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Abstract: A proper and complete formation in technology (science, communications, programming,
robotics, Computational Thinking, etc.) must be imparted at all educational levels for a lifelong
education. However, students may lose motivation or interest due to the complexity and abstraction
of some of the concepts imparted. In line with this, the work at hand looks to improve the interest
and commitment of students by presenting the programming concepts and contents in a practical
way. The teaching—learning process is based on the development of projects about robotics, which are
adapted for courses and groups of different educational levels. The Design Thinking methodology is
used to impart the content. This methodology allows the students to experiment, design and test
different solutions for a given problem, increasing their motivation and interest, promoting creativity,
and making the students conscious of their learning process. Two different projects are considered, a
simulated one based on a sensor network to localise and track a robot in a closed area for vocational
education students, and an experimental one about constructing a robot with several capabilities
using Lego Mindstorms for compulsory secondary education students. The results obtained over
three different groups of students are analysed and compared, and show that the methodology
and projects selected can be adopted and adapted for different educational levels, increasing the
proficiency of the students, their development, motivation and self-learning despite the difficulty and
complexity of some concepts related to computer science.

Keywords: programming; Design Thinking; compulsory education; vocational education; motivation

1. Introduction

Education in Information and Communication Technologies (ICT) and related fields
during the first education levels is essential for training and preparing individuals for the
challenges and risks that may rise up in the workplace, social relations, and sustainability [1].
Moreover, a proper and complete education in different science and technology areas must
be imparted at all educational levels to prepare the individuals for their incorporation into
society and the labour market [2]. This must be accompanied by new teaching strategies
in science, technology, and engineering education that enable students to learn new ways
of thinking, such as Computational Thinking (CT), which allows them to acquire basic
skills in maths and technology and to face problems with reliability [3]. Following this
trend, the Computer Science Teachers Association (CSTA) brought up to date the Standards
in Computer Science for compulsory education based on the concepts and abilities of CT.
However, students may lose motivation or interest, especially those in vocational education,
due to the difficulty and complexity of some of the content and concepts. Therefore, it is
critical to adapt and modify the teaching-learning process so as to improve the motivation,
interest and, finally, the learning outcomes, together with a reduction of absenteeism [4].

The growing interest in competences, learning outcomes, skills and their application in
practical contexts shows the importance that the students take an active role and construct
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their own learning process, where the teacher has more of a companion role. This approach
takes special interest in science and technology subjects. In these areas, the application of
concepts in practical tasks is key for a correct formation, and methodologies that rely on the
student having the main role in the learning process are becoming of increasing relevance.

These methodologies fit well for students with self-regulating profiles, since they will
take care and be responsible for their learning process. Their main characteristics can be
summarised as follows:

*  Good background knowledge.

e Ability to use cognitive strategies.

¢  Good time planning and control.

*  Avoid external and internal distractions.

*  Collaborate in academic tasks and maintain a good classroom climate.
*  Motivation to keep attention and effort for studies.

However, these methodologies that require an active role of the students do not fit
well in educational levels where students may lack some of the important above charac-
teristics. These students with a more disruptive profile usually show one or more of the
following characteristics:

e  Lack of important background knowledge.

e Lack of cognitive strategies.

¢ Inability to plan and control time.

*  Inexperience in autonomous working and learning in previous studies.

e Lack of concentration and reluctance to be in classroom, high level of absenteeism.

* Indifference to academic tasks and classroom climate, which may provoke conflicts.

¢ Lack of motivation since they cannot link the content studied to real life, as well as a
lack of study habits with low family involvement.

This latter profile is usually found in basic levels of vocational education (VE), espe-
cially in those studies related to technology and computer science. Moreover, in most cases
the students who selected these kinds of studies were pushed and/or influenced by family
and the media, in which the ICT sector is advertised as a field where it is easy to find a
job. The latter, together with the fact that many of VE students did not have success in
compulsory secondary education (CSE), negatively affects motivation and makes it difficult
to build a classroom climate conducive to learning [5,6].

As in this case it is harder and more complex to apply innovative methodologies based
on the construction of learning by the students themselves, the choice is often a traditional
teaching model. Usually, it is also the model that these students have already experienced
at previous (unsuccessful) education levels, impacting on their motivation. This has a direct
negative influence on the classroom climate, which suffers from the conflicts and problems
of an unmotivated and uninterested group.

In addition to this motivational and behavioral problem, the complexity of some
subjects and concepts from the science and technology field may aggravate this negative
situation. The study of any science subject does not only depend on the memorisation of
concepts; it is essential to understand them in such a way as to be able to correctly apply the
concepts learnt to practical exercises. If the motivation of the students is not adequate, or if
even their attitude is disruptive, the complexity of the subject can be viewed as a barrier
impossible to overcome.

In an attempt to solve or at least mitigate these problems, this work is based on
the Design Thinking (DT) working methodology [7], which is deeply related to PBL.
It focuses on analysing an idea or problem in order to implement changes or improvements,
or even generate and construct a solution, applying innovation and creativity. It is a
process of innovation and, as such, a guideline of applied creativity. Therefore, its main
characteristic is to encourage new ways of thinking while dealing with problems. It has
been analysed and implemented in recent years in different educational levels, showing
that DT can help students to become aware of their creative learning process, motivate
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them, facilitate cooperation and teamwork, and boost their creative skills [8]. Although it
will be detailed in the following sections, DT, similarly to PBL, enables real and meaningful
learning through visualisation, prototyping and testing, allowing the student to manipulate
and experiment with real or simulated components, increasing their commitment and
motivation. The students can obtain an academic experience that makes them feel that they
advance and obtain the skills by their own effort. In addition, it tries to give the students
the opportunity to decide over the learning process, selecting and organising part of the
work, under the supervision of the teacher. This provides a base for the development of
their motivation that reduces the absenteeism.

The DT methodology is proposed for the teaching of computer science at different
educational levels so as to increase the students’ commitment and motivation, and avoid
dropping out of school, especially in the first year of vocational education. This method-
ology involves practically oriented learning and has shown positive results in previous
approaches [9-11]. In particular, DT is used to teach programming to three groups of
students belonging to CSE and VE. The content to teach is mainly based on HTML, CSS,
and JavaScript, which are explained and imparted in the context of wider robotics projects
to increase interest [12]. In this sense, two different projects are considered: a simulated
one based on a sensor network to localise and track a robot in a closed area for vocational
education students, and an experimental one consisting of constructing a robot with sev-
eral capabilities using Lego Mindstorms for compulsory secondary education students.
These projects will serve as a base for more advanced projects in the subsequent courses.

Therefore, the scope of the present work is to show the applicability and give an insight
to the DT methodology to teach computer science subjects in vocational and compulsory
secondary education. Based on this background the following research questions are
formulated:

Can the Design Thinking methodology be useful to impart computer science contents
while increasing motivation and interest, and reducing the absenteeism, especially in
vocational education?

Can the students in their first year of vocational education show similar interest and
motivation to other groups with better background, commitment, and/or classroom climate
if the content is imparted in an alternative and attractive manner?

Then, the contributions of the paper at hand are threefold: (i) to develop a methodology
for teaching computer science through the design and development of robotics projects in
compulsory secondary education and vocational education; (ii) to show the application of
the methodology and its results for three groups of students of different educational levels,
analysing the advantages and drawbacks of the methodology proposed in these groups;
(iii) to make the students aware of their own learning and to engage them with the use
of methods, tools and tasks related to technology and robotics, in order to increase their
motivation, commitment and academic development, especially in vocational education.
As far as the authors know, there are no studies about the comparison of the teaching of the
same contents for several groups of students in different educational levels using a similar
methodology and tools.

