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Abstract—This article presents an overview of educational
robotics (ER) in primary and preschool education. As ER seems
to be gaining popularity for its effectiveness as a learning tool,
more research needs to be done in this area. Recent results from
ER pilot projects advocate for the integration of ER in K-12 ed-
ucation curricula. On the other hand, teachers may face various
difficulties in carrying out such activities due to lack of experience
or knowledge in this field. Previous research has shown that ER
is still an open field for exploration. Even though an increasing
number of experiences are available for the use of robotic tools
in early education, there is not enough empirical evidence on
the features they need to present for young learners to perceive
them as attractive and easy to use. In addition, the high cost of
some tools may prevent educational institutions from using them
systematically. To detect possible gaps in the current research, in the
context of this work, 21 articles representing ER applications and
frameworks were collected and reviewed between 2011 and 2021.
The results of this study demonstrate that ER can be a valuable
tool for supporting primary and preschool students. However, the
review supports that more research is needed on the technical
features that a robotic tool must have to be successfully introduced
to students of this age. Moreover, future work is needed to develop
low-cost ER tools so they can become more accessible to educational
institutions.

Index Terms—Educational robotics (ER), K-12, robotics
applications and frameworks, STEM (Science, Technology,
Engineering, Mathematics).

I. INTRODUCTION

MANY countries have recently integrated educational
robotics (ER) in primary and preschool practices as an

optional subject. ER aims at exploring robotics fundamentals
with and hands-on, playful approach, where students use robots
for educational activities involving the construction and decon-
struction of an artifact that can be programmed to accomplish a
given task [1]. As an educational tool, ER holds the potential to
develop many useful transversal skills, such as communication,

Manuscript received 3 August 2022; revised 7 February 2023 and 1 April
2023; accepted 6 April 2023. Date of publication 12 April 2023; date of current
version 4 January 2024. This work was supported by the European Erasmus+
program: RoboPisces - 2019-1-IT02-KA201-063073; Key Action: Cooperation
for innovation and the exchange of good practices; Action Type: Strategic
Partnerships for school education. (Corresponding author: Georgia Psyrra.)

Eleni Mangina and Georgia Psyrra are with the Department of Computer
Science, University College Dublin, D04 V1W8 Dublin, Ireland (e-mail:
eleni.mangina@ucd.ie; Georgia.psyrra@ucd.ie).

Laura Screpanti and David Scaradozzi are with the Department of Information
Engineering, Università Politecnica delle Marche, 60131 Ancona, Italy (e-mail:
l.screpanti@univpm.it; d.scaradozzi@univpm.it).

Digital Object Identifier 10.1109/TLT.2023.3266631

problem-solving, teamwork [1], [2], [3], [4] and computational
thinking (CT) [5], [6], [7]. It can be effectively used to increase
students’ interest and motivation in learning STEM (Science,
Technology, Engineering, Mathematics) subjects [1], [2], [8],
[9] and also to boost inclusive education and prevent early
school leaving [10], [11]. Introducing robotics early in the
school curriculum can improve cognitive and learning abilities in
preschool children [12], can support CT development [13], [14],
[15], can help create a fun and exciting learning environment
[16], can support engage students in STEM activities [16],
[17], and can enhance student’s “critical thinking, computational
thinking, problem-solving, algorithmic thinking, creativity, and
collaboration” [13].

Despite the many benefits pointed out by researchers world-
wide, ER is not systematically integrated with early education.
The reasons may be connected with the lack of studies evaluating
evidence about ER in education [1], [2], the heterogeneity of
activities, tools, and methods characterizing ER intervention [1],
[2] and the lack of focused research on ER in early childhood
education (preschools and primary education) [16], [17]. To
better define the extent of this potential gap, the present work
intends to identify recent trends in the scientific literature about
ER in early childhood education. To achieve that the authors
collected and thoroughly reviewed ER applications and frame-
works published between 2011 and 2021. The review mainly
highlights the evaluation methods and strategies used by the
collected ER studies, the characteristics of the pilot groups, the
type of robotic kit used, the effectiveness of applications, and
the difficulties revealed by the participants.

