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Abstract

This study is intended to serve as a meta-analysis of the existing literature on robotics
education for young children (pre-K and kindergarten through 5" grade). Through a
systematic review, this study categorized the key themes of the existing studies, concluding that
the current research trend in young children’s robotics learning is weighted toward the outcome-
focused research. This study’s results suggest that this research trend will establish the impact of
robotics education through strong evidence, thus advocating for an instrumental view of robotics
education as a means of not only advancing young children’s skills in other subject areas but
also aiding in their holistic development. This study thus implies a need for expanded research
on young children’s needs and challenges when learning robotics and on their access to STEM
areas.
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1. Introduction

The rapidly changing technological environment and the complexity of contemporary
society require innovative and knowledgeable citizens. The growing attention given to
science, technology, engineering, and mathematics (STEM) has created societal
expectations that education should cultivate competent future workers who have the
capability to adapt to technology-driven conditions [1].

Robotics education is one response to these needs, and the knowledge and skills that this
form of education can provide help to meet those needs. Robotics education provides
learners with practical experiences to help them understand technological language and
systems, adapt to and accept the constant changes found in complex environments, and
utilize their knowledge in real situations, regardless of time, space, and context [2]. In
addition, robotics education has been suggested as a solution for the lack of student
achievement in STEM subjects [3]. The use of physical and attractive robotics
environments in education is expected to motivate students to achieve in STEM subjects
and, ultimately, to seek careers in those areas.

Regardless of economic and societal needs, robotics education has scholars’ attention
because of the significance of empowering learners through authentic learning. By
engaging in sensory-based, process-oriented experiences, young students can take on
crucial roles as co-constructors of learning rather than as passive knowledge receivers [4,
5]. The problem-solving processes and the engineering design approach used in robotics
activities can open a wider space in which students can connect their learning situations to
issues from ordinary life.

In recent years, there has been renewed interest in the pedagogical concerns related to
young students. Researchers have presented the potential of robotics education for young
learners, moving beyond issues with their ages. In addition, by developing and
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implementing a robotics curriculum with tangible robots (involving topics such as
introductory programming) for K-12 students, researchers have created a concrete picture
of robotics education that practitioners can use.

However, the research on robotics education is still in its early stages. Thus, despite the
recent attention, much uncharted terrain remains. In particular, given young children’s
tendencies toward sensory engagement and object-based exploration, robotics education
can be used in parallel with these children’s learning trajectories [6]. However, despite the
rise in studies focusing on young children, few comprehensive investigations of young
children’s robotics learning have been conducted.

In this study, we aim to depict children’s robotics learning by reviewing the existing literature
on this topic, with an emphasis on young learners (pre-K and kindergarten through 5" grade). To
achieve this purpose, our review study is guided by the following question: “What key topics
does the existing research present with regard to young children’s robotics learning?” In
answering this question, we attempt to categorize and thematize the key findings of the existing
studies on young children’s robotics learning,

Our study consists of three sections. First, we describe the procedure for this systematic
review. Next, we present the synthesized and analyzed results of the relevant studies based on
our research question. Then, we discuss future research directions in robotics education and
address the strengths and limitations of the existing studies.

2. Procedure

To establish a reliable literature review, we used the systematic review process suggested by
Davies and colleagues [7] and by Pettigrew and Roberts [8]. Through purposeful questions, a
systematic review explicitly identifies, appraises, and synthesizes all the relevant studies to
answer questions rather than to simply summarize particular issues. Therefore, this process
supports our goals of both acquiring cumulative knowledge of robotics education for young
children and conducting a rigorous, critical literature review.

The specific steps for this review process are as follows:

1)  Deciding on the scope of the review and developing the criteria

2)  Searching for the relevant studies (applying the criteria)

3)  Screening the studies (applying the criteria)

4)  Analyzing the selected studies in conjunction with the research question

5)  Synthesizing the findings

6) Drawing conclusions

At the very first stage, we began to develop explicit criteria to search and select relevant
literature. The following seven criteria were applied for this review study:

1) Ages of Targeted Children: Even though our study targets kindergartener-age groups, the
number of international studies targeting kindergarteners and preschoolers was relatively
very small. Thus, in order to conduct a more comprehensive review, we included
international studies which focused on Pre-K through 5" or 6. In the case of Korean
journal, we searched studies only targeting kindergarten children (age 3 —5).

