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ABSTRACT

Every student of industrial technology engineering must develop and acquire specific electronic competencies and skills, such as those pertaining to
the design, analysis, and assembly of basic circuits in the context of both analogue and digital electronics, including the corresponding instru-
mentation. Additionally, as is the case for practically all university degrees but has not always been addressed adequately in the field of engineering,
generic competencies such as oral communication and teamwork must be acquired. The experience discussed in the article focuses on the design,
implementation, and assessment of a hybrid (face-to-face and virtual) educational activity that facilitates the acquisition of specific engineering
skills through a teamwork-based approach and enhances communication among students in the context of experimentation. The students, who are
divided into teams, must develop a series of embedded systems with the aim of providing a solution to a problem derived from Sustainable
Development Goal 11: Sustainable Cities and Communities. This approach entails the challenge of working with a heterogeneous sample of students
studying for a dual degree in design and mechanics, whose motivations are also highly varied. The innovative objective of the educational proposal
focuses on adapting the practice to the roles and profiles of the students and tailoring project phases to the competency needs of each student. The
results highlight the need to design real practices that foster the motivation of engineering students; they also emphasize the fact that in the context
of teamwork, roles pertaining to the specific competencies required by dual-degree students should be defined. The evaluation of such an exper-
iment using the Bipolar Laddering Assessment has exhibited utility and reliability regarding small samples of users and has been shown to be valid
regarding identifying the strengths and weaknesses of educational experiments.

1. Introduction

Universities aim to serve society. University programmes seek to respond to social needs by providing professionals who can satisfy
them. It is therefore necessary to consider the functions that these professionals must perform in the sector, which determine the
specific and generic competences that they must acquire when studying for the degree [1,2]. In engineering, technology is advancing
more quickly than curricula, the profile of graduates is becoming increasingly cross-disciplinary, and good professionals must face the
changing challenges resulting from societal demands [3-5]. Therefore, as important as working on a series of competences pertaining
to a specific technology about the ability to adapt to any technology based on basic knowledge and methodologies, to work in a team
requires the abilities to achieve objectives more efficiently and effectively and to communicate what has been achieved using the
appropriate terminology for the field in question [6-8].

For several years, employers who are in contact with universities have reported that students are graduating without having
developed these competences sufficiently [9]. Even students with excellent academic results often prefer to work alone, often because
they lack interpersonal skills and/or consider teamwork to be a burden rather than an opportunity for improvement [10,11].
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On the other hand, oral communication competence is also relevant. Because we begin to speak at an early age, we believe that we
know how to do so well and that others understand what we want to say. However, there is often a large gap between what we want to
communicate and what is understood [12-15].

In addition, the new profile of students entering university must be considered [16-20]. It is necessary to include certain activities,
which must be active [21,22] to compete with external stimuli to enhance students’ motivation, maintain their attention and sub-
stantially improve their performance [21]. According to Jones [23], this improvement is even greater when in the context of direct
interactions with peers and teachers. That is, even if students initially reject teamwork or exposure to their peers, the development of
these competences improves not only their motivation but also their final experience and results [24]. Motivation is an important
factor to consider considering the high risk of dropout in the first two years of university.

The main aim of this project is to develop a proposed methodology that combines the following:

e A hybrid activity (capable of integrating in-person and virtual classes, monitoring, and work) based on project-based learning (PBL)
and differentiated challenges was designed, implemented, and evaluated.

The activity was conducted in the field of industrial technology engineering, specifically in the context of a dual degree in design
and mechanics. This context involves students with distinct motivations who must engage in shared practices, thereby developing
both specific and cross-disciplinary competencies.

Specifically, for the project, we focused on level 2 of the teamwork and oral communication competencies as described in the
university’s general framework. The experiment focused on second-year students who had previously completed level 1 of these
competencies.

Finally, a qualitative assessment of the method allowed us to obtain a precise overview of the main suggestions that students made
regarding the enhancement and improvement of future versions of the method, thereby validating the approach chosen.
Moreover, the methodology we employed introduced students from diverse engineering fields to the concept of sustainable
development goals (SDGs), a fundamental component of the development of future engineers. This aspect is being integrated into
the Spanish context as a key element in the task of redefining studies and practices in the realm of industrial engineering.

2. Case presentation
a) Context description

The case presented is related to the field of electronics, which is part of the 2 nd year of the double degree in design and mechanics.
Students begin by acquiring completely novel knowledge regarding the development of electronic systems, and in approximately 14
weeks, they must develop the skills corresponding to one specific competence and two generic competences:

@ Specific Competence (SC): Design, analyse, assemble, and measure basic circuits in the context of both analogue and digital
electronics, including the corresponding instrumentation.

@ Generic Competence 1 (GC1), Oral Communication: Expressing one’s ideas, knowledge, and feelings in speech in a clear and
opportune manner that is well adapted to the audience and situation to ensure good comprehension and attention.

@ Generic Competence 2 (GC2), Teamwork: Actively joining groups and participating in the attainment of shared objectives with
other persons, departments, and organisations.

Through their development of the SC, students acquire the ability to implement a small programmed system that can control a
series of actuators based on the information captured by sensors.

Regarding GC1, its development is based on the guidelines provided by the University of Deusto [25-27]: “Proficiency in oral
communication means being effective in conveying ideas, knowledge, and feelings through words, both in conversation and in group
activities such as talks before audiences of different sizes ... In professional life, except in cases where people work alone apart from
colleagues and third persons (suppliers, clients, etc.), the consequences of lack of good communication are reflected in loss of time,
effectiveness and, from the individual point of view, opportunities for promotion”.

Regarding Teamwork, i.e., GC2 [25-27], the same documents state that the following: “Considered by many specialists as a core
competence, teamwork involves thinking analytically and systemically, reflectively, and critically, administering time and meetings,
participating in decision-making and in management of objectives and projects ... In professional life, competence in teamwork is
required in two-thirds of employment subjects, even including group interviews or group dynamics exercises in the selection process to
observe how candidates perform in a group context. Tasks that involve working with others in teams occur not only within de-
partments (e.g., sales teams, accounting, or production teams) but also among departments in multidisciplinary teams created spe-
cifically to undertake projects, resolve problems, draw up innovation or improvement proposals, etc.”

b) Case history

During the same semester, students were enrolled in a course on the basic structures of structured programming. However, this
context represents their first approach to electronics as developers, since their only previous experience was as users. Thus, during the
first ten weeks of the course, students are introduced to digital electronics by being asked to explore combinational, functional, and
sequential systems in a theoretical and practical way, and they become sufficiently familiar with analogue electronics to understand
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how the sensors and actuators that they will use at a later point work. Students face the challenge of concentrating on the completion of
a project in just 4 weeks. The results depend on what each student has learned from the course during the previous weeks, as all aspects
are closely related, particularly attitudes with which students approached the course and progressed to this point. Since these students
are undergoing a double programme, the entry profiles [19,28,29] and concerns of students who focus on design are not the same as
those of students whose motivation for entering the programme was mechanics. It is also common for some students to perform better
than others in the subject due to their participation in extracurricular activities related to one of the two relevant fields. The proposed
structure responds to the changes promoted since the COVID-19 pandemic to improve the options for students’ study of these subjects.
In this sense, the new structure of the course features only 3 face-to-face hours per week instead of 4; only 2 of these hours are
face-to-face, while the third occurs in a synchronous remote format.

