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INTRODUCTION

This Proceedings comprises papers from the International conference on Information technology
and development of education that is held on line on November 25th 2022. The International
conference on Information technology and development of education has had a goal to contribute
to the development of education in Serbia and in the region, as well as, to gather experts in
QDWXUDO DQG WHFKQLFDO VFLHQFHVY -%iteD Brialy§slofithél OGYV 7
accomplishment in the field of the contemporary information and communication technologies,
as well as analysis of state, needs and tendencies in education all around the world and in our
country have been realized. The authors and the participants of the Conference have dealt with
the following thematic areas: - Theoretical and methodological questions of contemporary
pedagogy - Personalization and learning styles - Social networks and their influence on
education - Children security and safety on the Internet - Curriculum of contemporary teaching -
Methodical questions of natural and technical sciences subject teaching - Lifelong learning and
WHDFKHUVY SURIH\Wdam@d O Edvddtdhn @haradgement - Development and
influence of IT on teaching - Information communication infrastructure in teaching process All
submitted papers have been reviewed.

The papers presented on the Conference and published in this Proceedings can be useful for
teacher while learning and teaching in the fields of IT, informatics, technics and other teaching
subjects and activities. At the end of the conference, and based on the papers of our participants,
we conclude that the main focus points of this moment in education. Contribution to science and
teaching development in this region and wider has been achieved in this way.

The ITRO Organizing Committee would like to thank the authors of papers, reviewers and
participants in the Conference who have contributed to its tradition and successful realization.

Chairman of the Organizing Committee
3K " 'UDJDQD *OXabD|
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IN MEMORIAM PROFESSOR DIJANA
.$5829,0
1978-2022.

:H HVSHFLDOO\ ZDQW WR SD\ WULEXWH WR RXU ODWH FROC
one of the founders of the ITRO conference.

7R DOO RI XV ZKR NQHZ KHU SURIHVVRUIolLpgwiesibnalD UXRY L
attitude towards work, dedication and loyalty to the institution to which she belonged.
Behind HER remain her wonderful children, her many scientific works, her goodness and

her love.

We are grateful to have known her.

Also, we willalzD\V UHPHPEHU RXU GHDU FROOHDJXH SURIHVVRU
away in 2019.

Our team thus suffered an irreparable loss, and their names will forever remain on the
pages of the conference proceedings.

‘ ‘,!g///l;;f;l;;l;
SURIHVVRU 'LMDQD .DUXRYLU DQG SURIHVVRU )\
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Skill and Competence Development at The
World Robot Olympiad (WRQO) Competition

a Namestovski*, A. Buda **, G. Molnar ***, Z6 ] & W V

* University of Novi Sad, Hungarian Language Teacher Training Faculty Subotica, Serbia
** University of Debrecen, Faculty of Arts Institute of Education and Cultural Management, Hungary
*+Kandd Kalman Faculty of Electrical Engineering Obuda University Budapest, Hungary
** . iQRV &VHUH $SiF]DL )DFXOW\ 6]pFKHQ\L ,VWYiQ 8QLYH
=+ Egzterhazy Karoly Catholic University, Faculty of Pedagogy, Eger, Hungary
zsolt.namesztovszki@magister.uns.ac.rs, buda.andras@arts.unideb.hu, molnar.gyorgy@gtk.bme.hu,
szuts.zoltan@uni-eszterhazy.hu

Abstract - The World Robot Olympiad (WRO) was  essential element of STEM education because
organized in Serbia for the first time in 2019. The essence they can convey complex mathematical and
of the competition is that students solve different tasks scientific thinking K haet al., 2017)
with the help of LEGO robots. The tasks are usually . g ) opcha e )
structured around moving the robot itself, and The integration of robotics and STEM
moving/lifting elements. Competition preparation and the  education and continual improvement of robotics
competition itself are perfectly suited to effectively  education become increasingly a focus of research
develop students’ STEM  (Science, technology, DQG DUH FRQGXFLYH WR FXOWLYL
engineering, and mathematics) competencies. In this to i i d thei ientific lit B
study, the first steps in the organization of the WRO 1O Innovate an éir scienurnc literaCy. Barnes
competition in Serbia are presented, along with its effects, and other scholars created an extracurricular
as well as the difficulties and opportunities that this DFWLYLW\ SURJUDP WKH &KLOGU
competition carries. for rural elementary school children and
Keywords: World Robot Olympiad, STEM, effects conducted two iterations of the program within
two years Barneset al., 2020).
Mathematical literacy is essential to STEM
l. INTRODUCTION education, where a facility is dealing with

Pupils must be provided with knowledge and uncertainty and datg_ IS C‘?””a'. to malgng
evidence-based decisions involving ethical,

competences applicable in dally life, so that they conomic, and environmental dimensions (Office
can meet the expectations of society once the f the Chief Scientist, 2013).

leave school. Thus, it is essential that they becom S
Our mission is to help young people develop

adaptive, collaborative, creative, and IorObIem_their creativity and problem-solving skills in a fun
solving personsovacset al., 2022). and enga iny waIO We do thi gb organizin
The superior international achievements of engaging way. v nis by organizing
obotics competitions in four different categories

Science, technology, engineering, mathematic%Or students aged 8-19 years. World Robot

STEM-focused nations reflect the mathematical
literacy assessed in PISA 2012, with the focus on2 O\PSLDGE SVVRFLDWLRQ iV DQ

SPHHWLQJ OLIH QHHGV W K uqﬁ%dfétﬁ@aﬂ'?ﬁﬁ"é" A(']br@/@‘“ﬁ E?to B‘P_”@?]Ph.'ps
with mathematics, making informed judgements,ar&. he_est IS Irmr/nste Ib tS_Uppr? S'(I')El\(zurd 'S?OQ’
and understanding the usefulness of mathematicg "¢ 1S 10 promote robotics educatio

in relation to the demard R1 OLIH’ 7KRY—“‘§'W§' H\WE WRO® tournaments are
al., p. 11). organized In ‘over 85 countries worldwide

Science, technology, engineering, and(http.sg/v&/rg-aéssoscgtggovr\?l).2 O\PSLDGan$VVRFL
mathematics (STEM) education is receiving. , ° , L a
independent non-profit organization. All revenue

increasing attention, and robotics education isfrom sponsorships and fees is invested in supbort
becoming popular worldwide. STEM education P P PP

f iSs| hich, ,is, t terobptics in
FDQ LQVSLUH FKLOGUHQYV O\'Mi‘!?ﬁ%’mhﬁ“v\ﬁ X PP PR
exploring the unknown and give them @PE education (\jNO dwi ed -ﬁ:te.wgt@ opgrat::‘hs
opportunities to put their knowledge into praCtice%r;l’ov:/Singm\/e;LSJLejzrse' on and strives fowards ihe

(Schreiner et al., 2005). Robots are considered a
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DIVERSITY (MINDSTORMS® NXT or EV3, SPIKE PRIME
WRO is accessible to young people from or Robot Inventor).
around the world, regardless of background
TEAMWORK RoboSports
Our teams succeed by embracing
collaboration and build friendships, integrity and Age: 11-19
character in the process Team size: 2-3 people guided by a coach
PASSION Hardware: LEGO® based
Learning occurs naturally when participants Software: Free choice
are in flow and having fun when engaged in ourMaximum size: Max. 20 x 20 x 20 cm
activities Characteristics: Teams design 2 robots that
INNOVATION compete with robots of another team.
Our programs are innovative and hands-on,
based around trending topics and technologies  With the WRO® RoboSports category two teams
EMPOWERMENT have two autonomous robots on the field playing a
We inspire and prepare young people to besports game. The robot needs to be built from
digital pioneers, innovators and engineersLEGO® materials, including controller, motors
(https://wro-association.org/). and sensors (MINDSTORMS® NXT or EV3,
:RUOG 5RERW 20\PSLDGE Z2BIRE PRIME GrH@GbotL Qventor). In addition,
2004. The mission statement of our founders wasteams use a camera of their choice.
37R EULQJ WRJIJHWKHU \RXQJ T&8H GaB© tharny€sCeveryYHd 4\Wdais and the
world to develop their creativity, design and current game is Double Tennis. Each year little
problem-solving skills through challenging and changes are introduced to motivate the students to
HGXFDWLRQDO URERW FRPSHWepvh e@iopiD@ir obot8s.L YLWLHY =~ W
was decided that the annual WRO international
final would be hosted by a different country eachFuture Innovators
year. In 2004, the event was hosted by Singapore
and 12 countries participated. In 2019, fifteenAge: Elementary: 8-12 | Junior: 11-15 | Senior:
years later, teams from 73 countries travelled tal4-19
*\U LQ +XQJDU\ IRU WKH LTpitside DINVWedRIO quided bly @ évérh
(https:/lwro-association.org/)! Hardware: Free choice*
The WRO offers the following different Software: Free choice
competence categories, as well as different ruleMaximum size: Must fit in 2x2x2m booth
and characteristics (https://wro-association.org/): Characteristics: Develop a robot project that helps
solve real world problems.
RoboMission
Future Innovators category is a project-based
Age: Elementary: 8-12 | Junior: 11-15 | competition. Students create their own innovative

Senior: 14-19 intelligent robotics solution relating to the current
Team size: 2-3 people guided by a coach theme of the season. There is no restriction on the
Hardware: LEGO® based use of materials. This includes free choice of
Software: Free choice controllers, motors, sensors, etc.

Maximum size: Max. 25 x 25 x 25 cm Teams will present their project and their
Characteristics: Build and program a robotrobot model to a group of judges on the
that solves challenges on a field. competition day. The judges will not only grade

the robot solution but will also look at aspects of
The WRO® RoboMission is a challenge- innovation and entrepreneurship.
based competition. Students must design,
construct and program an autonomous robot thaFuture Engineers
can solve specific challenges on a field. Because
the field is set up randomly each round, the robotAge: 14-19
needs to be able to make its own decisions during eam size: 2-3 students guided by a coach
the run. Hardware: Free choice
All parts of the robot, including controller, Software: Free choice
motors and sensors must be from LEGO®Maximum size: Max. 30 x 20 x 30cm
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Characteristics: Advanced robotics following shared experiences. This year, the international
current research trends. finals were organized in Hungary (GY which
was one of the most popular events yet, and the
The WRO® Future Engineers is an exciting best, most successful finals organized so far (since
category for older students. This new format,2004).
bring the current research challenge into schools When analyzing the popularity of the
and teach students an engineering workflow bycategories, it is important to highlight that the
solving real-world-problems. Teams can use anyWeDo (category under 10 years old) category
robot, controller and materials that are in line withreached great popularity in Serbia. This can
the regulations. probably be attributed to the contact system of the
The game changes every 3 or 4 years and therganizing institution (Hungarian Language
current game is all about autonomous driving. TheTeacher Training Faculty).
challenge is to build a robot with a steering drive It is important to note that in the case of the
that can drive around a track autonomously. Eacltompetition in Serbia, a great achievement is that
year little changes are introduced to motivate thehe teams do not face any financial barriers, as the
students to keep on developing their robots. sets (LEGO EV3 Mindstorms Education and
LEGO WeDo 2.0), the WRO brick sets and game
II.  WORLD ROBOT OLYMPIAD (WRO) IN fields are available to them free of charge if they
SERBIA choose to participate in the competition. This level

: ; ; ; was achieved with the help of the Hungarian
The national organizer in Serbia of the WRONational Council and the Edutus University.

is the Hungarian Language Teacher Trainin ;
Faculty in Subotica, of the University of Novi SadgTha.nks to this, there are more than 50 sets
available to the Hungarian Language Teacher

