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ABSTRACT

Educational (or pedagogical) robotics has received increased attention over the last few years
based on its effectiveness on the learning process. Humanoid robots have been recently intro-
duced in school settings to mainly support teaching of curriculum-based subjects. However,
humanoid robots’ benefits on STEM education in typical classroom settings are less examined
by the research literature. Instead, most research studies take place in non-typical school or
classroom settings (such as laboratories). The main goal of the current review is to sum up
results of relevant research studies about the positive impact of teacher humanoid robots on
STEM education. The learning benefits in STEM subjects, programming and reasoning skills
are examined too. Sample subject of this review are mainstream students aged 4 to 18 years
old and research studies are grouped based on their commonalities such as common learning
areas and results.

KEYWORDS
teacher humanoid robots, STEM education, learning gains, programming and coding, reason-
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1  INTRODUCTION

STEM education has emerged as a pedagogical approach that brings together
science, technology, engineering, and mathematics in school settings as integrating
diverse learning fields [9]. Based on STEM’s interdisciplinary nature, collaborative
learning, critical thinking and reflective skills can be promoted through investiga-
tion, planning and programming [42], which constitute critical and necessary skills
for a range of curriculum subject-areas [11].

Educational robotics has been an inherently interdisciplinary field that intro-
duces students to robotic platforms, robotic kits, and programmable robots for
engaging them with coding, programming, and planning [15]. The integration of
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educational robotics in the learning process promotes students’ motivation and
interest for science and technology-oriented subjects (such as mathematics, science),
hence complicated concepts can be more accessible to them [8]. Several recent stud-
ies [16, 44, 47] provide strong evidence for robotics’ positive role on STEM education,
improving students’ digital literacy, creation of hypotheses and problem-solving
skills. As a result, students, instead of simply receiving information and knowledge,
can play an active role in the learning process as creators of their knowledge [20].
In STEM, educational, robotics can be applied for “hands-on-activities” but also with
the use of programmable humanoid robots [22].

Humanoid robots replicate human form and its movement; however, they are
polymorphic, and they can differ in terms of size, shape, and structure according to
the task [41]. Their introduction in school settings is relatively new with the main
goal being personalizing student support [3] or being applied for the whole class [19].
The increased educational interest for robotics in school is a result of their human-
oid social characteristics with which those students can find common ground [32],
but also as a result of their evidence-based effect on the teaching process. Research
literature highlights robotics’ effectiveness on students’ motivation for learning [23]
and the change of attitudes for robotics [13], but also the development of their criti-
cal thinking, problem-solving as skills that can be developed in STEM education too
[24]. Hence, there is evidence to suggest that humanoid robots can be considered as
a critical tool to promote STEM education [8].

However, most studies examine the effectiveness of educational robotics in
students’ oral language, reading skills and their engagement in literacy-oriented
subjects [24]. Additionally, research literature focuses on teacher social robots’ role
in vocabulary development, enhancement of writing, reading, oral language [10],
social skills and motivation for learning [36]. Consequently, fewer studies investigate
the use of humanoid robots in STEM education and thus there is gap in the existing
literature regarding STEM and humanoid robots.

Based on the increased attention and interest for integrating robotics in classroom
settings, its effective on the learning process and the necessity for more research
and empirical evidence, the current systematic literature review aims to provide a
synthesis of relevant studies about robotics’ effect on STEM education. The current
systematic review intends to answer the following research question:

e Efficacy: Which are the learning gains from implementing humanoid robots in
STEM education in classroom settings?

2  METHODOLOGY

Systematic literature review is defined as a method of collecting, evaluating, study-
ing and reflecting on available research studies with quantitative and qualitative data
relevant to specific research questions and research fields [6]. In the current system-
atic literature review, this method consisted of two phases: a. investigation of relevant
research literature, b. examination of studies against certain inclusion criteria.

2.1 Phase1

In the first phase upon search of available literature, several research papers
were collected relevant to the effectiveness of humanoid robots in STEM education.

International Journal of Online and Biomedical Engineering (iJOE) 19


https://online-journals.org/index.php/i-joe

Mertzani and Drigas

A variety of accessible web search engines were used such as “Science Direct”,
“Springer Link”, “ERIC”, “Web of science”, “Oxford Journals Online”, “Sage Journals
Online” and several key-words were also applied such as “humanoid robots”, “STEM
subjects”, “STEM in school”. The research papers that were studied and included in
the current literature review have been conducted between 2011 and 2022.

