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ABSTRACT

Educational robotics (ER) is a constructivist approach to education that promotes experiential learn-
ing through actual activities for teaching and learning science, technology, engineering, and mathematics
(STEM) subjects. Empirical findings have indicated that primary school students have limited interest in
learning mathematics due to the inability to rationalize real-world applications without practical appli-
cation. Therefore, this study aims to determine the implications of using ER to evaluate their effect on
primary school students’ mathematics learning achievement, interest, and attitude. A total of 40 respon-
dents from year five participated in this quasi-experimental study that explored the difference between
using ER and PowerPoint hands-on methods as instructional approaches to complement teaching and
learning. The findings indicated that ER improved mathematics learning achievement and perceived inter-
est with a high effect size, and students also indicated a positive attitude toward using ER to aid in
learning mathematics.

Keywords: educational robots, Rero-Micro, mathematics education, primary mathematics,
interest, achievement

INTRODUCTION

Integrating technologies in teaching and learn-
ing has become a fundamental need to promote
science, technology, engineering, and mathematics
(STEM) education in schools (Adnan et al., 2022;
Gillen & Kucirkova, 2018). Likewise, teaching and
learning should align with technological changes,
especially state-of-the-art computer applica-
tions, to facilitate and adapt to the current needs
of the generation (Crittenden et al., 2019). One
such tool is the application of robots for peda-
gogical purposes (Chahine et al., 2020; Negrini &
Giang, 2019), defined as educational robotics (ER)
(Tselegkaridis & Sapounidis, 2021). According to
Todorovska and Bogdanova (2020), implementing

ER in early childhood offers many opportunities
that could be used to innovate twenty-first cen-
tury classrooms. Tzagkaraki et al. (2021) assert
that ER is a pedagogical tool that may provide a
different take on traditional STEM subjects while
initiating programming and problem-solving skills
that also focuses on learning discovery and “trial
and error.” Additionally, such programming skills
enhance students’ visualization of learning (Hsiao
et al., 2022) and enable them to correlate new and
past knowledge (Sharma et al., 2019). Davison et
al. (2020) explain that teaching and learning using
robotics facilitates interaction that triggers the
cognitive learning processes that simultaneously
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promote critical and creative thinking while sup-
porting problem-solving competencies.

In the same way, ER in general could play an
active role in mathematics education (Zhong &
Xia, 2020). Mathematics is a subject that requires
an understanding of how to quantify numbers
through reasoning and analytical skills and is
essential in solving day-to-day problems or chal-
lenging conditions in numerous fields (Aliyu et
al., 2021). According to Ying et al. (2020), math-
ematical skills must be mastered in the formative
years, as they may influence problem-solving skills
and interest in STEM areas. However, mathemat-
ics is often considered complex (Widakdo, 2017)
where students find it difficult to relate the theo-
retical aspects learned in mathematics to solve real
issues (Adnan et al., 2022; Nurhayani et al., 2020).
Similarly, this was also observed in Malaysian pri-
mary schools (Ying et al., 2020), where students
also portray disinterest in mathematics (Mazana
et al., 2018). Mathematics education in Malaysia
often focuses on learning numbers, arithmetic, and
the relationships between the numerals (Ganesen
et al., 2020) and lacks strategies that enable stu-
dents to reflect and apply mathematical knowledge
and understanding using tangible applications
(Saundarajan et al., 2020). While it is essential to
consider various teaching and learning techniques,
students’ abilities, experiences, and interests (Lai,
2018), Olsen (2020) and Saundarajan et al. (2020)
suggest using educational technologies as a means
to facilitate mathematics comprehension and
problem-solving skills. Accordingly, Adnan et al.
(2022) claim that due to the association between
mathematics achievements and STEM interests,
integrating technology-assisted mathematics
instruction could be a viable resource to improve
mathematical knowledge in the classroom.

Consequently, Lopez-Caudana et al. (2020)
claim that ER in primary mathematics educa-
tion could provide a positive outcome as ER aids
in improving attention and motivation while
developing a positive learning community, espe-
cially between teacher and student. However, few
studies have considered ER in primary schools
(Greca Dufranc et al., 2020), and such could also
be observed in Malaysia (Zaharin et al., 2019).
Empirical findings claimed challenges in such
integration due to a lack of strategies for inte-
grating STEM in Malaysian primary schools

(Balakrishnan et al., 2021) and how ER could
facilitate such integration (Muniandy et al., 2022).
Nevertheless, ER in primary schools can nurture
students’ positive interests and attitudes toward
STEM subjects and choices of future careers
(Roberts et al., 2018). Likewise, there is also a need
to investigate perceived interest in STEM to fully
understand the implications of ER (Tengler et al.,
2021; Todorovska & Bogdanova, 2020), especially
by considering students’ perspectives (Negrini &
Giang, 2019). Therefore, this study investigates if
ER used to complement the teaching and learning
of mathematics could improve student achievement
and interest in mathematics. Hence, ER instruc-
tional strategies will be compared to traditional
strategies using PowerPoint and hands-on activity
(PH) as a control group to evaluate these outcomes.
Additionally, this study also aims to investigate
students’ perceived attitudes toward using ER for
learning mathematics by answering the following
research questions:

1. Is there a significant difference between
ER and PH instructional strategies toward
student achievement and interest in learning
mathematics?

2. How do students perceive their attitudes
toward using ER for learning mathematics?

LITERATURE REVIEW

Educational Robots

Robotics in education, often known as edu-
cational robotics, is the term used to describe
robot-assisted teaching (Thomaz et al., 2009) and
has been deemed a valuable resource for develop-
ing STEM activities (Valsamidis et al., 2021). It
was developed by considering the fields of robotics
by focusing on the work of Seymour Papert, educa-
tion based on Lev Vygotsky, and children learning
psychology by Jean Piaget to create meaningful
experiences in early childhood (Scaradozzi et al.,
2019). The underlying theory focuses on a con-
structivist approach, where a hands-on approach
to creating and handling physical objects plays a
significant role in children’s learning processes
(Hong et al., 2020). Henceforth, ER has become
prevalent in many levels of education (Crnoki¢ et
al., 2017; Patifio-Escarcina et al., 2021), including
primary schools, as it fosters the playful aspect in
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individuals that can stimulate the development of
various skills and abilities (Sullivan & Bers, 2017).