& the EDUTUS Nonprofit Kézhasznu Zrt. - . )
The competition was organized in Serbia forTralnlng Faculty in Subotica.
the first time in 2019 with the participation of 22
teams in the regular category (later RoboMission). . CO1M§EE1\;\I/E|§§|(E;8||\EA\|QEEI:|$TITQANENT WITH
In the first year, 22 teams participated in the
national competition and Serbia had the The integration of robotics with STEM
opportunity to delegate the winners from theeducation had great potential and could promote
elementary, junior and senior categories to theSTEM education in an integrated manner. In
ZRUOG ILQDOV WR EH KHOG L dtitidd, the X@nbDafidn of STEM education and
The 2020 competition was canceled in itseducational robotics technology provides
entirety due to the coronavirus pandemic. opportunities for the development of skills and
In 2021, this competition was more popular capabilities required in the workpladelqdzaet al.,
than ever in Serbia, with 57 teams participating in2019).
an online setting. From this competition, the  Participating in the WRO can improve
winners were also delegated from the elementary VW XGHQWVY HQJLQHHULQJ DEL
junior and senior categories to the world finals,awareness, promote STEM-related career
which were also organized online. ~ planning, help students develop initiatives in
~In 2022, 41 teams took part in the nationaladaptive learning in schools, and eventually
finals and the winners were once again delegategchieve their best performance as much as they
from the eIem_entary_, junior and senior categoriegan  Second, although the coaches were
to the !nternaﬂonal finals to be held in Dort.m.und. JH Q HUDOO\ SRVLWLYH WRZDUGV
In addition, the second-placed teams participated s quring the WRO, they believed that there
g‘afgteor':fgfggs(ﬂEnm;"rte;t"}nhe;ls cc;rgfettét;ﬂshaeld I:g d@s more space for students to improve and grow
¢ ungary). year, 'S 8PPUCGH this area in future WROs. Another area
orr].trrl]e Roquljsmhn categor)(;'for the first tlme’dﬁeeding more attention would be improving
which receive uge media response an
significantly contributed to increasing the M W XGHQW V T F.R QFHQWUDWLRQ D
visibility of the event. entire rob_ot project, instead of pa_lt_ches of
The help of the Edutus University in Hungary concentration at some stages. In_addltlon to the
was a huge help in taking the first steps, FRDFKHV{ ohRdeiurivation between

accelerating the catching up of the SerbianStudents and team members during the

community with knowledge (training), tools and competition and how students could challenge
themselves to use their initiatives, manage
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pressure, work as a team, and reflect on Creativity, problem solving, decision-making:

competition outcomes, coaches had soméhese thinking skills are also developed during a
FRQFHUQV ZL anotional xo6tislandV VRO season. Creativity plays an important role,
ability to make further improvement in an as there are countless solutions to a given
internationally competitive environment. problem. These solutions include the construction
(Zhang et al., 2022). of the robot and the various operating mechanisms

One of the biggest advantages of the WRO(structure, movement, grabbing and lifting
competitions is that students can try their hands a@biects), as well as writing the program and the
robotics, engineering fields, and learn abouteNtire strategy that a team follows. Of course,
programming. This experience can greatly he|pproblem solving also appears here, as pre-defined
them in making the right decisions when choosingi@sks must be solved. The surprise rule also
a future career. requires a great deal of creativity and a high level

In additon to IT and engineering of _p_roblem—splving _ skills. Haying the right
competencies, this competition also creates afl€cision-making skills can give a team a
opportunity to develop so-called soft skills, which Significant advantage. During the race, they must
nowadays play a distinct role in the labor market. decide whether to follow the strategy they have

Soft skills are essentially people skillsthe developed over.the months of preparation or try to
non echnical, intangible, personality-specific solve the surprise rule as well. In addition, the
skills that determine one’s strengths as a leadefé@ms have the opportunity to stop the robot even
OLVWHQHU QHJRWLDWRU D Q deferg dhecrninnte pypring simer it they,3539s -
skills, on the other hand, are more along the lineghat the robot's movement endangers an element
of what might appear on one's resuneyour that has begn moved/collec_ted points.
education, experience and level of expertise. Soft Frustration tolerance is also an important
skills is a term which refers to personality traits, COMpetence, since during the preparation period
social graces, facility with language, personalthe right solution is only born after many
habits, friendliness, and optimism that markunsuccessful attempts. Many times the robot has
people to varying degrees (Alex, 2009). to be rebuilt completely and the entire program

Among the competence-enhancing effects of2nd strategy rethought. Frustration tolerance is an
the WRO competition, the following soft skills outsf[a_ndlng competence in a society characterized
need to be highlighted: by digital devices. _

Teamwork skills: This skill is of prime Adequate time management is also one of the

importance during the preparation and theMOSt significant competencies of the 21st century.
competition itself. Students work in teams of 2 or The teams have to make decisions both during the
3 and a coach leads the professional workPreparation and the competition period, the
Usually, each student specializes in one aregtonsequences of which they must bear together.
some of them program, some build, while somel hese decisions relate to making the best use of
think about strategy and organization. However,the available time and focusing on the tasks that
the most important thing is that the students worka® worth more points, as well as timing the
together, accept it if one of the team memberdereparation tasks depending on the available time.
performs less well or makes a mistake. Adequate stress management and performance
Communication skills: also a key soft skill, it ¢an also be developed in competitive situations
appears continuously during the competition, it isWith the help of WRO competitions. Making the
one of the main pillars of the LEGO Education right decisions under stress is also a competence
program, and appears most intensively in the fornihat is extremely important in today's competitive
of public speaking. During the competition, the Market. _ N o
team members, the coach and the judges also ©Of course, in addition to the highlighted
communicate with each other. This skill appearscompetencies, many others can also develop, such
even more prominently in the Future InnovatorsdS mathematical and digital competencies, and the
competition, as it requires the completed project totudents’ vocabulary expands as well.
be presented orally as well. It is particularly
interesting that the language of communication a{ | Alex, K. (2008). Soft skills. S. Chand Publishing
the international competitions is English, so the 2] Bames, J., Fakhrhosseini, S.M., Vasey, E.. Park, C#Jaon,

ability to communicate in a foreign language is M., Child-Robot Theater (2020): Engaging Elementary
also developed. Students in Informal STEAM Education Using RobdSEE
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Abstract - This paper presents some factors that influence
the success in mastering the course via the system of
distance education. The factors that would be considered
in this paper are possession the ability to harmonize life
obligations with requests related to distance education, as
well as the motivation for this kind of education. The
research in this paper includes both empirical and
theoretic character. The results confirmed the significant
influence of analyzed factors on the implementation of
distance education, and work represents a clear guideline
for the need to work on increasing each of these factors
individually, all in order to facilitate the successful
implementation of distance education method.

l. INTRODUCTION
Educational activity is one of the most

motivation is an essential element that is necessary
for quality knowledge gaining.

The most important benefit of using DE is to
provide more learning options than the normal
face-to-face classes such as using discussion
boards, instant messaging or email. To make DE
successful the students has a short time to become
familiar with the new way of teaching and
learning at a distance. Thus, the success rate of
distance learning depends on the ability of
students to organize learning and obligations they
have apart from learning, as well as adapt personal
habits to the new way of working (Woodgate,
Macleod, Scott & Haywood, 2015). Therefore, we

complex human activities with responsibilities need to adapt the system of DE, to motivate
involving human personality, development andstudents and to meet their needs, not only in terms
training. At the time of the global pandemic of content but also in terms of preferred learning

caused by the Covid 19 virus, the traditional rolestyles. According to this, following should be
of education in the acquisition of individual taken into consideration:

knowledge and the development of his abilities
took on new features. Information technologies
are becoming a key factor in the overall human
and social existence, conditioning the readiness of x
the entire educational system for rapid
transformation and adaptation to these
requirements and changes. We are witnesses that
countries around the world have transformed their
educational policies and organized distance
learning in various forms, depending on the
resources at their disposal. In the learning process
realized through the distance education (in the rest
of the text DE) teacher has no direct contact with
the students and has to find some way to motivate
them for work. Therefore, the professor is required
to animate and arouse interest among students for

X

X

X

X

Students should be closer with
technologies and prepared for solving
technical problems they will come upon;
Enable and train them to use new ways of
communication;

Learn more about the knowledge and
experience that students possess; it is also
important to know knowledge and
interests of teachers;

Have a sense of the different styles of
communication (different speech areas)
and cultural background;

Students must have an active role in DE
and self-taking responsibility for their
own learning.

higher activity and participation in working B. Personal life habits and abilities to

through a DE course.

organize learning

. THEORETICAL BACKGROUND The primary role and te}sk of the studen't is to
learn. Under the best of circumstances, this task
A. Distance education requires proper motivation, planning, ability to
Because it is justified to conclude that we areanalyze and learn received information. In DE, the
living in a 'knowledge-based society' (Katalinic, learning process is much more complex than the
2010; Tekic, Katalinic & Cosic, 2009), student traditional learning.
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For this reason, when it comes to adjusting
personal habits, DE primarily refers to the
student's ability to:

x Be able to set aside a certain time for a
course by DE;
Plan and coordinate all of its obligations
related to work through the DE with other
responsibilities;
Plan learning and obligations connected
with the course;
Overcome lack of interaction
face" without a problem.

X

X

X "face to

5T

514

12

Tl

0% 20% 40% 60% 80% 100%

DAbsolutely agree WAgree @Noopinion [DDsagres  WAbsolnrely disgree

If a student manages to respond to these

demands, it can be considered that the degree of

his motivation for this type of education is very
high. (Prskalo,% D G 6 & R& I5X a R@13).

. RESEARCH METHODOLOGY

A. Sample of research

The sample size achieved in this study is 36(
participants. The sample is a representative focu
group consisting of students from several college:
from Vojvodina (Serbia), 19 - 22 years of age,
during period from 2019 to 2021 years. The mosi
important criterion for forming of the sample was
that participants follow the complete or a part of
their courses through DE. In addition, sample was
made with concern to describe well the population
and statistical mass by age, gender, type o
department.
B. Statistical analysis of data

Figure 1. Results of personal life habits
Results of answers given to statements related

to motivation are shown in Figure 2.

5T10

519

3T8

37

20%

40% 60% B0% 100%

DAbsolutely agree WAgree  ENoopinion [@Dsagree  WAbsolutely dissgree

Figure 2. Result of motivation
Students - 47% - think that they are able to
harmonize the obligations related to the DE course

f

comparative statistical procedures were used
Respondents were classified on the basis of (Tabl
1):

x year of study (1- first, 2-second, 3-third, 4-
four year of study)

X gender (1-male, 2-female)
TABLE 1. DESCRIPTIVESTATISTICS

first second| third four sum

male 72 64 58 57 251

female 34 26 22 27 109
IV. FINDINGS

The following chart (Figure 1) shows the
values obtained as answers to questions related
personal life habits.

respondents answered as follows: 'l disagree' and
& absolutely disagree' (33%), 'No opinion' (20%)
(Figure 2. as ST6). Most students (53%) is able to
allocate more than 10 hours per week to work with
DE course, 23% - 8 hours, 12% - 6 hours, 8% - 4
hours and 4% of respondents 2 hours per week
(Figure 2. as ST7). While 22% of students
considered extremely capable for assessing their
needs for learning and understanding of materials,
57% believe they are capable and 7% are
undecided. The number of students who are at
variance with the given statement is 14% (9% of
disagree and 5% of absolutely disagree) (Figure 2.
as ST8).

The vast majority of students have not a
problem to seek for help (88%), from their either
colleagues or professors, by e-mail or discussion
fgrum. A smaller number of students have a
problem (3% disagreed, and 4% absolutely
disagrees), while 5% had no opinion (Figure 2. as
ST9). To implement successfully the course
through the DE, it is very important that the
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students have not a problem with teaching takingAccording to (Jun, 2005; Meneger-Beeley, 2004;
place without direct contact with professors (‘facePackham et al., 2004; Park & Choi, 2009),

to face"). It seems that the students during theipersonal learning characteristics such as
previous education learn to follow courses inorganization skills and self-discipline, have

direct contact with the teacher. For as much asignificant influence on the decision to abandon
34% it is a problem, 35% have no opinion on thecourse, while others claims those characteristics
matter, while for 31% it is not a problem (Figure have only minor or indirect effect (Kember et al.,

2. as ST10). 1994; Willging & Johnson, 2004).

