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Abstract. Educational robots have been used successfully in a variety of teaching
applications and have been proven beneficial in teaching STEM studies. Although
educational robots are already been using, it is important to identify the robot’s
characteristics -appearance, functionality, voice- that is closer to the users’ needs.
Our target is to use participatory design procedures to identify the users’ attitudes
and needs to construct an educational robot based on them. In this paper, we
introduce the STIMEY Robot, which created through these procedures after a cross
European study where five different countries participated. The robot evaluated
in real classroom environment with students aged between 13 and 18 years old,
who had a STEM les-son with the aid of the robot. Our results clearly suggest that
students agreed with the robot’s interactive skills and ability to provide feedback
and also they statistically significantly changed their attitudes towards its usability
after having a lesson with it.

Keywords: Educational robots - Cross-culture - Participatory design - Robot
design - Real class evaluation - STEM

1 Introduction

Social robots are getting more involved in our everyday lives because of their ability
to express verbal and nonverbal cues, conversation abilities, and emotional bonds that
can be built in humans after human-robot interaction activities [1]. Those robots’ char-
acteristics have proven beneficial for their use in the educational field. One of the main
challenges is to match their social behavior, style, appearance, and interaction with the
educational demands and the actual users’ needs. Social robots when teaching a lesson in
typical education students, seem to accomplish similar tutoring skills with human teach-
ers, especially when they perform controlled tasks and manage to enhance students’
cognitive and affected outcomes [2]. There is also evidences that children- social robots’
interaction can increase children’s’ communication and language performance [3]. More
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specifically, social robots seem to be helpful in STEM studies. For example, the Cozmo
robot can deliver exercises and engaging materials to students between 14 and 17 years
old and they significantly improved their knowledge in mathematics [4]. Educational
robots boost teamwork and problem-solving activities and thus, those engaged in STEM
education are successful in a variety of learning scenarios [5].

Despite their usability and effectiveness through different learning activities, there is
moral consideration regarding the use of social robots in education. Those considerations
may vary across different educational cultures. Focus groups with Dutch Educational
Policymakers Considerations revealed 15 theoretical values that vary from ‘the robots’
capability to lower teachers’ workload’ to ‘matters about the escalating influence of
commercial enterprises on the educational system’ [6]. The different educational cultures
are a view of the currency of general cultural differences between different countries,
especially from different continents. There are cultural differences in people from Asian,
American, African, European populations regarding their attitudes toward robots, their
acceptance, and their usability [7]. On the other hand, countries in the same continents
such as Europe, seem to have similar attitudes towards robots, despite some minor
differences regarding the level of acceptance of robots in their every-day life [8].

Before being able to design efficient educational robots, there are still some answers
about the users’ attitudes towards robots’ characteristics that are certainly missing. The
stakeholders whose opinions we should take into consideration are primary the students
but also the teachers and the parents. Also, before constructing an educational robot we
should merge their learning and educational needs with their social and cultural habits.

There are four critical stages in the design procedure of a social robot- taking into
consideration previous studies, the robot’s impact on the target group’s behavior, the
stakeholders’ attitudes towards robots, and their feedback and reaction regarding the
robot’s final appearance [9]. Augmented Reality (AR) and Virtual Reality (VR) tech-
nologies is an interactive way of engaging stakeholders in multiple human-robot inter-
action scenarios [10]. Although there are also other interactive design activities such as
drawing or showing images of existing robots or robotics parts [11], the stakeholders
need to collaborate with robots within the targeted operational environment [12].

