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ABSTRACT
The study attempts to identify the joy and satisfaction of children
through their interaction with educational robotics, as well as the
ease of use and learning of robotics. It focuses on the challenge
of new experiences, the sense of achieving new goals, enhancing
outcomes, innovation, the joy of creation, and teamwork. An educa-
tional robotics program is implemented and offered to 120 children
aged between 9 and 15, who constitute the sample of the research.
Following usability evaluation techniques, descriptive statistics
were used to analyze the results. The main finding of the research
is that the majority of participants were satisfied with their involve-
ment in the program, felt comfortable, and found the programming
and construction processes to be straightforward. Additionally, they
had no issues working in teams to complete the tasks and would
wholeheartedly recommend it to others. The analysis of additional
statistical results in relation to previous research findings and the
general theory serves as its conclusion.

CCS CONCEPTS
• Human-centered computing → Human computer interaction
(HCI); HCI design and evaluation methods.
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1 INTRODUCTION
The integration of technology and childhood [1] is the most impor-
tant issue of this research study, as the role of educational robotics
is exploring, especially for children, in human-mechatronic interac-
tions. It is clear that there are two dominant trends at the beginning
of the third millennium. The rapid development of technology and
changes in education and teaching models for children’s education.
Minimizing the size of the system while maximizing computing
power has led to the rapid development of this technology. Under-
standing how people take advantage of the new digital world and
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how the technology is used effectively in everyday activities from
infancy is one of the biggest challenges in the coming years.

Robotics and STEAM learning have entered education as the
next big thing. It is widely understood as an educational approach
that includes science, technology, engineering and mathematics.
STEAM education aims to introduce more students in digital tech-
nologies, developing at the same time a STEAM potential, and
increasing STEAM literacy for all students. To increase the size
of the STEAM potential, are needed interdisciplinary strategies to
integrate STEAM knowledge and skills. Students will learn to imple-
ment STEAM skills in contexts that connect school, society, work,
and global business as it integrates academic STEAM concepts and
real-life lessons. Educational Robotics is an effective project-based
learning tool that combines STEAM, programming, computational
thinking, and engineering skills. Robotics enables students to use
decision-making tools to explore how technology will help real life
[2].

Through educational robot learning, students can control, ques-
tion and scrutinize technology. Students learn how technology
works by designing, building, programming, and documenting au-
tonomous robots. They apply the knowledge and skills acquired at
school, in useful and interesting ways. Educational robotics offers
many opportunities, not only in STEAM, but also in many other
disciplines such as education, social sciences, music, and art. An
educational robot is a learning tool that enhances a student’s real-
world experience. Most importantly, through hands-on practice
and technology integration, educational robotics provides a fun
and engaging learning environment. The learning environment
encourages students to acquire the skills and information they need
to achieve their goals and complete projects of interest to them.

Educational robotics as a teaching method is related to classical
constructivism, especially constructivism. According to construc-
tivist theory, students create new concepts and ideas through active
participation and participation in authentic activities based on what
they already know. According to constructivism, people develop
their knowledge most effectively when they are actively involved in
designing and constructing (manually and digitally) real meanings
that are meaningful to themselves or others [3].

2 STATE OF THE ART
Students have investigated the specific benefits that can be obtained
from the opportunities provided by educational robotics, but the
study literature is quickly expanding. It is also distinguished by
a high degree of heterogeneity in terms of research institutions,
particularly in terms of relevant goals. Overall, students’ views
toward the use of educational robots are extremely positive. Beran et
al. [4] discovered that children ascribe various cognitive, behavioral,
and emotional characteristics to the robots they learn, whereas Ruiz
and Aviles [5] discovered that students’ satisfaction with using
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robots increased with their interest. In terms of studying, science,
and improving their research abilities. Liu [6] investigated students’
views of educational robots and discovered that the majority of
them found it especially fascinating, and learning to use them could
be a reason for pursuing a career in the tech industry [30].

