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Abstract: In present and future society, all individuals must be able to face the problems, risks,
advantages and opportunities that will arrive with new paradigms in the labour market, social
relations and technology. To reach this goal, a quality and inclusive education together with a proper
and complete formation in technology (communications, robotics, programming, computational
thinking (CT), etc.) must be imparted at all educational levels. Moreover, all individuals should have
the same opportunities to develop their skills and knowledge, as stated in Goal 4 of the Sustainable
Development Goals, Sustainable Education. Following this trend, in the present work, a practical
experience about how to teach CT using robotics is developed, showing the results and evaluation
of the lessons on robotics taught to students in their 4th year of compulsory secondary education,
and where the students showed a high degree of apathy and demotivation. The teaching unit was
based on an action research approach that includes a careful selection of pedagogical techniques
and instruments to attract and keep the attention and interest of the students. In addition to the
robotics lessons, a previous computational thinking training with Blockly Games was carried out,
which contributed to noticeably increase the students motivation and to introduce them to the
programming of robots. Moreover, gamification was used to motivate and evaluate the individual
knowledge, and the students were required to present the work performed through a final project.
The individual needs of the students were fulfilled with a daily monitoring. The results show that the
pedagogical techniques, instruments and evaluation were adequate to increase the motivation of the
students and to obtain a significant learning, showing how the teaching of CT may attract students
that have lost interest and motivation, while providing them with abilities that will be essential for
the learning throughout life.

Keywords: computational thinking; robotics; problem solving; educational games; competency-based
education

1. Introduction

Training on technology, such as robotics, programming, computational thinking (CT), etc. from
the first levels of education is essential for the construction of societies where the individuals are
prepared for the challenges that will rise up with new paradigms in the labour market, social relations
and sustainability [1]. Then, the transformation on the way of thinking, social values, and the actions
required for a move towards sustainability and responsibility are of the utmost importance to construct
a better society where all actors may be included. To reach this goal, a modification on the learning
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strategies in engineering and technology, and a transformation on the way of thinking on engineering
and technology students is needed [2].

The above process involves all individuals during their student period, where they must receive
a quality education and reach a formation that makes them responsible members of the society, aware
of the risk and advantages of new technologies, where sustainability and responsibility play a central
role. For this objective, students should receive an integral formation on technology and Computational
Thinking (CT) that allows them to acquire the basic skills on math and technology and to face problems
during their working and social life. Moreover, an special effort must be done to include all individuals,
even those who are not interested in or pretend to abandon the studies, to avoid the interruption
of their education, so that they all have the same opportunities. This is in line with Goal 4 of the
Sustainable Development Goals (SDGs), Sustainable Education, for a quality education as the base to
create a sustainable development [3]. In particular, Subgoal 4.1 is to “ensure that all girls and boys
complete free, equitable and quality primary and secondary education leading to relevant and effective
learning outcomes”, Subgoal 4.3 is to “ensure equal access for all women and men to affordable
and quality technical, vocational and tertiary education, including university”, and Subgoal 4.4 is to
“substantially increase the number of youth and adults who have relevant skills, including technical
and vocational skills, for employment, decent jobs and entrepreneurship”. Following this trend, in the
paper at hand, a proposal for an inclusive education on CT, programming and robotics is presented.
The aim is to promote the interest of students with a high degree of apathy and demotivation, and with
difficulties to continue with their studies. The underlying idea is to prevent these students from
abandoning their academic life, and also to promote and develop their creativity, logical reasoning,
problem-solving and project-design skills [4].

However, as programming may be a hard and complex matter, an adequate approach and
methodology must be followed. In this sense, we can find several proposals for programming and CT
teaching in a way that engages students with educational software or visual block-based programming
environments [5,6]. For example, in [7], an analysis on the use of visual block-based programming
for teaching introductory programming is presented using Scratch and App Inventor environments,
and in [8], the combination of Lego Mindstorms and App Inventor is used for teaching novice
programmers. In this line, in [9], a comparison between programming environments is carried out
with the focus on secondary education. These works demonstrate how the students show more interest
and ability in programming when this task is presented in an attractive way. Following this trend,
in this study, a combination of Lego Mindstorm and online resources, such as Blockly Games and
Kahoot, was used to teach programming and CT to students of 4th grade of secondary compulsory
education.

Among the possible approaches that can be used to teach these concepts, project-based learning
(PBL) approach stands out. PBL is at the core of the present proposal since it is a teaching and learning
approach that is designed to attract students through the investigation and solving of authentic
problems [10]. Moreover, the use of PBL in technology education makes the knowledge construction
process explicit, and allows students to be aware of their own learning process [11], making it very
appropriate for the teaching of Engineering and Technology [12]. The reader is referred to the work of
Thomas [13] for a review on PBL projects. In this study, the PBL approach was supported partially
with other approaches and methods to overcome all student profiles and learning styles, as described
in Section 3.1.

Therefore, the scope of the present work is to show the applicability and give insight of a PBL
based methodology to teach CT and robotics to students with disruptive profiles and to promote
their motivation. Based on the qualitative research and the incidental sampling of the participants
involved in the experience, the outcomes and results obtained may be transferred to similar or different
contexts. This transference, or applicability of the results, on qualitative research is not a generalisation
of the results for a wider population but to apply part of the results or their essence to other contexts,
provide some guidelines to get a general idea of the problem studied and apply some solutions to other
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situations [14]. Then, the preliminary results obtained can provide guidelines for teachers that have to
deal with similar situations. Moreover, the proposal can be adapted and modified depending on the
different learning styles and profiles that the teacher may find, as well as on the previous experience
with the students.

The contributions of the present work are fourfold: (i) to develop a methodology to teach
robotics and Computational Thinking to students in compulsory secondary education; (ii) to show
the application of the methodology and its results for a group of students with high level of apathy
and demotivation, and analyse the advantages and drawbacks of the methodology proposed; (iii) to
motivate the students with the use of tools to acquire the CT in a friendly and efficient way given their
age; and (iv) to analyse the answer to the question “What are the personality profiles of top and low
computational thinkers?” proposed in [15], given the real application of the methodology proposed.
As far as the authors know, there are no studies about the teaching of robotics and CT dealing with
similar student conditions.

