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Abstract: Educators must prepare for the Fourth Industrial Revolution and its impact on technology-
enhanced learning. They must learn skills to engage with students in areas such as educational robotics. This study
reviews the literature on teacher training in educational robotics. A qualitative analysis of the literature was
conducted to identify potential areas of improvement. The review was conducted in accordance with PRISMA
methodology using the Scopus, ERIC, and WOS databases. To be included in the review, the studies had to deal
directly with teacher training in educational robotics at the school level. Eighty-four articles were identified from
2018 to 2023, and 84 articles were identified. These articles were filtered through three stages, resulting in a final
set of 16 articles. The findings revealed several noteworthy aspects, including the relatively brief duration of the
training courses, lack of coherence between the initial and ongoing training, considerable diversity in the training
objectives and structure, and necessity of positioning robotics as a mediator. Regarding procedural and conceptual
elements, there is a clear need to deepen the pedagogical and philosophical aspects of training. With respect to
these conclusions, it is evident that there are multiple avenues for strengthening teacher training in educational
robotics.
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This can be achieved by addressing the aspects observed in the results, including extending and consolidating
training periods, refocusing objectives, integrating foundational work into structures, and establishing connections

between initial and continuing training.

Keywords: educational robotics, teacher training, research, PRISMA methodology
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1. Introduction

The advent of educational robotics as an emerging
technology characteristic of the Fourth Industrial
Revolution has introduced significant challenges to
the field of education [1]. However, the focus has been
on the outcomes of robotics interventions in students
[2] or the utilization of a specific robotics kit [3],
which has resulted in partial neglect of a crucial
aspect: the training of educators to effectively
integrate educational robotics into their teaching
practices. The aforementioned situation is further
complicated by the observation that university faculty
of education in countries such as Colombia lack
training programs in educational robotics, with many
teachers learning to work with it on their own [4]. A
systematic review of the literature on teacher training
in educational robotics reveals a similar phenomenon,
with the majority of studies focusing on aspects of
educational robotics other than teacher training itself
[5-7].

A systematic review was conducted to identify the
specific characteristics of the selected teacher-training
processes in educational robotics. These were
analyzed qualitatively and reflexively to determine the
potential areas for enhancement or transformation. To
this end, a systematic review was conducted using the
PRISMA  methodology, and the following
characteristics were identified in the selected studies:
duration, participants, type of training (initial or
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continuous), objective, structure, and conceptual
and/or procedural elements.

Because of the preceding exercise, the duration of
the training processes was markedly reduced if it
could be quantified in days or hours. The number of
participants may be either minimal, comprising 10 or
fewer teachers, or considerable, involving one or more
teachers. The orientation of the training was that both
initial and continuous training were provided, but no
points of connection between the two were identified.
The structures are heterogeneous and generally focus
on learning how to handle a particular robotics kit
without considering foundational work in the field of
educational robotics. The TPACK model and
computational thinking are presented as conceptual
and procedural elements. In terms of conclusions, it
can be observed that there are aspects of teacher
training that have made varying degrees of progress,
which can be further strengthened with considerations
such as the following. The procedural and conceptual
elements can be reinforced with components of a
philosophical nature that enable the teacher to adopt a
more expansive perspective on educational robotics.

The duration of the training processes should be
structured around a work plan that allows for more
time and continuity, even with the understanding that
in addition to continuous training, educational robotics
can be addressed in the initial training of future
teachers. It is not advisable to limit the structure of
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teacher-training processes to the utilization of a
specific robotics kit. Instead, it would be more
beneficial to adopt a flexible approach that enables
adaptation to any type of kit. Procedural and
conceptual elements should be reinforced through
instruction in disruptive pedagogies and philosophical
components that foster a more critical stance among
teachers. This, in turn, facilitates the sentimental
training of students regarding robotics and technology
in general.

2. Materials and Methods

The process and criteria for selecting articles that
were part of this document review are presented
below. In relation to this process, the methodology
known as PRISMA was adopted because of its
replicability and wide acceptance in the academic
world. This methodology has been applied in a variety
of fields, including political science, education, and
numerous other disciplines, as evidenced by the
extensive literature on the subject [8-9].

2.1. Eligibility Criteria

The following three eligibility criteria were
considered in this systematic review: (i) articles
directly related to teacher training in educational
robotics at the school level, (ii) articles in English, and
(iii) full- and open-access articles. Similarly, a time
window between 2018 and 2023 was utilized, which
coincided with the period during which doctoral
research, upon which this documentary review is
based, was developed as one of its specific objectives.

2.2. Search Strategy

The search process was conducted using three
highly relevant academic and educational databases: i)
Scopus, ii) Web of Science (WOS), and iii) Education
Resources Information Center (ERIC). The keywords
were defined in accordance with the objectives of the
research and with consideration of UNESCO
Thesauri: i) Educational Robotics, ii) Teacher
Training, and iii) Teacher Development. A logical
AND and OR connector were employed to construct
the following search equation: “educational robotics”
AND (“teacher training” OR “teacher development”).
Subsequent application of the search equation to the
aforementioned databases yielded the following
numbers: i) Scopus: 52, ii) ERIC: 9, and iii) WOS: 20.

2.3. Description of the Process Used to Select
Research Articles for Review
The selection of articles focused on in this review
sequentially followed the four-stage methodology
proposed by PRISMA: i) Identification, ii) Eligibility,
iii) Screening, and iv) Inclusion.
In the initial stage, designated as the “identification
stage,” 81 articles were identified by applying the

search equation to the three aforementioned databases.
In the subsequent stage, referred to as the “eligibility
stage,” eligibility criteria were employed, resulting in
the exclusion of 31 articles and a retention of 50. In
the third stage, known as the “screening stage,”
duplicate articles were eliminated, 23 articles were
discarded, and 27 articles were retained. In the fourth
stage, known as the “inclusion stage,” full-text articles
were identified, with 11 discarded and 16 retained.
Figure 1 shows a summary of the stages of the
selection process described above, including details of
the number of articles retained from one stage to the
next as well as the number of documents excluded.

. | scopusn=22 | | EricN=9 | | wosn-20 |
EI
= ; : :
z | Total Initial Registrers N=81
=]
Excluded N=31
'E Duplicated Documents
Excluded
=]
5 N=30
s
Excluded N=23
Venfication of
E Inclusion Critenia
“ -
g N=27
]
ol
Excluded N=11
B Full Text Available
A
5 N=16
]

Figure 1. Systematic review process (developed by
the authors)

3. Results and Discussion
This section presents 16 articles that were
ultimately included in the systematic review in detail.
It then develops each characteristic identified in the
articles as a foundation for suggesting potential
improvements and enhancements in the processes of
teacher training in educational robotics.

3.1. Selected Research Articles and their
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Characteristics

After carrying out the four stages of the systematic
review according to the PRISMA methodology
described in the previous section and listed in Figure
1, itis time to present in detail the 16 articles that were
finally included in the review, which are organized in
Table 1 according to the five characteristics of interest
to be considered for this research: i) duration and
participants, ii) type of training (initial or continuing),
iii) objective, iv) structure, and v) conceptual and/or
procedural elements.