The research results show that students are Otherwise, students who are able to spend the
organized, motivated and self-disciplined (70%).time necessary to work with DE course, have
Some students have doubts in theirs organizationglositive experiences related to DE courses. The
skills (12%), while there are those who have novery fact that students in this survey can properly
opinion (18% - Figure 3. as ST11). Given that, aallocate all of their obligations shows that they
large number of students (75%) have clearlyhave a high degree of organization and self-
defined goals (Figure 3. as ST14), they arediscipline that requires learning through the DE
motivated to achieve them (70% - Figure 3. ascourse. Students feel that the contents of the
ST12), while 76% are proud of their success andourse is adapted to length of school hours and

wish to highlight it (Figure 3. as ST15). that the material obtained for the course is
adequate and that it contains all the essential
V. CONCLUSION information for its successfully mastering. The

gmaterials must be supported with a variety of

Based on these results, it is concluded that th
students are organized, motivated and Self__examples and tasks so the students can add new

disciplined, and accurate in assessing their needg?formatlon to _thelrs existing knowledge - these
The obtained results show that the students ar sults are similar to the results (Menager-Beeley,
able to predict and set aside sufficient time for 00‘%‘} its sh that student highl

distance education course, so they are able to plan i tedresu S S O(\;V % S ulf?jr‘] S f?re q 'gf y
their study and course - related obligations. Th otivated, organized and sell-discipiined  tor

fact that they are unable to interact directly with earning th_rough the' DE course. Poss_es_smn of
the teacher does not disturb them in working Withgood learning strategies and setting realistic goals

the material presented in distance educatio eads 1o achieving the goa!s (Pardanjac et all,
course. All this factors influences on student 014). Good 'eaf”'f_‘g strategies and the desire for
interest for work and therefore increases theirrYcC€SS have provided good grades on tests and

motivation to work with this education system. positive experience with the procedures of testing
Students feel sufficiently free to ask without and evaluation. The feedback that students receive

hesitation for all the necessary assistance that thefror_n their m_structors, both du_rlng the course and
need during the DE course and thus enable the uring chattlng and commenting on forums, have
to communicate with instructors. The fact thatPOS!tiVe impact on their motivation for learning
instructors periodically inform students about theirthml%?]h the sl);ste]rcn of DE'h how that student
progress makes that for students contact "face to i te(;es:J S0 rl((esef[ﬁrc Sh 0\% aDsEu er;]_s r;are
face" is not critically important. At the traditional motivate 0 wor rough the » WhIC
class student follows not only what teachercOnflrmed the_ main hypothesis, and sr_]ow _that
presents, but also the appearance and manner MV R G eduational process, cannot be |m_ag|ned
W H D F freserffiadon. In learning through DL without the use of computers and technologies.

i 0
course, students do not have the opportunity tot dThf obtalnsld f[esults (th(ljw thglthmore Qf G?h/o.
establish this interaction with the instructor, so theStHUden SI T.‘][e ﬁ bet 0sc edl.J € "f[m DEarmonle[a el
instructor's obligation is to help those studentspeéso?a 'ﬁ. anits, accor Ilng 0 requests, in
with that problem to overcome i2.7 L Buds spent or eé.t?] achieve stjc(;:ests 'R eaILrnll?g.f . .
interacting with the students as they were expected -Ither Some Students has lack of experience in
to complete exercises aimed at ensuring aH\/orklng with DE system, based on their personal

understanding of conceptual materid@ RY HU I—\'@ -habits, their ability to organize leamning, as
(Richardson, 2003, p. 28) well as the possession and use of information

At the same time, the lower level of the technology, we can draw a general conclusion that

course abandoning can be achieved if instructor£he students are willing and ready to accept and

find ways to improve the relevance of the coursePractice learning through DE system.



International Conference on Information Technology and Development of EducatiortlTRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Results of research provides a set of
indicators that are useful as a participation(]
measure of above mentioned factors in
implementation and development of DE, and
provides help to DE creators to identify best[?]
practices. Afterwards, they have ability to set
aside time for learning through the DE. That
ability can be increased by forming of adequate®!
schooling habits during the previous levels of
education. Valuable for DE process is thatl4l
students have developed habits regarding the
planning and coordination of the obligations
related to work with DE method with other life
commitments.

Students are able to work without the
presence of teachers, but teachers must be trainédf
and ready to provide fast and adequate feedback,
and to be available for any concerns that students
face in DE. Such things can be resolved through,,
the organization of courses and seminars for
teachers where they will be able to raise their Ievel8]
of training for work with DE. Significantly, for the
implementation of DL is that the course is
properly designed, to lead students through th%']
process of acquiring knowledge, to ensure
accuracy in the assessment of what should be
learned and provide the ability for understanding
of the presented material. Organization and self-

(5]

discipline are the qualities of students necessar{!?

for the successful functioning of the DE. Besides,
of the earlier acquired habits, an interest for
learning can influence on those two factor
Because of that, the contents must be well
designed and prepared.
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Abstract- :DOOLVIV LQWHJUDO LV RIWHQ XVHG LQ WKH ILHOG RI WKH
special functions. Here is presented one of its generalized ) a
forms, although it is supposed that there exist also some 3zin*(azdz iz ®in* (az) «zazcm
other forms of the generalization of the hypergeometrical 2a° S k1
forms or some other forms. In the center of the

investigation certainly was the integral of the formoe VL Q

(2) dz.. K 2 k 3 -
. ) ' k 1 *
L&Flg,—z =5 sin (az)i 2L/ Ss*k 1,F,
I.  INTRODUCTION
As it is known in mathematics, the integral of
52 S/2
i ik i . 0
the expression 3in"(3dz of &0§<(z)dz 1S ui K 2, k 2; k 3, k 4;sinz(aZ) sin(a2) »3/iC
0 0 © 2 2 2 2 1 Ve

called the integral of Wallis (1616-1703). There

are some solutions for this integral, and among

them is the most known and most general [1 - 3]: When excluding a member af and putting
the parameten 1, the previous expression can

52 be reduced to a simpler fof@]

) 1 1.
3in“(2dz =B = ,=
(2 > 21

R v

° 3in*(2dz Si"k“(z) F §<21 %;kzs
Where B(a,b) LV (XOHUYV EHWD IXQFWLRQ 7%H

same value (1) is referred as well for the second The function of the indefinite integral can be
expression with the cosines function. This valuepresented in the form of the hypergeometric
exists within many domains of mathematics andprogression. For k<N, generally, this
mathematical physics. The interesting matter isyypergeometric progression is equal [5, 6]

that is not any expression where the integral of the

form (1) gets a more general form, even not only to

verge on the interval valu@, 92]? ra,b, 7"
e ) ,Fabcz S —

:sin?(2) 1 C

I
o c,nt
II.  THE INTEGRAL OF THE EXPRESSION
SIN“(Z)DZ ON THE BASIS OF THE | * 1)|# 15Re(c a b) 10
HYPERGEOMETRICAL PROGRESSION

Definition 2.1. Well, here is str he val . .
Definition 2.1. Well, here Is stressed the value Where the expressions are written down on the

h . .
of the integral 3in“(2dz where ish s f . A basis “(x Ofn) the gamma function,
0 o _ n ——— XX (x n 1) in the
more complex form of this integral is known and *(x)
defined a§4]: IRUP RI WKH 3RFKKDPPHU%V V\P
integral is being to be added up to the expression

Ministry of Education, Science and Technological Elepment
Republic of Serbia financially supported this reseanolder the
JUDQW 75 37KH '"HYHORSPHQW\RU@®
BURFHVYV $QDO\VLYV DQG2022PSURYHPHQW
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& 1. .8 . C. The example 2.3.
an(adz SN@ ©2 1 @i " 2 When the integral is limited by the interval
n(9dz k 1 .5 & 3. [0, §2], it follows that is:
©71u u!
% 1..8 g 1 T i 1
R % = 3in*(2dz !
Here is @2 1 @1 kD © 21 . The o (2 Jou@ k DBul/2
& 3. JS@u k 1)
©2 1% Well, this is Wallis integral case, so that it

expression (5) may be after it is sorted out, and beollows on the basis of (1) and (10) that is while
written down in the form of the trigonometric the next expression could be called by its

progression. generalized form
1... zh
_ «§ 1 5N (2) h f sin® ¥ 1(z
3in*(2dz sin'(2) -] © 2t c 3in*(2dz : 0 K 1 ”(B) e
JSs b uw@ k1 0 alo U (A )Bul/2
Deflnltuon 3.2. I?kag mtolaccount that there is . THE INTEGRAL OF THE EXPRESSION
the relation Y , follows the SIN“(Z)DZ ON THE BASIS OF THE BINOMINAL
JS*u 1) uBul/2 FORMULA

similar expression 10 the previous one as The connection of the beta binominal pattern

i.e. model, is equal [2].
i sin® *(2)
Jou@u k ) Bu,l/2 1 & yl. &yl
y.. s X s
Bxy ©oX 1 1 ey 1l 1

3in*(2dz

After this generalization, follow some special

cases as, for example, are: The similar expression is known as well as:

A. The example 2.1.
When the integral is limited by the interval 1 & - X
[0, 36] , it follows that is: yB Y, X Y 1 @ H y (X y)|

6 ; ou k1 56 By substitution i.e. by replacement in (12), with
3in*(2dz ! sin (2) y 1/2 it follows that it is. The primary, i.e. prime
0 Jou@ k ) Bu,l/2 o formula for further transformation has the form [2]
fx 121 J55 1/2;x. Out of the formula
; © X 1
1
I o X 12 & vz2. .
L u@ k D2FTB UL/ follows that |sW © . i which
presents the reciprocal value of the expression with
B. The example 2.2. the beta function
When the integral is limited by the interval
[0, §4], it follows that is: 1 & 1/2.
: or
xBx,1/12 @© x 1
S4 . f 1
3in*“(2dz -
0 Jou@ k DVZ2EIBULR 1 & 12.

xBx,1/2 @ 12 i
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Definition 3.1. So, there is It can be written down as or as
& V2. & 1/2. *x 12  Because the
© X i @l2i JS*x 1 _ & 1/2 . sin®*Y(z
right expression is in the composition of the 3in“(3dz : - —()
) L _ ) _ Joe V21 2u k 1
integral 3in“(2dz, substitute by the binominal

form the integral (7), so that So the first expression (16) can be restructured
in the trigonometric progression

; §I 1/2 ',.Sinzu k l(z)

3in“(2dz
(2 Jou 12u k1

1/2 - sink? /2 - sin® 3 /2 - sin®®
3n*(2dz § ’sm (2 8 ’S|n (2 8 §S|n (2)
©0 1 k 1 el + k 3 ©2 i k 5
In the similar way follows as well the restructuring of theratiéve expression (17), so it is that:

92 1/2 . 1/2 . 3/2 .
Sink( 2dz i § . i § . i § .
0 k 19l/2: k 3p9l/l2:1 k 5¢l/2:

possible with the calculation of the volume of the
V. THE APPLICATION OF THE hyperspherical cap [7].

GENERALIZED INTEGRAL

7KH JHQHUDOLIDWLRQ RI WRHMSSIPCSY LowHiubO Lv
N , K : There Is the case when the expression for the
significant because the integra&in®( 2 dzis no : , : .
o _ _ hyperspherical cap (fig. 1, left) & dimension,
more limited only in the domaif0, §2] . The  converges to the hemi-hyperspherical (fig. 1, right)
application of the generalized integral (7) or (18) isexpression. Namely:

B!u,l/2
U@ kD

q
2
L

. H=2r

Figure 1. The spherical cap of Archimedes type (left), the em&rspherical cap or hemisphere (right)

Which matches up, i.e. fits to the volume of the
hyper-hemisphere, dR, radius, which in this case 1 1 \/?Rk
is equal to the half of the hypersphere volume [8] V* ZV§(R) = ——
2 2,& 1
@ 1
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From the previous it follows that hyper- [6] Weisstein E. W., 2003. CRC Concise Encyclopedia of

: : Mathematics, «Hypersphere», (Second edition), Chapman &
hemisphere can be expressed as well in the form of |J,cre oo, 3.

gamma or beta functlon, as [7] How to evaluate the following integral using hypengetric
function? 2020. https://math.stackexchange.com/ aquresti
1279465/how-to-evaluate-the-following- integral-ugin
f 1 ok [ K hypergeometric-function
S'R é B & 1’1 ’ Eﬁ [8] Li S., 2011. Concise Formulas for the Area and Volumhe o
N K 1.2 ©2 21t 2 « & Hyperspherical Cap, Asian J. Math. Stat. 4 (1): #6
2 1 — 1 . doi:10.3923/ajms. 66.70.
© @ [9] Jacquelin J., 2003. H SUREOqPH GH OYK\SHUFKQYUH
. . trimestriel n° 49 ISSN 1142-2785 - 8 Euros,
The convergence of the progression (19) iS  http:/alexandre.sicard.free.fr/divers/ hyperchéwe.p
slow-rising, so its calculation is as well by the[10] /HWLG0 * &DNLG 1 DQG 'DYLGRIWILRQDO 7t

Translators of the Hyperspherical Functional MatridvaAnces
CompUter methods aggravated' It would be in Difference Equations, Journal Hindawi, Volume JuBl@,

interesting to restructure many _other hypersphe_re Article D 261290, https:/AMww.
segments generated on the basis of hypersphencal emis.de/journals/HOA/ADE/Volume2010/261290.pdf, 11

[6, 9, 10, 11, 12], hypercylindrical [13], and [11] FEQDEZL" 1 /HWLiO ' DQG 'DYLGRMWSKWULFDO7KH
; u 0]

hypercube functions [14]' Functions of a Derivative, Abstract and Applied A,

Article ID 364292, 17 pages, doi:10.1155/2010/ 364292
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The rHVXOWYV RI WKH SURMhEVECHOBIR P SAHEEIQ possible field of application. It is an
are shown in this paper. The main idea of the project was extension of the C programming language and can

to modernize computing courses at Technical College of . .
Applied Sciences in Zrenjanin. Contemporary engineers be used when developing operating systems,

should be able to work with modern software packages Drowsers, games, and so on. C++ is a Cross-
which provide easier and faster problem solving. Thus, we  platform language and can be used to make high-
incorporated a few new software packages and trainings performance applications. Its dominant use are

for students on how to work with this software as part of : : _ ; ;
our project tasks. We also taught them to program in the surely car industry and video-gaming industry.

most advanced and popular programming languages that C*+ supports different ways of programming like
were not part of our regular courses. This way students ~procedural, object-oriented, functional. It can also

got all the necessary competences required for the manipulate low-level memory. This makes C++

profession of a contemporary engineer. both very potent and flexiblét is implemented
as ompiled language and vendors also
.  INTRODUCTION providgC++ compilers. [ Internationél