The rest of the paper is organised as follows. In Section 2, an overview of the concept of CT
and a summary of the education in CT and technology in different countries and regions is given.
In Section 3, first, the theoretical foundations of the methodology imparted are presented, and then,
the materials and methods used for the robotics sessions teaching are described. The results obtained
and objectives fulfilled after applying the methodology proposed are presented and analysed in
Section 4. Finally, in Section 5, a discussion about the results is detailed and some recommendations
are given, and, in Section 6, the final conclusions are presented.

2. Computational Thinking and Technology Education

Computational Thinking (CT) was first defined in [16] as the thinking process that implies to
solve problems, design systems and understand the human behaviour based on the fundamental
concepts of computer science, and it has attracted a growing interest in the last decade. Multiple
authors have incorporated new nuances or modified the concept of CT in the last years, such as [17-22],
without reaching a real consensus about the cognitive abilities that define the training process of the CT.

In [23], the features that conform/construct the CT concept were summarised. These features
are abstraction, as the ability to avoid unnecessary details; algorithmic reasoning, which could be
defined as the necessary steps to reach a solution independently of the technology used; the ability to
divide a complex problem into simple problems to make a clearer analysis; the abstraction automation,
as a repetitive process to save time; debugging process, in which the results may be predicted and
verified; and generalisation, as the way to extend the solutions obtained to new problems with similar
characteristics.

In 2016, 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 the CT [24].
Specifically, compulsory education is considered the base of the educative system, where the
foundations of the integral education are established and the abilities to be used throughout life
are developed. Therefore, the encouragement of collaboration, the work from a personal and social
perspective, the healthy competition, and individual and group work, must be the essential means to
give answers to the daily life situations and to prepare the individuals for their incorporation to the
society and labour market. Following this trend, the teaching of the CT using robotics in a novel way
during this life stage is of the utmost importance, and thus this education period has been chosen for
the present study.

The teaching of CT in compulsory education, and particularly of robotics as one of the learning
tools to acquire it, changes from one country to another, and it even changes from one region to another
in the same country. Its inclusion in the curriculum for compulsory education advocates one of the
two following approaches: to develop the ability to solve problems in daily life or to provide the
adequate formation for future employments related to Information and Communication Technologies
(ICT) and satisfy the demands of the labour market [23]. These two approaches are taken into account
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in the new educational programmes in countries of America, Asia and Europe, as can be seen in the
following overview of the CT teaching in different educational programmes.

2.1. Europe

More than 20 European countries have incorporated CT into their educational curricula [25].
In [23,26], the reader can find a detailed description about the way in which CT is included in the
educational systems.

Among the European countries, Estonia stands out with its educational programme “ProgeTiger”,
where the teachers combine several resources (robotics platforms, applications from other
disciplines, etc.) to provide an interdisciplinary educational provision. Similarly, Finland prepares
the complete revision of its educational system with the training of teachers to teach the CT.
In United Kingdom, the subject “Computing” incorporates the modelling of reality and the open
reasoning, including different solutions to the same problem, together with the teaching of, at least,
two programming languages.

In other countries, such as Germany or Spain, the CT teaching is done by regions. Germany stands
out for the state investment in resources and teachers, and offers an optional subject for science students
and courses that include practices outside the classroom environment. Regarding the educational
system in Spain, different initiatives based on the optional subject “Tecnologia” taught in the 4th
year of compulsory secondary education exist in each autonomous region. However, in some regions,
such as Madrid, a specific subject has been created to teach the CT and/or robotics. Among the
different initiatives in Spain, we can find Dr. Scratch [27], a tool to acquire CT at several levels
(basic, intermediate, and advanced) and dimensions, being logic reasoning, data representation,
user interaction, flow control, and abstraction among the most important dimensions. However,
the Spanish Foundation for Science and Technology (FECYT) shows that a true integration of CT
and/or robotics at a national level still does not exist, and it is also not applied in all educational
institutions [28].

Other countries such as Austria, Cyprus, Lithuania, Hungary and Slovakia are immersed
in the inclusion, in compulsory subjects, of CT related contents that were imparted in non
compulsory subjects.

2.2. The Americas

A study about the design and implementation of educational robotics projects in Latin American
and Caribbean countries was reported in [29], where their lack was remarked. However, there exist
some projects with different importance and strength in each country: Project in Educational
Technology or Educational Robotics in Mexico; Project Gira and its application Physical Etoy in
Argentina; Foundation Omar Dengo in Costa Rica; and Project Colegio San Judas Tadeo in Dominican
Republic, among many others. The main weaknesses of these projects and approaches are: they are
mainly based on the development of guided constructions; a lack of standardisation of the teaching at
a national level facilitating the improvement on programming abilities; and the lack of educational
provision at higher education levels, as well as training programmes for teachers.

In North America, the United States proposed a virtual platform to enhance the CT teaching after
some important institutions, such as Carnegie Mellon’s Robotics Academy (CMU), the University of
Pittsburgh’s Learning Research and Development Center (PITT), Robomatter Inc., and the Robotics
Education and Competition Foundation (RECF), concluded that, regardless of the many robotics
groups in compulsory secondary education, they only worked on basic programming abilities that
were oriented to solve the challenges proposed, with stand-alone solutions rather than generalisable
and algorithmic ones [30]. In Canada, the integration of CT into the curriculum has been gradually
envisaged since 2015. In the academic year 2016/2017, simple algorithms, visual representation of
problems and data, the evolution of the programming languages and visual programming were
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included in lower secondary education, and it was subsequently extended to upper secondary
education [23].

2.3. Asia

South Korea, China, Singapore and Japan have announced the integration of CT into compulsory
education. In Singapore, programming is a compulsory subject and robotics is taught from the first
years of education. This is in line with its robotics national programme, which will promote in 2020
the construction of robots for multiple productive areas [31]. Japan stands out by its great production
of new technologies, robotics research, and the high level of industrial application of innovations.
All the above have an important effect in students’ formation, making Japan one of the countries with
the highest level of ICT integration in classrooms [32]. Moreover, robotics and drone assembly are
taught in compulsory secondary education [33], and programming will be compulsory in 2021 [23].
China will include robotics in the national educational curriculum from the early years in compulsory
education [34], while South Korea has the programme “Software Education” in pilot phase, which is
compulsory at all education levels and includes also the teaching of drone assembly [35].