The rest of this article is organized as follows. Section II
presents a comprehensive literature review of relevant work that
has been recently published. Section III illustrates the method-
ology used to conduct this review. Section IV reports the results
derived from the selected studies. The findings are discussed and
compared with previous studies in Section V. Recommendations
for future work on supporting the use of ER in early education
are also provided. Finally, Section VI concludes this article.

II. BACKGROUND

Research has shown that robotics has great potential to be
implemented in the context of all levels of education, including
K12 (shortening of kindergarten through 12th grade) [18]. As
a consequence, the field of robotics in education is a rapidly
evolving topic and has seen an increase in recent years (see
Fig. 1) [9], [19]. As a side effect of this increase, also the number
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Fig. 1. Scientific production related to the term “robotics” in education
(ROBEDU) retrieved from the database Web of Science over the years. Copied
from [9].

of literature reviews has grown in the past years. Searching the
Scopus and Web of Science databases (keywords: “Robotics”
AND “Education” OR “educational Robotics”), the authors
identified 42 reviews about robotics applications in the field of
education published in relevant indexed journals from 2011 to
2022. Results are summarized in Table II given in the Appendix.
Notably, only 8 reviews out of 42 focused on ER and early
childhood [4], [15], [16], [17], [27], [31], [34], [45]. Similarly,
researchers in [3] and [29] pointed out that there are not enough
review articles about ER for ages from 6 to 12 years. The analysis
of the existing reviews about ER in early childhood education
seems to support that statement because it highlighted that they
either provide evidence only for a narrow age group in early
childhood [15], [16], [17], [34], [45], or limit their investigation
to a specific ER application like STEM education [17], [34], use
of the robotic toolkit [4], [27], [31] or development of CT [45],
or miss the recent advances in the field [4], [27], [31].

More specifically, Toh et al. [4] reviewed studies published
between 2005 and 2016 to find out the most used study design,
how the robot use influenced child behavior and development,
how the stakeholders perceived the use of robots in education,
and how children reacted to robot design or appearance. Jung
and Won [27] investigated studies published between 2006 and
2017 about robotics education using robotics kits (not social
robots) for young children (Pre-K and kindergarten through the
5th grade) to find the theoretical and methodological traits of
robotics education. González-González et al. [31] reviewed all
the tools that are “tangible devices,” including robots, and that
were used by researchers in early education worldwide from
1968 to 2018. They found that the main tangible technology
used in childhood education is the tablet and robotics is very
important to work on coding, STEAM, gender, and CT in early
childhood. Although these studies provide useful information
about ER tools, they do not provide evidence of the current state
of ER in early education for the period 2019–2022.

More recently, five additional reviews were conducted in the
field of ER in early childhood education, including recently
published studies. All but one, focus on selected age groups
of students in K12 or at preschool level. In particular, Çetin
and Demircan [34] synthesized the findings proposed by stud-
ies focusing on programming experiences through robotics for
children, between the ages of zero and eight, and for pre- or