2.2 Phase2

In the second phase, the research studies were carefully reviewed by examin-
ing the abstract, research goal, sample, study settings but most importantly, specific
criteria were set for determining whether the studies were suitable or not for this
study. These criteria were:

e The study is not a systematic literature review

e The study focuses on the use of teacher humanoid robots in STEM education
e The study has been conducted in classroom settings and not in laboratories
e The sample of the study is mainstream students aged 4-18 years old

e The study has been conducted between 2011 and 2022

Because of the above inclusion criteria, duplicates and several studies were
excluded such as the study [7] which took place in lab settings. As a result of this
review process, 20 in total research studies were included in this study. Following
that, the studies were coded as a helpful process for the analysis, interpretation of
their results, and generation of relevant themes. In this phase, six themes were created
as they are presented: 1. Author/s, 2. Research Design, 3. Sample size, 4. Sample age,
5. Educational Level, 6. Results. The results were categorized into three broad catego-
ries too: learning gains in STEM subjects, programming, coding, and reasoning skills.

3  RESULTS

In total 20 research articles relevant to the use of humanoid robots in STEM in
classroom settings were reviewed and coded. Following this coding process, three
main themes were generated: a. Learning gains in STEAM subjects, b. Programming,
c. Reasoning skills. In the following section, an analysis and interpretation of the
results/themes is provided.

3.1 Learning gains in STEM subjects

Upon analysis, it was concluded that humanoid robots are used mostly in math-
ematics, science, and geography subjects as against other STEM subjects, program-
ming, and coding trainings.

Mathematics and Geometry. Most experimental studies focus on robots’ role
in teaching instructional mathematical areas (Numeracy, Operations, Spatial Sense,
Measurement, Geometry). Specifically, the comparative study [40] indicates the
effectiveness of NAO social robot in teaching/learning numeracy to elementary stu-
dents. A total of 38 students (10-11 years old) participated in 2 experimental condi-
tions: a. perform the experiment with the teacher, b. perform the experiment with
the robot-tutor. According to the post-test findings, the students who interacted with
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the robot achieved better scores in all mathematical questions and demonstrated
academic improvement. Similarly, the mixed-method and multi-scenario study [33]
provides strong evidence for implementing NAO robot to promote learning new
mathematical concepts (number fractions, metric system). Different educational
scenarios were implemented for three educational levels: elementary (28 students
aged 8-11 years old), secondary (25 students aged 11-14 years old), high school
(entire classrooms). Based on the post-tests, the results of the experimental groups
were higher than the ones for control groups and hence learning gains in math
were found.

Regarding operations, the experimental study [31] with a sample of 86 elemen-
tary students (8-10 years old) investigated the effectiveness of humanoid robots in
teaching multiplications. A NAO robot-teacher was used, and the sample randomly
participated in two experimental conditions: a. neutral robot-teacher, b. social robot-
teacher (verbal language) with the completion of mathematics summative tests about
multiplication tables. Post-assessment, students’ ability on time-tables was enhanced
(from M =55.73to M=62.12) independently through the robots’ behavioural role. The
positive role of NAO robot has been evidenced for other instructional mathematical
concepts such as prime numbers. The study [27] provides strong evidence for the
effectiveness of robots in fostering conceptual teaching in elementary classrooms.
A random sample of 22 students (8-9 years old) participated in two experimental
conditions: a. robot-teacher compared to b. human-teacher. The post-test empha-
sized the helpful role of the robot-teacher, however no significant difference was
evident between both conditions. The same researchers [26] one year before had
conducted one more experimental study with the use of the same type of robot to
exclusively examine its effectiveness in introducing the concept of prime numbers
to 45 students aged 5 years old. Across the four experimental conditions: a. instruc-
tion, b. instruction with digital materials, c. instruction with neutral robot, and d.
instruction with social robot, it was evidenced that students showed important prog-
ress with the neutral robot-teacher.

In terms of spatial sense, the experimental study [29] investigated the impact
of a Kindergarten Assistive Robotics System (KAR) on early childhood children’s
geometrical thinking and spatial cognition. A total of 9 children aged 3-4 years
old participated in different play-based activities with the presence of NAO robot.
Children’s visuospatial perception and spatial navigation were examined with the
post-test results to indicate the positive role of the robot on students’ geometrical
thinking skills.

Regarding teaching and learning of geometry, Kennedy et al. [25] examined
the impact of NAO robot on teaching and learning about geometrical shapes for
28 elementary students 8 years old. Two experimental conditions were applied:
a. physical presence of robot, b. virtual robot on i-Pad screen. It is important to
note that for both conditions, an improved performance was evidenced. Similarly,
the experimental study [37] indicates the effective role of NAO robot in enabling
52 students (11-12 years old) solve perimeter practice problems. A “between subject
design” was applied with two experimental conditions: a. robot-teacher presence,
b. robot-teacher programmable to follow the “Thinking Aloud” learning strategy
(reflection, revisions). Based on post-test results, the initial hypothesis about the pos-
itive role of the robot was confirmed, compared to the hypothesis about the second
condition as the most effective, which was not finally confirmed.