3. Materials and Methods

In this section, the theoretical foundations of the methodology used to give lessons of
programming and robotics are firstly explained together with the expected goals to reach by applying
the described methodology. The group of students and its characteristics, the different instruments
and tools used for the application of the methodology and the data collection used to evaluate the
results are presented next.

3.1. Methodology: Theoretical Foundations

The methodology proposed in this work is based on the conjunction of planned activities for each
learning style, different forms of evaluation and the combination of resources that allow to deal with
students with a high degree of apathy and demotivation. The foundations of the proposal reside on
the Project Based Learning and constructivism so that the students are aware of their learning process,
overcome real problems, acquire the tools and knowledge to solve different problems and situations,
and continue their learning throughout life. Therefore, the core of the teaching and learning process is
based on the investigation and solving of real problems and on the active learning of the students by
their own experience. This approach is appropriate for programming and robotics sessions since the
students are aware of their learning process with an explicit knowledge construction [10,11,36].

In addition, part of the present study is based on the research shown in [15], where an analysis
of the non-cognitive and cognitive abilities that may be developed by CT teaching is carried out.
In the conclusions of this study, the personality profile of high and low level computational thinkers
is outlined. It is remarked how the profiles of the computational thinkers have changed in favour of
extroverted people, how the own definition of extrovert/introvert is being changed, how some students
that showed initially disruptive attitude had a very well adaptation to programming experiences and
also how in many situations the student abilities and performance are improved with the new methods
and ways of communication. This point of view, given by a general statistic, can be tested and/or
validated from the educational practice perspective proposed and carried out in the work at hand.

The practice experience is based on the initial design of a competence-based teaching unit. In order
for the students to acquire the different competences, general aspects were described in the teaching
unit: reasons that motivated the design of activities given the different learning styles, planning of the
sessions from the simplest concepts to the most complex concepts, active role of the students during
their learning, collaborative work and collaborative projects to solve the different challenges, support
resources to improve the teaching of robotics lessons, treatment of the didactic error, conception of
evaluation, etc.

The other concepts and approaches that served as a base to construct the present proposal were:
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e Inductive methods and qualitative research [37], to focus the proposal on the teaching-learning
process rather than on the results. Among the different methods of the qualitative research
(ethnographic research, case study, discussion group and evaluative research), the action research
approach was chosen due to its own features: (i) The continuous implementation of actions and
decision making over the educational practice to improve the quality of the learning-teaching
process was carried out in each session. (ii) The implementation of a circular process based
on planning, action, observation and replanning was applied during the planning of the
teaching unit and its modifications, which were conditioned by the evolution of the sessions.
(iif) Among the different approaches of the action research (of the teacher, participative and
cooperative), the teacher approach was selected because the methodology was focused on the
teacher experience, being crucial the understanding of the context, systematisation, analysis and
study of the reality [38].

e  The constructivistic approach adopted in this work, which promotes the effort and active
participation of the student during the learning, was based on cognitive, conductual and
social theories proposed by different authors. Among them, the contribution of Piaget to the
constructivism stands out, which describes the assimilation and accommodation mechanisms
by means of which an individual is able to incorporate new information and knowledge to its
previous knowledge [39].

e The socio-constructivistic theory of Vygotsky, which explains the importance of the close
development area (CDA) for learning and places the learning process as dependent of the
individual activity [40], substantiated this proposal where the students were growing in autonomy
while the teacher served as a guide.

e  Other cognitive theories, such as the theories of Ausubel [41], and Papert [42], give great
importance to the significant learning as the way to really acquire knowledge. Specifically,
Papert defended the “hard fun” or activities that imply an additional motivated effort by the
students to obtain a product or result. In addition, in the Theory of Learning by Discovery,
Bruner [43] related the knowledge to the cultural context and defended that the proposal of
problems with increasing complexity is essential for the intellectual development. These aspects
were taken into account for the planning of activities, either for introductory or programming
and construction challenges, or for support games. See the “tram” project in Section 4.2, in which
the students solved several design, programming and construction situations.

e Additionally, planning the challenges during the sessions according to the student abilities to
maintain a high level of motivation was based on the flow state theory of Csikszentmihalyi,
who suggested that work is preferred to entertainment and that knowing how to manage the
objectives may drive to a state close to satisfaction or happiness [44].

e Some of Thorndike’s laws that rule the learning were revealing and helped to construct
this proposal. This was the case of the transference law, whose basis was useful to plan the
application of different learnings in different situations; the novelty law, which justifies the
incorporation of different robots and situations as examples; the exercise law, which was used to
practice the new knowledge and strengthen it; and the extinction law, repeating some concepts
and practices so as not to forget the knowledge acquired [45].

e  Finally, the encouragement of innovation and creativity in the challenges proposed depending on
the learning styles was based on the published works of Robinson, who stands up the importance
of learning from risks and errors, and who states that creativity can be learnt and that the creative
education must address all students to strengthen their individual abilities [46].

Therefore, taking into account the theoretical foundation commented, and by knowing the
present education trends in the different countries, the present work attempts to answer some of the
European innovation and research programme H2020 guidelines, particularly the one referred to
“Reflexive, innovative and inclusive societies”, and Goal 4 of the Sustainable Development Goals
(SDGs), Sustainable Education, for a quality education for all individuals as the base to create
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a sustainable development [3], while dealing with students of compulsory secondary education
with high demotivation, which are on the eve of a new social and working life.
Therefore, the main goals to be achieved, and considering the group of students, were:

Promote the interest and motivation of the students.
Make the students aware of their own learning and an active part of the knowledge
construction process.
Improve the behaviour and the academic grades.
o  Develop programming and CT skills and interest about math and technology education.