in-service teachers of early childhood education. The aim was to
reveal the possible contributions of robotics programming to the
integration of technology and engineering in STEM education.
Chaldi and Mantzanidou [15] aimed at finding out whether
preschoolers (aged 4–5 years old) can operate, program, and
control an educational robot and whether educational robots
can support STEAM education leading to new ways of learning.
Kyriazopoulos et al. [16] explored the main findings about ER
in primary education to find out where the learning happens and
in which respect. Their findings reported that the majority of ER
activities took place in a formal learning environment and that
ER is appropriate for teaching subjects of STEM education. It
also highlighted that despite the positive cognitive and affective
outcomes of ER in learning, there are aspects that require fur-
ther investigation. Bakala et al. [45] analyzed ER interventions
and experiences that could promote CT during early childhood
(children between 3 and 6 years old attending pre-primary
school education level) focusing on the evaluation process of CT.
Results reported a need for this area of study to mature through
more rigorous reporting of research experiences and consistent
approaches to evaluate CT. Despite the valuable contribution
of the aforementioned studies with regard to ER, none of them
provide evidence for a wider age group corresponding to early
education (e.g., between 4 and 12). It seems that out of the
five recently published reviews about ER in early childhood
education, only Tselegkaridis and Sapounidis [17] explored
available studies about ER in STEM education with participants
aged between 3 and 12. However, 66% of the selected studies
involved participants being older than 7. Findings highlighted
that usually a nonexperimental design approach is applied; that
not always an evaluation is reported, and that it is not safe to
generalize the results of the studies as long-term research is
restricted.

The picture deriving from the analysis of the state-of-the-art
of ER in early childhood education suggests that only a few
studies focus on ER in early childhood education and none of
them aim to provide a broader and more inclusive view on the
field.

Overall, the analysis of the latest scientific literature showed
that there is a lack of comparable research that focus clearly on
ER as defined in [1], there are only a few studies about ER in
early education (preschool and primary education), and there
is a lack of studies focusing on the broader context of ER in
early education. The present work aims at covering the gap by
reviewing studies published between 2011 and 2022 that report
ER experiences in early education in a broad context. The present
review will answer the following research questions (RQs):

RQ1. What is the current state of ER applications in the broad
context of early education?

RQ2. What kind of frameworks have been recently published to
support early robotics education?

The term “early education” is used by authors to describe
preschool and primary education, namely participants in the
studies are pupils aged between 4 and 12 years.
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TABLE I
INCLUSION CRITERIA

The term “framework” is used here to depict all those models
and methods that support the integration of educational activities
using robotics.

The present literature review intends to identify and analyze
knowledge, and to identify key characteristics of ER in early
childhood education. Since the body of knowledge in the field
of ER in early childhood education is heterogeneous and the
aim of this article is to provide an overview of the available
knowledge, authors chose to conduct a scoping review following
the guidelines provided in [53] and [54].

III. METHODS

This study was conducted following the guidelines of the 2018
PRISMA framework for scoping reviews [54], which provides
a set of rigorous and transparent methods to ensure trustworthy
results. The aim of the present study is to collect and present in
a structured and efficient way an overview of the evidence of the
educational use of robotics in Primary and Preschool education.

A. Eligibility Criteria

The Population–Concept–Context (PCC) [53] framework
recommended by the Joanna Briggs Institute for scoping reviews
was used to enhance the search strategy for the identification and
evaluation of relevant literature based on the eligibility criteria
as shown in Table I. The review aims to collect only recently
published studies so that the analysis could present the trends of
ER in the context of primary and preschools in the last decade
(2011–2021).

The exclusion criteria are as follows:
1) the study is not peer-reviewed;
2) the study is not written in English;
3) the study is a literature review;
4) the study is not relevant to the use of robots for educational

purposes;
5) the study is not focusing on preschool or primary educa-

tion;
6) the study is focusing on programming virtual environ-

ments rather than physical mechatronic devices.

B. Information Sources

The four scientific databases were considered during the
initial phase (seeFig. 2): ScienceDirect, IEEE Explore Digital
Library, Springer Link, and ACM Digital Library. Each database

Fig. 2. Summary of Scoping Review databases.

includes relevant studies about robotics in education. The search
strategy included limiting the search results to studies that were
published between 2011 and 2021 and that were written in
English. The keywords chosen to identify the relevant records
were “robot,” “primary school,” “pre-school,” “early education,”
“framework,” “applications,” “pilot,” “case study,” “coding,”
“computational skills,” and “STEM.”

