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Abstract. In this paper an attempt is made to utilize educational robotics appli‐
cations in Primary Education in order to teach basic principles of Automatic
Control Systems and Programming. For this purpose, the robotic package H&S
Electronic Systems was used in the frame of the STEM education approach.
According to the latter, emphasis is given to the connection of the four subjects,
Science, Technology, Engineering and Mathematics (STEM). Educational
robotics can be proven to be an important tool to achieve these goals, but also to
develop students’ motivation to participate in an active way in learning. Within
this work the students are asked to work in groups to design, develop and imple‐
ment their programs to control the behavior of their robotic constructions,
following specially designed worksheets. This work, finally, aims to investigate
and highlight educational benefits emerging from the data analysis of students’
work.

Keywords: Educational robotics · STEM education · Programming
fundamentals · H&S electronic systems

1 Introduction

Robotics is defined as the branch of science that studies those machines that can replace
humans in performing a task, which combines physical activity with the decision-
making process [1]. However, robotics since the late 80 s, starting outside Greece, has
been used in education both as a teaching subject, but also, as an auxiliary tool in teaching
various concepts of subjects such as Mathematics, Sciences, Engineering as well as
Technology and Computer science [2].

Apart from teaching certain concepts, however, robotics is used to achieve skills
such as problem solving, specific and abstract reasoning, critical thinking and effective
cooperation [3]. For a robotic system to be functional, two types of activities are
required: the construction and the programming. In this way, cognitive processes are
developed and skills such as computational thinking are emerging supporting students
to solve authentic problems in the school environment as well as in real life [2, 4].
Problem solving is a demanding process, which invites the student to deal with logic,
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semantics and sometimes with abstract thinking in order to conceive and solve the
problem. Moreover, the construction process of the robotic system and its programming
contribute to the socialization of the student through cooperation for the implementation
of the activities [2, 3].

In this paper an attempt was made for the use of educational robotics applications in
Primary Education, based on the theoretical framework of STEM education. As a means
for accomplishing this purpose, the hardware and software environment of the Basic
Robotic System platform of the company H & S Electronic Systems was used. For this
purpose, educational activities were designed to support teaching of basic principles and
structures of Programming and Automatic Control Systems in which students are
supposed to work in groups.

2 Educational Robotics and STEM Education

2.1 Educational Robotics

Educational robotics is the process during which, students having at their disposal small
robotic systems, they should assemble and program them to perform certain behavior
for educational purposes. Therefore, educational robotics from a Pedagogical perspec‐
tive is considered to be grounded in the theories of classic constructivism [5] and in
particular that of the constructionism [6]. The learning environment provides activities
imbedded in problem solving procedures and, thus, learners build more effective knowl‐
edge as they are involved actively in the design and construction (manual and digital)
of real objects that have meaning for them in a more natural way.

Educational robotics combines game with learning and, thus, learning becomes a
fun activity that is easier, more interesting and is achieved more efficiently [7]. Mainly
in Primary Education, the aspect of game that robotic constructions involve is an impor‐
tant and positive factor of individual action and motivation [8].

What is more, the development of research interest is promoted and children are
enabled to act as scientists – inventors and discover their own original ideas and solutions
thus enhancing their self – efficacy [9]. By solving authentic problems students are
actively involved and support their exploratory attitude having incentives to study
Science and Technology.

Students are, also, involved in situations that require from them to use and apply
their knowledge from Mathematics, Science, Technology, Engineering [10] gaining the
opportunity to develop a strong conceptual basis for the reconstruction of their knowl‐
edge at a later time [7].

Educational robotics allows students to express themselves freely and promotes the
development of creativity and imagination, as it invites students to envision what they
will make and what goal they want to achieve through the programming of their
constructions [11]. In addition, the construction of their robotics is a problem – solving
situation that provides instant feedback and promotes a multidisciplinary and interdis‐
ciplinary approach [12].

