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Abstract: Learning robots make it possible to teach science, technology, engineering, and mathematics (STEM) in a new and
exciting way. Robotics provides a tangible and practical way for students to apply theoretical concepts from STEM subjects.
Students can physically build, program, and interact with robots, leading to a deeper understanding of complex concepts.
Purpose: This paper is an evaluation of the usability of educational robots in STEM (science, technology, engineering, and
mathematics) education in teaching undergraduate students.

Methods: A questionnaire based on the principles of usability according to 1SO-9241 and the USE questionnaire proposed by
Lund (2001), which examines usability. The evaluation criteria are effectiveness, efficiency, satisfaction, and ease of use.
Results: According to the findings of 70 students who participated in the study, educational robots used in education today are
quickly finding their place. They provide a new opportunity to improve the effectiveness of training and achieve better results. It
is important when designing robotics programs to consider the usability of the robots to be used.
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I. INTRODUCTION

The modern education of the 21st century has entered the digital era 4.0, it must continue to innovate. Educational robotics is such
an innovation that makes it an important component of modern education. Learning robots make it possible to teach science,
technology, engineering and mathematics (STEM) in a new and exciting way. Robotics provides a tangible and practical way for
students to apply theoretical concepts from STEM subjects, students can physically build, program and interact with robots, leading
to a deeper understanding of complex concepts. Building and programming robots involves a series of challenges that require
students to think critically and solve problems. It is important to note that the successful implementation of robots in STEM
education relies on qualified teachers and appropriate educational resources. Educational robots are quickly finding a place in
STEM education.

They are an interactive educational tool for STEM learning that allows students to actively participate through designing, building,
and programming. STEM education has rapidly gained momentum in Bulgaria over the past few years, with STEM classrooms and
labs being built where students can apply knowledge from different subject areas and use learning robots in various learning
activities. A change is also needed in the curricula of students preparing to be teachers to be prepared in a digital world where robots
are rapidly entering the educational process.

1. OBJECTIVE

The purpose of the study is for students to evaluate the utility of using robots in STEM education. In line with this objective, the
following research questionsarise:
1) How effective can learning robots be in engineering modelling?
2) Are students satisfied with the use of robots in their studies?
3) Are the learning robots easy to use?

I1I. LITERTURE REVIEW
Many authors point to different aspects of the usability of learning robots in education, such as high efficiency in teaching STEM
[1], [2] usefulness [3], ease of learning [3], and satisfaction [4], [5]. The use of robotics in education helps students build skills such
as creative thinking, problem solving, decision-making, collaboration, and communication skills [6]. Enhancing active learning and
engagement in school [9]. The use of learning robots’ increases students' motivation, interest, self-esteem, and positive emotions [8].
Usability is defined as “the effectiveness, efficiency, and satisfaction with which specified users achieve specified goals in particular
environments” [9].
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From the ISO 9241-11 terminology, we can define usability by the three dimensions’ effectiveness, efficiency, and satisfaction.
Effectiveness reflects “the accuracy and completeness with which users achieve specified goals,” efficiency represents the
“resources (time, human effort, costs, and materials) used in relation to the results achieved," and satisfaction is the “extent to which
the user’s physical, cognitive, and emotional responses that result from the use of a system, product, or service meet the user’s needs
and ex pectations” [10].

V. METHOD AND METHODOLOGY
A. Study Design
After taking a Technical Modeling course, students appreciated the usefulness of using robots in STEM education. They evaluated
the educational content of the "Educational Robotics" module from the "Technical Modeling” curriculum, included in the
curriculum of students majoring in "Pedagogy of Technology and Entrepreneurship” at Neophyt Rilski University of Applied
Sciences, Blagoevgrad, Bulgaria. For the purposes of the study, a questionnaire was created and tested. This evaluation serves to:
design curricula, including educational robots; to help select teaching robots to be used in STEM education.