The aim of the project is to enable students to develop the competences described above, considering all these factors and the new
unintended context of a hybrid face-to-face-remote learning model. The specific competence is assessed based on the execution of the
project itself according to the evaluation criteria that have been formulated. The generic competencies are evaluated based on the
institutional rubrics of the University of Deusto, which are used for all subjects [25-27]. In addition, these competencies are subse-
quently evaluated using a qualitative tool. Given the context described above and the conviction that motivation is a key element that
must be considered [30,31], we chose to design the project methodology to ensure that it included the factors that, according to
Chapter 4 of Paricio, Fernandez and Fernandez [4], can be associated with a high level of engagement, which in turn facilitates deep
learning.

@ Relevance: perceiving that what is being done is important and has significance, as is the case in real situations. In this project,
Sustainable Development Goal 11: Sustainable Cities and Communities (https://www.un.org/sustainabledevelopment/) was
chosen as the central theme of the projects. Each group of students could choose a situation within this theme to which they thought
they could find a solution based on an electronic system. In this case, it is important that the students perceived that what they were
going to do was relevant. For that reason, a topical and socially relevant topic was chosen, and it was determined that students
themselves should choose exactly what they wanted to do instead of assigning them a closed project that would be the same for all
groups or chosen by the teacher.

@ Autonomy: doing things for personal reasons in environments that suit one’s interests, having options, and the possibility of
deciding, planning, and regulating the relevant processes ... All these factors generate intrinsic motivation that enables students to
feel effective and capable and to develop beliefs regarding control, strategy, and ability; furthermore, these factors elicit pride and
satisfaction with the results from the students. Autonomy is undoubtedly the most difficult factor to implement in an activity, as it is
influenced by the personality and cognitive maturity of each student. Thus, students must be able to choose based on their own
preferences, albeit from a series of closed options. A certain level of planning must be left to the group but only within certain limits,
such as partial deliveries on certain dates. It is necessary to provide a good basis the objective to be achieved but without doing
everything for the students, not even in terms of providing them with all the necessary information. It may even be useful to give the
groups and the class a certain degree of freedom to choose the rules that will govern their performance, such as the distribution of
students among the groups, the distribution of marks within the group, or rules of operation. In this case, it the agreements made by
the class were applied.

@ Academic challenge: to face personal challenges in problematic situations that test one’s creativity and resources. Rather than
viewing the double programme as a potential problem due to the differing interests involved, the groups were encouraged not only
to implement the electronics and programming part of the project but also to draw on their knowledge of other subjects to develop a
model to support the prototype. This task required the integration of learning from different areas, the acquisition of learning at
different levels, including conceptual, procedural and transfer knowledge, as well as the implementation of theories that had not
previously been applied. The role of the teacher in this context is fundamental, both as a promoter of the challenge, so that its
complexity can help students reflect, and as a supporter, providing the necessary scaffolding to ensure that this complexity does not
demotivate students and cause them to give up.

@ Collaboration: the opportunities offered by the activity about interaction and collaborative learning, sharing and contrasting ideas,
debating, arguing, adopting the perspectives of others, etc., which increase students’ deep understanding, engagement with others
and shared satisfaction. These goals are achieved by developing the project through teamwork, a competence that will be relevant
in students’ professional future, particularly if the "final product" must be presented to the rest of their peers. However, by virtue of
the autonomy mentioned above and due to the limited time and organisational problems, the students were given the opportunity
to organise themselves into groups according to their own preferences. The students took advantage of this possibility by forming
the same groups in which they participated in other subjects, although it would have been better to organise the groups according
to other criteria.

@ Tension between theory and experience: the experiential dimension, the conflict between immediate concrete experience and
analytical distance, which is rooted in the analysis of cases based on theories, the application of abstract principles in concrete
situations, experimental designs, examples, personal experiences, stories .... This factor specifically is best facilitated by the
development of a project. Students must put into practice in a global way what had hitherto been isolated practices involving either
abstract or very concrete cases. They must analyse, for example, how a certain mathematical equation can be used to obtain a
random number or why the system does not work the first time, such that a delay must be introduced into a programme to enable
the sensor to detect the blinking of an LED (Light-Emitting Diode) diode properly, a task which seemed to be so simple in theory.
This approach thus requires the provision of a series of resources, including, in this case, a learning platform, simulators, remote
laboratories and electronic equipment as well as meeting spaces in both face-to-face (laboratories) and virtual (video conferencing
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platform) contexts. The use of information sources is also essential at this point, a fact of which students must be made aware. This
approach is particularly essential in a profession such as engineering, in which context it is not only necessary to learn current
technology but also the base methodology and the competence of learning itself to enable the student to adapt to technologies that
have not yet been invented.

No studies like ours have been found. However, we did find literature and literature reviews that support our strategies. Passow &
Passow [32] suggested that engineering educators should focus on developing general engineering competencies rather than sepa-
rating general competences from engineering competences. The aim of this study is precisely to focus on general engineering com-
petences such as communication or teamwork. Although 2 h are conducted face-to-face and one is conducted in a synchronous online
format, working in small teams, as Qadir & Al-Fugaha [33] noted, helps students achieve better grades, retain information more
effectively and acquire communication and teamwork skills. Berry & Lingard [34] noted that the fact that students work in teams
requires greater effort from teachers, although in this study, we addressed this problem by giving the students autonomy and providing
opportunities for collaboration. Similarly, based on our experience, we tried to integrate the attributes proposed by Chowdhury &
Murzi [35] for effective teamwork, such as interdependence, constructive feedback, and accountability through peer assessment. Peer
assessment is also an effective tool for improving communication. Flores & Rios [36], after applying peer assessment in an electronics
course, reported that students were more confident, better prepared, and interactive with the audience with whom they were
communicating. In turn, students were mindful of the remaining time. In terms of motivation [37], we try to infer interest and
enthusiasm and provide sufficient choices as well as to guide students through the process in case any questions or problems arise.