3.1.1. Duration and Participants

A review of the literature revealed that the duration
of teacher training processes in educational robotics is
generally relatively short. This is evidenced by the
timescales of the experiences described by [10], which
comprise three six-hour sessions, and those described
by [11], which entail a similar time commitment of
four four-hour sessions. Therefore, it is essential to
highlight the necessity for teacher training processes
to be more extensive in duration, thereby affording
teachers the opportunity to develop the subject matter
in greater depth. Based on the aforementioned
evidence, it is reasonable to expect that teacher
training processes would encompass more consistent
timescales, as exemplified by those considered in [12].
It is noteworthy that the number of participants in
these initiatives varied considerably. One particularly
noteworthy example is [13], a teacher-training
initiative in educational robotics that has been running
for over a year and has reportedly impacted hundreds
of teachers.

3.1.2. Type of Training

A review of the articles revealed that over 50% of
training processes occur within the context of
continuing education. This is exemplified by the work
of [14], which focuses on the training of early
childhood education teachers to facilitate their
integration of educational robotics in their classrooms.
In the domain of initial training, the study in [15]
merits particular attention. This study engaged over
200 prospective teachers, with a particular emphasis
on inclusive education. It is also noteworthy to
mention the initial training experience of [16], in
which future teachers were all women and were
integrated through robotics, art, and programming.
From these experiences, it is evident that there is a
clear opportunity for improvement, in the sense that
both initial and continuing teacher education are part
of the same process. This implies that there should be
a bridge between these two forms of education that
articulates them as a unified process rather than as
isolated subjects of study.

This is theoretically supported by the
considerations presented in one of the classic books
entitled “Initial and Continuing Teacher Training as
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Two Stages of the Same Process,” which provides
guidelines related to teacher training [17].

3.1.3. Objective

Regarding the objective, the articles comprising
the systematic review exhibited varying degrees of
complexity. For instance, in [18], the object was
situated at a fundamental level of complexity by
orienting teacher training to a limited group of
teachers, thereby providing them with the requisite
elements to introduce educational robotics into the
classroom. Conversely, [19] has a more expansive
scope, encompassing not only a greater humber of
participating teachers but also the objective of
influencing teachers from multiple elementary
schools. This is achieved through the concurrent
implementation of pilot tests of a curriculum and the
training of teachers in educational robotics.
Additionally, research such as that presented in [20]
proposed that teachers engage in educational robotics
processes within virtual environments that emulate
those imposed by the 2019 pandemic. In conclusion,
the aforementioned objectives demonstrate a clear
vision of educational robotics, which is perceived as
either a means or an end. This aligns with the
theoretical stance of [21], who views educational
robotics not as an end in itself but as a means to an
end, based on the premise that it is a tool that facilitates
teaching and learning processes.

3.1.4. Structure

A review of the articles reveals that, regarding the
structure of teacher training processes, a further
degree of heterogeneity is evident. For example, [22]
structured the teacher training program into four
modules: (i) the Theoretical Framework of
Educational Robotics, (ii) Practice with Robots, (iii)
Construction of a Project with Robotics, and (iv)
Feedback and Exchange of Experiences Among
Teachers. In contrast, [23] does not explicitly mention
modules but does provide insight into their structural
elements, which include: (i) what-if experiments, (ii)
half-baked solutions, (iii) going beyond trial and error,
and (iv) placing oneself in the role of the robot. In
addition to the aforementioned approaches, [24]
proposed a curriculum structure for teacher training in
educational robotics comprising the following
elements: (i) introduction to the course; (ii)
introduction to educational robotics, programming,
and constructionism; (iii) approaches and challenges
of programming in educational robotics; (iv)
classroom discussion and digital storytelling; (v)
games in schools; and (vi) final tests and conclusions.

The heterogeneity observed in the different
teacher-training structures developed in the reviewed
research is partly explained by the fact that
educational robotics is an emerging field of
knowledge and still lacks standardized structures
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validated by the academic community, as evidenced
by the review [25] of emerging technologies related to
the STEM approach, such as educational robotics. A
common element that should be considered in all

teacher training processes in educational robotics is

the foundational work of the field [26], as it would
allow teachers to approach elements of Papert’s
constructionist theory and his early vision of putting
technology at the service of education.

Table 1. Characteristics of the articles analyzed (compiled by the authors)

i)Duration Conceptual and/or Procedural
Ref | ii)Participants Objective Structure Elements
iii)Type of training
i) Introduction to Educational Robotics | Includes familiarization and
and resources for early childhood activities with additional
education, programming resources and
ii) Introduction to programming, Educational Robotics, for
Develop . ; . X
- iii) Experimentation with robots, example, could include
. : training to . . - . .
i) Approximately 3 . iv) Classroom activities with robots, sessions with other resources
: . motivate . L . -
sessions with 6 hours v) Recommendations to the activities, suitable for early childhood
teachers toward : . . - . .
per week between the future use of vi) Brainstorming on project with education.
[10] | virtual and face-to- . robots, The technology acceptance
. Educational - . . .
face sessions. . vii) Presentation of final projects, model (TAM) was used to
e - Robotics in . . . .
iii) Initial training their viii) Presentation of final projects. measure the impact of the
intervention.
classrooms. R .
Teachers’ perception of
Educational Robotics before
and after the training is
assessed.
Enable them to Educational Robotics is
integrate In each session, students were related to the United Nations
Educational introduced to a new Educational Sustainable Development
Robotics Robotics proposal or resource, and the | Goals.
i) 4 sessions of 4 resources into training was conducted in a lab format, | Digital competence for
hours educational rather than an exhibition. teachers
[11] ii) Students pursuing | contexts by Technologies such as
a bachelor’s degree exploring the Educational Robotics could
in pedagogy potential of help make up for some of the
iii) Initial training Educational educational backlog generated
Robotics in the pandemic.
resources as
learning tools in
all disciplines.
Developing Sessions: 1-3 were introductory to the Educational robotics practical
. STEM skills material and the project; 4-9 sessions
i) 13 weeks L | ) f . .
ii) 120 Future and vocations in | deve opment; 10-13 ocusc_ed on. A rpbotlcs and programming
future experimentation and working with the | project was developed in
graduates of the . .
[12] , . elementary robotics materials. groups of 5 students. They
Bachelor’s Degree in
. . school teachers used Scratch software and the
Primary Education . : .
i) Initial training through Lego Spike Essential physical
Educational robot.
Robotics.
ii) 100 Future Assessment of teachers’ pedagogical To train future teachers in
graduates of the Motivation of knowledge to teach computational Educational Robaotics with an
Bachelor’s Degree in | future teachers | thinking through programming. inclusive digital teaching
[13] | Primary Education through training perspective.
for the study, but in in Educational
existence 1400 Robotics.
iii) Initial training
. To train future 2 stages: a training in which teachers Teachers are expected to be
i) 4 weeks, 18 hours. - . . . - .
- ; teachers in are trained and another in which they able to introduce Educational
ii) Early childhood ; . - . . )
: Educational must design a learning path for Robotics to their curricula.
[14] | education teachers . . . .
iii) Continuing Rol_Jotlcs_Wlth kindergarten students. Use of Iearn!ng pa_ths and
. an inclusive elements of inclusive
Education

digital teaching

education.
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perspective.