C. Search and Selection of Resources

The initial search on those 4 databases returned 3818 papers.
The titles and summaries of these papers were screened to
exclude irrelevant works. As a result of this first screening,
226 papers were selected and considered for the next screening
phase, which included a full review of the articles to check
whether the eligibility criteria were met. Finally, 21 unique
and fully accessible studies were identified as primary sources
for further analysis in this review. Details about the number
of records retrieved by each scientific database as well as
the process of the data extraction and monitoring are shown
in Fig. 2.

D. Data Items

Each selected article was indexed in a local database and,
for each study, the following characteristics were included: title,
country, year, purpose, software and hardware use (where pos-
sible), methods, evaluation metrics, relevant findings, and eval-
uation/assessment strategies. Such characteristics were deemed
relevant to reach the aim of the present work. The purpose of
the study was deemed relevant because it brings information
about the type and the scope of the study. The tools and methods
were deemed relevant because they demonstrate the strategies
that researchers apply when using robots in the context of
early education. Finally, the evaluation strategies and the main
findings of the studies were considered relevant to show the
general trend in the use of robotics in the early education context
as well as the impact and effectiveness of such strategies.

E. Synthesis of Results

The collected literature was analyzed based on whether
the selected articles demonstrate a robotics application or a
framework for early education. In this way, the authors of this
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Fig. 3. Year of publications.

study aimed to capture the current state of robotics applications
piloted in the context of early education and at the same time
to explore the support provided by recent reliable frameworks
and implementation approaches in this field. Furthermore, the
applications were also classified based on the robotic hardware
used, the methods they applied, and the age/grade of the recruited
participants.

IV. RESULTS

Fig. 3 shows the distribution over the years from 2011 to 2021
of the 21 selected studies.

The articles that explore the impact and effectiveness of
using robots for educational purposes in children aged 4–12
years and how students of this age interact and accept robotic
technology were characterized as applications. Table III given
in the Appendix illustrates the main features of these studies.
The relevant articles, in addition to presenting the effects of
educational intervention using robotics, highlight the various
approaches and methods.

The articles attempting to present models that support ed-
ucational activities for young students using robotics, as well
as proposals for innovative and effective methods to integrate
robots in early education were characterized as frameworks.
Table IV given in the Appendix shows the main features of
the studies presenting frameworks for the implementation of
robotics education in preschool and primary education.

RQ1. What is the current state of robotics applications in the con-
text of early education (preschool and primary education)?

Table III given in Appendix presents the details of the studies
presenting an application of robotics in early education (n= 12):
aims and methodology, the age range and number of students
involved in the study, nationality of participants, the type of
robotic kit used and the main findings.

The collected applications showed that robotics is applied in
various activities in early education, either to support robotics
and STEM-related activities or to develop different skills.
Specifically, 5 out of 12 collected applications utilized robotics
as a mean to develop executive function skills [12], to support
the development of students’ spatial abilities by involving them
with a robotics mathematics course [57], to carry out learning
activities about scientific research [58], to support the devel-
opment of social and cognitive skills as well as to promote the

Fig. 4. Number of studies per age group.

access of children from low-income families to technology [62],
and to provide chances of self-regulated learning with the help
of a robotic tutor [61].

The use of robotics in early education was additionally applied
to conducting STEM-related activities. Specifically, 10 out of the
12 collected applications tested robotic technology to advance
students’ technological literacy [55], to enhance technology
attitudes and self-efficacy [64], and to conduct activities around
the topics of electromagnetism [56], [62], scientific research
[58], problem-solving, planning, CT, and programming [12],
[59], [60], [63], [64], [65].

All the applications showed that robotics in early educa-
tion can be used as an effective tool to enhance learning. By
stimulating students’ motivation and interest [65], [67], [68], it
can support students in developing a variety of skills such as
self-regulated learning [61], executive skills [12], CT [59], [60],
[63], and problem-solving [57], [60], [65]. It can also improve
students’ learning outcomes in programming [42], [45], [46],
[48] and other areas not related to robotics.

