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Abstract: In the context of the science, technology, engineering, arts and mathematics disciplines
in education, subjects tend to use contextualized activities or projects. Educational robotics and
computational thinking both have the potential to become subjects in their own right, though not all
educational programs yet offer these. Despite the use of technology and programming platforms
being widespread, it is not common practice to integrate computational thinking and educational
robotics into the official curriculum in secondary education. That is why this paper continues an
initial project of integrating computational thinking and educational robotics into a secondary school
in Barcelona, Spain. This study presents a project-based learning approach where the main focus is
the development of skills related to science, technology, engineering, arts and mathematics and the
acquisition of computational thinking knowledge in the second year of pupils’ studies using a block-
based programming environment. The study develops several sessions in the context of project-based
learning, with students using the block-programming platform ScratchTM. During these sessions and
in small-group workshops, students will expand their knowledge of computational thinking and
develop 21st-century skills. We demonstrate the superior improvement of these concepts and skills
compared to other educational methodologies.
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1. Introduction

The use of educational robotics (ER) as a pedagogical resource is a current topic of
research as this is becoming quite well integrated into schools and high schools [1]. Similarly,
computational thinking (CT) [2] is being introduced in the pre-university educational
stages [3]. ER and CT are being introduced either as separate subjects themselves or as
part of learning within the environment of science, technology, engineering or mathematics
(STEM subjects) [4–7], without neglecting creativity and Art-STEAM as an indispensable
part of students’ development [8–10]. Educational robotics and computational thinking,
directly or indirectly, evoke the use of technology based on ideas such as experimentation,
design or programming using computers [11].

Virtual, software-based programming has evolved into accessible, tangible program-
ming [12]. This development has followed the pretexts of constructivism, either by consid-
ering the student as the builder of their own knowledge [13] or considering the student
as a result of social and cultural interaction with the environment [14]. Recently, tangible
programming has been applied to develop proposals for learning techniques [15,16].

Educational robotics covers many technological aspects, but is basically focused on
the use of educational robots, basic programming knowledge and problem-solving in the
engineering environment [17]. Computational thinking, meanwhile, at a pre-university
level, focuses on laying the foundations for future programmers and code developers and
enhancing the skills needed for the 21st century [18], Such teaching aims to engage students
in activities or projects where they work on and develop logical thinking [1,7,19,20].
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Concepts related to STEAM subjects, robotics and computing are important if we are
to meet the growing demand for professionals in related fields given the current lack of
technology professionals [21]. Accordingly, they should motivate students to continue with
these disciplines [22].

Integrating STEAM subjects into educational curricula represents a starting point for
these technical disciplines to be strengthened [4]. This integration into curricula can be
done through technological platforms, such as robotic kits and programming tools, which
can support learning about educational robotics and computational thinking, and using
different methodologies [1], too, especially those that target the early ages [23]. At the same
time, using ICT to promote the development of a person in society is often promoted [24].
For these reasons, the connection between the world of education and social reality sets the
basis of learning in schools. In that context, STEM or STEAM learning is increasingly based
on project-based learning (PBL) [25].

The application and development of PBL as a methodology not only increases moti-
vation and learning but also promotes the development of the skills needed for the 21st
century [26–29]. One of the aims is to learn computational thinking through the use of tech-
nological programming platforms in the field of education, in a global and interconnected
framework such as PBL.

Although not all education systems incorporate this content into the official curriculum
at the secondary level, most governments, organizations or teachers encourage initiatives
so that students can participate in events where the skills and knowledge of technical
disciplines are developed. In recent years, events such as the FIRST® LEGO® League,
World Robotics Olympiad®, RoboCup® and VEX® Robotics Competition have encour-
aged increased participation based on motivation and learning from STEAM disciplines.
Although these competitions are not based on the official curricula of some countries or
states (as is the case in Spain), they do have common features of concepts and skills used in
robotics and computational thinking [30,31].

Further to this, numerous examples and studies integrate the disciplines of robotics
and computational thinking at different stages of education. Of note are the studies on
introducing the use of computational thinking, with a specific corresponding curriculum
in early childhood education, including robots and tangible interface programming [32],
as well as learning computational languages using programmable blocks [33]. In primary
education, it is necessary to emphasize the use of platforms such as LEGO® WeDo® [34] or
LEGO® Mindstorms® [35] and block programming using Scratch™ [36]. Previous studies
focused on applications from other platforms and questioned the relationship between
robot-man and the goal of using robots in different areas of learning, such as language,
science and technology [37].

It is in secondary education where the learning and development of STEAM subjects
has mainly developed [38], along with the application and use of robotics to develop a
range of 21st-century skills and aptitudes [39]. In many cases, activities are developed
based on the concept of powerful ideas and the use of computers and robots to promote
socialization and learning [11].

The use of technology platforms such as LEGO® Mindstorms® or similar, and block
programming such as Scratch™, encourages students to learn programming, educational
robotics and computational languages in educational settings [36]. These platforms, when
applied at the secondary level, encourage creativity in contextualized environments [40].
Both platforms have in common the concepts of constructivism and constructionism. As
a common feature, both educational theories evoke the development of knowledge from
previous ideas, allowing students to be the creators of their own cognitive tools as well
as their external realities. In the same way that a scientist’s vision changes depending on
the environment, students’ knowledge and creativeness are influenced by the learning
environment [41]. The most significant difference is at a deeper level: while Piaget’s interest
in constructivism lies primarily in building internal stability, through conserving and
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reorganizing assets for learning, Papert’s constructivism is more interested in the dynamics
of change or the discovery of novelty [41].

Today, teacher training is a key part of the future of education and is of great impor-
tance within universities. In this training, one of the models that are used and widely
accepted is the TPACK model [42], which has been significantly important in the techno-
logical field. Technology (T) with a pedagogical use (P) and that is focused on enhancing
knowledge (K) without neglecting the teacher’s environment (C) represents a good theoret-
ical framework to encompass the use of new technologies in the classroom.

If they are trained to do so, teachers may be indispensable for applying and promoting
the use of technological platforms, thereby increasing students’ knowledge and learning
of certain concepts related to computer science or computational thinking. The TPACK
model then goes slightly beyond the training environment of future teachers and considers
the profile and environment of the student, as can be investigated through project-based
learning, which represents an approach to understanding the social and real-world envi-
ronments of the student. None of these learning methodologies or models are far removed
from Piaget’s constructivism [13], but they are substantially different if one considers the
influence of the hyperconnected society that exists in the 21st century. This connectivity
affects many areas, both in our social and daily lives, and the acquisition and dissemination
of knowledge. Connectivism [42] has acted as an enhancer for obtaining knowledge and
information.

From the beginning, the application of the TPACK model has focused on the adult
environment of teacher training [43], focusing on the learning process [44]. If only this
circumstance is taken into account, it can be said that the TPACK model is designed “for
teachers”. Yet, given that it is a model applied to training and all related aspects (T, P, C, K),
little potential is gained and taken away from it if it is only applied to teacher training, as
most students are not in the postgraduate or master’s stages but in compulsory education
(mainly primary and secondary), when they are not adults but children. To implement
this approach more widely, project-based learning has great potential. Working within a
PBL environment meets many of the requirements for developing 21st-century skills [26]
and acquiring knowledge in a cross-cutting and interconnected way, as students receive
technological training in which their own environment is taken into account.

In this article, TPACK guides the conception and elaboration of the proposal. We use
the intrinsic characteristics and concepts in this model to support program design. In doing
so, we propose designing sessions based on the development of computational thinking,
educational robotics and 21st-century skills with a STEM or STEAM objective. We use the
TPACK model to systemize the design of training activities and assessments, keeping in
mind those three strands of knowledge and their interrelationships.

First, we look at the curriculum (C) that may be appropriate to teach, followed by
the methodologies that befit the teaching of this curricular knowledge (PC), in particular,
project-based learning. Finally, we think about the elements of technology (T) that may
facilitate this methodology (P), to develop the teaching of the curriculum (C) and promote
its effectiveness and efficiency (TPC).