Apiola et al. [7] found that after completing a robotics exer-
cise, students’ interest in STEAM increased, showing improved
confidence levels and improved problem-solving abilities. Varnado
[8] discovered that after eight weeks of participating in a robotics
project, students reported higher levels of self-confidence, as well
as better planning and problem-solving abilities. Furthermore, after
participating in a robot competition, Welch [9] surveyed students’
opinions on the societal impact of science and discovered that they
had a positive attitude about technology and science. Kandlhofer
and Steinbauer [10] discovered that children thought educational
robotics apps improved their mathematical and scientific inquiry
skills, working in team, and social skills.

Serholt and Barendregt [11] investigated the attitudes of stu-
dents who participated in an educational robotics workshop and
found that the majority had positive attitudes toward robots with
anthropomorphic features while feeling comfortable interacting
with them, while Cross et al. [12] suggested that the most important
factors are the curiosity, interest, perceived value and identity of
educational robots. According to Kaloti-Hallak et al. [13], students
who engaged in robotics projects had a particularly positive outlook
toward similar applications and were highly motivated to partici-
pate in such activities, particularly among females. Theodoropou-
los et al. [14] investigated children’s attitudes towards educational
robots. They concluded that these apps had a particularly positive
impact on student engagement levels. It also affects problem-solving
skills, creativity, engineering literacy, and STEM programming and
understanding [30].

The role of teachers in effectively integrating and operating edu-
cational robots in the educational process is decisive. To achieve
significant learning outcomes, the educational process should be
student-centred and take into account student characteristics. In
this approach, learning is always indirect, as the teacher only in-
tervenes in a consultative manner, allowing students to check that
their decisions are correct.

Through the development of educational robotics, significant
growth in computational thinking skills has been observed. In par-
ticular, students involved in educational robotics were able to un-
derstand abstract concepts and develop them to a fairly satisfac-
tory level. This is because they were able to correctly identify and
describe the general behavior of the robot and its general program-
ming structure. In addition, students require less time to understand
and grasp generalized concepts, and it turns out that they can rea-
sonably provide more general solutions covering a wider range
of cases. Regarding the concept of segmentation, thanks to the
continuous introduction of educational robots, students are able to
understand and develop it well, as they are often able to correctly
segment a problem into smaller parts. For the concept of algorithm,
let students have a deeper understanding, and continue to carry
out activities under the guidance of the teacher, so that students
can master it. Regarding the meaning of unity, it was found that
this was the concept that the students played with and executed
more from the beginning than all the other concepts.

Research has shown that educational robotics can improve
preschool children’s cognitive abilities by developing abilities such
as self-monitoring, problem solving, critical thinking, decision mak-
ing, and computational thinking [26]. In addition, international or-
ganizations dealt with the skills that a 21st century student should
possess. These skills include creativity, communication and col-
laboration, research skills, critical thinking, problem solving and
decision making, digital citizenship and technological functions
and skills, and computational thinking. All these skills are pro-
moted through the advantages provided by Information and Com-
munication Technologies (ICT) [27]. The concept/skill of coding,
which comes through programming, began to be incorporated into
preschool education. Programming a robotic system, educational
robot, is inextricably linked to problem solving. The student is
asked to program a robot for a specific task, this programming can
be correct or incorrect. If it’s right the student moves on, if it’s
wrong he gets into the logic of solving a problem, works collabora-
tively to solve it, uses code, his imagination and creativity to solve a
problem he’s involved in. Therefore, it is something that gives him
motivation for learning and confidence that he can succeed [28].
Research that has been done on preschool children has shown that
through educational robotics, children use mathematical concepts
related to movement in space, counting and measurement. Children
use spatial, metric and numerical concepts that help them program
robotic systems and thus through educational robotics children are
given the opportunity to engage in mathematics in a more engaging
way [29].

By conducting an extensive literature review, it becomes evident
that there is a lack of comprehensive research on the usability of
educational robotics systems. This research aims to investigate
the usability of educational robotics systems by analyzing it in its
fundamental dimensions.