Moreover, empirical evidence suggests that ER
has a favorable influence on children (Sapounidis &
Alimisis, 2021) and is especially important in early
schooling since they are analogous to the tradi-
tional concepts of learning with toys (Strawhacker
& Bers, 2015), focusing on play (Paaskesen, 2020).
Furthermore, ER as a STEM tool can engage and
be used to explain complex topics that spark chil-
dren’s imaginations (Isnaini & Budiyanto, 2018).
Likewise, the physical representation of ER is con-
sidered more advantageous than other frequently
used teaching strategies as it also aids in students’
engagement, which may influence their interest
(Papadakis et al., 2021).

Educational Robot in Malaysia

According to Jiea et al. (2018), ER is capable of
aligning with the ever-demanding need to apply the
Internet of Things (loT) concept in the classroom.
In parallel, ER has shown promising results as an
effective tool for efficiently learning the concepts
and principles of mathematics (Estivill-Castro,
2020). Thus, the Malaysian Ministry of Education,
considering these advantages and how it may posi-
tively impact STEM education (Nashir et al., 2019),
strategized workshops to equip teachers with the
necessary skills to implement robotics for teaching
and learning (Ling et al., 2019).

However, there are a few ER types available
for teaching and learning, such as Android, zoo-
morphic, mobile, poly-articulated, and hybrid
(Pachidis et al., 2019). Androids are defined as
robots that appear with human characteristics; zoo-
morphic with animal characteristics; mobile ER
as robots with capabilities to move with wheels;
poly-articulated as robots with a tendency to
move objects, such as a robotic arm; and hybrid
ER, which is a mixture of all the other catego-
ries (Johal, 2020; Papadakis, 2020). According to
Iberdrola (2023), mobile-based ER is the most
appropriate for primary education, as it also
emphasizes the construction of the robot that may
facilitate the constructivist learning approach.
Mobile ER examples used to date are such as the
LEGO Mindstorms NXT, Darwin-OP (Crnoki¢ et
al., 2017), EvaMars, EvaSec, ATEKS, and AGV-
OTA (Erdogmus & Yayan, 2021). However, in this
study, we utilized a locally made ER named Rero-
Micro. The Rero-Micro robot is an educational

robot introduced in primary schools in Malaysia
and reflected to be in line with the Malaysian
National Educational Blueprint.

Rero-Micro

Rero-Micro is an educational robotic kit devel-
oped by Cytron Technologies based in Malaysia
(Figure 1). It allows the integration and manipu-
lation of videos, audio, graphics, and animation
and is an excellent learning tool that incorporates
the benefits of educational media. Rero-Micro is a
fully assembled robot with built-in line sensors that
enable the robot to perform numerous tasks, such
as drawing lines and shapes, moving along the line,
and turning at the desired angle. It also contains a
12C interface port (multiple ICs on the same cir-
cuit board), which allows adding any 12C sensors,
such as distance, color, temperature, humidity,
LCD/OLED modules, and PWM/Analogue/l1O
Expansion module. This robot can be coded using
the https://makecode.microbit.org platform, devel-
oped by the Microsoft MakeCode initiative.

Moreover, the robot was designed to be kid-
friendly and has been used by the Malaysian
Ministry of Education and other government bod-
ies to promote programming skills. Empirical
findings of using the Rero-Micro as a learning aid
for mathematics have indicated a positive attitude
as students were found to have more confidence
in their ability to solve complex problems (Kucuk
& Sisman, 2017). Furthermore, it has been found
to motivate learners by providing hands-on appli-
cation to a mathematical problem (Zhong & Xia,
2020). However, to our knowledge, no such studies
have been conducted in the Malaysian context.

Figure1.
Rero-Micro Educational Robot
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PROBLEM-BASED LEARNING

According to Barrows and Tamblyn (1980),
problem-based learning (PBL) is a student-centered
instructional strategy that emphasizes developing
problem-solving, creativity, and critical think-
ing skills. Tan (2003) described PBL as a strategy
that could be used as a foundation to develop the
active learning process where a problem becomes
the main objective of the lesson, from which all
the students’ planning, strategies, and work are
driven toward finding a solution for the problems.
Problem-based learning provides students with
authentic and relevant situational problems that
can allow them to investigate and apply inquiry
learning (Umanailo et al., 2019) solidarity and the
law. Additionally, PBL has been found to be an
effective strategy for teaching and learning math-
ematics, even in the primary school environment
(Aliyu et al., 2021)

Problem-Based Learning in Mathematics Education

According to Sari et al. (2018), mathematics
education often requires real-life problem-solving
skills, and PBL could be strategized to enable stu-
dents to relate what they learn in the classroom
to the real world. Empirical evidence in primary
education indicated that PBL improves students’
interest and enjoyment (LaForce et al., 2017)
while developing their creativity, critical think-
ing, problem-solving, and self-directed learning
skills in mathematics education (Ertmer et al.,
2014). According to Aliyu et al. (2023), the PBL
approach of active learning could focus on prin-
ciples, applications, or methodologies vital to
mathematics education. Additionally, empirical
findings indicated that students are less likely to
drop mathematics subjects when participating in
PBL practices (Bicer & Lee, 2019) and are more
optimistic about choosing STEM-related careers
(Berk et al., 2014)technology, engineering, and
mathematics (STEM. Likewise, the integration
of PBL in mathematics education also facilitates
twenty-first century learning strategies (Hakim et
al., 2019), and such a combination, when applied
with active learning strategies, often signifies posi-
tive outcomes (Conde et al., 2021).