B. Questionnaire

The choice to use questionnaires for quantitative research is based on the fact that this method gives objective data that reflects
reality and has a high degree of reliability. So specific trends. To assess teachers' attitudes towards the usability of robots in STEM
education, an online questionnaire was developed with the capabilities of Google Forms. The questionnaire is based on the
principles of usability according to 1SO-9241 and the USE questionnaire proposed by Lund (2001), which examines usability. The
study focused on four axes of usability evaluation: effectiveness, efficiency, satisfaction and ease of use, analyzed from a
pedagogical and technological perspective. The questionnaire includes 11 questions, which are structured in 2 groups. The first
group was aimed at assessing demographic data (questions 1-3) and the second group was aimed at assessing the usability of the
learning robots (questions 4-11). Answers to the questions are on a 5-point Likert-type scale, in which: 1- strongly disagree; 2-
disagree; 3-neither agree nor disagree; 4-agree; 5-strongly agree.

C. Stimulus Material
In order to assess the usability of the learning robots, students who completed the Engineering Modeling course were asked for their
opinion on the usability of the robots included in an Educational Robotics module.

1) Curriculum Technical Modeling
The purpose of the "Technical Modeling" course is to reveal the specifics of technical modeling in technology and entrepreneurship
education. The main tasks arising from this goal are aimed at: familiarization with the basic concepts and methods in technical
design, construction, and modeling; formation of knowledge, skills, and competences for modeling technical objects; forming
knowledge, skills, and competences for building and programming educational robots; and forming knowledge, skills, and
competences for creating technical models in a STEM educational environment. The content of the curriculum "Educational
Robotics" module (Table 1).

Table 1. The Content of the Curriculum "Educational Robotics" Module

Module: Educational robotics

A. LECTURES
TOPIC GOALS
1. Introduction to robotics. Nature, | -Acquisition of knowledge about robotics and robots.
functions and operation of robots. | - Getting to know the principles of robaotics, the functions and operation of
robots.
2. Construction and modeling of | -Acquisition of knowledge and skills for constructing educational robots.
educational robots. -Introduction to modular construction systems.

3. Programming and learning robots | -Acquisition of robot programming knowledge and skills.
-Familiarity with different learning robot programming environments.
4. Models of a Robotic Workplace -Learning about robotic workplace models.

-Creating a model of a robotic workplace.
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PRACTICAL EXERCISES
1. Construction of educational robots. | -Application of knowledge, skills, and competences in the construction of
educational robots.
-Work with robot constructors.
2. Programming and educational | -Familiarity with block programming environments for robots.
robots.
3. Development of a course | -Formation of skills for the development of a course assignment.
assignment on technical modeling.
4. Presentation of a  Course | -Submission and presentation of course assignments
Assignment

V. DISCUSSION AND FINDING
To evaluate the usefulness of using robots in STEM education, descriptive methods were used, which serve to classify and
summarize the data in tabular, graphic, and analytical form. They provide an opportunity to obtain summaries of the data.
Descriptive statistics deal with the aggregation of systematized data. It is of particular importance in empirical research and the
description of experimental results. Through the methods of statistics, the data can be analyzed, taking into account the randomness
and uncertainty of the observations, and on this basis, conclusions can be drawn about the regularities contained in them.

A. Demographics

No significant differences in students' responses on demographic grounds were observed. The study included students of different
ages as (56%) of the respondents are aged between 18-24 years, (18%) are between 25-34 years old, (18 %) are between 35-44 years
old and (42%) are over 44 years old. (40%), women and (48%) men were surveyed. Regardless of age and gender, the answers to
the questions are close.

B. Evolution

The research focused on four criteria: usability, effectiveness, ease of use, efficiency, and satisfaction. Effectiveness criteria (Figure
1) Questions (4, 5, and 6) aim to explore the students' opinions about the usefulness of using learning robots in their education.
Their assessment is positive (Figure 1). They believe that using robots will encourage logical thinking and problem solving (43%
agree and 42% strongly agree). Students believe that using robots will encourage creativity and innovation. (31% agree and 55%
strongly agree). They believe that using robots will facilitate hands-on learning. (51% agree and 26% strongly agree).

Effectiveness

M 6. Using robots in STEM education facilitates hands-on learning
M 5. Using robots in STEM education encourages creativity and innovation.

M 4. Using robots in STEM education promotes logical thinking and problem solving

AT . 45

neither agree nor disagree 6

donot agree  lommmmmd 6

strongly disagree

Figure 1. Effectiveness
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1) Ease of Use criteria (Figure 2)

The students' assessments of the easy-to-use criterion questions (7, 8, and 9) vary between "neither agree nor disagree" and
"completely agree," with the most frequent answer being "agree." They believe that the work they design in the course is easy to use
(43% agree and 31% strongly agree). They believe the use of robots will increase confidence in digital skills (57% agree and 43%
strongly agree). They believe that robotics is an integral part of STEM education (57% agree and 43% strongly agree).