3.2. Work Group

The group was composed of eight students with some particular characteristics:

e  Five of them had repeated a previous grade of compulsory secondary education and two of
them had repeated two grades. One of these two latter students had many difficulties for
abstract reasoning.

Some of them came from other educational institutions due to behavioural problems.

In general, they had very little interest in the different subjects, as their poor grades and their
daily behaviour showed. They also did not show significant learning since it was very difficult
for them to incorporate new knowledge, and also to transfer it to other areas of life and studies.

o Three of them were also students with special educational needs (SSEN) with curricular
adaptations, two students with adaptations corresponding to the 4th and 5th years of compulsory
primary education and the other one with adaptations of the 2nd and 3rd years of compulsory
secondary education. For these students, the activities were adapted to their learning styles and
their capacities by recommendation of the educational guidance counsellor of the institution.

Notice that the sampling was incidental instead of probabilistic, with a very homogeneous group.
None of the students had previous experience or knowledge on robotics.

The evolution and development of activities, of the evaluation, as well as the most appropriate
working methodology for the students were taken into account to evaluate the work carried out by
them and the progress of the robotics sessions. A total of 30 sessions were programmed for this group.

3.3. Instruments

Different instruments were used for the lessons:

e Interviews and initial tests were developed to know the different profiles, learning styles,
knowledge and possible cognitive deficiencies of the students. Initially, open interviews were
carried out to ask broad questions, and subsequently, semi-structured interviews were developed.

e  Mindstorm kit (EV3), with programming software included, was used for the experimental classes.
In [47], a study of the possibilities of using Lego Mindstorm for teaching can be found, as well
as the importance and versatility that the modularity of the kit provides. It allows physically
modifying the robots with assembling pieces and to modify their behaviour based on algorithms
specified by visual programming or text based programming.

e  The following web resources were utilized: (a) Blockly Games, which is an online didactic
game for initiation in programming. The game consists in solving challenges by ordering
programming structures presented as blocks. The game has seven activities, with ten challenges
each, in increasing difficulty [48]. This game was used as support for the robotics lessons.
(b) Kahoot, which is a game oriented evaluation tool, whose advantages are described in [49].

3.4. Data Collection and Analysis

The classes followed the planning proposed in the teaching unit for 30 h and the analysis of the
data collected was based on the qualitative analysis as stated in Section 3.1.
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The daily activities and their development were recorded in a class diary by the students and by
the teacher, and observation was also used as data collection instrument. The observation of students
was systematically planned and controlled in relation to the overall objectives and the content of the
lessons. It was subject to verification and to validity and reliability control in relation with the results
observed from the different activities [50].

The data collected were also studied using a data analysis program (Atlas.ti [51]) to improve
the quality of the educative research, since it provides more coherence and rigour to the analytical
procedures [52]. This software allows the data segmentation in units of meaning, their codification
and to relate concepts and categories. The election of this program is due to its ease of use; the capacity
of working with different data types; the possibility of ordering, combining and filtering the codes in
a search, and of generating maps and relations, hypotheses and theories; etc. All these features give
a significant rigour to the program outcomes [53].

The aspects analysed and evaluated using the qualitative methodology were:

e  Programming of the robot: The student activity was analysed during each programming session to
evaluate if every step was correctly taken. The different solutions proposed were also considered
for the evaluation, as well as their suitability and effectiveness. The diary development and
attitude were recorded in the teacher diary.

e  Behaviour during the project: The behaviour of the students was a critical factor in the
methodology since the group was highly disruptive and was very demotivated at the beginning
of the sessions. Their behaviour changed during the experience from passive and uninterested to
active and interested. The behaviour was recorded in the teacher diary every day.

e  Use of Blockly Games and its suitability for the robotics lessons: The use of Blockly Games as
a complementary tool was very important to introduce, in a ludic way, programming concepts
and make all the students be part of the learning process. The data collection was carried out by
analysing the results and solutions proposed by the students to each challenge.

e  Kahoot exam: The questions made for Kahoot exam were representative of each of the contents
imparted in the sessions and of the skills to be developed by the students. Thus, each concept
imparted in the teaching unit could be evaluated and compared with the results obtained in the
rest of activities.

e  Evaluation results: Exam results and presentation of the project, which showed the good
performance of the group.

The rigour on the qualitative methodology application and triangulation methods to analyse the
results was secured by different factors:

1. Dependency: The data must be revised by different researchers and they have to reach coherent
interpretations [54]. To guarantee the dependency:

e The events were classified in the diary with symbols, indicating date, time, goals to reach
and competences to work. This was useful to assess the quality of the data during all the
sessions.

e The direct observation was done in condensed and detailed form, justifying each action and
its causes, with an easily comprehensible language, so that other researchers can recover
and replicate the information. For each activity, the logged data were: activity, date, time,
worked competences, resources, students development, comments, behaviour, decisions and
changes made during the activity.

e Several interviews were carried out with the institution’s counsellor and teachers.

e The observations were contrasted with another teacher that was in the classroom and also
with external researchers.

e A qualitative analysis program (Atlas.ti) was used to standardise the course of actions, the
collaborative research, and the generation of hypotheses, graphs, etc.
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e The data matching was demonstrated by: (i) the acquired skills with Blockly Games and the
demonstrated skills during the robot programming; and (ii) contrasting the exam results in
Kahoot with the empirical evidences analysis with Atlas.ti.

e Decisions and agreements with the institution observers based on the bimonthly assessments,
taking into account the participants attitude and the goals reached.

2. Credibility: To ensure that the researcher has the complete meaning of the participants experiences,
particularly those related with the problem statement [54]. The credibility was improved by:

e long stays in the classroom by the same teachers, which allowed to broaden the thinking
and evaluate the changes;

e applying this same experience with other students with different characteristics;

e collecting quantitative data from qualitative data; and

e competence evaluation based on projects, taking into account the specific characteristics of
the students.

3. Confirmation: To demonstrate how the bias of the researcher has been minimised [55]. In addition
to the above triangulation methods, during the activities with examples and exercises, the same
solving method was applied to different exercises and different solving methods were applied to
the same exercise.