The rest of the paper is organised as follows. In Section 2 a literature review of the
common and new approaches adopted for the teaching-learning process is presented.
In Section 3, the groups and context are presented, the methodology used is explained
in detail, showing the main features that make it appropriate for its use, and the steps
followed and tools used in the teaching process are described. The results obtained with
each group are explained in Section 4 and discussed in Section 5. Finally, the conclusions
are detailed in Section 6.

2. Literature Review

Recent advances in ICT, robotics, sensors, artificial intelligence, and related fields,
have brought new paradigms in work and social relations in an accelerated way. Society
in general, and individuals in particular, must face the problems, risks, advantages and
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opportunities that these technologies offer and must be prepared for the challenges that
will rise up in every aspect of daily life. In order to achieve this goal, lifelong education is
a key tool, so a proper and complete formation in technology (science, communications,
programming, robotics, CT, etc.) must be imparted at all educational levels.

Regarding CT, it was defined as the thinking process that considers the fundamental
concepts of Computer Science to solve problems, design systems, and understand human
behaviour [13]. Lately, new nuances have been added to the concept of CT by different
authors [14-19], although there is no close definition about the cognitive abilities related to
the CT training process. Its main characteristics may be defined as [20]: abstraction; algo-
rithmic reasoning independent of the technology used; division of a complex problem into
simple problems; the abstraction automation; debugging process; and the generalisation of
solutions. CT has broad application to all disciplines and education levels, such as primary,
secondary and vocational education [21-23].

The teaching of ICT concepts such as programming, technology or CT in compul-
sory and vocational education entails multiple issues that hinder the learning process of
students due to the complex and abstract concepts addressed [24]. Moreover, this can be
approached in different ways, and currently many countries are developing new educa-
tion programmes to tackle these concepts [25]. These programmes have in common the
objectives of developing the ability to solve problems in daily life, and providing formation
related to ICT [20].

In this sense, in the last few years, it is possible to find a significant number of
methodologies and educational tools for teaching STEM (Science, Technology, Engineering,
Maths) concepts while encouraging motivation, interest, and then the improvement of
academic results using ICT [4]. For example, there exist approaches that use educational
software or visual block-based programming environments such as App Inventor or Scratch
to engage the students [26-29], a combination of software and hardware as in [30] where
App Inventor and Lego Mindstorm are used for teaching programming, and robotics [31].
These studies show that when programming is presented in an attractive way, students’
motivation and interest increase. As per the methodologies, the range applied is quite
broad, but project-based learning (PBL) approach stands out [32], where the students
investigate and solve real problems. PBL has shown to be superior when it comes to
long-term retention, skill development and the satisfaction of students and teachers, [33].
Multiple authors have successfully tested this methodology, since it makes the knowledge
construction process explicit, allows students to be aware of their learning process [34], and
is well suited to engineering and technology education [35], although it has been applied
successfully to multiple areas, from maths or health sciences to visual arts [36-38] . The
students should also have an autonomy that must be adapted by the teacher by designing
the project or making a guide. Although it may be complex to deploy, this methodology
fits well with vocational education profiles [39,40], increases the motivation, improves
the classroom climate and has a direct impact on the personal development of students.
This factor is of special importance since, as stated in [41], the basic levels of vocational
education have a high ratio of students with disruptive profiles and previous academic
failures, showing low interest in academic activities. The reader is referred to [42,43] for a
review of PBL works.

Together with PBL, flipped classroom is often applied to increase the interest and
motivation of students. There exist some studies where flipped classroom is applied to
compulsory and vocational education [44,45]. For example, in [44] flipped classroom is
applied to blended learning higher vocational education courses, which require autonomy
by the students, showing an improvement in the student engagement. In [45], the authors
state that this methodology improves motivation in students of vocational education, but
they also indicate that, despite the positive results, the interest and motivation of the
students may decrease as the course progresses.

Both methodologies, PBL and flipped classroom, may be difficult to apply in situa-
tions where the students present some learning difficulties, disruptive profiles and/or the



Appl. Sci. 2023,13, 12792

50f26

climate classroom is not positive. In fact, this could be the reason why there is a lack of
research studies that apply flipped classroom and PBL to basic and first levels of vocational
education. The present study proposes an alternative methodology based on PBL, Design
Thinking, which can be indistinctly used to teach computer science concepts to vocational
and secondary compulsory education students.

Apart from the methodology and tools used, it is important to design activities and
exercises that are interesting and motivating for the students, as well as to present the
content in an attractive way. The goal is that the students look for their own learning instead
of just passing their exams, by boosting the student curiosity with questions, problems,
and situations that show the usefulness of the content, relating the past content with the
new. This also has an important correlation between learning styles and motivation, an
essential factor in vocational education and training [46]. The design of these activities
can be of a wide variety, such as promoting autonomous and blended learning [47] and
including elements of gamification [48]. In addition, the use of new technologies offers
new opportunities, such as the use of educational games [49] or virtual reality to increase
students’ motivation and Computational Thinking skills [50-52].

Moreover, in a group of students, some have different learning pace, due to their
motivation, academic reasons or social aspects. In this situation, the teacher has to adjust
the materials and activities for the different learning profiles to assure a good classroom
climate, which is given by the student-student and student-teacher relations, educational
contents, rules, social environment, and even the characteristics of the centre and families.
A good classroom climate assures better student—teacher interactions, better behaviour,
encourages the learning process, prevents conflicts and avoids situations where some
students drop out of their studies. The relation between family involvement and student
motivation is crucial to improve the positive climate in the classroom [53]. Therefore, it
is essential to develop methodologies, content, activities, and relationships that allow the
students to acquire the required knowledge and skills in order to continue their lifelong
learning, regardless of their profiles.

Previous work by the authors [25] showed that a methodology oriented to practical
and experimental applications, combining robotics and programming, can be very useful
and effective to increase motivation and engage students with disruptive profiles and high
degree of apathy.

3. Materials and Methods

The protocol adopted for the qualitative research design follows the study [54], and
can be viewed as a combination of the three case study approaches presented:

*  The description of the case studies is in line with the proposal to describe the particular
situations, the context, the instruments used, the data collection and analysis, and
the validation.

*  The description of the characteristics of the groups, manifesting the objective reality of
the participants.

The context and groups are presented below. Then, the methodology and its imple-
mentation are explained. Finally, the data collection, analysis and validation are described.

3.1. Context and Groups

The methodology was implemented over three heterogeneous groups of different and
well-differentiated education levels. As these are case studies with a limited number of
samples, what is proposed in [55] is considered, in which it is explained that “inference
about the logical relationship between two characteristics is not based on the representa-
tiveness of the sample and therefore on how typical it is, but rather on the plausibility or on
the degree of logic of the link between the two characteristics”. In this case, the replication
of the results applied to a larger number of participants will be discussed.

The subjects taught to the groups are deeply related, mainly based on HTML, CSS and
JavaScript programming. Two of the groups correspond to vocational education (VE) and
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the third one to compulsory secondary education (CSE). The methodology was first applied
to a group of VE and the group of CSE, and then applied to the remaining VE group so as
to validate that results are coherent and consistent. The duration of the units imparted was
between 1-2 months. Therefore, the effects of the methodology in the learning process of
the students can be evaluated in groups of different features and with different degrees of
motivation and commitment. The groups are:

¢ Group 1: First year of vocational education on Web Application Design (WAD), Brand
Language and Business Management Systems subject. In this group, 18 students
started the course, 17 applied for the final exam, but only 15 participated in the
methodology, since they were not required to attend classes. The age of the students
was in the range of 18-20 years, and the group was mainly composed by male stu-
dents with only two female students. They belonged to families from different social
backgrounds: some parents were unemployed, others were university graduates, and
some worked in different trades. No students were found to belong to problematic
families. They were motivated and the attitude towards effort and work was consis-
tent. Three of the students who participated in the project activity had significant
difficulties in abstract thinking and this was maintained throughout time. However,
they did not drop out and remained until the end, without obtaining satisfactory
results in this respect.

