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Abstract Educational robotics are increasingly appearing in educational settings, being
considered a useful supporting tool for the development of cognitive skills, including
Computational Thinking (CT), for students of all ages. Meanwhile, there is an over-
whelming argument that CTwill be a fundamental skill needed for all individuals by the
middle of the twenty-first century and thus, should be cultivated in the early school years,
as part of the child’s analytical thinking and as a principal component of Science-
Technology-Engineering-Mathematics (STEM) education. This study reviews published
literature at the intersection of CT and educational robotics, particularly focused on the
use of educational robotics for advancing students’ CT skills in K-12. The reviewed
articles reveal initial evidence suggesting that educational robotics can foster students’
cognitive and social skills. The paper discusses specific areas for further inquiry by
learning researchers and learning practitioners. Such inquiry should start from a widely
agreed definition of CT and validated measurement instruments for its assessment. A
practical framework for the development of CT via robotics is next in demand, so as
instructional designers and educators can implement it consistently and at scale.

Keywords Computational thinking . Educational robotics . Robotics in education

1 Introduction

It is argued that the ability to express ideas in a computationally meaningful way is
becoming one of the most crucial skills of the twenty-first century (National Research
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Council 2010, 2011; Papert 1980, 1993; Wilensky 2001; Wing 2006). A few re-
searchers have already considered Computational Thinking (CT) as an essential skill
that should be taught from a very young age, just like reading, writing and doing
mathematics (Wing 2006; Yadav et al. 2011). Repenning et al. (2010), for example,
suggested how courses such as game design and robotics can be a means for gradual
and iterative exploration of transferable CT patterns. Beyond question, opportunities
must be given to today’s students to work with algorithmic problem solving and
computational methods and tools in K-12; everyone must get the essential education,
knowledge and skills to be able to do this (Wing 2006; Czerkawski 2015; National
Research Council 2010).

Angeli et al. (2016) and Mikropoulos and Bellou (2013) stressed that early exposure
to computer science is vital for developing and fostering all aspects of CT. Dealing with
educational robotics, via the programming of a robot, can give students the additional
benefit of interacting with a concrete object in constructing their knowledge. In
accordance with constructionist and constructivist approaches to teaching and learning,
as well as design of learning environments, educational robotics appear to be a needed
tool in children’s hands, offering embodied and situated learning experiences. Students
working with educational robotics, can think, design, create, and manipulate objects,
while they reflect and collaborate amongst them (Alimisis 2013; Eguchi 2010). Edu-
cational robotics seem to encourage students to think creatively, analyze situations and
apply critical thinking and problem solving to real world problems (Bers et al. 2014).
Furthermore, educational robotics is seen as a tool for advancing CT, coding, and
engineering (Eguchi 2014a, b). It not only offers an appropriate platform for developing
skills in a fun and meaningful way, but also gives opportunities to deal with a range of
disciplines such as technology, engineering and mathematics (STEM), literacy, social
studies, dance, music and art (Eguchi 2014a, b).

The striking new interest in integrating robotics in educational settings is obvious.
From kindergarten to high school and after-school activities, learning practitioners
seem to adopt educational robotics to teach various subjects and domains (Benitti
2012). Nevertheless, scientific inquiry in the area is sporadic, whilst the processes
and conditions under which any specific learning goals are achieved are far from being
documented (Berland and Wilensky 2015).

This study summarizes published literature focused on the use of educational
robotics for the advancement of CT skills in K-12 (from kindergarten to high school).
The review aims to gather relevant evidence and present the most important aspects
researchers and practitioners should take into consideration when conducting research
on, or teaching with, educational robotics for the advancement of CT. The investigation
was guided by an overarching research question:

How (and how much) educational robotics have been used in K-12 contexts to
foster students’ CT skills?