In conclusion, we can confirm that previous studies have made claims leading in all directions. For instance, some studies have
literally stated that “the industry has no homogenous requests. Large ICT (Information and Communication Technologies) companies
ask for a solid scientific background, as they have resources to further train their staff to undertake a broad range of tasks and projects.
Smaller ICT companies prefer specialised ICT graduates who are ready to work, providing returns without further human resource
training expenses. It is impossible to reconcile the two opposing requirements of the industry to have ICT graduates who are both
flexible and immediately useable” [38]. In contrast, other studies have promoted a greater focus on generic competencies based on the
information revealed by industry employer surveys [1,9].

¢) Qualitative assessment

Any teaching experiment, whether it is based on technologies or methodologies, begins with the design of the experiment itself as
well as the knowledge of the context that will interact with that design, the mode of experimentation, and the mode of evaluation,
among other factors such as the definition of specific rubrics for each activity and competences [38-45]. Our approach, which was
clearly identified as a process of active learning, can be defined as any method that “involves students in doing things and thinking
about the things they are doing”, a question that can be assessed in different ways in the context of an engineering course [46,47] and
can be defined in terms of classroom-based activities designed to engage students in their learning by asking them to answer questions,
solve problems, discuss content or teach others, whether individually or in groups [48].

Learning assessment is generally conducted using two approaches, i.e., formative, and summative [49]. The main purpose of
summative assessment is to assess student learning at the end of the learning unit, project or assessment activity corresponding to a
specific syllabus. Summative assessment provides teachers with information regarding the degree to which the student has mastered
the learning content or competences. In contrast, the main purpose of formative assessment is to feed into the instructional model to
meet the needs of learners. Formative assessment is used to identify learners’ level of understanding and plan the most appropriate
instructional design for learning to guide teachers through the learning process. Formative assessment helps (a) identify strengths and
weaknesses, (b) report objective data, (c) implement improvement actions and (d) detect and advance actions intended to solve
problematic situations in time; it also provides a database approach that can help analyse the relevant information.

According to Borrego et al. [46], the evaluation methods used in teaching or learning experimentation are typically quantitative,
qualitative, or mixed depending on the type of data recollected and the sample of users to be studied [50-52]. Basically, all these
evaluation methods are based on two longstanding approaches, i.e., Plato’s rationalism and Aristotelian empiricism, both of which are
valid and appropriate based on a detailed description [53]. In general, quantitative methods are intended to provide data summaries
that facilitate the validation of generalisations concerning the phenomenon under study. To accomplish this task, such methods usually
employ a small number of variables and depend on validation procedures to ensure the results’ reliability, which usually requires
statistical analysis. The most common examples are evaluation surveys or tests that feature closed questions for students. Quantitative
results are limited because they provide numerical descriptions rather than details about the perceptions or motivations of those
included in the sample.

Qualitative studies, on the other hand, begin with the broad goal of improving our understanding of the sample’s human per-
spectives and end with a detailed description of a specific event or phenomenon associated with the experiment being assessed. Their
results are more difficult to compare since they essentially exhibit singular responses. For this reason, qualitative approaches facilitate
the identification of the main positive characteristics to be empowered or the main weaknesses to be mitigated. The main criticism of
these approaches is based on their systematisation or their presumed lack of rigour resulting from the fact that they involve small
samples, which is often the result of a misinterpretation of the study’s goals and/or the responses obtained [54,55]. However, both
quantitative and qualitative methods yield scientifically valid results. Their use and validity have been studied and compared in
previous works. No significant differences have emerged in terms of their scientific citations, and both types of studies have been used
equally as references [56].
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For each qualitative method, Leydens et al. defined up to 10 types of characteristics in terms of their function and quantitative
equivalent [54,57]. The collection of observations, interviews and/or focus group work and organised documentary work in ethno-
graphic studies are essential. These methods are especially interesting, and their credibility has been demonstrated [53] not only
regarding small samples that can generate deviations in quantitative approximations but also when, due to the typology of users, it is
necessary to obtain more personal information [58].

Regarding studying the effectiveness of teaching and/or teaching strategies [59], investigated the evidence concerning any
methodological design in education [58,60], or exploring the evidence of both generic and specific competences [61], particularly at
the present time following the COVID-19 pandemic [62], qualitative studies and sample size has been shown to be relevant factors
[63]. In this regard, a wide variety of studies have been conducted, and many recommendations concerning sample size have been
given depending on the type of study in question. From a quantitative point of view, Wolf, Harrington, Clark, and Miller [64] proposed
that for experimental research, the minimum number is 15 samples per group; for descriptive research, the minimum is 100; for
correlational research, the minimum is 50; and for structural modelling research, the minimum is 10-15 participants per variable.
Depending on the applications and approaches used, the minimum sample size for research using SPSS (the Statistical Package for the
Social Sciences application) is 30 according to Ghasemi and Zahediasl [65]; however, for research using PLS-SEM (Partial Least
Squares - Structural Equation Modelling) analysis, at least 80 responses are, and 100-150 responses are required for the use of AMOS
(Analysis of a MOment Structures) software. Some tools even allow the researcher to obtain the sample size depending on the degree of
confidence that he or she is seeking (http://www.raosoft.com/samplesize.html) based on the idea that a p (significance) value of 0.05
is generally considered to be the bare minimum, with 0.01 being even better. If a researcher is examining correlations with other scales,
the p value must be calculated based on the number of data points and the lowest expected correlation [66,67].

However, a review of existing work on sample sizes in qualitative approaches reveals two main factors that must be considered. On
the one hand, the method of data collection used (for example, in-depth interviews, focus groups and ethnographic research, which are
among the most frequently used approaches) and on the other hand, the types of questions under study all consider the principle of
saturation [68]. This principle tries to define the extent to which the data collection fails to provide new information in terms of the
possible universe and the sample. The broad purpose of qualitative research is to improve our understanding of human perspectives
and provide a detailed description of a given event or phenomenon; thus, at a certain point, the addition of more samples in each
context leads to a repetition of the information, and this point has been recognized globally as indicating an adequate sample size [69].
If, however, one wants to be more precise, the literature and systematic studies of sample size in qualitative studies [70,71] have shown
that single-user studies can even be valid in exceptional cases, although samples of 5-25 users from open-ended and/or semi structured
interviews are naturally considered to be acceptable.

