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Robotics in the Context of Primary and Preschool
Education: A Scoping Review

Eleni Mangina

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. Todetect possible gapsin the currentresearch,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).

[. INTRODUCTION

ANY countries have recently integrated educational
M 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,
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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 I'V 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 aside 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. Gonzalez-Gonzalez 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, Cetin
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 45 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

P-Population The review focuses on students aged 4-12 as well
as teachers, methods, and materials involved in

robotics activities in K-12 education.

C-Concept The main idea of the review is to explore the current
state of utilization of ER, by reviewing relevant
applications and frameworks.

C-Context The review aims to scope how ER is conducted

recently (2011-2021) in K-12 education worldwide,
the reflection on its implementation as well as its
effectiveness.

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 notrelevant 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
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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.”

< EEINT3

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 suchstrategies.

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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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 412
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.

RQI1. Whatisthe current state of robotics applications in the con-
text of early education (preschool and primary education)?

Table I1I 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

B Number of studies per age
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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].

Theuse 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] orto 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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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
inimplementing 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 Al literacy at
all level of education following constructionism principles [68],
challenge problems for primary school students by utilizing a
robot simulation environment [52], alab experience in a primary
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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].

Concerningrobotics” hardware design, one single study of the
collected frameworks presents the development ofan 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 RQI, 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 itdid 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.

Asawhole, 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
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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
Title Year | Definition of the scope of the field of ER Age range Aim of the study
Lxploring the educational 2012 | the objective is not to teach robotics but using elementary examine the state of rescarch in schools,
potential of robotics in robotics as an educational means. middle. and hgh | based on the subjects taught. evaluation
schools: A systematic school methods, and findings
review [2]
Areview of the 2013 not specified: however. the review considers the not specified find out the subjects of the Learning
applicability of rabots 1 broad application of robots in education. namely Activity, the places where the learning
education [20] robots as a learningteaching aid and as a Take Place, the role and behavior of the
mentor/tutor (social robors) robot during learning. the types of robots
usced, which are the pedagogical theories
Liducational robatics: Open 2013 a branch of educational technology that creates a not specified review the diffusion across Europe of ER.
questions and new learning environment in which children can the supposed development of 2 1st-century
challenges [21] interact with their environment and work with skills, the technology paradigm. and the
real-world problems validation of its impact
A review: Can robots 2015 | awal for Tearning, which comprehends: the K12 review the learning activitics and the
reshape K-12 STEM development of technical and non-technical learning platforms developed for teaching
education? |22 knowledge by constructing and programming the mathematics and physics in K-12
robot, the cognitive and intellectual development education
ol children through socially assistive robots,
collaborative human-robot interactive learning,
and robot-based mentoring
Areview on the use ol 2016 not specified, however, studies reporting robotics carly childhood assess the effectiveness of using robots
robots in education and as a teaching subject. or the use of robots as and lower-level mapping the design of studies, the
young children [4] assistive technologies are excluded education influence on child behavior and
development. stakehaolders’ pereeption, and
children’s reaction to robot design or
appearance
Applying robotics in school 2017 | not specificd. however results include studies formal primary, Identify the benefits of using cducational
education: A systematic about social robotics and socially assistive basic, and robots as teaching aids in various subjects.
review [23] robatics secondary Present the diversity of teaching methods,
schools and aided by educational robots;
informal Identify the prospects for scientlic
cducation, c.g research related to robotics in education
after-school
activities.
SUIMIMEr camps
Role and review of 2017 not specified not specified but | survey manipulator-based frameworks
cducational robotic mainly focusing | (both virtual tools and platforms
platforms i preparing on students employing a real robotic arm) with a focus
engineers for industry [24] cirolled in on teaching and training of kinematics,
engineeri dynamics, and controls
COuTses
Robotics applications 2017 | broad robots™ applications in education tertiary identify the subjects that arc taught
erounded in learning education through robotics and the learning theories
theories on tertiary underpinning the educational applications
cducation: A systematic of robots
review [25]
Educational robots driven 2017 | anew innovative tool for education and learning not specified review tangible programming languages
by tangible programming introduced inm schools with the scope to which are designed 1o program real robots
languages: A review on the enhance higher level thinking skills and abilities and robotic mechanism
ﬁ‘;\l] LfﬁJ and thus help students solve complex problems in
other domains of
knowledge; children build robotic entities and
program by means of a simple programming
language.
A svstematic review on 2018 Robotics education in general K12 review the empirical studies on teaching
h:.‘n:hing and learning and learning robotics content knowledge
robotics content knowledge
i kK-12[3]
Exploring the potentials of 2018 Educational robotics suggest learning through K12 review the studies about the use of ER for
educational robotics in the design and include activities such as constructing advancing students’ computational
development of and operating robot platforms thinking
computational thinking: A
summary of current
rescarch and practical
proposal for future work [6]
Systematic review of 2018 Robotics education using roboties kits (not social voung children mvestigate the definition of robotics
l'U’.\C-‘](Ch trends in robotics rohots) El’rc-k and education. the thematic patterns of key
education for young kindergarten findings, and the theoretical and
children [27] through 5th methodological traits
erade)
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TABLE I
(CONTINUED)
Title Year | Definition of the scope of the field of ER Age range Aim of the study
Learning by Teaching with 2018 the use ofhumanoid robots with children as not dec lared, but | review existing literature about humanoid
Humanoid Robot: A New companions or tutors to apply the learning by actually robot used to present the lea rning by
Powerful Experimental teaching approach reporting studies teaching approach
Tool to Improve Children's thai involved
Learning Abilit y [28] students aged 3-
9 years
A systematic review of 2019 noi specified K12 review empirica! studies lo discuss the
studies on educational generai effectivenes s of ER, the
robotics [29] development of students' le a rni ng and
transfer sk ills, creativity, and motivation;
the capacity to broaden participation; and
the teachers' professional deve lo pment
The effect of comrnercially 2019 noi specified not dec lared, bui | examine 29 commercially available ER
available educational actually products lo find out the extent and the
robotics: a systematic reporting studies methods concerning their use in research
review [30] involving
students from
kindergarten to
university
Tangible Technologies far 2019 noi specifically focused on ER childhood Find out which are the most used tangi bie
Childhood Educat ion: A education technologies used in childh ood education
Systematic Review [31] and far which purpose
Towards a definition of 2019 ER is the sum of severa! factors: Robots allowing | KI2 identify experiences, tools, and evaluation
educational robotics: a a construction/deconstruction and programming methods ., to draw a classification of
classification of tools, activity; teachers/experts faci lit ating the activity; experiences that could eventually lead to a
experiences and methodologies enabling students lo explo re the definition of ER
assessments [I] subject, the envi ronment, the conteni ofthe
activity, and their persona! ski lls and knowledge
A Systematic Review on 2020 not specified KI2 and review the empir ic a! evidence on the
Exploring the Potential of University application ofrobotics in mathematics
Educational robotics in education
Mathematics Education [8]
Educational robotics far 2020 ER is considered a part of socia! robotics, namely | children with Investigate whether there is sound
children with the use ofrobots far the education of children neurodevelopme evidence thai activities with robots
neurodevelopmental with special needs. In other words , any kind of ntal disorders improve the abilities and performances of
disorders: A systematic robot interacting with children far educationa 1 children with special needs.
review [32] purposes. In this context, children are meant lo
give instructions lo the robot (or lo create a
program far it) to accomplish a specific task. This
can be reali zed in many different ways, bui the
important thing is that the pupi! shou ld be
engaged in an activity aimed at planning,
des ig ning, or implementing an algo ri thm to
contro! the robot's behavior.
Educational robotics far 2020 defined as a cross-thematic play fui leaming tool not specified review the available educatio nal robotics
STEM: A review of thai, in most cases, combines mechanical technologies that have appeared in the
technologies and some constructions with si mp le , physical tangible or international literature aimed to support
educational considerations graph ic al programming environments that enable both researchers and STEM educators
[33] users to transfarm their constructions into
intelligent objects interacting with the
environment and responding to external
stimulations
Empowering technology 2020 programmable toys and robotics construction kits | 0-8 years old synthesize findings from studies thai
and engineering far STEM provided programming experiences
education through through robotics far children and reveal
programming robots: a the possible contr i butio ns ofrobotics
systematic literature review programming far the integrati on of
[34] technology and engineering in STEM
education.
Coding and educational 2020 noi specified not specified comment definitions and measurements of
robotics and their computational and creative thinking and
relationship with maker movement
comp utatio nal and creative
thinking. A compressive
review [35]
Educational Robotics: 2020 " research field aimed al promoting active, not speci fied attempt to update the definition and re
Platfa rms , Competitions engaging leam i ng through the artifacts students reapproach the field of ER
and Expected Leaming create and the phenomena they simulate"
Outcomes [36]
Educational robotics and 2021 Educatio na | robotics manage to combine learning I 4-5 years old Understand whether preschoolers can

