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THE STUDYING ELEMENTS OF ROBOTICS IN SCHOOL

The article deals with the didactic principles of teaching the most promising of innovative direc-
tions — robotics in the school. It is proposed to use the open-source electronics platform Arduino. The
need to develop a program instructions and teaching materials in robotics is described. The urgency of
the research is considered. An analysis is made of the current state of the using of robotics for teaching
children. The research methods such as observation, analysis of scientific literature, analysis of activities,
systematization and synthesis, interview are used. 58 respondents took part in the survey. It demon-
strates observance of the principles of visibility, the connection between theory and practice, scientific
approach, accessibility, purposefulness of training, purposefulness of teaching when introducing ele-
ments of robotics to school. The stages of development of a new software and hardware solution for
managing a robotic platform are given. The article shows a brief description of the procedures that were
used to create the Robot equipped with Arduino. The authors study the problem of introducing ele-
ments of robotics into the schools of Kazakhstan as an integral section of the computer science course.
To implement the section, it is necessary to develop a system of concepts for robotics for school educa-
tion. Potential problems include the inability to purchase robot kits at school because of the high price,
it makes it difficult to introduce training in robotics at school. The inclusion of this section will increase
the effectiveness of development of constructive thinking of the pupil, motor skills of the hands, reveal
the creative potential of the child.

Key words: teaching methods of informatics, didactics, information technologies, robotics, didactic
principles.
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MekTenTe pOﬁOTOTEXHMKa 3/\eMeHTTepiH OKDbITY

Makanaaa MHHOBALMSABIK, OKbITYAbIH AMAAKTMKAABIK YCTaHbIMbIHbIH 6ipi peTiHAe MekTenTeri
po6OTOTEXHMKAHbIH, AaMy GoAallarbl KapacTbipbiAaAbl. OKy YAEPICIHAE allblK >KMHakTaAFaH Ardu-
iN0 pO6GOTbIH KOAAQHY YCbIHbIAAAbI. POGOTTbIK, TEXHMKaHbI OKbITYAbIH GaFrAapAAMaAbIK-9AiCTEMEAIK
KeleHIH AaibIHAQY KaXKETTIAIr anTbiAaAbl. baraaapAbl OKbITy yuliH «<POGOTOTEXHUKAHDBI EHAIPYAiH»
Kasipri >karaamblHa TaAAQy >KacaAaAbl. bakblaay, FbiAbIMM 9AEOMETTEPAI Tanpay, iC-9pekeTTi
TaAAQY, XKYMeAey XoHe TaxipnbeHi >KaAMblAay, cayaAHama CUSIKTbl 3epTTey SAICTepi KOAAAHbIAFAH.
CayaAHamara 58 pecrnoHAeHT KaTtbickaH. MektenTte po6OTOTEXHUKAHbIH SAEMEHTTEPIH eHrisyae
OKbITYAbIH KOPHEKIAIK, TEOPUSHbIH NPaKTUKAMeH 6AMAAHbICDI, FIABIMUABIK, KOAXKETIMAIAIK, MakKcaTKa
6arbITTbIAbIK, YCTaHbIMAQAPbIHbIH AMAAKTUKAAbIK, TYPFblAQ CaKTaAybl kKepceTiareH. Pob6oTraaraH
naatopmaHbl 6ackapyAblH >kKaHa 6GaraapAaMaAbIK-anmnapaTtTbk, LWELiMiH 93ipAeyAiH, Ke3eHaepi
KeATipiareH. Makanaaa Arduino aublk >kKMHay KOHCTPYKTOPbl 6ap po6oTThbl »kacay 6GapbiCbiHAQ
KOAAQHbIAFAH  MpPOLEAYpaAapAblH  KbicKalla —cunarttamacbl  Gepineai.  ABTopaap Kasakcrad
MekTenTepiHe po6OTOTEXHMKA SIAEMEHTTEPIH eHri3y MaCeAeCiH MH(DOopMaTMKA KYPChIHbIH, aXkbipamac
GoeAiMi peTiHae 3epTTenai. MekTentik 6iAim 6epyae GOAIMAI eHAIPY YWiH pO6OTOTEXHUKAABIK,
TYCIHIKTEPAIH XKYMECiH AarbiHAQY KaxkeT. MekTerke po60TOTEXHMKAHbI OKbITYAbl EHAIPYAIH 9AeYeTTi
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MaceAeci peTiHae 6aFacbiHbiH, >KOFapbl BOAybiHA CaKeC POOOTTaPAbIH KELLIEHAEPIH aAyAblH MYMKIiH
EMECTITiH XaTKbI3yFa 60AaAbl. ATaaraH GOAIMAI EHAIPY OKYILLbIHbIH KYPaCTbIPYLUbIAbIK, OMAQYbIHbIH,
TUIMAIAITIH  JKOFapblAQTyFa, KOAA@PbIHbIH, KO3FAAFbIWTBIK, AAFAbIAAPbIH  AaMbITyFa, 6GaAaHbiH
LLbIFaPMALLIbIAbIK, DAEYETIH allyFa MYMKIHAIK 6epeai.

