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Abstract

The paper presents the results of research conducted among students of primary and secondary schools in
Montenegro about robotics and its place in Montenegrin educational system. Survey was used as a data collecting
method in the study and the results were obtained using theoretical analysis. Attitudes of Montenegrin students were
compared with similar studies conducted in the world. It was undisputed that the Montenegrin school students
showes great interest in acquiring knowledge in field of robotics. Elementary school students gained their first
knowledge of mechatronics during preparation for the competition “First Lego League” (FLL), while high school
students got knowledge through preparations for the competition “First Tech Challenge” (FTC). The aim of study
was to introduce views and proposals of students related to the further development of the teaching process in the
field of robotics.
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1. Introduction
1.1 Mechatronics in Education

Robots are machines which were constructed by human in order to carry out a variety of tasks. These are
electromechanical devices, autonomous or semi-autonomous, originally developed for industrial purposes to
facilitate demanding jobs or accelerate more accurate realization of the projects. Eventually the robots were started
taking more and more dominant role in the industry, as well as in other spheres of human activity. Artificial
intelligence distinguishes robots from other machines. Due to the rapid development of robotics and its spread to
different areas of social life, the robots do not represent more a “great unknown” and become a part of everyday life.
Basic knowledge of mechatronics, automation, management and robotics can be acquired through all levels of
education, starting from elementary. Therefore, in addition to the original purpose, which was reflected in replacing
human in the performance of certain tasks, robotics in recent times awakes creativity and interest of young people
and very often gets and entertaining character. Frequent exhibitions and competitions in the field of robotics are
being organised among young people, so there have been various competitive disciplines such as Air Race, Line
Follower, Puck Collect, Humanoid Sprint, Robot Sumo, Robot Maze, First Lego League, First Tech Challenge, Ring
it Up, Eurobot, Freestyle... Robotics is a young multidisciplinary science which deals with research, development,
designing, programming, production and use of robots. It it based on some natural sciences such as mathematics,
physics, mechanics and others, as well as the applied sciences such as mechanical engineering, electrical engineering,
computer science. As robotics is multidisciplinary science, the key paradigm of mechatronic education intelligently
connect multiple scientific disciplines (Gomez-de-Gabriel, J., 2001). Children in primary schools have unrealistic
attitudes about robots formed on the basis of images you luck in films, non-specialist journals and books (Ilieva V.,
2010). Therefore, the formation of a scientific view of the world is one of the main tasks of educational work.
Construction of scientific research attitude in the field of mechatronics would lead to greater student interest about
the natural science. Gaining student knowledge through the prism of science would lead to more rapid modernization
of scientific programs and increasing interest children in science. Robots as instructional assistants or learning
companions may enhance students’ motivation and learning performance (Barker &Ansorge, 2007). The introduction
of robotic subject matter in high schools curriculum would significantly modernize the teaching process. In the
classroom, some educators have used robots as a tool to assist in the teaching of actual programming languages
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(Barnes, 2002). Through the construction and programming of robots students gain experience in solving problems
(Nourbakhsh et al., 2005). The quality of teaching would improve, because a well-organized, obvious and
meaningful teaching, with a high level of correlation between the courses, which would be performed with the most
modern teaching resources and deal with current issues, would develop a desire in students to learn something that
they need in the future (Mijailovic S. and D. Golubovic 2010).

Learning through robotics is a “learning through building” and increases the motivation of students for obtaining
knowledge (Kafai&Resnick, 1996; Papert, 1993; Harel&Papert, 1991). In addition, world wide research has shown
that attending mechatronics classes and construction of robot affects on students in order to better understand the
basic physiological processes and biodiversity and get them more interested in the teaching of biology, ecology and
psychology (Miglino, Lund &Cardaci, 1999). Robotics and Mechatronics stimulate children with special educational
and cognitive needs learning process (Chu et al., 2005). Previous research has shown that the inclusion of robotics
improves the overall educational process at all stages (Bauer & Gallagher, 2003). Through this actual doing process,
students can be inspired and motivated to recognize that what they learn in the school can relate to their current and
future lives and contribute to meeting many of the major challenges that confront society today (Y.-L. Chang & H.—H.
Wu, 2015).