STEAM in early childhood
education [15]

through play, so education is easily transformed
into a fun procedure , as it is wide ly known that
learningis done easier, faster, and more
effectively when is combined with play.

operate, program, and contrai an
educational robot and whether ER supports
STEAM education
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TABLE IT
(CONTINUED)
Title Year | Definition ofthe scope ofthe field ofER Age range Aim of the study
Educational robots 2021 not specified K12 evaluate the effectiveness of educational
Improve K-12 Students ' robots in promoting the development of
Computational Thinking students' computational thinking ,
and STEM Attitudes: collab orat ion, criticai think in g, spatial
Systematic Review [7] ability and other abilities; evaluate to what
extent educational robots' outcomes are
moderated by gender, teaching experiment
period, and grade level
Educational robotics in 2021 An interdisciplinary learning environment based primary review literature about ER focusing on the
Primary Education: A on the use of robots and electronic accessories for | education le arning en vironment, the area of
Systematic Literature the purpose of improving leaming outcomes and knowledge/course subjects , the
Review [16] developing students' ski lls/abili ties pedagogical framework, the learni ng
activities , the robotic equipment, the
research methodology, and the main
findings.
Simulators in educational 2021 not specified not specified review ofthe characteristics of educational
robotics: A Review [37] robotics simulators with Graph ical User
Interfaces (G Uls).
Computer vis ion meets 2021 not specified K12 investigate the current status and benefits
educational robotics [38] ofthe use of computer vision in
educational robotics
Systematic Review on 2021 Constructing a robot is considered an integrai primary and Analyze the pedagogical-methodological
Which Analytics and part ofthe le arning process, where the creativity secondary interventions which lead to a better
Learning Methodologies and enthusiasm of students are sti mu lated school understanding and knowledge in the use of
Are Applied in Primary and through an open-ended and problem-solving sensors in educational robotics; identify
Secondary Education in the process in the real world the Learning Analytics processes that
Learning of robotics analyze and reflect on students' behavior
Sensors [39] in their learning of concepts and skills of
sensors in educational robotics
Robotics as a didactic tool 2021 social robots not specified deepen the field of science that combines
for students with autism (ASD patients social robotics and leaming difficult ies,
spectrum disorders: a specifically autism spectrum disorders,
systematic review [40] from an educ ational perspective.
Systematic Literature 2021 not speci fied not specified Explo re the capabilities ofthe simulators
Review ofRealistic which are used in the context of
Simulators Applied in educat ional robotics
Educational robotics
Context [41]
Educationa | Robotics and 2021 child-centered use of techno log y in school not declared , but | Analyze Tangible Programming Language
Tangible Devices for contexts seeks to provide children with the resulting in a solutions to report technical issues and
Promoting Computation al opportunity to research, discover, and apply selection of how researchers see their use in
Thinking [42] knowledge in an authentic context devices suitable educational environments
for students
aged 4-11
Fostering STEAM through 2021 not specified, generai STEAM education not specified, understand the landscape ofthe application
challenge-based le arning, considered generai STEAM ofrobotics and mechatronics in STEAM
robotics, and physical education Education and how active methodologies
devices: A systematic considered are applied in this sense
mapping li terature review
[43]
TCT Enable d TVET 2021 focuses onl y on studies reporting TCT in TVET not specified, explore ICT-based technology innovations,
Education: A Systematic education, not just robotics in education or generai TVET research, and applications used in
Literature Review [44] education al robotics programs Technical and Vocational Education and
(formai and Training (TVET) training cycle system
nonformal components/functional areas
education)
Preschool chi ldren, robots, 2021 not specified carly childhood Find out which robots are used and how
and computational thinking: (not further can they be classified; what are the
A systematic review [45] specified in the characteristics ofthe activities that aim to
text) stimulate the development of
computational thinking and how to
evaluate CT
Robotics in Education: A 2021 RiE K12 highlight the key points thai emerge from
Smart and Innovati ve the recent enhancements in Robotics in
Approach to the Challeng es Education
of the 2 I'st Century [46]
Understanding the role of 2021 robotics is not the focus noi specified understand the main features and main