Ty#in ce3aep: MHMOPMATHKA OKbITY BAICTEMECI, AMAAKTMKA, aKMapaTThbiK TEXHOAOTUS, POOOTThIK,
TEXHOAOTMS, AMAAKTUKAADIK, YCTaHbIMAAP.
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MN3yyeHne SAeMeHTOB POOOTOTEXHUKM B LLIKOAE

B cratbe paccmaTpuBalOTCS AMAAKTUUECKME MPUMHUMIbI 00yYeHns OAHOMY M3 MepPCrneKkTUBHbBIX
MHHOBALMOHHbIX HarpaBAeHWit — pPoBOTOTEXHUKE B LWKOAe. [Mpeaaaraetcs B yyebGHOM mnpouecce
MCMOAB30BaTh POBOT, UMEIOLLMIA KOHCTPYKTOP OTKPbITOM C6opkun Arduino. OnmcbiBaeTcsi HEOOXOAUMOCTb
pa3paboTKM MPOrpaMMHO-METOAMYECKOTO KOMIMAEKCa 06yueHus poboToTexHuke. [poBeaeH aHaAm3
COBPEMEHHOI0 COCTOsIHMS yu4ebHOro nocobus «BeeaeHune B poGOTOTEXHUKY» AAS OOYyUeHMs AETeid.
McrnoAab3oBaHbl METOAbI MCCAEAOBAHMS, Kak HabAlOAEHME, aHaAM3a HayuHOM AMTepaTypbl, aHaAM3
AESTEAbHOCTM, cucTeMaTM3aumm 1 0606LLeHMs onbiTa. B onpoce npuHsiAm yyactue 58 pecrnoHAEHTOB.
AMAQKTMYECKM TMOKa3aHO COOAIOAEHME MPUHUMIOB HArAIAHOCTM, CBSI3M TEOPMM C MPAKTUKOM,
Hay4HOCTM, AOCTYMHOCTM, LEAEHArNPAaBAEHHOCTU OOyuUeHMs MpW BBEAEHUM B LUKOAY SAEMEHTOB
po6oToTexHuku. [NprBeAeHbl 3Tarbl pa3paboTKM HOBOrO MPOrPaMMHO-aNmapaTHOro peLleHus Mo
ynpaBAeHuio pobOTM3MpOBaHHONM MAaThopmoil. B cTaTbe AaeTcs KpaTkoe onucaHWe MpoLeAyp,
KOTOpble ObIAM MCMOAb30BaHbl MPK CO3AaHMM PoBOTA, UMEIOLLEr0 KOHCTPYKTOP OTKPbITOM COOPKM
Arduino. ABTOpbI MCCAEAYIOT NMPOOGAEMY BBEAEHMS SIAEMEHTOB POGOTOTEXHMKM B LUKOAbI KasaxcTaHa
KakK HEOTEMAEMOTO pasAeAa Kypca MHOPMATUKK. AASI BHEADEHMS pasAeAa HEOOXOAMMO paspaboTaTth
CUCTEMY TMOHATUI AAS POBOTOTEXHUKM AAS LLIKOABHOTO 06pa3oBaHust. K noTeHumaAbHbIM NpobAemam
MOX>XHO OTHECTU HEBO3MOXHOCTb MPUOBPETEHUS] KOMIMAEKTOB POOGOTOB B LUKOAE M3-3a BbICOKOM
LIeHbI, UTO 3aTPYAHSIET BBEAEHME B POGOTOTEXHMKY 0OyUeHUs B LIKOAE. BKAOUEHHE AaHHOTO pasaeAa
MO3BOAMT MOBbICUTb 3(PPEKTUBHOCTb PA3BUTUSI KOHCTPYKTUBHOIO MbILLIAEHUS YYEHMKA, ABUIaTEAbHbIX

HaBblKOB PYK, PpaCKpbiBaTb TBOpLIeCKMVl NnoTeHUuMaA pe6eHKa.
KAtoueBble caoBa: MEeTOAMKa npernopsaBaHMs l/IHCbOpMaTMKM, ANAQAKTUKA, l/lHCbOpMaLLI/IOHHbIe
TEXHOAOIMNN, pO6OTOT6XHl/1Ka, ANAAKTNYHECKne NPpUHLUUIIbI.