2) Contents of Research: We included journal articles that examined robotics education as
learning objects and contents — a kind of disciplines. Also, we included studies that
viewed robotics education as educational tools for teaching and learning in other discipline
areas such as literacy, math, science, and arts. Selective empirical studies provided young
learners with robotics programs and curriculums.

3) Types of Robotic Technologies: Included studies should have employed Educational
Robotics (ER) with the exception of Socially Assistive Robots (SAR) and intelligent
robots. ER typically consists of different construction parts of robots (e.g., sensors,
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controllers, actors) and graphic-based programming interfaces that allow children to
construct, operate, or program robots [9] Because we paid attention to young children’s
robotics-specific learning and pedagogical application of robots, we excluded the studies
used SAR in this study. If the research used only software programs, iPad, or computers
without physical robotics kits, those studies were also excluded.

4) Types of Research: Both quantitative and qualitative studies were embraced in this review
study. However, conceptual papers, review papers, and book chapters were excluded.

5) Research Settings: We included both informal and formal settings in which children
experienced robotics education programs or robotics activities.

6) Years of Publications: We limited the years of publications of the academic journals to
the last 10 years — between 2006 and 2017.

7) Types of Publication: Our search for this review work was limited to finding journal
articles including conference papers. Articles written in English and Korean were
considered.

Based on these criteria, articles were searched through five online databases: ERIC
(Educational Resources Information Center), Science Direct, Springer Link, Google Scholar, and
RISS. The following three key words were used together at the initial searching stage:
“Robotics,” “Children,” and “Education.” In the case of Google Scholar, because it had a vast
body of search results (18,000 results), we replaced “Children” with “Kindergarten.” A specific
search protocol was used to set subdiscipline or limited topics as Table 1 shows below.

Based on these criteria, articles were searched through five online databases: ERIC
(Educational Resources Information Center), Science Direct, Springer Link, Google Scholar, and
RISS. The following three key words were used together at the initial searching stage:
“Robotics,” “Children,” and “Education.” In the case of Google Scholar, because it had a vast
body of search results (18,000 results), we replaced “Children” with “Kindergarten.” A specific
search protocol was used to set subdiscipline or limited topics as Table 1 shows below.

Table 1. Search Protocols

Database Search Protocol Number of
Results
Search Terms: ‘Robotics’ AND ‘Education’ AND
‘Children’ 86 results
ERIC |
! 56 results

Search Under: ‘Journals’
Search Terms: ‘Robotics’ AND ‘Education” AND
. Jn , 1, 475 results
Science Children l
DA ! 112 results
Limit-to topics: ‘Child’/ ‘Students’
Search Terms: ‘Robotics’ AND ‘Education” AND
‘Children’
Springer !
Link Search Under: ‘Education &Language’

1, 871 results

!
254 results
l

Search Subdiscipline: ‘Learning &Instruction’ 115 results

Search Terms: ‘Robotics’ AND ‘Education” AND
Google | ‘Kindergarten’
Scholar !

Excluded words: ‘Socially Assistive Robotics’

3,020 results

339 results
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Search Terms: ‘Robotics’ AND ‘Education’ AND
‘Kindergarten’ 309 results
RISS l |
189 results

Search Under: ‘Journals’

However, as Table 2 shows, although we searched for articles using specific criteria, we found
many irrelevant or overlapping results. Through several screenings, we reviewed the abstracts of
the articles and excluded the following types of articles (all based on articles found using ERIC):
1) duplicate studies with the same authors, 2) research aimed at investigating robotics in terms
of rehabilitation or using a clinical approach, 3) articles in which teachers were the main
participants, 5) studies that used software programs with only virtual (not physical) robots, and
6) research that included young children only as test users to develop robotic technology. In
summary, as Table 2 shows, we selected 49 relevant articles for use in our analysis.

Table 2. The Process of Screening and Numbers of Results

Database Initial Results 1* Screening 2" Screening | Final Screening
ERIC 56 results 41 results 27 results 23 results
Science Direct 112 results 56 results 19 results 6 results
Springer Link 115 results 47 results 15 results 6 results
Google Scholar 339 results 98 results 36 results 11 results
RISS 189 results 52 results 12 results 3 results
gﬁgﬁ? 49 results

In the analysis process, we read the entirety of each article and outlined the basic information
presented therein (e.g., the ages of the participant children, the settings, the educational robots
used, the research methods, the robotics education curricula, and the major findings). We then
comprehensively reviewed the key characteristics of each research study and, relying on this
review study’s research question, analyzed and systematically categorized the patterns of our
analysis results.