1.1 Computational thinking (CT)

Although Papert was the first to describe CT, Wing (2006) brought back considerable
attention to the term, which continues to date (Brennan and Resnick 2012). CT is
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defined as the thought processes involved in formulating problems and their solutions
so that they can be represented in a form that can be implemented by a human or
computer (Wing 2006, 2008). The main substance of CT is the ability to think like a
computer scientist when confronting a problem (Barr and Stephenson 2011). Grover
and Pea (2013) have commented on the interchangeable use of the terms
Bcomputational thinking^ and Bcomputational literacy.^

"The term computational literacy is perhaps susceptible to confusion with
earlier ones like computer literacy, information literacy, and digital literacy
that have assumed various meanings over the years ... Although the phrase and
notion of computational thinking now seems to be preferred over computa-
tional literacy, in research and practice today the two phrases are often used
interchangeably"(Grover and Pea 2013, p. 39).

Despite the attention CT has gained in K-12, there is no unanimous definition or theory
of what it looks like in practice and how it can be assessed and measured (Grover
2011). In this review, we adhere to an inclusive definition of computational thinking as
the range of computing skills including decomposition, abstraction, algorithms, and
debugging (e.g., Berland et al. 2013; Resnick et al. 1988).

In terms of assessment, efforts have been made to assess CT in the context of using
visual languages to teach programming and CT skills. Among others, Koh et al. (2010)
proposed another two approaches: The Program Behavior Similarity (PBS) and the
Computational Thinking Pattern Graph (CTPG) in which student-created games and
simulations are analyzed towards depicting the CT concepts implemented by the
students. Other approaches, mainly in the elementary school, include project portfolio
analysis with the use of a ‘User Analysis tool’ for the understanding of design patterns,
and design scenarios (Brennan and Resnick 2012). Another model has been proposed
by Franklin et al. (2013) which measures proficiency in event-driven programming,
initialization, synchronization and animation. Also, Seiter and Foreman (2013) pro-
posed a framework called ‘Progression of Early Computational Thinking (PECT)
Model’ for elementary students which maps elements from students’ projects into CT
concepts. One of the most cited operational definitions of CT comes from Brennan and
Resnick (2012), based on which CT can be considered as:

Ba device for conceptualizing learning and development with the following
characteristics: (i) formulate problems in a way that enables us to use a computer
and other tools to help solve them; (ii) logically organize and analyze data; (iii)
represent data through abstractions such as models and simulations; (iv) automate
solutions through algorithmic thinking (a series of ordered steps); (v) identify,
analyze, and implement possible solutions with the goal of achieving the most
efficient and effective combination of steps and resources; and (vi) generalize and
transfer this problem-solving process to a wide variety of problems^ (Brennan
and Resnick (2012), as cited in Vallance and Towndrow 2016, p. 222).

Further attempts to address the lack of an operational definition for CT as well as issues
of measurement from a psychometric approach, have only recently appeared and are in
progress (Román-González et al. 2017).
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1.2 Educational robotics and computational thinking

Educational robotics suggest learning through design and include activities such as
constructing and operating robot platforms (Verner et al. 1999). Educational robotics
are also seen as tools for advancing CT, coding, and engineering (Eguchi 2014a, b).
Not only they offer an appropriate platform for developing skills in fun and meaningful
way, but also give opportunities to deal with a range of disciplines such as science,
technology, engineering, and mathematics (STEM), literacy, social studies, dance,
music and art (Eguchi 2014a, b). That said, they have been used to teach specific
content in a domain (e.g., engineering) or rather more often, to act as construction and
programming tools for promoting problem solving and CT (Virnes et al. 2008). Indeed,
recently, there is a strong evidence supporting that CT can be taught using educational
robotics (Berland et al. 2013; Resnick et al. 1988; Schweikardt and Gross 2006; Sklar
et al. 2003; Berland and Wilensky 2015). Even though, there is a sufficient body of
literature on CT and educational robotics, there has been very little work connecting the
two (Berland and Wilensky 2015). Also, the limited work in the intersection of CT and
educational robotics is not always positive, with non-significant impact on learners
observed in some cases (Benitti 2012). In any case, the impact of the robotics in
promoting CT needs to be validated through research evidence. This work aims to
expand the dialog by mapping the current research in the area. Overall the review is
situated in an emerging space for academic inquiry and aims to provide useful
information, making suggestions for future research.

