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Abstract: In the last two decades, technological advances have been spectacular, and their tran-
scendence has touched all areas of society. Specifically, in the field of education, these advances
have allowed projects and approaches such as computational thinking to be taken up more strongly
through interdisciplinary visions such as the STEM subjects and technological devices such as Ar-
duino. The main objective of this article is to analyse the uses of Arduino and the achievements it has
attained at primary-education level. To this end, a systematic review was carried out in the SCOPUS
and Web of Science databases. The methodology used was the PRISMA statement and the SALSA
framework. In accordance with the exclusion criteria applied, nine scientific papers from the last
seven years were obtained. The qualitative software ATLAS.ti was used to extract the results. These
papers reveal that the most commonly used methodology for incorporating the Arduino board into
teaching is problem based learning (PBL) in the context of STEM subjects. In addition, programming
environments, such as Scratch, and other electronic components have been used, which have enabled
the development of computational thinking and the acquisition of technological knowledge, among
other achievements.

Keywords: Arduino; elementary education; ATLAS.ti; computational thinking; robots; systematic
review; primary education

1. Introduction

The last 20 years have seen significant changes in the field of technology and its impact
on education systems. The expansion of the internet and the improvement of mobile
devices have provided access to information and, in turn, to the need to acquire new
skills that enable the potential of these technologies and their applicability in the world of
education to be harnessed. In this sense, certain concepts have gained momentum, which,
although not new, have emerged as a result of technological evolution and more user-
friendly programming languages. In this context, the first papers that introduce computer
science in the field of education date back to the end of the 1960s, when Seymour Papert
created the Logo programming language [1] and the Turtle robot [2] with the intention of
bringing the world of programming to students so that they could learn to program from
an early age [3,4]. When mentioning the concepts of programming and robotics, it is also
essential to allude to the concept of computational thinking, since the main purpose of
teaching how to program and use different types of robots is to foster the development of
computational-thinking skills.

Therefore, a distinction should be made between programming, which is defined
as the code or language needed to communicate with the robot or digital device, and
robotics, which includes the assembly and manipulation of the tangible resources, that is,
the robots. By combining robotics and programming from a didactic perspective, different
computational-thinking skills can be fostered, such as abstraction, algorithmic thinking,
decomposition and generalisation, among others [2]. At this point, it should be noted
that technological support is not always necessary to promote these skills, as they can
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also be developed through unplugged computational thinking, that is to say, without
technological resources.

From this vision, Papert conceived his own theory of learning influenced by Pi-
aget [1,2,5], which he called constructionism. This theory focuses on active student learning
achieved by engaging students and encouraging them to draw their own conclusions
through creative experimentation and the elaboration of socially useful artefacts [6].

This initiative declined over the years until it disappeared from school curricula in
the 1990s [7]. The resurgence of this movement was supported by the publication of
the article “Computational thinking” written by the researcher Janette Wing [8] in 2006
and by the appearance of new technological devices (robots more accessible to children
and young people) and programming languages that are much more user-friendly and
accessible to inexperienced teachers. These circumstances, together with the need to
strengthen the digital competence of non-university students, have facilitated the inclusion
of computational thinking through robotics and artificial intelligence in infant, primary
and secondary school curricula [9].

In this sense, Wing defines computational thinking as “the thought processes involved
in formulating a problem and expressing its solution(s) in such a way that a computer
(human or machine) can effectively carry out” [10] (p. 8). This interpretation posits
computational thinking as a skill that goes beyond computer science, as it represents a
universally applicable attitude and skill set for all [8]. This skill can be added to every
child’s analytical ability from an early age, adopting a cross-cutting component in 21st
century school curricula [11]. From this perspective, the integration of computer science into
schools has two main objectives: to offer all students the possibility of accessing computer
science and to improve the learning of subjects known as STEAM (Science, Technology,
Engineering, Arts and Mathematics) [12] by making the contents more authentic and
relevant [13] and helping students with learning to break down a task into simpler ones,
formulating and testing hypotheses, exploring and investigating, relating knowledge and
coming up with original ideas or solutions. Thus, at a global level, different educational
administrations have echoed this need in an increasingly digital world and are integrating
computational thinking in their classrooms [14–16] as another competence that students
must acquire from early childhood and primary education [17–23] through to secondary
education [24–27].