With all these factors, we considered how certain basic aspects in the training of
students can be strengthened and improved to support their learning of computational
thinking, educational robotics and the necessary life skills for the 21st century. We defined
two research questions:

R1: Can project-based learning improve students’ skills?
R2: Does using a visual programming platform facilitate learning programming

concepts?
To answer these questions, the authors designed, implemented and evaluated a corre-

sponding research study, as will be described in the remainder of the article.
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2. Literature Review
2.1. Computational Thinking

Computational thinking involves solving problems, designing systems and under-
standing human behavior by drawing on the concepts fundamental to computer science [2].
Therefore, the inclusion of CT in the school curriculum is a fundamental aim in the develop-
ment of resources and tools for solving problems in STEAM subjects. STEAM best-practice
implementations are currently the focus of great interest, not only because of how they are
proving useful in improving student motivation in the processes involved but also as a
strategy for addressing diversity issues and improving the STEAM vocations of students
affected by such gaps in representation [45,46].

Often, CT is used in schools when working with basic skills such as reading, writing
and arithmetic [2]. However, the inclusion of CT is not really a subject in itself; instead,
it is usually linked to technology or robotics. One of the reasons for this is that there has
been little development in the dimensions or concepts that should be worked on within the
discipline of CT. To solve that, Brennan and Resnick suggest the following key dimensions
of the computational thinking framework [47]: computational concepts, practices and
perspectives.

They identified seven computational concepts, separated into four computational
practices and three computational perspectives:

Computational concepts

• Sequences: When programming is very important, the activity or task is expressed as
a sequence of individual steps or commands that can be performed by the computer.
They must be followed gradually and in the correct order.

• Loops: A tool that allows us to run multiple sequences and run sequences indefinitely
or until some condition that ends the loop is met.

• Events: An important element of other interactive components and may be used as a
trigger for a sequence. As an example, we can take the start button, which can trigger
music playback, change the setting or cause the movement of an object.

• Parallelism: The implementation of several sequences simultaneously. There are two
types of parallelism: between sprites and within a single facility. The former means
that several sequences are implemented in the same object. With the latter, if each
object has a series of different actions that are triggered by the same condition—when
the start button is activated in this case—parallelism is used within a sprite.

• Conditionals: This is the ability to make decisions or take actions based on certain
conditions. It serves to determine the conditions under which a sequence takes place.

• Operators: Provide support for mathematical and logical expressions and strings
that allow us to perform mathematical operations (addition, subtraction, division,
multiplication, function, etc.) and operations with strings (grouping, a length of the
string, etc.)

• Data: This involves storing, retrieving and updating values. We can use variables,
assign the value of a number or string and create lists that may contain a set of
numbers.

Computational practices

• Incremental and iterative: Designing a project is not a clean, sequential process of
first identifying a concept, then developing a design plan and implementing it in
code format. It is an adaptive process in which the plan can change in response to
the approach when searching for a solution in small steps. This can be described as
iterative cycles of imagining and constructing: developing a little, trying it out and
then developing it more based on your experiences and new ideas.

• Testing and debugging: Designers must develop strategies to deal with and anticipate
problems as things rarely work out as imagined. A fundamental practice of program-
mers is testing and debugging, techniques that were developed through trial and error,
transfer of other activities or with the support of colleagues.
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• Reusing and remixing: Relying on other people’s work is a long-standing practice in
programming and has only been amplified by networking technologies that provide
access to a wide range of other people’s projects to reuse and remix. Reusing and
remixing support the development of code-reading skills and help you find ideas and
code to build on, which allows you to create much more complex functions than you
could have created on your own.

• Abstracting and modularizing: Constructing something large by assembling smaller
pieces is an important practice for all design and problem-solving. Designers use mul-
tilevel abstraction and modularization, right from the initial work of conceptualizing
the problem to translating the concept into individual sprites and stacks of code. The
modularization of the behavior of the object makes it easier to assess (try/debug) the
different parts of the project or problem.

Computational perspectives

In a dimension that is not captured by the framework of concepts and practices,
perspectives are described by designers and programmers as the evolution of their under-
standing of themselves, their relationships with others and the technological world around
them.

• Expressing: People spend time surrounded by interactive media as simple consumers,
performing activities that are important to use technology, but which are not as
sufficiently developed in most people as they are in a computational thinker. A
computational thinker sees computing as more than something to consume; computing
is something that can be used for personal design and expression and is seen as a
means to create and express one’s own ideas.

• Connecting: Creativity and learning are deeply social practices, and so designing
computer media is surprisingly enriched by interactions with other people. This fact
has been observed in the wide variety of ways in which individual creative practice
has benefited from access to others through face-to-face or online interactions. Young
developers have described the power of accessing new people, projects and perspec-
tives through these networks, a change of perspective that is succinctly expressed as,
“I can do different things when I have access to others.” Creating with other people
allows them to do more than they can handle on their own, whether that occurs
through answering questions on online forums, studying and mixing with others or
establishing intentional partnerships and collaborations. When creating for others,
you experience the value of an authentic audience. Whether it is when entertaining,
equipping, involving or educating others, you may appreciate that others are getting
involved and appreciate their creations.

• Questioning: Everyday life is increasingly regulated by complex technologies that
most people do not understand or believe can have much influence on [48]. With the
computational perspective of questioning, we look for indicators to avoid feeling this
disconnection between the technologies around us and our ability to negotiate the
realities of the technological world. Young developers should feel empowered to ask
questions about and with technology: “I can (use computing to) ask questions to make
sense of (computational aspects of) the world.” Questioning involves curiosity about
that which is taken for granted, and in some cases, answering that question through
design and development.

Although during our research we were focused on computational concepts and per-
spectives, the literature introduced us to concepts, practices and perspectives of CT, all of
which were considered.

Computational concepts such as sequences, loops and conditionals were identified
as basic concepts for young learners [49]. A high percentage of students in fourth- to
sixth-grade (aged 9–12) can complete sequence-related tasks [50]. The conditional concept
was conceived by students, but not fully, particularly when the conditional block was
combined with other blocks such as when they were nested within a forever loop [51].
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One of the most difficult concepts for students to grasp in these stages was repetition
(loops) because students may not have known the condition and procedures needed to
complete a loop [52]. All these studies were developed for primary education, especially
for students between the ages of 9 and 12, and they suggest that it cannot be assumed
students’ understanding of CT concepts will necessarily improve when using a block-based
programming environment. However, this research focused on students aged 12–14 who
had already worked with a block-based programming environment [40] and developed
skills and concepts of computational thinking that could support improved results versus
those achieved in primary education.

Computational practice was also analyzed as it has been found that when framing
computational thinking only around the concepts, other elements of learning and the
participation of designers were insufficiently represented [47]. One of the most similar
ideas to other forms of learning is that computational practices focus on the processes
of thinking and learning, going beyond the question of what you are learning to how
you are learning. CT practice, in particular, raises more doubts than CT concepts, and
questions arise such as the following: How can a valid assessment tool be designed for CT
practices? Can algorithmic thinking, abstraction, testing and debugging, as well as reusing
and remixing, be used in the fourth- to sixth-grade levels? What do these assessment
tasks tell us about the individual student? [45]. Previous work in the STEAM high school
disciplines has shown improved pre-test and post-test scores based on computational
thinking practices [53].

The third point of view in CT is perspectives, which according to Brennan and
Resnick [47], focus on the evolution of students’ understanding of themselves, their rela-
tionships with others and the technological world around them. These three aspects, for
professionals, relate to the interactions that developers have with one another, especially
in terms of how to express themselves, contribute and ask peers for support. Few studies
have investigated whether this is the same at the secondary level; instead, other researchers
have focused on early years learning [32]. Such studies in other stages of education have
developed tools to observe these concepts more objectively, thereby defining competences
such as communication, creativity and collaboration [54], which are similar to the definition
of perspectives from Brennan and Resnick [47].

Previous studies tended to define certain skills related to CT [31] as the capacity for
abstraction or modularization, but following Brennan and Resnick [47], these definitions
coincide more with CT practices than with perspectives.

Overall, CT has been analyzed in many disciplines and related to other types of think-
ing, with attempts made to define its characteristics, the relationship between computer
science and programming, the most appropriate tools for developing it and the skills
connected to CT [55].