Introduction

The basic trends of the 21st century dictate new
requirements for modern technologies. In the 21st
century, automation and robotics are introduced ac-
tively in everyday life. The items which seemed like
a fantasy 50 to 20 years ago, in terms of technology,
are today an objective reality.

The technological process with unbelievable
speed changes the surrounding world, forcing us
to change and our approaches to the education of
children. Robotics is by far the most promising of
innovative directions.

In turn, developed service and personal robot-
ics is impossible without qualitatively trained spe-
cialists in the field of its application. Essential as-
sistance in this can and should be provided by the
secondary school in organizing the study of the ele-
ments of robotics.

The necessity of studying robotics in a second-
ary school is an urgent issue, as it is determined by
the growth of the following contradictions: between

the requirements of the society of the model of the
graduate of the modern school and the real level of
the formation of key competencies of students; be-
tween the inclusion of robotics in the educational
process for the acquisition by students of educa-
tional results in demand on the labor market and the
undeveloped nature of these issues in pedagogical
science; between the great potential of the course of
robotics for the implementation of the activity ap-
proach in education, and the inadequacy of the con-
tent-methodical support of the process of forming
the required competence of students in theory and
practice.

Formulation of the problem

Despite the advantage, robotics mainly ap-
pears in the after-hours activities, in particular at
paid courses. It is necessary to involve school-
children in research in the field of robotics, the
exchange of technical information and initial en-
gineering knowledge, the development of new
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scientific and technical ideas already in the profile
school.

Unfortunately, examples in Kazakhstan’s school
textbooks on computer science are not focused on
writing programs to manage robots. Also, they did
not find reflection in one of the directions, which in-
creases the motivation for students to study robotics
— this is an opportunity to use mobile technologies
to control robots.

The purpose of the article is to identify a number
of reasons for the need to study robotics at school,
as well as to consider some issues of developing a
new software and hardware solution for managing a
robotic platform for a mobile phone.

History

Some scientific researches have shown the
possibility of creating a methodical system of ad-
ditional education for children in the field of com-
puter science, the goals, content, methods and
forms of instruction in which are oriented toward
educational robotics. The implementation of par-
allel programming elements within the framework
of the created methodical system is proposed. The
pattern of increasing the motivation and develop-
ment of skills with a combination of structural and
parallel programming elements is determined [1, 2,
3, 4,]. G.R. Shameneva offers a cycle of research
and technical activities covering students from 1
to 11 classes [5]. In Kazakhstan, there are various
courses, for example, ROBBO CLUB — a network
of training centers for robotics training according
to the unique ROBBO methodology, the program
of which was developed jointly by scientists from
Russia and Finland. The training is conducted in
the programming environment of ScratchDuino
2.0, adapted for children’s perception, and as an
educational robot the open-assembly designer Ar-
duino [6] is used.

There are various studies in different devel-
oped countries, such as the USA [7] and Holland
[8], [9]. The concept of «technical education» in
these studies is to provide students with knowl-
edge about robots and technologies. This approach
is necessary in most cases to introduce computer
science and programming and to familiarize US
students with technology [7], Dutch schoolchildren
were also gradually exposed to technical subjects
using robots [8].

At present, educational robotics is actively de-
veloping and more and more schools are being in-
cluded in the educational program, competitions
among school teams are held.

ISSN 2520-2634

Methods of research

In addition to the analysis of scientific literature,
analysis of activities, systematization and general-
ization, the method of observation was widely used.

To determine the state of the study of robotics
in schools in Kazakhstan, a questionnaire was con-
ducted for students and teachers of computer sci-
ence.

Students and teachers of computer science were
invited to anonymously answer questionnaire ques-
tions.

44 pupils of 8-9 grades, 14 teachers of informat-
ics and members of the governing council partici-
pated in the survey and all questionnaires were pro-
cessed. The analysis of the questionnaires showed
that all students would gladly study robotics, com-
puter science teachers are ready to teach this section
in the course of computer science, but also the anal-
ysis revealed some problems that pupils and teach-
ers of schools face for effective study of robotics.

Results and discussion

Let’s consider some didactic principles of train-
ing robotics in a comprehensive school.