*  Group 2: Final year of senior high school of compulsory secondary education (CSE2),
Computer Science subject. This group was composed of 13 students and the classroom
climate and the commitment of all students was, in general, very good, showing
interest in the activities and willingness to work, making this group more suitable for
the application of this kind of methodology, as indicated in Section 1, and becoming a
good reference to compare with the VE groups. They belonged to upper-middle class
families, and most of the students had parents with university grades. All students
had ages between 17 and 18 years old.

*  Group 3: First year of vocational education on Microcomputer Systems and Networks
(MSN), Web Applications subject. The group was composed of 18 students, but 3
of them dropped out at the beginning of course. Five had significant difficulties
in abstract thinking, and one was working from home due to a medical treatment.
Their social background was lower. Some students belonged to more vulnerable fami-
lies, with lower income and/or single parents. Others had difficult family situations
and suffered from depression. All were male, mostly between 16 and 21 years old,
with the exception of two of them who were 25 and 29 years old respectively. Their
initial level in programming was quite low, but they kept their interest in the subject.

Therefore, in each group of VE there were students who were eager to learn and
performed well; others had difficulties in learning some content (especially JavaScript) and
another portion of the students showed no signs of improvement, but were only concerned
about passing. Attendance and discipline were stable during the course in the three groups.
Therefore, the methodological decisions made were similar in all groups.

The outcomes obtained with these three groups can be partially compared with an
additional group in which a classical methodology, such as the master class, was applied.
This group, from the first year of vocational education on Administration of Networked
Computer Systems (ANCS) was composed of 20 students with very low interest and
motivation. The content of the subject was similar to those of the groups studied, especially
the HTML unit, which was the same as the one taught to the present groups. Thus, the
partial results on this HTML unit can be compared between this ANCS group, where
masterclass was applied, and the groups presented above, where DT was used to impart
the content. For this particular group, ANCS, the passing rate on HTML was of 55% (only
11 out of 20 passed the exam).
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3.2. Design Thinking

In recent years, the use of technology has meant a development of new training
processes based on learning instead of teaching. In this way, the student becomes the main
actor, being aware of the process, and focusing on action and experimentation.

With this mindset, the methodology adopted is based on Design Thinking, which
can be viewed as a creative problem-solving process [56]. This process is composed of a
set of phases that are iterated, forwards and backwards, with the objective of acquiring
the knowledge required by solving a given problem combining empathy, creativity, and
rationality. There does not exist a fixed set of phases, although the most common are:
(1) Empathy: to understand obvious or non-obvious needs of the users, the environment
and the project. (2) Interpretation/Definition: to analyse the information gathered in the
first stage and make a clear and concise approach to the problem, enabling solutions to
be found. (3) Ideation: to generate and refine ideas. This stage is the transition between
problem identification and solution creation. All ideas are considered valid at this stage.
(4) Experimentation: to build prototypes. A solution is designed through trial and error,
and with progressive approximations to a satisfactory solution, showing the elements to
be erased, improved, changed, etc., until the final solution is reached. This stage is more
about experimentation than validation. The aim is to make the ideas developed tangible.
(5) Evolution: to evaluate prototypes with the users, to learn from the solution itself and
identify possible improvements, failures, what is lacking, etc. It also allows the reworking
of solutions or thinking of new ones.

The use of the Design Thinking methodology is closely linked to PBL and can be
seen as an extension of experimental and collaborative learning. The students must think
about how to solve a problem with the concepts learnt, studying the problem, posing
a hypothesis, carrying out an experiment and ending with the analysis of the solution
proposed. This iterative process facilitates authentic and meaningful learning through
visualisation, prototyping and testing with real problems and solutions. Prototyping is
essential in technology education, and it provides new opportunities for the teaching-
learning process [57].

Therefore, the aim of this methodology is to measure the degree of assimilation and
understanding of the concepts so that the teacher can get to know their students, their
needs and difficulties better, generating feedback that allows them to clarify and improve
their knowledge [58]. At the same time, it favours interaction skills that will be useful and
valuable in future working and/or academic environments. There are several works that
have tested this methodology in education and have shown how teachers should apply
it [59,60]. However, as far as the authors know, none of these studies have compared the
application of this methodology to teach the same content to different groups of students
at different educational levels. For a deeper review on Design Thinking on different
educational settings, levels and areas, the reader is referred to [61].

In the case of vocational education, or even in compulsory secondary education,
students can benefit from a more practical approach, especially those who reject classical
methodologies based on the master class, improving their understanding and knowledge on
computer science and showing them how the content learned can be used in a real scenario.

3.3. Methodology Implementation

In general, the application of the methodology begins with the presentation of the
problem to be solved or the project to be carried out. Its main characteristics, needs and
functionalities are highlighted so that students are clear from the outset about the minimum
requirements that the proposed solution must meet. No restrictions are imposed in terms of
design, tools or ways to reach the solution, so that each student can develop and experiment
with their own ideas. In order to complete the project, during the course, several subprojects
are proposed to practice the content imparted, which serve as a basis for progressing in the
final project. For the content that presents greater difficulties, additional activities should be
prepared and greater care and control should be taken in the students” work to ensure that
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they acquire the necessary knowledge. In addition, the students should present and defend
to the rest of the class their solutions, in order to work on and develop communication
skills. Moreover, this allow the students to know and evaluate the solutions developed by
their partners, providing new ideas to improve their own work.

In particular, the steps followed in the teaching process were similar to those explained

in the previous work of the authors [25]:

The theoretical part was presented to them, expanding their knowledge through
specific questions to the problems posed and that they had to solve by means of
individual research.

In most cases, the sessions lasted 2 h (except in CSE2, where each session lasted 1 h),
so most of the activities proposed in the classroom were solved. This allowed the
performance of each student to be evaluated.

A specific example guided by the teacher was explained to show the contents to
be learned. Afterwards, they were given a simple example to reproduce with the
teacher’s help to correct any doubt/error arisen.

Several gradually more complex exercises related to the final project were then pro-
posed to the students until most of them achieved demonstrable autonomy.

At the end of the different blocks of the same topic, they worked on a subproject, in
which they had to combine the different and new concepts learned, by designing a
solution and developing it.

Where applicable, they were tested on their knowledge by means of a written test.

The choices made and instruments used for the learning process of the three groups were:

Using daily observation as an instrument to measure the progress of students” work in
class and at home. Surveys were also designed to evaluate the students’ knowledge at
the beginning of the course. Observation, as a data-collection instrument, constituted a
scientific technique because [62]: (1) it had specific objectives, (2) it was systematically
planned and controlled in relation to general purposes, and (3) it was subject to validity
and reliability checks and controls.

Initially, open-ended interviews were conducted to ask broad questions, followed by
semi-structured interviews.

Use of W3Schools (https://W3Schools.com, accessed on 1 September 2023) as the
basic website, which stimulated their individual learning at their own pace. The
students could consult different web technologies such as HITML, CSS, JavaScript,
XML, etc., and also run sample codes in a test environment provided by this site to see
how the instructions work.

Use of Blockly Games to get started in programming and understand basic program-
ming structures.

Explain the more theoretical concepts in class and review them using Kahoot, a tool
also used in [25] with good results and acceptance by the students. The practical rather
than the theoretical part of the course was emphasised.

Contrasting different solutions in class to see the merits or drawbacks of each solution,
allowing them to analyse each solution openly.