3. Findings

We identified the key topics in the existing research with regard to young children’s robotics
learning and determined which aspects of this type of learning that the existing studies
investigated. Table 3 shows a thematically categorized breakdown of the studies’ key topics,
listing the six themes and the studies relevant to those themes.
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Table 3. Key Themes of Research Topics

Themes of Research Topics Number

Outcomes of Robotics Learning 30

* Di Leito, Inguaggiato, Castro, Cecchim Ciono, Dell’Omo, & Dario [10]
*» Kopcha, McGregor, Shin, Qian, Choi, Hill, & Choi [11]
* Sullivan & Bers [12]

* Sullivan, Bers, & Mihm [13]

* Bennie, Corbett, &Palo [14]

* Gordon, Rivera, Ackermann, & Breazeal [15]

e Julia & Antoli[16]

* Sullivan & Bers [17]

* Zaharija, Mladenovi¢, & Boljat [18]

* Bers, Flannery, Kazakoft, &Sullivan [19]

* Cacco &Moro [20]

* Elkin, Sullivan, &Bers [21]

+ Kandlhofer, Steinbauer, Hirschmugl-gaisch, &Eck [22]
* Kazakof &Bers [23]

* Somyurek [24]

* Datteri, Zecca, Laudisa, &Castiglioni [25]

* Eck et al. [26]

* Ma & Williams [27]

« Sullivan, Kazakoff, & Bers [28]

« Kazakoff, Sullivan, & Bers [29]

* Kazakoff & Bers [30]

* McDonald & Howell [31]

* Stoeckelmayr, Tesar, & Hofmann [32]

* Wei, Hung, Lee, & Chen [33]

* Highfield [34]

* Jojoa, Bravo, & Cortés [35]

* Ruiz-del-Solar [36]

* Chambers, Carbonaro, &Murray [37]

* Bers [38]

* Hussain, Lindh, & Shukur [39]

Young Children’s Conceptualization of Robots and Systems of Robots 5

* Spektor-Precel & Mioduser [40]

* Mioduser & Kuperman [41]

* Slangen, Van Keulen, & Gravemeijer [42]
* Mioduser, Levy, & Talis [43]

* Levy & Mioduser [44]

Young Children’s Processes and Strategies for Learning Robotics 4

* Aladjem, Kuperman, & Mioduser [45]
* Yuen et al. [46]

* Levy & Mioduser [47]

* Mioduser &Levy [48]

Assessment of Young Children’s Robotics Learning 1

* Savard & Freiman [49]
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Gender Differences in Robotics Learning 1

* Sullivan & Bers [50]

.............................................. Factors and Condition of Robotics Learning 8
* Cho, Lee, Cherniak, & Jung [51]

*» Master, Cheryan, Moscatelli, & Meltzoff [52]

* Elkin, Sullivan, & Bers [53]

* Strawhacker & Bers [54]

* Liu et al. [55]

» Kwon, Kim, Shim, & Lee [56]

« Janka [57]

* Beals & Bers [58]

Our review showed that 30 of the reviewed studies (61.2%) addressed the outcomes of
robotics education for young children. This line of research focused on the advantages young
children could gain by engaging in robotics activities (e.g., constructing robots to solve problems
or programming robots to complete tasks). As for the outcomes of young children’s robotics
learning, the 30 studies addressed two key points.

First, the existing studies mainly focused on the kinds of knowledge (concepts), skills
(practices), and attitudes (dispositions) that the young children achieved through robotics
education. We summarized the details of these studies by categorizing them based on three
domains (knowledge, skills, and attitudes) and providing specific examples of what the
participant children learned (see Table 4).