To evaluate the effectiveness of the integration of the robotic
tools in early education various methods are applied, including
analysis of video and images taken during the activities [55],
[57], [58], data scanned with the help of the robotic application
[56], teachers’ observations [57], interviews with teachers [59]
and students [64], surveys with the students [62], [64], [65] and
teachers [59], and standardized domain assessments [12], [56],
[60], [61], [62], [63].

Regarding the age groups targeted by recent robotics applica-
tions, it appears that only a few studies have tested robotics in
kindergarten education for children between the ages of 4 and 6
(see Fig. 4). Specifically, only two studies targeted students of
this age, and both did not appear to involve them in actual coding
activities but through playful interaction with robotic kits instead
[12], [64].

Most of the collected applications (10 out of 12) employed
robotic kits to involve students in programming and construction
activities [12], [55], [56], [57], [59], [60], [62], [63], [64], [65];
the rest used the robotic technology as a means to learn about
scientific research [58] or to support self-regulated learning [61].

Furthermore, most of the applications (9 out of 12) employed
robotic tools from known educational material manufacturers,
which may raise the cost of applications. Specifically, most of the
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Fig. 5. Topics of the collected frameworks.

collected applications employed LEGO WeDO kits [59], [60],
[63], [65], Lego Mindstorms NXT robots [55], [61], Fischertech-
nik robotic kit sets [57], Bee-Bot [12], Aldebaran Robotics NAO
torso [58], and Dash Robot [65], whereas two studies provided
students with hardware electronics elements, such as electric
circuits kits and Arduino MEGA [56], [62] and only one did not
mentioned the type of the robot [64].

Finally, despite the effectiveness demonstrated by the col-
lected applications, some studies reported that there were issues
in implementing robotics in early education. For example, teach-
ers were afraid to teach robotics [59] and faced many technical
challenges in implementing activities [39], students aged 7–8
year old students were not willing to work with worksheets [45],
the robotic kit was considered expensive for schools [45], the
kits used did not demonstrate a good motor calibration [43], and
finally the robots were considered to violate social rules due to
technical reasons [46].

RQ2. What kind of frameworks have been recently published to
support primary robotics education?

Table IV given in the Appendix presents the selected stud-
ies presenting a framework for the integration of robotics in
preschool and primary education (n = 12). Objectives, method-
ology and main findings are reported, as well as details about
the pilot implementation in the relevant environment.

The collected frameworks focus on various topics which
are relevant to the robotics curriculum and to the design of
corresponding modules and activities [66], [68], [69], [70],
[71]. The frameworks also target the cost of robotics kits
[67], assessment tools [5] and the exploration of students’
interests and problem-solving paths during robotics activities
[72], [73]. Fig. 5 presents the number of frameworks collected
per topic.

With regard to robotics modules and the design of the ed-
ucational activities, the collected frameworks present different
approaches and scenarios: rescue robot construction workshops
as part of a curriculum for primary and kindergarten education
aiming at fostering attitudes on science, technology learning, and
manufacturing [66], modules aiming at fostering AI literacy at
all level of education following constructionism principles [68],
challenge problems for primary school students by utilizing a
robot simulation environment [52], a lab experience in a primary

school class to explore how to bring IoT tangible design to
children and their teachers [70], and a learning-training frame-
work to support faculty on the design of modules and activities
for the integration of robotics in primary schools [71].

Concerning robotics’ hardware design, one single study of the
collected frameworks presents the development of an affordable,
simple, and easy-to-use robot for early robotics education [67].

The frameworks also feature a tool for assessing prerequisite
CT skills in the context of robotics activities in primary and
lower secondary education [5].