At the same time, educational robotics activities are based on cooperation and inter‐
action of individuals and groups, promoting thinking through conflicts in cognitive and
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social level as children are required to explain ideas, opinions and thoughts and justify
their answers [13]. Additionally, students need to analyze, plan and implement their
work which constitute high level mental skills. Such activities with younger ages
(Primary school) pose some rate of failure, since, according to Piaget, they are in the
Concrete Operational Stage and are just moving into the Formal Operational Stage (11,
12 years old). However, dealing with problems for their level, which require concrete
thinking, help children familiarize and deal with abstract concepts (e.g. speed, time,
variable), having as a result their better preparation for the next cognitive stage [14].

What is more, educational robotics contributes in learning Programming and helps
students familiarize with the basic principles of Programming [15]. Programming
robotic constructions creates a completely new learning environment which is highly
motivating, favors the test – error strategy, which is a strategy familiar to Primary school
students, and highlights accepted approaches and solutions, since a behavior can be
explained in many ways [3]. Furthermore, it supports metacognitive learning processes,
since students need to think on the way they thought and acted [16].

2.2 STEM Education

The term STEM Education and the need for such a method arose for the first time in
America. In particular, low performance of American schoolchildren in major subjects
such as Mathematics, Engineering, Sciences and Technology pointed out the need for
a restructuring way of teaching that focuses on these subjects. The National Science
Foundation (NSF) in 2001 launched the term STEM (Science, Technology, Engineering,
Mathematics) education for this educational approach [17].

The objectives of STEM education include the development of the scientific interest
of children and their capability to solve authentic problems as well. With the develop‐
ment of such skills it is expected that the function of the whole world would be seen
through the connection of all four fields. Specifically, it is aimed scientific knowledge
to be used for understanding the natural world and decisions that affect it to be made.
Moreover, regarding Technology, students to be able to use new technological tools and
understand how Technology as a whole affects and modifies the surrounding world.
Regarding Engineering, they are expected to understand its significance in real world
and to link it with technology, since it is the means for it to become “alive” [18]. Finally,
regarding the mathematical field, it is aimed students’ abilities, such as analysis, docu‐
mentation, solution of problems, etc. to be improved, so that they become able to cope
with problematic situations that arise in their daily lives [19].

STEM education refers to an integrated and scientific approach according to which
the four fields form a single and indivisible whole where each member interacts and
affects one another. The special features of this approach require the use of alternative
modes of teaching. Such methods involve traditional teaching by providing guidance
from the teacher, use of the project method, laboratory practices and technological
tools [20].

Environments that focus on STEM education are characterized by strong leadership,
professionalism of teachers, strong links between society and parents, student-oriented
methods and the use of educational scenarios for teaching [21]. Additionally, collaborative
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learning, finding multiple solutions to a problem, failure as part of the learning process, are
integral parts of what we call STEM Education [17] (Fig. 1).

For the success of STEM education programs, however, certain parameters have to
be taken in concern. These include the existence of a demanding content, a research
learning environment, initially defined educational outcomes, clear objectives and
commitment and support from society [22].

Programs that have been implemented successfully and meet the above descriptions
are: ‘Math of the Box’ (https://www.youtube.com/watch?v=CqnkgEkChKc), ‘Project
Lead The Way’ (https://www.pltw.org), ‘Seeds of Science/Roots of Reading’ (http://
scienceandliteracy.org), etc.

2.3 Robotics and STEM Education

Robots nowadays have the opportunity to become the next step in education. This is
because their innovative character, the hands-on experience they offer and the enthu‐
siasm they cause, make children more receptive to learning stimuli. Apart from this,
however, robots have a lot to offer and become a significant educational tool in the STEM
approach [9].

Beyond the direct relationship that seems to be more obvious between robotics and
Technology and Engineering, as robots are a technological tool and a product of Engi‐
neering and Technology, the correlation to the other two areas of Science and Mathe‐
matics might not be crystal clear.

Studies in schools have reported that robots helped significantly for skills with frac‐
tions and proportions to be improved as well as learning of decimal and ratios to be more
interesting and successful. What is more, a large-scale study in Peru showed improve‐
ments in problem solving skills and skills of quantity and amount recognitions [23].

Regarding Science, activities that used robots and were oriented in principles of
classical physics proved beneficial for students as for example LEGO robots. It is noted

Fig. 1. An Interdisciplinary Approach. (Source: The Thornburg Center for Space Exploration
[17])
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to have been used in order the relationship between distance, time and speed to be
examined and discussed through the construction, programming and design of motion
of the robots [23]. The motivation of the students, their attitude towards learning and
their engagement was claimed to be significantly improved [24].