4. Transference: To apply and transfer the results (or part of them) to other contexts and avoid
inconsistencies in the research findings [56]. For this reason, findings of the present work were
transferred to another context (in this case a group very motivated and with good grades):

e The same teacher gave the robotics lessons, keeping the same methodology to promote the
motivation.

e The same concepts on programming were taught following the same didactic unit.

e The knowledge on programming and robotics was similar on both groups before the lessons.

4. Results

In this section, the main results obtained are detailed. The results are described separately for
each of the actions carried out during the sessions. The discussion and interpretation of the results is
done in Section 5.

4.1. Robot Programming

This was the activity that consumed more time, since this was the main objective of the proposal.
Based on the previous teaching experience with the students and on their lack of experience and
knowledge on the subject, the different examples and concepts were presented in a simple way to
make them more complex in subsequent sessions. This allowed us to prevent the students from feeling
that they were working too long on the same example/concept, and to complete the exercises correctly
and on time. In addition, the introduction of new elements in the explanations and the use of multiple
examples to explain the concepts helped to increase the attention of the students.

The work with the Mindstorm software was only oriented to learn the programming structures
needed for the project. This decision was correct since the students were able to apply the right
structures in different situations, they understood the use of these structures and they were able to
introduce modifications.

During the sessions, the most frequent difficulties that the students met in the programming of
the robot were (presented from lower to higher difficulty):

e  Code reading: From Session 8, the students began to adequately understand the code and they
were able to solve simple code problems. They showed a qualitative progress from Sessions 14/15,

in which they correctly understood all components and elements of a program.
e  Loop concept: Some theatrical explanations about problems and the use of pseudocode were

employed to explain loops, which were well received by the students.
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e New functionalities integration: As of Session 12, the students showed difficulties to introduce
new working conditions on the code by keeping the previous requirements. In this phase,
the students required the help of the teacher: they knew what they had to do and what part of the
code they needed to work on, but they did not realize “how”.

e  Variables: The concept of variable was very difficult for them to understand. Explanations on
blackboard helped them to understand the concept, but a relevant result on this aspect was
not possible.

o  Fault diagnosis: After 19 weeks, the students were able to diagnose programming errors by
themselves. The execution errors diagnose required a longer time to be solved.

The general order in which the developed skills were obtained during the programming sessions
is shown in Table 1, in addition to the level acquired. This level was catalogued as high, medium or
low depending on the abilities and skills acquired and demonstrated:

High: The student shows sufficiency and autonomy:.
Medium: The student works well, but still needs some help in specific moments.
Low: The student does not show (or shows few) abilities or knowledge.

Table 1. Developed skills by the students.

Developed Skills Level Acquired: H (High), M (Medium), L (Low)

Know the sensor functionality
Load the program on the processing unit
Use of the programming environment
Understand pseudocode
Identify and read program sections
Understand loops and their functionality
Identify programming structures from the statement
Link conditions and functions
Detect and identify problems
Diagnose and solve problems
Understand condition variables
Work with variables

e =NCRICCIEN (o NS, ITN ISR S I
WZSZIZ’IIEIIE

Notice from the developed skills shown in Table 1 how the students acquired most of the skills
with a high level. Most of the time they were conscious of their own progress, which helped them to
participate more and feel that they were learning. In most of the sessions, they showed a very good
behaviour and they were interested in the concepts taught. It is important to notice that this good
attitude was totally opposite to the one showed in the previous semester and even in the previous
years, where they did not show interest in the academic studies.

Regardless of the good results in most of the skills, they did not show a significant evolution in
the work with variables. This concept was difficult for them and together with the limited time in
which this experience was applied and the cognitive deficiencies for abstract reasoning showed by the
students from the first session, it was not possible to achieve a good result.

However, in general, the students showed a well behaviour and a significant interest in the
sessions, in contrast to the behaviour and interest showed during the rest of the academic year.
This made it clear that, with the adequate programming and learning methods, a group of demotivated
and conflictive students may recover the interest and the good academic results.

4.2. Tram Project: Robot Construction

The robot to construct was composed of two parts: a tractor wagon and its corresponding trailer,
so that it had a similar functionality to a tram. It had to follow a given path, stop after pressing a button
and deploy a ladder for the passengers, as well as to recognise the traffic lights and their commands.
In addition, the trailer had to keep the front wheels in the correct direction to turn, following the
wagon trajectory, so that a coupling system between wagon and trailer had to be designed too.
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An initial prototype was constructed following the test-error approach for the following reasons:

In a practical way, the students were verifying the feasibility of using the different kinds of pieces.

o  They could notice in a fast manner that the robot must be constructed step by step to fulfil all
the project requirements. In addition, in this initial phase, they did not have to worry about the
design so they did not have any pressure to obtain the best result possible. According to the final
result obtained (the tram), the students were able to construct a prototype that could solve most
of the requirements stated during the conception of the robot (Figure 1).

Figure 1. (left) The first, non-functional version of the tram; and (right) improvement on the

construction and functionality.

During the programming of the robot, the students acquired the elemental knowledge and
concepts as they were able to introduce most of the changes and modifications in the correct place,
and they even identified and located the errors.

The additional objective of working in groups, so that the students collaborated and helped each
other during the documentation of the project, was not completely achieved since some of them simply
took care of their own tasks, which depended on the previously assigned roles in the groups.

An examining board was created for the project and documentation exposition so that the students
had to explain the different features of the project and the difficulties encountered along the work.
By doing so, the students had to prepare a formal presentation and develop the linguistic competence.

However, they showed apathy in this activity, since this kind of “classic” activities led them to
a state of apathy similar to what they showed before the project. It became evident that all activities
out of the scope of their learning style were meaningless for them, so that, from a pedagogical point of
view, this kind of activities was not adequate for them.

To summarise, the developed skills by the students during the project are shown in Table 2,
in addition to the level acquired. This level was catalogued as high, medium or low depending on the
abilities and skills acquired and demonstrated:

e  High: The student shows sufficiency and autonomy.
e  Medium: The student works well, but still needs some help in specific moments.
e  Low: The student does not show (or shows few) abilities or knowledge.