2.2. Scratch™

Scratch™ is one of the most popular and widely used block-based programming
platforms. From the conception of the main idea [56] to the post-development [36] or
explanation of the environment [57], it has been used to develop and enhance many CT
concepts.

The literature incorporates many studies, workshops and works related to Scratch™. In
primary education, studies have focused on tutorials on how to teach and learn Scratch™ [58],
computer games [59], maze development [60] and evaluation programming concepts [61].

In many other cases, researchers have attempted to establish how many blocks to
use in creative projects, either in science projects in fifth grade [62], after-school computer
clubs [63] or summer camps during middle school [64].

Regardless of this platform’s uses, the main goal of Scratch™ is to program and thus
learn the concepts, practices and perspectives of computational thinking [47].

Scratch™, like any other programming platform, requires basic learning by students.
If students are relatively young and new to programming (such as the fourth grade), the
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main goal of the learning courses is to introduce the core features of Scratch™ and CT
through content and programming activities that are largely introductory to students [65].
Other projects demonstrate how Scratch™ can be used with young children aged 8–9 years
old, who will learn programming concepts through an introduction to game-making [66].

Learning and using Scratch™ is based on students’ prior knowledge, which can come
from any other discipline or subject [67]. Just as constructivism encourages the student
to be the protagonist of their own learning [13] and constructionism proposes tangible
learning elements [15], Scratch™ has emerged as a platform that encourages self-learning
based on elements with which the student can create, imagine, design, modify... and learn
computational thinking.

2.3. Project-Based Learning

Both PBL and inquiry-based learning are active learning methods based on the philos-
ophy of John Dewey, who believed that education should arouse students’ curiosity [68].

Sahin [25] identifies similarities between these two methods if we consider that project-
based learning is an educational approach that uses student-centered research processes
to develop a product that has real-life connections and applications. Specifically, PBL
contains research-based tasks that help students develop important content from the
technological, social and core curriculum. PBL was also explored in a special case study [69]
that concluded STEAM PBL and inquiry-based learning go hand-in-hand in terms of
instructions focused on students’ learning.

However, the differences are significant because with the inquiry-based learning
method, the questions and curiosity of students are central to the curriculum. Students are
encouraged to ask questions, conduct research on topics that interest them and make their
own discoveries [70]. Inquiry-based learning begins with a question followed by research.
This research may involve the collection of data and the development of new knowledge,
and at the end of this process, students reflect on their new knowledge [71].

Instead, STEM PBL starts with the final product in mind. Students are introduced
to PBL through a well-defined outcome that conveys clearly defined expectations and
limitations for completing the task [25]. Development through STEM PBL differs from
inquiry-based learning in the emphasis on the construction of artifacts or objects by students
to represent what they have learned.

Another outstanding feature of PBL in STEM projects is that it is usually unstructured.
This is because PBL normally works in small groups of students where each group has to
organize its own work, materials and individual tasks, as well as manage its own time [72].

Thus, in STEM project-based learning, students take charge of their own learning and
develop collaborative skills. At times, the largely unstructured nature of project-based
learning can make PBL classrooms seem disorganized or out of control.

One of the key factors in the successful use of PBL in STEM or STEAM disciplines
is its interdisciplinary nature. That is why the use of these methodologies increasingly
influences the current teaching of STEAM subjects, computational thinking or educational
robotics. Today, there is a desire to create a theoretical framework for designing STEM
projects [69] or an integrated STEM approach [73], as well as enhancing informal education
and community collaboration through engineering [74].

3. Course Design and Methodology
3.1. Background

The style of teaching may change and evolve as a result of the new realities and
potential of the educational sector (digital natives, new technologies, etc.) [75,76]. The La
Salle Educational Mission Assembly resolved in December 2018 (AMEL 2018) to create
and execute a new model in all of its centers for all educational levels, from kindergarten
to university. The ‘New Learning Context’ (NLC) is the term given to this new approach,
which has been in use in Spain for the past two years [77,78].
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There are 104 centers engaged in this deployment, including two university colleges,
La Salle Campus Barcelona (Ramon Llull University, Barcelona, Spain) and La Salle Campus
Madrid (Universidad Complutense de Madrid, Madrid, Spain). The NLC model is founded
on five pedagogical principles (interiority, mind-body-movement, thought construction,
self-regulated behavior and the social dimension of learning) [79,80], which are structured
on three main levels [81]: (1) educational spaces as a pedagogical element that promotes
social learning, (2) an organizational proposal that defines the pedagogical framework of
cohabitation and (3) the community as a learning structure [82], with special attention paid
to the processing and management of the educational and academic data collected [83].

With the desire to continue advancing the development of a specific curriculum for
educational robotics and computational thinking, La Salle Bonanova School (Barcelona,
Catalonia) is entering the second year of the implementation of educational robotics and
computational thinking as part of the curriculum at the secondary level. The secondary
stage is distributed over four years of age as specified in the Government of Catalonia’s
law [84], and the curriculum details the contents that students must learn, the skills they
must achieve and the digital age they much reach by the end of the educational stage
(based on the Curriculum of Secondary Education, Basic skills in the digital realm, Identifi-
cation and deployment in compulsory secondary education of the Generalitat de Catalonia
Law [85]).

The subject of technology is included in this curriculum, and therefore, the contents
and competences are very well specified. In the case of computational thinking and
educational robotics, there is no clear development of the curriculum, and certain freedom
is left to each school to develop the skills and contents according to their own resources
and the methodology they consider most appropriate. In the case of La Salle Bonanova, the
structure and methodology for the inclusion of these two aspects were well-defined in the
first year of implementation of the project [40]. In this first year, the bases were defined so
that all the students who attended secondary education developed their own abilities and
competences in computational thought and educational robotics, while STEAM subjects
were strengthened.

The main lines that were defined in terms of content were: knowledge related to tech-
nology, computer science, coding and the use of information technologies. In terms of the
methodology and transversal knowledge, learning was approached through contextualized
activities and the development of skills in five areas: communication, collaboration and
community building, context creation, creativity and conduct or behavior [54].

3.2. Educational Context

In the first year (a non-pandemic academic year), the first, second and third grades of
secondary school (445 students in total) were introduced to educational robotics and com-
putational thinking. This first contact with these disciplines developed in the corresponding
role [40], and as a summary, it consisted of:

• 15 sessions to introduce block-programming platforms such as Scratch™ and LEGO®

Mindstorms® as basic tools for computational thinking and educational robotics.
• Work in two groups: where activities were or were not contextualized.
• Differentiation of sessions between one group and the other.
• Definition of the contents related to programming.
• Definition of the competences to be worked on, grouped into five areas.
• Analysis of the results obtained by the two groups.

In the second year of implementation, activities were still carried out in all the courses
described above, but the focus was on project-based learning (n = 160 students, ages 13–14).
Students had learned about robotics for the first time during the previous year, and we
decided to delve into the basic aspects of PBL to enhance their computational thinking and
knowledge of educational robotics, building on the knowledge of Scratch™ acquired in the
previous academic year.
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3.3. Previous Knowledge Acquired

As in any other discipline in education, robotics and computational thinking’s teaching
content is based on prior knowledge [67], and help and resources are provided to achieve
the learning objectives [86]. To develop the full potential of the project, students learning
on these courses built on the concepts they learned on the previous course during the
Scratch™ activity [40]. Regardless of their group, the vast majority of students used block-
programming platforms such as Scratch™ and gained knowledge about computational
concepts. Our evaluation was performed on a scale of 1–10 (Scratch™ M = 5.31, SD = 1.04;
Computational concepts M = 6.00, SD = 1.05).

The aspects we considered when evaluating their use of Scratch™ are detailed in
Table 1, which were worked on and developed during the sessions in this research project.

Table 1. Items evaluated on the Scratch™ platform.