3 RESEARCH METHODOLOGY
3.1 Design and participation
This study was carried out using a quantitative research approach,
using data collected from a questionnaire, which was distributed
and completed by 120 trainees. The research sample consists of
120 students aged 9-12 who participated in an educational pro-
gram related to educational robotics. After completing the 10-week
program, which included exercises and applications with robotic
systems, they evaluated the experience using a suitable usability
evaluation questionnaire.

The questionnaire was specially prepared by the researchers for
research purposes, and it concerns students’ attitudes and attitudes
towards educational robots. It consists of 4 parts, the first part
captures the demographic characteristics of the sample, the second
part examines how enjoyable it is to participate in the learning, the
third part focuses on the ease of use of hardware and software, and
the fourth part examines the ease of learning. After collecting the
data through the questionnaire, descriptive statistics and inductive
statistics were used for statistical processing and correlation testing.
The choice of using questionnaires for quantitative research is based
on the fact that this method yields objective data that reflect reality
and have a high degree of reliability. In this way, specific trends
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for a wider population (in this case, education) can be seen. The
results are analyzed using a special "statistics" package.

The objectives that come through this aim are to identify the
adoption level of the robotics education and especially to:

• Explore what is the degree of pleasure from participating in
an educational robotics program

• Identify if it is easy to use the software and hardware re-
quired

• Explore if it is easy to implement real-life scenarios

3.2 Validity and reliability check
Considering that the purpose of the study was to determine the
enjoyment and satisfaction of participation, as well as the ease of
use of the robot, the collection of relevant information was carried
out using an ad-hoc instrument (questionnaire). Given that the data
collected are quantitative, students can be reached through ongoing
pilot projects, data can be collected from a sufficient number of
students (sample), and the time available to conduct research and
process the results is relatively limited. The first research method
is descriptive, quantitative, selective and is the basis for the imple-
mentation of its results and is implemented using a questionnaire
instrument.

Measurements must have certain characteristics and satisfy cer-
tain conditions in order to be used as a research method or tool. Two
of them are critical, the most significant of which are validity and
reliability. The degree of stability of the measurement, that is, the
degree of agreement between repeated measurement results under
the same circumstances, is indicated by reliability. Validity refers to
whether or not a research tool measures what it is intended to mea-
sure, and if so, whether or not we use it to test it. This research took
into account all necessary precautions to ensure its validity and
reliability. When using questionnaires, reliability issues frequently
emerge because the questions are vague and incorrectly filled out.
To answer this issue, a pilot study was conducted. The question-
naire was initially started by five participants who completed it.
Some questions were added with extra parameters as a result of this
procedure, while others were rewritten. The introduction to the
questionnaire was also deemed too lengthy for this group, so it was
cut. However, its content is conveyed by the researcher in such a
manner that he does not need to read it but must be aware of it. As
a result, all questions in the questionnaire are clearly worded and
designed, and the possible answers will provide us with reliable and
trustworthy information about the research topic while minimizing
problems in statistical analysis. Questionnaire questions are also
placed in the section corresponding to the subject of study, and a
prediction was made to complete the questionnaire in 20 minutes.
Questionnaires based on the aforementioned studies, literature, and
research questionnaires were distributed to a subset of trainees,
who were also asked to name the major factors of happiness and
satisfaction and the technology’s simplicity of use as a result of
participation in the training program. This fact successfully boosts
the credibility of a specific tool. Furthermore, not asking for sur-
vey participants’ names and other personal information, as well as
making every effort to make the questionnaire questions simple to
understand and not too lengthy, helped to ensure reliability and
validity.

3.3 Questionnaire structure
A four-point scale with four possible answers was selected as the
evaluation scale in the questionnaire: two positive (a lot and very
much) and two negative (few and not at all). Using 4-likert values
scale is a common practice to record beliefs, values, motivations,
and other aspect of human behavior [15]. The reason for not hav-
ing an average response is to prevent the accumulation of neutral
responses, encouraging a response distribution between negative
and positive responses. The second part of the questionnaire (in-
cluding the participation reward) scored the four points of the scale
as follows:

1 = Not at all
2 = A little
3 = Enough
4 = Very much
The scope of the research and the group responsible for maintain-

ing it are briefly mentioned at the beginning of the questionnaire,
as well as the confidentiality of the information and instructions for
completing the survey. The questionnaire was divided into two sec-
tions, the first dealing with general information about the trainees
and the second with specifics about participation in the robotics
training program.