From these annotated approaches, and taking into account the progressive digital-
isation of the education system, the curricular integration of technological resources is
becoming increasingly interesting for any educational institution. For this reason, numer-
ous initiatives are being developed to provide classrooms with advanced technologies
such as artificial intelligence, robotics, 3D printing, etc. However, all this technological
enrichment in educational environments must be approached in a conscious and systematic
way, for example, as indicated by the authors of [28], through the TPACK model [29], a
model in which technology is curricularly integrated taking into account the content knowl-
edge, technological knowledge and pedagogical knowledge of the teachers involved in the
technological innovation to be developed. Therefore, for these authors, it is essential to
integrate robotics and programming in the way described, in order to achieve real success
in the development of computational-thinking skills.

As previously indicated, computational thinking is also closely related to STEAM
subjects, which are approached from a pedagogy of investigation, analysis, deduction, etc.
For this reason, the authors of [28] claim that computational thinking and robotics should
be approached from the active methodology known as project-based learning [30]. These
authors see this methodology as an incomparable framework for the interconnection of
knowledge and skills, which benefits learning and increases motivation. Moreover, other
studies [31,32] have applied PBL to understand and improve computational thinking, and
the results show an increase in HPC, such as complex problem abstraction, algorithm
automation, and data analysis, collection and representation, while providing students
with useful skills to cope with real-life problems [33]. In the specific case of primary
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education, the most commonly used technologies to develop computational thinking are
LEGO WeDo, the block programming language Scratch, the Microbit programming board
or the freely distributed Arduino board [34–37]. The focus of this work is the Arduino.
This is an open-source electronic board based on easy-to-use and low-cost hardware and
software [38]. These boards are able to read an input (light on a sensor, a finger on a button
or a Twitter message) and convert it into an output (turning on an LED, activating a motor
or posting something online). To do this, it uses a proprietary programming language
based on Wiring and the Arduino Software (IDE) based on Processing. In the educational
field, Arduino has had an exponential impact due to its low cost and the potential and
versatility of its design and experimentation: because it is open source and its software and
hardware are both extensible, it can be used at the same time in various operating systems
(Linux, Macintosh OSX and Windows) [39].

The bibliographic review of Arduino in the field of education, specifically at the
primary-education level, allows us to contrast the existing movement and the diversity
of uses that teachers make of it [40–49]. In a general way—that is, without any type
of filter related to the educational context (formal, non-formal and informal)—various
positive consequences have been found to result from the use of Arduino with students
at primary-education level. These include the opportunity it gives to apply and reinforce
understanding of concepts; the way it fosters interest and motivation towards design and
manufacturing activities; and the way it boosts creative spirit through autonomous data
collection and sharing with peers. Furthermore, this new approach improves students’
attention and overall performance, which is reflected in higher grades [50], as well as
improving attitudes towards technology among the students themselves. The result of
these experiences is high levels of satisfaction for both students and their teachers [51].

Finally, it should be noted that the greatest enthusiasm for the inclusion of these
devices and technologies in the classroom comes from the people who make the projects,
document them and make them available online by sharing information about how they
built them. In addition, the maker and DIY (do it yourself) movements have adopted
Arduino as a device to build and design their own projects [39]. This encourages more
and more young students to take up entrepreneurship and technology by giving them
a sense that they too can understand how software and hardware combine to produce
new technologies.

In this context, which is defined by the need to offer quality training that develops
computational thinking in students and the diversity of devices and technologies available
to help them with this, the aim of this paper is to analyse the uses and achievements of Ar-
duino in primary education. This objective is specified in the following research questions:

RQ1: How much research has been done on the implementation of the Arduino board at
the primary-education level?

RQ2: What are the objectives being pursued when implementing Arduino in primary education?

RQ3: What methodologies are being used to implement Arduino for primary-education
students?

RQ4: What other resources are being used in addition to the programming board?

2. Materials and Methods
2.1. Method

As explained in the theoretical framework, different papers have been published on the
use of robotics or maker culture in different educational contexts; therefore, it is considered
of interest to delve into the didactic use of and the achievements reached through emerging
technological resources, such as the Arduino board.

In order to carry out an overview of this resource at compulsory-educational levels, a
systematic literature review was chosen, as this is the most highly recommended option for
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summarising the results of works published on any topic, and one which favours a gener-
alised approach to the object of study and helps to identify future lines of research [52,53].

As for the analysis of the results, this was carried out using ATLAS.ti 9 qualitative
data analysis software.