Students who have experience in the field of robotics have a higher degree of application theoretical knowledge in
practice (Sullivan & Moriarty, 2009).

The idea of involving mechatronics and programming of robots in teaching appeared more than 30 years ago
(Miglino, Lund &Cardaci, 1999; Papert, 1980).

1.2 Basic Parts of the Robot

Previous studies in the field of mechatronics recommend the use Lego Mindstorm NXT robot in the process of
educating students in elementary and secondary schools (Goémez-de-Gabriel, J. et al. 2011). Therefore, this paper
provide an overview of the basic characteristics of the Lego Mindstorm NXT robot. A control unit, three servo
motors, ultrasonic sensors, two touch sensors, light and sound sensors, present basic components that Lego
Mindstorm NXT package consists (Hystad, 2002). The control unit is an intelligent, programmable unit of
Mindstorms robots. It contains the interfaces used to connect servo motors and sensors.

The upper side of the control unit contains the LCD display resolution of 100x64 pixels. It provides browsing the list
of program files uploaded from PC. Servo motors provide the movement of the robot. They are consisted of motors,
gears, head servo motor and rotary sensors. Sensors measure the rotation accuracy of 1°. The motor speed can be
adjusted individually for each engine, and their programming is done by defining the rotation angle, speed, time
constraints or according informations collected and sent by sensor. The ultrasonic sensor measures the distance of an
object and sends information about it to the NXT control unit. Usage of ultrasonic sensor makes robot orientation in
space easier. Touch sensor is activated in the event of contact with the object at close range and can be considered as
a switch which causes a further robot activity.

Information about intensity of light reflected from the substrate NXT control unit receives by the sensor based light.
Sound sensor represents, in some way, the robot's sense of hearing and enables him to communicate easier with the
environment. The robot moves independently over substrate owing to external landmarks and internal stimuli that are
pre-programmed. Making programs for NXT Mindstorm is simple and reflected in stacking programmed blocks. It is
the simplicity and user-friendliness, which are the basic features of programming NXT controller, children stimulate
interest in programming and in an obvious way of introducing them into its basis.

The aim of this study was to analyze the attitudes, knowledge and Montenegrin schools students’ interests in robotics,
as well as to encourage the further development of the teaching process in this area.

2. Method

The subject of this study is analysis of the position of Robotics - Mechatronics in contemporary teaching in primary
and secondary schools in Montenegro. Method of theoretical analysis, which was used in this research, processed the
data acquired on robotics in our schools and contemporary scientific literature on the educational situation of
robotics in other countries. The Method of theoretical analysis are processed on the current literature, which gives an
overview of the discussion. The instrument used in the study was a survey that was conducted with students in
primary and secondary schools in Montenegro who had experience in the field of robotics. The survey consist 14
questions, of which 8 closed type and 6 opened type. 48 students were interviewed, which is almost the total number
of students in primary and secondary schools in Montenegro who had the opportunity to design some robots. The
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survey results are presented in table 1.

3. Results

The opinions about robotics expressed in the poll by the students of primary and secondary schools are presented in

Table 1.

Table 1. Results of the Survey on the Position of Robotics in Montenegrin Schools According to Students (the
evaluation ratings are: 5=Excellent, 4=Good, 3=Average, 2=Below Average, |=Poor)