2 Methodology

The data set was searched and filtered by two researchers and co-authors of this review,
resulting in only nine studies precisely dealing with studies at the intersection of CTand
educational robotic, as follows:

Step 1 - Database search. A search was conducted by the first author of this work in
the following electronic databases, to which the researchers had access and
considered possible venues for educational research: EdITLib, ACM Digital
Library, Emerald, ERIC, JSTOR, Proquest, Sage, Science Direct, Scopus,
Springer Link, Taylor and Francis Online, and Google Scholar. The search
keywords were: (education*) AND (robot*) AND (Bcomputational
thinking^). The database search yielded thousands of manuscripts as shown
in Table 1.

Step 2 - Filtering for empirical work addressing the exact topic. Step 2 was an
extremely tedious process aimed at isolating these studies which, based on
empirical data, studied the very use of educational robotics for advancing
students’ CT skills in K-12. The first author of this work carefully inspected
the titles and abstracts of all papers of Table 1. First, theoretical or position
papers were excluded; only papers with empirical data were of interest in this
review. Second, papers which limited CT to only one or two isolated skills
(e.g., papers testing only the Bsequencing^ skill (Kazakoff et al. 2013;
Wagner 1998) were excluded from the pool as they did not match the
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inclusive definition of CT adopted in this work. In the end, only nine papers
remained in the pool satisfying the above-mentioned criteria (see Table 2).
All excluded papers were reviewed, independently, by the second author of
this work, to ensure exclusion criteria was correctly applied (100% agree-
ment existed between coders).

Step 3 - Synthesis. The resulting nine papers were thoroughly read by both authors
independently with the prospect of identifying: (1) theoretical assumptions,
(2) research designs, (3) setting and duration of the experience, (4) roles and
procedures, (5) assessment issues, and (6) learning outcomes. Then, the
authors discussed and synthesized their findings. Table 2 provides an over-
view of the context and platform used in each study of CT via educational
robotics. Next, the section on findings, analyzes these nine papers providing
insight into the current stage of knowledge.

3 Findings

3.1 Theoretical assumptions

Constructionism, constructivism, and learning-for-use, or a combination of these the-
oretical approaches, seems to underline research on CT via educational robotics. The
dominant theory in this area is Constructionism (Atmatzidou and Demetriadis 2016;
Bers et al. 2014; Penmetcha 2012). Constructionism has its roots in the 1960s by the
MIT Logo Group (Bers et al. 2002). According to constructionism, the learning process
is successful once students create their own ideas, whether this is a robot, a story or a
computer program and then reflect carefully on the process (Papert 1980; Harel and
Papert 1991). Papert argued that one gains knowledge while interacting with physical
artifacts and being an active learner using technologies (Bers et al. 2014). While
constructionism is an extension of Piaget’s constructivism, the former focuses on

Table 1 Initial database search results

Library name Results

EdITLib 30

ACM digital library 13

Emerald 4

ERIC 3

JSTOR 3

SAGE 285

Science direct 28

Springer link 158

Scopus 30

Taylor and Francis online 32

Google scholar 2270

Total number of papers in the corpus 2856
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new technologies and on the significance of making them aid the learning process.
Computers are seen as a powerful tool for exploring new ideas, new ways of thinking
and applying knowledge (Papert 2000). Eguchi (2014a, b) uses Piaget’s Constructivism
as a lens for the study of CT through robotics. The theory supports that knowledge is
not passively received by a student, but it is actively built up in the mind of the learner,
while one interacts with the environment and with physical artifacts. Knowledge is
gained merely through experience and while doing through a hands-on project-based
learning experiences (Piaget 1964). Learning-for-Use (Edelson 2001) is a technology
design framework adopted by Leonard et al. (2016). According to this framework, there
are four principles for game design and robotics applications: (a) knowledge construc-
tion is incremental in nature, (b) learning is goal directed, (c) knowledge is situated, and
(d) procedural knowledge needs to support knowledge construction (Edelson 2001).