Among the general questions, it was thought appropriate to ask
about gender, age, housing, and upbringing, as these were crucial
to the results. The second section of the queries delves into the
specifics of the educational robotics process’s implementation.

Questions 6, 7 and 8 ask if they are using computer at home,
how often and for which reason. Questions 9, 10, 11 and 12 ask
for previous knowledge on programming of robotic systems and
algorithms including also Lego devices. Questions 14, 15, 16, and 17
identify the desire to participate and factors that may inhibit group
functioning, as well as the potential problems they may create,
and Questions 13, 18, 19, 28, 29, and 30 ask about the pleasure and
the satisfaction of participation. Questions 20 and 21 attempt to
determine how easy it is to use the system and 22 how easy it is
to build the constructions. As empirical method is an important
factor in research. Finally, questions 23, 24, 25, 26, and 27 refer
to how easy it is to implement the scenario to solve the problem
posed. Therefore, questions 20 to 27 can be said to fall into the
categories of usability and learnability. The custom questionnaire
is based on the structured USE (Usefulness, Satisfaction, Ease of
Use) questionnaire proposed by Lund [16] as a tool to classify user
responses into usefulness, ease of use, satisfaction, and learnability
[30].

4 EXPERIMENTAL DATA
The sample were 120 children, 81 (67,57%) boys and 39 (32.5%) girls.
According their ages, the majority were in the 9-11 age group with
49.2%. In the 12-13 age group were 34.2% and in the 14-15 age group
were 16.7% (Figure. 1).

Of the 120 children, 2 (1.7%) mothers had primary education,
43 (35.8%) had not completed secondary education, and 75 (62.5%)
had secondary or higher education. As for fathers, among the 120
children in the sample, 1 (0.8%) had graduated from primary school,
61 (50.8%) had not completed secondary education, and 58 (48.3%)
had higher education or above.
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Figure 1: Age and Gender of sample

Table 1: Questions related to previous knowledge on programming and robotics

Questions Symbolism Avg Score (1-5) Std. Deviation
Have you ever used Lego? A9 2.63 0.618
Did you know what Robotic is? A10 3.06 0.401
Did you know PC programming? A11 2.71 0.474
Did you know what an algorithm is? A12 1.95 0.613

Table 2: Questions related to desire of participation and work in a team

Questions Symb Avg(1-5) Std.
Did you know the rest of your team members? A14 2.97 0.61
Have you worked with them again? A15 2.13 0.66
Did you feel moral shyness (shame) when you joined your team with other members? A16 1.26 0.41
Do you feel that you are being skipped within your team? A17 1.45 0.45

Table 1 shows the variables reported by the students regarding
programming and robotics prior knowledge, and it is clear that all
questions have a mean greater than or equal to 2.5, which indicates
that the respondents have some programming and robotics knowl-
edge. All score values are calculated on a scale ranging from 1 to 5,
based on the Likert scale.

The second section includes questions about the respondents’
desire to participate in and work in teams. Table 2 lists variables
related to students’ willingness to participate and work in small
groups, indicated that they knew many other members of their
group (2.97), but indicated that they had worked with them a few
times before (2.13). Finally, respondents responded that they did
not feel excluded from their own group (1.45) or moral cowardice
(shame) when they joined their group with other members (1.26).

The third section included questions about respondents’ enjoy-
ment and satisfaction with participating in the group. Table 3 lists
the variables associated with the enjoyment and satisfaction of
student participation.

In particular, respondents answered that they liked the workshop
very much in general (3.69), were very willing to attend a robotics
workshop (3.67), felt very happy every time they participated in a
workshop activity (3.58), and would recommend the workshop to
a friend (3.43). On the other hand, the respondents also expressed
that they are not afraid of failing to meet the course requirements
(1.68), nor do they find the courses boring (1.56).