In our study, under the Horizon 2020 funded project STIMEY [13] we conducted a
cross- European user- centered design procedure in order to identify the ideal character-
istics that an educational robots should have. For this purpose, we took into consideration
the robot’s appearance, usability, hardware, and software features. We collaborated with
the stakeholders -teachers, students, parents- and based on them, we designed a robot
prototype based on their needs and test it in a real school classroom environment. Our
most important findings are that a) stakeholders from different European countries -
Germany, Belarus, Greece, Finland, and Spain are having similar needs and ideas about
the ideal educational robot and b) after testing the robot prototype in Greek schools we
found out that the robot prototype was positively evaluated. c¢) Students aged between
13 and 18 years old, after having a lesson with the STIMEY robot teaching assistant,
statistically significantly re-evaluated their opinion regarding the usefulness of a robot
in the classroom in comparison with their opinion before having a lesson with it. The
stakeholder who participated in the robot’s design procedure were from both north and
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south European countries and thus the STIMEY robot prototype seems to be a represen-
tative educational robot for European stakeholders’ needs. To the best of the authors’
knowledge, there are no other studies actively involving the educational stakeholders
in the development process of educational robots in a cross European study, while the
stakeholders’ opinions, as expressed in our experiments, are by themselves, valuable
contributions for the development of efficient educational robots.

2 Related Work

Appearance and functionality are the more common robot characteristics that researchers
typically focus on since they are the key factors that affect the human- robot interac-
tion and can determine the time humans will spend with a robot performing a specific
task [14]. Experience is a key factor for accepting technology and robots [15]. More-
over, humans prefer to collaborate with robots with characteristics that fit into their
norms regarding the performed task, such as serious personality traits for serious activ-
ities and cheerful personality traits for cheerful activities [16, 17]. Li et al., performed
multi- culture research between Korean, Chinese, and German populations regarding
their attitudes about a robot’s appearance and performed tasks. Results showed cultural
differences in participants’ engagement and likeability. Moreover, participants during
the interview procedure, expected the robot appearance to match with the task that the
robot was supposed to perform but that did not confirm during the subjective rating
procedure [18].

The social educational robot Wolly is an example of a robot that designed through
participatory designed procedures and constructed and implemented (software and hard-
ware) based on the target group needs [19]. Bertel et al., suggested a semi-structured
participatory design procedure for the children’s’ involvement in the designed procedure
[20].

A user-centered design procedure in a sample of 116 university students indicated that
they preferred to collaborate with a robot with both machinery and humanoid appearance
and basic facial characteristics. Additionally, they suggested that an educational robot
should provide user-centered support based on the students’ learning needs [21, 22].
Velentza et al., shown that university students, pre-service teachers had statistically
significant different opinions about the ideal characteristics that a robot- tutor should
have before and after having a course with it [23]. Similarly, with [21], students before
interacting with a social robot preferred to collaborate with a robot with machinery
characteristics while after the interaction, they both preferred machinery and humanoid
characteristics [23]. On the other hand, although younger adults are more familiar with
robots than the previous generations, when a group of students instructed to draw a robot,
the most frequent drawing stemmed from books’ illustrations [24].

3 Present Study

Based on the research results described in the last section, it is very clear that it is
important to investigate the impact of educational stakeholders’ opinions about the ideal
characteristics that a robot teaching assistant should have to efficiently interact with
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students and collaborate with teachers. Itis also important to identify those characteristics
after constructing a robot-prototype based on their needs and evaluate it in action in a
real classroom environment, as suggested by [25], and not only by approaching the
stakeholders’ beliefs theoretically or via VR and AR technologies.

The current study, thus, explores whether there is any difference in the educa-
tional stakeholders -students, teachers, parents, school principals- attitudes and opinions
regarding a teaching assistant educational robot based on their culture. All the partic-
ipants were from European countries. Based on their needs and beliefs, the STIMEY
consortium designed and constructed a robot prototype. After constructing the prototype,
we tested and evaluated it in real school classrooms in order to identify:

1) What are the participants’ positions, and attitudes towards STEM and STIMEY
science before having a lesson with the STIMEY robot?

2) What is the effect of their demographic profile?

3) Did the lesson with the STIMEY robot reinforce students’ positions, and attitudes
towards STEM science and STIMEY?

3.1 Hypothesis

Based on [8] we expect that although there are cultural differences between European
countries and their educational standards, they will have similar attitudes toward the
appearance and the usability of an educational robot. Moreover, we expect that students
after having a lesson with the robot will improve their attitudes toward STEM and edu-
cational robots. Finally, we believe that the robot prototype will be positively evaluated
after its use, especially because of the user-centered design procedure followed by the
STIMEY Project partners.