Use of robots: Cody Roby,
Cody Pies, Cody Color,
Abeja-Bot and Blue-Bot;

i) 1 month

ii) 200 teachers with
a master’s degree in
education and 50

Introduce
coding tools and
methodologies

Synchronous and asynchronous
training.

Training with elements of
inclusive education, starting
with the first levels of
education and then moving to

[15] | teachers with a and Educational higher levels in subsequent
specialization in early | Robotics, years, with a view to
childhood education. | focusing on continuity and verticality.
iii) Continuing kindergarten.
education

Using Ozobot and bee-bot physical Educational Robotics is
. Development of | robots proposed as a didactic for
ii) 7 Future graduates . S . . . : T
, educational Didactic design: counting, drawing, computational thinking in
of the Bachelor’s . .
MR robotics through | and coding. elementary school (Tpack

[16] | Degree in Primary . .

Education processes Courses c_omprls_eq Fheoretlcal lectures | support). Tell, Draw and Code
i) Initial trainin associated with | and practical activities. strategy.
g the narrative. Storytelling as a method for
teaching robotics.
Six phases: Training with classroom
i) Workshop ii) Presentation of the accompaniment by a
L curriculum iii) Adaptation of the university-trained support
. . Training a small - .
i) 16 sessions of curriculum teacher for developing
A group of : . . . h

approximately 1 hour iv) Classroom implementation v) curricular materials and
" teachers to S - - - .
ii) 4 Elementary . Application of questionnaires vi) evaluation of student and

[18] introduce - S .
school teachers. . Dissemination of the work done teacher learning.

- Educational ; ;

iii) Continuing Robotics in the Educational Robotics to
education promote soft skills and STEM
classroom. .

learning.
Physical robotics platform
used (KIBO).
Integrate i) Offline Computer Science The teacher training initiative
Educational ii)Offline Robotics is articulated with the
Robotics and iii)Connected Robotics with tangible inclusion of Computer
if) 350 teachers from | computer programming Science and Educational
the 1st to 4th grade of | science ina iv)Connected Robotics with visual Rabotics in the curriculum.

[19] | elementary school pilot study in programming Computer Science is worked
iii) Continuing elementary v)Visual programming offline and educational
education schools through | vi)Computer Science. robotics without screens, but

curriculum with physical robots.
adaptation and
teacher training.
Possibility for There is no teacher training per se, but | Educational Robotics as a
ii) 10 primary school | teachers to work | it poses a scenario for educational didactic strategy to work
teachers in the first in Educational robotics that needs to be considered in | gamification in the classroom.

[20] | and second grades Robotics in terms of teacher training. Use of a low-cost modular
iii) Continuing virtual platform for teaching
education conditions such Educational Robotics.

as a pandemic.

To offer a group | 4 modules:
i) 32 hours of teachers a i) The theoretical framework of Didactic method: evidence-
distributed over course on Educational Robotics. based education. The proposal
several months Educational ii) Practicing with robots was based on the teachers’

[22] | ii) More than 200 Robotics based | iii) Development of an Educational experience supported by the
teachers on pedagogical | Robotics didactic project. TPACK model.

iii) Continuing knowledge and | iv) Feedback.
education discuss its
impact.
Train teachers The training curriculum incorporates The teacher must have
[23] in RE through a | some innovative mechanisms such as: technical and pedagogical

curriculum to
reduce dropout

“What if?” experiments, active
reflection on the task, half-baked

skills in Educational Robotics.
The training curriculum
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risk rates, under
the ROBOESL
methodology
(iterative
design, tool
selection, play
and share.)

solutions, going beyond trial-and-error
strategies, and embodiment or “playing
the robot”.

methodology was designed to
support interdisciplinary
robotics projects in schools.
Based on the well-known
axiom that “teachers teach
how they are taught, not how
they are told to teach”.
Learning methodologies based
on constructivism and the
elements of project-based
learning.

Propose a
methodology

i) Introduction to the course.
ii)Introduction to Educational
Robotics, coding and constructionism.
iii) Educational Robotics:
programming approaches and

Combination of notions of
educational robotics with
coding and thinking.

Skills for the 21st century
prioritized by the European

ii) 184 in-service for teachers to challenges Union.
[24] teachers. introduce iv) Classroom discussion and digital A total of 15 hours was
iii) Continuing educational storytelling. dedicated to the introduction
education robotics, coding | v) Playing at school. of 5 different methodologies.
and tinkering in | vi)Test and conclusions During the 4 workshops the
the classroom. teachers addressed theoretical
aspects and practical
activities.
Curricular content
Training and evaluation stages with the | Use of the TPACK model.
. Evaluate L : .
i)36 h . trainer’s accompaniment and follow-up | Evaluated by observing
. robotics work . R . .
ii) 6 elementary and 6 in class moments. teachers’ work with their
: focused on the I .
[27] | high school teachers. students and reviewing their
S development of
iii) Continuing . lesson plans.
. computational .
education. A Use of virtual robots for lower
thinking. cost
To assess Three-stage model (at the beginning of | Educational robotics for the
teachers’ the course, during the course and development of computational
knowledge to outside the course) with increasing thinking. Use of the TPACK
[29] teach order of difficulty. Model (PK, CK and PCK).
computational Use of virtual robots VER and
thinking via CODE environment.
programming.
A virtual community of Educational Constructionism and
Robotics with a platform called Competencies for the the 21st
Roteco, which has forums, material Century. The results show
Synchronous - - :
and reposnorle_s, trzfunmg cycles and other Fhat, in order to he_lp teachers
resources in this area. implement Educational
asynchronous . L
trainin Robotics activities, the focus
iii) Continuin rocesges in should not be on the robot
[31] - 9 pro . itself, but rather on supporting
education. various topics

associated with
Educational
Robotics.

teachers with training and
didactic materials that have
been previously planned and
tested, as well as providing
them with the tools to design
open-ended activities with
their classes.

3.1.5. Conceptual and Procedural Elements

In this final observation, the research subject
demonstrates  significant  contributions from each
component, with the following examples being particularly
noteworthy: [27] From a procedural standpoint, the
deployment of virtual robots for teacher training is a
notable  contribution, largely because of their

comparatively low cost relative to physical robots. This
aligns with the work of [28], which highlights the crucial
task of classifying simulated robots according to the
proficiency stage of the teacher. Consequently, [29]
provided a conceptual contribution in the form of the
TPACK model, which serves as a reference framework for
educators to develop their practices in educational robotics.
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This model is therefore a crucial element in the process of
teacher training. This aligns with the approach taken by
[30], who based his proposal for robotics teacher training
on the TPACK model. Furthermore, [31] offers procedural
contributions, providing teachers with the option of
designing open activities for their classes. From a
conceptual standpoint, he linked the concepts of
computational thinking, constructionism, and 21st-century
competencies to the aforementioned training.