Questions: Variants of replies: No. %
1 Have you had experience in working Yes 6 12
' with robots before Lego League? No 42 88
1 41 85
With which grade would you rate your 2 6 13
2. knowledge about robots before Lego 3 1 3
League? 4 0 0
5 0 0
3 Did Lego League meet your Yes 48 100
' expectations? No 0 0
1 0 0
With which grade would you rate your 2 6 13
4. knowledge about robots after Lego 3 15 31
League? 4 16 33
5 11 23
5 Does your school have the necessary Yes 32 67
' conditions for making Lego robots? No 16 33
1 3 6
6 With which grade would you rate your ; 359 ?i
' knowledge about Lego robots? 4 1 )
5 0 0
7 Would you like to participate further in Yes 48 100
' creating Lego robots? No 0 0
1 0 0
2 0 0
2. How would you valued (evaluated), the 3 0 0
entire Lego League? 4 14 29
5 34 71
The most common answers to open questions:
“The best thing is the fact that we have been doing
practically, we learned a lot about design shaping 23 48
and programming”’
9. What was good ab(;ut the “We have got the basics of robotics and improved 14 )
Lego Leagues? our knowledge of English” ?
“The group work, connecting with students from
S 11 23
other schools and other countries
What supplements “It is already interesting enough” 33 69
10. should make Lego “Organising demonstrations where we could 15 3
League more interesting? exchange our experiences with other teams”
“Possession of literature in our mother tongue” 17 35
“Better awareness of teacher - mentor in the field of 14 29
What should be changed robotics and programming”’
11.  in order to achieve more “Specially equipped classrooms where we could
successful learning? individually practice programming, construction 1 73

design and solving problems in the field of

mechatronics”
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“Purchasing more Lego packages and forming

’ e ot 6 13
multiple teams within a school
What are the difficulties “The lack of materials, parts, which is why we 31 65
12. you have had in couldn’t improve the construction of the robot”
designing Lego robot? “We had no prior knowledge of programming” 17 35
“Organising some lectures where we can get
Suggestions about acq.uam.ted with {he .basu.zs of programming and get 29 63
. directions for finding literature or websites that
13. further working . .
methodology? would help us in learning
) “You should build in robotics as an optional or a
o ” 19 37
regular subject in schools
What are the lacks of “No lacks” 36 75
14.  preparation for the Lego » . e
competition? Insufficient funds to purchase materials 12 12

The survey results showed that students of Montenegrin schools first knowledge in the field of robotics acquire
during preparation for the FLL competition in primary or during the preparation for FTC competition in secondary
schools.

4. Discussion

After Interviewed students pleaded their knowledge in the field of robotics before preparing for the competition was
unsatisfactory and evaluated by an average score of 1.15. Also their peers in Europe acquire their first experience in
field of robotics with the help of Lego robots (Ilieva, 2010). Competition in this area (FLL and FTC) has met the
expectations of all surveyed students 48 (100%). Students attitude is that their knowledge in the field of robotics was
significantly increased during practical work and preparation for the competition and their knowledge was assessed
an average score of 3.70. Rating by which respondents (students) evaluated increase of their knowledge after the
event corresponded to the percentage increase of knowledge in the field of robotics which is predicted by the
evaluation the First Lego League envisioning the scaling up knowledge of at least 75% (Melchior A. et al, 2005).
While 32 (67%) students believe that their school had all the necessary conditions for work in the field of robotics,
16 (33%) students had opposite opinion. According to the fact that all schools receive the main designing parts from
the organizers, it is understandable why a large number of students considered to have had a complete material to
work with. Average grade of 2.10 students have evaluated the knowledge of their teachers-mentors in the field of
robotics. Taking into account that the expertise is of one of the basic characteristics of a successful teacher, it is
necessary to organize additional training of teaching staff from the fields of robotics. Topics in the field of
mechatronics is necessary to be included in program of professional training of teachers in Montenegro if we want
them to supplement and refine their knowledge about robotics. Teachers who use integration of robotics and
mechatronics processes in educational activity should continuously improve their own knowledge in cooperation
with the mechatronics studies at university level of education (Chambers &Carbonaro, 2003; Sullivan & Moriarty,
2009). There was no adequate staff in the field of robotics in Montenegro until now, but the need for monitoring of
global flows caused the formation such a study program - Mechatronics at Faculty of Mechanical Engineering in
Podgorica. All 48 students (100%) evaluated FLL-FTC competition with 5 and expressed a desire to continue to
engage in the process of working in the field of robotics. Based on the foregoing, it can be concluded that there is
great interest in acquiring knowledge in the field of mechatronics between the students in Montenegrin schools. A
similar attitude that robotics is very attractive and interesting science have students from Serbia (Mijailovi¢, 2010).