The proMHFW A&RPSXWLQJ 6X gOrganization for _Standardizatipn (ISO)nade
[2], was cofinanced by the Provincial Secretary forC*+ @ standardized language.
Higher Education and Scientific Research. It was pyring Summer School students followed

created at the Technical College of Applied hasic and partly medium level course, which
Sciences in Zrenjanin in 2022. It was realized|agted for 20 hours during 2 weeks. During the
f[ju_rln_g sumrge{ |20%2d ?S ?Wserles I?f Ie_l_s}?ons aNfaining students also did a lot of practical
rainings and it fasted for two weexs. € malnexamples which gave them better understanding

idea of the project was to bring some : ,
improvements into education, with the primary of given topics and also m_ade_ them feel more
secure in the new programming field.

focus on the Sector of Computing at our college.
During the Computing Summer School at Knowledge of this programing language is the

Technical College of Applied Sciences in additional skill which highly raises position of the
Zrenjanin, students followed few courses: engineer in the labor market.

x  C++ programmig, ,
B. R programming language
R programming [7], [8], [9] is used for
x lgorPro software usage, statistical computing by both researchers and
o . academics and its popularity has risen over time. It
x Application of —microcontrolers  for s an implementation of the S programming
automatic data aquisition and their |anguage and can be available on various platforms
presentation via web application. like Windows, macOS and UNIX. R consists of

More information about the project as well asMany libraries called packages which are available
instructions and project materials are available iffough an extensive R archive network called
WKH S UGyt FWESEMom  [2] (classroom CRAN' These packages'can be'u.sed for various
code: 5hol7st. classroom name: LETNJA SKOI_Atechnlques like descriptive statistics, statistical

) analysis and data visualization techniques. Besides
COMPJUTINGA ) and at the college website [1]. Pyth)(gn, R is one of the mostly used grogramming

language in the area of Data Science which is a
Il.  COURSES ANDTRAININGS multidisciplinary field that consists of statistics,
. computer science, machine learning and domain
A. C++programming language expertise or knowledge. Data Science is very
C++ language [3], [4], [5], [6] is one of the LPSRUWDQW LQ WRGD\fV LQGXVWU
most powerful programming languages with thecan produce valuable data insights which can help

x R programming,
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companies improve their businesses by makiniRealtime Database where the measured data is
good business decisions in the future. stored which can be seen at [13] and [14]. The

R programming workshop was realized througr"ésults were displayed using the React web
3h of extensive theory and hands-on activities@PPlication available at [15], so that participants
where students were able to learn basics of R arcould also access it with their smartphones. This
RStudio and also how to install them on theirway, it is possible to monitor the results of
computers. Through basic examples provided iimeasurements live, and also see the results of
the classes, they could also understand basmeasurements over time, and the interface is of a
operations and data structures in R, how to write fgraphic type. The source code of the web
code in a script as well as in console and man application is available at [16] for those students
more. interested in this aspect of the system. The web

This workshop gave the students necessar@PPlication is written using HTML, CSS and
experience and knowledge to be more competitiv'JavaSC”pt languages which are not covered in this

while in a search for a job. course. A complete system and procedure is
shown here that allows the microcontroller to
C. IgorPro Software connect to the Internet, thus gaining the potential

IgorPro [10] is a professional software used for ©© be part of a larger loT system.

data analysis. It is a Wave Metrics product. In the
physics community, Igor Pro is used at least as lll.  RESULTS OF THESURVEY

much as Origin and for the same purposes A survey about prior knowledge (before the
Besides the great functionality of IgorPro Summer School of Computing) was done by
software, one of its positive sides is the possibilitystudents. Most of them knew what C++ and R
of writing your code for analysis. Macros are were used for and that they differed from Excel in
easily integrated with this software and can beterms of use. Prior knowledge was lacking about
privately made or producted by experimentalthe two data processing software, with slightly
setup manufacturers. Namely, for big 3D datemore students being informed that Origin existed,
packages, companies producing instruments aiwhile the biggest unknown was the IgorPro
writing macros and sharing them with their users software.

IgorPro allows data treatment, data visualization
and curve fitting with various types of functions.
Visualization can be done in different forms and
all elements can be chosen and changed.

A workshop for developing skills with IgorPro
was a benefit for talented students and margine
social categories since Igor Pro can also be use
for some limited time as a free demo version. Fo
everyone aiming to continue their schooling in
natural sciences or engineering, the ability to worl
well in Igor Pro is a great advantage.

At the end of the summer school, students also
gave their opinion about the quality of teaching
and professors. The category "Engagement of
teachers" received the most positive comments,
which most of the students rated as "Exceeds all
expectations". The correctness of the lecturer's
behavior, the stimulating atmosphere, the well-
designed program and the quality of the activities
were evaluated with "Excellent" and "Exceeds all
expectations". The expertise of the lecturer and the
choice of content were rated as "Excellent" and
D. Applied use of Microcontrolers "Exceeds all expectations". In personal comments,

The specific application of a microcontroller for it was stated that both the school and individual

) . : . parts of the program could have lasted longer and
automatic da_ta cpllectlon and sendmg them V12 iheen even more detailed. Such guality evaluations
web application is one part of this project. Theby students who attended summer computing

mpst important features related .to school are more than commendable.
microcontrollers, sensors, Cloud Computing,

Realtime Databases, JSON (JavaScript Object

Notation), Web services, APl (Application IV. CONCLUSIONS

Programming Interface) and Web applications are As science and information technology moves
theoretically presented. The system presented ttorward, education must also keep pace with them.
the students is based on the article [11], which hakuture engineers should know how to use
been extended. The source programming code fordvanced software tools and programming
the microcontroller written in C++ language can languages in order to be able to face challenges as
be seen at [12]. The listeners were also shown thi€Y arise in their work.
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$V SDUW RI WKH SURMHFW (¥ B&EHRPSHKXBEIAMIHE RPIPFMWUFDO & BURJUL
6FKRRO~ DFWLYLWLHV VWXGH QYW W R QLFDO &ROOHJIH
of Applied Sciences in Zrenjanin, learned to work ™ Qjﬂgﬁl %”l‘;ha”e’ Programming in C++, Pearson India, secon
with contemporary software packages andg; |https:,,;p|usp'|uslco¢,

advanced programming Ianguages that provideqb] Eric Goh Ming Hui, Learn R for Applied Statistics, rss
them extra knowledge for fast and accurate  Media, 2019
problem solving. Also, students find this way of [8] Dejan VujipLi 8YRG X SURJUDPVNL MH]LN 5 )DI

presenting practical knowledge very useful. QDXND X yDpNX
[9) 7LKL 1 3RSRY 6 %RQGALU - LROMRIVHLD 9

We p|an to organize similar courses in the Data as Urban Drought Monitoring Support in SmarieST,
; ; ; Fresenius Environmental Bulletin (FEB), Vol.30, No.0O220
coming years, by also taking into account all the 0p.716-722, 2021

students SqueStlonS from the survey. [10] https://www.wavemetrics.net/doc/igorman/IgorMan.pdf
[11] (UHPLU a A6LVWHP ]D DXWRPDWVNR PHU
LITERATURE podataka i prikaz putem web aplikacijIT (34). pp.57-61.
2020.

[1] http://www.vts- o . .
zr.edu.rslimages/stories/Projekti/letnja_skola_komjutietga [12] https://github.com/ezeljko1981/monitoring-meteo-nodemcu

_skola_komjutinga_vtssszr_08062022.pdf [13] [ https:/jvtszr-9e108.firebaseio.com/meteoarchive3.json
[2] https://classroom.google.com/w/NDc5ODY1NDUONTE2/t/all  [14] |https:/jvtszr-9e108.firebaseio.com/meteoarchive3_cujsen

[3] Jesse Liberty,IDXpLWH & ]RompjuieDi@blioteka, [15] https:/monitoring-meteo.web.app/
sedmo izdanje, 2003. [16] https://github.com/ezeljko1981/monitoring-meteo
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Abstract - Internet of Things (loT) or Industrial Internet manager needs to communicate with PMO office,
is a modern-day catchword, which over the past few years jnternal and external stakeholders and customers

has tremendously impacted numerous aspects of almost- ; ; ;
all the advanced technology fields. loT framework '?enc?‘lnacflc;[gi same time keeping up with the new

envisions transforming the everyday objects into
intelligent systems, while working under a common Historically project management
infrastructure and by connecting the global network of methodologies are framed around system

devices and machines over the internet. Based on many d | t Iif | h terfall lik
underlying interdisciplinary ecosystems, like sensor evelopment lite cycle, where wateriall like one

network, embedded systems, big data platforms, cloud dimenSi_Onal model included defining,. designing,
computing and service-oriented architecture; IoT projects ~ developing, testing and then deploying the end
are non-traditional in many ways. Such projects involve  product. But, then, the agile philosophies have
research and development phase, more technical work, near|y ended that, introducing the concept of
are lengthy, require advanced skill sets and lacks well- concurrently performing many steps of traditional

defined business models. A recent alarming rate of loT iact bh And h loT iact
project failures provide incentive to look for project ~ PrOJECL phases. And now, we have 101 projects,

management philosophies, which would emphasize on Where one can expect longer project timelines, no
more flexibility, agility, teamwork and a developing a  place for silos, many issues with staff morale,

strong technical framework. This study work provides  comprehensive testing that goes beyond traditional
overview of loT concepts and through asystemqtic review projects, strict rules around compliance, security
Oiher Iterature avaiiabie oniine, 1t atdresses the curront 2Nd POlicy planning, once again demanding that
managerial challenges for such’ projects. Finally, to solve We. reVIS.It the ~current project management

this issue a focused survey was conducted and collected Philosophies and re-structure or scale to manage

data was analyzed. Based on the responses from loT Such advanced projects.
professional’'s various suggestions are made, which can be

used to improve management of such projects. There is a problem with how loT projects are

managed now. Despite tremendous forward
momentum in this field, a survey says that about
I INTRODUCTION 75 percent of loT projects are failing [1]. This
With the underlying concept of sensor problem has negatively affected several industries,
embedded physical objects, Internet of Thingswhich are feeling less confident to invest in the loT
(IoT) have become a common house hold thingspace and see it as a risky endeavor. The main
where use cases such as Wi-Fi connected smat XHVWLRQ WKDW DULVHV LV 3+Rz
gadgets, which one can control from anywherecurrent project management processes, tools and
with a smartphone have increased over the yearg¢echniquestoV XFFHVVIXOO\ FRPSOHWH ,

Coming out of its nascent phase, |0T projects have Thg gyrvey said that a possible cause of this
created many job opportunities and projectg UREOHP LV 3KXPD QO IDFWRU’~ EH
managers are already ~working on  suchgommynication, technical or managerial skills or
undertakings. With potential economic impact ©Ohe gyerall culture. Lack of universally accepted

increase from $3.9 trillion to $11.1 trillion a year 5,4 recognized technicadG PDQDJHULDO 3M
by 2025, as predicted by McKinsey Global js caysing problems in interoperability [2]. loT
Institute researchers, one can expect a lot of Newq.cts have longer project timelines, such as: the

loT projects and initiatives. The future Projects taqiing cycle will be longer in 0T projects and the

such as Google's Project Wing, and Amazon'seams would need to be co-located and fully
Prime Air, which would include drones, needs,,ed during the whole product cycle [3]. loT
project managers engaged from starting in theseit will affect project management, like new
research and development phase and going throu oject management software will be required.

deployment, -and testingh_ and then the fut:”eBecause of the involvement of many systems at a
maintenance stages. In this never-ending cycle gme huge risks are involved at various phases of a
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product development, which may be related toobservations they gathered form several other
compliance, security and would probably needauthors, publications, researchers, and industry
better policy planning [3]. Projects will need to be practitioners and summarize those by asking for

run differently than simple and traditional IT, 3 XQLYHUVDOL]DWLRQ"™ RI MDUJRQ
manufacturing or construction projects. Five practices for 10T projects. This study asks for a
phases, namely: collect, transport, store, analyzstandard of definitions around the world, a

and archive of an loT project should be universally recognized architectural level, and
streamlined with the current Project Managementechnology interoperability standard protocols for
Institute (PMI) project phases, i.e., with Initiation, global governance to have a better future in the 10T
Planning, Execution, Monitoring and Control, and world.