2.2. Research Phases

The method selected for this paper had to comply with the principles of order and
strictness, which is why the recommendations contained in the 2020 version of the PRISMA
declaration were followed. The items set out in the aforementioned declaration are of
outstanding international value in the field of theoretical research and are recommended for
the conduct of any systematic review, regardless of the nature of the discipline studied [54].

In a complementary manner, the SALSA framework [55] was also taken into account.
This framework generally establishes the four phases through which a systematic review
has to be developed, namely the planned search; the evaluation based on predefined
inclusion and exclusion criteria; the synthesis of the results found using diagrams; and
finally, the analysis of the results.

Based on the phases established by the SALSA framework, the search for papers
was carried out using two international reference databases, Scopus and WoS (Web of
Science). The descriptors and Boolean operators used in this search were: “Arduino”
AND “Elementary school” (21) OR “primary education” (7) OR “basic education” (11) OR
“Elementary education” (1). It should be noted that the descriptors “middle education”
and “elementary education” did not return any results when linked to Arduino. They were
therefore discarded.

It should also be noted that the search for descriptors was applied on the basis of the
topic, i.e., taking into account the title, abstract and keywords.

Next, to establish the selection or eligibility criteria for the scientific literature that
was to form part of the final sample, the PICOS strategy was used. This strategy has four
criteria (population, phenomenon of interest, context and study design) on the basis of
which to select the scientific papers that are fully related to the object of study. It was
chosen because it has been used in other systematic reviews dealing with the use of digital
technologies [56,57].

After applying the descriptors selected in both Scopus and WoS and eliminating the
duplicities found using the bibliographic manager Mendeley, the criteria of the PICOS
strategy were applied; some of the main reasons why certain works were excluded were
as follows:

• Population: Only works in Spanish and English were chosen, and all those written
in Korean and Portuguese were eliminated; the time frame was limited to the last
seven years (2022–2016, both inclusive) in order to maintain the current nature of the
publications, since the works relating to primary education went up to 2018 and those
relating to secondary education went up to 2016; and, finally, the type of document was
limited to articles or book chapters, excluding conference abstracts and complete books.
Furthermore, with regard to this first criterion of the PICOS strategy, it should be noted
that no exclusion criteria were considered in relation to the country of publication or
subject area.

• Phenomenon of interest: All works whose object of study was the explanation of
a training proposal for teachers on use of the Arduino board (and sometimes the
analysis of the same) were excluded. Works on specific didactic implementations that
research institutions or universities carry out in primary or secondary schools on an
experimental basis were also excluded.

• Context: Only experiences developed in a formal educational context were taken into
account. Therefore, all those related to a non-formal educational context, such as
summer camps, theme weeks and extracurricular activities, were discarded.

• Study design: theoretical work was eliminated.
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In relation to the reference frameworks on the basis of which this systematic lit-
erature review was developed, as set out above, it should be noted that the first step
in selecting the sample was to consult the report published by the European Commis-
sion/EACEA/Eurydice [58], which states that full-time compulsory education in all coun-
tries comprises primary and lower secondary education (ISCED 1 and 2), taking into
account that some countries also include some upper Secondary Education (ISCED 3).

Based on this information and applying the different filters mentioned above, as
shown in the flow chart generated (Figure 1), the final sample was composed of 9 papers in
primary education and 60 in the case of secondary education.
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3. Results

The analysis of the nine papers on the use of Arduino with primary-school students
that make up the final sample has resulted in the creation of 72 codes and 139 citations.

Of the total number of codes, five are the free codes to which the rest are linked (Figure 2).
In other words, these are the categories created to analyse the use of this technological
resource. Some of these categories, specifically those of objectives and resources, have other
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codes associated with them that act as subcategories, in order to achieve a greater level of
concreteness and to develop a more exhaustive analysis of the practices developed.
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Figure 2. Categories linked to the use of Arduino in primary education.

Arduino is an educational resource that is used in various subjects in primary edu-
cation. However, “Science” is the subject that has the strongest roots (n = 5), followed by
“Technology and Engineering” (n = 4). Other subjects such as “Physics” (n = 1), “Music”
(n = 1) and “Mathematics” (n = 2) are also included.

Despite there being nine documents, the subject category comprises a total of 13 cita-
tions, as interdisciplinary projects involving several subjects are common practice.