Problem-Based Learning in Educational Robotics

The PBL approach, when used for ER, is aimed
at promoting the constructionist learning approach
through the physical manipulation of artifacts,

which is supposed to foster the creation of mental
representations of the world around them (Papert,
1980). Conversely, PBL-based tasks enable stu-
dents to create, assess, and update concepts while
programming robot interactions that necessitate
children to explore, observe, reflect, and manip-
ulate the behavior of the robotics to deliver an
answer to the proposed problem (Chiazzese et al.,
2019). Hence, embedding the concept of PBL with
ER could further enhance students’ understand-
ing of mathematical concepts (Parno et al., 2019)
through an authentic experience that aids in devel-
oping problem-solving skills (Girses et al., 2007)
by facilitating a hands-on, minds-on, and self-
directed learning approach (Williams et al., 2007).
In addition, such activities provide opportunities
for students to become more closely engaged with
their learning activity, which seems impossible in
traditional environments due to time limitations
(Buylkdede & Tanel, 2019). Hence, ER could
be a vital resource used to help solve inattention
in learning among children (Patifio-Escarcina et
al., 2021).

METHODOLOGY

Respondent and Learning Contents

Forty year-five students, aged 11, were recruited
from a primary school in northern Malaysia for
this study. The respondents from an intact class
were divided into two groups: Group A (n = 20),
defined as the treatment group, and Group B (n =
20) as the control group. The grouping was done
without pre-assessing students’ mathematics abili-
ties, and students were randomly assigned to a
group. Next, the content used for this study focuses
on the topic “lines & angles” based on the Standard
Curriculum Document for Year 5 (Kementerian
Pendidikan Malaysia (2018). The objective of the
contents is to recognize right angles, acute angles,
and obtuse angles by matching the angles accu-
rately. According to Martin-Ramos et al. (2017),
using localized learning content aid students’ visu-
alization to use robots and improves their attitude
toward mathematics.

According to Haryanti et al. (2019), primary
students often face problems comprehending
basic math skills, such as lines and angles, due to
challenges in visualizing the content. Therefore,
for Group A we utilized the content provided by
Rero-Micro’s curriculum as it was developed
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based on the Malaysian Primary School’s Standard
Curriculum for Mathematics, Science, and ICT
subjects. Henceforth, based on the ten lessons pro-
vided in the Rero-Micro syllabus on their website
(https://www.intelek.edu.my/product/reromicro-
coding-robot-incl-microbit), we selected Lesson 4,
titled “Let’s Move It, Move It,” for learning lines
and angles. The lesson aims to program the robot
to move and turn based on given angles (Figure 2).
On the contrary, the control group (Group B) les-
sons were designed based on the lecture method,
where PowerPoint slides were used as a teaching
aid, followed by hands-on activity.

Figure 2.
Movement of Rero-Micro Robot

Instrument and Data Collection

First, students’ comprehension of the topic was
measured using an assessment consisting of 20
subjective questions about identifying, naming,
and calculating the angles. The pretest was admin-
istered after the traditional class for both groups,
and all questions and rubrics were adapted from
the school’s question bank as the questions were
previously validated per the curriculum require-
ment. The same questions were used for the pretest
and post-test; examples are shown in Appendix A.

Next, perceived interest in learning mathemat-
ics was adapted from Frenzel et al. (2012) as the
instrument focused on interest in mathematics
for younger students. Frenzel et al. (2012) claim
that adolescents’ interest in mathematics is usu-
ally associated with emotional responses, while
older students tend to relate cognitively. Therefore,
the six-item questionnaire was adapted to project
interest with statements like “I am interested in
mathematics” and “I like solving mathematic prob-
lems” using a four-point Likert scale (1 = strongly

disagree, 2 = Disagree, 3 = Agree, 4 = strongly
agree), as suggested by Bell (2007). We also inves-
tigated the students’ attitudes towards using ER
by adapting the instrument by Abioye et al. (2017)
for learning mathematics, where all assessment
was done using a paper-based method. Moreover,
before the investigation we obtained approval from
the school and enlisted two teachers to aid in con-
ducting this study. On the other hand, permission
was also obtained from the parents, who were
asked to sign an informed consent form explaining
the study procedure and measures.

Research Design and Procedure

This study was quasi-experimental, where
students were assigned to their groups using the
randomization RAND function in Excel. First,
the pretest scores for achievement and perceived
interest were collected to obtain measures of the
similarities between both groups. Next, before
the intervention, all students were exposed to the
topics using traditional “chalk-and-talk” teaching
methods. After the two-week lesson, both groups
were given pretest questions to determine their
comprehension and perceived interest in learn-
ing mathematics. Next, all students were taught
basic block programming skills for three weeks to
ensure they were familiar with the ER coding plat-
forms (Figure 3) and were exposed to Rero-Micro.

Figure 3.
Coding for Robot Movement

In the fourth week, Group A students were
situated in a computer laboratory (Figure 4), while
Group B students were placed in a classroom
(Figure 5). Group A students were given three
tasks to program in which they were required
to move their robot based on the curriculum for
Lesson 4 (Appendix B). After completing each
task, students were required to display the outcome
to their teacher and, in return, the teacher would
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give a token to perform the next task. Conversely
for Group B, the class was conducted where the
teacher showed examples using PowerPoint slides
and provided hands-on classroom activities. The
hands-on activities provide the opportunity to
handle real objects and to perceive the sense of
touch, which may help the students to acquire more
knowledge (Klopp et al., 2014). Therefore, students
draw angles using compasses and protractors
following teachers’ instructions. At the end of
the sessions, students were given the perceived
interest in mathematics questionnaire, followed
by the achievement post-test. As for Group A, an
additional questionnaire was given to measure
students’ attitudes toward mathematics.

Figure 4.
Group Ain the Computer Lab

Figure 5.
Group Binthe Classroom

Next, the data collected were digitally coded
in Microsoft Excel for data matching and cleaning.
The data, which were raw scores for both groups,
were exported to the IBM Statistical Package for the
Social Sciences (SPSS) for descriptive and inferen-
tial analysis. The Mann-Whitney U tests were used

to analyze the differences between both groups, as
the data were deemed not normally distributed.