Finally, the rest of the framework studies focuses on explor-
ing students’ learning processes during robotics activities [55],
[56]. They investigate and demonstrate how students’ interest
in programmable robotics develops and contributes to robotics
creation [72] as well as what problem-solving pathways the
students develop during robotics activities and how they utilize
sensors in their solutions [73].

Most of the frameworks collected were also tested in schools
to prove their effectiveness and be established as validated for
early education. Only one framework did not report a validation
study [71]; it proposed a guide to designing robotics modules and
activities, then provided an example of implementation without
the implementation of a pilot at school providing measures
or evidence of its effectiveness. Finally, Scaradozzi et al. [73]
demonstrated a machine learning approach for identifying stu-
dents’ strategies for problem-solving tasks in robotics education
by deriving data from the implementation of robotics activities.
The preliminary results encouraged the authors to include new
classes in experimentation to continue validating the approach
[73].

V. DISCUSSION

The RQs defined in this scoping review aimed to investigate
the recent status of robotics applications in K-12 education and
how recently published frameworks can serve the needs of future
relevant applications. The review was conducted based on a total
of 21 peer-reviewed articles, published between 2011 and 2021,
to provide evidence of the current state of robotics applications in
early education. The collected articles were grouped according
to whether they represent a robotics application or a framework
for early robotics education. Further grouping was performed
based on the objectives/topics of the studies, the robotic hard-
ware material used, the applied methods, and the age/grade of
the participants.

With regard to RQ1, overall, the results showed that the
recent applications of robotics in early education are effective
as a tool to enhance learning. Evidence suggests that the se-
lected studies reported the use of robotic technology in both
pure and multidisciplinary activities. Robots are used both to
enhance students’ knowledge about robotics and to develop
STEM-related skills, such as problem-solving skills, computing,
and programming skills. Moreover, robotic technology is also
used as a mean to carry out non-STEM-related activities through
which students can promote, for example, their social skills [62]
or have opportunities for self-regulated learning with the help
of a robotic teacher [61]. However, such studies were found
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to be only few. The application of robotic kits in multidisci-
plinary activities shows the potential of ER. Consequently, more
research in this area is needed to support the application of
robotic tools in non-STEM activities and to demonstrate their
effectiveness. Overall, providing modern curricula with a full
range of STEM-related activities as well as activities about non-
STEM subjects like art, humanities, sustainability, and inclusion
could help teachers engage students in meaningful activities.
Moreover, the classification of the collected application studies
based on the target age group of students revealed that robotics
applications have been tested more on older students since eleven
out of twelve studies focused on pupils aged six to twelve [55],
[56], [57], [58], [59], [60], [61], [62], [63], [64], [65] and only
two studies focused to younger pupils (aged between 4 and
6 years) [12], [64]. This result confirms the general lack of
studies focusing on early education and robotics [16], [17], thus
opening up interesting questions about the effects of robotics
education on young children’s learning and how to evaluate the
impact of robotics applications in an educational context on the
development of young students.

In terms of evaluation strategies, the results of the studies
about the applications of robotics in early education suggested
several techniques to prove the effectiveness of the intervention.
The majority of such assessments were based on the analysis of
students’ outcomes in standardized domain assessments [12],
[56], [60], [61], [62], [63] and on the analysis of the audio and
visual material that was captured during students’ activities [55],
[57], [58]. However, four studies out of twelve analyzed data
derived exclusively from students’ and teachers’ surveys and
interviews [59], [62], [64], [65]. As also stated by [27], it seems
that existing research is finally focused on understanding which
advantages await children who are engaged in robotics activities
such as constructing and programming robots. These results
seem to be different from the findings of [2], which suggested
that there might be a lack of research with quantitative assess-
ment of learning. Admittedly, the field of ER has evolved in the
last ten years and research has started to investigate the effects of
ER along different dimensions and from different perspectives,
as also highlighted by the number of reviews published in the
last ten years. However, there isn’t still a final statement about
the short-term and long-term impact of robotics applications in
education.