Table 2. Developed skills by the students.

Order Developed Skills Level Acquired: H (High), M (Medium), L (Low)

1 Work and understand the examples
Think on different solutions to a problem
Predict problems and solve them
Conceive an idea from the draft until its execution
Flexibility on the design
Teamwork
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The correct execution of the robot (40% of the final qualification), the oral presentation (20% of the
final qualification), the fulfilment of requirements (30% of the final qualification) and the documentation
prepared (10% of the final qualification) were considered for the final grade.

Therefore, from this activity, we can conclude that the work with a physical robot motivated
them to try different solutions and to test the development of the robot. They were committed during
the entire construction and testing process, showing that project based learning was better adapted
to their capacities and motivated them. However, they showed again a disruptive behaviour when
they were requested to work on activities that were not of their interest, such as the documentation
and presentation of the project. These latter activities must be worked on too, so that the students
may developed social and linguistic skills, but the classical approach followed on these two activities
showed that, even for these typical activities, a different approach must be applied. The study and
analysis of these different and new approaches deserves a deeper study, to adequate these activities to
the different profiles and learning styles.

To summarise, the results obtained in the robot construction and programming, and in the
detection and resolution of errors, showed that the students reached a significant knowledge in
relatively few time. They also showed that highly apathetic and demotivated students can regain the
interest and motivation by adapting the activities to their learning styles, with the combination of
theoretical and practical examples based on robotics and CT.

4.3. Blockly Games Challenges

The use of the Blockly Games challenges in some of the sessions was of great help to solve
some questions:

e It helped to train the resolution of problems that required the use of programming structures,

which were later used with Mindstorm.
o  These challenges required less effort from the teacher once the students learned the work dynamic.

After the third /fourth challenge, the students started to work autonomously.
° This format was adequate to work with classes with a larger number of students, and allowed

alternating with other activities that required more implication by the teacher.
e It helped to motivate the students: as they were progressing with the challenges, they were more

motivated to work with the robot. Moreover, students continued working on this activity one
week more than planned on their own.

Therefore, this kind of activity helped to prepare the students to work with the robot programming,
trained them in logic, and improved their concentration and individual work. The development of the
Blockly Games challenges was also considered for the final evaluation of the students.

This activity was very welcomed by the students, as they took it as a game while they were
learning the different programming concepts. Moreover, this kind of activities allowed the teacher
to organise the classroom to attend special needs from some students. In this sense, if some of the
students needed more help for the construction of the robot or the robot programming, the rest of the
class may be working with Blockly Games in the advanced challenges. Doing this way, every student
can advance at their own pace and they do not feel the pressure of the rest of the students.

4.4. Daily Evaluation

The results show that, although sometimes the mood or behaviour was not the best, the students
progressed in the programming and development of applications and constructions. The improvement
on their behaviour during the experience was very significant and the institution showed interest in
continuing with the methodology for similar cases of apathy and demotivation.

4.5. Kahoot Evaluation

The results show a qualitative improvement in the student progress. It is important to remark
the high concentration during the exam in spite of the lack of knowledge on some questions.
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This contrasted with their attitude in the initial test, where they left unsolved some questions and they
did not show interest. The students acquired good command and knowledge of the programming
structures, which were unknown for them at the beginning of sessions. Besides, the understanding of
the pseudocode was positively evaluated. The results obtained in the Kahoot exam were equivalent to
the evaluation made throughout the programming sessions and the robot constructions, showing the
adequate data collection and analysis in the different evaluation methods.

4.6. Qualitative Analysis

As indicated in Section 3, the daily activities and their development were recorded in a class diary
by the students and by the teacher, using direct observation as data collection instrument. This direct
observation was subject to verification and to validity and reliability control in relation with the results
observed from the different activities [50].

The data collected were also studied using the data analysis program Atlas.ti [51]. The results
provided show how the Blockly Games challenges and the programming sessions were the more
motivating activities (see Figure 2). Programming in pseudocode was less engaging, even though they
understood the programming concepts very quickly with this activity. Although the motivation was
not always high, the qualitative change was evident. This confirms the hypothesis that the interest and
motivation of the students would increase with this kind of activities.

Student motivation vs the type of exercise

16
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6
0
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o Toe-BlocklyGames o Toe-logic oT g © Toe-robotConstruction
Gr=19 Gr=2 Gr=18 project Gr=6
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o Interest-Motivation (High) © Interest-Motivation (Low) o Interest-Motivation (Medium)
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Figure 2. Students motivation for the different types of exercises (toe). Gr is the number of times that
the corresponding concept is referenced in the empirical evidence.

Similarly, complex cross-studies were developed to test if the exercise resolution time decreased
as the students solved more exercises and learned new solving methods. This was found taking into
account the resolution time of similar exercises with different solving methods and the resolution time
of different exercises with already known solving methods. Given the empirical evidence, the results
show that the resolution time is low-medium to solve similar exercises with new and different methods
and medium-high to solve different exercises with known methods. Therefore, for these students,
the response time tends to decline for the resolution of similar exercises.

The reasoning of the students for the different activities improved significantly (see Figure 3).
It can be seen how the reasoning in the Blockly Games challenges was medium-high, and in the
programming sessions previous to the tram project it was medium. Afterwards, during the tram
project and for the resolution of similar exercises with different solving methods, the autonomy and
reasoning of the students grow in great manner, confirming the hypothesis that the reasoning and the
ability to solve new questions is improved after the planned activities.
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Reasoning vs type of exercise
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Figure 3. Students reasoning for the different types of exercises (toe). Gr is the number of times that
the corresponding concept is referenced in the empirical evidence.

4.7. Objectives Fulfilment

According to the obtained global results:

The resolution time of similar problems decreased, i.e., the reasoning and the ability to solve new
questions improved.

As the students spent more time with Mindstorm, their ability to acquire the programming
structures logic improved, i.e., the students used the knowledge obtained from past experiences.
The academic grades and the interest for the studies increased.

The motivation and compromise increased: at the end of the sessions, the students continued
working with Blocky Games for one more week on their own.