Type Description

Conditional
Understand the concept of conditional structures

Use different types of conditional structures

Loops Understand the concept of a loop iteration
Use loops within the structure of the game

Events (Objects)

Use various objects
Import objects from outside of Scratch™
Motion control is done in several ways

Use of objects follows criteria established

Events (Scenario or Dresses)
Use different scenarios

Make changes to objects’ dresses

Parallelism Implement several sequences in the same object
Different actions for each object

Bloc Posts Use the blog post to give orders to objects

Sequences (Text) Use language structures
Dialogues appear

Operators
Use variables to make a counter increase
Use variables to make a counter decrease

Conditions certain actions variables

Events (Music/Sounds)
Use music blog

Use varied sounds
Use block sound conditioning in another action

3.4. Previous Skills Development

In today’s education system, concepts are still important, but student development
based on their skills and abilities is gaining momentum. As mentioned above, there is
no specific robotics curriculum that develops the content, and in the same way, there is
no curriculum to develop the skills. There are several jobs in the field of early childhood
education [54] in which a series of capabilities are defined that could be described as generic
without being specific to a curriculum. These five areas are the ones used in the first year of
application of this project [29], and they are the ones that continue to be worked on and
developed in this field. The competences are detailed in Table 2.
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Table 2. Aspects of competences evaluated.

Type Description

C1 Communication
C1.1 Exchange of ideas among group members
C1.2 Expression of ideas and debating them
C1.3 Demand for teacher support and benefit
to project

C2 Collaboration and Community Building
C2.1 Helps peer group
C2.2 Individual contributions make the group
advance
C2.3 Different work roles/task diversity

C3 Context Creation

C3.1 Activity follows a designed structure
C3.2 Analysis of errors in the process
C3.3 Justification of the solution
C3.4 Writes the process of the solution to the
challenge

C4 Creativity

C4.1 Holds initiative to make further steps in
programs
C4.2 Use of various elements outside
environment of platform
C4.3 Application of concepts from other
disciplines

C5 Conduct

C5.1 Concentration activity
C5.2 Following the rules of the classroom
C5.3 Responsible use of the material
C5.4 Behaves well with classmates and teacher
C5.5 Motivated to complete activity

In the case of competency development, the assessment was performed following a
Likert scale of 1 to 5. The results for each group expressed as averages were C1: 2.68/3.29,
C2: 2.48/2.96, C3: 2.25/2.64, C4: 1.66/2.57 and C5: 3.73/3.95. The first number of each
competency evaluated corresponds to the group in which it was assessed without contex-
tualization of the activities, and the second corresponds to the group that worked with
contextualized activities.

As in a previous study [40], there was a significant difference in competence between
groups. This reaffirms the conclusions of the previous research on the value of using
contextualized activities to improve students’ abilities and skills related to educational
robotics and computational thinking. This conclusion last time gave value to the present
study, encouraging us to follow an even more inclusive methodology and apply PBL to
educational robotics and computational thinking.

Following the work of Brennan and Resnick [47], we related the four of the compe-
tences assessed to the CT perspectives, highlighting the relationships between the two, as
shown in Table 3:

Table 3. Relationships between CT perspectives and competences.

Computational Perspectives [47] Competences [40,54]

Expressing C1 Communication

Questioning C2 Collaboration and community building

Connecting C3 Context creation
C4 Creativity

This relationship can be used in future research to establish connections between
competences within the curricular framework, and can help to improve both the design of
activities and their evaluation.
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3.5. Methodology

The work methodology used was project-based learning. The main aim of PBL is
to improve the skills needed in the 21st century by following a series of guidelines and
premises so that students are the drivers of their learning and the teacher is the guide or
facilitator [26].

Students present the PBL outcome as if it were the final project of the Scape Room
using the block-programming platform Scratch™. As this was the second year of use of this
platform, they were building on previous knowledge, and therefore, it was not necessary
to give a conceptual introduction to the contents of the platform. During the work sessions,
the students developed the history and programming of the Scape Room, and the teacher
served as a guide to dispel their doubts and support them to produce a final product.

In the PBL methodology, peer collaboration is very important, which involves sharing
one’s knowledge for the benefit of the group, so that you reach a common goal [26].

Trial-and-error is also considered a very important factor. As this was a Scape Room,
where before coding, it is necessary to create a thread and draw up a list of all the objects to
be programmed (as specified in Section 3.5.2), the design may change during the develop-
ment of the program. This fact is fully understood by the teachers on the project, but not
most students. It is precisely at the point when substantial changes to the previous design
are required for the material realization of the programming that difficulties will appear and
21st-century skills will be developed, such as communication, respect for others, teamwork
and problem-solving [26], all while learning a computational language and programming.

3.5.1. Criteria for the Composition of Working Groups

All second-grade students were included in this study. A total of 160 students partici-
pated, comprising five classes of 32 students each (60% boys, 40% girls). The age range was
between 13 and 14 years.

The classroom work was based on groups of four, encouraging peer collaboration and
cooperative learning on the subject of technology. This cooperative work sought to help stu-
dents better identify concepts, perform problem analysis and foster peer relationships [67].

In a previous study we carried out at La Salle Bonanova School [40], educational
robotics and computational thinking were introduced. As already described in this study,
two different working methodologies applied, producing a significant difference in the
level of competences gained between members of one group and the other, though the
assimilation of the computational concepts learned was homogeneous for the two groups.

In this study, new criteria were proposed: the working groups comprised equal
numbers of students from each of the two groups in the previous study; beyond meeting
that criterion, they were randomly selected. In this study, 16 students at once (four groups
of four students) participated in two-hour sessions.

3.5.2. Development of the Sessions

The PBL that was developed was a Scratch Room, where through the Scratch™ plat-
form, a Scape Room was designed. A plan for the sessions is shown in Table 4.

The first step students take is a storyboard, designing their Scape Room in scenes.
Afterward, as a first step to start using the ScratchTM platform, they must list all the objects,
scenarios, etc., that they will need to program. In these two sessions, design thinking is
the basis for later being able to achieve good programming. Already, in these first steps,
trial-and-error is important since some elements or actions from the storyboard may not be
possible to perform with ScratchTM, requiring a rethink and redesign of the proposal.

From the third to the sixth sessions, elements of computational thinking and educa-
tional robotics come into play, such as problem-solving, trial-and-error and using elements
of the ScratchTM platform to develop a tangible product.
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Table 4. Session plan.

Session(s) Developed

1

Groups of four students are formed and an
explanation is given for a Scape Room.
Students are asked to brainstorm a possible
Scape Room.
A worksheet is handed out for each group to
start drawing a storyboard of the chosen Scape
Room.

2

The storyboard is finished and a list is made of
all the possible objects, characters and
backgrounds needed.
The students start searching within the
ScratchTM platform for the objects and
backgrounds that are needed; otherwise, they
can search websites.

3, 4, 5

During these three sessions, students develop
the design, and above all, the programming of
their Scratch Room.
They must define the complexity of their
project and thus establish their learning.

6

An oral presentation is given on each project
where students explain the operation of their
Scratch Room. It is a checkpoint to improve
and debug the project.
In the Q&A, comments and observations are
offered by the rest of the groups.

7, 8, 9
During these three sessions, students continue
to develop their project and improve it based
on the observations from the previous session.

10 Oral presentation, demonstration and
co-evaluation of the final project.

Elements already mentioned in this paper, based on the work of Brennan and Resnick [47],
are the basis for the program’s cracking process. Computational concepts include the use of
sequences, loops, events, parallel programming, conditionals and mathematical operators.
As computational practices, students relay iterations and incremental programming, and
they will be constantly testing and debugging, as they have to test and improve their
programming. As they progress in their programming, especially from the sixth session,
the programming becomes more complex, and therefore, students have to do some work of
abstraction and modularization. The oral presentation and the test they do with their Scape
Room during the sixth session serve to highlight possible improvements and mistakes,
allowing them to develop computational perspectives. To progress, they must make use of
connectivity, express their ideas and question aspects of the whole creative process.

During the development of the sessions, enhanced by the fact that they work coop-
eratively, students develop aspects of computational thinking that can be extracted and
applied to any robotic platform as these are based on design thinking and problem-solving,
extending beyond knowledge of the platform and its specific elements.

3.5.3. Methods and Tools of Analysis

The authors used two tools to collect data:
The first corresponded to data related to the development of the competences and

skills, which were collected through Rubric 1. In each work session, we observed how the
students had worked, taking into account all the competences. The results are attached at
the end of this document via a link and are summarized in Table 5.
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Table 5. Mean and standard deviation of competences.