Table 4. Domains and Contents of Robotics Education for Pre-K through 5"
Graders

Domain Sub-domain Content

e Science e Physics ¢ Computer-science
o Mathematics ¢ Geometry (Spatiality)
e Literacy

Subject-Oriented
Knowledge

¢ Physical parts of robots e Functions of parts of

robots e Basic components of different robots e
Knowledge of Robots  Different morphologies of robots

o Different purposes of using robots

Knowledge « Definition of robots e History of robots
(Concept)
Understanding of ¢ Rules of adaptive behaviors of robots
Systems of Robots o Artificial autonomous decision-making systems
e Abstraction of commands (or symbols)
Computational e Sequencing e Corresponding
Concepts o Repeated loop
o Parameters (Numbers parameters & Sensor
parameters)
¢ Analyzing e Planning e Sequencing
Practices Programming o Debugging (Trouble-shooting)
(Skills) o Control flow e Conditional Branching
Construction of ¢ Design e Building e Balance e Stability
Robots ¢ Control
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Cognitive Skills

e Analyzing e Classification e Prediction
e Reasoning e Meta-cognition (reflection)

Problem-Solving
Process

o Identifying a problem > Exploring information
and creating ideas - Making a decision /
Selecting the best idea - Building and test the
idea > Evaluating the results

Engineering Design
Process

o Identifying a problem = Research the problem
—> Developing possible solutions = Selecting a
promising solution = Building a prototype >
Testing and evaluating the prototype - Redesign
as needed

Scientific Methods
(Scientific Inquiry
Skills)

¢ Observing and identifying a question >
Formulating explanatory hypotheses = Testing the
hypotheses = Hypotheses in light of the observed
results and knowledge (evidence)

—->Communicating the explanations

e |nitiative Engagements e Satisfaction
o Familiarity with technology
o Self-efficacy e Endurance e Flexibility

Intra-Personal

Attitude Attitude

(Disposition)

Inter-Personal
Attitude

o Collaboration e Cooperation
e Communication e Conflict resolution

For example, using a micro-ethnographic case study approach, McDonald and Howell
showed that a robotics project positively impacted 5- and 7-year-old children’s literacy
development and numeracy skills [31]. Julia and Antolfcompared 6™ graders who did and did
not participate in a 10-week robotics course [16]; the participating children developed statistically
deeper spatial abilities than did the nonparticipating children. The quantitative and qualitative
data from Eck and colleagues’ pilot study indicated that robotics activities had an influence on
kindergarten children’s performance of the executive functions [26].

The researchers in these 30 studies also commonly reported on young children’s intrapersonal
and interpersonal attitudes (see Table 4), but these attitudes were not the main target of the studies.
Nonetheless, the research emphasized that the robotics activities had unexpected but very
impressive effects on the participants’ intrapersonal and interpersonal dispositions.

The second point is centered on the participant learners’ ages. The researchers paid attention
to the extent to which the young children—including preschool and kindergarten students—were
able to learn. Marian Bers and colleagues are key scholars in this area. For instance, Bers,
Flannery, Kazakoff, and Sullivan described kindergarten children as being able to acquire higher
levels of computational thinking (e.g., looping and numeric parameters) while presenting
quantitative evidence [19]. In particular, this study used the level of computational thinking
(looping with numeric parameters vs. conditional statements with sensor parameters) to compare
the children’s achievement. The results indicated that even kindergarten students were able to
understand and perform techniques involving looping and numeric parameters.

In addition, Sullivan and Bers quantitatively compared the achievements of three age groups
(pre-K, kindergarten, and 2™ grade) for two knowledge aspects [12]: 1) robotics knowledge (e.g.,
the parts of the robot and their functions) and 2) programming knowledge (e.g., easy sequencing,
hard sequencing, easy repeat loops with number parameters, advanced repeat loops with number
parameters, easy sequencing with various conditional commands, easy repeat loops with sensor
parameters, hard repeat loops with sensor parameters, and conditional branching). Interestingly,
this study showed that children of all ages performed equally well, even on the advanced
programming tasks. However, Sullivan and Bers reported that the youngest children (pre-K)
needed to learn at a slower pace, have more repetitive experiences, and work one-on-one with
adult assistants to achieve the equal levels.
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Given the key themes of the reviewed research, which were focused on the outcomes of
robotics education, we found that the existing studies of robotics education support a positive
view regarding the adoption of robotics curricula and technologies for teaching young children.
In other words, this outcome-focused research affirms robotics education’s pedagogical
implications for young children.

We emphasize here that these outcome-focus studies support the idea that robotics
education can be integrated into early childhood curricula. Despite revealing a somewhat
passive view of technology’s purpose in early childhood education, this review study’s
results show that robotics education can fulfill teaching and learning needs in many areas
and that it can be integrated with early childhood curricula rather than remaining an
extracurricular activity [59, 60].