Interviews are often the main method used in qualitative research. However, interviews do not necessarily exhibit scientific for-
mality. This approach has been widely criticised for two basic reasons: it is not applied correctly (even today, professionals still do not
distinguish among facilitation, interview and even questionnaire approaches), and interview data are not treated in a systematic way,
which renders them very unattractive for scientific presentation. In this sense, the Socratic Method or Socratic interview (SQ) approach
is a methodology according to which the user is asked to mature and reflect on a specific topic in such a way that an answer is not given
to a question; rather, the user’s reflection is encouraged through dialogue between the user and the guide. The guide can formulate
reflections or use other resources to enable the user to identify the strengths and weaknesses associated with an experience and resolve
any doubts and conflicts that may have arisen [72,73].

However, why apply an SQ when a task test can be used instead? The first answer to this question pertains to the type of information
that may be obtained. It is virtually impossible to reveal certain details of the user experience without the use of qualitative exploration
techniques. The use of these techniques reflects the user’s satisfaction, motivation, and interest with the elements of the study. The
second notable factor is the radical shift between the facilitator role and the interviewer role (in the case of an exploratory interview).
While the role of the facilitator is aseptic, distant (although cordial), and noninterventional, the role of the interviewer is much more
direct and strategic, and it involves direct intervention [73].

In summary, qualitative interviews have many applications and are very useful if applied correctly (in terms of the cognitive grid,
contextual design, etc.). Qualitative methods may not provide visually appealing data as do quantitative approaches, but they are very
useful for users and experts, as they can reveal valuable information that cannot be obtained by other testing techniques.

d) Intervention

To develop the competencies outlined above, we decided to use an Arduino-based educational kit containing both a microcontroller
board to be programmed and a variety of sensors and actuators that would allow the groups to implement their ideas in a creative way.
We chose Arduino for this course because it is an open-source prototyping platform that features, in addition to the hardware, a free
development environment and a community for sharing code and ideas that is very appropriate for the purposes of this programme. Its
advantages also include the facts that it is multiplatform, that it features a programming language very similar to C/C++ and that its
cost is not high. This last feature was even more important this year than in previous iterations of the course. Due to the pandemic
situation, the students were required to do part of their work individually at home; thus, they needed an individual kit for their own
use. This platform also has certain disadvantages. Its simplicity is often excessive, and the low cost limits the available resources.
However, the aim of this subject is to provide a first approach to the design and programming of embedded systems. In addition, for
some students, this course is their only opportunity to develop their knowledge in this area. Therefore, these limitations do not prove to
be major. The kit ultimately chosen was the Crowtail Starter Kit for Arduino from Elecrow (https://www.elecrow.com) (see Fig. 1).

The board supporting the Arduino features 11 digital input/output ports, 6 analogy input ports and 5 communication ports (see
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Fig. 2).

The board is founded on a Base Shield system in which the different modules to be used are connected. This situation allows us to
ignore the electrical connections of the devices to focus on the design and programming of prototypes, which is the aim of the course
(see Fig. 3). The modules include typical button and switch input modules or LED and buzzer output modules. More striking in terms of
results and with great potential to support the projects involved in this course are the flame sensor, moisture sensor, touch sensor, light
sensor, thermistor temperature sensor, linear potentiometer, tilt switch, sound sensor, relay, vibration motor and 4-digit display.

The first 10 weeks of the course were devoted to working on the baseline competencies for the project (see Fig. 4). Subsequently,
before starting the project, the focus was on working with the students on the generic competences of teamwork, communication, and
motivation enhancement. For this purpose, the students were divided into three groups according to their interests and the results of a
test of their previous experience in and motivation regarding the subject. A dossier consisting of documentation and didactic infor-
mation concerning these competences was prepared, and each group was asked to reflect on one of the three topics. They were then
asked to share their conclusions with the rest of the class in terms of the corresponding difficulties, advantages, disadvantages and
guidelines for teachers and students as well as the agreements they reached. The aim of this process was to reach a consensus con-
cerning the characteristics and mode of operation associated with the project, including guidelines, recommendations, procedures,
forms of action and evaluation. This first part began in a lecture hour under the guidance of the teacher and was required to be
completed outside the classroom.

The students were then introduced to the key concepts of programmable electronic systems, and the teacher presented the steps to
be followed in the execution of their project (see Fig. 5). A project of this type involves two distinct parts: the hardware and the
software. Each of these parts must be planned at the beginning of the process, specifically in the requirements analysis phase.
Thereafter, students must work on the project independently in a second phase, after which they are finally brought together again
after the individual aspects have been refined. This dynamic forced the groups to work together on some occasions and in pairs or even
individually on other occasions. The need to spend some days working face-to-face in the classroom and others working remotely from
home further accentuated this already complex division. Accordingly, the groups were required to plan the roles of each member and
the timing of the tasks very carefully.

The next step was to focus on the specific hardware to be used, namely, the Crowtail Starter Kit for Arduino, as well as its use and
programming. Accordingly, the teacher presented the hardware’s characteristics, the structure and flow of an Arduino program and
the main variables and operators. She also emphasized the similarities with the programming language that students were learning in
another field as well as the new functions and libraries involved in programming a programmable electronic system, specifically using
the Arduino language.

From this point, each group was required to design and develop a prototype that responded to one of the issues raised by Sus-
tainable Development Goals (SDG) 11: Sustainable Cities and Communities. They could accomplish this task with the help of the
manufacturer’s documentation and examples, a bibliography that was carefully chosen by the teacher and other sources that they
themselves could consult on the internet. Four groups of 4-5 students were formed. The projects on which these students worked
focused on water quality control, air quality, road safety for people with special needs and awareness of the need for housing and access
to basic services for all people (see the example in Fig. 6).

The rating of the project was based not only on how well the prototype worked but also on its design with a focus on the end user
and on the process followed during its development. Students were required to develop an electronic prototype executable on Arduino
that the following characteristics for evaluation:

e Minimal:
o The project’s statement must respond to one of the needs of Sustainable Development Goal #11: Sustainable Cities and
Communities.
o It must contain at least 2 digital input peripherals.
o It must contain at least 2 digital output peripherals.
o It must contain at least 1 analogic input or complex data output peripheral.

Fig. 1. Presentation of the contents of the Crowtail Starter Kit for Arduino by Elecrow.
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21C ports

Fig. 2. View of the Arduino board and its input/output ports.

Fig. 3. The Base Shield system allows the modules to be easily connected to the microcontroller ports.
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Fig. 4. Case development during the subject.

e Other features for increasing the project’s qualification, which were not mandatory, were as follows:
o Use of other analogue input or complex data output peripherals.
o Use of complex programming structures for data processing.
o Use of interrupts.
o Development of a prototype model.