The objectives category was divided into three subcategories: activity objectives,
didactic objectives and transversal objectives. In relation to the first subcategory, i.e., the
objectives of the activity, these could be defined as the challenges posed to the students.
Specifically, two types of activity objectives have been found. On the one hand, “doing
science experiments”, and, on the other hand, “assembling or programming a robot or a
circuit to overcome challenges”. However, the latter objective has a rootedness of nine
citations, while the former has only one linked citation.

As for the didactic objectives, these can be defined as the aims that the teacher expects
the students to achieve through the use of Arduino. In this case, nine codes have been
created, which are shown in Figure 3. However, the one with the highest rootedness is
“learning to program” (n = 6), followed by “tackling science content” and “learning physical
or electrical concepts”, both with three linked quotes.

The last subcategory of objectives are the transversal ones, defined as those that seek
to enhance certain skills, which do not necessarily have to be directly related to the use
of technology. In total, seven codes have been generated, listed as follows in order of
rootedness: “develop critical thinking” (n = 4); “improve motivation towards learning”
(n = 4); “enhance creativity” (n = 3); “cooperate” (n = 2); “develop self-efficacy” (n = 2);
“enhance manipulative or technical skills” (n = 2); and, finally, “develop communicative
skills for debate” (n = 1).

In relation to the results achieved with the proposals developed using Arduino, a
semantic network has been generated in which the nine codes created have been collected
(Figure 4). The vast majority of them tend to have two linked citations; the most numerous
is “development of computational thinking”, which has three citations. There are also
other closely related codes, such as “proper circuit assembly” (n = 2) and “proper Arduino
programming” (n = 2). All the results are linked in some way to technology, except for two:
"cooperation between students" (n = 1) and “improve drawing techniques” (n = 1).

Notably, the resources category is the one with the largest number of associated
codes—specifically, 17 codes, of which one also acts as a subcategory, that of “electronic
components”, as it itself has nine codes associated with it. Figure 5 below shows a semantic
network in which all the resources used in the Arduino training proposals can be seen.
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Figure 5. Resources used in the Arduino didactic proposals in primary education.

The most frequently used resource is the Arduino board (n = 9), but other frequently
used complementary resources are robots (n = 4) and computer software such as Scratch
(n = 3) or Blockly (n = 2). As for the electronic components most frequently referenced in
the papers, these are wires (n = 4), LEDs (n = 5) and different sensors (n = 4).

Finally, it should be noted that the experiences have been developed around certain
theoretical principles and methodologies. The codes generated in this case are the following:
“Problem Based Learning” (n = 4), “Constructivist and constructionist theories” (n = 3),
“Gamification” (n = 1), “Flow Theory” (n = 1), “6E Model” (n = 1) and “Experiential
Learning” (n = 1).
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4. Discussion and Conclusions

As indicated in the Introduction, Arduino is a didactic resource used at various
educational levels [59,60]. However, based on the scientific literature reviewed in this work,
it could be stated that it is not a very widespread resource in the formal context of primary
education, since according to the criteria applied, there are nine works that deal with the
use of Arduino with students of this age.

Numerous studies have been discarded because they have consisted of one-off imple-
mentations in the form of workshops or extracurricular activities. However, the experiences
that have been developed in the formal educational context have been mainly linked to
STEM (science, technology, engineering and mathematics) subjects, as the largest number
of citations are associated with these subjects.

It could be argued that it is not only STEM subjects that have been addressed indepen-
dently, but rather that some STEM projects have been developed in which all subjects have
been addressed in a globalised way. Mainly, this conclusion is reached because 13 subject
codes have been obtained and there are nine assignments, which indicates that some inter-
disciplinary projects have been carried out. This result coincides with the practices carried
out at other, higher levels, where the Arduino board is also used to enhance skills and assist
with work covered in STEM subjects, through these interdisciplinary projects [61–65].

The fact that STEM projects were presented as a way to foster computational thinking
in the papers analysed absolutely complements the finding that the most widely used
methodology was PBL. This is mainly because this methodology involves the teacher
presenting a problem so that students have to investigate, analyse and reflect in order to
find the right solution. In addition, according to [12], STEM projects are also based on the
pedagogy of research, analysis, deduction, etc. From these findings, it could be extracted
that in some of the cases analysed there is a total complementarity between the subjects
addressed, the objectives pursued and the methodologies selected.

Moreover, some of these initiatives are also influenced by the theories of construc-
tionism or constructivism, which also stand out for their ability to promote active student
learning. In other words, each student is the protagonist in extracting their own reflections
and conclusions from experimentation with technological resources in a creative and critical
way [6]. Therefore, these theories also fit perfectly with the intentions of PBL methodology
and globalised STEM projects.