RESULTS

The respondents were all 11 years old and the
gender distribution of the class was 55% (n = 22)
boys and 45% (n = 18) girls. First, it was observed
that student comprehension (Table 1) prior to the
intervention was not significantly different based
on the Mann-Whitney U test (U = 170, p = 0.42)
for Group A (M = 47.47, SD = 9.18) and Group B
(M =49.71, SD = 9.04), which reflect the homo-
geneity of the sample. Subsequently, based on the
post-test results, Group A (M = 69.74, SD = 9.11)
performed better than Group B (M =52.93, SD =
12.95), and the Mann-Whitney U test showed that
there was a significant difference (U = 63.5, p =
0.01) between both groups. The effect size calcu-
lated indicated Cohen’s d value of 1.438, which
implies a large effect. According to Cohen’s clas-
sification of effect sizes, 0.1 is considered a small
effect, 0.3 is a moderate effect, and 0.5 and above
is a large effect (Cohen, 1988), which reflects
that the ER experience significantly improved
learning comprehension.

Table1.
The Pretest and Post-Test Achievement Scores

The Pretest Score The Post-Test Score

Group A Group B Group A Group B

Mean SD Mean | SD Mean SD Mean SD

4747 | 918 | 4971 (9.04| 69.74 | 91 | 52.93 | 12.95

Next, for perceived interest, during the pre-
test assessment, Group A (M = 2.53, SD = 0.79)
reflected almost similar interest as Group B (M =
2.58, SD = 0.87), and the Mann-Whitney U test (U
=191.50, p = 0.817) conducted reflected no signifi-
cant difference between both groups. Subsequently,
based on after-treatment results, Group A (M =
3.53, SD = 0.49) showed more significant inter-
est than Group B (M = 2.99, SD = 0.75), and the
Mann-Whitney test indicates U = 106.50, p = 0.01.
The mean rank value for Group A was determined
to be significantly higher at 25.18, as opposed to
Group B at 15.83 with an effect size of d = 0.87.

The attitude toward robotics questionnaire
was only distributed to Group A, and the findings
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(Table 2) indicate an overall positive attitude (M
= 3.38, SD = 0.69). Students indicated the high-
est acceptance for the statement “I like learning
mathematics using robots” (M = 3.65, SD = 0.67),
followed by “Robots are amazing for learning
mathematics” (M = 3.55, SD = 0.69). However, for
the statement “I enjoy interacting with robots,” the
mean value was the lowest (M = 3.10, SD = 1.07)
but still indicated a positive attitude.

Table 2.
The Mean Score for Attitude Toward ER

No. Item Mean SD
. Robotls are amazmg.for 355 0.69
learning mathematics.
2 Iam |nter§sted inusing rlobot 335 075
for learning mathematics.
Ibelieve using robots can help
3 me improve my understanding 3.25 0.91
in mathematics.
4 [ enjoyinteracting with robots. 3.10 1.07
5 Tlike Iearpmg mathematics 365 0.67
using robots.
Average 3.38 0.82
Score

DISCUSSION AND CONCLUSIONS

The outcome of the findings indicates that the
integration of ER to complement teaching and
learning mathematics could positively impact
learning outcomes. Firstly, a significant difference
in student achievement was observed between both
groups post-intervention, where students in Group
A performed better than the control group with
a high effect size (d = 1.438). Nevertheless, both
groups showed improvement compared to their
pretest results, and we theorized that this could be
due to the problem-based activities introduced in
both groups for the last session. Nevertheless, the
manipulation of ER, which required programming
and reasoning skills, undoubtedly reflected signifi-
cantly better achievement. Hence, while literature
in this context emphasizes real-world application
to ensure positive learning outcomes (Aliyu et al.,
2023; Conde et al., 2021; LaForce et al., 2017) and
we orchestrated it through Group B’s intervention,
it was observed that technology aspect and “play”
are important aspects to consider. Conversely, the

outcome of this study also supports the findings
by Bray and Tangney (2017), claiming that tech-
nological tools help students find new pathways to
support their learning; moreover, ER is such a tool
in mathematics education, as Parno et al. (2019)
report. Besides, Chiazzese et al. (2019) also report
that the technological tool’s intervention highly
impacts students’ achievement compared to tradi-
tional learning, which has also been observed in
the case of ER in primary schools and as reported
in this study.

Next, even though both groups reflected an
improvement in perceived learning interest, it is
reasonable to say that the robot-based activity
provided the experience of hands-on technology
practice, which was reflected as higher interest
by Group A, and also reported by Chien and Chu
(2018). Group A (ER) showed higher interest
in learning mathematics compared to Group B
(PowerPoint), with a high effect size (d = 0.87).
Furthermore, this study reflects manipulation
in both scenarios where the findings indicated
that technology-based manipulation, as reflected
through ER, improves learning interest compared
to physical manipulation of objects performed
using compasses and protractors. Beilock and
Maloney (2015) also indicated that interactive
learning, as we observed through the ER coding
platform, helped students reduce their math anxi-
ety, which we also stipulate could be related to
the overall positive attitude observed. Conducting
hands-on activities or task-oriented activities,
which is typical for PBL (Chiazzese et al., 2019),
such as controlling a robot, enhanced their interest
and attitude, which is similar to the results of pre-
vious studies (Jose et al., 2017; Wang et al., 2018;
Ziaeefard et al., 2016).

Therefore, engaging in innovative activi-
ties that are technology-based, such as robotics,
improves the construction of knowledge and inter-
est compared to traditional methods. Likewise,
children can develop computational thinking skills
through age-appropriate robotics kits and promis-
ing instructional approaches, which is essential for
STEM subjects (Ching & Hsu, 2021). Integrating
technology and engineering elements such as ER
in mathematics aligns with Levenberg (2015), who
states that interdisciplinary teaching saves time
and adds a broader view that develops several
skills together. Furthermore, we also observed that
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“play” is a vital part of learning mathematics for
children, and strategies should be designed for this
purpose and not solely on PBL and active learn-
ing. So, we can conclude that there is a significant
difference in students’ interest and performance
in mathematics, and primary school students have
a positive attitude towards using ER for learning
mathematics.