4 Participatory Design

4.1 Participants

In the study participated a total number of 132 stakeholders, (Finland n = 27, Greece
n = 24, Spain, n = 24, Germany n = 30, Belarus n = 27) and among them were
students between 10 and 18 years old, teachers and school directors from primary, lower
secondary and upper secondary education, parents and professionals engaged in STEM
related careers. A gender balance among participants was ensured (female n = 73, male
n=>59).

4.2 Procedure

The procedure followed the participatory design standards and the stakeholders worked
in close collaboration with expert groups in order to analyze their attitudes, consider
their needs, evaluate the benefits and deficiencies of a products’ design before, dur-
ing, and after its development and implementation. There were five stages during the
procedure- preliminary research, design, development and implementation, pilots, final
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implementations. For the data collection, we held focus group sessions for each country
participating in the STIMEY consortium, following the same protocol in all the cases
[26].

Robot. In the beginning, during the co-design focus groups, participants indicated
their ideas regarding the ideal robot’s appearance and the robot’s voice commands. Based
on them, 103 items/ideas were grouped based on their conceptual similarity at six groups
of requirements- a) Appearance of the robot (32), b) Functionality of voice commands
(27), ¢) voice of the robot (19), d) personality of the robot (6), e) language of the voice
commands (2), f) voice commands’ risks (2). Each group of requirements presented to
the stakeholders followed by a short description. One of the participants’ priorities when
discussing the robot’s appearance characteristics was its small size (n = 26). Then to be
human-like/humanoid (n = 14), able to be customized/modified by students (n = 14),
not human-like/not humanoid (n = 12), robot-like/ machine-like (n = 11) and easy to
carry/portable (n = 10). The most common participants’ requirements for the robot’s
voice commands were to be adjustable (n = 12) and simple/easy to understand (n = 11).
More detailed information regarding the stakeholders’ association in the different steps
of the procedure can be found in Christodoulou et al., [27] accompanied by preliminary
evaluation results of the robot prototype STEM-oriented robot-assisted collaborative
online teaching-learning task.

4.3 STIMEY Robot Prototype

From the 103 items referring to the robot, 78 were adopted in the design procedure (78%),
while 22 did not for various reasons (24%), such as the contradiction of one require-
ment with another, high costs, or time-consuming integration, technology limitations or
technical restrictions.

The STIMEY robot, depicted in Fig. 1 was designed to encourage students to involve
more actively during the learning process through the STIMEY Platform based on a
variety of principles:

1. The STIMEY robot was able to talk, reply to students’ questions based on a set of pre-
programmed behaviors, provide them with feedback, evaluate their answers in given
knowledge acquisition questions, change facial expressions, move its hands and
head, move backward and forward through wheels. In its back, it has an embedded
mobile phone, serve as the robot’s ‘brain’, giving information to the students.

2. The STIMEY robot will accompany the students as a partner and will communicate
with them (speech/listening, gesture, etc.) as a friend. Based on its feature to act as a
friend makes it capable to help students with a variety of learning tasks through the
online platform. The robot is also able to enhance communication between students
(using video, speech, and gestures).

3. The STIMEY robot will be upgraded (software and hardware) to show cognitive,
emotional, and physical development. The evolution of the robot will be based on
the student’s progress, as shown by their electronic profile, portfolio, and creativity
curve (STEM progress) which are scored in the STIMEY Platform. In this way, the
capabilities of any STIMEY robot will represent its owners.



346 A.-M. Velentza et al.

4. The STIMEY robot will have a small size, enough to be carried in a bag or placed on
a table. It will have some human characteristics (e.g. face, arms, torso) and will be
customized in terms of adding or extracting parts on the robot. At the same time, its
appearance will also have some machinery features and its general design will follow
a cartoonish style. The robot will also have different forms based on the stakeholder’s
requirements, as shown in Fig. 1, left picture, and various color options.