Focusing the work on projects, mostly individual, with which to consolidate the
knowledge taught. For each exercise/project a preparation/planning time was al-
located, which accustomed the students to think about the scheme to be developed
and conceive it in advance. Prototypes were made either manually or using online
prototyping tools.

Use Microsoft Teams as a way of communicating with learners to: (a) report on certain
events; (b) explain doubts/complaints if necessary; (c) submit work and give feedback
on each assignment.

Informing in advance about the assessment criteria for each assignment, either by
means of rubrics or explicitly stated in the assignment instructions. This also en-
sured the quality of the work presented, by being able to check their solutions before
submitting them.
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3.4. Data Collection, Analysis and Validation

The analysis of the data gathered was based on the qualitative analysis. Daily activities
and their results were recorded in a class diary by teacher and students, combined with
observation as a data collection instrument. As previously indicated, this observation was
systematically planned and controlled to ensure its validity and reliability in relation to the
general objectives and the contents taught [62]. The data collected were carefully analysed
to improve the quality of the educative research and to provide more coherence and rigour
to the analytical procedures [63,64].

The aspects analysed and evaluated using qualitative methodology were:

*  Design conception: the students’ activity during each programming session was
analysed to assess whether each step was performed correctly. The different solu-
tions proposed were also considered for evaluation, as well as their appropriateness
and effectiveness.

e Behaviour during the project: the behaviour of the students was a critical factor in the
methodology, as it influences their motivation and class climate, as well as the results.

¢  Evaluation: results of the examination and presentation of the project, which showed
the good performance of the groups.

Data were analysed as they were collected, as suggested by two of the approaches
presented in [54], reorganising the data by categories and/or skills to be developed in order
to reach conclusions about educational intervention needs. The rigour of this analysis and
the triangulation methods is secured by different factors taken into account [65-67]:

1. Dependency: Data were carefully revised and coherent interpretations were reached,
paying special care and attention to the data collection process. Direct observation was
carried out in a condensed and detailed way, justifying each action and its causes, with
easily understandable language. For each activity, the data recorded were: activity,
date, time, competences worked on, resources, student development, comments,
behaviour, decisions and modifications. Data matching was demonstrated by: (i) the
skills acquired and the skills demonstrated during the project; and (ii) contrasting the
test results with the analysis of evidence of the skills developed.

2. Credibility: To ensure a complete meaning of the participants” experiences. This fact
was especially reinforced when applying the same experience to students of different
characteristics and different levels, evaluating the competences based on projects and
taking into account the specific characteristics of the students.

3. Confirmation: To ensure the minimisation of the researcher bias. During the different
tasks, the same solving method was applied to different exercises and different solving
methods were applied to the same exercise.

4. Replicability: To apply and transfer the results (or part of them) to other contexts,
avoiding inconsistencies in the conclusions. This point was implemented through-
out the experience as the same programming contents (loops, variables, functions,
conditionals, etc.) were taught to the three groups under study, keeping the same
methodology to promote the motivation.

4. Results

As mentioned before, the methodology was first applied over two groups of different
levels for learning HTML, CSS, and JavaScript programming concepts while enhancing
their motivation and Computational Thinking skills, and then applied to a third group.
Different activities were proposed as part of a bigger project, in which the students had to
design, test and evaluate their own solutions and ideas in an iterative process. The goal
was to engage the students through a process that involves several subjects and tasks,
connecting different contents in a project that motivates them. This project used robotics
as context to impart the concepts of programming and to awake the interest of students.
The different tasks were adapted to the different profiles and skills of the students, so that,
although the content taught is basically the same, the activities may vary from one group to
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another in the search of the best motivation and results. The results for the different groups
and their corresponding activities are now summarised.

4.1. First Year of Web Application Design in Vocational Education

The project proposed to the 15 students of the first year of vocational education in
Web Application Design (WAD) was in the context of the Brand Language and Business
Management Systems subject. The project consisted of simulating the localisation and
control of several robots so that the students could apply the concepts learned about
HTML, CSS, JavaScript, XSD, DTD, XSLT, and XML. The assimilation of these contents and
concepts, as well as others from other subjects (math operations, variables, loops, functions,
etc.) is obtained by designing, testing, evaluating and validating their own solutions, and
comparing and discussing them with the solutions of their classroom mates.

The statement of the project was based on a robotics shop, where several robots are
exhibited and each of them has an area to demonstrate its skills. As only one of them
can be sold, their skills should be tested and evaluated to select the most appropriate.
Therefore, the students should define an application with the following characteristics:

®  Delimit the area in which each robot could act and move, and obtain its position, as
part of an indoor localisation system.

¢  Test the connection of JavaScript and XML to read data from a file. Store and save the
robot movement in a XML file, duly validated by DTD or XSD.

e Control that each robot only moves in its corresponding area and the visualisa-
tion of data.

Apart from the above, the results of the scores given to the robots should be presented
in the correct format using XSLT.

Notice that additionally to the HTML, CSS, and JavaScript concepts, the students had
to apply additional knowledge and skills acquired in other subjects and related to pro-
gramming and CT. In this sense, the robot position is computed based on a real positioning
system, where the distances from a set of sensors to the robot are measured, and based
on these distances, the robot position is determined. In the simulation project, the sensors
are considered to be placed on the four corners of the area in which the robot can move,
so students should apply trigonometry and maths operations to compute the position.
In addition, this position must be computed recursively to update the robot position based
on the programmed or commanded movements, so loops, variables, functions, etc. must
be correctly applied to obtain a functional and valid solution.

Before working on the project, the students were working on different activities to
acquire enough skills and demonstrate their proficiency in HTML, CSS, JavaScript, the
programming and validation of XML files with DTD and/or XSD, and their corresponding
presentation with XSLT. Partial developments of the robot project were also carried out in
each unit so they could appreciate the possible application of these concepts to the project,
although they were not the final designs or decisions adopted. However, these partial
developments allowed them to start with the testing and evaluation of prototypes and
ideas. Some of these tasks are presented next.

HTML: Students had no prior knowledge of HTML at the beginning of the course.
Therefore, their first steps focused on the creation of links (to web pages, or a section inside
a document), insertion of images and video considering the specific MIME types and using
relative and absolute addresses, tables and forms for data entry, accessibility and semantic
tags on pages, etc. It was important to start with HTML, firstly for its accessibility and
ease of use, and secondly in order to gain abilities regarding design and conception for the
final project.

JavaScript and CSS: Initially, a set of exercises directly related with the project were
proposed to the students, which allowed them to work with the interface, to position
objects on the screen and also to react to different events. Different activities were included
both for handling the page and to operate with data types such as vectors or strings using
control structures. Once these concepts were assimilated, CSS tasks were carried out to



Appl. Sci. 2023,13, 12792

11 of 26

style a HTML document, together with JavaScript functions to provide more dynamism to
the page front-end and a responsive design.

For a better understanding of these concepts, the students had to develop from scratch
a “cultural magazine” web page using HTML, CSS, and JavaScript. The resultant HTML
document should keep an easily maintainable structure with good search engine ranking
capabilities. Mandatory elements were including links of different types, a form, some of
the lists (ordered, unordered, definitions), a table, tags that make the page more accessible
and understandable for browsers, and images and videos. In Figure 1, one of the solutions
developed by the students about the cultural magazine is shown. Most of them achieved
the requested requirements.

Revista 1

360° La clencis

No se trata de una revista, sino de una plataforma de difusion de los autores y de I cultura ereada y acunulada por las
O i o :

i, la cultura y la soci de las revistas i Y ser el principal
trando, en el Inernet,
jculo. Se . tanto de ¥

igital. Es decir, cubrir el mi:

- e
de materias y revistas de interés cultural y social.

Pagina web: hitp:/wwiva360zrados et/

Revista 2
Babab, Revista de cultura.
‘Edita: Madiana c.