Limitation and Future Direction

This study is limited to a group of year-five stu-
dents at a primary school in the northern region
of Malaysia, and for one subtopic; therefore, the
outcome of this study cannot be generalized.
However, future studies may consider different
populations and topics that also consider different
levels of complexity. It is also vital to align ER con-
tents to current practices in the educational context
by considering ER technologies when develop-
ing learning objectives, enrichment activities, and
problem-solving tasks. Conversely, ER for children
requires a “community” approach, as suggested by
Gillen and Kucirkova (2018). Thus, future studies
should also consider the role of each stakeholder,
namely parents, teachers, and school administra-
tors (Hall-Lay, 2018), to ensure the successful
implementation of ER at the primary school level.
Furthermore, it will also be interesting to evalu-
ate how different modes of learning may impact
ER education for primary school mathematics
teaching and learning. Learning strategies such
as asynchronous, synchronous learning, and AR/
VR simulations are constantly evolving, and by
considering various forms of blended learning
approaches, alignment could be established to cater
to how children learn today.

JOURNAL OF EDUCATORS ONLINE



References

Abioye, M., Chang, M., Lou, S. J., Shih, R. C., Liu, T. C., & Lin, F.
(2017). The design of questionnaire of students’ perceived
gender and role of humanoid robots in education. In 2017
IEEE 17th International Conference on Advanced Learning
Technologies (ICALT), pp. 168-169. IEEE.

Adnan, N. A. S., Osman, S., Kumar, J. A., Jambari, H., & Talib,
C. A. (2022). Model for the formation of students’ interest
in STEM through geometry learning based on visual
spatial abilities using augmented reality technology. In
AIP Conference Proceedings 2633, 030006. https://doi.
0rg/10.1063/5.0102201

Aliyu, J., Osman, S., Daud, M. F,, & Kumar, J. A. (2021).
Mathematics teachers’ pedagogy through technology: A
systematic literature review. International Journal of Learning,
Teaching and Educational Research, 20(1), 323-341. https:/
doi.org/10.26803/IJLTER.20.1.18

Aliyu, J., Osman, S., Kumar, J. A., & Jamil, M. R. M. (2023). The
design and development of a learning strategy to enhance
students’ engagement in simultaneous equations: An
evaluation viewpoint. Journal of Technology and Science
Education, 13(1), 36-52. https://doi.org/10.3926/jotse.1691

Barrows, H. S., & Tamblyn, R. M. (1980). Problem-based learning:
An approach to medical education. Springer Publishing
Company.

Balakrisnan, V., Kamarudin, N., Marof, A. M., & Hassan,

A. (2021). Maker-centred in Classroom Learning:
Metamorphosis of Primary Education in Malaysia.Jurnal
Pendidikan Bitara UPSI 14, 119-127. https://doi.org/10.37134/
bitara.vol14.sp.13.2021

Bell, A. (2007). Designing and testing questionnaires for children.
Journal of Research in Nursing: JRN, 12(5), 461-469. https://
doi.org/10.1177/1744987107079616

Beilock, S. L., & Maloney, E. A. (2015). Math anxiety: A factor in
math achievement not to be ignored. Policy Insights from
the Behavioral and Brain Sciences, 2(1), 4-12. https://doi.
0rg/10.1177/2372732215601438

Berk, L. J., Muret-Wagstaff, S. L., Goyal, R., Joyal, J. A., Gordon,
J. A, Faux, R., & Oriol, N. E. (2014). Inspiring careers in
STEM and healthcare fields through medical simulation
embedded in high school science education. Advances in
Physiology Education, 38(3), 210-215. https://doi.org/10.1152/
advan.00143.2013

Bicer, A., & Lee, Y. (2019). Effect of STEM PBL embedded informal
learning on student interest in STEM majors and careers.
Journal of Mathematics Education, 12(1), 57-73.

Bray, A., & Tangney, B. (2017). Technology usage in mathematics
education research: A systematic review of recent trends.

Computers and Education, 114, 255-273. https://doi.
0rg/10.1016/j.compedu.2017.07.004

Biyikdede, M., & Tanel, R. (2019). Effect of the stem activities
related to work-energy topics on academic achievement and
prospective teachers’ opinions on stem activities. Journal
of Baltic Science Education, 18(4), 507-518. https://doi.
0rg/10.33225/jbse/19.18.507

Chahine, I. C., Robinson, N., & Mansion, K. (2020). Using robotics
and engineering design inquiries to optimize mathematics
learning for middle level teachers: A case study. Journal
on Mathematics Education, 11(2), 319-332. https://doi.
0rg/10.22342/jme 11.2.11099.319-332

Chiazzese, G., Arrigo, M., Chifari, A., Lonati, V., & Tosto, C.
(2019). Educational robotics in primary school: Measuring
the development of computational thinking skills with the
Bebras tasks. Informatics, 6(4), 43. https://doi.org/10.3390/
informatics6040043_

Chien, Y. H., & Chu, P. Y. (2018). The different learning outcomes
of high school and college students on a 3D-printing STEAM
engineering design curriculum. International Journal of
Science and Mathematics Education, 16(6), 1047-1064.
https://doi.org/10.1007/s10763-017-9832-4

Ching, Y. H. & Hsu, Y. C. (2021). Developing computational
thinking in young learners via robotics: A review of literature.
In Langran, E., & Archambault, L. (Eds.). In Proceedings of
Society for Information Technology & Teacher Education
International Conference (Online), pp. 29-34. United States:
Association for the Advancement of Computing in Education
(AACE).

Cohen, J. (1988). Statistical power analysis for the behavioural
sciences (2nd ed.) Hillsdale, NJ: Lawrence Erlbaum

Conde, M. A., Rodriguez-Sedano, F. J., Fernandez-Llamas, C.,
Gongalves, J., Lima, J., & Garcia-Pefialvo, F. J. (2021).
Fostering STEAM through challengelbased learning, robotics,
and physical devices: A systematic mapping literature review.
Computer Applications in Engineering Education, 29(1),
46-65. https://doi.org/10.1002/cae.22354

Crittenden, W. F, Biel, I. K., & Lovely, W. A. (2019). Embracing
Digitalization: Student Learning and New Technologies.
Journal of Marketing Education, 41(1), 5-14. https://doi.
0rg/10.1177/0273475318820895

Crnoki¢, B., Grubisic, M., & Volaric, T. (2017). Different applications
of mobile robots in education. International Journal on
Integrating Technology in Education, 6(3), 15-28. https://doi.
org/10.5121/ijite.2017.6302

Davison, D. P., Wijnen, F. M., van der Meij, J., Reidsma, D., &
Evers, V. (2020). Designing a social robot to support children’s
inquiry learning: A contextual analysis of children working
together at school. International Journal of Social Roboatics,

JOURNAL OF EDUCATORS ONLINE



12(4), 883-907. https://doi.org/10.1007/s12369-019-00555-6

Erdogmus, A. K., & Yayan, U. (2021). Virtual robotic laboratory
compatible mobile robots for education and research. In
2021 International Conference on INnovations in Intelligent
SysTems and Applications (INISTA) (pp. 1-6). IEEE.