The fourth section includes questions related to the ease of use
of the programs and blocks by the respondents. Table 4 shows
the variables for reported student ease of use of the software and
modules. Respondents responded that they clearly remembered
which blocks to select for each command (3.28), that assembling the
tracked machine was easy (3.27), and found the computer program
they used to program the robot to be very simple (3.16).

The fifth section includes questions about the ease with which
the respondents implemented the scenarios. Table 5 lists the vari-
ables for reported ease of application of the scenarios by students.
Respondents answered that they plan to have the car turn 90° easily
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Table 3: Questions related to pleasure and satisfaction from participation in a team

Questions Symb. Avg (1-5) Std. Dev.
How much did you want to participate in the robotics seminar?
How much happiness do you feel every time you participate in a seminar activity?

A13
A18

3.66
3.58

0.52
0.46

How afraid were that you wouldn’t be able to meet the requirements of the lessons? A19 1.68 0.57
Have you been tired or bored during the lessons? A28 1.56 0.39
Did you like the seminar on the whole; A29 3.69 0.34
Would you recommend it to a friend of yours? A30 3.43 0.51

Table 4: Questions related to ease of using software and blocks

Questions Symb. Avg (1-5) Std. Dev.
How easy was the PC program you used to program robotics? A20 3.16 0.81
Do you remember which blocks to choose for each command? A21 3.28 0.80
How easily did you mount the vehicle with the tracks? A22 3.27 0.77

Table 5: Questions related to ease of scenario implementation

Questions Symb. Avg (1-5) Std. Dev.
How easily did you plan the vehicle to turn 90th? A23 3.10 0.82
How often did the vehicle escape from what you wanted to do? A24 2.74 0.79
If the vehicle was out of route how easily you corrected the error? A25 2.95 0.69
When you used a distance sensor how often was the vehicle’s impact on an obstacle? A26 2.17 0.80
How easy did you program the vehicle with the color sensor follow the black line? A27 3.05 0.91

(3.10), program the car with color sensors to easily follow black
lines (3.05), and if the car drifts, they can easily correct mistakes
(2.95), from what they want to do Yes, the car moves away quite
often (2.74), and when you use the distance sensor, the car hits
obstacles not very often (2.17).

5 DISCUSSION
The results showed that the usability of educational robotics is at a
high level. Children between the ages of 9 and 15 effectively use the
modern tools and experience great satisfaction from using them.
The study concentrated on how students interacted with the robots
and how readily they could be operated. According to the findings,
the students easily operated the robot, despite initially believing it
was difficult and impossible. The conclusion is the same with the
result of Kim and Lee [17] study, where students trained how to
control a robot in just 20 minutes. Highfield, Mulligan, and Hedberg
[18] found also that even when children had no prior experience
with robots, they learned how to work with them and performed
short-term learning.

After the students grasped the purpose of the robot, they were
instructed to carry out a number of tasks with the assistance of
the robot. According to the findings, students in robotics educa-
tional settings successfully accomplish cognitive goals by building
themselves by experimenting with new knowledge. They are more
willing because the lessons are more easily accessible to them. Other
studies, such as Barker and Ansorge [19], which state that robot-
ics is effective in teaching science, engineering, and technology,

support these findings. Kim and Lee [17] believe that further use
of robots as educational tools could produce positive results in
this area. Robots, according to Highfield, Mulligan, and Hedberg
[18], can improve students’ mathematical idea development, trans-
lation, and measurement processes earlier than previously thought.
They went on to say that the robot offered many different problem-
solving strategies and encouraged the students to think abstractly.
These cognitive processes are an essential component of the forma-
tion of cognitive structures in mathematical research. Furthermore,
Miglino et al. [20] claimed that by expanding their knowledge, the
robot group outperformed the other group.