Figure 1. Example of the cultural magazine developed by the students. This example fulfilled all
requirements asked.

Learning HTML was well received by the students, but CSS and JavaScript were
somewhat more difficult for some. Nevertheless, the pass rate in the individual exams that
were taken at the end of each content was over 50% in both, as detailed in Section 4.3. The
student difficulty perception for each subject can be seen in Table 1.

Table 1. WAD students’ perception of content: easy (E), moderately easy (ME), moderately hard
(MH), hard (H).

Content Student Perception
HTML ME
CSSs MH
JavaScript MH

Regarding learning difficulties, the main one was the learning and understanding of
the programming structures, especially loops. This was a common difficulty in all groups,
and more time was needed to understand and adequately handle these concepts. At this
point, the JavaScript concepts were not mature enough yet and had to be reviewed later on.

XML files and validation: Concepts related to databases already taught in the databases
subject, such as 1:1, 1:N, and M:N relationships, were reviewed, confirming that they had
this knowledge. The differences of XML as a tag language with respect to HTML were
established and files with different hierarchies were created. Reflecting the characteristics
of the users with their nickname, age and password; organising and storing products in
a greengrocer’s/gardener’s shop or simulating the organisation of a magazine or class
schedules were some of the exercises carried out and reviewed in the classroom. Regarding
the project of the robot, the students started to deliver different XML solutions, which
allowed the specification of several areas and several robots with their functionalities and
spaces where they can operate.

To check that the XML files were defined correctly, DTD (Definition Type Document)
and XSD (XML Schema Definition) were used interchangeably. In both cases, emphasis
was placed on the relationship that should exist between the definition of these schemas
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with the XML, so the students always first made the XML for each validation exercise
individually. In this way, the practice in generating XML files was reinforced.

DTD: How to define attributes and elements, how to refer to an internal or external
DTD, as well as how to specify keys while maintaining integrity, were the issues basically
addressed in the DTDs. In addition to the previously mentioned exercises to create an XML,
to which the corresponding DTD was included, the exercise related to the robot shop was
carried out. In the solutions requested, the positions, the selected robot and the plot should
refer to an existing value, so as to validate possible errors in the data entry in the XML.

XSD: Although most students understood DTD better and saw it more accessible,
others opted to validate the XML file with XSD, as they perceived it as a more exact way of
defining the elements and attributes, although they also considered the .xsd file to be much
more extensive and that could be cumbersome. Some of the exercises carried out previously
were taken up again to validate them in this way. Subsequently, they were reinforced with
new exercises. They were trained in: (a) defining simple elements with different attributes;
(b) the validation of elements composed of other elements; (c) the cases in which it was
more convenient to declare attributes; (d) ensuring the referential integrity of the elements,
so that no element was referenced that had not been in the system before; (e) comparing
different solutions, encouraging discussion about the merits of each one; (f) referencing
the .xsd document from within and outside the .xml. The results obtained in the exams
showed proficiency in these types of problems and they proposed very complete solutions.

XSLT: to display the elements of a .xml file and for timing issues, the structures “xsl:for-
each”, “xsl:if”, “xsl:when”, and “xsl:value-of” were used. In the robot shop project, the
users participating in the voting and robot selection should be shown. To determine which
robot won the voting, the condition was set for each of the participating robots. In Figure 2
one of the solutions is shown. In Figure 2a the test of robot movements is done and in
Figure 2b the voting for the best robot is shown. To make another movement, the XML
data are changed and when the button is pressed again, the movement continues from the
previous position. The “Access voting” button opens the page with the voting data of the
XML made with XSLT. The XML validation DTD was included.

[ID Usuario]Robot elegido)
USUOL | Robot |
USU02 | Robot2
USU03 | Robot 1

El robot ganador es:

El Robot 1

(.r>
1o of
21N
(a) (b)

Figure 2. Example of one of the project solutions. (a) Areas for the robot movements and forms to

enter the commands; (b) Page for voting the best robot and for showing the results.

The latter concepts, which were only taught to this group, were evaluated through an
exam whose results are shown in Table 2.

Table 2. Examination results in WAD students about XML, DTD, XSD, XSLT contents.

P d Examination Total
Students asse Pass Rate Examination
Exam/Retake .
in Exam Pass Rate
DTD 15 8/3 53.3 73.3

XSD 15 6/2 40.0 53.3
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At this point, and after learning how to format the outputs coming from a .xml file,
the students were able to take on completely the research project. The results showed the
different opinions of the students when conceiving the robot’s movement, which served
as a basis for the localisation algorithms used. These algorithms were based on basic
trigonometry using the distances measured to the robot from conveniently spaced sensors.
The adequate sensor configuration and target position estimation followed descriptions
similar to those in [68,69]. As mentioned before, in the simulated project, the sensors were
considered to be placed at the four corners of the area of each robot, and the robot position
was iteratively computed by the use of trigonometry, math operations, variables, loops
and functions. Mainly, they had difficulties in connecting JavaScript and XML, as well as
in conceiving the movement of the robots at the same time. These tests served to draw
conclusions about how best to approach the teaching of programming in these areas. Not all
students were able to solve the proposed localisation problem.

4.2. Second Year of High School Secondary Compulsory Education

A similar experience in terms of teaching HTML, CSS, and JavaScript was imple-
mented in the second year of high school compulsory secondary education (CSE2), where
the learning of HTML was also better accepted than CSS and JavaScript. A project was
proposed so that they could apply the knowledge and skills learned during the course.
Although they were taught JavaScript to be able to manipulate the pages, the level of com-
mitment of the students at the stage of the course (final weeks) was lower, and taking into
account that it was an optional subject and the project was also optional, the concentration
decreased. Nevertheless, the results are considered to be also satisfactory, and the generally
good classroom climate and good students’ background and commitment facilitated the
application of the methodology, with all students participating in the project although it
was optional, as mentioned.

Different activities were also proposed to practice the contents before addressing the
final project. Similarly to WAD students, they were asked to apply what they had learnt in
HTML during the first term by imagining that they were managers of their own companies
and should perform marketing functions in order to publicise their company’s potential.
To do this, they had to design a web page, through which they could disseminate the main
results of the company. As a requirement, they also had to include a form, a table, lists,
images and videos, semantic tags and good search engine positioning. Emphasis was
placed on the internal structure of the document, so that it would be easily maintainable.
The activity was successfully completed by most of the students, and one of the solutions
proposed is shown in Figure 3.

~G&G PHOTO~

MENU:

= Algunos de nuestros trabajos

= (Como fueron nuestras cifras del ailo pasado

DATOS PERSONALES:

Nombre: | | Apellidos: ]

Dircecion: Teléfono de Contacto:

PETICIONES
’7\'.490 promocional C

Sesion fotografica de tu local O

Resetear || Emvar Nuestras cifras
[ANO 2019[AN0 2020[ANO 2021

VISITAS EN REDES 2 millones | 5 millones | 8 millones
TRABAJOS REALIZADOS 8.000 10.000 20.000
SATISFACCION DEL CLIENTE| 100% 100% 100%

Figure 3. Example of the web page developed by the students. This example fulfilled all require-
ments asked.
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Subsequently, learning of CSS was included, practising first with the previous pages.
They had to apply what they had learned in HTML and CSS in terms of formatting and
positioning. The pages had to show the activities prepared by each region of the country of
the company.

A project was proposed to incorporate and apply all the knowledge acquired. This
project was based on the same contents, i.e., HTML, CSS, and JavaScript, applied to
robotics and programming. It was presented as end-of-year project and it was composed of
three steps:

1. Search of information about computer security.
2. Construction of a robot considering the concepts learned.
3. Web page construction.