This procedural contribution is aligned with the
emphasis placed on the design of resources by teachers, as
highlighted by [32], through an evaluation rubric for the
qualification of these resources. Regarding the conceptual
contribution, the proposal is reinforced by works such as
that of [33], which suggests that educational robotics is a
highly suitable avenue for the advancement of
computational thinking.

The previously discussed aspects suggest that there are
procedural and conceptual elements in the reviewed
research that could be strengthened by the integration of
innovative teaching strategies, as well as philosophical
elements that could allow teachers to adopt more critical
positions regarding the use of educational robaotics.

3.1.6. Articulation of the Theoretical Elements in the
Reviewed Articles.

This section synthesizes the results and their discussion,
summarizing the characteristics of interest previously
observed and corresponding to the articles under review.
First, it is essential to acknowledge that, given the duration
of the educational robotics teacher training processes, they
should provide the necessary extension to ensure that
teachers’ learning is truly meaningful for them and,
consequently, for their students, as previously mentioned
[34]. Similarly, it is imperative that teacher training in
educational robotics be conceptualized in a manner that
allows educators to engage with it irrespective of their
foundational training discipline. This approach has been
explored in previous studies [12], which demonstrated that
approaches such as STEM can serve as a preliminary
avenue for multidisciplinary integration. With respect to
the nature of training, whether initial or ongoing, it is
anticipated that a comprehensive proposal for teacher
training in educational robotics will be formulated,
considering the continuous training needs of educators
throughout their professional careers. This approach is
consistent with the integrative visions of these two training
modalities. As exemplified by the contributions of [35]
with regard to the objective, it is imperative that teacher
training be grounded in foundational works in the domain
of educational robotics. This approach has already been
implemented rudimentally in works such as [36].

Conversely, with respect to the structure of the
processes of teacher training in educational robotics, it is
necessary to establish fundamental guidelines to support
the diversity of orientations that may emerge. Efforts in this
regard are evident in proposals such as those of [37], which
already demonstrate the intention to develop preliminary

guidelines for this particular type of teacher training. In
conclusion, regarding the integration of conceptual and
procedural components, it is imperative to incorporate the
principles of computational thinking, as proposed by [38],
into teacher training in educational robotics. In addition,
active incorporation of theoretical frameworks is crucial.
This involves the integration of theoretical references, such
as the TPACK model proposed in [39], when using this
model for developing rubrics. Additionally, it is crucial to
consider the development of skills or competencies for the
21st century, as proposed by [40].

3.2 Comparison with Other Studies

This systematic review, conducted as part of the present
research, offers a more extensive scope than prior studies,
particularly those focusing on secondary education [41]. In
contrast to these studies, this review encompasses the
primary and secondary school levels, thus providing a
more comprehensive perspective. With regard to its focus,
the present research emphasizes teacher training, building
upon the findings of studies such as [6], which explore
educational robotics in the context of student engagement.
Conversely, the systematic review by [42] addressed the
topic of inclusion, a significant contribution to the present
research due to the pertinence of this topic in school
environments.

4. Conclusions
4.1. Research Summary

This systematic review represents a significant
contribution to the field of teacher training for educational
robotics. It identifies various characteristic elements that
facilitate an overview of trends and interests that can guide
the academic community associated with this field.

With regard to the duration and participants, the
challenge for teacher training in educational robotics is to
be open to teachers with diverse training profiles, including
those in STEM+ areas, while also presenting development
times that make the training appear more systematic than
arbitrary.

In relation to the type of training, it is crucial to foster a
unified approach to robotics education, integrating initial
and ongoing teacher training to provide a comprehensive
and coherent understanding of robotics among educators.
This training should encompass foundational knowledge
and skills, with updates and enhancements through
ongoing professional development.

With regard to the objective of teacher training in the
field of educational robotics, it is evident that different
levels of complexity can be observed, which serves to
enrich the nature of teacher training. However, for such
training to be effective, it is essential that it is based on a
conception of robotics that places it as a means rather than
an end capable of contributing to a diversity of school
educational scenarios.

A considerable degree of heterogeneity is evident in the
structure of teacher-training processes, which serves to
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illustrate the nascent state of the field. However, this
heterogeneity contributes to the development and
consolidation of this field. Some common elements have
been identified, including the necessity of training
structures to equip teachers with foundational knowledge
specific to the field of educational robotics.

With respect to the procedural and conceptual elements,
the presence of concepts such as the TPACK model,
computational thinking, simulated robots, and others is
observed. While these concepts are undoubtedly important,
they would be significantly enhanced if teachers were
trained in disruptive pedagogies and a philosophical
component linked to it. This would enable teachers to adopt
a critical stance toward educational robotics, thereby
fostering in their students an attitude of engagement with
robotics and technology in general.

4.2. Implications of the Study

The culmination of this systematic review suggests the
potential of teacher training in educational robotics to
become a progressively established area of research within
the broader field of educational robotics. Concurrently, this
systematic review constituted a component of a doctoral
research initiative, encompassing the development of a
teacher training model in educational robotics and
integrating methodological components from the “Ondas”
education program of Minciencias in Colombia. This
contribution represents a significant advancement in the
realm of educational modernization and development in
Colombia.

4.3. Strengths and Limitations

Among the strengths are the fact that the documentary
review was carried out in high-impact databases; also, the
fact that it was possible to choose an updated time window
for the development of the doctoral research; likewise,
characteristics that were key for the development of the
teacher training model for the “Ondas” of Minciencias
program could be evidenced.

With regard to the limitations encountered, it was
determined that the inclusion of certain articles in the
systematic review was precluded by their lack of open
access. Another potential limitation pertains to articles
from low-impact or non-indexed databases, which despite
their potential relevance to the research, were not included
because of their restricted accessibility.

4.4. Recommendations and Future Research

Subsequent research endeavors may encompass a more
expansive temporal scope in documentary reviews, thereby
facilitating a more comprehensive perspective on the
evolution of teacher training. Additionally, it is imperative
to approach teacher training in educational robotics in
conjunction with computational thinking and programming
concepts that have witnessed a marked resurgence in
educational and technological domains.

Future studies should explore how gender and inclusion
issues are addressed during teacher training in educational

robotics. Additionally, research should examine the
relationship between teacher training in educational
robotics and artificial intelligence, given the exponential
growth of Al in recent months across all fields, particularly
in the educational field.