The robot will be like a student pal, and it may vary according to students’ creativity.
Even though the torso will not be constructed with iron materials, it will be fall resistant.

Voice Commands. The voice commands of the robot will be adjustable and easy to use,
will be functional, easy to control and they will support learning. Moreover, the user
will be able to monitor the voice commands (also with a text application). The voice
commands will be given gradually to the robot and the user will have a certain level of
freedom in selecting them.

Robot’s voice: human-like, friendly and clear, kind and joyful.

Fig. 1. The STIMEY Robot Prototype, left: two different versions of the robot, middle: happy
facial expression, right: the robot’s back with the embedded mobile phone device.

5 Evaluation- Experimental Design

5.1 Participants

The total number of participants was 92, 43 Boys 42 Girls, and seven who preferred not
to mention their gender. 51 of them studied in junior high school, aged between 13 and
15 years old and 40 of them in senior high school aged between 16 and 18 years old. Only
one student did not mention his/her age. They were all assigned to Greek schools and
they all had normal or corrected to normal vision and hearing and their native language
was the language of the lesson and the given questionnaires. They participated in the
experiment after the principal of their school applied for participation through a project
open invitation. The experiments lasted for one month and took place for every school
classroom at the same hour in the morning in their school unit.
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5.2 Design

In each school classroom, we conducted one lesson which lasted for two hours with the
aid of the STIMEY Platform and Robot prototype. In this course, we first introduced the
STIMEY platform and its capabilities to the students. The students then completed ques-
tionnaires related to their opinions regarding the hypothetical use of a robot during their
courses. Then the lesson was implemented utilizing the STIMEY educational Platform,
accompanied by the STIMEY Robot which was the tutor of the lesson in collaboration
with a teacher with STEM studies expertise. Finally, after the end of the lesson, the
students were asked to complete an online questionnaire regarding their Attitudes, Posi-
tions, and Behaviours towards STEM and STIMEY robot (STQ). The participants had
as much time as they wanted to fill the questionnaire anonymously.

The given questionnaire, STQ was tailor-made, designed by the project partners
based on the evaluation needs. There were three demographic, two close types, and 22
Likert scale questions (from 1-5, evaluated from totally agree to totally disagree with
the questions’ statement).

5.3 Procedure

In the beginning, all the students who participated in the lesson were informed about the
STIMEY program and its actions, as well as about its online Platform and the STIMEY
robot. Students were then asked to answer a 10 min pre-test questionnaire. The students
then logged in to the STIMEY platform using their credentials. Before having the lesson
with the robot, there was a familiarization phase where the students watched two videos
(ten minutes duration) with the STIMEY Robot in action. After the end of the video, the
robot stood in the middle of the class as shown in Fig. 2 and each student had access to one
pc or tablet. The lesson that the robot taught to the students was about STEM and more
specifically about the ‘Dark Side of the Moon’, explaining basic physics and astrophysics
principles regarding the lighting conditions of the moon. The lesson was adapted based
on their educational level. Our goal was to show as many robot’s features and behaviors
during the course about its appearance (i.e. different facial expressions) and usability
(i.e. feedback, interconnectivity with the web- platform) before they evaluate it.

5.4 Data Analysis

Before the data analysis, we performed a Varimax factor analysis on the robot’s charac-
teristics and students- STIMEY robot interaction as well as a Cronbach’s alpha reliability
analysis on the dimensions of opinions, positions, and attitudes towards STEM sciences
and the STIMEY robot.

For the analysis of the STQ, we calculated the Mean Value (MV') and Standard Devi-
ation (SD) for each STQ question. To identify the effect of the students’ demographical
characteristics on their attitudes toward STEM studies and STIMEY robot, we applied
a Kruskal Wallis test. Additionally, we conducted a paired-sample t-test to compare the
differences in the students’ attitudes before and after having a lesson with the robot.
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Fig. 2. Classroom set up during the robot’s evaluation

5.5 Results

The Varimax factor analysis on the Likert scale questions revealed three dimensions
regarding the students’ interaction with the robot with Kaiser-Meyer-Olkin (KMO) 0.7,
and four regarding their attitudes before and after the lesson as shown in Table 1. The first
factor includes 6 questions with o = 0.8 and named after the context of the questions as
‘Student Feedback’. The second factor (5 questions), named ‘Student-Robot Interaction’,

with a = 0.66 and the third one ‘Non-interaction’.