Competences

C1 C2 C3 C4 C5

Mean SD Mean SD Mean SD Mean SD Mean SD

3.22 0.62 2.98 0.72 3.17 0.71 3.19 0.70 3.98 0.66

Data on the CT concepts demonstrated when using ScratchTM platform were then
collected using Rubric 2. As shown in Figure 1, these assessments were made in the middle
of the project, in session 6, and at the end of the project, in session 10. We assessed the
use of certain CT concepts, the degree of complexity, the understanding on the part of the
students and the good operation of the programming. The results are attached at the end
of this document via a link and are summarized in Table 6.

Sensors 2022, 22, x FOR PEER REVIEW 13 of 21 
 

 

3.5.3. Methods and Tools of Analysis 
The authors used two tools to collect data: 
The first corresponded to data related to the development of the competences and 

skills, which were collected through Rubric 1. In each work session, we observed how the 
students had worked, taking into account all the competences. The results are attached at 
the end of this document via a link and are summarized in Table 5. 

Table 5. Mean and standard deviation of competences. 

Competences 
C1 C2 C3 C4 C5 

Mean SD Mean SD Mean SD Mean SD Mean SD 
3.22 0.62 2.98 0.72 3.17 0.71 3.19 0.70 3.98 0.66 

Data on the CT concepts demonstrated when using ScratchTM platform were then 
collected using Rubric 2. As shown in Figure 1, these assessments were made in the mid-
dle of the project, in session 6, and at the end of the project, in session 10. We assessed the 
use of certain CT concepts, the degree of complexity, the understanding on the part of the 
students and the good operation of the programming. The results are attached at the end 
of this document via a link and are summarized in Table 6. 

 
Figure 1. Flowchart of the sessions, assessment concepts and tools used. 1: Mean and standard deviation 
for each student and competence. 2: Mean and standard deviation for each student and CT concept. 

Table 6. Mean and standard deviation of CT concepts demonstrated when using ScratchTM. 

CT Concepts Scratch™ 
 Mean SD 
 6.36 0.9 

Figure 1. Flowchart of the sessions, assessment concepts and tools used. 1: Mean and standard
deviation for each student and competence. 2: Mean and standard deviation for each student and CT
concept.

Table 6. Mean and standard deviation of CT concepts demonstrated when using ScratchTM.

CT Concepts Scratch™

Mean SD
6.36 0.9

Analyses of these data, via descriptive statistics, were treated independently, so the
means and corresponding standard deviations of each item were obtained separately, both
for the competences and the CT concepts.
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One of the impediments to being able to carry out a more in-depth analysis was
the short duration of the sessions and as it was the first time the rubrics had been used.
Although the authors are aware of this limitation, we consider that the results are sufficiently
significant to be considered as representing the students’ acquisition of concepts within the
training framework.

4. Results

During the sessions, different aspects were evaluated, such as the skills gained and
contents learned relating to computational thinking and programming with the Scratch™
platform.

4.1. Assessment of Students’ Skills (R1)

In the assessment of the PBL and the acquisition of skills by students, to answer
research question 1, three scores were awarded:

The first was based on the direct observation of each student with a rubric, either
for their interaction with the group members or their individual development during the
sessions; in this way, assessments of competences C1, C2, C3, C4 and C5 were obtained.
Competence C5 is not typical of CT (as shown in Table 3) but instead of cooperative work;
the authors considered it useful to evaluate a student’s work among equals.

The second point that was valued was the oral presentation and how they developed
their project idea and justified the decisions made.

The third point of assessment was the final project and the involvement of the group
members themselves through a co-evaluation.

Although three aspects were assessed, the authors focused their attention on the
competences and not so much on the oral presentation or co-evaluation. The reason for
this was that one of the aims of developing project-based learning is to observe if the
development of certain competences related to computational thinking is favored over
the others. As described above, these competences are those defined in the first year of
implementation and correspond to Positive Technological Development (PTD) [54]. It has
already been mentioned that no special grouping was done or any different methodology
applied. We only ensured that the groups were homogenized in relation to the first year of
application of the project. The averages of the five areas for all students, on a Likert scale
(1–5), are shown in Table 5.

4.2. Assessment of Computational Thinking Concepts (R2)

To answer research question 1, the authors took into account the results obtained from
the assessment of the use of the ScratchTM platform.

Our findings on the CT concepts students demonstrated when using the ScratchTM

platform (follows the items listed in Table 1), as assessed on a scale of 0 to 10 by quantifying
the functional blocks corresponding to the CT concepts, are shown as the overall mean and
standard deviation in Table 6.

We then checked whether the results of the study carried out in the previous year
correlated with the new results. In the last study, the group that did not follow an active
methodology and worked on robotics and computational thinking in a classical way
obtained inferior results to the group in which a methodology was applied where the
activities were contextualized and competences and the learning process were accounted
for.

Table 7 shows how the overall results for the second year competences were very simi-
lar to or higher than those of the second group in the first year. This was interesting since, in
the second year, the groups were mixed and formed by students who had followed, in the
previous year, different methodologies. Nonetheless, despite the difference in the degree
of acquisition of skills, the methodology used promoted rapid and meaningful learning
of the key aspects of STEAM subjects, as well as educational robotics and computational
thinking.
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Table 7. Comparison of the first year vs. second year competent areas.

Competences First Year Second Year

First Group Second Group First and Second
Mixed Group

Mean SD Mean SD Mean Mean SD

C1 2.68 0.50 3.29 0.69 2.98 3.22 0.62

C2 2.48 0.64 2.96 0.74 2.72 2.98 0.72

C3 2.25 0.77 2.64 0.80 2.45 3.17 0.71

C4 1.66 0.65 2.57 0.80 2.12 3.19 0.70

C5 3.73 0.86 3.95 0.77 3.84 3.98 0.66

The other fundamental aspect of this work was the evaluation of CT concepts. Follow-
ing our assessment of the acquisition and use of CT knowledge, as demonstrated when
using the Scratch™ platform, Table 6 shows the mean progress in the second year of the
project working with PBL (M = 6.36, SD = 0.9). The results contrast with those obtained
in the first year (M = 5.66, SD = 1.03) when the work environment was contextualized
activities [40].

5. Discussion

Based on the data obtained, and considering the two research questions, we will now
discuss the implementation of an active methodology such as PBL in deploying the NCA
project.

5.1. Research Question R1

As stated in the pedagogical principles developed in the NCA project [77–80], one of
the aspects that emerge above others is the development of the person. It is for this reason
that the present study took into account the skills and abilities most needed in the 21st
century.

In this sense, one of the possible limitations of this study, integrated into the NCA
project, was the complexity of assessing non-formative aspects, such as attitudes and skills.
However, we consider it essential to have open projects and active methodologies, such as
project-based learning, to give flexibility to the design of projects and activities, meaning
each project can be adapted to the profiles of different students.

In response to research question 1, we consider that using project-based learning
encouraged and reaffirmed work to develop competences. The data obtained and set out
in Table 5, when compared with previous studies [40], demonstrate improvements in the
acquisition of competences, as shown in Table 7.

The program designed to develop skills in this study will contribute to other studies
in other educational stages [23]. It was based on the competences developed in previous
work with block-based programming platforms [47], as shown in Table 3. Yet, the nature of
the concept of a skill or competence in itself is already a limitation.

Thus, one of the characteristics to be accounted for, and where we can improve
objectivity, is the definition and evaluation of the competence items. It remains for anyone
to establish competences specifically for the secondary stage curriculum where these are
accurately described.

5.2. Research Question R2

We sought to answer research question 2 based on the definitions and items given in
Table 1. These concepts were worked on using blockchain-based programming platforms
such as ScratchTM, and therefore, were specified based on such platforms’ characteristics.
Accordingly, when developing knowledge of CT concepts, one of the limitations for the
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students we assessed was the use of a single programming resource. To improve on
this, future work will be aimed at designing learning activities decoupled from a specific
technology. However, this study intended to deepen the students’ knowledge of ScratchTM,
and therefore, this limitation is not considered to have prevented us from being able to
answer the corresponding research question.