Regarding the results of the programming exam previous to this proposal, the improvement in
the understanding and work on programming structures was very significant. This fact is also
evident in the autonomy that the students showed during the tram project.

The behaviour of the students improved significantly, keeping the attention and interest in most
of the sessions.

The guarantee of the results is underpinned by the different triangulation methods undertaken

along the research at different levels:

Several methods of evaluation ensured that the knowledge acquired was significant: construction
of robot, robot programming, programming challenges, teacher diary, and final exam.

Different methods were used to make the same program: in pseudocode, in the project and in the
previous programming sessions.

The application of a given method was used to solve different problems in robotics.

The views and opinions of different agents and sources in education were constrasted: researchers,
teachers of the institution, institution counsellor, the diary, the initial diagnosis test, etc.

The results were observed from different points of view, including the behaviour of the students
and the learning diary.

Several resources were used to check the CT acquisition by the students: Blockly Games,
Mindstorm, pseudocode, exams, etc.

In addition, some limitations were found during the application of the present proposal, which had

an impact on the analysis undertaken:

The proposal was implemented during the last quarter of the academic year, thus the follow up
of the students was limited.
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e  Alimited time window to implement the proposal did not allow the application of other ideas
included in the teaching unit.

e At the end of the sessions, the students did not reach enough abstraction level to solve high
complexity problems, thus the results to this kind of questions were lower. This limitation may be
caused by the cognitive deficiencies on abstraction that the group showed at the beginning of
this proposal.

Regardless of the above points, in general, the goals considered in this proposal were achieved.
Note: It is important to remark that all students passed the evaluation.

4.8. Results Transfer

The results transfer was done over a group of students of 3rd year of compulsory secondary
education. The group was composed of nine students with high motivation and good grades,
with some students with particular characteristics:

e A student with special needs and reduced syllabus.
e A student with ADHD (Attention-Deficit/Hyperactivity Disorder).
e A student with high intellectual capacities.

The programming sessions were combined also with the Blockly Games challenges. The order
in which the developed skills were obtained during the programming sessions is shown in Table 3.
The level was catalogued as high, medium or low depending on the abilities and skills acquired
and demonstrated:

e  High: The student shows sufficiency and autonomy.
e  Medium: The student works well, but still needs some help in specific moments.
o  Low: The student does not show (or shows few) abilities or knowledge.

Table 3. Developed skills by the students.

Order Developed Skills Level Acquired: H (High), M (Medium), L (Low)

Know the sensor functionality
Load the program on the processing unit
Use of the programming environment
Understand pseudocode
Identify and read program sections
Understand loops and their functionality
Identify programming structures from the statement
Link conditions and functions
Detect and identify problems
Understand condition variables
Work with variables
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The experience was considered very successful: all students were very involved and motivated
in the sessions, showing a good attitude and behaviour, obtaining good and high grades. Moreover,
three of them completed the work with variables. It is important to remark that, in this case, the group
was committed and dedicated.

5. Discussion

The starting point of this work was a group of apathetic and not interested students, with
important curricula deficits and with some adaptations to previous courses. Moreover, some of them
had repeated some courses and also had behavioural problems in other institutions.

For redressing this situation, the present proposal was designed: A programming and robotics
course inspired in the PBL methodology, where additional features were used to keep the attention
and interest of the students, such as gamification (Kahoot and Blockly Games) or work group
with roles. The learning styles of the students were taken into account to keep the attention, so that the
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sessions may be easily modified according to the student behaviour and their state of concentration.
Doing this way, the students were involved in the learning process during the experience, both in the
programming sessions and in the robot project sessions.

The results described in Section 4 show, in general, a good proficiency of the group in the
programming skills taught along the proposal. They were interested in most of the planned activities:
they worked actively in the robot tram project, they were very interested in the Blockly Games
challenges, and they participated in the exam with good attitude. Moreover, the analysis of the time
that each student requires to solve a task in Blockly Games, before and after the robotics sessions,
can be an indicator of the acquisition of CT skills, as reported in [57]. In addition, similarly to the
results reported in [8,9], the students showed interest in increasing their knowledge and enjoyed the
different tasks and tools used, being visual block-based programming environments an effective way
for programming learning. Thus, with the adequate environments and tools, the improvement on
programming and CT skills may be very significant and may attract more students to technical studies.
In a general way, the steps planned in the methodology were a success and an appropriate guide for
the teaching of students with very different characteristics, showing its applicability, and the possibility
for application to similar contexts and for transfer to different contexts. This was demonstrated with
the application of the same methodology to a very different group that showed high motivation and
good grades. The outcomes obtained from the new application of the methodology were similar to
those found with the group of study, showing the students a high commitment and interest in the
activities and actively participating in their own learning.

The most problematic sessions were those in which variables were explained. It is important to
notice that some of the students had specific difficulties in abstract reasoning, as well as a general
indifference to the education process. However, this fact did not discourage them, and, despite the low
results obtained regarding this concept, they did not lose their commitment and interest.

It is important to notice that the results reported in this work are preliminary results.
Thus, some inherent drawbacks have to be taken into account for an objective evaluation of the
results achieved: It was applied only during the last quarter of the academic year and the group of
students was relatively small. On the one hand, it should be applied during a longer period of time to
evaluate if the increase of interest and commitment by the students do not decrease, and, if necessary,
to study the possible adaptations in the proposal to avoid it and keep the interest. On the other hand,
the results were obtained over a limited group of students, and, although they are promising and some
general conclusion can be obtained from a small group of participants [58], further analysis should
be carried out with a larger number of participants. In addition, the small group considered helped
to deal with the students in a very close way, detecting negative situations (behavioural problems,
lack of attention, distractions, etc.) very quickly and allowing to act over them. For a larger group
of students, a single teacher may have problems adequately meeting the needs of all students and
correctly evaluating their progress. In this case, the institution should consider a support teacher for
the classroom.