Moreover, content knowledge of the students was significantly strengthened through
activities that focused on concepts like friction, forces, weight, the diameter of the wheels
and were associated with the basic laws of Newton by utilizing robotic constructions
[23]. Other examples in the same direction refer to a solar car, a rubber catapult and a
wind-turbine which contributed in teaching the basic forms of energy and energy
conversion techniques [25].

Studies that were developed for the analysis of activities related to Physics which
required theoretical and practical understanding for their implementation showed that
students improved both in their written ability to explain science and in the interpretation
of graphs relating to speed, time, acceleration and deceleration by means of robots [23].

In conclusion, the use of robotic constructions has a lot to offer as it has already been
mentioned above and to positively contribute to the increase of students’ motivation,
their engagement in learning, their creativity and their positive attitude towards educa‐
tion and its subjects through problem – solving situations. Thus, the importance of using
robots as tools for both the introduction to the robotics field as well as teaching concepts
of Programming and STEM approach is indisputable.

3 Platform of H&S Electronic Systems

3.1 Description

The platform of H&S Electronic Systems was developed and manufactured by the Czech
professors Jiří Hrbáček and Jan Sýkora (from Brno University – Czech Republic). The
systems are designed for educational activities or for leisure activities of pupils of
Primary school up to High school level, but also for utilization in industry. The company
and its products are not only about electronic systems, but their components, automatic
systems, digital technology, a variety of electronic and electrical engineering for use in
robotics as well [26].

The basic system (Basic kit) of the company consists of: two reflective plates of
short-range infrared sensors and two of longer range. It also includes a board with
switches for the robot’s manual control, a dual H-bridge (bridge plate), two modules
with four and eight LED lights respectively, and, most importantly, the main processor
board PICAXE20M2 incorporating a USB host port. To continue, a series of cables and
plastic clips, a kit for mounting, two wheels and two motors with a reduction gear and
rubber ring are included in the package. Finally, a battery case is available (for four AA
batteries), a connecting cable for the computer, and bolts, nuts, a small wrench and a
screwdriver for assembling the system to the chassis [26].

With these components, someone can create a simple robotic system. The construc‐
tion of it can be accomplished with information, images and a step by step guide which
are available in the Czech website: http://www.hses.cz in the ‘Navody’ section.
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The robot can be controlled by the control board’s buttons or by running the programs
that the user has already passed into its memory using the “PICAXE Programming
Editor” programming environment. For programming the robot a computer connection
is required as well as the installation of the driver for the identification of the device
(Fig. 2).

Fig. 2. Basic Kit (Source: http://www.hses.cz/aktualni-nabidka-hs-electronic-systems.html)
(left) and the robotic construction used in the study (right)

The use of robotic systems may have a variety of educational purposes. A main
example refers to the introduction of children to Programming fundamentals. Applica‐
tions of these systems can be watched in the websites: http://www.hses.cz/
soutez2013.html, http://www.hses.cz/reference.html.

3.2 Main Advantages

It is widely known that many educational institutions at all levels use a variety of robotic
packages such as Lego Mindstorms, Boe-Bot, ActivityBot or other platforms like
Arduino, for teaching basic automatic control principles and fundamentals of Program‐
ming. The reason why this robotic system was chosen for our work is because, among
other things, presents a number of advantages.

Firstly, it is a new proposal and a new educational tool. Most educational systems
are familiar with the use of Lego Mindstorms or Arduino platform and follow a
prescribed course, the usual applications and delivery methods. With the use of a new
tool, it can be shown whether there is a real understanding of robotic systems and their
programming as well as potential errors that may arise from standardized measures [27].

Secondly, it is a platform that focuses on low-level achievements and on familiar‐
izing beginners with programming environments with the use of simple methods. There
are two modes for programming the platform. The first one is by creating a flowchart.
It is user friendly and easily manageable which makes it suitable for age groups of
Primary school. The second one is by creating a code in a programming language based
in BASIC, the eminently programming language for beginners’ introduction to the
structures and logic of Programming [27] (Fig. 3).
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Fig. 3. Program as a flowchart (left) and program in code (right) in Picaxe Programming Editor
(Source: http://www.hses.cz/p/prvni-program-3398.html)

Thirdly, it is a very low cost platform. It is considered to be more economical than
others and the PICAXE processor can be used as a separate structural component [26, 27].