Closing [4]. Project manager should be involved in

the research and development phase of an Io'@ Apart from providing an overview of Internet
p

B R U . economic

project. ,\| ZH GRQIW DGGUHVYV DO

we will see some key players backing off in . , . L :
A - - : impacts, this study is a good compilation of basic
contributing to major changes in 10T infrastructure concepts for newbies in this field [6]. Like, it talks

that are required to make it a reality. Perhaps g : .
research that investigates how to better projecgbOUt the prerequisites for implementation of loT

ye . e rojects, their components and an example of a
management, specifically for such interdisciplinary ,
projects, could remedy this situation. (XURSHDQ )3 SHVHDUFK SURMH

benchmark and develop a business case. This can
help an enterprise in understanding the concept,
Il LITERATURE REVIEW search for the right tools and coming up with a

For successful deployment of loT-basedsolid business case, and a project management
products and services, the top five technologieplan. This paper has plethora of ideas about the
that are essential are radio frequency identificatioriechnical and management areas, which need to be
(RFID), wireless sensor networks (WSN), worked on from both enterprise and project aspect.
middleware, cloud computing and loT application Each layer of loT infrastructure would need a
software [5]. A literature review by In Lee et al. [5] management plan, be it to cope with the issues or
focuses on technical and managerial challenges ito take care of risks [6] 6R LWYV LPSRUWD!
putting these five components together and theminderstand the loT architecture. This review
proposes a net present value option to justify thgorovides more insight into the loT world and how
investment in such project. Also, this work stakeholders at large are receiving this technology
emphasizes the need of carrying on more studiegisruption. In a recent podcast interview, Wanda
that deals with economic, social, behavioral andCurlee of www.wandacurlee.com said that the
project management aspects of 10T projects [5]. Innternet of Things is an ever-growing network of
addition, this article introduces to conceptualphysical objects, where communication occurs
model of loT applications, where challenges inbetween these objects and other Internet-enabled
implementing 10T projects for enterprises, devices and systems. And, Internet of Things (loT)
especially from information sharing and projects have the potential to change project
collaboration, monitoring and control, and big datamanagement, and not because project management
and business analytics aspects are highlighted.  software will be dependent on loT devices, but
because project managers will need to better equip
themselves to better handle on research and
edevelopment aspect of such projects.

A similar study by Somayya Madakam et al. [6]
walks one through the timeline of origin of IoT
concepts, their initial usage and how slowly thes
technologies are seeping into our daily lives. Like Internet has touched millions of lives, with
Whereas the idea is to make our lives easy, simplghe projected installment of IoT endpoints to be
and more comfowW DEOH LWV EHMPRmeLI@JI 8P RilibAl in 2025, it will also be
challenging to keep everything intact (in sync), indispensable part of everyday life- style. Whereas
like: Sensing, Access, Network, Middleware andthis forecast sounds very optimistic, a CISCO
the Application layers of loT infrastructure [6]. survey last year showed a different story, where it
Even though, this review lists many useful was seen that about 60 percent projects fail at
applications of IoT into myriad of domains Proof-of-Concept stage, and if completed only two
including healthcare, education, manufacturing,third are considered successful [7]. This survey
transportation, education, governance, and othegonsisted of more than 1,800 business and global
upcoming industries, its core message lies aroundl leaders from across the world, and information
pointing to few deep-rooted flaws in the IoT on main challenges organizations are facing while
governance, management, and implementation anaiddapting to loT projects was gathered. Apart from
development stages. The author lists keyresistance to change, poor quality of data to make
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decisions, lack of internal expertise, hurdles inresearch and development phase and going through
project/product integrations and long completionthe whole process of drones communicating with
times and budget overruns were the key reasonair traffic controller, corporate office and then the
why |oT projects are failing [7]. end customers. With the assistance of CEO or any
executive officials, and portfolio managers, project

anagers will be able to subdivide projects into
Mmall phases and provide Return on Investment
(ROI) estimations. Whereas there is already
number of mangers working on 10T projects, this
field will eventually provide more jobs for skilled
technical and IoT mindset folks [10].

To avoid these initial pitfalls, top management,
business owners and the project managers have
plan diligently, carefully, and by benchmarking or
using the lessons learned to fill the gaps in
knowledge, for which they can seek help from
external loT experts. Also, for integrating such
projects with the existing systems, thorough
policies and technical implementation reviews, loT will disrupt the project management in
better communication channels among the teamseveral ways, as the data from sensors will help
and enterprise environmental factors should beompanies save money, reduce downtime, lower
considered. And, with this information, down the waste, increase productivity and help
management can come up with realistic timelinesdetermining the workforce needs. Also, these long-
cost estimations, contingency reserves estimationderm projects will need more focus on
integration  strategies, data privacy andmaintenance, security and monitoring and hence
management and a deployment plan. So, byequiring the project managers to expect lengthier
combining data and good management skillsand onsite based commitments [11]. For loT
better results can be achieved for IoT projectsprojects the mantra is not just to focus on the
:KLOH WDONLQJ WR H[SHUWYV T buRitnkBs ,iwais@® teQte&ch&dbgy] HaRd. @ Lpay
at the 2016 SAP Executive Summit on |oT, serious attention to the security and privacy threats,
Margaret Anne McPhee, North America Nationalto always have an exit strategy or a plan B, plan
Vice President of S/AHANA Services at SAP, saidbetter risk management; including the vendor risk,
that when coming to loT projects, one shouldmaking it easy to replace or update the loT
S7TKLQN ELJ EXW VWDUW VP D mponentslahdidallythave dpiQftb@ across
discussion on how to handle the challenges anthe organization [12]. If these things are kept in
bank on the opportunities provided by IoT mind, a project manager can effectively lead an
projects, it was suggested that a sound businedsT project.
case, probablya pilot project and more customer With lot of IoT projects coming up, the
and marketing engagement in the initiation phas iniliti 0 b dl but it i tto b
of a project should be used to upfront establis 0SSl !f' €S sheem 0 be en_le_ss, ut 1l 1S yet to be
'H\ 3HUIRUPDQFH ,QGLFDWRUYV 3 ¢ |H?§f@%ém%?§ e current

man‘a%e nt gies, easurement
personas for better use cases [8)]. standards and planning strategies. Whereas this

The complexity of such undertakings posestechnical advancement will make a project
both: challenges as well as grand opportunities foPDQDJHUYfV OLIH HDVLHU WKHUH
the project managers, especially for IT projectwhere they need to be more agile, precise, and
managers, for whom this experience can be&nowledgeable and need to use more rigorous
intimidating as well as rewarding. To equip andparameters [13].
strategize vyell,_ project managers shoulld fully While the technology world is continuously
grasp the big picture, get a strong technical Iea%reating opportunities, it has also faced challenges
on-board, and phase a project into small . ; !
achievable, viable phases/cycles, such as resear‘(gtgm ime to time. Over ihe last decade new

proaches such as: Scaled Agile Framework
and development phase or proof of concept phas SAFe), Disciplined Agile Delivery (DAD),

Also, they should select industry approved loT .
reference architecture, which would require uniquescrum’ Kanban, Extreme Programming, and other

L : . -various Agile philosophies have been implemented
Egct)]sec'ta\gg{? ng)urﬁuf[[ﬁsanf 3 oltlf) ir;tggthcgn;%ﬁa?sgto accommodate the big data, cloud computing and
team should be built and should be constantl pervice  Oriented  Architecture  (SOA)  based

S ; X Y roducts development [14,15]. Even though, these
inspired to work on such cutting-edge projects [9]. gpproaches ha[\)/e be[en’ tgsted for t?aélitional

The large and complex 10T projects will need projects, will these improve chances of IloT
more engaged Project Managers, who apart fronprojects complete successfully, is still an
handling work-flow would be needed to control unanswered question. Similarly, for 10T projects,
some programs. Like, for Amazon drone deliverydo we need entirely new management practices or
project, a manager would be involved fromwe can scale the current ones to find the best
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possible framework that can be universalized, hasurvey takers were asked how often they follow
yet to be explored. Not only that, the impact of 10T various, such as Waterfall, Agile, Hybrid or RAD
on Project Management and the execution has ngiroject management frameworks for 10T projects.
been studied due to lack of data, use cased§he results point to most survey takers embracing
resources, focused research and efforts in thithe agile and a hybrid of waterfall and agile
direction. features in loT projects.

To summarize, here are few key points Next, when asked, what were the main
gathered from the above literature review: (1) whatchallenges while developing a project charter on an
and how IoT projects are different from traditional 10T project, for the following options, no clear link
or software projects? (2) What are the mainwith overall organizational strategy The project
challenges faced in the 10T projects, ranging fromstatement of work is not clearly defined, any
being interdisciplinary to complexity in managing concerns about goals being realistic and attainable,
and planning such projects? (3) What approacheso clear picture of the risks and assumptions
are currently being used to manage loT projects inelated to the project or any concerns about
various domains and why management area will beealistically measuring the project success (ROI).
DIIHFWHG WKH PRVW &R QFO XGetiyh bedter RO Btéod/ol DQD IJHU TV
role and responsibilities will be changing with the
new technical upheaval, as their role will broade
from advocate to specialist, and so will be the nee
to have new management philosophies.

Next, when survey takers were asked to rank
he challenges that they may have faced while
eam building on an loT project, such as: would
they consider an IoT team management a
challenge, do they agree that interdisciplinary

il METHODOLOGY teams are hard to manage, lack of team collocation

KHWKHU LWV -techWrh&tkcods QOReS challenges or if roles and responsibilities are
under the purview of Internet of Things is so vastnot well defined for such projects and are such
that it covers nearly every domain and companyprojects are more conflict prone and where a team-
be it into agriculture, space exploration, retail, andwork skill set is an asset on an IoT project. For
health or even education sector. The Study Desigthis, [0T being an interdisciplinary field and lack
for seeking solution to the above said problemof team colocation stood out.
involved reaching out to loT professionals, via
LinkedIn or any other social networking website,
and especially focus was on to reach out to the to
ten well-established as well as startup companie

that are poised to make a mark in the 10T world. , -
These companies are: General Electric, Schneid program Manager (Leading), Project Sponsor

Electric, ARM, Robert Bosch, The Channel, Riote(%UpportNe)' Project ~ Development —Team

. (Neutral), Business/Product Analysts (Neutral),
-||\-/Ir|§(r;?<’|\é(t3|ue’ ETA Compute, Bebop Sensors anOIEnd Customer or Client (Leading), Local

Communities (Unaware, Neutral), and Regulators
Online or web-based tools such as surveyResistant). So, we can say that on loT projects
monkey was be used to define and disseminate thegulations pose a great resistance and leadership
surveys for collecting data. From survey results,and project sponsors are very supportive. Also, we
the data was collected, analyzed, and themeed to make local communities to be more aware

discussed among the peers for their suggestionsf such initiatives.

The main results are presented in the next section,
where quantitative analysis of data gathered is useg)
to point out the pain points in handling loT
projects.

Based on their experiences, survey takers were
asked how they see various stakeholders engaged
Bn an loT project. And the results were following:
§teering Committee/Leadership  (Supportive),

When asked about the project management
ols/software which can make them well equipped
to manage loT projects, among MS Project, Jira,
VersionOne, Asana, and SmartSheet, Jira tool
stood out. So, one can say that Jira, which is

IV.  RESULTS currently used for managing agile projects would

loT projects introduces combination of be preferable choice for IoT projects as well.

software and hardware components, which creates
dependencies and is disrupting traditional produc
manufacturing mindset. Whereas Waterfall iS¢ oy in 10T projects, and the factors along with

known for delivering a predictable product and,[he groups are: Cost (Execution), Schedule

Agile is at the heart of small teams or startupsp|annin Scope Creep (Execution). Conflicts
working to get quick turnovers, what would work ( 9), b b ( )

_ _ _ : Planning), Quality Control (Execution), Risks
for 10T projects still remains under question? The( 9). Quality ( )

Next, survey takers were asked to rank process
broups are likely to increase the following few
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(Execution), and Vendor Management (Initiation). and a well-defined universally accepted business
So, for the Execution Phase one can see Cosand technical jargon would defiantly add to
Scope Creep, Quality Control and Risks are thesuccessfully complete the IoT  projects.
factors that will be highly affected. Similarly, Furthermore, with these findings form this work
during the Planning Phase Schedule and Conflictsvill help the loT business owners, stakeholders,
will be more seen, and in Initiation Phase Vendormanagers and developers in developing, designing,
Management will pose more challenges. Anotherand carrying on the IloT projects in more
question about checking which factors in theirsystematic and in a universally accepted
views are likely to contribute to managing loT framework. And, need of hour is to bridge the gap
projects, among the following: A separate researclbetween  traditional  project = management
and development phase, A Proof-of-Concept omphilosophes and 10T initiatives, where more peer
Prototype before actual project begins, Projecteviewed work is needed focused on IoT
managers  with interdisciplinary  technical management.

knowledge, Using hybrid of Waterfall and Agile
methodologies, and, universally defined business
and technical jargon. As seen from the responses,,
all of the above factors were selected were
overwhelmingly selected and would add value to
loT project management.
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Abstract - With the Fourth Industrial Revolution, technology to the formation of the well-being of
technological progress shone brightly. Every segment of all mankind. She shared her idea with other

human life is based on a wider use of technology than was . . . .
previously the case. Society 5.0 is changing the approach COUNIIES, representing the goal, which is the

to technological progress, influencing people's awareness formation of Society 5.0, which will live a better,

that technologies should be used for the benefit of the safer, and more beautiful life.
entire  population.  Educational institutions and

educational workers now have the task of instilling in The technologies that characterized Industry

future postgraduates the philosophy of Society 5.0 by 4.0 resulted in better product quality, higher and

which they should be guided. faster productivity, more efficient and effective
I INTRODUCTION business processes, improved working conditions

) . and safer decisions. The power discovered in this

Industry 4.0 is based on automated productionreyolution is now being used to create a more
an abundance of technological innovations thalgqyanced society. That is, the discovered
have replaced human work and connecting thgechnological power is now directed towards man

physical with the virtual space. With her gng his needs, to ensure the well-being of life.
appearance, there was a lot of turbulence that

affected many sectors, and the education sector is Society 5.0 is a new perspective of thinking,
one of them. Modern technologies have Which is oriented towgrds_man and his |nd|v_|dual
transformed the way of approaching and So|vingneeds. The bottom line .|S that the pOtentIaI of
existing problems ‘and have given man themodern technology, which turned out to be

opportunity to remove obstacles in front of him in €n0rmous in the previous industrial revolution, is
a faster and more efficient way. being used to solve the problems humanity is

Educational institutions and educators havefacmg' . _

undergone a large series of changes that occurred The core of Society 5.0 is man, who places
with Industry 4.0, and now they must shape theifimself at the center of innovation, technological
knowledge according to the concept of Societytransformation, and industrial automation [1], with
5.0. This means that they should continue with théhe aim that all available capacities of the 21st
application of modern technologies in education,century are used to his advantage. The focus is no
but with a changed approach. Foundations shoultPnger on improving production processes, but on
be laid for young people at an early age, as &uman life.