The DT methodology was mainly applied to step 2 and 3. In step 2 the students had to
construct different robot prototypes, testing different ideas and solutions, evaluating and
comparing them, and finally selecting and validating one for the final prototype. In step 3,
they had to construct the web pages following a similar procedure to the one indicated in
the WAD group.

Then, following the above steps, the students were asked to carry out research in
groups on computer security and awareness of active and passive safety through robotics.
They had to look for information on applications that generate security breaches (a specific
application was assigned to each group) and how to implement protection by applying
active and passive security. Three teams were created, where each one had to deliver a
document with its research and also present it orally in the class. Then, they made a Kahoot
test to reinforce the knowledge imparted and subsequently, they proceeded to implement
in 2 groups an interpretation of the safety concepts using Lego Mindstorm. The two final
prototypes of the robots constructed by the groups are shown in Figure 4. All was reflected
in a web page that each team made, in order to show the impressions of their peers on the
process of making the robot, as well as the results obtained after applying the concepts
learned in the project.

() (b)
Figure 4. Robots implemented using Lego Mindstorm. (a) Robot of group 1. (b) Robot of group 2.

It is important to mention that before addressing control structures in programming
(loops, conditionals) for the robot movements, they were proposed to work with Blocky Games
(https:/ /blockly.games/, (accessed on 1 September 2023)) based on positive experiences from
previous years [25].

Although they also included programming sentences in their pages, it was considered
that their knowledge of programming was very limited for several reasons: they did not
understand loops well, it was necessary to dedicate more time to this section than the
available in the didactic programming, and the students’ dedication at this stage of the
course was not complete, as they had to prioritise other compulsory subjects (this one
was optional).

The difficulty perception in this group can be found in Table 3.


https://blockly.games/
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Table 3. CSE2 students’ perception of content: easy (E), moderately easy (ME), moderately hard
(MH), hard (H).

Content Student Perception
HTML ME
CSSs MH
JavaScript H

4.3. Evaluation

Rubrics and assessment criteria were used based on the previous years experience.
The results of the final assessment take into account the students who did the exams (HTML,
CSS, and JavaScript), considering that at certain points in the course some of them dropped
out for different reasons in VE (which is why sometimes the number of students evaluated
does not coincide). In Tables 4-6, the examination results for the different units in WAD, in
CSE2, and the final pass rate in the course for both groups are shown, respectively.

Table 4. Examination results in WAD.

Passed Examination Total
Students Pass Rate in Examination
Exam/Retake
Exam Pass Rate
HTML 18 16 88.8 88.8
CSS 17 7/3 41.17 58.8
JavaScript 17 7/3 41.17 58.8
Table 5. Examination results in 2nd year of high school CSE.
Passed Examination Total
Students Pass Rate in Examination
Exam/Retake
Exam Pass Rate
HTML 13 11/2 84.6 100
CSS 13 10/3 76.9 100
JavaScript 13 9/4 69.2 100

Table 6. Examination results in the subject/course for CSE2 and WAD groups.

Examination Pass

Subject/Course Students Passed Rate in Exam
CSE2 13 13 100.0
WAD 17 (15) 12 70.6

It can be seen that in HTML, both groups obtained better results than in CSS and
JavaScript and that they did indeed find it easier to follow. In the case of CSS, they generally
obtained higher marks than in JavaScript, the latter being very tight, close to the minimum.
Notice also that for WAD students, the marks of the final exam for CSS and JavaScript are
very similar. However, the final scores are consistent with the partial results observed in
class, which showed that the concepts and knowledge were correctly acquired.

5. Discussion

The disparity in the characteristics of the students was evident, where some had no
skills or motivation to learn; others showed interest and dedication of effort and time to
perform such tasks. Therefore the tasks, and even the projects, had to be adapted to involve
all profiles and increase the motivation, interest, and commitment of students. This fact was
more evident in vocational education, where, as mentioned in previous sections, there are
more disruptive profiles, i.e., students that are not interested in the course or subject, and



Appl. Sci. 2023,13, 12792

16 of 26

they are neither motivated nor interested in learning and participating in class. The latter
may even affect negatively the class climate, producing a contagion effect on the rest of the
classmates. For this latter reason, it is very important to orientate the teaching-learning
process using methodologies that involve and make these students feel important, such as
the Design Thinking considered in the present work.

This project-based methodology has been demonstrated to be quite effective in increas-
ing motivation and interest in the students as indicated in [8] and confirmed by the results
obtained, where the students showed interest, participated actively, and the absenteeism
was very low, with with 100% positive marks in compulsory secondary education and
almost 65% in vocational education. The content was introduced progressively, giving the
students the opportunity to try out partial solutions related to each portion of the content
and concepts. The objective at those moments was not to develop partial solutions that
would become part of the final project, but to become fluent with the computer science
concepts and their programming, try out ideas and test them in order to consolidate the
concepts and knowledge, and gain confidence to develop the final project. Moreover, these
solutions were discussed in class, so that the students could understand the different ap-
proaches taken by their classmates, observe different designs and ideas, and boost their
creative process.

The students considered this experience very positive, as they could see the use of
each concept in a real project, connecting different contents and lessons, and understanding
the importance of each part to reach a global solution, similarly as indicated in [9-11].
However, these references were applied to higher vocational education, and as mentioned
in Section 1, there is a lack of works applying this kind of methodology in the initial courses
of VE, possibly due to the students’ characteristics of this initial years of VE. In this case,
the application in the first course of VE was very well received by the students, motivating
and engaging them. They were very involved in the learning process, asking for more
exercises and even working on and developing their own projects (personal web pages).
The absenteeism was very low, with 3 out of 18 students that did not participate in the
project and did not regularly attend class. Regarding CSE, the group was very disciplined
and had already a very good classroom climate, so the application of this methodology
was easier. However, the commitment and interest shown by the students were similar in
both groups, showing an improvement of interest, motivation and classroom climate in VE,
which is a critical factor as stated in [41].

Moreover, the context of the projects, about robotics and programming, was also an
important factor to engage students and raise their interest, which also allowed us to exploit
the concepts of Computational Thinking in some lessons and activities, so that complex
concepts of programming could be better understood and internalised.

Regarding answers to the research question raised:

¢  Can the Design Thinking methodology be useful to impart computer science content
while increasing motivation and interest, and reducing absenteeism, especially in
vocational education? As previously indicated, the VE students considered this
experience very positive, and they were involved during the teaching-learning process,
being very active and participating in class. They designed, tested, and developed
their own solutions to the project proposed, and they even continued working on their
own on personal projects. The absenteeism was very low, with there being only 3
out of 18 students that did not attend almost any class during the course. Moreover,
attendance was not mandatory and they could just attend the final exam, however
most of the students participated in the project actively.

¢  Can the students in their first year of vocational education show similar interest and
motivation than other groups with better background, commitment and/or climate
classroom if the contents are imparted in an alternative and attractive manner? The stu-
dents of VE showed similar interest and commitment to CSE students. The classroom
climate improved significantly and they showed real interest in the process of working
in projects and developing solutions to acquire the knowledge. They considered this
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learning process more useful than classical methods, since they felt that they could
apply the content to real life. The above showed that with the adequate methodology,
the students can gain interest in their studies.

Next some additional recommendations, results, and problems are discussed in deeper detail.

5.1. Methodology: Practical Implementation and Recommendations

Some practical recommendations and guidelines that can serve as guide for other
researchers/teachers are now highlighted.

From the first moments, it is necessary to clearly explain the project and its main
requisites, so that the students have no doubt about what they need to develop. It is
important to mention the different steps to carry out until the final prototype is reached and
what content and concepts are needed for each part. The clarification of these points, as
well as showing the practical orientation of the lectures, helped to improve the classroom
climate and to reduce the absenteeism of the first week. Once the initial weeks passed and
the students could check the real nature of the project and its practically oriented approach,
the assistance given to the class remained stable.