One of the drawbacks of this robotic system, however, is its external appearance. As
mentioned in the description, it consists of a chassis which is the basis on which the
other components are mounted. When the robot is finished, it does not look like a
humanoid machine, as it happens with Lego Mindstorms for example, and its wires that
are placed on it can be seen. Nevertheless, the disadvantage is easily converted into an
advantage when it comes to student creativity. It can be challenging for children to build
and paint covers for the robot through which it can be transformed into child–friendly
objects that they have imagined (a toy, a car, a turtle etc.). Examples can be seen in the
website: http://www.hses.cz/kurzy-na-zs.html.

4 Methodology

The educational activity under discussion took place in two public Primary schools of
Patras. Α total of twelve (12) sixth grade students participated voluntarily in the study.
Eight of them were girls (8) and four (4) were boys. This age group was chosen because
students at this age have coped with the widest range of subjects and have been taught
the necessary concepts that are needed for the completion of the activities described in
this paper. The students were divided randomly into groups of three persons (4 groups)
and the educational activity took place during two two-hour sessions in the Computers
Laboratory of the schools.

The 1st session started with the distribution of a Diagnostic Questionnaire to the
students and a discussion on the topic of robotic systems. Subsequently, the first and the
second worksheet were given to the students to work. The 2nd two-hour session included
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work on the third and fourth worksheet and the answering of the evaluation question‐
naires by the students. The four worksheets were of increasing difficulty and guided the
students to construct and develop more complex constructions and programs.

During the process three methods of data collection were used:

a. monitoring (groups and members) and personal notes of the researchers,
b. recording of groups’ discussions,
c. completion of short questionnaires before (Diagnostic Questionnaire) and after the

activity (Assessment Questionnaire). The questionnaires were based on similar
works [28].

The Diagnostic Questionnaire consisted of eight (8) closed-type questions and
students had to give anonymous answers about their age, gender, their previous program‐
ming experience, their interest in learning more in Programming and what they mainly
used the computer for. Monitoring and personal notes of the researchers as well as the
recording of students’ group discussions were used to analyze the way students were
thinking, discussing, working together, expressing questions/doubts/ideas, and
connecting knowledge from different subjects while trying to complete the worksheets
each time. The Assessment Questionnaire was used to evaluate the overall procedure
(the worksheets, the robotic kit and the programming environment, the use of math and
science, the learning outcomes) and consisted of ten (10) closed- type and eight (8) open-
ended questions.

Two teachers - researchers were observing the discussions, activities and reactions
among students. They kept notes and made interventions when students needed help,
adopting a supportive and facilitative role of students’ work and learning.

4.1 The Educational Activity

The purpose of the educational activity was to introduce the students to basic concepts
of Automatic control systems and concepts, principles and structures of Programming
by utilizing the robotics construction presented, as well as to make use of students’
knowledge of subjects such as Science and Mathematics. After the end of the activities
students were aimed to be familiar with basic electronic circuit elements, understand a
program written in a programming language (that of the environment Picaxe Program‐
ming Editor in our case), understand the connection between the subjects of Engi‐
neering, Science, Mathematics and Technology, be aware that a robotic system needs
to be assembled (hardware) and programed (software), describe the structure and func‐
tion of a program for controlling the robot, choose the appropriate programming struc‐
tures to control a robot, recall and make use of knowledge from other subjects in order
to design the program for their robot.

At the same time it was aimed for the students to develop a positive attitude towards
innovation and the use of Automatic Control Systems and robotic constructions, become
interested in Programming and its applications and to work effectively in teams as well.
Special emphasis was given to achieve a cooperative spirit, build trust between students
and their teachers, and highlight the need for the development of critical thinking and
the continuous discovery of knowledge.
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During the 1st session a familiarization phase took place. The Diagnostic Question‐
naires were distributed and an introductory discussion about robotics and Automatic
control systems as well as a short presentation of the system in use started the session.
Subsequently, students started to interact with the robotic construction following the
steps of Worksheet 1 and the programming environment Picaxe Programming Editor.
Students were asked to make changes to commands in an already prepared program in
order for the robot to turn on the LED/LEDs suitably. The programming structures of
sequence of commands and looping (with no condition) were introduced to the students.