Table 2 Empirical studies on CT via educational robotics

ID Title Authors Target age Platform

1 Advancing students’
computational thinking
through educational robotics.

Atmatzidou and
Demetriadis 2016

Junior high and
high
vocational
students

Lego Mindstorms NXT

2 Computational thinking and
tinkering.

Bers et al. 2014 Kindergarten
students

CHERP

3 Robotics & engineering for
middle & high school student
to develop computational
thinking.

Grover 2011 Middle and
high school
students

Gogo board

4 Comparing virtual and physical
robotics environments for
supporting computational
thinking

Berland and
Wilensky 2015

Middle school
students

VBOT learning
environment: VBOT with
virtual robots and VBOT
with physical robots

5 Using robotics and game design
to enhance children’s
self-efficacy, STEM attitudes,
and computational thinking
skills

Leonard et al. 2016 Middle school
students

LEGO EV3 robotics

6 Exploring the effectiveness of
robotics as a vehicle of
computational thinking

Penmetcha 2012 Undergraduate
students

Robotis and roboplus
software

7 Learning experience through
Robocup junior.

Eguchi 2014a, b Primary and
secondary
level
students

Not mentioned

8 Supporting the development of
computational thinking: A
robotic platform controlled by
smartphone

Almeida and Tacla
2015

Undergraduate
students

The Coffee Platform

9 A Framework and an
instructional design model for
the development of students’
computational and algorithmic
thinking

Ioannou and Angeli
2016

Secondary
level
students

Lego Mindstorms NXT
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While the above-mentioned theoretical assumptions seem to frame the overall aims of
research on CT via educational robotics, a direct link or translation of theory into
practice is not real apparent in the reviewed studies. A practical framework for the
development of CT through robotics appears to be in demand.

3.2 Research designs

A variety of research designs have been utilized to study CT via educational robotics.
For example, a design-based research approach was adopted by Berland and Wilensky
(2015) and Bers et al. (2014). In their work, Berland and Wilensky (2015) compared
two curricular units, one using a physical robotics simulation and one using a virtual
robotics simulation, to explore their effectiveness on students’ CT skills. Bers et al.
(2014) examined the learning outcomes of three kindergarten classrooms when they
were exposed to computer programming concepts and robotics. On the other hand, a
mixed method approach (questionnaires, think-aloud, interview data) was adopted by
Atmatzidou and Demetriadis (2016) to assess the development of students’ CT skills,
with special focus on age and gender differences. Similarly, Grover (2011) in a mixed
method study examined the elements and dimensions of CT as expressed by children
verbally. A counter-balanced, quasi-experimental research design was adopted by
Leonard et al. (2016) in a 3-year long investigation in which robotics and game design
were used to develop middle school students’ CT strategies. Overall, the variety of
research designs appears to be helpful in revealing different aspects of the value of
educational robotics for the advancement of CT.

3.3 Setting and duration of experience

Educational robotics can occur anytime and anywhere, yet school environments seem
to be mainly used in the papers included in this review. With the exception of Eguchi’s
(2014a, b) study linked to a robotics competition, all other studies took place within
school settings with varying duration depending on the aims of the researchers. For
example, the study by Atmatzidou and Demetriades took place in public schools in
Thessaloniki-Greece, during school time; in total, 11 robotics sessions (2 h each) were
conducted, once a week. In Bers et al. (2014), the study took place in three kindergarten
classrooms, two at a public urban school and one at private suburban school in USA, in
periods of 60–90 min’ sessions. Likewise, the study of Grover (2011) was conducted in
two classes of two public schools in Chicago and lasted about eight hours per day for
five school days. In all studies, the authors presented a constructivist learning environ-
ment, typically designed to bridge abstraction and reality in a concrete way, helping
students to develop problem-solving strategies, creativity, and social skills. Yet, deci-
sions about the duration of the experience in relation to specific learning goals or
curricula were inadequately discussed in the reviewed studies, making it difficult to
guide future decisions for follow-up studies and replication.