In addition, this kind of methodology may be applied for practically any institution of any country,
since the investment needed to carry out the proposal is very small. The cost of the Lego Mindstorms
kits is not high, and also their use can be combined with the Blocky Games challenges if there are not
enough kits. Moreover, the programming and robotics sessions may be complemented with simulation
environments that help to understand the concepts and also to carry out projects of higher complexity
whose cost could be too high to acquire the required components. In this line, there are important
efforts by the researchers to develop simulation environments for programming learning and to study
their efficacy [8,9].

As regards the conclusions in [15] with respect to the question “What are the personality profiles
of top and low computational thinkers?”:

e  We agree that external digital world sways in the internal psychological world, acting as the
modern zone of proximal development (ZPD) of Vygotsky. In addition, with the development
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of new ways of communication, the individuals are looking for the interaction with the world
that best fit their personalities. However, for this reason, the present concept of introversion
is very fuzzy, thus the concept should be redefined as well as the abilities that encourage the
different individuals.

o Taking into account that the student profiles on this experience tended to introversion with
disruptive attitudes, and that a qualitative improvement in the computational thinking and
programming skills was clear in the evaluated aspects, we can state that the use of motivating
tools in combination with an adequate pedagogy can make that these problematic profiles can
start to find a new space (programming field) where they can develop their abilities and find
a new opportunity to continue their studies with success.

Therefore, this proposal may be used as an example that this change in the profiles of the good
computational thinkers from introverted to extroverted students, as indicated in [15], may be caused
by the progressive modification of the methodologies and the learning methods more than a question
of introversion/extroversion of the students. Then, these teaching and learning methods would be
better adapted to some students personalities, interactions and ways of learning according to the
new technologies, but that under the appropriate orientation and methodology any profile could find
motivation and interest in learning and obtain good results along their academic life.

5.1. Robotics Sessions Prospective and Recommendations

The positive results obtained motivated the institution to buy additional Mindstorm kits to
continue with the methodology proposed in the subsequent academic years, showing the importance
and novelty of the results obtained with this group of students and the applicability of the methodology
and teaching unit.

For its application during a longer period of time, it is convenient to include additional tools,
such as simulation environments, interactive programming tools and different kits, such as Arduino,
App Inventor, Scratch, etc. This would help to make a dynamic proposal, in which different tools may
be combined and used together to teach the different concepts while keeping the interest and attention
of the students. Moreover, these tools may be used to develop the skills of the students over their
academic years, keeping and using tools well known for them.

For the present proposal, project-based learning, complemented with other methodologies,
was considered for the teaching unit and the robotics sessions. For a longer course, the use and
combination of different methodologies for different units, such as flipped classroom, gamification,
etc., might also be a good initiative for making the sessions more attractive and to try to deal with
all the learning styles. Thus, the wide range of possibilities and approaches makes the education in
technology a very active and vibrant field that requires the biggest efforts from our side.

6. Conclusions

Goal 4 of the Sustainable Development Goals is centred on quality education. This goal is focused
on the access to an education of quality for all students, in which they can develop their skills and
acquire the knowledge for their learning throughout life, preparing them for future jobs and society,
with the same opportunities for all. This is a pillar of education, so that all individuals can access the
job market and develop their abilities, and all actors in education must try to incorporate all students
and reduce the abandon rates.

In addition, Cabrera [26] stated the importance of the formation in robotics for the creation
of new jobs, emphasising on the low number of new graduates in computer science in Europe,
the collateral advantages of programming learning (social, educative, critic reasoning, skills
development, sustainability, etc.), the lack of technology and communication experts that is expected in
the near future and the increase in the number of employments that need experts in digital competences.
These works will require responsible individuals to ensure an ethical and sustainable development.
Therefore, the teaching of programming and robotics is key in primary and secondary education.
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Among the pioneer countries in CT integration (and specially robotics) in compulsory secondary
education, there is a trend to incorporate the algorithmic and programming thinking in the digital
competences. These competences will be basic for the development of the new world economic order in
terms of work, social relations and sustainability, in which robotics will be a key factor. Despite the fact
that service robotics is becoming an emerging field, in many countries, there is still a high technology
dependency in the development of robots, there is a lack of formation in small and medium companies,
the investments in robotics are very limited, and there is a lack of research in robotics, among other
factors [59]. This situation must be reverted, and technology development must be improved with
actions that start from the teaching of these concepts in compulsory education.

Based on this evidence, and through the developed practice, we can conclude that the teaching of
robotics in compulsory secondary education must be part of the standard curriculum from the early
years of education. Moreover, it should be considered in the widest sense possible, motivating the
students to create new solutions with a systemic approach, collaborating, and creating generalisable
algorithms that could be applied to different disciplines.

Based on these ideas, in this work, the application of a teaching methodology was proposed,
whose innovation was threefold: (i) the way in which the competences were evaluated; (ii) the planning
of activities for each learning style; and (iii) the resources combination. The combination of the above
led to a proposal for the teaching of robotics that may be applied even in the case of lack of resources
and that needs a very limited investment by the institution. It is important to remark the flexibility of
the proposal, which could be modified and adapted based on the learning styles and profiles of the
students and on the previous experience of the teachers.

Although the results are preliminary and obtained over a small group of students, based on the
qualitative research and on the results of other works with few participants [58], the outcomes obtained
may be transferred to similar or different contexts. It may be difficult to carry out this transference;
however, the results obtained can provide guidelines to outline a general idea of the problem studied
and to apply some solutions in other contexts [54]. Those who want to use the results of an action
research approach in their own contexts should determine if there are enough similarities to transfer
the results [60]. Therefore, the proposal may be used as a guide for teaching CT and robotics and to
promote the interest and commitment of students. The possible criticism to the weak generalisation
of the action research approach may be overcome by increasing the number of qualitative studies
published, so that expanding the local knowledge accumulation may enhance the transferability of the
knowledge generated [61].

In addition, the aim of this proposal was to apply it to a disruptive group, with difficulties to
continue the studies, with poor academic background in programming and robotics and with high
degree of apathy and demotivation. The methodology was applied to the group with very promising
results, and the results contrasted with the application of the same methodology to a motivated and
committed group. As far as the authors know, there are no studies about the teaching of robotics and
CT that started from similar student conditions.
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