In Worksheet 2 a new feature was added, the robot’s direct movement. For this,
changes in the circuit (replacing the wires of the lamps in the power positions with those
of the wheels) were necessary. Children examined the circuits of the robotic construction
and in order to understand how it works they used knowledge coming from Science and
Engineering realizing the importance of the installation of all the appropriate materials
on the system (Fig. 4).

Fig. 4. Program of the 3rd (left) and one of the programs of the 4th (right) worksheet in code

During the 2nd session students worked on Worksheet 3 and Worksheet 4 and the
process was closed with the final Assessment Questionnaire. Worksheet 3 focused on
robot’s movement as well as its ability to turn with a further purpose of creating a square.
Students working on this worksheet used mathematical knowledge to solve the problem,
and were introduced to the repeat structure (loop) for a certain number of times (FOR
loop structure - for creating a square the repetition of certain commands for 4 times was
needed) and to the VARIABLE, an important concept in Programming.

In Worksheet 4 a new element in the circuit was introduced, the infrared sensor.
Students examined the construction and studied the already written program for one of
the sensors placed in the front of the construction. They were watching the behavior of
the robot which stopped moving when an obstacle was in from of it closer than 22 cm
and they were trying to understand the algorithm the program was based on as well as
the suitable commands and programming structures. The program made use of a variable
(for the registration of the distance of the robot from the obstacle) and the control struc‐
ture (selection structure) “IF…THEN…”. Subsequently, students had to change the
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program in order to make use of the second sensor placed in the back (rear) of the robot
and program it to stop when an obstacle was present 22 cm behind it and to turn right
when an obstacle was present 22 cm in front of it. Knowledge from Physics concerning
the infrared radiation, the flow of electricity, etc. was used.

The four worksheets consisted of activities of graded difficulty that required from
the students to think about the problem each time, to design the solution (making an
algorithm), to work on programs and to modify them suitably, introducing them to more
complex structures each time.

For our programs we used the code mode of the PICAXE programming environment,
as it was considered easy to learn and to use by the students. Additionally, it was consid‐
ered more suitable in saving time making short-length programs by using simple
commands.

5 Findings

Students’ work during the educational activity and their answers to the distributed ques‐
tionnaires offered important educational information. Regarding the Diagnostic Ques‐
tionnaire, the majority of the students had “much” to “very much” previously used the
computer (12/12), most of them found it quite easy to use (6/12) and all of them would
be interested to learn programming (12/12) (Table 1).

Table 1. Results of the Diagnostic Questionnaire (closed-type questions)

Not at all Little Quite Much Very much Sum
Previous use of the
computer

0 0 0 4 8 12

Ease of use 0 0 6 1 5 12
Programming experience 0 3 5 2 2 12
Difficulty of
programming

0 4 6 0 1 11

Future interest in
programming

0 0 0 5 7 12

The majority of students considered “little” to “quite” difficult making a program
(10/12). Finally, all students had previous programming experience from “little” to “very
much” (12/12) basically with Scratch.

The last question they had to answer (closed-type) was about the reason why they
usually used the computer and had to choose between “for fun”, “for information’, “in
order to contact”, “to make applications through a programming environment”, placing
three of their choices in order, according the use they most made. The vast majority of
the students mainly use computers “for fun” (8/12), while only three students answered
mainly “for information” and only one’s first answer was “to make applications through
a programming environment”.

Analyzing and combining data collected during the whole procedure (personal notes
of the researchers, recording groups’ discussions) as well as the completion of the
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worksheets and questionnaires by the students, offered important information about the
achievement of the study aims and is presented below.