Declarations
Author Contributions

Conceptualization, LW.R.P, S.L.C., and S.RA;
Methodology, L.W.R.P, S.L.C., and S.R.A.; software,
validation, L.W-R.P.,, and S.L.C.; formal analysis,
LW.R.P, S.L.C, and S.R.A investigation, L.W.R.P,
S.L.C, and S.R.A.; data curation, S.R.A.; writing—
original draft preparation, LW.R.P, S.L.C., and S.R.A,;
writing—review and editing, L.W.R.P.,, and S.R.A,;
supervision, LW.R.P, S.L.C., and S.R.A. project
administration, L.W.R.P.; funding acquisition, L.W.R.P.
All authors have read and agreed to the published version
of the manuscript.

Data Availability Statement
The data presented in this study are available on request
from the corresponding author.

Funding
This study was funded by the Universidad Santiago de
Cali and the CIEDUS Research Group

Acknowledgements

We would like to thank the support provided by the
members of the CIEDUS Research Group of the
Universidad Santiago de Cali.

Institutional Review Board Statement

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board of the Universidad Santiago de Cali.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this manuscript. In addition,
the ethical issues, including plagiarism, informed consent,
misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancies have
been completely observed by the authors.

References

[1] CABALLERO GONZALEZ Y. A. Development of
computational thinking in Early Childhood Education through
learning scenarios with programming challenges and educational
robotics. Doctoral dissertation, Universidad de Salamanca, 2020.
https://doi.org/10.14201/gredos.142799

[2] COLLADO-SOLER R., LOPEZ 1. D. A., & ALFEREZ-
PASTOR M. The use and impact of educational robotics in the
children’s classroom. In Educacion Siglo XXI Nuevos Retos,
Nuevas Soluciones. Dykinson, 2023, 3: 366-378.

[3] GOMEZ RODRIGUEZ H. Educational robotics using
the mBot in elementary school students. Ibero-American Journal

Page | 66


https://doi.org/10.14201/gredos.142799

Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

for Educational Research and Development, 2022, 13(25): e024.
https://doi.org/10.23913/ride.v13i25.1274

[4] CLAVEL Y. M., RODRIGUEZ R. S., & CABRALES
R. L. M. Formacién en robodtica educativa del profesor de
informatica mediante la superacion profesional virtualizada.
REFCalE: Revista Electronica Formacion Y Calidad Educativa,
2022, 10(1): 155-166.

[5] FERRADA-FERRADA, C., CARRILLO ROSUA, F. J.,
DIAZ LEVICOY, D., & SILVA DIAZ, F. R. Robotics from
STEM areas in Primary Education: a systematic review.
Education in the Knowledge Society, 2020, 21: 22.
https://doi.org/10.14201/eks.22036

[6] GARCIA-ROMERO J. N. La robética educativa como
recurso tecnologico para desarrollar habilidades blandas en
estudiantes de educacion basica regular: revision sistematica.
Doctoral thesis. Universty Cesar Vallejo. Peru, 2021,
Repository: https://hdl.handle.net/20.500.12692/56438

[71 GARCIA-ROMERO N. G. Robotics as a technological
resource to develop soft skills in basic education students:
Systematic review. IE Communications: Ibero-American
Magazine of Educational Informatics, 2020, 32: 46-57.

[8] MENDOZA A., & ROMMEL W. Executive information
system in budget execution of municipal governments:
Executive information system in budget execution of municipal
governments. Latin American Journal of Social Sciences and
Humanities, 2024, 5(4): 1504-1519.

[9] AUCCACUSI R. T., CAMPO C. G., VALLE E. R. C,,
FOLLANO J. R., & BORDA J. C. C. Methodological strategies
for formative evaluation. Latin Science Multidisciplinary
Scientific Magazine, 2024, 8(5): 52-66.
https://doi.org/10.37811/cl_rcm.v8i5.13214

[10] SCHINA D., VALLS-BAUTISTA C., BORRULL-
RIERA A. USART M. & ESTEVE-GONZALEZ V. An
associational study: Preschool teachers’ acceptance and self-
efficacy towards Educational Robotics in a pre-service teacher
training program. International Journal of Educational
Technology in Higher Education, 2021, 18(1): 1-20.
https://doi.org/10.1186/541239-021-00264-z

[11] SCHINA D., ESTEVE-GONZALEZ V., USART M.,
LAZARO-CANTABRANA J. L, & GISBERT M. The
integration of sustainable development goals in educational
robotics: A teacher education experience. Sustainability, 2020,
12(23): 10085. https://doi.org/10.3390/su122310085

[12] RODRIGUEZ J. M. R., DE LA CRUZ-CAMPOS J. C.,
NAVAS-PAREJO M. R., & DOMINGO J. A. M. Robotica
educativa para el desarrollo de la competencia STEM en
maestras en formacion. Bordon. Revista De Pedagogia, 2023,
75(4): 75-92. https://doi.org/10.13042/Bordon.2023.97174

[13] SILVA R., MARTINS F., CRAVINO J., MARTINS P.,
COSTA C., & LOPES J. B. Using educational robotics in pre-
service teacher training: Orchestration between an exploration
guide and teacher role. Education Sciences, 2023, 13(2): 210.
https://doi.org/10.3390/educsci13020210

[14] GRATANI F., GIANNANDREA L., & RENIERI A.
Inclusive Designing Through Educational Robotics. A Training
Course for Pre-Service Support Teachers. In ATEE Spring
Conference 2020-2021, (pp. 187-189). Cham: Springer
International Publishing. https://doi.org/10.36253/978-88-5518-
412-0

[15] GRATANI F., GIANNANDREA L., & RENIERI A.
“Experience” on the Screen. Training Pre-service Teachers on
Educational Robotics. In CASALINO, G., et al. (Eds.) Higher
Education Learning Methodologies and Technologies Online.
Communications in Computer and Information Science, 2021,

1542: 16-30. Springer, Cham. https://doi.org/10.1007/978-3-
030-96060-5_2

[16] TENGLER K., & SABITZER B. Examining Teachers’
Intention to integrate Robotics-based Storytelling Activities in
Primary Schools. International Journal of Interactive Mobile
Technologies, 2022, 16(6): 221-240.
http://doi.org/10.3991/ijim.v16i06.28905

[17] IMBERNON, F. La formacion inicial y la formacion
permanente del profesorado: dos etapas de un mismo proceso.
Revista Interuniversitaria de Formacion del Profesorado, 1989,
6: 487-499.