Nevertheless, the comparative study [5] provides mixed results with reference
to the effectiveness of NAO robot as a mathematics tutor. A total of 14 students
aged 8-9 years old were randomly assigned in two comparative experimental
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conditions: a. robot-mathematics tutor, b. human-mathematics tutor and robot;
were taught novel algebra concepts. Based on the post-test, although an improve-
ment was found for the group taught by the robot, no statistically significant differ-
ence between the robot and the human teacher was evidenced.

Geography and science. In geography and science learning areas, fewer
and smaller-scale studies about the use of humanoid robots have been found
and reviewed.

The study [21] investigated the use of NAO robot in reading and interpreting
geographical maps. A sample of 24 students (10-12 years old) participated in two
experimental conditions: a. robot-teacher provides guidance, b. robot-teacher pro-
motes inquiry-based learning. Positive results were highlighted for both conditions
in reference to students’ performance, reading and identification of maps. Regarding
the science and engineering areas of study [18] examined the role of an Android
robot-teacher (SAYA type), established by the University of Tokyo, on teaching and
learning about Lever law. A total of 45 students (11-12 years old) randomly assigned
in two groups participated in a series of tutorials, experiments, and formative test.
Based on the post-test, a significant improvement of both groups’ understanding,
knowledge and performance was evidenced. For early childhood education level, the
experimental study of [28] with a sample of 17 students (4-5 years old) investigated
the impact of a robotic social system (Kindsar) on sample’s learning about the
4 seasons of the year and development of geometric thinking (generating 3D shapes).
Positive results were evidenced for both learning areas with slightly better students’
performance on science learning.

Environmental education. With reference to the use of humanoid robots in
Environmental Education, fewer and mainly action research studies were collected
following the review process.

Ziouzios et al. [46] designed the EI-EDUROBOT with neutral robot assets to inves-
tigate its effectiveness on the development of environmental empathy and environ-
mental knowledge for a sample of 50 students (12 years old). A series of educational
scenarios with robot’s narrations, interactions, and students’ collaborative activ-
ities took place. According to the post-test, the role of the robot was significantly
helpful to enhance students’ competency for environmental issues and foster their
positive attitudes towards environment. However, the research hypothesis about
the positive impact of NAO robot on the development of environmental empathy
as generated by Alves-Oliveiro et al. [1] in their study was not finally supported.
In more detail, two studies with different duration took place with educational sce-
narios about energy consumption and collaborative student games. A sample of
63 students (14 years old) and 20 students (14 years old) was randomly assigned
in two experimental conditions: a. robot-teacher with empathy, b. robot-teacher
without empathy. Both post-tests indicated lower empathy scores compared to the
pre-test scores.

3.2 Programming and coding

For the development of programming and coding skills, pilot projects were
mainly found with significant evidence of robots’ effectiveness in STEM.

The action research [34] investigated the way that NAO robot can foster students’
programming, coding skills and their familiarization with Artificial Intelligence.
A total of 24 students (11-16 students) from different elementary and secondary
schools participated in a series of trainings “designing, experimenting, innovation”,
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“Programming, Robotics”. Positive results were indicated with most students demon-
strating good knowledge of robotic parts system, operations (eg., end effectors)
and give motion and verbal behaviour to robots with the software Choreographie.
Likewise, the pilot research project “Robotikum” [43] studied the role of NAO robot
in familiarization of study’s sample with robotic platforms and development of
programming, coding skills. Several training projects with three different sample
groups took place (9 students 7-10 years old, 14 students 11-14 years old, 8 students
12 years old) from different socio-economic backgrounds. Based on the final evalua-
tion and students’ self-reports, the robot significantly contributed to students’ under-
standing and basic knowledge of programming and coding processes.

In the light of STEM education, Ko et al. [30] established a “robot-theatre proj-
ect” with music, theatrical, robotic components. Four different programme-trainings
took place with three aged sample groups: 1st group-12 students (6 years), 2nd
group-25 students (8 years), 3rd group-40 students (16 years) and different robots
were used (NAO, Pepper, Darwin). Each sample group participated in writing ple-
nary tasks with robot characters and programming robots with verbal language and
motion. The positive impact of robots was highlighted for all the sample-groups;
however, lower performance was evidenced for the younger students. One more
STEM “robot-theatre project” was conducted [2] with a sample of 37 students
(7-9 years old) and the use of different robots (NAO, Darwin types). Same research
methodology process (design, programming trainings) with the study [30] was fol-
lowed and it was concluded that the combination of robotics and art was effective
for students’ programming and coding competencies.