Another aim of this study was to analyze the impact that the PBL methodology had on
activities designed to teach CT concepts and see how the motivation and/or involvement
of students in carrying out more complex projects was impacted. The data shown in Table 6
(M = 6.36, SD = 0.9), and their evolution when compared with previous studies (M = 5.66,
SD = 1.03), affirm that this type of activity is optimum for working on computational
thinking concepts.

In general, the implementation of this type of study in a context such as the NCA
addresses the challenge of how to reproduce, replicate, scale and adapt a type of activity
for all schools, groups, levels and types of students.

Although our conclusions are optimal and encourage us to continue with this project,
the truth is that using the same types of activities and projects reduces the uniqueness of
student learning and limits the creativity of teachers. Therefore, one of the major limitations
that may arise is the homogenization of learning activities related to the concepts of
computational thinking.

Nonetheless, the authors propose to establish an approach that is in accordance with
the principles of the NCA project: use objective evaluation tools (rubrics), define the
contents and concepts related to computational thinking and relate them to the official
curriculum.

6. Conclusions

Educational robotics, science and technical-scientific practice, in general, have become
increasingly common in personal, industrial and educational contexts [87,88].

In the educational environment, larger-scale schools or school institutions are evoking
an increasingly integrated use of technological resources such as robotic platforms or
virtual programming environments. The work presented in this paper, and other previous
studies related to STEAM subjects’ [8–10], computational thinking [40,47] and project-based
learning [25,69], have brought to light a series of elements within the educational field to
be considered.

First, it should be noted that an active methodology such as project-based learning
can increase the performance and motivation of students, and thanks to these, they become
the protagonist of their learning and generate a physical product because of their learning.

Students who have participated in a second year of using block-based program-
ming platforms within a PBL environment improve their skills gained and acquisition of
knowledge of computational thinking and the use of educational robotics platforms. This
improvement in the computational thinking area covers virtually every aspect—concepts,
practices and perspectives—and relates to the competences previously defined in this study,
such as communication between classmates, creativity, collaboration, community building
and context creation, as seen in the results presented in Table 7.

In relation to this last statement, the authors conclude that the relationship between CT
practices and competences, as indicated in Table 3 as a good first approximation, represents
how students interact with each other within programming environments.

Another positive aspect to highlight in the implementation of this study is the possi-
bility of repeating and graduating. This type of PBL can be reproduced within the same
school in other STEAM subjects and also in other schools. The possibility of repeating
and graduating hinges on adapting the timing of the program and the composition of
the working groups, while adapting the level according to the previous knowledge and
educational stage, but still maintaining the same curriculum and objectives of learning CT
practice and concepts.
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Finally, we conclude that integrating cross-curricular computational thinking into
STEAM subjects is an added value for schools, and one that is increasingly necessary.

From the data obtained, it can be seen that for La Salle Bonanova school, promoting
students’ development of the skills needed in the 21st century and their learning and
development of computational thinking are important aims and set the direction for the
school’s technological educational project. That project can be consolidated by encouraging
learning in both ER and CT and designing a strategy to integrate those into the curriculum
of STEAM subjects in the secondary stage.

This research was part of the ‘New Learning Context’ (NCA) launched by the schools
of La Salle Educational Mission Assembly (AMEL 2018) [77,78]. La Salle Bonanova is one
of the biggest schools in Spain and a pioneer in both research and teaching STEAM subjects.
The development of this project as it continues is part of a pilot test to lay the foundations
for future actions in other schools within the institution. The study was carried out within
a school year and without modifying the school structure, curriculum or schedule.

Based on the results and conclusions of this study, the authors consider that the
methodology (PBL) and type of activity align with the principles set by the institution. The
number of students in the sample was significant as it was a whole stage (n = 160) and no
students were excluded. Therefore, the sample was important in terms of objectivity for
representing students’ level of attainment in an ordinary year of secondary school.

In parallel with the development and implementation of the NCA, the two universities
involved are developing a training plan for teachers, both in STEAM and other subjects, as
the mission is based on five pedagogical principles [79,80], and for these to be effective, it is
necessary to train all teachers who part of the schools involved. The implementation process
of the NCA has several phases and will be carried out according to various parameters of
each school. Through these projects, the institution advances and it will soon be able to
establish activities and methodologies that can be reproduced and adapted to all schools
and levels.

Author Contributions: Conceptualization, A.V.P.; methodology, A.V.P. and X.C.; software, A.V;
validation, A.V.P. and X.C.; formal analysis, A.V.P.; investigation, A.V.P., X.C. and D.F.; resources,
A.V.P. and D.F.; data curation, A.V.P.; writing—original draft preparation, A.V.P., X.C. and D.F.;
writing—review and editing, A.V.P., X.C. and D.F.; supervision, X.C. and D.F.; project administration,
X.C. and D.F.; funding acquisition, D.F. All authors have read and agreed to the published version of
the manuscript.

Funding: The research that gave rise to these results was carried out through funds from the
Secretariat of Universities and Research of the Department of Business and Knowledge of the
Generalitat de Catalunya and Ramon Llull University (project: 2021-URL-Proj-057).

Institutional Review Board Statement: The research presented, as well as the design, collection and
management of its data, was positively evaluated and approved by the Ethics Committee of Ramon
Llull University, with the file number: CER URL_2020_2021_009.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. This study was conducted in a secondary school during a non-pandemic school year. The
parents received and accepted the corresponding informed consent at the beginning of the school
year. The data obtained are confidential and are treated in accordance with current data protection
law, whether personal data or academic notes. The study also complies with the curriculum and laws
of the Department of Education of the Government of Catalonia, and is endorsed by La Salle-Ramon
Llull University, and therefore, does not cause any conflict of interest with possible disclosures.

Data Availability Statement: The data obtained from the study and endorsed by La Salle Bonanova
School and La Salle-Ramon Llull University are available at: Computational Thinking & Educational
Robotics integrated into PBL.

Acknowledgments: Thanks to the La Salle Bonanova staff for their willingness to implement this
study as a school project.

Conflicts of Interest: The authors declare no conflict of interest.



Sensors 2022, 22, 3746 18 of 21

References
1. Benitti, F.B.V. Exploring the Educational Potential of Robotics in Schools: A Systematic Review. Comput. Educ. 2012, 58, 978–988.

[CrossRef]
2. Wing, J.M. Computational Thinking. Commun. ACM 2006, 49, 33–35. [CrossRef]
3. Grover, S.; Pea, R. Computational Thinking in K–12: A Review of the State of the Field. Educ. Res. 2013, 42, 38–43. [CrossRef]
4. Stohlmann, M.; Moore, T.; Roehrig, G. Considerations for Teaching Integrated STEM Education. JPEER 2012, 2, 28–34. [CrossRef]
5. García-Peñalvo, F.J.; Conde, M.Á.; Gonçalves, J.; Lima, J. Advances in Computational Thinking and Robotics in Education. In

Proceedings of the Eighth International Conference on Technological Ecosystems for Enhancing Multiculturality, Salamanca,
Spain, 21–23 October 2020; Association for Computing Machinery: New York, NY, USA, 2020; pp. 10–13.

6. Conde, M.Á.; Rodríguez-Sedano, F.J.; Fernández-Llamas, C.; Gonçalves, J.; Lima, J.; García-Peñalvo, F.J. Fostering STEAM through
Challenge-Based Learning, Robotics, and Physical Devices: A Systematic Mapping Literature Review. Comput. Appl. Eng. Educ.
2021, 29, 46–65. [CrossRef]

7. Conde, M.Á.; Rodríguez-Sedado, F.J.; García-Peñalvo, F.J.; Costa, P.; Gonçalves, J.; Camargo, C. Systematic Literature Review of
Realistic Simulators Applied in Educational Robotics Context. Sensors 2021, 21, 4031.

8. Bequette, J.W.; Bequette, M.B. A Place for Art and Design Education in the STEM Conversation. Art Educ. 2012, 65, 40–47.
[CrossRef]

9. Conde, M.Á.; Rodríguez-Sedano, F.J.; Fernández-Llamas, C.; Ramos, M.J.C.; Jesus, M.D.; Celis, S.; Gonçalves, J.; Lima, J.; Reimann,
D.; Jormanainen, I.; et al. RoboSTEAM Project: Integrating STEAM and Computational Thinking Development by Using Robotics
and Physical Devices. Available online: https://www.igi-global.com/chapter/robosteam-project/www.igi-global.com/chapter/
robosteam-project/270004 (accessed on 22 March 2022).