[18] 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(13): 3698. https://doi.org/10.3390/s20133698

[19] EL-HAMAMSY L., CHESSEL-LAZZAROTTO F.,
BRUNO B., ROY D., CAHLIKOVAT., CHEVALIER M., ... &
MONDADA F. A computer science and robotics integration
model for primary school: evaluation of a large-scale in-service
K-4 teacher-training program. Education and Information
Technologies, 2021, 26: 2445-2475.
https://doi.org/10.1007/s10639-020-10355-5

[20] ALAMO J, QUEVEDO E., COLL A. S., ORTEGA S,,
FABELO H., CALLICO G. M., & ZAPATERA A. Sustainable
educational robotics. Contingency plan during lockdown in
primary school. Sustainability, 2021, 13(15): 8388.
https://doi.org/10.3390/su13158388

[21] GUERRERO TAMARA V., PENADILLO LIRIO R. A.,
& LEZAMETA BLAS U. Perception level of educational
robotics in a Peruvian university. Academo (Asuncion), 2022,
9(1): 62-72. https://doi.org/10.30545/academo.2022.ene-jun.6
[22] CASTRO E., CECCHI F., SALVINI P., VALENTE M.,
BUSELLI E., MENICHETTI L., ... & DARIO P. Design and
impact of a teacher training course, and attitude change
concerning educational robotics. International Journal of Social
Robotics, 2018, 10: 669-685. https://doi.org/10.1007/s12369-
018-0475-6

[23] ALIMISIS D. Teacher training in educational robotics:
The ROBOESL project paradigm. Technology, Knowledge and
Learning, 2019, 24(2): 279-290. https://doi.org/10.1007/s10758-
018-9357-0

[24] SCARADOZZI D., SCREPANTI L., CESARETTI L.,
STORTI M., & MAZZIERI E. Implementation and assessment
methodologies of teachers’ training courses for STEM activities.
Technology, Knowledge and Learning, 2019, 24: 247-268.
https://doi.org/10.1007/s10758-018-9356-1

[25] SILVA DiAZ F. R., FERNANDEZ-FERRER G,
VAZQUEZ-VILCHEZ M., FERRADA C., NARVAEZ R., &
CARRRILLO-ROSUA J. Emerging Technologies in STEM
Education: A Bibliometric Analysis of Publications in Scopus &
WoS (2010-2020). Bordon. Revista De Pedagogia, 2022, 74(4):
25-44. https://doi.org/10.13042/Bordon.2022.94198

[26] PAPERT S. Mindstorms: Children, computers, and
powerful ideas. Basic Books, 1980.

[27] KILIC S., & CAKIROGLU U. Design, implementation,
and evaluation of a professional development program for
teachers to teach computational thinking via robotics.
Technology, Knowledge and Learning, 2023, 28(4): 1539-1569.
https://doi.org/10.1007/s10758-022-09629-3

[28] ORTEGA-RUIPEREZ B. Eleccion de simuladores de
robdtica en la formacion del profesorado segun su etapa
educativa. In SATORRE CUERDA R. (Ed.) Nuevos retos
educativos en la ensefianza superior frente al desafio COVID-
19, 2021, pp. 749-756.

Page | 67


https://doi.org/10.23913/ride.v13i25.1274
https://doi.org/10.14201/eks.22036
https://hdl.handle.net/20.500.12692/56438
https://doi.org/10.37811/cl_rcm.v8i5.13214
https://doi.org/10.1186/s41239-021-00264-z
https://doi.org/10.3390/su122310085
https://doi.org/10.13042/Bordon.2023.97174
https://doi.org/10.3390/educsci13020210
https://doi.org/10.36253/978-88-5518-412-0
https://doi.org/10.36253/978-88-5518-412-0
https://doi.org/10.1007/978-3-030-96060-5_2
https://doi.org/10.1007/978-3-030-96060-5_2
http://doi.org/10.3991/ijim.v16i06.28905
https://doi.org/10.3390/s20133698
https://doi.org/10.1007/s10639-020-10355-5
https://doi.org/10.3390/su13158388
https://doi.org/10.30545/academo.2022.ene-jun.6
https://doi.org/10.1007/s12369-018-0475-6
https://doi.org/10.1007/s12369-018-0475-6
https://doi.org/10.1007/s10758-018-9357-0
https://doi.org/10.1007/s10758-018-9357-0
https://doi.org/10.1007/s10758-018-9356-1
https://doi.org/10.13042/Bordon.2022.94198
https://doi.org/10.1007/s10758-022-09629-3

Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

[29] CAKIROGLU, U., & KILIC, S. Assessing teachers’ PCK to
teach computational thinking via robotic programming.
Interactive Learning Environments, 2023, 31(2): 818-835.
https://doi.org/10.1080/10494820.2020.1811734

[30] FREITAS NETO J. J. D. Formagéo de professores da
educagdo basica em Robodtica Educacional: uma estratégia
baseada no Modelo TPACK. Dissertation. Instituto Federal do
Rio Grande do Sul Campus Porto Alegre, 2023.

[31] MURY S. R., NEGRINI L., ASSAF D., & SKWERES M.
How to support teachers to carry out educational robotics
activities in school? The case of Roteco, the Swiss robotic
teacher community. Frontiers in Education, 2022, 7: 968675.
https://doi.org/10.3389/feduc.2022.968675

[32] BORRULL A., SCHINA D., VALLS BAUTISTA C., &
VALLVERDU M. INTROBOT: introduccién de la robética
educativa en el grado de educacién infantil. In ROIG VILA R.
(Ed.) La docencia en la Ensefianza Superior: Nuevas
aportaciones desde la investigacion e innovacion educativas.
2020, pp. 528-538.

[33] LEON PEREZ O. E. Estrategia de aprendizaje para el
desarrollo del pensamiento computacional de la roboética
educativa en educacion basica soportada en la
programacion grafica “Micro Bit”. Caso: Grado sexto del
Instituto Técnico la Cumbre, Floridablanca, Santander.
Repositorio  Institucional de la Universidad Pontificia
Bolivariana. Universidad Pontificia Bolivariana, 2021.
http://hdl.handle.net/20.500.11912/9176

[34] GOMEZ N. E. Training in educational robotics as a teaching
and learning strategy. Bachelor’s thesis. University Century
XXI. Argentina, 2023.
https://repositorio.21.edu.ar/handle/ues21/28709

[35] CENICH G., MIRANDA A., TYNIK C., VULCANO A.
and CORRADO R. Pensamiento computacional, programacion
y robotica en el nivel inicial: un estudio exploratorio sobre la
construccion de saberes de docentes en actividad. Actas VI
Jornadas de Enseiianza e Investigacion Educativa en el campo
de las Ciencias Exactas y Naturales (La Plata, 6 al 8 de
septiembre de 2023)
http://sedici.unlp.edu.ar/handle/10915/175559

[36] CONDORCALLO CRUZ M. Percepcion de la robdtica
educativa en docentes de la Red N°16 UGEL N°01- Villa El
Salvador 2023. Bachelor’s Thesis. Universidad César Vallejo,
2024.

[377 CORRADO R., CENICH G., IANNONE N. and
CANCIANI V. Construyendo con otros/as: Desafios en la
formacién docente acerca de la robotica educativa en Educacion
Inicial. IV Congreso Internacional Infancias, Formacion
Docente y Educacion Infantil: debates y desafios actuales.
UNCUYO, Mendoza., 2023.