3.4 Roles and procedures

In terms of the roles of the learners and instructors, there was a consistent pattern in the
studies of Table 2. The instructor typically assumed role of a facilitator of the
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knowledge and provided support for technical issues. Students were encouraged to
actively interact with the physical or virtual robotics platforms and to play, design, and
reflect, in order to construct their own understandings. For example, in Atmatzidou and
Demetriadis (2016), teachers introduced the robotics platform and managed the class-
room during the activity; trainers helped with practical issues, for example for the
organization of the students’ groups, and they also acted as facilitators who encouraged
and scaffolded groups during solving programming tasks. Students were active partic-
ipants in the learning process; they had to program the robot in groups and were
expected to collaborate and discuss before they solved a given task. They were
prompted to follow activities and reflect on specific concepts.

The role of the learners in the study of Leonard et al. (2016) included similar
activities and tasks. Students learned how to program and modify coding to make the
robot move, turn and do specific tasks using the software Lego Mindstorms EV3. They
also constructed a robot using the LEGO EV3 hardware and learned how to use the
sensors aiming at specific goals. Although the role of the instructors was not explicitly
stated in this work, it appears that they had demonstrated the variety of programming
challenges to students and how to use the robotics platform. Grover (2011) reported
similar involvement of instructors and learners. In their study, a researcher and an
assistant were present, facilitating, managing, leading the workshop activities and the
data collection and scaffolding students during the activities. Students were encouraged
to follow activities, discuss their progress, and write their reflections at the end of each
session. Similarly, the role of the instructor in the study of Berland and Wilensky
(2015) was to demonstrate the physical/virtual robotics system to the respective classes,
while the role of students was to program the robot, collaborate, compare, reflect and
apply the knowledge and skills gained to new activities.

Overall a student-centered, constructivist learning environment was promoted in all
reviewed studies with students being active participants in the learning process. Yet,
none of the studies elaborated on the reasons for the selection of robotics platforms (see
Table 2 for a variety of platforms utilized), whilst the curriculum and learning goals
guiding the learning activities were not adequately presented, making it difficult to test
hypotheses about the value of different platforms linked to specific curricular
objectives.

3.5 Assessment issues

Ways of assessment of CT (and overall learning outcomes) varies greatly across
studies. For example, Atmatzidou and Demetriadis (2016) used different types of
instruments to assess learning outcomes. First, students were asked to solve program-
ming problems with two intermediate questionnaires. Then, opinion questionnaires
were administered to measure students’ perceived understanding of CT concepts and
their perceived learning experience with regard to the development of basic
programming concepts, collaboration and likes/dislikes relevant to the overall activity.
An online questionnaire was also used by Eguchi (2014a, b) to assess students’
perceived learning outcomes upon their participation in the RoboCupJunior competi-
tion. In this case, the online questionnaire was designed to assess learning experience in
STEM, engineering thinking and CT skills, other soft skills, STEM interests, and
interests in pursuing college education. On the other hand, Grover (2011) assessed
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students’ prior technological experiences via a questionnaire but also pre/post inter-
views focused on students’ experiences. Berland and Wilensky (2015) worked with
video data of student activity during their learning in virtual vs. physical robotics
environments, logs of students’ interaction with the robotics software, as well as pre/
post-tests designed to assess students’ CT. Leonard et al. (2016) utilized qualitative and
quantitative data sources to evaluate the development of CT during game design;
quantitative data were collected via a self-efficacy survey as well as a STEM attitude
and career survey, while qualitative data included students’ work samples (program-
ming code and actual games) and observation field notes. Last, Penmetcha (2012)
analyzed data from a pre/post-test questionnaire assessing the participants’ interest in
robotics, engagement with the learning module, and interest in algorithmic thinking,
programming and robotics overall. In fact, while the various different ways of assess-
ment of CT across studies could have given a holistic perspective on the issue, the
results of all nine studies should be interpreted with caution; the psychometric proper-
ties of the instruments used were not reported and therefore, there is no evidence of
validity of the data produced.