single-board computers in
engineering and computer
science education: A

systematic lit erature review
[47]

outcomes ofusing single board computers
in the educational areas of engineering and
computer science
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TABLE II
(CONTINUED)
Title Year Definition of the scope of the field of ER Age range Aim of the study
Exploring the Features of 2022 LR activities based on the fact that knowledge is primary explore the intersection between ER and
Educational Robotics and an experience constructed by interaction with the education {up to STEM education to find out the most
STEM Research in Primary environment and when real-world content is 12 vears) commonly used study design, sample
Lducation: A Systematic used. learing is more effective characteristics, and equipment
Literature Review [17]
A systematic review of 2022 not specified not specified review the theses on educational robotics
wcational robotics studies applications produced in Turkey to provide
for the period 2010-2021 recommendation to stakeholders
[48]
Fducational robotics studies 2022 not specified not specified review of the research literature published
in Halian scientific journals in Haly to find out the goals, practices, and
A systematic review [49] benefits of using robots in the educational
context
A scoping review on the 2022 not speci fied not specified review complementary themes in
relationship between educational research abour ER: (1)
robotics in educational teaching and computational thinking, (2]
contexts and e-health [50] training in the health sector, and (3)
education and special needs.
Robotics and Education: A 2022 Educational robotics is part of the area of robotics not specified find out characteristics about the
Systematic Review [51] called social robotics. experiences hke the mm of the studies and
the profile of participants
Educational interventions 2022 social robotics from an educational point of view, not specified review the use of robotics as a tool in
with robots for students on educational mtervention with people with
the autism spectrum, A ASD. o understand how many
systematic review [52 articles deal with the theme, which are the
objectives, profile of the participants and
cquipment
TABLE III
COLLECTED APPLICATIONS OF ER
Year | Methodology Age Number | Natio | Aim of the Type of | Main Findings
range of nality | study Robotic
particip kit
ants
What 2011 | A six-session. 2-hour 11-12 years | Not Netherl | The study Lego Cognitive and conceptual
pupils can mtervention was conducted old (Final mentione | ands aimed to Mindstor analysis of robotics
learn from based ona Direct Manipulation year diA investigate the ms showed that participants
working Environment (DME). Each clementary class of impact of NXT were able to gradually
with session was recorded. with a school last year working with robots. develop more advanced
robotic webcam focusing on students students) clementar robotics on the conceptual perspectives.
direct working in pairs. their v school technological The study supports that
manipulati interactions, construction and students- literacy of pupils developed a
on testing activities, and SIX pairs young students. functional technological
environme conversations with the were literacy as the practical
nts [55]. researcher. The student's singled activities to compare
programming tasks were also out for robots. Lo reconstrucet i
recorded with a camera, while investigat robot, to analyse a
screen shots were taken ion). problem, to design, build,
continuously. Students’ and program a robot
comprehension was explored in helped them to become
relation Lo [unction. systen., more competent users of
control, and sense-reason-action this technology.
loop.
Robotics 2011 | A project-based robotics study 10—15 years | 16 Istanbu | The aim of the Electronic | According to the results
teaching in was conducted with students old students | reported study 5 ol the midterm exams,
primary divided into 4 groups off (Primary was to develop elements group members who were
school different levels. Participants school) a robotics and Tth or 8th grades
education were directed to complete cach laboratory material demonstrated high scores
by project step of the robot design and COUrse to to in calculation of
based development process in 12 support the developa | resistance, while 6th
learning weekly meetings. The learning of’ robot, grade students improved
for evaluation strategy concerns the science in the their performance in
supporting completion of weekly reports circuit design. At the end
science and and a midterm examination circuit and to ol the lesson, the students
technology covering the caleulation of investigate its realized the necessity and
courses resistance, cireuit information impact on technological importance
|36]. and basic information about primary school of the kits they used to
robots, as these were the main students. build robots and showed
objectives for the first eight interest in electronic
weeks. circuits and other
components. so the
mcompletion tasks
included only failed work
and the average
completion rate of all
oroups was is high (68°
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TABLE III
(CONTINUED)
Title Year | Methodology Age Number | Natio | Aim ofthe Type of | Main Findings
range of nality | study Robotic
particip kit
ants
Spatial 2015 | Students participated in 12 years 21 Spain The study aims The The results ofthe study
ability practical cooperative old (sixth students to analy ze the materials showed that the students
learning experiences in the form of a grader) use of ER to used in who joined the robotics
through Mathematical problem-solving develop spatial the course demonstrated a
educational workshop of 10 sessions abilitie s in 12 sessions significantly greater
robotics conducted within 10 weeks. years old consisted increase in their spatial
[57]. Student learning was recorded elementary ofthree abilities compared to
for each session in work files. students. different students in the contro!
Additional images and videos Fischertec | group. The study also
recorded the procedures and hnik 3 revealed that students
physical constructions created sets: ‘overall performance
by the students, while the Universai depended on the specific
teacher also made continuous 3; ROBO nature of each sub-test,
observations ofthe students LT demonstrating the
during the sessions. Participants Beginner importance of an
were assigned into contro! and Lab; and informed and well-
intervention groups , where Oeco thought-out selection of
students in the contro! group did Tech. instruments that can be
noi attend the robotics class but used lo assess students'
went to the Mathematics spatial abilities.
workshop that was scheduled at
thattime.
TheGame 2016 | Robotic activities were Age is not Not Italy The study aims LEGO The study concluded that
ofScience developed to provide a playful specified mentione to enhance Mindstor students demonstrated
An way ofusing already built and (Second d(A primary schoo 1 ms scienti fic research skills
Experi men programmed robots to suppor! graders). class of children's robots. during the pilot, such as
tin elementary school students in second - ability to making observations,
Synthetic acquiring exploratory skills. graders). conduci cross- coming up with
Roboethol The activities were piloted in a disciplinary explanatory hypotheses
ogy with one-month program in which a scientific and identifyi ng
Primary cycle of such laboratory inquiry. alternative explana tory
Schoo 1 activities was carried out. The hypotheses , thus
Children students were noi fami liar with supporting the idea that
[58]. the functions of the robot as the such activities can be
main purpose was to describe useful for introducing
and explain its behavior. scientific research to
Students ' verbal interactions primary school children.
during a series of sessions were
recorded and used by
researchers who adopted an
ethnographic approach to assess
students' scientific and abstract
reasoning skills .
Educationa 2017 | This study concerns a game of 5-6 years 12 pupils Italy The aim ofthis A bee- The study findings
1 Robotics intensive roboticactivities that old (pre- study was to shaped suggest thai ER is
interventio look piace twice a week. school evaluate the robot, suitable for the
non Scaffolding activities initially students) short-term called progressively
Executive aimed to acquaint students with effects in Bee- Bot. improvement of skillsin
Functions the robot and the narrative Preschool The planning and controlling
in context ofthe activities and in children of design of complex tasks in early
preschool the next stage the children to intensi ve ER Bee-Bot childhood, enhancing the
children: A give a series of in structions for training on is adapted | development of executive
pilot study movement or rotation based on Executive to be functions.
[12]. different conditions. Activities Functions. child
focused mainly on response user. The
inhibition, interference contro!, toy has a
working memory and cognitive black/yell
flexibility. Students' owbee
neuropsychological assessments shape, is
were performed in three stages easy to
at regular intervals of 6 weeks: use and
before the contro! period , pre- handle .
training, and post-training.
Robotics 2018 | The study involved four Not Not Austral | This paper LEGO Overall, the results
and primary schoo 1 te achers, (Years mentioned mentione ia reports on a WeDo showed that the activities