Table 1. Cronbach’s alpha dimensional analysis.

Dimensions Questions | Cronbach’s alpha
Positive Opinion about STEM and STIMEY before the lesson |3 0,684

Positive Behavior about STEM and STIMEY before the lesson | 2 0,621

Positive Opinion about STEM and STIMEY after the lesson 3 0,713

Positive Behavior about STEM and STIMEY after the lesson |2 0,724

Student’s Feedback 6 0,807
Student-Robot Interaction 5 0,661

Non interaction 1 -

According to the students’ evaluations, they agreed that the robot should give them
positive feedback (MV = 4.18, SD = 0.66), and they have positive attitudes about its
interactive abilities (MV = 4,01, SD = 0,62), positive opinions towards STEM studies
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and STIMEY robot after having a lesson with it (MV = 4,11, SD = 0,71) and also
positive behavior (MV = 3,71, SD = 0,89). On the other hand, the students’ behavior
towards STEM studies and STIMEY robot before having a lesson with the robot is
neither positive nor negative (MV = 3,51, SD = 0,91), similarly with their attitudes
toward the robot’s non-interaction (MV = 3,20, SD = 1,47), as shown in Fig. 3.
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Fig. 3. MV and SD of the students’ opinions, behaviour, attitudes towards STEM sciences and
STIMEY Robot

The Kruskal Wallis measures indicated that there is a statistically significant dif-
ference regarding the students’ gender and their attitudes toward STEM studies and
STIMEY robot before having any lesson with it. More specifically, boys have more
positive attitudes in comparison with others, girls and prefer not to say at H(2) = 8,69,
p = 0,013 < 0,05. There were no statistically significant differences regarding students’
age.

Most of the students, 32,97% (N = 30), indicated that Mathematics is the most
difficult STEM course. Physics follows at 26,37% (N = 24) and then geography (10,99%,
N = 10), biology, and the rest of them are split between chemistry, computer science,
and engineering. It is worth mentioning that basic principles of computer science and
engineering that are thought into school are theoretical without application and exercises.

Before having a lesson with the STIMEY robot, the students claimed that the use
of the robot in the teaching procedure will make the most difficult STEM course (each
student considered the one he/she declared at the beginning of the questionnaire) more
pleasant (MV = 4.22, SD = 0.89), interesting (MV = 3.9, SD = 1.03) and more easily
understandable (MV = 3.54, SD = 1.01). Moreover, they implied that the robot will
help them focus more during the lesson on the difficult course (MV = 3.06, SD = 1.02)
and that it will motivate them to follow an academic career in the future (MV = 3.38,
SD = 1.11).

After having a lesson with the robot, the students claimed that the use of the robot
in the teaching procedure will make the most difficult subject more pleasant (MV =
4.25, SD = 0.89), interesting (MV = 4.14, SD = 0.85), and more easily understandable
MV = 3.93, SD = 0.92). Moreover, they implied that the robot will help them focus
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more during the lesson on the difficult subject (MV = 3.75, SD = 0.95) and that it will
motivate them to study from an academic perspective the more difficult subject in the
future (MV = 3.67, SD = 1.05).

When comparing the two conditions, before and after having the lesson with the
robot, students statistically significant improved their opinion that the robot will make
the most difficult course more interesting, as shown by the t-test at t(90) = —2,23, p =
0,029 in comparison with their opinion before having the lesson. Similarly, after having
the lesson, they believe that the participation of the robot will make the more difficult
subject more easily understandable (t(90) = —3,27, p = 0,002) in comparison with their
belief before having the lesson with it. Moreover, statistically significant more students,
after the robot lesson, implied that it is possible to follow a STEM academic career in
the future, (t(90) = —2,50, p = 0,014) compared with their intentions before having the
lesson. Table 2 shows the students’ evaluation regarding the robot’s interactive skills and
feedback after having a course with the robot.