10. Conde, M.Á.; Rodríguez-Sedano, F.J.; Fernández-Llamas, C.; Jesus, M.; Ramos, M.-J.; Celis-Tena, S.; Gonçalves, J.; Jormanainen,
I.; García-Peñalvo, F.J. Exchanging Challenge Based Learning Experiences in the Context of RoboSTEAM Erasmus+ Project. In
Proceedings of the Learning and Collaboration Technologies. In Designing, Developing and Deploying Learning Experiences; Zaphiris,
P., Ioannou, A., Eds.; Springer International Publishing: Cham, Switzerland, 2020; pp. 442–455.

11. Papert, Seymour. Children, Computers, and Powerful Ideas and Powerful Ideas; Basic Books, Inc.: New York, NY, USA, 1980;
ISBN 0-465-04627-4.

12. Horn, M.S.; Jacob, R.J.K. Designing Tangible Programming Languages for Classroom Use. In Proceedings of the 1st International
Conference on Tangible and Embedded Interaction, New York, NY, USA, 15 February 2007; pp. 159–162.

13. Piaget, J. To Understand Is to Invent: The Future of Education; Penguin Books: London, UK, 1973.
14. Vygotskii, L.S.; Cole, M.; John-Steiner, V.; Scribner, S.; Souberman, E. Mind in Society: Development of Higher Psychological Processes;

Harvard University Press: Cambridge, MA, USA, 1978; ISBN 978-0-674-57629-2.
15. La, C.L.P.; Harel, I. Situating Constructionism. In Constructionism; Ablex Publishing Corporation: New York, NY, USA, 1991.
16. Fernández-Llamas, C.; Conde, M.Á.; Rodríguez-Sedano, F.J.; Rodríguez-Lera, F.J.; Matellán-Olivera, V. Analysing the Compu-

tational Competences Acquired by K-12 Students When Lectured by Robotic and Human Teachers. Int. J. Soc. Robot. 2020, 12,
1009–1019. [CrossRef]

17. LEGO-Based Robotics in Higher Education: 15 Years of Student Creativity—Ethan Danahy, Eric Wang, Jay Brockman, Adam
Carberry, Ben Shapiro, Chris B. Rogers. 2014. Available online: https://journals.sagepub.com/doi/full/10.5772/58249 (accessed
on 21 March 2022).

18. Wing, J. Computational Thinking’s Influence on Research and Education for All. Ital. J. Educ. Technol. 2017, 25, 7–14.
19. Arís, N.; Orcos, L. Educational Robotics in the Stage of Secondary Education: Empirical Study on Motivation and STEM Skills.

Educ. Sci. 2019, 9, 73. [CrossRef]
20. Amo, D.; Fox, P.; Fonseca, D.; Poyatos, C. Systematic Review on Which Analytics and Learning Methodologies Are Applied in

Primary and Secondary Education in the Learning of Robotics Sensors. Sensors 2021, 21, 153. [CrossRef] [PubMed]
21. Vázquez, Á.; Manassero, M.A. El declive de las actitudes hacia la ciencia de los estudiantes: Un indicador inquietante para la

educación científica. Rev. Eureka Sobre Ensen. Divulg. Cienc. 2008, 8, 274–292. [CrossRef]
22. Solbes Matarredona, J. ¿Por qué disminuye el alumnado de ciencias? Alambique Didáct. Cienc. Exp. 2011, 67, 53–62. Available

online: https://www.uv.es/jsolbes/documentos/Alambique_Solbes_2011.PDF (accessed on 24 March 2022).
23. Jurado, E.; Fonseca, D.; Coderch, J.; Canaleta, X. Social Steam Learning at an Early Age with Robotic Platforms: A Case Study in

Four Schools in Spain. Sensors 2020, 20, 3698. [CrossRef]
24. Romaní, J.C.C. El concepto de tecnologías de la información. Benchmarking sobre las definiciones de las TIC en la sociedad del

conocimiento. ZER Rev. Estud. Comun. Komun. Ikasketen Aldizka. 2009, 14. [CrossRef]
25. Sahin, A. STEM Project-Based Learning. In STEM Project-Based Learning: An Integrated Science, Technology, Engineering, and

Mathematics (STEM) Approach; Capraro, R.M., Capraro, M.M., Morgan, J.R., Eds.; SensePublishers: Rotterdam, The Netherlands,
2013; pp. 59–64. ISBN 978-94-6209-143-6.

26. Bell, S. Project-Based Learning for the 21st Century: Skills for the Future. Clear. House 2010, 83, 39–43. [CrossRef]
27. Fonseca, D.; García-Peñalvo, F.J. Interactive and Collaborative Technological Ecosystems for Improving Academic Motivation

and Engagement. Univers. Access Inf. Soc. 2019, 18, 423–430. [CrossRef]

http://doi.org/10.1016/j.compedu.2011.10.006
http://doi.org/10.1145/1118178.1118215
http://doi.org/10.3102/0013189X12463051
http://doi.org/10.5703/1288284314653
http://doi.org/10.1002/cae.22354
http://doi.org/10.1080/00043125.2012.11519167
https://www.igi-global.com/chapter/robosteam-project/www.igi-global.com/chapter/robosteam-project/270004
https://www.igi-global.com/chapter/robosteam-project/www.igi-global.com/chapter/robosteam-project/270004
http://doi.org/10.1007/s12369-017-0440-9
https://journals.sagepub.com/doi/full/10.5772/58249
http://doi.org/10.3390/educsci9020073
http://doi.org/10.3390/s21010153
http://www.ncbi.nlm.nih.gov/pubmed/33383709
http://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2008.v5.i3.03
https://www.uv.es/jsolbes/documentos/Alambique_Solbes_2011.PDF
http://doi.org/10.3390/s20133698
http://doi.org/10.1387/zer.2636
http://doi.org/10.1080/00098650903505415
http://doi.org/10.1007/s10209-019-00669-8


Sensors 2022, 22, 3746 19 of 21

28. Fonseca, D.; Martí, N.; Redondo, E.; Navarro, I.; Sánchez, A. Relationship between Student Profile, Tool Use, Participation, and
Academic Performance with the Use of Augmented Reality Technology for Visualized Architecture Models. Comput. Hum. Behav.
2014, 31, 434–445. [CrossRef]

29. Petchamé, J.; Iriondo, I.; Riu, D.; Masi, T.; Almajano, A.; Fonseca, D. Project Based Learning or the Rethinking of an Engineering
Subject: Measuring Motivation. In Proceedings of the TEEM’20: Eighth International Conference on Technological Ecosystems
for Enhancing Multiculturality, Salamanca, Spain, 21–23 October 2020; pp. 267–272.

30. Alimisis, D. Educational Robotics: Open Questions and New Challenges. Themes Sci. Technol. Educ. 2013, 6, 63–71.
31. Atmatzidou, S.; Demetriadis, S. Advancing Students’ Computational Thinking Skills through Educational Robotics: A Study on

Age and Gender Relevant Differences. Robot. Auton. Syst. 2016, 75, 661–670. [CrossRef]
32. Bers, M.U.; Flannery, L.; Kazakoff, E.R.; Sullivan, A. Computational Thinking and Tinkering: Exploration of an Early Childhood

Robotics Curriculum. Comput. Educ. 2014, 72, 145–157. [CrossRef]
33. Portelance, D.J.; Strawhacker, A.L.; Bers, M.U. Constructing the ScratchJr Programming Language in the Early Childhood

Classroom. Int. J. Technol. Des. Educ. 2016, 26, 489–504. [CrossRef]
34. Scaradozzi, D.; Sorbi, L.; Pedale, A.; Valzano, M.; Vergine, C. Teaching Robotics at the Primary School: An Innovative Approach.

Procedia-Soc. Behav. Sci. 2015, 174, 3838–3846. [CrossRef]
35. Dagdilelis, V.; Sartatzemi, M.; Kagani, K. Teaching (with) Robots in Secondary Schools: Some New and Not-so-New Pedagogical

Problems. In Proceedings of the Fifth IEEE International Conference on Advanced Learning Technologies (ICALT’05), Kaohsiung,
Taiwan, 5–8 July 2005; pp. 757–761.