[38] GONZALEZ REBOLLO, J. E. Computational Thinking and
Educational Robotics in Teacher Training in Uruguay. Master’s
thesis. 2022. CFE Repository:
http://repositorio.cfe.edu.uy/123456789/2283

[39] ESTEVE-GONZALEZ V., BORRULL A., & VALLS C.
Fostering coding and computational thinking skills: a training
action for early childhood pre-service teachers. Campus
Virtuales, 2023, 12(2): 57-68.
https://doi.org/10.54988/cv.2023.2.1187

[40] ZAMBRANO E. C. Implementation of educational robotics
in the school curriculum: Experiences and perspectives. Revista
Ingenio Global, 2023, 2(2): 16-27.
http://doi.org/10.62943/rig.v2i2.63

[41] GUZMAN F., & GUTIERREZ R. Robética educativa en la

Educacion Media: un estudio bibliométrico. European Public &
Social Innovation Review, 2024, 9: 1-20.
https://doi.org/10.31637/epsir-2024-388

[42] IMENEZ O. G. Robotics and LOMLOE: Systematic
review of robotics as an inclusive tool. Human Review, 2022,
13(1): 1-13. https://doi.org/10.37467/revhuman.v11.4002

SE:
[1] CABALLERO GONZALEZ Y.A. B3 4RiEHkkfIzasi
BANEIZE, EHREH)LEXESTOTERYE, Bt

BN, FRIERAE, 2020.
https://doi.org/10.14201/gredos.142799
[2] COLLADO-SOLER R., LOPEZ I. D. A. 1 ALFEREZ-

PASTOR M. B AT LEREFRIERME M, 21t
LCHERIFH L. FEORSZER.  Dykinson, 2023, 3:

366-378,

[3] GOMEZ RODRIGUEZ H. fE/\NF4{FFE mBot #1734
BIARA, FHRTENSBRRSRERE, 2022,

13(25): e024, https://doi.org/10.23913/ride.v13i25.1274

[4] CLAVEL Y. M., RODRIGUEZR. S. 1 CABRALESR. L.
M. B EIHE L ERERITTENREZRIMREBETEA
A, REFCalE: 1F)|IE8BEREBTFHE, 2022,

10(1): 155-166,

[5] FERRADA-FERRADA, C., CARRILLO ROSUA, F. J..

DIAZ LEVICOY, D. #] SILVA DIAZ, F. R. INF#E STEM
TFHWEEARA . ZFEIFN. FMIRMESHE, 2020, 21
22, https://doi.org/10.14201/eks.22036

[6] GARCIA-ROMERO J. N.# B AEREFZBEM
HEZLFREIIRATR: RFFEN. Bt EiF

IREAEXRE, WE, 2021, TFi#EEE:
https://hdl.handle.net/20.500.12692/56438

[7] GARCIA-ROMERO N. G. H8§ ARATEAIEFEMHE
FHRIRREAIRIARTIR: RFEHN. |E @ FHRITESE
MEEEEERE, 2020, 32: 46-57,

[8] MENDOZA A., #1 ROMMEL W. iEFFREHRITHH
PTERRS: MBINMEHIITHRRNITEERSE. ArT=
ML ESRIZE5 ANZE, 2024, 5(4): 1504-1519,

[9] AUCCACUSI R. T.. CAMPO C. G.. VALLEE.R. C..
FOLLANO J. R. 1 BORDA J. C. C. FEp I AT A5k 0%
o AL TRIZSFERBIFRE, 2024, 8(5): 52-66,
https://doi.org/10.37811/cl_rcm.v8i5.13214

[10] SCHINA D., VALLS-BAUTISTA C., BORRULL-
RIERA A.. USART M. #]1 ESTEVE-GONZALEZ V. —Iii>k

BRERZS: ) LEEUMAERRRIZMES) T s s Has A

Page | 68


https://doi.org/10.1080/10494820.2020.1811734
https://doi.org/10.3389/feduc.2022.968675
http://hdl.handle.net/20.500.11912/9176
https://repositorio.21.edu.ar/handle/ues21/28709
http://sedici.unlp.edu.ar/handle/10915/175559
http://repositorio.cfe.edu.uy/123456789/2283
https://doi.org/10.54988/cv.2023.2.1187
http://doi.org/10.62943/rig.v2i2.63
https://doi.org/10.31637/epsir-2024-388
https://doi.org/10.37467/revhuman.v11.4002

Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

HIEZEMNBERNEE. ERaSERERARE, 2021,
18(1): 1-20, https://doi.org/10.1186/s41239-021-00264-z
[11] SCHINA D.. ESTEVE-GONZALEZ V., USART M.,
LAZARO-CANTABRANA J. L. ¥l GISBERT M. &Mtk
ERERRAHBISARA: HNHEEE, oI5,
2020, 12(23): 10085, https://doi.org/10.3390/5u122310085
[12] RODRIGUEZ J. M. R., DE LA CRUZ-CAMPOS J. C.,
NAVAS-PAREJO M. R. #1 DOMINGO J. A. M. #BH12EA
FABHTFEFRS)IZET STEM ggf. BRR. HEFH
&, 2023, 75(4): 75-92,
https://doi.org/10.13042/Bordon.2023.97174

[13] SILVA R.. MARTINS F.., CRAVINO J.. MARTINS P.
. COSTA C. 0 LOPES J. B. 7EEREZ!MEZ)IIHERZENL
BA: REESTMTHAEeZBNONE. HERSE, 2023,
13(2): 210, https://doi.org/10.3390/educsci13020210

[14] GRATANI F.. GIANNANDREA L., RENIERI A&
HESSAIIaSMHRIT. REESHInEIRE. &
ATEE 2020-2021 HZF&iUH, (55 187-189 ) . Cham:
Springer EPRHEARZNT].  https://doi.org/10.36253/978-88-
5518-412-0

[15] GRATANI F.. GIANNANDREA L.. RENIERI A. {R%=
By "G XERREImH T BV AL ERIEIII. &
CASALINO, G., A, (4RiE) E&SEHEFIH
R, ITENSEERISEE, 2021, 1542: 16-30,
BrEMIE, Cham, https://doi.org/10.1007/978-3-030-96060-
5 2

[1_6] TENGLER K., #1 SABITZER B. EZR#IH7E/NFhah
ANEFHSEANHKEENNRE., EBRREXBIRA
ZvE, 2022, 16(6): 221-240,
http://doi.org/10.3991/ijim.v16i06.28905

[17] IMBERNON, F. #l#a51)|FHSaesmizill: B—IEn
FBNER. RFEEIHEE)IIZ¥E, 1989, 6: 487-499,

[18] JURADO E., FONSECA D., CODERCH J. fll
CANALETA X. RIS AFESERIRHI T/ STEAM ZF

3 LAFSIRFIURRER & RkES, 2020, 20(13): 3698,
https://doi.org/10.3390/s20133698

[19] EL-HAMAMSY L.. CHESSEL-LAZZAROTTO F..
BRUNO B.. ROY D.. CAHLIKOVA T.. CHEVALIER M.
...... A1 MONDADA F. /N ENLE 2 5 HLE NBOREE S A
A SRR K-4 #ZURE RIS . BHESER
B, 2021, 26: 2445-2475.
https://doi.org/10.1007/s10639-020-10355-5

[20] ALAMO J.. QUEVEDO E.. COLL A. S.. ORTEGA S.
+ FABELO H.. CALLICO G. M. 1 ZAPATERA A. ] ¥4k
AN DB B RS St AT RFSEE, 2021
,» 13(15): 8388, https://doi.org/10.3390/su13158388

[21] GUERRERO TAMARA V.. PENADILLO LIRIO R. A.