Once the prototype was finished, it was presented to the rest of the classmates in the final session of the course, which was held
remotely (see the evaluation rubric for the generic competency of oral communication in Table 1). Once again, this modality forced the
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System design
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Complete v Unittests v Complete
Proyect Hardware Software | Proyect
Prototype Prototype
.| Hardware-Software |
Integration Prototype Integration
I
Tests/debugging v Tests/debugging

Final Product

Fig. 5. Steps for the development of the system.

= e

Fig. 6. Example of a prototype developed by one of the groups: P. Galicia, N. Martinez de las Rivas, B. Rico, J. del Rio and A. Tricio.

groups to invest extra effort into their preparation, since all the members were required to participate in the presentation but only one
of them had the prototype; this assessment completed the evidence on the teamwork competence developed during the course (see the
evaluation rubric for generic teamwork competence in Table 2).

At the end of the semester and the exams and grading process had been completed, students were invited to participate an interview
to collect their perceptions of their experience with the project as well as their ideas for possible improvements.

e) Outcomes

The initial group for the subject consisted of 18 students (10 girls and 8 boys); these participants had an average age of 19 years and
were drawn from the same 2 nd year degree course. They were divided into 3 groups containing between 5 and 7 students each for the
preliminary work on competences and into 4 groups containing between 4 and 5 members each for the project. In both cases, the
students chose their groups, but the difference in the number of groups and members was intended to prevent a situation in which the
same people were involved in both activities. This purpose was achieved.

Regarding the evaluation of the projects, after the use of the rubrics had been presented, although one group stood out from the
others and some of the individuals were distinct from each other, all students managed to develop the three competencies and to
exhibit outstanding performance. Their results were several percentage points above those of their peers in previous courses in which
they had worked on the same competencies using a different methodology.

The ability to participate in the interview was offered to all students but given that the interviews took place at the end of the course
and that the exams had already started, the sample consisted of only 6 participants. Nevertheless, the sample was sufficiently
representative, as members of all groups were present, including the groups formed for the competence work and those established for
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Second level of mastery:

Speaking before groups

with ease; conveying
conviction and
assurance, and
adapting discourse
to suit formal
requirements

Voluntarily
giving
opportune talks
in public
Matching speech
and body
language

His/her talks are
duly prepared

Helping
audience to
follow ideas
through visual
aids
Responding to
questions easily
and well

Never volunteers
to deliver talk.

Body language
contradicts and
distracts from
oral discourse.

Talk not
structured.

Uses required or
reasonably
necessary visual
aids.

Only basic
answers.

Volunteers, but
does so
inopportunely.

Speech and body
language
sometimes
contradict each
other.

Talk not fluid.

Visual aids help the
audience to follow
the talk.

His/her answers
support talk.

Makes voluntary
opportune talks
in public.

Body language is
appropriate to
oral discourse.

The talk shows
structure and
rigor.

Keys to the talk
emphasized
through visual
aids.

Utilizes
questions to
respond and to

His/her voluntary
talks foster the
participation of
others.

Modulates body
language to
emphasize the keys
to his/her
discourse.

The audience
clearly grasps
content structure.

Audience grasps
keys more easily
thanks to visual
aids.

Utilizes questions
to stimulate
audience interest.

Table 1
Rubric for the assessment of the generic competency of oral communication, level 2 [26].
LEVELS OF MASTERY INDICATORS Descriptors
1 2 3 4 5
Delivering Doesn’t manage Intermittently Manages to Is convincing. Noteworthy for
interesting, to capture manages to capture capture and power of
convincing talks attention. attention. maintain conviction.
attention.

His/her voluntary
contributions inject
added value in the
process.

Body language is
natural and
appropriate for the
audience.

The structure and
talk are appropriate
for the type of
audience.

The visual aids used
help the audience
to assimilate
content.

His/her responses
generate new
observations and

develop the talk. questions.

the project.

Considering several previous works on sample size in qualitative studies, two outcomes can be observed. On the one hand, the
technique was applied for data collection, and on the other hand, the saturation principle was always considered in the analysis of
these data [74]. This principle is based on the extent to which the data collection provides new information in terms of the setting and
the possible sample. The aim of qualitative research is to understand people’s perceptions in depth and to develop a detailed
description [69]. Therefore, a larger sample size may lead to a repetition of information [75].

Regarding the number of users needed, no unanimous agreement concerning this question has been reached. According to
Almanasreh et al. [76], the sample selection depends on aspects such as the ease of accessing participants or the possibility of obtaining
enough answers regarding the subject under investigation. On the other hand, authors such as Delgado-Rico et al. [77] have noted that
the sample that should be employed in a trial depends on the levels of practice and the diversity of knowledge. The characteristics of
the user to be interviewed must be defined according to the knowledge of the issue under assessment; simultaneously, the sample size
must include a minimum of three users [77]. The instrument proposed, i.e., the Bipolar Laddering Assessment (BLA), fulfils this
recommendation, as has been demonstrated by previous studies [78-80].

f) Follow-up

In our study, we used the BLA a SQ technique [81]. This psychological exploration technique allows us to systematise qualitative
data in a simple way by categorising them with the goal of organising and ranking them in an intelligible and visual way. The BLA is
only one of the many SQ models, but its usefulness for evaluating techniques, technologies, and methodologies in the field of teaching,
both exclusively and in combination with quantitative approaches, has previously been demonstrated [82-85]. In this sense, BLA does
not include any expert-subject hierarchy, as both participants are experts. Expert 1, the facilitator, is a specialist in user experience,
while expert 2, the user, is a specialist in the use of the product, system, method, or technology under evaluation. Through a strategic
conversation, the facilitator obtains explicit and relevant information regarding the details that affect the user’s experience of using the
proposal under evaluation.

The BLA method can be defined as an exploratory technique based on the psychological framework, and it aims to identify the
critical factors associated with any user experience. The main goal of the BLA is to identify personal opinions regarding the charac-
teristics of the element under evaluation, including users’ frustration, confidence, or gratitude (alongside many others). The BLA
technique works to identify positive and negative elements with the goal of identifying the system’s advantages and limitations. The
aim of a laddering interview is to explore how the qualities of the system, the implications of use, and personal values are connected in
the mind of an individual.