computatio 1- 6) from four schools in (Primary d (four research study 2.0 boosted teachers'
nal Australia. Each teacher was school schools) that examined robotics confidence and
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TABLE III
(CONTINUED)
Title Year | Methodology Age Number | Natio | Aim ofthe Type of | Main Findings
range of nality | study Robotic
particip kit
ants
thinking in provided with robot kits for six grades 1-6). how Australian kits along | knowledge lo ER.
primary weeks along with software and primary school with However, further suppor!
school teacher guides bui they were noi teachers software is needed for teachers to
[59]. instructed on how to use them integrated and rea lize how ER can
in their classrooms. The robotics and teacher specifically advance the
research study used a multi-case coding in their guides. concepts, practices , and
study design and includes data classrooms and perspecti ves of
from teacher questionnaires and the perceived computational thinking.
interviews about: their impact this had Despite the technical
experience in teaching and on students ' challenges and lack of
robotics; their initial ideas for computational knowledge about codi ng,
robotics and computational thi nking skills. computational thinking
thinking; how they and their and robotics
students perceived the implementation at
activities; what was their schools, teachers reported
contributio n; their perceptions thai the activities
ofthe learning tools used; their benefited students since
assessments of student le arning; they focused on the
useful pedagogica! strategies; technical details ofrobot
and whether their knowledge programming and solved
and confidence in teaching problems using
robotics had increased. computational concepts
such as sequences and
loops. Students also
developed a
computational
perspecti ve and sol ved
problems they identified
with the construction and
program of their robots.
Exploring 2018 | A project-based learning 8-10 Not Italy This paper Robotics Opverall, the results
the Effect laboratory ofrobotics was (primary specified presents tools such | showed that robotic kit
ofa conducted in four 2-hour school 3" (2 classes preliminary as the programrning can
Robotics sess io ns, where primary school and4'h from the findings from a Lego positively impact
Laboratory students were supported by graders) same project-based Education | students' acquisition of
on third-grade students from a primary learning WeDo02.0 | computational thinking
Computati computer science high school. school). laboratory of kit. skills. Specifica lly, the
onal Trainees and peer-coaches were robotics aimed children who participated
Thinking introduced to the technology by at stimulating in the robotics
Skills in exploring the visual computational laboratories performed
Primary programming environrnent as thinking higher in a set of "real
School well as the hardware processes in life" problem-solving
Children components kit. The students primary school tasks than those who
Using the then experimented with students. followed the regular
Bebras building new robots and school curriculum. In
Tasks [60]. programming them to sol ve add itio n, students'
STEM challenges. To computing skills
assess the impact of ER , a developed more in
contro! group was designed robotic programming
where its members followed the activities than in context
regular school curriculum. After implying everyday
the workshop, Bebras tests and reason i ng. The students
questi ires were assigned to in the intervention group
participants and teachers to appreciated the laboratory
assess students' academic activities as an attractive
performance and average way ofexploring and
performance in STEM, learning academic
computational thi nking, subjects. On the other
satisfaction and experience. hand, the students in the
comparison group found
the tasks more difficult to
complete.
Adaptive 2018 | Students interacted individually 10-12 years | 24 United This paper The Results demonstrated that
Robotic with a fully autonomous robot old primary Kingdo | explores how robotic the autonomous robotic
Tutors thai thai supports the leamer school m personalized tutor was tutor personalizes and
Suppor! throughout the learning process, students tutoring by a an adaptively scaffolds SRL
Self- and provides a summary al the robot achieved Aldebara behavior since students
Regulated end of each session. The study using an open n who were provided with
Learning: designed a contrai condition learner model Robotics this condition achieved
A Longer- where the robotic teacher (OLM) NAO higher indications of SRL
Term provides only domain suppor!, promotes SRL torso. The | behavior than the
Investigati while in the intervention group processes and robotic contro! group.
on with the robot teacher provides how this can assistant
Primary further SRL Scaffolding suppor! impact learning incorporat
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TABLE III
(CONTINUED)
Title Year | Methodology Age Number | Natio | Aim ofthe Type of | Main Findings
range of nality | study Robotic
particip kit
ants
School based on the student 's sk ill and SRL skills esa
Chil dren le vels, learning performance compared to multiplatf
[61]. and ru les for appropriate SRL persona li zed orm
behav io r. In both cases , the domai n su pport | applicatio
robot acted autonomously as a alone. n that can
socia! robotic tutor in a be
geography task where it was deployed
possible to demonstrate SRL iniOS,
sk ills and processes. Prior to the Android,
study , student s were asked to and
complete a domain assessment desktop
test and a SRL seif-report environm
questionnaire. Before and after ents
each session, stude nts filled out (Window
questio nnair es describing the s,
leve) ofskills they had GNU/ Lin
developed . Moreover , after ux, and
completing the 4 sess ion s, the MacOS).
stud ents completed a domain
test and a questionnaire with
que st ion s about hi s s kills in
SRL.
A robotic 2018 | To evalu ate how 8-10 68 Ecuado | The stud y The robot | The study revealed that
assistant to children from middle and low- years old children aimed at used is educational robotic
support the income families perceive the from evaluating how part ofthe assistant was posit ively
socia) and robotic technology , ali ofthe middle children from ofthe percei ved by children who
cognitive students participated in the and low- low-income project participated in the study.
developme study interacted with the robotic incarne families ""Sciences In addition, the analysis
nt of assistant and a mobile app families. perceive the use | in reveale d important
children (Android). The robot used is ofa robotic classroo m | st udent requests for
from low - part ofthe ofthe project assistant. from improving the robotic
incarne "Sciences in classroom from children". | assistant, including the
families children" that aims to encourage In terms develo pment of more
[62]. pupils the study ofscience, of educatio nalconteni with
technology and robotics though experime regard to the subjects
workshops in the learning topics ntation, taught at school, a
of robot ics , elec trici ty, ther e computer vis ion- based
magnetism , digitai elec tronic , were interacti ve module
and ecology. To assess the experime (pattern and gesture
robot's feasibili ty, the ntal kits recognition) and an
researchers used alayerservice for intelligent module to
module that allows Cronbach's electrical generate persona li zed
value to be determined as well circuits, work plan s.
as data mining procedures to be rene wable
performed. Children's energies ,
perception was measured using and
a survey with a five-point Likert robotics.
scale that recei ved a Cronbach Partici pan
valu e 0f0.87. ts
interacted
with the
robot and
a mobile
app
(Android)
Educationa 2019 | In the context of ER, a basic 810 IO 83 Italy The prima ry Lego® The res ults revea le d
I Robotics robotics laboratory was years old students research Education | students who received the
in Prirnary designed with the aim of (two third- (51 questions of the | WeDo02.0 | robotics laboratory
School: enhancing the computational grade students study were lo kit. interventio n performed
Measuring thinking ofthe participants. The classrooms participat investigate better in acquiring
the laboratories took piace fora and one ing in the whether a computational thinking
Developme total of 4 session s, each ofthem fourth- robotics robotics skills 'han those assigned
nt of consisted of atwo-hours grade laboratori laboratory can to the control group. In
Computati meeti ng. The first meeting was classroom) . | esand 32 impact the addition, within the
onal introductory to the software and students development of intervention groups, the
Thinking hardware applied while in next participat CT skills in student s attending in the
Skills with sessio ns students constructed ing to the children aged 8 third grade exceeded th e
the Bebras and programmed their own contro) to 10 and performance of their
Tasks [63]. robots to perform basic actions. group). whether this older classmates in the
To evaluate the use ofrobotics impact di ffers fourth grade.
laboratory , researchers ofthat between third
study adopted a quasi- and fourth-
experimental post-test-only grade students.
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TABLE III
(CONTINUED)
Title Year | Methodology Age Number | Natio | Aim ofthe Type of | Main Findings
range of nality | study Robotic
particip kit
ants