3.3 Reasoning and problem-solving skills

Besides the studies about the use of humanoid robots in STEM subjects and
trainings for programming and coding, existing literature provides evidence for
robots’ positive impact on reasoning and problem-solving as relevant skills to STEM
education.

The experimental study [38] with a sample of 25 students (12-15 years old)
highlighted the positive role of NAO robot on students’ reasoning skills in a LEGO
building task. Two experimental comparative conditions were implemented: a.
human-teacher intervention, b. robot-teacher intervention. Among those, the sec-
ond condition with the presence of the robot was alluded to as the most effective.

Similarly, the pilot project conducted by the United Robotics Group in collabo-
ration with the Association of Independent Schools of Australia from 2015 to 2017
[39] involved 19 classrooms with students aged 4-15-year-old, provides empirical
evidence for NAO robot’s effective role in problem-solving, critical thinking and
coding skills. The students were introduced to Python programming language and
were taught how to programme NAO robots. According to the qualitative findings,
all the students significantly developed their problem-solving skills, creativity, and
programming skills.

4  DISCUSSION

A total of 20 studies were included in the current literature review, which
had been conducted from 2011 to 2022 and were categorized based on their
commonalities.
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4.1 Efficacy of humanoid robots in STEM education

The results of the study focus on the learning domain and they are classified as:
a. learning gains in STEM subjects, b. programming, c. reasoning skills as they are
presented in Figure 1.

I STEM Subjects
M Programming, Coding
Reasoning, Problem-Solving

Fig. 1. Use of humanoid robots and learning gains

In terms of learning gains, the very high percentage of 70% out of 20 studies
examined the effectiveness of humanoid robots on learning gains in relevant STEM
subjects such as mathematics and science, followed by 20% of the studies investigat-
ing the role of robots in teaching/learning programming and finally 10% focussed
on problem-solving and reasoning skills. Interpreting these percentages with most
studies focusing on the learning gains in STEM subjects, there is evidence to suggest
that humanoid robots can be critical for teaching curriculum, technology-oriented
subjects. Nevertheless, the application of robots for the development of programming
skills, problem-solving, and mainly for the change of secondary students’ attitudes
towards robotics is less studied, a conclusion which is consistent with the existing
literature [12].

4.2 Educational levels

It is also important to note that the comparative study of [5] and the study [1] did
not support the initial hypotheses for robots’ effectiveness in STEM, possibly because
their experimental conditions differentiate from the other studies (eg, involvement
of both human-mathematics tutor and robot-tutor in one experimental condition).
Therefore, this different variable can affect the effectiveness of the robot, a conclu-
sion that agrees with the existing literature (Figure 2) [17].

Combination of Educational Levels 25%
Secondary Education 15%
Primary Education _
Early Childhood Education 15%
0 10 20 30 40 50

Fig. 2. Use of humanoid robots in education levels
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Regarding the use of humanoid robots in school settings, it was evidenced that
the significant percentage of 45% of studies took place in elementary educational
level, followed by 25% of big-scale studies conducted in a combination of education
levels and finally 15% of studies took place in kindergarten and 15% in second-
ary education, respectively. Hence, humanoid robots are used mainly in primary
educational level to foster elementary students’ reasoning, programming skills and
promote their learning in STEM education compared to the other education levels.
Existing literature suggests too that humanoid robots can be applied across all the
education levels based on their effect on the learning process, but more important
contribution is evidenced for elementary students [45].

5 CONCLUSION

In conclusion, we emphasize the importance of all digital technologies in the
field of education and STEM training. These technologies are highly effective and
productive and facilitate and improve assessment, intervention, and educational
procedures through mobile devices that bring educational activities anywhere
[48-49], various ICTs applications that are the main supporters of education [50-51],
and games [52] that raise educational procedures to new performance levels.
In addition, the development and integration of ICTs with theories and models of
metacognition, mindfulness, meditation, and the development of emotional intelli-
gence [53-64], accelerate and improve educational practices and results more than
those, especially in STEM education domain and its practices like assessment and
intervention.

More specifically from the results of this study, the following conclusions
can be drawn:

a) Humanoid robot can significantly enhance the learning process and particularly
promote learning gains in STEM subjects (such us mathematics), which is also
supported by other authors [35] who highlighted the positive impact of humanoid
robots on students’ performance in STEM oriented subjects. Moreover, the physi-
cal presence of robots can foster students’ programming, coding, problem-solving
and reasoning skills as well as increase their engagement in STEM education,
which is similarly alluded by existing literature [6].

b) Humanoid robots are mostly used in Elementary Education and effectively
support elementary students based on their need for a more directive teach-
ing style as it is indicated by research literature [14]. The same conclusion is
also supported by [4] in their systematic review. Finally, robots can foster stu-
dents’ self-esteem, critical thinking and inquiry skills, which is in line with the
study [31].
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