Despite the effectiveness reported by many studies in the field,
robotics applications still have some open questions. Results of
the present work showed that four out of twelve studies raised
issues about the implementation of robotics in early education
[58], [59], [60], [64], like teachers’ lack of knowledge and
confidence, robotic kits’ cost [59] and technical features.

Notably, nine interventions out of twelve were carried out
mainly using commercial robotic material, as identified also by
[1] and [30]. Eight of them employed robotic kits to involve
students in programming and construction activities [12], [55],
[57], [59], [60], [63], [65], while the rest used the robotic
technology as a means for the development of transversal skills
where the objective was not to teach robotics [39], [41].

With regard to RQ2, most of the collected frameworks pro-
vided validated work by testing their approach within school

contexts. The majority of them were based mainly on curriculum
topics providing approaches to the design and implementation
of ER modules and activities, the learning process and student
assessment providing accurate and evaluated pilot approaches
[66], [68], [69], [70], [71]. Some other frameworks targeted on
exploring students’ learning processes during robotics activities
[72], [73] while fewer approached issues related to low-cost
robotic kits for early education [67] and the assessment of pre-
requisite CT skills [5]. Although it was not part of their primary
objectives, two collected frameworks proposed approaches that
could be used to support low-cost cost ER applications such as
the fabrication of Internet of Things (IoT) tangibles [70] and the
optional use of virtual robots [69]. Such approaches should be
further investigated to support the use of low-cost ER activities.
In terms of the lack of technical skills, a teacher-training frame-
work [71] considered difficulties regarding the design of ER
activities, though it did not consider technical issues that teachers
may face during their implementation and how to overcome
them. Given the topics raised by the collected frameworks in
relation to the difficulties encountered in application studies, it
can be concluded that there is a lack of recent frameworks that
can facilitate the use of low-cost robotic kits and overcome the
technical difficulties faced by students and teachers in conduct-
ing robotics applications.

As a whole, it can be observed that many of the challenges that
were identified by previous studies, still need to be completely
addressed, namely a shared definition of ER [1], sound validation
studies [2], [21], and an agreement about the best robotics tool
[21], [30].

VI. CONCLUSION

Overall, the results of this study revealed that ER in early
education can be an effective tool for teaching various skills
and subjects around the field of robotics as well as other not
related fields. This finding is in line with previous research that
explored the potential of robotics in the contexts of school and
early education [1], [2], [29]. More specifically, robotics in K-12
education seems to support the development of a variety of skills
such as self-regulated learning, executive skills and CT as well
as to improve the learning outcomes in various subjects and to
stimulate motivation and interest.

Previous research has shown that there is a lack of empirical
evidence to support the effectiveness of ER, especially when it
comes to students aged 11–12 [2]. However, there seems to be
great potential for the implementation of robotics at all levels
of education [18]. The present study confirms the applicability
of robotics in early education since several robotics applications
have recently been conducted for students of this age, thus filling
the gap of the lack of robotics applications in students aged
11–12 years. However, the study also showed that the number
of ER applications in students aged between 4 and 6 years is
poor compared to other age groups related to K-12 education,
thus highlighting the need for further research on ER in this
particular age group.

As topics related to robotics such as CT and programming
have been integrated into the schools’ curriculum in many
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countries around the world [74], various frameworks have been
published to support the successful implementation of robotics
educational activities. The frameworks gathered in this study
can support some of the needs presented by the collected
ER applications, by providing innovative robotics curricula
approaches, as well as modules and examples of early ER
activities that can help teachers feel competent and confident

in performing robotics activities in their classroom. The col-
lected frameworks can also support teachers in assessing their
students’ skills as well as in improving their understanding of
how students’ interest evolves during robotics activities and what
problem-solving strategies they apply.

APPENDIX

TABLE II
COLLECTED REVIEWS OF ER APPLICATIONS
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TABLE II
(CONTINUED)
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