des ig n, by providing a set of

Bebras assignments to students

participated in laboratory

interventions as well as to those

who attended the regular school

curriculum.
Robotics as | 2020 | The study presents a Not 197 Israel The study aims The type By applying quantitative
a Tool to compulsory early robotics specified children to present the ofthe and qualitative analysis
Enhance program for primary and (kindergart use ofrobotics used methods, the study
Technologi kindergarten education. The ens and as a tool to robot is revealed that kindergarten
ca! program was implemented for first develop not and elementary school
Thinking two years and in the second graders). essential mentione children received robotics
in Early year received officiai twenty-first- d. and technology education
Childhood approvai to conduci research. century skills as fun and showed their
[64]. The research study involved and to increase desire to pursue such

kindergartens and first graders children's self- programs in the future. In

who attended robotics and confidence in additio n, participation in

technology classes throughout the use of the program improved

the school year, one hour per technology. children's self-efficacy

week for kindergartens and 2 and confidence in their

hours per week for pri mary ability to invent new

school students. Following the robots and other

program, the children technological devices.

partici pants were assessed via

quantitative and qualitative

analysis on their knowledge of

basic robotics, sensors and

programming. Moreover, the

study explored children 's

understanding and technological

thinking as well as their

attitudes on robotics and

technology education.
Educationa | 2021 -Taiwan: Students participated -Taiwan: -Taiwan: Taiwan | The paper -Taiwan: The conclusions in which
| Robotics inarobotics course, where they not | " grade and presents two Dash both studies agree are that
at Primary had to contro! a robot by specified 114 Slovaki | studies aimed at | Robotand | educational robotics
School: completing tasks. The (1st to 4th pupils, a introducing Path app. brings elements into
Compari so researchers aimed at a grade). 2"d grade robotics -Slovakia: | learning that are
n of Two heterogeneous grouping of -Slovakia: 113 education in LEGO motivating to pupils, they
Research students' overall learning approximat pupils , primary schools WeDokit stimulate theirinterestin
Studies performance to suppor! ely 8-10 3" grade with the aim of discovering and
[65]. collaboration and expression. years old 135 improving explori ng, and develop

To evalu ate students' (2nd to 4th pupils, students' various skills such as

learning performance, persona! grade). 4th programming communication,

effort, teacher influence, lesson grade and problem- collaborat ion, fine motor

quality, persona! innovation and 133 solving skills. skills , etc. In an

behavioral intent, the pupils. The first study interactive way, they also

researchersassigned respective was conducted demonstrate the results of

questionnaires to students to Slovakia: in Taiwan and the pupils' programs.

complete before and after the not the second Pupils find this attractive

intervention. In addition, the mentione study in which can lead to a better

study included the observations d. Slovakia. understanding ofthe

ofthe teachers made during the program.

lessons.