As a major strength FLL and FTC, 23 (48%) of students considered the possibility to practically apply their
knowledge, 14 (29%) stated that it is important to have mastered knowledge of the English language, while 11 (23%)
believe that connecting schools in Montenegro, as well as those from abroad, is the best part of these events. The fact
that the practical application of knowledge to students who come mainly independently one of the main features of
robotics as a science was concluded in a similar survey conducted by Bers et al 2002 (Bers et al. 2002). A large
number of students 33 (69%) believes that the competition was very interesting, while 15 of them (31%) thought that
it would be desirable to organize a large number of magazine review of robots and robotics in our country so that
students and tutors were able to share knowledge and experience. 17 (35%) of students believe that the possession of
literature in our language would increase the level of their acquired knowledge, while 14 (29%) of them felt that
better ople of teacher-mentors would help students in learning; 11 (23%) students think that owning a specially
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equipped classrooms where they could practice programming and construction would have a positive impact on their
knowledge, 6 (13%) of students stated the necessity of owning more Lego packages within a school to enable
exercise and relieved work. Opinions of students in Montenegrin schools are consistent with research conducted on
“Frederick University” Cyprus, which states that the process of acquiring new knowledge in the field of robotics
could be successfully implemented if the single robot working group of 4 students (Georgios A. Demetriou, 2011).

Students who are preparing for competitions in the field of robotics have the following problems - the lack of
material for a complete upgrade of the robot and the lack of knowledge about programming. In order to solve these
problems, 29 (63%) of the surveyed students propose organising lectures where students would be introduced with
basis of robotics and directed on further resources that can help them, while others, 19 of them (27%), proposes the
introduction of robotics as an elective subject in primary and secondary schools in Montenegro. Research in Serbia
yielded similar results, where it is proposed the introduction of robotics into the curriculum of secondary school
(Mijailovi¢ et al., 2010). 36 (75%) students believe that the FLL and FTC have no scarcities, while 12 of them (25%)
cited a lack of funds for the procurement of parts as a major brake in both contests.

In the teaching process in primary schools of Montenegro there is no possibility for students to attend the
mechatronics as an obligatory or an optional course, while only a small number of students have the opportunity to
acquire knowledge within extracurricular activities during preparations for the First Lego League. However, pupils in
secondary schools have a choice of mechatronics as an optional course, except gymnasium that still does not provide
the choice of robotics as an optional subject.

The results of the questionnaire which included 48 primary and secondary schools in Montenegro who have had the
opportunity to acquire basic knowledge in the field of robotics, showed student's great interest in this scientific field.
First practical knowledge in the field of robotics students of Montenegrin schools get during the preparation for the
competition “First Lego League” (FLL) in the primary or “First Tech Challenge” (FTC) in secondary schools.
Students graded with average score of 1.15 their knowledge in the field of robotics before preparing for the
competition (FLL and FTC) and they considered that their knowledge has increased a lot, so it is now graded with
average score of 3.70. Knowledge of their mentors, in this area, students graded with an average score of 2.10. They
also considered that their acquisition of knowledge would be greatly facilitated if teachers were better informed
about this area. All the surveyed students considered that the competitions are interesting enough. Practical
application of acquired knowledge students emphasize as their main advantage. As the main difficulties in the work,
they point out the lack of professional literature in our language and lack of availability of materials. As a suggestion
for better acquisition of knowledge in this field, students suggest introducing robotics as an elective subject in
schools and the establishment of special cabinet in which classes would be conducted in this scientific field.

Due to the fact that students in Montenegrin schools showed great interest in robotics, it is necessary not only to
include this scientific field in the curriculum for primary and secondary education, but also organize training of the
teachers who implement a quality educational process in schools.

This paper presents a pioneering study on the position of robotics in primary and secondary education in Montenegro
and it is based on the attitudes of students as the main subjects of the teaching process.
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