One of the most important characteristics of the BLA lies, as has been previously demonstrated [80,86-88], in the fact that its
results are valid based on only three samples (interviews with users). The degree of depth of the interviews allows us to obtain scientific
and replicable data from very few users (from 2 to 5), identifying from 7 to 10 repetitions that usually do not provide new content or
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Table 2
Rubric for the assessment of the generic competency of teamwork, level 2 [26].
LEVELS OF MASTERY INDICATORS Descriptors
1 2 3 4 5
Second level of mastery: Accepting and Doesn’t accept Questions group Accepts and Participates in Proposes norms to
Contributing to the respecting group or respect group ~ norms to suit respects group deciding group improve the
consolidation and norms norms. them to own norms. norms. group’s
development of the interests. functioning and
team, fostering atmosphere. Helps
communication, to enforce norms
balanced distribution of and rules.
work, good team Helping to decide Doesn’t know or  Has difficulty in Applies good Participates Introduces
atmosphere and and apply the apply the understanding methods and actively in changes in
cohesion team’s work methods and and applying procedures for designing team’s  processes to
processes procedures established work effective work processes. improve quality of
agreed by the processes. undertaking of team’s work.
team. the team’s work.
Acting Provokes Avoids addressing  Acts positively Sees first Own actions
constructively to conflicts in conflicts. to resolve symptoms of provide
resolve team group without conflicts that conflict and acts constructive ways
conflicts contributing arise in group. quickly. out of conflicts
solutions. before they
become prolonged
or much worse.
Helping to bring Aggressively Is passive and Conveys clearly Interacts Proposes ways of
group together attacks or interacts little and directly own  positively with getting together
through way of questions team’s  with other group ideas and other group apart from formal
communicating capacity totryto  members. opinions to the members, meetings to
and interacting reach an other team supporting and improve group
agreement. members. encouraging cohesion.
them.
Furthering the Denies or Is interested in Supports and Insists on the Makes others see
social importance questions utility getting members defends utility importance of that what they are
of the activity or importance of  to participate in and importance each team doing has
undertaken by the team’s task. common of team’s task. member’s work repercussions on
group activities. Makes positive to the final other groups.
evaluations. collective
outcome.

identify common aspects that are important to solve (in negative cases) or to enhance (in positive cases).

In the interview, the user (the student, in our case) is allowed to decide and freely identify the issues that he or she believes to be
positive and those that he or she believes to be negative and could thus be improved in the activity under analysis; the user can also
provide corresponding justification and detail. At no time does the facilitator suggest specific terms to the student or ask direct
questions to avoid conditioning the student. The student is the one who freely and spontaneously mentions or does not mention the
topics that he or she wants to discuss. The value of this type of survey lies precisely in the fact that it is possible to know which aspects
are relevant (either in a positive or improvable way) for the users, independently of what the teacher has planned with regard to the
activity, or the methodology used.

Students can also assess each strength and each weakness that they have highlighted in the BLA survey by assigning a grade from 1
to 10. As noted by Pifarré and Tomico [81], extreme marks have a strong emotional component. Extremely positive marks (9 or 10)
indicate that the student is grateful for that element, while extremely negative marks (1 or 2) signify that the student especially dislikes

Table 3

Global results regarding positive elements according to the BLA.
Item Id Description Av. Score (Av) Mention Index (MI)
CP1 Implementation: further utility 9,25 66,67 %
CP2 Amazing method 8,75 66,67 %
CP3 Teamwork competence improvement 8,50 66,67 %
CP4 Objective (achievable and reasonable) 6,63 50,00 %
CP5 Teamwork task distribution 6,63 50,00 %
CP6 Further professional uses 5,00 50,00 %
CP7 Motivation 9,00 33,34 %
CP8 TIC uses 8,50 33,34 %
PP1 Time 10,00 16,67 %
PP2 Productivity improvement 10,00 16,67 %
PP3 Teacher’s support 9,00 16,67 %
PP4 Strengthening relationships 9,00 16,67 %

10
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that element. Finally, the student must propose an improvement for each of the issues mentioned, whether they are improvable or even
positive (excluding issues that received a rating of 10), as any aspect could be improved to some degree.

The answers obtained through the BLA survey are open-ended; that is, they allow for multiple responses. To be able to systematise
the information and extract some common points that can facilitate further analysis and assessment, the first task is to organise the
answers according to themes. In other words, the comments are classified as “common” or “particular”. This approach facilitates
subsequent quantification to evaluate the weight of each issue based on the total number of responses. Thus, this information makes it
possible to identify not only the strong points of the evaluation but also the extent to which possible solutions have been identified and
what those possible solutions are. Thus, the elements obtained are divided into 6 groups:.

@® Common positive (CP) elements: elements considered positive and mentioned by more than one user. Identified as CP# in Tables 3,
4 and 8.

@ Particular positive (PP) elements: elements considered positive and mentioned by only one user. Identified as PP# in Tables 3, 4
and 8.

® Common negative (CN) elements: elements considered negative and mentioned by more than one user. Identified as CN# in Ta-
bles 5, 6 and 9.

@ Particular negative (PN) elements: elements that are considered negative and referred to by only one user. Identified as PN# in
Tables 5, 6 and 9.

@® Common solutions (CS): proposals for improvements mentioned by more than one user. Identified as CS# in Table 8.

@ Particular solutions (PS): proposals for improvements mentioned by only one of the users. Identified as PS# in Table 8.

In a first approach, if we compare the common positive elements with the negative elements, we can see that, in the case of the
positive elements, 3 stand out due to a mention rate of 66.67 % and a high Av. Thus, the students rated "Implementation: further utility"
(Av 9.25), "Amazing method" (Av 8.75) and "Teamwork competence improvement" (8.50) highly. However, only one item reached a
consensus of 66.67 % among the students, with a medium-low Av, i.e., "Work: task distribution between group members" (Av 3.15),
which was simultaneously caused by the implementation of teamwork; nevertheless, this item was viewed as positive. Furthermore, if
the percentages of CPx on the one hand (333.35) and those of CNx on the other hand (250.03) could be added together, it could be said
that the number of positive aspects reported was significantly higher than the number of negative aspects.

After asking about the positive and negative aspects, the third step of the BLA involved, as previously mentioned, collecting
proposals for improvement and change in relation to the positive and negative aspects of the experience. Table 7 shows the global set of
solutions thus identified, both common (CS#) and (PS#). The MI is based on the number of citations received for each aspect,
considering the analysed sample of six students, and providing a relative value. The number of citations considers the fact that the same
student may have provided the same solution to several issues, reflecting the percentages described. To understand this distribution of
solutions more concretely, we must turn to Tables 6 and 7, which present the breakdown of solutions per user for each positive and
negative aspect identified.

