EDUCON, 2019,
pp. 12–15. [Online]. Available: https://doi.org/10.1109/EDUCON.2019.
8725051

[19] L. Gonzalez, “The problem-based learning model,” in Proc. EITT,
2019, pp. 180–183. [Online]. Available: https://doi.org/10.1109/EITT.
2019.00042

[20] N. Mousoulides, “Engineering based modeling activities for enhancing
student communication and teamwork skills,” in Proc. IEEE FIE, 2010,
pp. F1F-1–F1F-4. [Online]. Available: https://doi.org/10.1109/FIE.2010.
5673427

[21] N. Kurubanjerdjit and S. Nupap, “Promoting students problem solv-
ing and teamwork skills in Thai undergraduates by applying direct
problem-based learning strategy,” in Proc. NCON, 2021, pp. 346–349.
[Online]. Available: https://doi.org/10.1109/ECTIDAMTNCON51128.
2021.9425730

[22] M. Fidan and M. Tuncel, “Integrating augmented reality into problem
based learning: The effects on learning achievement and atti-
tude in physics education,” Comput. Educ., vol. 142, Dec. 2019,
Art. no. 103635. [Online]. Available: https://doi.org/10.1016/j.compedu.
2019.103635

[23] M. E. Nelson and B. Ahn, “Virtual reality activities for teaching engi-
neering students professional development skills,” in Proc. IEEE FIE,
2018, pp. 1–5. [Online]. Available: https://doi.org/10.1109/FIE.2018.
8659258

[24] P. Sancho-Thomas, R. Fuentes-Fernández, and B. Fernández-Manjón,
“Learning teamwork skills in university programming courses,” Comput.
Educ., vol. 53, no. 2, pp. 517–531, 2009. [Online]. Available: https://
doi.org/10.1016/j.compedu.2009.03.010

[25] S. Kattayat and S. Josey, “Improving students conceptual understanding
of calculus based physics using problem based learning approach on an
E-learning platform applied to engineering education,” in Proc. ASET,
2019, pp. 1–6. [Online]. Available: https://doi.org/10.1109/ICASET.
2019.8714298

[26] J. D. Segrelles, A. Martinez, N. Castilla, and G. Moltó, “Virtualized
Computational environments on the cloud to foster group skills
through PBL: A case study in architecture,” Comput. Educ., vol. 108,
pp. 131–144, May 2017. [Online]. Available: https://doi.org/10.1016/j.
compedu.2017.02.001

[27] K. Kemavuthanon, “Integrated E-project collaborative management
system: Empirical study for problem-based learning project,” in Proc.
ICITEE, 2017, pp. 1–5. [Online]. Available: https://doi.org/10.1109/
ICITEED.2017.8250457

[28] M. Fowler and J. Highsmith, “The agile manifesto,” Softw. Dev., vol. 9,
no. 8, pp. 28–35, 2001.

[29] I. Noguera, A.-E. Guerrero-Roldán, and R. Masó, “Collaborative agile
learning in online environments: Strategies for improving team regula-
tion and project management,” Comput. Educ., vol. 116, pp. 110–129,
Jan. 2018. [Online]. Available: https://doi.org/10.1016/j.compedu.2017.
09.008

[30] L. O. Seman, R. Hausmann, and E. A. Bezerra, “On the students’
perceptions of the knowledge formation when submitted to a project-
based learning environment using Web applications,” Comput. Educ.,
vol. 117, pp. 16–30, Feb. 2018. [Online]. Available: https://doi.org/10.
1016/j.compedu.2017.10.001

[31] M. ElZomor, C. Mann, K. Doten-Snitker, K. Parrish, and M. Chester,
“Leveraging vertically integrated courses and problem-based learning to
improve students’ performance and skills,” J. Prof. Isuses Eng. Educ.
Pract., vol. 144, no. 4, 2018, Art. no. 4018009. [Online]. Available:
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000379

[32] N. Mellon, R. M. Ramli, N. E. Rabat, N. A. Amran, and M. T. Azizan,
“Instilling the 4Cs of 21stcentury skills through integrated project via
cooperative problem based learning (CPBL) for chemical engineering
students,” in Proc. WEEF, 2017, pp. 17–20. [Online]. Available: https://
doi.org/10.1109/WEEF.2017.8467123

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination. 

Authorized licensed use limited to: Univ Rey Juan Carlos. Downloaded on May 08,2023 at 09:13:58 UTC from IEEE Xplore.  Restrictions apply. 

http://dx.doi.org/10.1109/ACCESS.2021.3059516


12 IEEE TRANSACTIONS ON EDUCATION

[33] D. Lerís, Á. Fidalgo, and M. L. Sein-Echaluce, “A comprehensive train-
ing model of the teamwork competence,” Int. J. Learn. Intell. Capital,
vol. 11, no. 1, pp. 1–19, 2014. [Online]. Available: https://doi.org/10.
1504/IJLIC.2014.059216

[34] J. T. Klein, Interdisciplinarity: History, Theory and Practice. Detroit,
MI, USA: Wayne State Univ. Press. 1990.

[35] C. Slatin, M. Galizzi, K. D. Melillo, and B. Mawn, “Conducting
interdisciplinary research to promote healthy and safe employment
in health care: Promises and pitfalls,” Public Health Rep., vol. 119,
no. 1, pp. 60–72, 2004. [Online]. Available: https://doi.org/10.1177/
003335490411900112

[36] M. B. Arthur, D. T. Hall, and B. S. Lawrence, “Generating new direc-
tions in career theory: The case for a transdisciplinary approach,” in
Handbook of Career Theory, Cambridge, U.K.: Cambridge Univ. Press,
1989, pp. 7–25. https://doi.org/10.1017/CBO9780511625459.003

[37] L. A. Meadows and D. Sekaquaptewa, “The influence of gender stereo-
types on role adoption in student teams,” in Proc. ASEE, Jun. 2013,
pp. 1–15.