More specifically, and taking into account the didactic objectives of the experiences,
the use of Arduino in primary schools is mainly aimed at promoting programming among
pupils. To this end, the most common activity seen in the projects was the assembly
or programming of a robot or circuit to overcome challenges. Taking into account the
generated codes related to the results, it should be concluded that the didactic objectives
have been achieved, since some of the achievements relate to the correct assembly of
circuits, the proper programming of Arduino, and the connection between the digital world
and reality.

Taking into account another category of objectives, the practical objectives, it should
be noted that these are also closely related to the methodologies implemented. This is
mainly because the most cited practical objective is that of overcoming challenges through
the technological resources used, and the most implemented methodology is PBL, which
involves a process of research by the students in order to overcome challenges.

In relation to the main resource, it should be noted that the board itself is not a
functional resource, but needs other complementary components for its programming. In
this review, it has been found that up to nine different electronic components are used,
among which LED lights stand out above all others. Sensors, cables, servomotors or even
an LCD screen are also commonly used. These components usually come in kits that
include the Arduino board and are used for starter projects [62]. Therefore, from the results
related to the resources used, it could be deduced that all practices are based on the use of
such kits for initiation, since these basic electronic components have been mainly used.
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Other widely used complementary resources are the programming environments,
which are linked to the Arduino board and contain all the processes and tools needed to
work with Arduino. According to this SR, the two most widely used in primary schools
are Scratch and Blockly; however, according to the results of Singh et al. [63], of these
two digital tools, Scratch is the best for enhancing students’ soft skills, such as critical
thinking. In relation to this soft skill, it is worth noting that its development has been
the most frequently cited transversal objective in the experiences analysed. However,
none of the papers have indicated the explicit achievement of the objective, but in some
cases they have indicated the correct enhancement of computational thinking, which could
include, in addition to the basic skills (decomposition, pattern recognition, abstraction and
generalisation, and algorithmic thinking), other skills such as critical thinking, collaboration
or creativity [66].

As mentioned above, the publication of works on the use of Arduino in primary
education from a formal perspective is not a widely developed phenomenon. For this
reason, and given the exploratory nature of this study, some lines of research for the future
have been extracted from all the works that have been excluded in the sample selection
process. These are mainly complementary topics, which could enrich this field of research.
These proposed lines of research are:

• Professional training in the use of the Arduino board.
• Arduino as a resource to address diversity.
• Use of Arduino in the non-formal educational context (theme weeks, extracurricular

activities, summer camps, etc.).
• Analysis of university collaboration projects with schools which involve the use

of Arduino.

Two types of implications emerge from the Discussion and Conclusion section of this
manuscript: theoretical and practical. The theoretical implications include the contribution
of this manuscript to the scientific field of the Arduino board and its implementation in the
educational field, specifically at the primary-education level. In addition, future lines of
research are offered that can guide researchers towards specific aspects that have not yet
been sufficiently explored.

On the other hand, among the practical implications, the results of this study detail in
a very precise way the devices, means and instruments that have been used in the different
research on Arduino and its implementation in the initial stage of education, allowing
researchers to have a more concrete knowledge of how to approach future research in this
field. In this sense, this type of research using software such as Atlas.ti allows the unpacking
of each aspect of the nine studies reviewed, offering a clear, practical approach on how
implementation of the Arduino board is being carried out in the formal context of primary
education and detailing the most commonly used resources and components. These
aspects could provide researchers with an explanatory framework on how to guide training
proposals designed for primary-education teachers so that aspects such as methodology,
motivation, material resources or teacher training itself are not conditioning factors that
limit the acquisition of skills that promote computational thinking.

The limitations of this research include the search itself in the SCOPUS and Web
of Science databases. The incorporation of other databases, for example ERIC, could
provide more information or studies on this specific topic. Similarly, the descriptors and
Boolean operators are also a limitation of this study, since future studies could include
other keywords related to other similar boards, or even other resources or programming
environments related to computational thinking, to extract a broader perspective. In turn,
the exclusion and inclusion criteria are a variable to be taken into account when assessing
the limitations, since the establishment of one or other of the criteria can considerably
reduce the number of papers that are finally chosen for the specific study. On the other
hand, another limitation that has been found is the scarcity of research on this topic. This
prevents us from offering a much broader and more rigorous view of what is being applied
in primary schools.
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