-Slovakia: Students were

involved in the construction and

programming 45-minute

activities for 12 weeks. The

researchers adapted the Lego

WeDo activities by developing

their own curriculum. The study

evaluated the curriculum

developed in terms of

construction and motivation,

worksheet work , guidance and

collaboration. The researchers

applied qualitative assessment

methods and collected various

types of data, including model

photos, video recordings of

student work, field notes from

the class roo m, and interviews

wi th teachers.
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COLLECTED FRAMEWORKS FOR ER

Title Year | Methodology Age Number | Nati | Aim ofthe Type of Main Findings
range of onal | study Robotic kit
partici | ity
pants
An Approach | 2013 | The workshops took piace in 4-8 years Not Japan | Aimingto The rescue The survey results revealed
to Rescue 2010 and 2011 and each old (Most mentio foster pupils robot was that most of the parents
Robot workshop lasted 3 weeks ofthe ned attitudes on made up of participants liked the
Workshops (one 2.5 hours activity per participants scienceand individually manufacturing (80%) and
for week) in which the students were in technology prepared found their children to enjoy
Kindergarten experienced a tlow of kindergarte learning as robot parts it (90%}, while ali were
and Primary activities , produced a rescue nor the well as from an positive towards the
School robot while playing with it carly manufacturin educational workshop (100%). These
Children and operated it. The grades of g, researchers materiai results show that the main
[66]. participating students worked primary ofthe study manufacturer | feature ofthis workshop
with undergraduate and school). developed used in the gained the understanding of
postgraduate students trained and tested via Technology parents. The researchers of
in technology and rescue robot Education the study found that ali the
information in education as workshops a classes in the children who participated
well as with their parents curriculum junior high were able to create and
who always accompanied for school. A complete their own robot
them. However, students kindergarten crawling and that the idea ofrescue
constructed the rescue robots and primary rescue robot encouraged the children's
themselves, as this was the educati on. was used in feelings towards others.
main goal of the projects. A 2010, and a They claim that a
questionnaire survey on walking curriculum that includes
parents views was conducted rescue robot construction experience and
in the middle and at the end was used in understanding of structures
ofthe workshop. 2011. using robots can enhance
the development ofvarious
skills in kindergarten and
elementary school children,
such as collaboration skills
and skills that will help
them relate well to others.
AERobot: An | 2015 | "AERobot" was developed as 5th to 8th 41 Unit This study " AERobot" The findings ofthe study
affordable an open source system for grade student ed aimed lo was suggest that participants
one-robot- carly robotics education that s (17 State | develop an developed as showed overall satisfaction
per-student allows each student to rising s affordable, an open and enjoyment ofthe course
system for interact with their own robot, Sth and (Us simple and source rich and increased their
early robotics while stili including a rich 6th A) easy-to-use sensor understanding and interest
educati on sensor suite. The system was graders; robot for system for in both programming and
[67]. tested with a pilot course 14 robotics and early robotics robotics. Regarding the
developed using AERobot rising introductory education. improvement ofthe system,
and attended by students 7th and programming AERobot teacher and students agreed
enrolled in grades 5-8 in an 8th in primary Open-source that the most important
elementary school in the graders) and package factor is that the robot
United States (USA). secondary Minibloq was | engine needs better
Participating students had education. In modified to cali bration, however this
little or no previous particular, the suppor! was expected by the
experience in programming design goals AERobot- researchers.
and robotics and carne from ofthe robot specific
low-income families. The developed hardware and
pilot course was conducted were to be functions.

for three sessions where the
third session was held with
self-selected students who
participated due to persona!
interest. Fifth and sixth

graders participated in ali
sessions.

very low cosi,
to suppor! a
wide variety
ofbehaviours
and to be
robust and
easy to use.
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The module was
implemented and evaluated
in the form ofa project day
in a kindergarten where
students participated in
several introductory
workshops on the principles
of Al , computer sc ie nce, and
robotics. Moreover, during
the activities, the children
accompanied students of
pedagogica! schools , who
hosted and explained the
activities to them. Qualitative
and quantitative empirica!
research methods applied for
the evaluation ofthe modules
including video data,
pictures, observations during
the day ofthe project, semi-
structured interviews with
pedagogica! school students
and students' drawings after
the project.

The middle school module
was implemented in the form
afa summer research week
(three days, six hours a day)
conducted in a robotics
laboratory. By the end ofthe
modu le , participants will
have programmed a robot
with ali the functions pre-
implemented as well as they
will have evaluated,
compared and documented
different search strategies.
The evaluation techniques
used are various including:
group discussion to detect
students' prior knowledge ;
domain post-questionnaire;
observ ations; pictures and
videos ofthe project;

students' feedback and self-
evaluation post-
questionnaire; and students'
programming solutions,
documentation and
presentation.

that includes
modules thai
address
fundamental
Al/computer
science
topics.

are the
educational
robotics
platform
LEGO
Mindstorms
NXT as well
as paper-and-
pencil and
computer
science
unplugged
exercises.

TABLE IV
(CONTINUED)
Title Year | Methodology Age Number| Nati | Aim ofthe Type of Main Findings
range of onal | study Robotic kit
partici | ity
pants
Artificial 2016 | An integrai part ofthe Kindergarte 24 Aust This paper Kindergarten: Due to the relatively small
inteli igence framework are the principies | n:aged 5 kinderg ria introduces a In this sample of partici pants
and computer of constructionism as well as years in arten nove! context we evaluation results only
science in the application ofvarious average. childre artificial used di fferent | provide preliminary insights
educati on: learning methods and Middle n and intelligence learning tools and first hints.
From techniques such as inqu iry, school: 24 (Al) (robot ics Kindergarten: Children
kindergarten problem-based and aged 12 middle educati on platforms explored the activities in a
to university collaborative learning. The yearsin school concept that like Bee-Bots | joyful way, understood the
[68]. researchers developed and average. students can be used [44], LEGO simplified concepts of
evaluated the modules of for various Mindstorms artificial intelligence and
their framework for each levels of NXT [45] carried out most ofthe
leve! of education. With educati on, and Cubelets activities successfully.
regard to primary education including [46] robotics Middle school: students
and kinderga rten, the education kits, but also were enthusiastic and liked
researchers developed a from non-robotics the activities. They found
module thai aims to teach kindergarten materiai like the activities challenging but
graphs and data structures , to university. standard not too difficult and gained
sorting algo rithms, and Aimingat LEGO a basic understanding of
problem-solving by searching fostering Al bricks). graphs , trees, data structures,
in a playful way using different literacy, the Middle and search strategies.
learning tools and robotic authors/resear School: However, students had some
platforms. Ali participants chers Learning problems understanding the
were provided with developed a tools used in connection between the
introductory activities. framework this module basic concepts of Al and