Table 2. MV and SD of students’ opinions regarding the robot’s interactive behavior after having
a lesson with it.

STIMEY robot’s interactive skills M.V SD

After the end of the lesson, the STIMEY robot should give reward and 4,37 0,77
positive feedback by using its facial expressions to the students based on their
effort in the platform

During the lesson, STIMEY robot should ask questions to the students to 4,35 0,77
provide them with additional information regarding the course

When the STIMEY robot provides additional information to the students, it 4,34 0,88
should approach them and encourage them by using its facial expressions

When the STIMEY robot provides a quiz to the students, it should reward 4,21 0,86
them for every correct answer by using body movements and facial
expressions

When the lesson is over, STIMEY robot should verbally reward students 4,14 0,86
about their effort (i.e. by saying ‘congratulations’)

When the STIMEY robot provides a quiz to the students, it should verbally 4,13 0,96
reward them for every correct answer

When students post in the platform, STIMEY robot should verbally reward 4,07 0,94
them by saying ‘Well Done’

When the teacher prepares a lesson through the platform, STIMEY robot 4,00 10,93
should send notifications to the students

When students post in the platform, STIMEY robot should not reward them | 3,91 1,02
verbally, but by using its body movements and facial expressions

When the STIMEY robot shows a video to the students, it should verbally 3,86 1,18
comment on it (i.e. highlight the important parts of the video)

(continued)
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Table 2. (continued)

STIMEY robot’s interactive skills M.V |SD
When the STIMEY robot shows a video to the students, it should look at them | 3,45 1,14

When the STIMEY robot shows a video to the students, it should not show 320 | 1,47
facial expressions such as surprize of close one eye, neither to intervene

Finally, students found that their favourite characteristic of the robot’s appearance
was its eyes (49,45%, N = 45), head (20,88%, N = 19), arms (14,29%, N = 13) and
equally its torso and backpack at 7.69% (N = 7).

6 Discussion and Conclusions

Robots’ characteristics such as their social behavior have been proven beneficial in edu-
cational and teaching tasks by strengthening student’s cognitive and affective outcomes
[2]. Educational robots also help students better understand and appreciate STEM studies
[5]. Itis important to identify the ideal robots’ characteristics that enhance both students’
learning outcomes and make them enjoy the lesson more, by taking into consideration
among other factors, their culture. In the current study, we described the importance of
designing and constructing educational robots based on the stakeholders’ needs by con-
ducting user-centred design procedures. The current robot design procedure took place
during the HORIZON 2020 funded Project STIMEY. The educational stakeholders, stu-
dents, teachers, school principals, parents, wherefrom five different European countries,
giving a representative sample of the European population. They all had similar opin-
ions regarding their attitudes about the ideal educational robot’s appearance, voice, and
functionality and we end up with six categories of recommendations. By following the
majority of them (78%), we designed and constructed the STIMEY Robot prototype
which was among others, portable, small-sized, a combination of humanoid, machinery,
and cartoonish characteristics, able to change facial expressions, move parts of its body
and give voice feedback and reward to the students.

In the present study, we consider the robot’s evaluation in Greek schools, by 92
students aged between 13 and 18 years old who had a two hours STEM lesson instructed
by the STIMEY Robot. Results showed that students after having a lesson with the
robot had positive attitudes and behaviors towards its interactive skills and ability to
give feedback. Moreover, after having a lesson with the robot, students statistically
significantly improve their beliefs regarding the robot’s ability to make even the most
difficult course more interesting (p = .029) and more easily understandable (p = .002).
Furthermore, students believe that it is possible to follow a future carrier in STEM
studies, in comparison with their beliefs before having a lesson with the robot (p =
.014).

As future work, we plan to evaluate the robot with students and stakeholders in more
European countries and for others abroad in Europe to find out if we can generalize our
principles regarding the educational robot characteristics.
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