In particular, the outcome-focused research on robotics education indicates that robotics
education can be integrated with science and engineering education. Again, as Table 4
shows, the domains that young children learn in robotics education are parallel to the
scientific and engineering practices suggested in the Next Generation Science Standards
(NGSS) [61]. Although the NGSS differentiated scientific and engineering practices in
some ways, robotics education can provide children with opportunities for direct
engagement in both engineering design and scientific inquiry. The NGSS articulated eight
engineering practices based on the engineering design process [61]. Robotics education has
many practices in common with the engineering design process. Table 5 summarizes the
aspects of robotics practices that are relevant to the NGSS engineering practices.

Table 5. Robotics Practices Relevant to Engineering Practices of the NGSS

Engineering

Practices in NGSS Robotics Practices Details

o Understanding specific situations
that have problems
Identifying problems e Identifying the purpose of
/defining problems construction (or programming)
¢ Identifying specific environments
o Clarifying the problems
Developing and usin . e Testing designs
F?noglels ’ Creating prototypes ) Troubl%—shogting the design
e Gathering information
e Identifying detail

Defining problems

Researching factors/conditions for design
Planning and carrying and Designing o Identifying possible/alternative
out investigations design
¢ Planning appropriate structures
Building robots e Constructing robots

/Programming robots e Programming robots

Analyzing and

interpreting data . o Evaluating design
: : Testing i . .
Using mathematics . ¢ Identifying errors in programming
. and Evaluating . :
and computational ¢ Evaluating the planning process
thinking
Designing solutions
Engaging in argument Revising ) Idenﬂfymg;ltgrnatlves of designs
from evidence and Improving e Improving design

Obtaining, evaluating, e Correcting errors in programming

and communicating
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information

As presented in Table 5, robotics practices and engineering design practices in the NGSS
are not identical; however, nearly all of the eight practices overlap. Robotics practices can
be defined in various ways depending on the curriculum and on the type of manipulatives.
However, based on the outcomes shown in Table 4, robotics education can provide young
children with experiences such as the robot design process in which the children design,
construct, operate, and apply robots.

There is general agreement that the robot design process consists of two parts:
engineering design and computer programming [62]. Obviously, these are interrelated
within an iterative process. Thus, they cannot be understood or used separately. Considering
the iterative nature of the robot design process, engineering design and computer
programming together are a systematic set of engineering practices.

On the other hand, even when focusing on engineering design and computer
programming individually (but still as parts of the entire robot design process), each can
still be considered an opportunity for engaging in engineering practices. It is easy to
conclude that engineering design for robots and the NGSS engineering practices share the
same features [61]. To be specific, robotic engineering design is driven by the needs of
practical applications for robots [63]; At the start of the engineering design process, children
aim to produce the most effective design—robots. By targeting optimized outcomes (rather
than a single, correct result), children can engage in model-based testing of their proposed
robots using the empirical data that the robots generate. The children can also evaluate the
robots in terms of the desired functions (e.g., pushing blocks or turning in front of
obstacles), technological feasibility, aesthetic features (e.g., appearance, balance, and
decoration), and context-specific conditions and constraints (e.g., the characteristics of the
floor or a desk). While analyzing and evaluating their robot models, children can use many
types of knowledge. They can also be involved in reasoning and argument practices that
help them to decide on the robot that best meets the identified needs.

Computer programming activities also possess distinct features of the engineering
practices that the NGSS delineated. Sullivan and Heffernan conceptualized robot
programming as robotics practices that represent the programmers’ modes of thinking and
that are performed with distinct programming languages [64]. For this reason, from the
robotics point of view, programming is a set of representative practices involving
computational thinking. The existing research on robotics education has defined
computational thinking as a systematic set of practices that includes debugging,
correspondence, sequencing, control flow, and abstraction [65]. Thus, robot programming
uses mathematics and computational thinking, which is one of the eight NGSS engineering
practices.