their application. The refore,
the researchers ofthe study
claim that the proposed
middle-school module
should be implemented by
adapting its duration , the
student's programmatic
effort and the number of
topics addressed to the
activities to the skills and
needs ofstudents ofthis
age.
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prototyping and

programmi ng. During the
study were collected data
based on the desig ners '
views, student s' recorded
videos and inter views
conducted during the
workshop. Moreover , at the
sta rt and towards the end of
the project children were
asked about their experie nce ,
their perception of interac tion
des ign and programrning,

and what tangi bie they liked
best. A post-workshop
survey was conducted asking
children to indicate whether
lhey would repeat or
recommend the desig n

ex perie nce to others, as well
as feel free to add other

thoughts about the
experie nce.

sensors and
actuators
were chosen
0 as to
maintain
costs lo w and
to be easy-to-
use.

TABLE IV
(CONTINUED)
Title Year | Methodology Age Number| Nati | Aim ofthe Type of Main Findings
range of onal | study Robotic kit
partici | ity
pants
Making 2017 | As an example ofthe process Not 100 Unit This paper The Linkbots | The results sho wed that
Robot to design and runa speci fied teams ed presents a are small, RoboSim simula tor allows
Challeng es challenge, one of the (K-12 from State methodology cducational more efficient and quick
with Virtual challenges was used in a se hool sand | various for creating modu lar design as well as allows
Robots [69]. robotics competition community K-12 (US) | challenge robots stud ents' preparation for the
condueted in 2016. The colleges) se hool s problems designed for cha lle nges. Moreover, the
competiti on simu lates an and using a ease-of-use shtdent s' responses to the
une xpected problem commu simu lation and the basis cornpetition and RoboSim
occurring at a remote nity environrnent for this were positi ve as the additi on
location such as a space colleges fora competiti on. ofRoboSim for testing their
station or planetary habitat , hardware Controlling code in virtua | robots
whe re a robotic so\ utio n must robol-based lhe Linkbots allowed students 10 quick 1 y
be quickly developed and programmi ng is done im prove their sol utions
deployed, using only existin g competition. Ihrough Ch, a | before applying Ihem 10 The
resources. Throughout the C/C++ physica I robols.
mom in g stu dent s, without interpreter.
the help ofteachcrs, hav e to RoboSim is a
program and problem solve si mula tor
to com ple te as many tasks as devcloped to
possible using the hardware seamless ly
robots or the virtual ones. integ rate into
The afternoon is reserved for the contro!
the actual competition when methodology
stude nts take tum s ofthe
completing tasks with the Linkbot
hardware robots on the modular
competiti on boards to eam robot.
points. Teachers had access
to older competiti on
challenges and they could
repeat the challenge in their
classroom, giving stud ents
the opportunity to test their
problem-solving skills on a
copy ofthe competition.
Desig n of 2017 In this stud y was conducted a 10- 1i 21 Italy This Scaffolding Overall, the rcs u lts ofthe
10T tangibles 2-h workshop foeused years old childre framework int erve ntion: st ud y revealed that thc
for primary on fabricating loT tang ibles n nar rates alab Paper-based stude nts had no expe rie nce
sc hoo Is: A related to socio-emotio nal e xpe rience in generative in interaction design or
case study learning which fits the a primary toolki ts; an programming and
[70]. curriculum, does not require school cla ss adapted demonstrated positi ve
Fablab faciliti es, and does to explore version of outcomes in the activities.
not require teac he rs to ha ve how to bring Tiles cards; Students reported that they
computing skills andloT 10T tangible primitive casily or manageable
interests. The project was design to cards; perceive programming and
vol untar i ly attended by children of construction experts confirmed their
primary school s tudents with this age and kits (e.g., views. Finally ,
no exper ie nce whatsoever in their teac hers. | Lego blocks), | correspondingly posit ive
interaction design or physical results were reported for the
programming. Participants objects (e.g., participation of stud ents.
were provided witha soft balls),
sca ffoldin g int ervention in programmabi
whieh they passed through e senso rs and
the stages of int roduction , actuators.
ideation , conceptualization, SAM la bs
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TABLE IV
(CONTINUED)
Title Year | Methodology Age Number| Nati | Aim ofthe Type of Main Findings
range of onal | study Robotic kit
partici | ity
pants

Minding the 2017 | Considering the Activity X X Ttaly The authors X Invariably designed in
Gap. Theory, the authors identified aimed 10 young but evolving
Proposing a constructionism and project develop a tool flourishing research
Teacher based le arnin g (PBL) as for mediating scenarios il is underslood
Learning- conceptua 1 foundations for between the that as the framework model
Training teachers who aim lo leach professional is adopted il is prone to be
Framework !CT and want to suppor! their qualities of modified in context of use.
for the students in developing teachers and This implies that the
Int egral ion of computalional thinking ski lls. the effective presented framework is in
Robotics in The authors demonstrated a deployment ali facts a works in progress
Primary generic teacher-training ofrobotics in initiative. Undeniably its
Schools [7 1. framework that consists of primary strength 1i es in the recursive

two dimensions including a schools. The dialogues that can

guiding checklist for best proposed tool potentially take piace when

practises and an activity pian aimed to be after being deployed wilhin

tempiale. The best practice an edilable by targeted teacher circles the

checklist was proposed aims teachers same teachers will be able

to assists teachers in defining framework report 'back to base' with

the context, leaming for activities, new ideasand

objective s, resources and goals, customi zations.

tools and sustainability of a learning

robolics education activily as outcomes and

well as in eva luating student indicative

outcomes. In tum, the complementar

activity tempiale presenls y materiai.