The discussion that followed the Diagnostic Questionnaire helped students to realize
that robotic systems consist of assembled material (hardware) and a program (software).
Moreover, that a computer and an appropriate programming environment are necessary
for this to be accomplished. Finally, that knowledge from subjects like Engineering,
Science, Mathematics and Technology is crucial for these kind of activities. Children
seemed to understand the logic and to follow the conversation in both schools and
phrases like: “has tools, wires”, “needs to be assembled”, “has knowledge that we have
put”, “to give it a command”, “it is connected to the computer”, “we need knowledge
from Physics, Engineering, Technology for the assembly” etc.) were noted.

In the first question of the 1st worksheet about what the commands of the program
should be in order to light up the LED, children did not answer successfully and focused
mainly in the theoretical description of the system. Specifically, three out of four groups
(3/4) responded similarly that the system should be connected to the PC with the appro‐
priate wires to launch the board. Only one team answered successfully describing step
by step the commands.

However, after discussing it they managed to answer correctly, orally, about the
needed program. In the remaining questions of the worksheet (“how can we change the
time the LED is on?”, “how can we make the LED light on and off continuously”, “how
can we make use of more LEDs?”) three out of four groups answered successfully. The
answer of one group on the last question about the use of more LEDs was remarkable,
as they actually designed the structure of the program.

According to the 2nd worksheet, students were asked about what the commands
should be in order for the robot to move forward (activity 1) to move forward for specific
time (activity 2), to move forward for 2 s stop for 3 s and continue moving for another
5 s (activity 3). At the 1st school students worked practically only on the first activity of
the worksheet. The time was not sufficient for the last two activities, so a discussion took
place while the robot was “acting”. In contrast, at the 2nd school all activities were
completed. One group completed correctly the program structure. It is worth mentioning
that the same group, improvised by creating its own program that combined the use of
four power positions, two positions for LED lights and two for the wheels.

In the 3rd worksheet (second two-hour session) the students had to work focused on
the movement of the robot as well as its ability to turn with a further purpose of creating
a square. Finally, they had to modify the final program for the formation of two squares,
for four or for continuous formation of squares.

The groups’ answers about the commands for the robot’s turn were not successful
and two out of four noted the command “turn” which does not exist in Picaxe Program‐
ming Editor, but in Scratch environment. However, after discussion and practical trials
the students were able to use the new concepts and structures for the square formation
quite satisfactorily. In this way, they were introduced to the repeat structure (loop) for
a certain number of times (FOR loop structure) and to the concept of VARIABLE.

In the 4th worksheet the infrared sensors were used. Children were, firstly, asked to
think of the appropriate commands in order to immobilize the wheels when the robot
perceived an obstacle in front of it in range less than 22 cm. Secondly, they had to make
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use of the second sensor which, when it perceived an obstacle with the same conditions
behind it, the robot should also stop.

Thirdly, they were asked to modify the program so that instead of the robot getting
immobilized, when it perceived an obstacle in front of it, to turn. The 4th worksheet was
considered the most demanding. Despite the difficulties, however, they seemed to
adequately follow the logic, discovering the command “IF…THEN…”, and using it in
an appropriate way to complete the activities of the worksheet (Table 2).

Table 2. Results of the Assessment Questionnaire (closed-type questions)

Questions 1a 2a 3a 4a 5a Sum
Did you enjoy the activities? 0 0 1 2 9 12
How easy were they? 0 0 7 4 1 12
Would you like to concern
yourself with such activities in
the future?

0 1 1 1 8 11

Was Picaxe Programing Editor
understandable?

0 0 2 5 5 12

Are you more interested in
programing now?

0 0 1 4 6 11

Would you like to make your
own programs with Picaxe
Programming Editor?

0 0 1 7 4 12

Did your knowledge from
Science and Mathematics help
you do the activities?

0 0 0 6 6 12

Did technology (the robotic
system) help you understand
concepts of Science and
Mathematics?

0 0 3 8 1 12

a 1 = Not at all, 2 = Little, 3 = Quite, 4 = Much, 5 = Very much.

At the end, an evaluation questionnaire was given to every group member. The
majority of students enjoyed the activities “much” to “very much” (11/12). When asked
whether their knowledge from Science and Mathematics contributed in their work, all
the answers (12/12) were positive ranging “much” to “very much”, although in the
question whether the robotic system contributed to the understanding of Science and
Mathematics concepts the majority ranged from “quite” to “much” (11/12) with only a
single child feeling that it contributes “very much”.