Ia_ndmark _for the formation of the Soci_ety, which Society 5.0 has the task of balancing economic
will be directed towards the well-being of all progress ‘and social problems with the help of a
humanity. system that integrates virtual and physical space

Education has always been an importani2. 3]. It is considered that the goal of Society 5.0
segment of every state. It represents the basis ¢ the establishment of a common social
development and progress of future generationdnfrastructure, which is based on advanced
Preparing young people to think in a different waytechnologies [4].

and applytechnology for the sake of creating a |t js pelieved that the realization of Society 5.0
world that will be a better place for all people t0 comes thanks to innovations, which are driven by
live, forms the basis of Society 5.0. Big Data [5]. Collecting and processing a large
Il. SOCIETY 5.0 - TERM AND amount of data has never been easier and more
transparent. This enables a better insight into the
CHARACTERISTICS o .
_ _ _ possibilities and solutions to the problems that are
Society 5.0 is a concept unveiled by thein front of man. In addition, there is an opinion

Government of Japan in 2016. To improve livingthat Big Data [6], data science and artificial
conditions, this country came up with the idea of

directing the unfathomable possibilities of modern
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intelligence are the most important points oftechnologies that dominated Industry 4.0 will be

support of Society 5.0 [7]. based on improving the quality of life, social
responsibility, and sustainability. The aspiration

IIl. INDUSTRY 4.0 AND SOCIETY 5.0 - lies in creating a sustainable society, and ensuring
SIMILARITIES AND DIFFERENCES the safety and well-being of the individual, with

The main subject of Society 5.0 is man, whothe help of the active participation of cyber-
manages modern technology for the benefit of alphysical systems [18], in the domains of
mankind, as opposed to his role in Industry 4.0production, mobility, health care, agriculture,
where he was subordinated to that technology [8]energy, sustainability, disaster prevention, and
Automated production, which suddenly started toeducation. In this way, Japan promotes a smart
develop, led to the fact that man was in thesociety, which will take advantage of all available
background. In Society 5.0, the human factortechnological innovations and form a better place
changes the course of movement withto live.
technological innovations, directing them to their The main role in the management of new

needs. technologies and innovations will be played by

In generally, the concepts of Industry 4.0 andstate governments, the industrial environment, and
Society 5.0 are very similar. The main differenceacademics [19]. To achieve a sustainable and
is in their direction: the Fourth Industrial inclusive society, it is very important that people
Revolution is based on improving production, are in focus when making political decisions [20].
creating smart factories and cities, while SocietySociety 5.0 predicts the penetration of digital
5.0 emphasizes the importance of people's welltechnologies into all spheres of human life. Their
being [9]. In addition, Industry 4.0 relies heavily role must be aimed at the welfare of society,
on artificial intelligence, while Society 5.0 otherwise economic and social degradation may
emphasizes the pairing of machines with theoccur [21].
power of the human mind [10]. Therefore, the
solution to creating better conditions for life can IV. EDUCATION IN SOCIETY 5.0
be seen in the crossing and symbiosis of human Many authors [22, 2, 23], who dealt with the
and artificial intelligence at the base, connectedconcept of Society 5.0, emphasized the
with digital, blockchain and other technologies.  importance of education, as an important segment
Many authors share the opinion that Society!n it_s a_pplication. Hence the idea_that edu_cational
5.0 was created because of the implementation q' stitutions must prepare for the mt_roductlon and
the Fourth Industrial Revolution [11, 12, 13]. plementation of this social revolution.
However, this connection is still firmly connected,  The digital transformation that is characteristic
because precisely thanks to the characteristics amef the Fourth Industrial Revolution has shaken all
technologies of Industry 4.0 (artificial intelligence, social activities. Among other things, the changes
cloud computing, Big Data, adaptive robotics, affected the education sector, which inevitably
augmented reality, nanotechnology, 3D printing,must adapt to the changes. Digital technologies,
additive manufacturing and the Internet of through the possibilities they can provide, will be
Things), it is possible to realize advanced societyan inseparable part of educational institutions.
] o relor, L can be seld sl Sl 501422 The role of educators i schooks s slso
Fourth Industrial i?evolution and directs them to%hangmg in accordance with the changes that haye
the well-being of life on Earth affected the whole world. The success of their

' transformation will reflect on young people, who

The concept of Society 5.0 strives to makeare expected to readily accept the changes those
maximum use of the technologies on whichprevious industrial revolutions have brought to
Industry 4.0 is based, for the sake of solving sociatheir attention.
problems [15]. Accordingly, the upcoming era
indicates the necessity and need for technology Qe
be part of the social good [16]. Finally, one can
add the statement of one author [4], that

Generations of children born in recent years, as
Il as those yet to come, will grow up in the
digital world. Digitization has begun in a big way,
and young people must train and prepare to meet
tSechhnOC)r[[o?O)/r shrljor;:;jnir;ot Rﬁcsoerginnast(? Hi]rrr(]ea;[r’]gruet iasstﬁe business world. Education in this domain plays
PP Y- 9 ’ a key role in every country. Education must adapt

2? t(re(c):?\rr?orgr fegr to'ft g‘r?(;]al‘gebrzen(t)sa.ﬂ[ngnggpgcst'g#o changes; educational institutions must introduce
gy, butl u posit N SUChyq possibility of electronic education, acquire,

a way as to make maximum use of its potential. . : ;
Serpanos [17] expanded on this, saying that thgnd apply modern technologies that will enrich the
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teaching content, and educators must complet€ertainly, people who work in schools need new
their knowledge with the skills of handling and knowledge. To be able to teach and guide the
applying that technology. younger ones, they themselves must master the art
of managing and applying the many technological

A. Educational mstltut.lons in the Society 5.0 _ innovations that are becoming our present today.
In accordance with the changes, available

technologies and the philosophy of Society 5.0, Educators in Society 5.0 are forced to use
schools [24] are advised to analyze theirtechnology to ensure an effective teaching process
curriculum as soon as possible, and prepare for thi¢7]- Lifélong education is one of the essential
transformation, if they have not already done soltems that accompany Society 5.0. It is an

Their adaptation in the turbulence that occurred idndispensable feature of a successful career. The
a necessary step in all countries. condition for the human staff to be able to follow

technological advances and remain competitive on

Schools and colleges should take the initiativethe |abor market is to learn and improve
to adapt, to remain competitive in the marketthroughout their working life. At this moment, this
compared to others and achieve good results. FQ§rimarily refers to educators, who will be
this reason, many schools have included moderprevented from advancing further without
technologies in their curriculum and provided ypgrading their knowledge.
students with training on how to apply them. Such _ _ _
an approach led to an improvement in the quality 1hrough lifelong learning, educators can build

to face. which is extremely important for current changes.

. _ _ This program can reduce the opportunity gap,

It is essential for younger generations tosince its most common patterns are lack of skills,
acquire knowledge about available technologiesnadequate education [28], but also insufficient
and their possibilities, to be able to apply theminformation, since many people have not had

and use them for the benefit .Of all. The goal_is fqrmany opportunities to app|y modern techno|ogy_
young people to adapt as efficiently as possible in

the world of business, but also to improve theC- Electrqnlc_educqtlon as an important approach
quality of their own lives. to education in Society 5.0

With the technological approach, a multitude
of advantages have been recognized that are
vailable to students and educators. Greater
lexibility, efficiency and effectiveness of teaching
processes is enabled. The material taught to
students can now be presented in a better and

Society 5.0 advocates the well-being and bettetlearer way, which will ensure a better
quality of life of all people. This also applies in understanding of the essence.

part to education. In addition to preparing young .
people for a life with many technological Modern technology, among other things,

innovations in it, it is necessary to ensure thafNakes it possible to follow classes without being
every child has the possibility of quality education PhySically present in class. This was especially
and access to technologies, regardless of th vident during the COVID 19 pandemic. Distance

financial situation of the family they come from. earning enabled a s_mooth process of teaching,
which would otherwise have been completely

B. Impact of Society 5.0 on educators suspended.

The role of educators in Society 5.0 is |n addition, the issue of students living in
changing and expanding. In addition to the basiGemote and inaccessible areas, who due to weather
task of imparting knowledge, teachers mustconditions, spatial distance, or financial
motivate and inspire students, introduce them tgyossibilities, are often not able to attend classes,
modern technology, and be their mentors [25]. e, lectures, was resolved. Technology in Society

In summary, it can be said that the task of>-0 enables the erasure of regional, age, gender,
educators in Society 5.0 is to provide student®nd language boundaries [29], which brings the
with human, digital and technological literacy Whole world closer together and unites it in the
[26]. Accordingly, this circle of knowledge was fight for a better future.
expanded, and it was added that educators of the Also, one of the advantages of modern
21st century must master the skills of leadershiptechnology is that the necessary information can
entrepreneurship, and global citizenship [2].pe obtained in a faster and simpler way. This

Management of educational institutions in
Society 5.0 requires changes. Starting from
elementary, through secondary schools an
colleges, all educational units must work on the
quality of the services they provide.
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greatly shortens the search time and allows thaand deepening awareness of its possibilities, in the
time to be used in a better way. The collection angervice of creating a better quality of human life.
processing of data has been improved many times Society 5.0 is a concept that directs

over by the tgchnologlcal approach and IC)m\/'destechnologicaI achievements to help man to form a
the opportunity for educators to handle data lobal community that will live in prosperity.

e g " Hodern technoloies can repiace humans e
Y ’ P ’ P Y- erforming difficult, monotonous, and static jobs,

accordance with the above, Fadzi and others [3 ata processing is drastically facilitated and

said that it is necessary to synchronize the : .
education sector with modern technologies, that isaccelerated, the memory space for their storage is

to include electronic education as mandatory, tog_reatly expanded, enabled use of virtual space;

prepare postgraduates for the revolutionaryd'g't'zed and modernized teaching processes and

changes that have occurred and are yet to followM°"e:

According to him, the traditional method of Educational institutions and educators
education is no longer functional, that is, it doesrepresent a bridge between modern technology
not give satisfactory results, because it is outdatedand its possibilities, and young people, whose help
Similarly, Darmaji et al. [25] recommend is expected in the formation of Society 5.0. The
multisimulative learning, which represents therole of education is to prepare young people and
application of various teaching materials and typegyuide them in the direction of society, which will
of learning, which modern technology enables.strive for a better and more carefree life.

Teaching in Society 5.0 implies the application of
information technologies, the Internet of Things,
virtual reality, artificial intelligence, and others
[2]. By using and connecting the mentioned
technologies, the foundations for currently
unimaginable future technologies and progress arg
created [31]. Educational institutions must strive
for the maximum use of the mentioned
technologies, to create competitive young people
in Society 5.0 [32].

D. Challenges facing education in Society 5.0

In addition to the above, it is very important to
mention that according to some studies [33], not
everyone has the same access to the Internet afd
modern technologies, which today represent a
requirement for creating competitive graduates.
This problem includes educational institutions, [21
educators, and students. The technological
equipment of schools will affect the quality of [3
teaching, and the inability to access the Internet
can in some cases completely prevent studentg

from following the teaching content. 5

The mentioned problem can be more
pronounced when speaking at the state level, an
it can certainly mean a certain number of people
ZLWKLQ WKHP %DUWROtRaYina >
such cases, there is a visible drop in student’
success, which later manifests itself in an
increased unemployment rate, and a decline in the
rate of the economy. (8]

V. CONCLUSION

Educational institutions and educators must
keep pace with Industry 4.0, to form Society 5.0.