The most relevant items obtained from the BLA and the ways in which they relate to the project objective are identified below.
Regarding the "common positive elements" (see Tables 3 and 4), it can be observed that all items except for CP6 (ICT uses and pro-
fessional training) were mentioned by at least half of the participants (MI: 50.00 % with an average rating of almost 7, and MI: 66.67 %
with an average rating of between 8 and 10). These items respond to aspects related to the characteristics sought when the project was
designed: the relevance of and tension between theory and experience (CP1), autonomy (CP2), academic challenges (CP4) and
collaboration (CP3 and CP5). The "particular positive elements" are also included in some of these characteristics. This grouping of
citations of positive aspects is very relevant, as it indicates a strongly homogeneous experience, which features very clear indicators of
positive aspects that must be reinforced in future iterations.

Regarding the "common negative elements" (see Table 5 and 46), only two (CN2 and CN1) pertain to the concerns of at least 50 % of
the participants, with an average rating between 3 and 5, albeit with a wide range (2-6); these items pertain to aspects related to the
internal functioning of the group. The rest of the issues, both common and, are also related to the competence of teamwork or to the

Table 4

Positive elements according to the BLA by user.
Item Id User 1 User 2 User 3 User 4 User 5 User 6
CP1 9 10 9 9
CP2 9 9 8 9
CP3 8 8 10 8
CP4 9 10 7
CP5 10 9 7
CP6 5 5 5
CP7 8 10
CP8 7 10
PP1 10
PP2 10
PP3 9
PP4 9

11
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Table 5

Global results regarding negative elements according to the BLA.
Item Id Description Av. Score (Av) Mention Index (MI)
CN1 Work: task distribution between group members 3,25 66,67 %
CN2 On-line interaction with the group 4,67 50,00 %
CN3 Time of work/delivery 4,00 33,34 %
CN4 Number of group members 3,00 33,34 %
CN5 Personal prior knowledge of the technology 2,78 33,34 %
CN6 Lack of answers to doubts 2,45 33,34 %
PN1 Group composition 5,00 16,67 %
PN2 Support/Initial explanation 5,00 16,67 %
PN3 Lack of knowledge 4,00 16,67 %
PN4 On-line content 2,00 16,67 %

Table 6

Negative elements according to the BLA by user.
Item Id User 1 User 2 User 3 User 4 User 5 User 6
CN1 3 5 3
CN2 2 6 6 2
CN3 2 6
CN4 2
CN5 4 5 3
CN6 3 4
PN1 5
PN2 5
PN3 4
PN4 2

Table 7

Common and particular solutions for both the positive and negative aspects identified by global citations.
Item Id Improvement proposed Cited MDD
CS1 Nothing 15 250.00
CS2 Improve Task distribution in the group//organization 8 133,33
CS3 More initial explanations 4 66,67
Cs4 Simplify the challenge for a real case or basic example visualization 4 66,67
CS5 More Teamwork practices 3 50,00
CS6 Improve doubts and problems resolution (teachers and contents) 3 50,00
CS7 More time in face-to-face sessions 2 33,33
CS8 More implementation in the subjects 2 33,33
PS1 Anonymous Teamwork peer-assessment 1 16,67
PS2 Anonymous votes for group selection 1 16,67
PS3 Clarify temporalization 1 16,67
PS4 Learning by Challenge 1 16,67
PS5 More support contents 1 16,67
PSe6 Identify possible professional uses for new practices 1 16,67
PS7 Sessions with professionals 1 16,67
PS8 Practices in companies 1 16,67

heterogeneity in terms of knowledge mentioned in the introduction. The results highlight a problem about teamwork, either due to the
selection of team members and/or the internal lack of coordination. In this matter, it is necessary to reinforce the explanation, in-
dications and support included in future iterations to ensure that teamwork, its management, and the solution of incidents do not affect
the students and groups in such a global way.

Similarly, the solutions and/or improvements table (see Table 7) shows that most of the students mentioned teamwork and the need
for more knowledge for the development of the project. The students asked for a better organisation regarding the distribution of tasks
within the group, a simplified version of what is requested with respect to the project, as well as more support in terms of initial
explanations as well as in terms of doubts and content. Moreover, the very need for peer selection or peer co-evaluation seems to have
caused these students anxiety, as they requested that these actions be carried out anonymously.

If each proposal is compared with the positive (see Table 8) or negative (see Table 9) element that motivated it, for most of the
positive elements, both common and (CP# and PP#), no improvement proposals are considered to be necessary. In fact, the proposals
for improvement thus presented coincide with those presented in Table 9 as proposals for the improvement of negative aspects.
Proposals referring to positive aspects indicate satisfaction with the dynamics of teamwork despite its drawbacks. Thus, the proposed
improvements refer to working in the same way on more occasions, both in this subject and in other subjects. This finding shows once

12
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Table 8
Elements pertaining to the improvement of positive aspects as identified by the user.
Positive Item Possible Improvement User 1 User 2 User 3 User 4 User 5 User 6
CP1 Simplify the challenge for a real case or basic example visualization 1
CP1 Nothing 1
CP1 Nothing 1
CP1 More implementation in the subjects 1
CP2 More Teamwork practices 1
CP2 Nothing 1
CP2 More implementation in the subjects 1
CP3 Nothing 1
CP3 Improve Task distribution in the group//organization 1
CP3 Nothing 1
CP3 Nothing 1
CP4 More initial explanations 1
CP4 Nothing 1
CP4 Nothing 1
CP4 Simplify the challenge for a real case or basic example visualization 1
CP5 Nothing 1
CP5 Nothing 1
CP5 Improve Task distribution in the group//organization 1
CP6 Simplify the challenge for a real case or basic example visualization 1
CP7 Identify possible professional uses for new practices 1
CP7 Sessions with professionals 1
CP7 Practices in companies 1 1
CP8 Nothing
CP8 Nothing 1
CP6 More initial explanations 1
PP1 Nothing 1
PP2 Nothing 1
PP3 Nothing 1
PP4 Nothing 1
Table 9
Elements pertaining to the improvement of negative aspects as identified by the user.
Negative Item Possible Improvement User 1 User 2 User 3 User 4 User 5 User 6
CN1 Improve Task distribution in the group//organization 1
CN1 Improve Task distribution in the group//organization 1
CN1 Anonymous Teamwork peer-assessment 1
CN1 Improve Task distribution in the group//organization 1
CN2 More time in face-to-face sessions 1
CN2 Improve Task distribution in the group//organization 1
CN2 More time in face-to-face sessions 1
CN2 Improve doubts and problems resolution (teachers and contents) 1
CN3 Clarify temporalization 1
CN3 More Teamwork practices 1
CN4 Improve Task distribution in the group//organization 1
CN4 Improve Task distribution in the group//organization 1
CN4 Learning by Challenge 1
CN5 More initial explanations 1
CN5 Improve doubts and problems resolution (teachers and contents) 1
CN6 Improve doubts and problems resolution (teachers and contents) 1
CN6 Simplify the challenge for a real case or basic example visualization 1
NP1 Anonymous votes for group selection 1
NP2 More Teamwork practices 1
NP3 More initial explanations 1
NP4 More support contents 1

again that the bases/standards of teamwork must be reconsidered but that this approach should undoubtedly continue to be applied to
the subject and even gain greater relevance, given the good results. However, it is necessary to offer greater teaching support.