prerequisites for teachers,

aims, learning outcomes and

indicative

equipment/methodologies for

primary education robotic

acliviti es, which are based on

important principles of

constructionisrn.
Nurture 2019 | In this study was designed a Not 801 Chin | This study In class , Confirmatory factor analysis
interest- ER course to be examined specified (5 | primary | a aims to students had suggested a good fit of the
driven how students pass through Graders). school empirically full access to study variables in terms of
creators in the phases oftriggering, student investigate the mBot convergent and discriminant
programmabl immersing and extending s(Five how students' robots, vali dity. Structural equation
e robotics interest. The course is graders interest in computers, modelling indicated
education: an designed with T O units of from 31 programmabl and tablets. significant and positive
empirica | teaching materials which primary e robotics paths from triggering
investigation students needs approximately schools. develops and interesl to immersing
in primary 10-12 hours to complete. On how it inte rest, and from
school Each unit demonstrates a average contributes to immersing interest to
settings [72]. robotics problem-solving , 26 robotics extending in terest,

task in which students are student creation. suggesting the valid

strongly encouraged to s from Inspired by theoretical proposition of

discuss with their group each the Interest- interest loop of!DC theory.

member s. Teachers introduce particip Driven In addition, immersing

to students the core concepts ating Creator (!DC) interest is positively related

aimed to be taught before schoo 1 theory, the to robotics creation, which

eac h unit. Students were joined.) researchers of in turn increases the chance

provided with a questionnaire that study of extending in terest. Our

to complete before have findings suggested the

completing the course. The formulated importance ofraising

queslionnaire was questions that students' interest in robotics

constructed based on a Likert can confirm learning such that young

sca le of3-5 points with the the validity of students can become Tife-

aim of capturing students' the interesting long interest-driven creators.

int erest (tr ig gering , loop about Implications ofthe study

immersing and extending), robotics were discussed at the end of

creative efficacy , educati on. the paper.

meaningfulness, impac t,

robotics education and

collaborative le arning. The

study's results are based on

Confirmatory Factor

Analysis (CFA) and

Structural Equation

Modelling (SEM).
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ER and computing, but had
never tried the introduced
educatio na | robots in formai
education. The tasks were
based on a complex problem
solution, replication ofa
routc and the creation ofthe
student's own roule in a cross
domain activity context. Due
to the comp le x problem-
solving tasks, older pupi\s
were assigned to complete
the entire set of tasks while
younger pupi\s cou\d choose
a shortened version of 12
items. Tasks i nvolving
coding activities werc pre-
programmed and students
had to fili in empty lin es of
code with their answers. The
researchers personally
supervise lhe students during
the test , observe their
approach to the project and

qualitatively evaluate their
performance.

students using
an
educational
robotics as a
supporting
tool.

TABLE IV
(CONTINUED)
Title Year | Methodology Age Number | Nati | Aim ofthe Type of Main Findings
range of onal | study Robotic kit
partici | ity
pants
Identi fication | 2020 | Students participated in a 14 ltalian 353 Ttaly This study Lego The log files showed that
ofthe one-session robotics course primary student aimsto Mindstorms groups of students
students bascd on constructionism and sfrom identify the EV3 robot demonstratcd ten different
\earning approach and problem- lo wer/highe 14 learning and a problern-solving paths.
process solving leaming methods. r secondary primary process of modified Further ana lysis re vealed
during The participants worked in schools. and young version of the | that students followed two
education groups and were introduced First: lo wer/h students Lego main programming
robotics to the course as well as the Average igher while Mindstorms approaches: a step-by-step
activities actuators and ultrasonic Age (AA)- seconda engaging in EV3 process with the application
[73]. sensor ofthe robot before 17.29, ry ER activities. Education of srnall adjustments , which
conducting the lesso n. Second: schools. Software. was selecte d by most
Utilizing visual programming AA-1145, First: participants; and an
and the robot's sensor the Third: 62 approach with highly
mission ofthe student teams AA-10.08, student modi fications to their
was to instruct the robot to Fourth: s, programming blocks.
stop at a given distance from | AA-11.70, Second:
the wall. The robot software Fifth: 22
has becn modified so that it AA-11.63, student
can monitor students’ Sixth: s,
solutions and store them on AA-15.92, Third:
an SO card installed in th e Seventh: 24,
robot. Students' cffort was AA-12.00, Fourth:
recorded in log files which Eighth: 21,Fi f\h
were collecte d and analysed AA-12.43, 019,
by the researchers ofthe Ninth: Sixth:
study. By apply ing rnachine AA-9.63, 25,
lea rning techniques, the Tenth: Seventh
researchers of the study AA-12.54, 124,
demonstrated an approach for Eleventh: Eighth:
detecting students problem- AA-10.21, 23,
solving pathways and Twelfth: Ninth:
analysing how students AA= not 30,
utilize sensors during an specified, Tenth:
education robotics activity. Thirteenth: 26,
AA-11.87, Elcvent
Fourteenth: h:19,
AA-10 .24 Twelfth
19,
Thirtee
nth: 23,
Fourtee
nth: 26
Assessing the [ 2020 By reviewing previous 8- 13 years 90 Czec The aim of The It was shown that activities
Current lite rature, researchers ofthis old student h this research educational with less than seven number
Leve! of the study designed a set of 16 Repu wasto robots of empty lines had a higher
Computation tasks as a tool to access blic develop a set Ozobot EVO success rate than those with
al Thinking students CT-Sk i lls bascd on a oftasks and BIT were | more empty cel\s. The
Wilhin the complex problem solution , assessing used for lhe researchers argued that
Primary and replication ofa route and the prerequisite creation tasks working with a large r
Lower creati on ofthe student's own Computationa and number of empty code cells
Secondary route. The developed tool I Thinking subsequent offers more possible
School was gradually tested on (CT)skills testing. solutio ns and supports
Students students during non formai within creativity. Tasks with more
using education activities for the primary and than ten empty code cells
Educational analysis ofprerequisite CT lower were considered lo belong
Robotics ski lls. The participating secondary to the same leve \ of
Tasks [5]. students were familiar wit h school complexity as students

showed sirnilar success rates
in such exercises. They also
claimed that the types of
erro rs presented in students’
tasks can lead toa
fundamental knowledge of
therequircments for
conducting STEM and
robotics teaching. The
analysis of tasks revealed
that students showed a
higher success rate in
creative tasks and their
performance secmed to
decrease depending on the
difficulty ofthe tasks.
Finally, despite the fact that
students with a lack of
previous experience showed
lower performance, they
were found to be naturally
adapted lo the use of new
unfamiliar to them
technology.
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