(9]

This implies the application of modern technology [1°]

Accordingly, education must change. Schools
must
curriculum and prepare young people for its
diversity and comprehensiveness in the upcoming
eriod. The role of educators to introduce young
eople to the concept of Society 5.0 is very
important. In addition to changing their way of
working,

include modern technology in their

and adapting within the resulting

thanges, they must prepare young people to use
the technological opportunities in front of them in
the right way.
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Abstract - This paper introduces a new algorithm for  and results section. Finally, the conclusions are

filtering and detecting microorganisms in compositt  gjven, followed by the future works and
images. The proposed procedure is based on circular acknowledgements

Gabor filter. Microorganisms were robustly and
efficiently detected in images, and the circular Gabor
filter demonstrated substantial resistance to noise and II.  RELATED WORK

image degradation. In contrast to the classic Gabor filter, the

circular Gabor filter is less mentioned and

I.  INTRODUCTION represented in the scientific literature. Only a

Recently, the application of digital image Minor number of scientific papers have been

processing and object detection in microbiology ispu_bllshed on the theme of circular Gabor filters, in

a very important task, because microscopic imagePit€ Of the fact that they have very good

analysis is a principal step in microbiological Characteristics in terms of simplicity, robustness

research. This paper introduces a robust texturé"d resistance to various kinds of artifacts and
detection procedure for microorganisms detectior10iS€ {0 low-quality input images.

from composite and complex images. Tadic et al. [1]-[6] published several researches

Texture analysis are one of the main tasks ir‘ﬁn fuzzified Gabor filters in recent years. They
algorithms for shape and object detection in@ve proved, that the Gabor filters are highly
complex images and these are the most research&ff€ctive in various application such as license
fields in digital image processing [1]-[25]. Of all plate detection, texture analysis and text detection.
texture detection methods, Gabor filters refer to21ang et al. [8] employed a circular Gabor filter to
those that achieve the most prominent results [1]d6tect and extract textures and shapes with

[8]. Filtering an image with a Gabor filter is a INvarant orientations. They have utilized a
common method for detecting the spatially Symmetrical circular filter in the shape of a regular
localized spectral components of an image. Gabofircle. The authors stated that the constructed filter

filters are robust and are very resistant to noise aniith appropriately selected parameters achieved

interference, and they provide good filterin resultsSatisfactory results in fiIt_ering symmetrical circular
for low-quality image)s/.p g g shapes. Zhu et al. [10] introduced a procedure for

measuring the likeness of shapes. This procedure is
In this paper, a particular type of circular Gaborbased on filtering with a circular Gabor filter and
filter is presented for processing circular imagethe technique of measuring the Hausdorff distance.
segments, for example the microorganisms in therhe introduced algorithm was proven to be
image. This paper represents an introduction to gesistant to noise and rotation. Yin et al. [11]
new research on cell detection methods. suggested circular Gabor wavelets for the

The paper is organized as follows: after theclassification of textures that are invariant to
introduction follows the related work section. Next "otational variations. The developed method was
is the section with brief circular Gabor filter €Sted on a large database of images and proved to

description, which is followed by the experiments P& highly efficient. Xu et al. [12] utilized a bank of
; , circular Gabor filters to enhance the edges of cells

This research was funded by projects TKP2020-4.1.1-TK® . duri iviral . The final

of University of Pécs , 2019-1.1.1-PIACI-KFI-2010534 of In Images during antiviral experiments. The fina

University of Obuda and CPV 731100000-6, CPV 731209@nd segmentation was obtained by clustering with very
2020-1.1.2-PIACI-KFI-2020-00173 of University of Daufijvaros.
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high reliability. Meng et al. [13] introduced a
biometrical algorithm for identifying the retina
utilizing an augmented circular Gabor filter based
on wavelets. 1

.  CIRCULAR GABOR FILTER

The impulse response of the 2D Gabor filter is
a 2D sinusoid modulated with a Gauss function
with an orientation of 0°, wheré is the spatial
frequency, and- is the orientation of the Gabor
filter, and it can be expressed as [1]-[7]:

500

2

X % yyﬂ%‘
gxvyf, .,V Ae 22 2/§©é2fxcdé) ysin 5( 0 0
1) (@)

where the first exponential function denotes a 2D
Gauss function that is named an envelope and th
second exponential function denotes a complex 1.
sinusoid called a carrier with the initial pha&e
Parameter A is the amplitude of the Gabor 05
function, (X,Yo) is the center of the filter, and, '
and 1, are the standard deviations of the Gauss
curve along the spatial coordinates.

The filter determined in this manner has proven _
to be remarkably robust in detecting various
textures, primarily due to its ease of optimizing 500

parameters such as changes in orientation angle 500
frequency, and bandwidth, which can be tuned

with the values of the standard deviation. Still, 00

describing the filter in this manner, i.e., as a non- (b)

circular shape [2], is not appropriate for detecting
circular shapes and deformations of circular
objects. For the detection of circular and deformed
circular shapes to be successful, it is necessary t
use a circular Gabor filter.

A circular Gabor filter can be expressed as [1]:
0.5+

X %2 yw’8

G xyFV Aee?i ¥ g8 T
(2) 0
500

whereF is named the central frequency and in this
research is calculated experimentally as [3]:

500

0 0
= lc ©)
) Figure 1. Example of a spatial circular Gabor filter.

(a) Cosine component. (b) Sine component. (c)

where denotes the wavelength of the circular Amplitudinal characteristics.

Gabor filter in pixels, i.e., the size of the filter.
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The circular Gabor filter can be expressed as:

GxyFRV ReGxyFV JjimGXxyFk V
4)

where the real and imaginary parts of the filter are
defined as:

2

x%® y %S
2: ¥ v a
Re G xyF Ae coleR/?( i/‘q
(5)

X%’ y %’8

23 Vi o o v a
Im G x vV, F, Ae sin ' F4 X ﬁ‘q
(6)

@) The impulse response of the circular Gabor filter
on the input image is obtained by convolution [1]-
[7]. If I(X,y) denotes the image, a{x,y) denotes
the response of the circular Gabor filter at point
(x,y) on the plane of the image, th&t.) can be
expressed [9] as:

YxyF o, 1 paGx py a

In Fig. 1, the cosine component of the circular
Gabor filter has a clearly expressed shape in the
form of a circle, which can be used in the detection
of circular shapes. Therefore, in the following
experiments, filtering is performed using only the
cosine component of the circular Gabor filter [1].

It has been confirmed in experiments that the sine
component, especially the amplitude of the filter,
(b) yields much weaker results in filtering circular
shapes, and thus these components are not
considered in this research [1], [8]. Further, the
Fig. 2 shows the frequency responses of the
circular Gabor filter. Also, it is evident here too
that the cosine component of the filter gives the
strongest response for circle shape detection and
extraction [1], [8].

IV. EXPERIMENTS ANDRESULTS

The effectiveness of this new procedure was
tested on test images specifically selected for this
purpose. The results of the experiments are
presented in Fig. 3. The left column shows the
original input images in Fig. 3(a), while the right
column in Fig. 3(b) shows the results of the
filtering with the circular Gabor filter. All the
(© images are of unknown origin and they are
presenting various microorganisms.

Figure 2. Example of impulse responses of the '
circular Gabor filter. (a) Cosine component. (b) The first example shows a sequence of mutant

Sine component. (c) Amplitudinal characteristics. Streptococci bacteria. The shape of the bacteria is
similar to the ellipse. As it can be seen, the circular

Gabor filter detected and highlighted successfully
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the shape od the bacteria-chain in the image. The
second example displays a Lactobacillus Curvatus
microorganism. The shape of this bacteria is
similar to ellipse too, but it is not so elongated as
the bacteria in the previous example. As it can be
noticed in the filtering result, the circular Gabor
filter has filtered and detected the contours of the
microorganisms in an appropriate and visible way.
The third example presents the image of a
Streptococcus bacteria. As it can be seen, the shape
of these bacteria is like ellipse again. Also, the
nuance of the bacteria and the background is very
similar, and this can cause problems during the
image segmentation since the textures desired
bacteria shapes can be merged with the
background.

@ (b)

Figure 3. Results of the experiments. (a) Original
images. (b) Responses of the circular Gabor filter.

However, regardless of the fact that the shapes are
not of a regular circular shape, and the textures of
bacteria are not the clearest, the circular Gabor
filter has detected satisfactory the bacteria in the
image. The next example shows one of the
Streptococcus bacteria strain. As it can be noticed,
the shape of these bacteria is similar to the circle,
and the image is highly noised. The filtration via
circular Gabor filter resulted with a successful
detection of the microorganisms in the image. The
final example in Fig. 2 presents a Streptococcus
Pneumoniae bacteria. The shape of this bacteria is
similar to the ellipse again. Despite the fact that the
shape of the microorganism is not a circle, the
circular Gabor filter has detected the textures
related to the bacteria and the positions of the
bacteria are reliably noticeable in the filtering
result.

V. CONCLUSIONS

This paper presents a procedure for robust
detection of microorganisms in composite
microscopic images. Detection is achieved
through filtering by applying a circular Gabor
filter. It has been experimentally proven that, by
using the cosine component of the circular Gabor
filter, an efficient extraction of the segments of
interest can be achieved. It became evident on the




International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

test images that the circular Gabor filter can mord!2l
robustly filter and detect the objects in complex
microbiological images of various origins.

FUTUREWORKS

This work is a beginning of a new research on
cell detection procedures, hence in the future, an
advanced method for the parameters selection d#4l
the circular Gabor filter will be developed to attain
reliable detection of specific circle-shaped objects
in microbiological images. Special emphasis will [15]
be placed on developing automated methods for
selecting particular microorganisms from complex
pictorial structures and images.

(13]
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Abstract - Aiming to create a readable and This paper presents an overview of basic clean
understgndable software code is very important in  code principles and an example of a PHP web
Cog“pa”'zs where prhogramkr]“ers alre fgr"“ped Into ftt‘jvams application and a implementation of clean code
and coordinate together with a goal of creating a software N . .

product. Team members communicate and share their principles on t.he .Same example. U?"“g this
software codes between each other in aim to finish their €Xample a solution is presented for solving errors

WDVNV HIIHFWLYHO\ DQG RQ WLPH ,which ame ¢conwoRly preseriqw UHD G
and learn what the code does, project will come to a hold-
up, taking the precious time to complete tasks. This paper I THEORETICAL BACKGROUND
focuses on clean code principles and the impact they have '
on the readability and understandability of the PHP web S&OHDQ FRGH UHIHUV WR WKH T
application code. Conclusion is pointed towards ysyall pertainin to the readability and
FRPSDULVRQ EHWZHHQ D *GLUWY DQ@Q AURAV I RED PIAPLW\ RI VRXUFH
table which shows types of repair. where we are today without continually improving

WKH TXDOLW\ RG VRIWZDUH XVLQJ

I INTRODUCTION 32 QHmain reason for refactoring is
Programming as a profession in most casesnaintainability. It is much easier to fix bugs in
requires teamwork. Team members coordinateode when people can actually understand it, and

their work, develop and test software, which leadsORFDWH WKLQJV LQ D WLPHO\ PDQ
to achieving a mutual goal. That goal is customer

satisfaction. As most of the team members are - © @xperienced programmer can easily spot
programmers, there will be situations where it will Unréddable source code. People also develop
come to a certain stop in software developmentS€Parate opinions on whether or not code is
Those certain breaks or hold-ups could be becaus%fggen:(’) simple, {)r wellr st;lécturerq. H(rnlweger, .

RI VRPH HUURU VRIWZDUH IX f}? %eg‘@
testing etc. To solve these hold-ups faster, varioug é/?_trﬁﬁgﬁ‘g &9&%‘ L \)Pagg‘W)D U QR
fixes are necessary. Those fixes can be software 3$JLOLW\ LQ VRIWZDUH GHYHORS
code corrections or adding more members to teamable to adapt to ever-changing requirements. A
Accent is on software code correction, since themajor factor in agility is keeping the codebase

code itself is needed for both types of fixes. Ifthe HDV\ WR UHDG DQG WR H[WHQG ~ >

FRGH LV QRW UHDGDEOH QRW XQGHUNWDOGDEQRL RY 1 RWEE o

chaotic, member of the team will have hard time de. Cl de s simol | dd
understanding it, which then results in hold-up in¢0de- Clean code is simple, elegant, and does not
fepeat itself. Writing clean code means that the

development process. New team members WiIcost of adding, changing, and removing features is
h ifficulti h ill h ’ ’
ave difficulties because they will have to spendNHSW WR D PLOLPXP ~ > @

more time studying the code. Error removal will
EH KDUGHU LI LWV KDUG WR Ia€érdiMg KdiwgtekJ\bkaBzUkVBK KeyFridds H
which causes it. In order to avoid these situationsin regard to clean code are:

during programming, programmers apply clean HQHUDO UXOHYV

code principles.