Ertmer, P. A,, Schlosser, S., Clase, K., & Adedokun, O. (2014).
The grand challenge: Helping teachers learn/teach cutting-
edge science via a PBL approach. Interdisciplinary Journal of
Problem-Based Learning, 8(1). https://doi.org/10.7771/1541-
5015.1407

Estivill-Castro, V. (2020). Inviting teachers to use educational
robotics to foster mathematical problem-solving. Advances in
Intelligent Systems and Computing, 1023, 248-261. https://
doi.org/10.1007/978-3-030-26945-6_22

Frenzel, A. C., Pekrun, R., Dicke, A. -L., & Goetz, T. (2012).
Beyond guantitative decline: Conceptual shifts in adolescents’
development of interest in mathematics. Developmental
Psychology, 48(4), 1069-1082. https://doi.org/10.1037/
20026895

Ganesen, P, Osman, S., Abu, M. S., & Kumar, J. A. (2020). The
relationship between learning styles and achievement of
solving algebraic problems among lower secondary school
students. International Journal of Advanced Science and
Technology, 29 (Special Issue), 2563-2574.

Gillen, J., & Kucirkova, N. (2018). Percolating spaces: Creative
ways of using digital technologies to connect young children’s
school and home lives. British Journal of Educational
Technology, 49(5), 834—-846. https://doi.org/10.1111/bjet.12666

Greca Dufranc, I. M., Garcia Tercefio, E., Fridberg, M., Cronquist,
B., & Redfors, A. (2020). Robotics and early-years STEM
education: The botSTEM framework and activities.

European Journal of STEM Education, 5(1), 1-13. https://doi.
0rg/10.20897/ejsteme/7948

Girses, A., Acikyildiz, M., Dogar, C., & Sozbilir, M. (2007). An
investigation into the effectiveness of problem-based learning
in a physical chemistry laboratory course. International
Journal of Phytoremediation, 25(1), 99-113. https://doi.
0rg/10.1080/02635140601053641

Hakim, L., Sulatri, Y., Mudrikah, A., & Ahmatika, D. (2019). STEM
project-based learning models in learning mathematics to
develop 21st century skills. In Proceedings of the International
Conference of Science and Technology for the Internet of
Things, October 2018. Yogyakarta, Indonesia. https://doi.
0rg/10.4108/eai.19-10-2018.2281357

Hall-Lay, S. (2018). Gender effects of robotics programs on
STEM-related self-efficacy of high school students [Doctoral
dissertation]. Walden University. Retrieved from https:/
scholarworks.waldenu.edu/cgi/viewcontent.cgi?article=6993&
context=dissertations

Haryanti, M. D., Herman, T., & Prabawanto, S. (2019). Analysis
of students’ error in solving mathematical word problems
in geometry. Journal of Physics: Conference Series, 1157,
042084. https://doi.org/10.1088/1742-6596/1157/4/042084
Hsiao, H. S., Lin, Y. W,, Lin, K. Y., Lin, C. Y., Chen, J. -H., & Chen,
J. C. (2022). Using robot-based practices to develop an
activity that incorporated the 6E model to improve elementary
school students’ learning performances. Interactive Learning
Environments, 30(1), 85-99. https://doi.org/10.1080/10494820
.2019.1636090

Hong, J. C,, Ye, J. H., Ho, Y. J., & Ho, H. Y. (2020). Developing
an inquiry and hands-on teaching model to guide steam
lesson planning for kindergarten children. Journal of Baltic
Science Education, 19(6), 908-922. https://doi.org/10.33225/
jbse/20.19.908

Iberdrola. (2023). ;Cémo ayudan los robots educativos al
desarrollo de tus hijos? Iberdrola (website). Retrieved
March 26, 2023 from https://www.iberdrola.com/Innovation/
Educational-Robots

Isnaini, R., & Budiyanto, C. (2018). The influence of educational
robotics to computational thinking skill in early childhood
education. In The 1st International Conference on Computer
Science and Engineering Technology Universitas Muria
Kudus, pp. 617-626. EAI. https://doi.org/10.4108/eai.24-10-
2018.2280538

Jiea, P. Y., Hanipah, H., & Sharifah, S. S. A. (2018). Integrated
robotics STEM curriculum towards industry 4.0. International
Journal of Human and Technology Interaction, 2(2), 17-24.

Johal, W. (2020). Research trends in social robots for learning.
Current Robotics Reports, 1(3), 75-83. https://doi.org/10.1007/
S43154-020-00008-3

Jose, S., Patrick, P. G., & Moseley, C. (2017). Experiential
learning theory: The importance of outdoor classrooms in
environmental education. International Journal of Science
Education Part B, 7(3), 269-284. https://doi.org/10.1080/2154
8455.2016.1272144

Kementerian Pendidikan Malaysia (2018). Dokumen Standard
Kurikulum dan Pentaksiran Matematik Tahun 5. Putrajaya.
Bahagian Pembangunan Kurikulum, Kementerian Pendidikan
Malaysia.