The content of training should be based on cur-
rent scientific facts, which are the new achievements
in robotics. In teaching, students learn the elements
of scientific research, separate reliable data from
false ones. It is necessary to reflect such data in
school textbooks on informatics, i.e. traced the di-
dactic principle of scientific knowledge in the train-
ing of robotics.

According to the principle of accessibility,
it is necessary that the training correspond to the
individual characteristics of the students and the
knowledge they have already accumulated. At the
lessons of computer science classes 8-9 in schools,
they learn the language of structural programming,
so children can use the built-in command system
to control robots, it is necessary to study the
fundamental unity in the construction of teams.

In the senior 10-11 grades with professionally
oriented learning, students are able to use both
serious programming languages (such as C or C ++)
and complex manipulations with boards and sensors.

Organized, methodical and substantive bases
of training in robotics are able to adapt to the
constantly changing conditions of life of the society
and scientific progress. If in the 70-80s in schools
there were not even computers, now, a computer
in almost every school bag of a student, such as a
smartphone, a tablet. Modern children find it very
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hard to imagine life without new-fangled gadgets.
This fact maintains the principle of purposeful
teaching of robotics at school.

Robotics is very important for the general
educational program, as it allows to apply theoretical
knowledge in many subjects (mathematics, physics,
computer science, drawing, technology, etc.).
Thus, it will be much more interesting for children
to learn and they will be able to pay attention to
subjects that until recently seemed uninteresting and
useless. Robotics perfectly copes with such task, as
formation of interest to technical kinds of creativity.
The most popular specialty after 2025 will be robot
programmers. The principle of the connection
between theory and practice is obvious.

The effectiveness of training robotics is
enhanced by a huge means of clarity. The principle
of visibility, perhaps, is the most developed in
the training of robotics. The student watches the
movement of the robot, created by own hands. As
they say, he gets convinced with his own eyes about
the correctness of the construction, moving along a
given trajectory.

Let’s consider the stages of developing a new
software and hardware solution for managing a
robotic platform from a mobile phone.

— After the structural scheme, it is necessary to
create electrical connection schemes, on the basis of
which the platform will operate.

— The main task is to develop a complete set of
robotic platform equipment.

— Since the main nodes are selected, the next
task is reduced to calculating the digital part and
designing the algorithms.

— As soon as the main algorithm is formed it
must be debugged by means of a personal computer.

— After this, the mobile application is developed
directly.

Launch of a management application.

The modern concepts of programming are
based on traditional concepts of object-oriented
programming. This concept has become widely
used and today is leading in terms of the number
of written user applications and software products
using this approach.

The basis of the object-oriented approach,
following from the name, is directly an object
inherited from the set of classes and subclasses used.

Objects interact with each other in the form of
various variables, forms, and spreadsheets. This
interaction is achieved by performing a certain
sequence of program-algorithmic operations.

The program code with the object-oriented
approach for writing a software application allows

to avoid routine repetition of many commands, so
the correct operation of the application is provided
due to the optimal construction of the application
architecture.

In this case, procedural programming approaches
are sufficient, as the number of objects is limited, and
the development of a flexible architecture requires a
huge amount of time and the load on the processor
will grow linearly in equivalent with the increase in
the number of objects.

Brief descriptions of the procedures:

function forw () — The procedure for rotating a
pair of wheels in the same direction «directly at the
same speed»

function forwl (), forwr () — The procedure for
rotating a pair of wheels in one direction «straight»
at different speeds to implement a turn left or right

function stopall () — Full stop procedure

function back () — The procedure for rotating a
pair of wheels in the same direction «directly at the
same speed»

function backl (), backr () — The procedure for
rotating a pair of wheels in one direction «back» at
different speeds to implement a turn left or right

function left (), right () — The procedure for
rotating a pair of wheels in different directions to
implement a full turn left or right

Conclusion

All the elements of training in robotics are
aimed at fostering an individual who is able to
identify goals independently and design ways
for their implementation, as well as be able to
uncompromisingly assess their achievements. The
constructive thinking of the pupil develops, small
motor skills of the hands are developed, the creative
potential of the child is revealed. The study of
robotics will lead to the development and perfection
of a self-sufficient personality.

Actual is the development of a software and
methodological training complex for robotics. A
special order and a teaching system based on a clear
logical chronology are needed. Teaching information
should consist of completed sections, modules and
steps. It is necessary to develop a system of concepts
for robotics.

But in addition to insufficient equipment of
educational materials, the inability to purchase kits
of robots at school because of the high price makes it
difficult to introduce the study of robotics to school.
The creation of an assembly of an open source robot
with the ability to control development via GPS is
an actual and promising direction of our research.
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