Ease of Use

22
| | 24
18

9. Robots can be applied in STEM education.

S = 25

8. I can build learning robots.

e —— " 30

7. The robots we design in the course are easy to
use.

0 5 10 15 20 25 30 35

B strongly agree K agree W neither agree nor disagree # do not agree & strongly disagree

Figure 2. Ease of Use criteria
2) Ease of Learning criteria (Figure 3)
Students' ratings of the "ease of learning™ criterion questions (10, 11, and 12) ranged between "neither agree nor disagree" and
"strongly agree" with the most common response being "agree." They believe they can easily use robots in STEM activities (31%
agree and 30% strongly agree). They believe they can use robots to integrate knowledge from STEM fields easily (34% agree and
37% strongly agree). They believe that they can apply robots in STEM projects (34% agree and 26% strongly agree), and 20 of the
students are not sure (neither agree nor disagree, 28%) that they can apply robots in project activities.

Ease of Learning

- - | 30
S —————————— 1D
d 30
= d 30 =
4 — 40
S d 33
ﬁ 7
s
> —74 5
—_—
|
1 B 2
2
0 5 10 15 20 25 30 35 40 45

& 12. Using robots in STEM education facilitates hands-on learning.
E 11. Learning robots in STEM education are safe to operate

& 10. Robots in STEM education are easy to use

Figure 3. Ease of Learning criteria
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3) Satisfaction Criteria (Figure 4)

Student ratings of the satisfaction criteria (13, 14, and 15) ranged from neither agree nor disagree to strongly agree, with the most
common response being “agree." They are satisfied with the robotics education course (43% agree and 54% strongly agree). They
believe robotics is fun and exciting (54% agree and 43% strongly agree). They believe that working with learning robots is a
pleasure (47% agree and 52% strongly agree).

SATISFACTION
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M 15. Learning robots are a pleasure to work with.
i 14. Robotics is fun and exciting.

M 13. | am satisfied with the educational robotics course.
Figure 4. Satisfaction criteria

4) Students’ perceptions of evaluation criteria are as follows (Table2)

Depending on the type of investigated features, the arithmetic mean, median and mode were used as measures of central tendency.
Both the standard deviation and the coefficient of variation were used as a measure of the variability of the data. Average level
indicators describe the typical state of the feature - its center. The data in Table 2 show a positive assessment of students regarding
the usability of learning robots in STEM education.

TABLE2. DESCRIPTIVE STATISTICS FOR THE CRITERIA

CRITERIA N MIN MAX MEIN STR. DEV VZ%
EFFECTIVENESS 70 3 5 4.6712 .50401 10.25
EASE OF USE 70 3 5 4.4112 .05890 10.01
EASE OF 70 3 5 45611 .59402 10.12
LEARNING
SATISFACTION 70 3 5 41922 . 65416 14.05

The results for the dispersion compared to the arithmetic mean value of the usability criteria show that the usability criterion
"Satisfaction" is the largest (14.05%), and for the criterion "Ease of Use" it is the smallest (10.01%).

Learning robots make it possible to teach science, technology, engineering, and mathematics (STEM) in a new and exciting way.
Robotics provides a tangible and practical way for students to apply theoretical concepts from STEM subjects. Students can
physically build, program, and interact with robots, leading to a deeper understanding of complex concepts. Building and
programming robots involves a series of challenges that require students to think critically and solve problems. It is important to
note that the successful implementation of robots in STEM education relies on qualified teachers and appropriate educational
resources.
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VI.  CONCLUSIONS
Educational robotics will play an increasingly important role in STEM education as it is an interactive, multidimensional and
relevant way to prepare students for a new and digital world. The results of the study show that the usability of learning robots in
STEM education is effective. Students are happy with using robots in their learning and find them easy to use. The questionnaire
used in the study can be used to assess teachers' attitudes when designing curricula with the application of learning robots in STEM
education. Therefore, we believe that this article will be helpful in providing a STEM educational framework that enables students
to acquire the fundamental skills and knowledge needed to solve real-world problems using educational robots.
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