Klopp, T. J., Rule, A. C., Schneider, J. S., & Boody, R. M. (2014).
Computer technology-integrated projects should not supplant
craft projects in science education. International Journal of
Science Education, 36(5), 865-886. https://doi.org/10.1080/0
9500693.2013.829927

Kucuk, S., & Sisman, B. (2017). Behavioral patterns of elementary
students and teachers in one-to-one robotics instruction.
Computers & Education, 111, 31-43. https://doi.org/10.1016/].
compedu.2017.04.002

JOURNAL OF EDUCATORS ONLINE



LaForce, M., Noble, E., & Blackwell, C. (2017). Problem-based
learning (PBL) and student interest in STEM careers: The
roles of motivation and ability beliefs. Education Sciences,
7(4), 92. https://doi.org/10.3390/educsci7040092

Lai, C. (2018). Learning beliefs and autonomous language
learning with technology beyond the classroom. Language
Awareness, 28(4), 291-309. https://doi.org/10.1080/0965841
6.2019.1675679

Levenberg, I. (2015). Literacy in mathematics with “Mother Goose.
International Journal of Learning and Development, 5(),
27-32 https:/ldoi.org/10.5296/ijld.v5i1.6919

Ling, U. L., Saibin, T. C., Labadin, J., & Aziz, N. A. (2019).
Assessing Malaysian teachers’ perception on computational
thinking concepts using SEM. In Proceedings of the Third
International Conference on Computing, Mathematics and
Statistics (iICMS2017), pp. 513-519. Springer.

Lopez-Caudana, E., Ramirez-Montoya, M. S., Martinez-Pérez,
S., & Rodriguez-Abitia, G. (2020). Using robotics to
enhance active learning in mathematics: A multi-scenario
study. Mathematics, 8(12), 2163. https://doi.org/10.3390/
math8122163

Mazana, M. Y. (2018). Social media in the classroom: Whatsapp
a new communication tool for enhanced class interactions.
Business Education Journal, 4(1). Retrieved from http://www.
che.ac.tz/bej/index.php/bej/article/view/137

Martin-Ramos, P., Lopes, M. J., Lima da Silva, M. M., Gomes,
P. E. B., Pereira da Silva, P. S., Domingues, J. P. P.,, &
Ramos Silva, M. (2017). First exposure to Arduino through
peer-coaching: Impact on students’ attitudes towards
programming. Computers in Human Behavior, 76, 51-58.
https://doi.org/10.1016/j.chb.2017.07.007

Muniandy, T., Sharif, S., & Mariappan, M. (2022). The effect of
robotics program on students’ attitude towards science.
Malaysian Journal of Social Sciences and Humanities
(MJSSH), 7(4), €001422. https://doi.org/10.47405/mjssh.
V7i4.1422

Nashir, I. M., Mustapha, R., & Yusoff, A. (2019). Rasch model
validity for robotics learning survey in technical and
vocational education system. HONALI: International Journal
for Educational, Social, Political, & Cultural Studies, 2(1),
47-58.

Negrini, L., & Giang, C. (2019). How do pupils perceive
educational robotics as a tool to improve their 21st century
skills? Journal of E-Learning and Knowledge Society, 15(2),
77-87. https://doi.org/10.20368/1971-8829/1628

Nurhayani, N., Rosnawati, R., & Amimah, T. (2020). Optimization
of guided discovery learning models to increase students’
interest in mathematics. Infinity Journal, 9(1), 69-80. https://
doi.org/10.22460/infinity.v9i1.p69-80

”

Olsen, L. S. (2020). MyMathLab and nontraditional students’
attitudes toward technology in mathematics [Doctoral
dissertation]. Walden University.

Paaskesen, R. B. (2020). Play-based strategies and using robot
technologies across the curriculum. International Journal of
Play, 9(2), 230-254. https://doi.org/10.1080/21594937.2020.1
778272

Pachidis, T., Vrochidou, E., Kaburlasos, V. G., Kostova, S.,
Bonkovi¢, M., & Papi¢, V. (2019). Social robotics in education:
state-of-the-art and directions. Mechanisms And Machine
Science, 67, 689-700. https://doi.org/10.1007/978-3-030-
00232-9 72_

Papadakis, S. (2020). Robots and robotics kits for early childhood
and first school age. International Journal of Interactive
Mobile Technologies, 14(18), 34-56. https://doi.org/10.3991/
ljim.V14i18.16631

Papadakis, S., Vaiopoulou, J., Sifaki, E., Stamovlasis, D., &
Kalogiannakis, M. (2021). Attitudes towards the use of
educational robotics: Exploring pre-service and in-service
early childhood teacher profiles. Education Sciences, 11(5).
https://doi.org/10.3390/educscil1050204

Papert, S. (1980). Mindstorms: Children, computers, and powerful
ideas (2nd ed.). Basic Books Inc.

Parno, Y. L., & Ni'Mah, B. Q. A. (2019). The influence of PBL-
STEM on students’ problem-solving skills in the topic of
optical instruments. Journal of Physics: Conference Series,
1171(1). https:/ldoi.org/10.1088/1742-6596/1171/1/012013

Patifio-Escarcina, R. E., Barrios-Aranibar, D., Bernedo-Flores,
L. S., Alsina, P. J., & Gongalves, L. M. G. (2021). A
methodological approach to the learning of robotics with
EDUROSC-kids. Journal of Intelligent & Robotic Systems,
102(2), 34. https://doi.org/10.1007/s10846-021-01400-7

Roberts, T., Jackson, C., Mohr-Schroeder, M. J., Bush, S. B.,
Maiorca, C., Cavalcanti, M., ... & Cremeans, C. (2018).
Students’ perceptions of STEM learning after participating in
a summer informal learning experience. International Journal
of STEM Education, 5(1), 1-14.

Sari, U., Alici, M., & Sen, O. F. (2018). The effect of STEM
instruction on attitude, career perception, and career interest
in a problem-based learning environment and student
opinions. Electronic Journal of Science Education, 22(1),
1-21.

Sapounidis, T., & Alimisis, D. (2021). Educational robotics
curricula: Current trends and shortcomings. In Malvezzi, M.,
Alimisis, D., & Moro, M. (Eds.). Education In & With Robotics
to Foster 21st-Century Skills. EDUROBOTICS 2021. Studies
in Computational Intelligence, Vol. 982. Springer, Cham.
https://doi.org/10.1007/978-3-030-77022-8_12

JOURNAL OF EDUCATORS ONLINE



Saundarajan, K., Osman, S., Daud, M. F,, Abu, M. S., Pairan, M.
R., & Kumar, J. A. (2020). Learning algebra using augmented
reality. International Journal of Emerging Technologies
in Learning, 15(16), 123-133. https://doi.org/10.3991/ijet.
v15i16.10540

Scaradozzi, D., Screpanti, L., & Cesaretti, L. (2019). Towards a
definition of educational robotics: A classification of tools,
experiences, and assessments. In Daniela, L. (Ed.). Smart
Learning with Educational Robotics, pp. 63-92. Springer
International Publishing.