3. Discussion

The motivation for this study is the need to develop several competences, both generic and specific, through a specific subject in a
double engineering program; the difficulties that the programme itself entails are also relevant in this context. To determine whether
the objective has been achieved, the application of the BLA questionnaire at the end of the experience is considered, resulting in the

findings discussed in the previous section. The adaptation of a software-hardware project that usually features a face-to-face approach

13
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to the online format involves adapting the teacher’s monitoring of the student groups to this new medium as well as the interactions
that occurred within the student groups themselves. This adaptation represents an innovation in its own right. In addition, the project
follows the guidelines of Challenge-Based Learning to maintain the motivation of the students, which is heavily weakened by distance
learning.

The following aspects can be highlighted based on these results.

@ The specific competences of the subject were satisfactorily developed. The four teams managed to produce projects that met the
assessment criteria at a high level, albeit with different levels of depth. Although the marks are not shown in the tables, the students
themselves noted in their comments that they were satisfied with the work they performed and that they observed that what they
had learned in the subject became tangible in the form of a project.

@ One point of clarification should be noted regarding communication skills. The competence that was intended to be addressed in
the course focused on communication "in public" at performance level 2. Initially, the fact that students were required to present the
results of the projects remotely, with each member of the team presenting from home, might be viewed as a disadvantage.
However, in the end, this approach did not prove to be a disadvantage. Moreover, it is possible that the students may have improved
this presentation by using images and videos alongside the slide-based visual support. The students made no direct mention of this
presentation format in the final interviews, whether regarding positive or negative elements. However, they did mention
communication within the groups as a negative aspect, mainly due to the medium used, as it was necessary to complete a large part
of the project outside the classroom, i.e., remotely. Likewise, although students did not explicitly mention communication with the
teacher, some of the negative aspects, such as "Lack of answers to doubts" or "Support/Initial explanation", addressed this same
problem, i.e., the difficulty of resolving specific doubts about the projects when the work was completed remotely. This situation
was due to the dual hardware/software aspect of the projects, in which context direct manipulation of devices is required to find
errors. However, although these situations were viewed seen as problems and/or negative aspects by the students, the authors of
this work believe that the lower amount of face-to-face support provided by the teacher during the work was one reason for which
the groups were required to invest more effort in the tasks of understanding and solving the problems by themselves, thus
increasing their autonomy and resulting in better projects and a better understanding of the subject than in previous years. Thus, for
example, this competence of oral communication, which is listed at level 2 in the map of competences of the degree, was developed
in many respects at level 3 due to the implicit complexity of the exposition through videoconferencing software.

@® The competence of teamwork caused the most difficulties. This fact was evident both in the aspects with the lowest scores and in the
proposed solutions. As already mentioned, this year, the challenges faced were greater, as it was necessary for students to complete
a large portion of the project in groups that were nevertheless remote, even though hardware and software elements could not be
shared. Moreover, when the work was performed in the classroom, the groups were "supported" by the teacher regarding both
resolving doubts and the functioning of the group itself, an issue which was also partly delegated to the teacher. However,
considering the results concerning the projects, these problems were solved; thus, students’ perceptions suggest that there may
have been imbalances in terms of involvement or performance on the part of some members of the group, an issue which is more
difficult to address in this modality. The autonomous work associated with the remote group required a level of self-regulation to
which students were not accustomed, leading us to think that, in addition to the teamwork competence, the competence of au-
tonomy must be reinforced.

@ Finally, despite the problems detailed above, it is believed that a high degree of motivation was achieved. This conclusion is based
on the positive elements drawn from the interviews, which corresponded to the factors considered when designing the project
methodology.

Thus, the competence that must be fundamentally improved in future editions and subjects is that of teamwork, with all the
relevant aspects, including interpersonal communication within the team.

Regarding the resolution of doubts to address the heterogeneity in terms of knowledge, independent of the environment or context
in which the task is developed, a whole series of videos and new support materials have been developed and are in use. Additionally,
the order of some activities has been changed to offer more face-to-face teamwork sessions, thus returning to a certain degree of post
pandemic normality; finally, a series of previous activities that were not directly related to the project have been adapted to ensure that
teamwork focused on the objectives of the practice is promoted.

4. Conclusion

This experience focuses on the development of motivation and generic competences in students in a transversal way regarding a
specific competence in the field of electronics. It takes place in the context of a specific subject and degree, in a blended environment
and using an innovative methodology, i.e., Challenge-Based Learning; its background is the Sustainable Development Goals. The
choice of the problem that can truly represent a challenge, the steps followed, the facilitating role of the teacher in this methodology
and the way in which its application is evaluated make the experience rigorous.

This case study has implications in several areas, especially for students and future professionals, who can have a closer encounter
with professional reality through a challenge. The challenge, which is focused on the sustainability of the planet, raises awareness, and
allows these students to include sustainability in their decision-making criteria. Likewise, this study also has implications for the
university teaching community pertaining to the aim of developing generic competences and motivation further in an environment in
which face-to-face presence is naturally combined with moments of blended learning.
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The qualitative approach employed in this research has offered us a precise characterisation of the positive and negative aspects of
the case study. Placing the student at the centre of the user experience and teaching innovation allows him or her to participate in
educational improvement and facilitates an intrinsic improvement in motivation and therefore in academic results.

The limitations of this approach are precisely due to the specific nature of the environment in which it was employed. The
extrapolation to new working groups and even the possibility of including control groups and a larger number of samples can help us
combine the qualitative approach used in this research with a quantitative approach. This method can lead to a mixed study that can
allow us to define the aspects that must be improved and supported more specifically. In this respect, we are already working to expand
the study to more groups pursuing the same degree and other entities collaborating on the project that frames the study.

Therefore, it is desirable to conduct future research into new experiences in other contexts featuring new specific competences,
subjects, degrees, or other challenges pertaining to other SDGs. However, these new studies should also guarantee methodological
rigour to ensure that they are comparable and complementary to the results found in this case.
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