HI LEZAMETA BLAS U & K550 2B Bl A A En 7K
. Academo (WEFAFR) , 2022, 9 (1) : 62-72.
https://doi.org/10.30545/academo.2022.ene-jun.6

[22] CASTRO E.. CECCHIF.. SALVINIP.. VALENTE M.
. BUSELLI E.. MENICHETTI L. ...... F1 DARIO P. #Jifit%
YRR RIEEm, DA BB MLA NS AR
Prataplgs A44&, 2018, 10: 669-685.
https://doi.org/10.1007/512369-018-0475-6

[23] ALIMISIS D. (HE ML ANZUHE;)I: ROBOESL Ti H
k. HR. FREY3], 2019, 24(2): 279-290.
https://doi.org/10.1007/510758-018-9357-0

[24] SCARADOZZI D.. SCREPANTI L.. CESARETTI L..
STORTI M. 1 MAZZIERI E. STEM & 5h i 5% I 2 i 52
FEAEAL 7. Bk, AR 5522), 2019, 24: 247-268.
https://doi.org/10.1007/s10758-018-9356-1

[25] SILVA DIAZ F. R.. FERNANDEZ-FERRER G..
VAZQUEZ-VILCHEZ M.. FERRADA C.. NARVAEZR. #ll
CARRRILLO-ROSUA J. STEM #( & H #i M AR: Scopus
A1 WoS k) SCEk v & 24 (2010-2020) . HE
Rk, 2022, 74(4): 25-44.,
https://doi.org/10.13042/Bordon.2022.94198

[26] PAPERT S. kfili X B&: JLE . THENUNIBEK ARV,
FAiti 548, 1980,

[27] KILIC S. A1 CAKIROGLU U.#t. SEiiAnyEAhL 2%
Wk TR, LA ABOR B R B BoR. AR
5223, 2023, 28(4): 1539-1569.
https://doi.org/10.1007/s10758-022-09629-3

[28] ORTEGA-RUIPEREZ B.AR#EHITH & M Bk B2 A
R RS AT Ui B4 . 7E SATORRE CUERDAR. (Ed.) %
HEIMIE COVID-19 Fhik s B E shikh, 2021, % 749-
756 17 .

[29] CAKIROGLU, U. #l KILIC, S. iFE#UfY) PCK LA
WLas NIRRT S0 4. A2 B U8 5130 8E, 2023, 31(2):
818-835. https://doi.org/10.1080/10494820.2020.1811734
[30] FREITAS NETO J. J. D. ZAEHE ZUM A Hlas AR5
BT TPACK HEF (SRS . 1830, 7 BB 22 FE R4 Bt
BB A% LA X, 2023,

[31] MURY S. R.. NEGRINI L.. ASSAF D. fiI SKWERES
M. WA SRR BUME PRI R B LA NiES ? I Elds A
HmthIX Roteco [MZEM]. HEHINT, 2022, 7: 968675,
https://doi.org/10.3389/feduc.2022.968675

[32] BORRULL A.. SCHINA D.. VALLS BAUTISTA C. il
VALLVERDU M. INTROBOT: 7ERHJLEHEHGIANHAE
Hl#g N. 7f ROIG VILA R. (%) WEHBEH Y HEW
FAGH 5Tk, 2020, 17528-538.

[33] LEON PEREZ O. E. “Micro Bit” & JF4F2 52 £ (1 3L Al 2
BHRHBEISE N ERLE R RIS I HmE . . RIE
BHD BLIAA 2R TRL RAT SRR EBE N TR R PR YR
PR KFNRIFIRE . SRR FL/R K%, 2021
http://hdl.handle.net/20.500.11912/9176

[34] GOMEZ N.EM#E HLas NHAREIE N —Fh e
SIEmE . . R, FREE, 2023.
https://repositorio.21.edu.ar/handle/ues21/28709

[35] CENICH G.. MIRANDA A.. TYNIK C.. VULCANO
A. il CORRADO R. #JUGHr B i iH S B4, R AIpLas AHL
AR RHERRBUT AR IR R ERE T 28N kS A 5
REFFOUBACF MBE RSV (R hrE, 2023

=
R,

Page | 69



Journal of Hunan University (Natural Sciences)

Vol. 52 No. 1, January 2025

GE 9 H 6 Hz 8
http://sedici.unlp.edu.ar/handle/10915/175559

[36] CONDORCALLO CRUZ M. f£% N°16 UGEL N°01-Villa
El Salvador 2023 X BN NWEE. =L, %
R BLAIEE K%, 2024.

[37] CORRADO R.. CENICH G.. IANNONE N. #I
CANCIANI V. 5 A& 4 LBEE TR TZHEILE AW
FOUMER I O Pkak . DY m E BR )L Zomss AR

JLEHE KL JiaHeABkaL. UNCUYO, [1£7E,

2023.

[38] GONZALEZ REBOLLO, J. E. &4 F= #lfiks Il o ()45
BgEMBEIRAN.  WiEigx. 2022, CFE f7fif)%F:

http://repositorio.cfe.edu.uy/123456789/2283

[39] ESTEVE-GONZALEZ V.. BORRULL A.. FlVALLSC.
B R gmt A SRR e B4 L& UM B 147 30

o MR, 2023, 12(2): 57-68.

https://doi.org/10.54988/cv.2023.2.1187

[40] ZAMBRANO E. C. 7E5AZ G FE HF SL it BUE ML a3 A H:

LIS AL ABRPOI A, 2023, 2(2): 16-27.

http://doi.org/10.62943/rig.v2i2.63

[41] GUZMAN F. #l GUTIERREZ R. T # & T BN 5
ANEAR: TR EFF 7. RINA IS 01HFS, 2024

H>

» 9:  1-20. https://doi.org/10.31637/epsir-2024-388

[42] IMENEZ O. G. HL# AB ARSI LOMLOE: fEN—Fi,
BT RMRFITFMILEANEAR . NEITFie, 2022, 13(1):
1-13, https://doi.org/10.37467/revhuman.v11.4002

Word count: 6,381 words, excluding references.

Peer review information:

The reviewer reports submitted in first round: 4 reports
The reviewer reports submitted in 2nd round: 1 report
The revision rounds stages: 2 rounds

Final revised version submitted: January 10, 2025

Disclaimer/Publisher’s Note:

The statements, opinions and data contained in all
publications are solely those of the individual author(s) and
contributor(s) and not of Journal of Hunan University
(Natural Sciences) and/or the editor(s). Journal of Hunan
University (Natural Sciences) and/or the editor(s) disclaim
responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred
to in the content.

Page | 70