3.6 Learning outcomes

In accordance with the lack of validated measurement instruments for CT, the docu-
mentation of learning gains in the reviewed studies was also problematic in the
reviewed articles. In general, the absence of a system of indicators and a standardized
evaluation methodology created doubts in students’ real progress (Alimisis 2013). In all
nine works, the attempt to support CT via educational robotics seemed to have resulted
in the development of relevant twenty-first century skills, which of course has its own
value; yet, the advancement of CT as a more complex ability (including decomposition,
abstraction, algorithms, debugging) was unclear. For example, problem-solving, col-
laboration, and communication skills were emphasized as a learning gain in Eguchi
(2014a, b), whilst the study reported students’ positive interest in STEM learning, after
their participation in the robotics competition. Also, Leonard et al. (2016) reported
technology-related efficacy gains from pre-to-post testing for the robotics group. In
Penmetcha (2012), participants felt robotics was more engaging and increased their
interest in programming. Yet, in order to mind learning outcomes as well as the efficacy
of curriculums integrating CT skills, an inclusive assessment of CT needs to take place
and CT instruments need to be validated (Grover and Pea 2013) which was not the case
in the reviewed articles.

4 Discussion

In this paper, we summarized the current state of research of the development of CT via
the use of educational robotics. Interestingly, only nine empirical investigations were
found at this intersection. Together these articles reveal initial evidence suggesting that
educational robots can foster students’ cognitive and social skills. Yet, a few important
aspects and challenges remain understudied. We provide recommendations for learning
scientists aiming to guide further research in this emerging research area. We expend
this discussion to include insights, based on what we’ve found in the literature, as to
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what learning practitioners can do to help move toward solving those challenges you’ve
identified.

4.1 Recommendations for learning researchers

Four distinct areas appear to warrant further study and clarification based on our
review.

1. Agree on the operational definition of CT. It is quite evident that much of the recent
work on CT has focused mostly on definitional issues (Grover 2011; Grover and
Pea 2013); yet, there is still no widely agreed upon definition of CT (Barr and
Stephenson 2011). In light of this fact, developing an approach to CT through
robotics is especially challenging. A consensus operational definition of CT is
urgently needed before moving on to the practical integration of CT in K-12.
Although we acknowledge that obtaining consensus could take years, if not
decades, we hope this result will trigger more studies to explicitly make effort to
define CT and validate relevant instruments (e.g., Román-González et al. 2017).

2. Establish instruments for the assessment of CT. Linked to the lack of a widely
accepted operational definition of CT, validated instruments for its assessment are
still lacking. Despite some previous attempts (see earlier discussion e.g.,
Repenning et al. 2010), systematic assessment methods tracking the development
of CT components such as abstraction, automation and analysis have only recently
appeared and are still in progress (Román-González et al. 2017). This adds an extra
complexity to understanding the value of educational robotics in helping to
advance CT. Therefore, a systematic assessment of the learning outcomes and
benefits from using educational robotics in this context can become viable only
after researchers can establish a valid measurement of CT.