36. Resnick, M.; Maloney, J.; Monroy-Hernández, A.; Rusk, N.; Eastmond, E.; Brennan, K.; Millner, A.; Rosenbaum, E.; Silver, J.;
Silverman, B.; et al. Scratch: Programming for All. Commun. ACM 2009, 52, 60–67. [CrossRef]

37. Mubin, O.; Stevens, C.J.; Shahid, S.; Mahmud, A.A.; Dong, J.-J. A Review of the applicability of robots in education. Technol. Educ.
Learn. 2013, 1, 13. [CrossRef]

38. Sanders, M.E. STEM, STEM Education, STEMmania. 2008. Available online: https://vtechworks.lib.vt.edu/bitstream/handle/10
919/51616/STEMmania.pdf (accessed on 24 March 2022).

39. Bellanca, J.A. 21st Century Skills: Rethinking How Students Learn; Solution Tree Press: Bloomington, IN, USA, 2010;
ISBN 978-1-935542-37-7.

40. Valls, A.; Albó-Canals, J.; Canaleta, X. Creativity and Contextualization Activities in Educational Robotics to Improve Engineering
and Computational Thinking. In Proceedings of the Robotics in Education, Malta, Malta, 18–20 April 2018; Lepuschitz, W.,
Merdan, M., Koppensteiner, G., Balogh, R., Obdržálek, D., Eds.; Springer International Publishing: Cham, Switzerland, 2018;
pp. 100–112.

41. Ackermann, E. Piaget’s Constructivism, Papert’s Constructionism: What’s the Difference? Future Learn. Group Publ. 2001, 5, 438.
42. Siemens, G. Connectivism: A Learning Theory for the Digital Age. Ekim 2004, 6, 2001.
43. Saengbanchong, V.; Wiratchai, N.; Bowarnkitiwong, S. Validating the Technological Pedagogical Content Knowledge Appropriate

for Instructing Students (TPACK-S) of Pre-Service Teachers. Procedia-Soc. Behav. Sci. 2014, 116, 524–530. [CrossRef]
44. Schmidt, D.A.; Baran, E.; Thompson, A.D.; Mishra, P.; Koehler, M.J.; Shin, T.S. Technological Pedagogical Content Knowledge

(TPACK). J. Res. Technol. Educ. 2009, 42, 123–149. [CrossRef]
45. Fonseca, D.; García-Holgado, A.; García-Peñalvo, F.J.; Jurado, E.; Olivella, R.; Amo, D.; Maffeo, G.; Yigit, Ö.; Keskin, Y.; Sevinç,

G.; et al. CreaSTEAM. Hacia La Mejora de Brechas En Diversidad Mediante La Recopilación de Proyectos, Buenas Prácticas y
Espacios STEAM—[CreaSTEAM. Towards the Improvement of Diversity Gaps through the Compilation of Projects, Best Practices
and STEAM Spaces]. In Proceedings of the VI Congreso Internacional sobre Aprendizaje, Innovación y Cooperación, Madrid,
Spain, 20–22 October 2021; Servicio de Publicaciones; Universidad de Zaragoza: Madrid, Spain, 2021; pp. 38–43.

46. Amo, D.; García-Holgado, A.; Fonseca, D.; García-Peñalvo, F.J.; Jurado, E.; Olivella, R.; Maffeo, G.; Yiðit, Ö.; Hofmann, C.;
Quass, K.; et al. CreaSTEAM. Towards the Improvement of Diversity Gaps through the Compilation of Projects, Best Practices
and STEAM-Lab Spaces. In Proceedings of the Ninth International Conference on Technological Ecosystems for Enhancing
Multiculturality (TEEM’21), Barcelona, Spain, 26–29 October 2021; Association for Computing Machinery: New York, NY, USA,
2021; pp. 92–97.

47. Brennan, K.; Resnick, M. New Frameworks for Studying and Assessing the Development of Computational Thinking.
In Proceedings of the 2012 Annual Meeting of the American Educational Research Association, Vancouver, BC, Canada,
13–17 April 2012; p. 25.

48. Bandura, A. Social Cognitive Theory: An Agentic Perspective. Annu. Rev. Psychol. 2001, 52, 1–26. [CrossRef]
49. Zhang, L.; Nouri, J. A Systematic Review of Learning Computational Thinking through Scratch in K-9. Comput. Educ. 2019, 141,

103607. [CrossRef]
50. Franklin, D.; Skifstad, G.; Rolock, R.; Mehrotra, I.; Ding, V.; Hansen, A.; Weintrop, D.; Harlow, D. Using Upper-Elementary

Student Performance to Understand Conceptual Sequencing in a Blocks-Based Curriculum. In Proceedings of the 2017 ACM
SIGCSE Technical Symposium on Computer Science Education, Seattle, WA, USA, 8–11 March 2017; Association for Computing
Machinery: New York, NY, USA, 2017; pp. 231–236.

51. Lye, S.Y.; Koh, J.H.L. Case Studies of Elementary Children’s Engagement in Computational Thinking Through Scratch Pro-
gramming. In Computational Thinking in the STEM Disciplines: Foundations and Research Highlights; Khine, M.S., Ed.; Springer
International Publishing: Cham, Switzerland, 2018; pp. 227–251. ISBN 978-3-319-93566-9.

http://doi.org/10.1016/j.chb.2013.03.006
http://doi.org/10.1016/j.robot.2015.10.008
http://doi.org/10.1016/j.compedu.2013.10.020
http://doi.org/10.1007/s10798-015-9325-0
http://doi.org/10.1016/j.sbspro.2015.01.1122
http://doi.org/10.1145/1592761.1592779
http://doi.org/10.2316/Journal.209.2013.1.209-0015
https://vtechworks.lib.vt.edu/bitstream/handle/10919/51616/STEMmania.pdf
https://vtechworks.lib.vt.edu/bitstream/handle/10919/51616/STEMmania.pdf
http://doi.org/10.1016/j.sbspro.2014.01.252
http://doi.org/10.1080/15391523.2009.10782544
http://doi.org/10.1146/annurev.psych.52.1.1
http://doi.org/10.1016/j.compedu.2019.103607


Sensors 2022, 22, 3746 20 of 21

52. Grover, S.; Pea, R.; Cooper, S. Designing for Deeper Learning in a Blended Computer Science Course for Middle School Students.
Comput. Sci. Educ. 2015, 25, 199–237. [CrossRef]

53. Arastoopour Irgens, G.; Dabholkar, S.; Bain, C.; Woods, P.; Hall, K.; Swanson, H.; Horn, M.; Wilensky, U. Modeling and Measuring
High School Students’ Computational Thinking Practices in Science. J. Sci. Educ. Technol 2020, 29, 137–161. [CrossRef]

54. Bers, M.U. Beyond Computer Literacy: Supporting Youth’s Positive Development through Technology. New Dir. Youth Dev. 2010,
2010, 13–23. [CrossRef]

55. Shute, V.J.; Sun, C.; Asbell-Clarke, J. Demystifying Computational Thinking. Educ. Res. Rev. 2017, 22, 142–158. [CrossRef]
56. Resnick, M.; Kafai, Y.; Maeda, J. A Networked, Media-Rich Programming Environment to Enhance Technological Fluency at

After-School Centers in Economically-Disadvantaged Communities. National Science Foundation: Arlington, VA, USA, 2003.
57. Maloney, J.; Resnick, M.; Rusk, N.; Silverman, B.; Eastmond, E. The Scratch Programming Language and Environment. ACM

Trans. Comput. Educ. 2010, 10, 1–15. [CrossRef]
58. Marji, M. Learn to Program with Scratch: A Visual Introduction to Programming with Games, Art, Science, and Math; No Starch Press:

San Francisco, CA, USA, 2014; ISBN 978-1-59327-543-3.
59. Wilson, A.; Hainey, T.; Connolly, T.M. Using Scratch with Primary School Children: An Evaluation of Games Constructed to

Gauge Understanding of Programming Concepts. IJGBL 2013, 3, 93–109. [CrossRef]
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