Furthermore, viewed broadly, the entire process of robot programming can be seen as a
set of engineering practices characterized as a comprehensive problem-solving process
[59]. To be specific, in order to control the robots’ behaviors, children first have to define
certain programming tasks (i.e., the kinds of actions that the robots have to carry out or
outputs they have to produce) and then analyze the constraints or conditions of the situated
environments. In the actual programming stage, the children have to apply abstract
programming concepts (e.g., iterations, input and output, commands, and loops) and skills
(e.g., troubleshooting) to actualize the robots’ behaviors. Most of all, while engaging in
testing and evaluating practices, children need to reflect on what causes any mismatches
between the intention of the programming and the actualized robot performance. This is the
practice of debugging [66]. By detecting mismatches and correcting the programming
errors that caused those mismatches, children can close the gap between the robots desired
state and its observed state [48]. Through such gradual and iterative processes, children
learn to solve problems by changing the robots until the targeted state is achieved.
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In this way, the outcome-focus studies of robotics education support the conclusion that
robotics education can be integrated into scientific and engineering practices. This implies
that robotics education can also be a useful strategy in broadening young participants’
STEM learning. Equitable learning opportunities and easy access to science (or STEM
more broadly) are core issues in science learning and teaching [67]. Regardless of the
outcomes of robotics education, one of its most frequently mentioned advantages is its
attractive power, as it fosters young students’ interest in science learning and motivates
them to take the initiative in their STEM learning [68]. The attractiveness of robotics
activities has been superficially identified by stressing the robots’ technological features
(e.g., tangibility, appearance, and auto-animated performance) [69]. Robotics education can
easily create meaningful entry points into STEM to target the needs of diverse young
children. Rusk and colleagues noted that several aspects of robotics education support
strategies that introduce young children to STEM learning and engagement [3]. These
aspects include a theme-based approach, the combination of arts and engineering, and
storytelling. Robotics activities are versatile, so they can be used to teach a variety of
content, and young children’s robaotics activities can are adaptable to their individual needs
and learning goals.

The outcome-focused studies also indicate the potential for robotics education to create
a very low threshold for entry into STEM, even for students who have difficulty engaging
in scientific inquiry [20]. Robotics activities can provide accessible opportunities for
students to engage with intrapersonal mental habits (e.g., intellectual interest and curiosity,
flexibility, perseverance, adaptability, self-management, and initiative) in natural and fun
ways [27]. Therefore, based on robotics education’s versatility and changeability, varied
types and structures of robotics activities can be used to attract and guide young children
based on their individual interests, needs, and tendencies, even for those who are not
interested in science and those who are underrepresented in STEM.

However, considering the various purposes for adopting robotics education in early
childhood education, it is a narrow view to conceptualize young children’s robotics learning
as being limited only to science and engineering practices or only to STEM learning. Of
course, robotics education can be a concrete and effective pedagogical example in STEM
education because it is interdisciplinary and allows for direct engagement with core STEM
concepts and skills [52]. However, robotics education can also be merged with curricula
from beyond the STEM disciplines. In previous research, children’s participation in
robotics activities contributed to their learning in multidisciplinary areas (e.g., languages
and the arts) [31, 34].

4. Discussion

This systematic review study started with this research question: “What key topics does the
existing research present with regard to young children’s robotics learning?”” We concluded that
the recent research on young children’s robotics learning has been weighted toward outcome—
focused research. As we show above, the existing literature has mainly reported children’s
achievements in robotics learning in terms of knowledge, skills, and dispositions (attitudes) in
various subject areas.

First, we suggest that this outcome-focused trend is a response to continuous criticism from
the research community, which has argued that the benefits of robotics education should not be
taken for granted and that the impact of robotics education should be reinforced with strong
evidence.

Second, we suggest that outcome-focused findings support an instrumental view of robotics
education in which it is not only a means to serve other subject areas but also an aid in young
children’s holistic development. The various learning outcomes in the three domains (knowledge
skills, and attitudes) explicitly reveal the interdisciplinary and integrated nature of robotics
education. In particular, robotics education has the pedagogical potential to be used in the
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teaching of science and engineering practices.

Third, the intrapersonal and interpersonal dispositions were both worth recognizing as
outcomes of robotics education. Because these dispositions are aligned with 21st-century skills
and competences [70], the outcomes of robotics education can reveal its potential for not just
STEM learning but also individual holistic development.

Lastly, because young children are rarely represented in the ranges of STEM learners,
outcome-focused studies can contribute to raising expectations regarding young children’s
intellectual and technological capabilities. By providing empirical data, this line of study can also
be helpful in clarifying the developmentally appropriate expectations for robotics learning.

On the other hand, the outcome-focused literature can be seen as weighted toward highlighting
the advantages of robotics education more than the potential needs and challenges that young
children face when learning robotics and accessing STEM areas. Thus, we argue that the research
should be expanded to examine these young learners’ needs and challenges by considering how
robotics curricula, pedagogical interactions, and teaching methods can constrain or open up
children’s learning. These new research focuses can contribute to the development of
pedagogically responsive robotics education for young children.
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