Approaching each of the topics with a demonstrative exercise, first guided by the
teacher, and then proposing exercises with an increasing degree of complexity in which
they gained more and more autonomy on a given topic or project proved to be a good
method, as the results show. Each new piece of content was also related to the final project,
so that the students could design and test possible solutions to specific requirements of the
final project.

When explaining a new topic, they were asked to reason why one solution was more
viable than another to promote their creativity, showing the advantages and/or difficulties
of each solution. It was therefore crucial to keep an eye on the progress of each student in
the classroom, in order to detect errors when dealing with the solutions.

Analysing and discussing the students” own solutions on the digital whiteboard was
important for those who had difficulties in obtaining an idea of what their classmates were
doing. Moreover, it allowed the students to appreciate different solutions, approaches or
designs that could be openly discussed, providing the students with new ideas to test and
practice.

Contrary to what is stated on p. 49 of [70], the students were encouraged in this part
of the course as it was very practical and they even started to make their own personal
web pages. This good behaviour and interest in practising the content resulted in a better
classroom climate.

Regarding the specific concepts and content imparted, the order in which they were
taught was appropriate. Starting by teaching HTML is a good way to attract students’
motivation, especially when they start from scratch, as they do not perceive it as something
difficult. Introducing CSS and JavaScript afterwards is organic, as well as the posterior
teaching of XML, DTD, XmlSchema, XSD, XSL, etc. Perhaps it would be convenient to
shorten the period of teaching CSS to approach it mostly through JavaScript. This would
improve the understanding of the programming logic. Students intuitively formatted
pages, so among the contents those related to the positioning of the elements, which are less
comprehensible to them, would be the most important to teach. This would allow the start
the study of JavaScript before. Likewise, it would be interesting to give more prominence
and time to XMLSchema, as it offers more secure options for defining XML than DTD.

5.2. Common Conclusions to the Two Groups

Some common conclusions can be stated for both groups, since they received the
proposal and exercises with similar interest and motivation, and they put similar effort and
commitment into their corresponding activities.
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5.2.1. HTML, CSS and JavaScript

In general, although WAD students showed better performance in all the topics
analysed (HTML, JavaScript and CSS) due to their academic level and vocational training
course, all students perceived HTML as more accessible to learn. It is important to note
that the complexity level of the contents for WAD students was significantly higher, which
is one of the reasons for the lower marks of the group despite their good performance.

The time spent for the initial planning of the proposed pages and projects was very
important for the final result. Emphasising the relative and absolute directions of the
elements was crucial for the portability of the applications.

In the case of CSS, a clear distinction was made between the students who were
more inclined towards design and those who were more inclined towards programming.
The time and exercises dedicated to responsive design and the positioning of the elements
on the page were sufficient to undertake the final project. They became used to handling
.css files instead of implementing them directly on the pages, which made them more
flexible and easier to maintain.

JavaScript was taken up as a challenge by the majority of WAD students, while the
CSE2 group of students perceived it as very difficult, also due to the short time planned.

5.2.2. Tools: W3Schools, Blockly Games, Kahoot

The use of W3Schools for learning (especially at the beginning) about the different
technologies was very well received, as the students appreciated all the resources it offers,
including the possibility of trying out the examples on the site itself. It was especially
important at the beginning of each topic and during the development of the initial exercises,
where they were still dependent on the teacher’s advice. At this point, it was a very
useful tool for assisting several students at the same time, according to their own pace.
With regard to Blockly Games and Kahoot, they provided satisfactory results similar to
those shown in [25].

5.3. Problems Encountered

Despite the good results obtained in both groups, during the application of the method-
ology some problems and difficulties arose.

5.3.1. Commom Problems to Both Groups

Lack of abstraction in the solutions and/or hasty solutions without a previous plan in
the CSE2 students: In the case of JavaScript programming, they started to program directly
without planning or thinking on the solution beforehand. While it is true that in the case of
the page design they made a prototype beforehand, on the JavaScript programming they
lacked planning, possibly due to the short class period dedicated to this task.

Problems with loops structures: This was a recurring problem in all groups. It was
difficult for them to identify when to use them, although WAD students understood these
concepts more quickly.

Responsive design test: Although they implemented within the pages the way of
visualising them on different platforms, they did not carry out the corresponding tests to
verify it.

Cross-browser testing: This requirement was requested on several occasions, but they
did not recognise the value of doing so and did not perceive it as crucial.

Difficulties in acquiring knowledge by reading new documents: In the students in later
years, deficiencies were detected in the way they expressed themselves orally and in writing.
For this reason, the tasks requested were to be delivered together with documentation
explaining the process for obtaining the different results.

Incorrect validations: In HTML, they designed forms without a submit button or
<form> tag, they did not correctly validate required fields, and they selected incorrect
data types.
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Requirements not taken into account and problems in language competence: In tasks
where the statement was very specific, at a formal level they found it difficult to include the
requested requirements, such as concrete tests/tasks names, interpretation of instructions,
refusal to read a lot of text and/or additional bibliography, use of a large variety of colours,
solutions without taking into account what the supposed client states, etc.

5.3.2. Main Difficulties with XML, DTD, XSD, XSLT in WAD.

These concepts were only imparted to WAD students, so these difficulties only concern
this group. The main difficulties encountered in the validation of the .xml files were:

- Identifying the correct validated representation: designing the well-formed .xml was
difficult at first, especially in defining what level of granularity to achieve.

- Based on how they defined the .xml, they had to achieve its validation, which took
time to understand, since they first had to take up the different relationships (1:1, 1:M,
N:M) that they wanted to represent, looking for a way to do it, without making their
validation more complex. This prompted several discussions in the classroom, so that
they could see the different variants they could have.

- Adbhering to the statement and to what was requested: their solutions sometimes did
not follow the instructions.

- Lack of validations, cardinality, or referential integrity.

Even so, and taking into consideration how complex the validation of the .xml files
was for some students, especially in XSD, the students showed a fairly high degree of
commitment and asked for more exercises.

5.4. Application to Other Groups: First Year of Networks and Micro-informatics Systems in
Vocational Education

Given the good results obtained in the two previous groups, it was decided to apply
the methodology following the same steps and ideas to a different group so as to confirm
the good learning outcomes obtained. This new group was from the first year of vocational
education in Networks and Micro-informatics Systems (NMS). Similarly to the WAD group,
an HTML, CSS, and JavaScript exercise was given to students of NMS and the results were
satisfactory. JavaScript was tackled to a lesser extent, given the time planned for this activity
and the difficulties shown by the students, whose training was more hardware-oriented.
However, when they had to learn computer applications that generated HTML code, as
was the case with Wordpress or Joomla, in many cases they preferred to code by themselves
using what they had learned in the first part of the course. On this occasion, after learning
CSS, they made a Christmas web page, instead of a cultural magazine. The difficulty
perception in this group is shown in Table 7, which is equivalent to the perception of the
CSE2 group.

Table 7. NMS student’s perception of content: easy (E), moderately easy (ME), moderately hard
(MH), hard (H).

Content Student Perception
HTML ME
CSs MH
JavaScript H

These students were also asked to carry out a research project to position several
elements at the same time in a given area, similarly to that of WAD students in Section 4.1.
The contents were gradually explained, adding complexity and resources to the solution
requested. The results obtained are shown in Table 8.
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Table 8. Examination results in NMS.
Passed Examination Total
Students Pass Rate Examination
Exam/Retake .
in Exam Pass Rate
HTML 15 13/1 86.6 93.3
CSS 15 10/3 66.6 86.6
JavaScript 15 11/2 73.3 86.6

These results are compared with those obtained for WAD and CSE2 in Table 9.