3. Research educational robotics classroom orchestration. The reviewed studies re-
veal that integration of educational robotics in the classroom can create significant
extra work for the teacher. The teacher is called to design collaborative and creative
learning activities around educational robotics and to provide arrangement (e.g.,
scripts) to facilitate the interaction between all students in the class and within
smaller groups. Such teacher activity is recently researched under the agenda of
Bclassroom orchestration^ (Dillenbourg 2013) which highlights the need for
supporting teachers in challenges associated with technology use in real classroom
(Roschelle et al. 2013) enabling them to manage the complexities and constraints
faced in the learning environment (Dillenbourg 2013). Based on findings from this
review, the dynamic robotics classroom environment and the changing roles of
educators and leaners necessitate relevant research on classroom orchestration
toward practical guidelines for successful technology integration.

4. Work on a practical framework for the development of CT through robotics. The
computer science education community can play an important role in advancing
CT across disciplines and in helping to integrate the application of CT and tools
across diverse areas of learning (Barr and Stephensons 2011). Meanwhile educa-
tional robotics, via the programming of robots, can give students the additional
benefit to interact with a concrete object and construct knowledge efficiently
(Angeli et al. 2016; Mikropoulos and Bellou 2013). The intertwining of the above
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in a set of clear examples and curricular activities will present practitioners with a
concrete method on how to facilitate CT for their students.

4.2 Recommendations for learning practitioners

Three directions for learning practitioners can help move toward solving the above-
mentioned challenges, whilst inform future practice in using educational robotics in the
classroom.

1. Develop curriculum for CT via robotics. There is lack of curriculum that can
support learners and educators in the development of CT via the use of educational
robotics. In the reviewed studies, the robotics curriculum, and learning goals
guiding the learning activities, was not adequately presented. Also, individual
studies seem to have adopted their own curricula without evidence of curriculum
evaluation. A CTcurriculum framework for K-6 has been proposed by Angeli et al.
(2016); yet, this framework lacks empirical evidence of its application in the
classroom and consequently evidence of learning outcomes intersection of CT
and educational robotics. Linked to the previous argument however, although
curriculums integrating CT skills are in demand, minding their efficacy first
requires valid assessment of CT learning outcomes (Grover and Pea 2013).

2. Create a robotics platforms repository. Many different educational robotic plat-
forms are now commercially available with various capabilities and costs. The
reviewed studies did not elaborate on the selection of their robotics platform,
making it difficult to understand their possibilities and limits with respect to CT
learning goals. A compilation of a database with all available platforms, capabil-
ities, pros/cons etc. will help learning practitioners integrate educational robots in
their classroom and test hypotheses about their value linked to specific curricular
objectives.

3. Include the details of the robotics interventions. Understanding the processes and
conditions under which specific CT goals are achieved in the educational robotics
environment demands in-depth descriptions of the procedures utilized in each
study. For example, much of the Blearning^ around educational robotics may come
from collaboration within groups and from dynamic discussions of trial and error.
Details of the learning activities, the learning resources, the social environment, as
well as decisions about the duration of the experience are often missing from
previous studies, making it difficult to follow-up with replication as well as
expanding on research areas such as classroom orchestration.

5 Conclusion

CT is a universal skill that everyone has the potential to learn and use; it represents a
general model of problem solving in which an algorithmic approach is taken to
reasoning about complex systems using levels of abstraction. Tailoring educational
robotics to serve the development of this skill, from kindergarten to high school, is an
emerging space for academic inquiry. Nevertheless, scientific inquiry in the area is
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sporadic, whilst the processes and conditions under which any specific learning goals
are achieved are far from being documented. An increasing number of researchers seem
to argue that various CT skills can be advanced via educational robotics, particularly
skills such as decomposition, abstraction, algorithms, and debugging, yet, there is very
little empirical evidence confirming or refusing these arguments (Berland andWilensky
2015). Such inquiry should start from a widely agreed definition of CT and validated
measurement instruments for its assessment. A practical framework for the develop-
ment of CT via robotics is next in demand, so as instructional designers and educators
can implement it consistently and at scale. Overall, research on CT via educational
robotics is still in its infancy with only initial evidence, which requires replication. This
review calls from more research in this area to take full advantage of the affordances of
educational robotic to advance learning.
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