[38] L. A. Stein, D. Aragon, D. Moreno, and J. Goodman, “Evidence for the
persistent effects of an intervention to mitigate gender-stereotypical task
allocation within student engineering teams,” in Proc. IEEE FIE, 2014,
pp. 1–9, doi: 10.1109/FIE.2014.7044435.

[39] M. A. Tichon and E. Seat, “In their own words: The experience of
older undergraduate students placed on engineering project teams with
traditional first-year students,” in Proc. 32nd Annu. Front. Educ., 2002,
pp. S3C–S3C, doi: 10.1109/FIE.2002.1158692.

[40] D. W. Yarbrough and J. L. Schaffer, “A comparison of schoolrelated anx-
iety experienced by nontraditional versus traditional students,” College
Stud. J., vol. 24, no. 1, pp. 81–90, 1990.

[41] P. Llinás et al., “ClipIt: Supporting social reflective learning through
student-made educational videos,” in Proc. EC-TEL, 2014, pp. 502–505.
[Online]. Available: https://doi.org/10.1007/978-3-319-11200-8_51

[42] “Tuning educational structures.” Accessed: Mar. 2023. [Online].
Available: http://www.unideusto.org/tuningeu/

[43] A. Villa and M. Poblete, Competence-Based Learning: A Proposal for
the Assessment of Generic Competences. Bilbao, Spain: Univ. Deusto,
2008.

[44] P. S. Strom and R. D. Strom, “Teamwork skills assessment for coop-
erative learning,” Educ. Res. Eval. vol. 17, no. 4, pp. 233–251, 2011.
[Online]. Available: https://doi.org/10.1080/13803611.2011.620345

[45] M. Mazziotta and A. Pareto, “A non-compensatory approach for the
measurement of the quality of life,” in Quality of Life in Italy. Dordrecht,
The Netherlands: Springer, 2012, pp. 27–40. [Online]. Available: https://
doi.org/10.1007/978-94-007-3898-0_3

[46] M. L. Cruz, M. E. D. van Bogaard den, G. N. Saunders-Smits, and
P. Groen, “Testing the validity and reliability of an instrument measur-
ing engineering students’ perceptions of transversal competency levels,”
IEEE Trans. Educ., vol. 64, no. 2, pp. 180–186, May 2021. [Online].
Available: https://doi.org/10.1109/TE.2020.3025378

[47] C. T. Lee, M. Bristow, and J. C. Wong “Emotional intelligence and
teamwork skills among undergraduate engineering and nursing students:
A pilot study,” J. Res. Interprof. Pract. Educ., vol. 8, no. 1, pp. 1–16,
2018. [Online]. Available: https://doi.org/10.22230/jripe.2018v8n1a260

[48] J. Lazar, J. H. Feng, and H. Hochheiser, Research Methods in
Human–Computer Interaction, 2nd ed. Burlington, MA, USA: Morgan
Kaufmann Publ., 2017.

Maximiliano Paredes-Velasco received the Ph.D. degree in computer science
from the Universidad Castilla–La Mancha, Ciudad Real, Spain, in 2006.

He is currently an Assistant Professor with the Universidad Rey Juan
Carlos, Madrid, Spain, and a member of the Laboratory of Information
Technology in Education. His research interests include different computer
supported learning fields, such as collaborative learning, active learning, and
mobile learning, and human–computer interaction.

Mónica Arnal-Palacián received the B.Sc. degree in mathematics from the
University of Zaragoza, Zaragoza, Spain, in 2013, and the Ph.D. degree in
education from the Complutense University of Madrid, Madrid, Spain, in
2019.

She is currently an Associate Professor of Mathematics Education with
the University of Zaragoza. Her research interests include the teaching and
learning of limit, the teaching of arithmetic, and preservice teacher education
in mathematics.

Jaime Urquiza-Fuentes received the B.Sc. degree in computer science engi-
neering from the Polytechnic University of Madrid, Madrid, Spain, in 2000,
and the Ph.D. degree in computer science from Universidad Rey Juan Carlos,
Madrid, in 2007.

He is currently an Associate Professor with Universidad Rey Juan Carlos.
He teaches computer-science-related courses at B.Sc. and M.Sc. programs. He
is also a member of the Laboratory of Information Technology in Education.
His research interests include educational technologies, human–computer
interaction, information visualization, and educational innovation.

Mercedes Martín-Lope received the degree in economic and business science
from the Universidad Complutense of Madrid, Madrid, Spain, in 2003, and
the Ph.D. degree in education from the Rey Juan Carlos University of Madrid
(URJC), Madrid, in 2015.

From 2015 to 2019, she coordinated the degree in Early Childhood
Education. After that, she held the position of an Academic Training
Coordinator with the Center for Innovation in Digital Education, URJC. She is
currently the Academic Director of university teacher training. She has coor-
dinated different innovation and teacher improvement projects. Her lines of
research focus on the development of digital competence, curriculum design,
and skill assessment.

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination. 

Authorized licensed use limited to: Univ Rey Juan Carlos. Downloaded on May 08,2023 at 09:13:58 UTC from IEEE Xplore.  Restrictions apply. 

http://dx.doi.org/10.1109/FIE.2014.7044435
http://dx.doi.org/10.1109/FIE.2002.1158692


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