Table 9. Examination results in the subject/course for CSE2, NMS and WAD groups.

Examination Pass

Subject/Course Students Passed Rate in Final Exam
CSE2 13 13 100.0
NMS 15 13 86.6

It can be seen that the results were very good, with almost 85% of students achieving
positive marks and passing the exams. Moreover, they had to learn applications to generate
web pages, and whenever possible, they opted to create the code themselves, avoiding
as much as possible to generate it through these applications. These results improve
significantly those obtained with WAD students, which may be due to refinement of
the methodology, knowledge of where problems may arise, and better guidance and
monitoring of the project based on previous experience. The results are slightly worse than
those obtained in CSE2; however, it must be noted that in CSE2 the content is not taught
in such a profound way as in vocational education, and the CSE student profiles show
significant differences, with better initial commitment and classroom climate.

The main comments stated in Sections 5.2 and 5.3 are applicable to NMS students, so
that the application of the methodology provides stable and coherent results.

It is possible to compare the results obtained in the HTML unit for the three groups
with the results obtained for the group ANCS, which studied this content using the master
class as main teaching methodology. The ANCS group had a pass rate of 55% in HTML,
while WAD, CS2 and NMS had a pass rate of 88.8, 100, and 93.3%, respectively, see
Table 10. The improvement in all groups, especially in those of vocational education, is
very significant even in a relatively simple unit as HTML programming.

Table 10. Examination results in the HTML unit.

Subject/Course Students Passed Examination Pass

Rate in HTML
ANCS 20 11 55.0
WAD 18 16 88.8
CSE2 13 13 100.0
NMS 15 14 93.3

Regarding the final grades, in Figure 5 the distribution of marks obtained by the
students of each group is shown. It is possible to notice how a larger number of students
passed the course and with better grades in the groups where Design Thinking and robotics
projects were used. In addition, the mean, median, standard deviation and mode of the final
grades of each group are shown in Table 11. It must be noted that the purpose for providing
this information is to give a more detailed description and for comparison purposes of the
results among the three groups in which the methodology DT was applied (WAD, CSE2,
and NMS). As mentioned above, the comparison between ANCS group and the rest of the
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groups is only valid for the HTML unit (shown in Table 10), since for the rest of the course,
the content was different. However, the information about the final grades of the ANCS
group is included for the sake of completeness.

Table 11. Descriptive statistical analysis of the final exam results.

Subject/Course Pass Rate Mean Median Starfda}rd Mode
Deviation
ANCS 50 4.82 5 291 1
WAD 70.6 541 5 2.93 5
CSE2 100 8.5 8.9 0.92 9
NMS 86.6 6.33 7 2.06 6
ANCS WAD

Students
N
o
Students
N
o

Marks

(@)

CSE2

Students
Students
~

() ()

Figure 5. Distribution of the final grades in the groups. (a) Final grades of ANCS group. (b) Final grades of
WAD group. (c) Final grades of CSE2 group. (d) Final grades of NMS group.

The improvement on the final grades of the students can serve as indicator of the
success of the methodology applied, but it is important to remark that the marks are
only an additional factor that confirms this success. The success of the methodology is
mainly based on the interest that the students showed, their commitment in all activities
and projects, the improvement in the classroom climate, and the interest they showed in
developing their own projects. Moreover, the absenteeism was significantly reduced, a
very important and critical factor, especially in vocational education. Therefore, it can be
stated that the methodology proposed, Design Thinking, as well as the project context,
robotics and programming, allowed students to increase their interest and motivation to
learn the subject, to better understand the content and concepts taught, to incorporate them
into a project that justifies their learning and use, and to become responsible for their own
learning process by seeking designs and solutions to the problems posed.
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5.5. Limitations

The application of the methodology to different educational levels and subjects can be
viewed as a limitation, since some of the results and conclusions may be different due to
the heterogeneity of the groups and they cannot be fully compared. However, it allows us
to draw general conclusions about the applicability of the methodology for programming
learning, and as indicated in Section 3.4, the replicability of results in different context
confirms the suitability of it.

In addition, the total number of 45 students is a limitation and general conclusions
cannot be stated; for this reason, this work is considered a case study. In this sense, the
aim is not a generalisation of the found outcomes, but to give insight into alternative
methodologies and proposals that can raise motivation and interest in vocational education
students. The results obtained are limited to the groups studied, but the outcomes and
conclusions obtained can serve as a guide for teachers that have to deal with similar
situations to promote the interest of the students. This goal is based on the intrinsic
characteristics of the qualitative research and the incidental sampling of the participants
involved in the experience, so that the outcomes and results may be transferred or applied
to similar and different contexts. This transference, or applicability of the outcomes, in
qualitative research is not a generalisation but the application of the essence of the findings
to other contexts, provide some guidelines to obtain a general idea of the problem studied
and apply some solutions to other situations [71]. Moreover, the proposal can be adapted
and modified depending on the different learning styles and profiles of the students and
previous experiences.

6. Conclusions

In this paper, the methodology Design Thinking has been applied for teaching concepts
and content in the computer science field, such as HTML, CSS, and JavaScript, and the
corresponding programming structures and techniques. To impart these concepts, a global
project to relate them was presented, and the students were required to design, test, and
develop solutions to this project. The projects were focused on a robotics application, to
increase the interest of the students and to create a context rich enough to impart concepts
of programming and Computational Thinking in an attractive way. The concepts were
sequentially presented and used to add complexity and functionalities to the solutions
designed, until the final solution was reached.

The results obtained for two groups of different educational levels, one of high school
secondary compulsory education and another from the first year of vocational education,
showed that the methodology proposed was well received by the students and it motivated
and interested them, showing good results in the classroom climate and exams, and
reducing the absenteeism. The students participated actively in class, developing and
discussing possible solutions, the absenteeism was very low, and their involvement in the
learning process was very significant. The results of the HTML unit could be compared
with another group of vocational education with a similar subject in which a classical
methodology, such as the master class, was applied. The results in the HTML unit, which
was exactly the same to the groups under study, improved significantly, going from 55%
positive grades in the control group ANCS, to 88.8% in WAD and 100% in CSE2, together
with a better classroom climate and participation of students in the different activities.
Moreover, this methodology was subsequently applied to a new group of the first year of
vocational education, obtaining even better results in students’ behaviour and final marks
than in the previous vocational education group, thanks to the experience acquired and
to have identified the different problems and difficulties that may arise, allowing a better
orientation and preparation of the content to be imparted.

Although the results are obtained over a small group of students, this methodology in
which the students are leading their own learning by designing, testing, and developing
a solution to a proposed project or problem, allows an increase of motivation and com-
mitment, even in disruptive profiles. Based on the qualitative research and on the results
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of other qualitative works [72], the outcomes could be transferred to similar or different
contexts. If this transference or applicability to other context would be difficult, the results
could be used as guidelines to outline a general idea of the problem and to apply some
solutions in other contexts if there are enough similarities to transfer the results [65,73].
In this sense, it has been shown that the methodology can be easily extended to other
courses. The possible criticism of the weak generalisation can be overcome by expanding
the local knowledge accumulation with a larger number of qualitative studies [74].

For future works, this methodology will be tested and applied for different concepts
and content related to computer science, considering also different educational levels to
evaluate the applicability of the methodology in the widest sense possible. In particular,
the design and development of a hardware and software platform for indoor localisation
will be completed, similar to the one described in the simulation examples of this work.
With this platform, the students of vocational education could carry out hardware and
software projects, as well as learn programming in a bigger project in which they could
apply all the content of a subject and even connect and relate different subjects.
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