The open-ended questions were seeking information about what the students learned
during the educational activity and at what extent the objectives of the study were
achieved. Regarding the most difficult part of the activity, nine (9) out of twelve (12)
children mentioned, as expected, the last worksheet. The majority of the participants
(10/12) seemed to understand the role of the repetition structure and to realize how “IF”
works (9/12), although some of them connected it directly with the function of the
sensors used. They were, also, able to recognize repetition (8/12) and selection (9/12)
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structures in our programs (Indicative answers: “When we want our commands to be
repeated”, “When we want the robot to do something for ever”, “When we want to show
something hypothetical”, “when we want to show that what we say, to be done”, “for
sensors”).

The next question required the recognition of three elements on the circuit of the
robotic construction and an explanation of their use. The majority of the students (9/12)
we can say that answered satisfactorily recognizing and describing the function of the
LEDs, the cables, the sensors, the batteries and the processor. Furthermore, regarding
the contribution of Science and Mathematics as well as Technology in the activities, a
variety of answers were given like: “Knowledge from the chapter of “Light” helped
me”, “the energy, the cables”, “the opened and closed circuit”, “electricity” and
“geometry and multiplication”, “the distance and angles”, “numbers”, “addition and
subtraction”.

6 Discussion and Conclusions

The educational activity described aimed to introduce students to Programming funda‐
mentals and basic principles of Automatic control systems and to investigate whether
they can understand the connection between Science, Technology, Engineering and
Mathematics while dealing with such activities.

Data collected by monitoring students’ work and recording group discussions as well
as personal notes of the researchers and the completed questionnaires offered important
information about the achievement of the study aims.

Special effort was made to ensure that the educational activity met with all the
features and suggestions, from a pedagogical aspect, of the STEM approach. Worksheets
with pre-defined objectives were used containing activities with graded difficulty,
meaning that each activity added something more or required the combination of indi‐
vidual parts and, thus, was characterized more complex than the previous one. Students
had the opportunity to work in a laboratory experimental learning environment with
hands-on programming activities that required from them to solve problems in a
constructionism framework.

During and at the end of the activity most children were able to identify key parts of
the circuit of the robotic construction (e.g. LEDs, wires, sensors) and to effectively
describe their function based on knowledge from Physics as well as to make use of
mathematical knowledge and combine them with algorithmic thinking in order to make
a program for the effective control of their robotic construction.

They were introduced and used appropriately basic programming structures
(sequence, repetition, selection) and concepts as the VARIABLE while designing and
developing a program.

According to the students’ answers to the questions of the questionnaires as well as
to their answers during discussion, they seemed to be familiar with the connection among
Engineering, Science, Mathematics and Technology. All students thought that Mathe‐
matics and Science and their previous knowledge from these subjects contributed to the
implementation of the activities. In addition, everyone considered themselves been
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helped by the robotic system in understanding concepts of these subjects, although on
a smaller scale. Consequently, it seems that they understand the value and contribution
of each subject to the other and recognize the existence of links between them, even
though the degree of this association varies.

Moreover, all children answered positively in the questionnaires regarding the
increase of their interest in Programming, their involvement in such kind of activities
and their desire to create their own programs. We can say, therefore, that there are great
chances of forming a positive attitude towards Programming and its applications.

They also had the opportunity to develop a positive attitude towards innovation and
the use of technology by working with simple automatic control systems and robotic
constructions.

During the whole intervention, students, according to Papert’s ideas, had new tools
and technologies at their service, they expressed and experimented with ideas that they
formed through different media, they dealt with “dive – into” situations [29]. By doing
all these, they gained a better understanding about several subjects and apart from the
digital construction they went through (the programs they made), children could be
supported to have constructed part of their knowledge. At the same time, it is also
supported that they achieved a cooperative spirit, they developed critical thinking and
trust between students and their teachers was built.

In conclusion, the results of this study due to the small number of students partici‐
pated cannot be generalized. However, they can be considered indicative and may be
used for the design and the implementation of educational activities, which make use of
educational robotics applications in a STEM education environment.
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