Sharma, K., Papavlasopoulou, S., & Giannakos, M. (2019). Coding
games and robots to enhance computational thinking: How
collaboration and engagement moderate children’s attitudes?
International Journal of Child-Computer Interaction, 21,
65-76. https://doi.org/10.1016/j.ijjcci.2019.04.004

Strawhacker, A., & Bers, M. U. (2015). “I want my robot to
look for food”™: Comparing kindergartners’ programming
comprehension using tangible, graphic, and hybrid user
interfaces. International Journal of Technology and Design
Education, 25(3), 293-319. https://doi.org/10.1007/S10798-
014-9287-7

Sullivan, A., & Bers, M. U. (2017). Dancing robots: Integrating art,
music, and robotics in Singapore’s early childhood centers.
International Journal of Technology and Design Education,
28(2), 325-346. https://doi.org/10.1007/s10798-017-9397-0

Tan, O. S. (2003). Problem-based learning innovation: Using
problems to power learning in the 21st century. Gale Cengage
Learning.

Tengler, K., Kastner-Hauler, O., & Sabitzer, B. (2021). A robotics-
based learning environment supporting computational
thinking skills—Design and development. In 2021 IEEE
Frontiers in Education Conference (FIE), pp. 1-6. IEEE.
https://doi.org/10.1109/FIE49875.2021.9637351

Thomaz, S., Aglaé, A., Fernandes, C., Pitta, R., Azevedo, S.,
Burlamaqui, A., Silva, A., & Gongalves, L. M. G. (2009).
Roboeduc: A pedagogical tool to support educational
robotics. In Proceedings - Frontiers in Education Conference,
1-6. https://doi.org/10.1109/FIE.2009.5350439

Todorovska, K., & Bogdanova, A. M. (2020). Educational robots
in preschool education. In Proceedings of the CIIT 2020 17th
International Conference on Informatics and Information
Technologies, 17-19. Retrieved from http://hdl.handle.
net/20.500.12188/8185

Tselegkaridis, S., & Sapounidis, T. (2021). Simulators in
educational robotics: A review. Education Sciences, 11(1), 11.
https://doi.org/10.3390/educscil1010011

Tzagkaraki, E., Papadakis, S., Kalogiannakis, M. (2021). Exploring
the use of educational robotics in primary school and its
possible place in the curricula. In Malvezzi, M., Alimisis, D.,

& Moro, M. (Eds.). Education In & With Robotics to Foster
21st-Century Skills. EDUROBOTICS 2021. Studies in
Computational Intelligence, Vol. 982. Springer, Cham. https:/
doi.org/10.1007/978-3-030-77022-8_19

Umanailo, C. B., M., Yulisvestra, M., Oki, K. K., Mulyasari, W.,
& Ridwan, R. (2019). The thought of Emile Durkheim in
the contestation of development in Indonesia. International
Journal of Scientific and Technology Research, 8 (8),
1881-1885. https://doi.org/10.6084/m9.figshare.9890378.v1

Valsamidis, S., Florou, G., Anastasiadou, S., & Mandilas, A.
(2021). Educational robotics as a teaching tool of information
technology in the primary education. In EDULEARN
Proceedings. https://doi.org/10.21125/edulearn.2021.1984

Wang, L., Fu, L., & Hu, X. (2018). A series of scientific
practice activities for increasing middle school students’
interest in robot. In Proceedings of the 2018 International
Conference on Big data and education, pp. 112-115.
Association for Computing Machinery. https:/doi.
0rg/10.1145/3206157.3206171

Widakdo, W. A. (2017). Mathematical Representation Ability by
Using Project Based Learning on the Topic of Statistics.
Journal of Physics: Conference Series, 895, 012055. https://
doi.org/10.1088/1742-6596/895/1/012055

Williams, D. C., Ma, Y., Prejean, L., Ford, M. J., & Lai, G. (2007).
Acquisition of physics content knowledge and scientific inquiry
skills in a robotics summer camp. Journal of Research on
Technology in Education, 40(2), 201-216. https://doi.org/10.10
80/15391523.2007.10782505

Ying, C. L., Osman, S., Kurniati, D., Masykuri, E. S., Kumar, J. A, &
Hanri, C. (2020). Difficulties that students face when learning
algebraic problem-solving. Universal Journal of Educational
Research, 8(11), 5405-5413. https://doi.org/10.13189/
ujer.2020.081143

Zaharin, N. L., Sharif, S., & Mariappan, M. (2019). Behaviourism
theory: Application into structure of atoms via the use
of educational robotics (ER). In E-Proceedings of 2nd
Connect-Us Conference (CuC 2019): Digital Transformation
- Opportunities and Challenges, pp. 16-21. Razak Faculty of
Technology and Informatics, UTM.

Zhong, B., & Xia, L. (2020). A systematic review on exploring the
potential of educational robotics in mathematics education.
International Journal of Science and Mathematics Education,
18(1), 79-101. https://doi.org/10.1007/s10763-018-09939-y

Ziaeefard, S., Mahmoudian, N., Miller, M., & Rastgaar, M. (2016).
Engaging students in STEM learning through co-robotic
hands-on activities [evaluation]. In 2016 American Society
for Engineering Education (ASEE) Annual Conference &
Exposition. 15598. ASEE

JOURNAL OF EDUCATORS ONLINE



APPENDIX A

Name the angles
F ’
i f,f*'f
-I 2 -'-__'_,..-
-
-
3 4
HH-
H\
1) 2) 3
B0 ¥ 120 T 4  J
Angla Angho Angle
Calculals Cabktulate Calculale

JOURNAL OF EDUCATORS ONLINE



APPENDIX B

0] Task 1 - Program robot to move along the right angular line

90°

(i) Task 2 - Program robot to move along the acute angular line

END

a < 90°

START

(i) Task 3 - Program robot to move along the obtuse angular line

END
START a > 90°
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