Robots make lessons more appealing to children, increasing
their mood and motivation to learn. Learning through gamification
using the robot encourages students to participate in the lesson and
work together, improving their interpersonal and communication
skills and giving them more confidence. This is also supported
by the findings of a study conducted by Kim and Lee [17], which
found that using robots improved students’ interest and curiosity in
mathematics, as well as their engagement in lessons, encouraging
them to be more active in activities. They also reported that the
participation rate of the students who worked with the robot stayed
high even after three months. According to a research conducted
by Highfield, Mulligan, and Hedberg [18], students are eager to
participate in their activities, and their interests are invaluable in
motivating them. Meanwhile, Miglino et al. [20] emphasize the
importance of using hardware and software in leisure learning.
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The provided research discovered that, among other things, ro-
botics improved students’ cognitive and cognitive abilities by en-
couraging creativity, self-expression, and the development of in-
vestigative interests. This is also consistent with earlier research
showing that the use of educational robots helps to develop and
deepen children’s cognitive environments, as well as cognitive
skills [21, 22]. Robotics is also thought to benefit children’s social
skills development by encouraging communication and cooperative
learning, as evidenced by group participation corroborating studies
in the pertinent international literature [23, 24].

A particularly significant finding is that educational robots have
a positive effect on students’ attitudes, specifically their willingness
to engage in group work without hesitation or fear. Children’s
systematic participation in educational robotics applications can
help to raise interest in science and degrees of intrinsic stimulation
of STEM knowledge [19, 25].

To summarize, a robot possesses the necessary characteristics
to be a valuable learning tool, and with appropriate learning meth-
ods, it can become part of a curriculum and be used in various
educational activities and modules on various subjects. As a re-
sult, teacher-assisted robotics is a novel strategy that can assist
students in learning more easily while also having fun through
experimentation and experience.

It is important to mention the limitations of the specific research.
The study was limited to a relatively small sample size, which
could be expanded in the future to include a larger number of stu-
dents. Additionally, incorporating other research methods could
strengthen the study. Furthermore, it is recommended to integrate
other modern technologies, such as 3D printing, scanning, and Ar-
tificial Intelligence, into educational programs alongside robotics. It
is crucial for the new generation to engage in educational programs
that cover a wide range of technologies, as they will be called upon
to support them in the future.

6 CONCLUSION
This paper describes new learning methods created using robotics
educational tools for teaching young students, which assist students
in becoming acquainted with robotics as an engaging experience.
Educational machines are part of constructivism from a pedagogical
standpoint. Student involvement in robotics results in two kinds of
activities: constructive and procedural. Robotics in education is a
modern educational environment in which students construct and
program robots using simple pre-literate visual language. Solving a
particular scenario for pupils requires a combination of patience,
imagination, ingenuity, method, and a great deal of effort. By de-
veloping general cognitive skills, it emphasizes the significance of
teamwork in building robots, tackling new concepts, and complet-
ing or failing tests.

Children dislike theory, according to past experience. Otherwise,
they prefer to begin work instantly without regard for definitions or
general principles. In any event, practice cannot substitute the "the-
oretical" principles and qualities imparted by definition precision
and completeness. The objective remains conceptual knowledge, as
well as a grasp of rules and methods. The significance of exercise,
methods, and techniques are known. The importance of experi-
ence in learning and assimilation cannot be overstated. Everyone

learns in their own unique environment, building on their existing
knowledge. To develop novel functional backbones, this knowledge
must be inspired and extended. There is, of course, no distinction
between theory and reality. The two are inextricably connected,
resulting in bi-directional operation. Draw general conclusions,
elevate them to a new theoretical level, and open up new areas of
practice through practice. Learning with educational robots is a
creative and fun method to learn basic math and computer science
ideas.

To learn, a child must first have a desire and an interest in the
topic being taught. To stimulate the child’s attention, activities
must be tailored to his requirements, hobbies, inclinations, and
abilities. When used properly, educational robots in teaching can
help create constructive learning environments by providing au-
thentic learning activities incorporated in the curriculum as well
as open-ended problem-solving processes that occur in the real
world. Children require learning experiences because learning is
the process of reorganizing existing knowledge and generating
new knowledge. Encourage students’ self-expression and personal
involvement in the learning process, and use robotics to support
their social interactions.
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