PHP is very popular programming language. X Follow standard conventions
PHP was introduced in 1995. It is a open-source X KISS(Keep It Simple Stupid)
scripting language which can be used for creating X Boy scout rule
console applications and graphical interfaces, X Search for the root of the problem.
although it is primarily used for creating dynamic
web pages on the internet. There are a lot of
different views on clean code principles and x Keep configurable data at high levels
conventions for PHP language, which is why it is X Prefer polymorphism to iflelse or
hard to precisely define rules which programmers switch/case
could use as a guide. X Separate multi-threading code

Design rules:
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X Prevent over-configurability X Related code should appear vertically
X Use dependency injection dense
x Follow Law of Demeter. A class should x Declare variables close to their usage

NQRZ RQO\ LWITV GLUHFW G HxS Bepé&hieqt Funttivhs should be close
Similar functions should be close

Place functions in the downward direction
Keep lines short

Understandability tips:

X Be consistent. If you do something a
certain way, do all similar things in the 'RQTW XVH KRUL]JRQWDO DOLJQF
same way _ Use white space to associate related things

X Use explanatory variables and disassociate weakly related

X Encapsulate boundary conditions. X 'RQYW EUHDN LQGHQWDWLRQ
Boundary conditions are hard to keep

track of. Put the processing for them in ~ Objects and data structures:

X X X X X

one place _ o x Hide internal structure
type X Avoid hybrid structures |_fhalf object and
X $YRLG ORJILFDO GHSHQGHQF\ha”Ba%)ﬂW

methods which work correctly depending % Should be small
on something else in the same class

: . o x Do one thing
X Avoid negative conditionals. x Small number of instance variables
Name rules: X Base class should know nothing about
h q - q bi their derivatives
X Sar%césse escriptive - and - unambiguous X Better to have many functions than to pass
. T some code into a function to slelct a
X Make meaningful distinction behavior
X Use pronounceable names x Prefer non-static methods to static
X Use searchable names methods.
x Replace magic numbers with named
constants Tests:
X $YRLG HQFRGLQJV 'RQYIW Q(S&I,—ég&ertspgrl-ﬂelslt_FHv
or type information. Readable
Function rules: x Fast
% Small X Independent
x Do one thing X Repeatable.
X Use descriptive names Code smells:
x Prefer fewer arguments X Rigidity The software is difficult to
x Have no side effects e. A small change causes a cascade
X '"RQTW XVH 10DJ DUJXPHQW\()fsu%S'é@JWCha
method into several independent methods Fragility. The software breaks in many
that can be called from the client without places due to a single change
the flag. x Immobility. You cannot re-use parts of the
Comment rules: code in other projects because of involved

risks and high effort
' Needless complexity
RQTW EH UHGXQGDQW Needless repetition

X

x 'RQIW DGG REYLRXV QRLVH y 2sprFLW\ 7KH FRGH LV KDUG WF
x 'RQIW XVH EexBrivite@ts EUD
X
X
X

X Always try to explain yourself in code

xX X X

[3
'RQIYW FRPPHQW RXW FRGH -X\)W UHPRYH LW
Use as explanation of intent . EXISTING TOOLS FORCODE CLEANUP

Use as clarification of code With the upgrade of development frameworks
x Use as warning of consequences. DQOG ZLWK DGGLWLRQ RI QHZ IHDWX
Source code structure: work is significantly easier.

X Separate concepts vertically Programmers can run the tool for code cleanup
after writing the code and correct the irregularities
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and syntax errors. Development tools that posses
code cleanup options:

X Microsoft Visual Studio 2019 [11]
x Eclipse by IBM [12]

X Microsoft Visual Studio Code (if
extension is downloaded). [13]

Dobrovoljno sluzenje vojnog roka sa oruzjem

Alongside development frameworks which
posses a feature for code cleanup, there are [
separate software tools for code cleanup.

Some of them, according to [14] are: Fiqure 2. The applicant homepage

X Decoravit
X HTML Cleaner
« IS Beautifier V. EXPERIMENT RESULTS
x CSS Comb. A. Methodological frame
The goal of the experiment is to show
IV. PHPBASED SOFTWARE EXAMPLE possibilites ~of clean code  principles

In this paper, example PHP-based software ismplementation for PHP language, applied with an
presented as a web application for online militaryexample of a software.
volunteer recruitment. This is not official software The subject of the experiment is the

;%rarlegg'r;mvsgﬁgﬂSS]ZPL?CQ{E?’S&U(LS;)resems Acharacteristics  of understandability, namely
: readability of the source code after the

Users of this software could be potential implementation of clean code principles.
candidates and secretaries working in recruitment
centers. Potential candidates register by creating. Experiment sample

an account. They could read the information | previous section it is stated that the example
provided on the web site and apply for military js 5 web application for army recruitment.

service, filling up the form and providing needed | anguages used for creating this web application
data. Secretaries then check the data providegre HTML, CSS and PHP.

from administrative section, get in contact with _ _

the potential candidates, confirm their decisions to  Accent is on the PHP language, which means
serve in the military and then further direct themthat only code written in PHP language is used as
towards next stage of recruitment. Figure i1anexample.

presents a welcome page to software

administrator, while figure 2 presents the applicantC. Results

homepage. Outcome of this research is related to making
PHP code clean and presenting possibilities of
locating and refactoring the code, i.e. changing the
source code without affecting the application

functionality.

In this section, we present part of results with
the example of the code from file
JedinicaClass.phpThe codeis briefly analyzed,

Kiatko uputstvo | rapomena then the cleaned up version is listed as an
- ‘ i example.
; : Cleaning code is presented with some partial
results:
Figure 1:Administrator homepage x On the beginning of the code,

unnecessary commenting was spotted
<!-- PHP script -->, as well as on the
end of file<!-- End of PHP scipt -->

It is unnecessary because it is clear that
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this is a PHP script, therefore these starting with /* Example of FILTER
comments should be removed. and INNER JOINand was taking 12

Variable $id is unused and therefore lines of code.

should be removed. After that, a large x $lista3 does not have a meaningful
VHFWLRQ RI 3GHDG"~ FRGH ZDndmé/ sheréfoneHtGhould be changed
$'HDG® FRGH LV D FRGH ZKtoF Kometing that will help us

commented and unused, therefore it XQGHUVWDQG LWV
VKRXOG EH UHPRYHG 3 HDG" FRGH ZDV

Jedinica {

$konekcija ;
$listaJedinica
$listaVratiJedinicu
$listaBrojnost ~ ;
$nazivJedinice ;
$rodVojske ;
$staresina ;
$lokacija ;
$brojnost  ;

__construct ( $Konekcija )}
->konekcija = $Konekcija ;

DodajJedinicu ($nazivledinice , $rodVojske , $staresina |,
$lokacija , $brojnost ){
->nazivJedinice = $nazivJedinice ;
->rodVojske = $rodVojske ;
->staresina = $staresina ;
->|okacija = $lokacija ;
->brojnost = $brojnost ;

UpisUBazuJedinica (){
$query = " JEDINICA (NazivJedinice, RodVojske, Staresina,
Lokacija, Brojnost)
( $this ->nazivledinice ', ' $this ->rodVojske ',' $this ->staresina °,
' $this ->lokacija ',' S$this ->brojnost )" ;

->konekcija ->otvorena_konekcija ->query ($query );

CitanjelzBazeJedinica ()
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$query = "SELECT* FROMEDINICA" ;

$this ->listaJedinica
>query ($query );

return  $this ->listaJedinica

function  VratiJedinicu

$query =

public
"$Targetld ™ ;

$this -> listaVratiJedinicu

>query ( $query );

return  $this ->listaVratiJedinicu

public  function  VratiBrojnost
$query =

"$Targetld ™ ;
$this -> listaBrojnost

>query ( $query );

while ($row= $this ->listaBrojnost

$A= $Srow[ "Brojnost" |;

return $A;

($Targetld ){
"SELECTNazivJedinice

($Targetld ){
"SELECT Brojnost

Figure 2 Listing of clean code in JedinicaClass.php file

TABLE I. Principles and types of repair implemented in file
JedinicaClass.php

Principle Type of repair

'RQTW XVH FOR Removed unnecessary commel

comments on the beginning and at the end

Use meaningful and Variable $lista3 name is changes

pronounceable names into $listaVratiJedinicu

'RQTW XVH FRPPH
just remove it

3'HDG” FRGH LV UHPH

Added comments which descrik
the code

Use comments as explanati
of intent
Use comments as clarificatio
of code
'"RQTW EH UHGXQZ(
Always try to explain yourself
in code

Keep lines short Lines of code are shortened
'RQIW DGG X ( Variable$id is removed
context

= $this ->konekcija ->otvorena_konekcija

FROMJEDINICA WHERHdJedinice

= $this ->konekcija ->otvorena_konekcija

FROMJEDINICA WHEREIdJedinice
= $this ->konekcija ->otvorena_konekcija

->fetch_assoc () {

VI.

The difference between conventions and clean
code is that conventions are strongly defined
patterns for variable, method and class naming,
while clean code principles are different ways of
code writing, so that it could be readable.

CONCLUSION

Clean code does include the implementation of
conventions, but it is mainly directed at structural
quality of the software and use of design patterns.

Clean code principles are not strongly defined
because every person has a different view of
readability. There are no specific clean code
principles just for PHP language, because these
principles are set to be universal.

In this paper, some of clean code principles
were applied on the sample of PHP language
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written code. C|eaning code brings benefits of[12.] hitp://www.eclipseonetips.com/2009/12/13/automatically-
format-and-cleanup-code-every-time-you-save/ [Accesse: dat

better code readability and understandability. 31.8.2022]
- . - 13]$ )LOD]]ROD DQG &- /RUWLHR 3$| FTFO\OL YRIQ \F O H |
Applying clean code principles efficiently | ]CopLXQL]éDWH \‘?Qraugmmaz:

improve readability and understandability of the [14.] https://besjournals.onlinelibrary.wiley.com/doi/full/1011/204
source code, which could improve coordination in__1-210X.13961 [Access date: 31.8.2022 ]

. . .[15]1 3 5DFKRZ 6 6FKU|GHU DQG 0 S58RIEHVFK 30LV
one team. In addltlon’ the source code size Ié Acceptance and Support in PractiageAn Empirical StuG\~

reduced, which could benefit in measures of Australasian  Software Engineering Conference, 26-30
application performance. november 2018:
[16.] https://ieeexplore.ieee.org/abstract/document/85872Agcess
date: 31.8.2022.]
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Abstract: The idea of the paper, which will be ~ POSSible similarities remain in a group that has
explained below, was to write a program in the €SS or no similarities with another group.” [1]
Python programming language, which would  Clustering works by finding some identical
perform clustering of text documents in the  patterns in an unmarked data set, such as shape,
Serbian language. Texts entered by the user size, color, behavior, and similarly, and dividing
himself would be used for clustering, regardless  them according to the presence or absence of
of whether the Latin or Cyr|”|C alphabet is those similar patterns_ Once the grouping is
used. Also, the user would be the one o gone each cluster, gets its own ID. As a
determine the number of clusters. Hard simplified example of the operation of the

Clustering was applied to the work, which . . - o
ensures that each "item" is assigned to only one grouping algorithm, we can cite the division of

cluster. fruits into several groups, according to the
. corresponding properties, which is illustrated in
Key words: clustering, data, K-means, ;
Figure 1.
Stemmer
l. INTRODUCTION
- , 020®
Every human being is characterized by the "~ .\53
ability to unite similar objects into appropriate -5 . — BB
groups, which is called classification. The &®@%®. & =T
grouping was created at the same time as the & Algorithm >
planet Earth, so the first people, for example, raw pata &
distinguished plants by whether they are 3
poisonous or not, they also distinguished Output

animals and similarly. On the other hand Figure 1. lllustration of how the clustering algorithm

classification is also needed for language works [1]
development, for word recognition and
grouping, regardless of the language area. Wh(IeI#i CLUSTERING TEXT DOCUMENTS
we talk about clustering, it is used in many areas  Textual data generated in recent years is on
including machine learning, computer graphics,the rise. Text document clustering groups
image analysis, data compression, in marketingsimilar documents that to form a coherent
to segment consumers based on their purchasegluster, while documents that are different have
in medicine to identify groups of patients with separated apart into different clusters. [2] The
the same disease or drug reaction and manway text clustering works involves using an
other areas. The simplest explanation for thealgorithm that presents a text document
functioning of clustering is that it groups sets of numerically as a vector, because it allows us to
objects in such a way that the objects within thecompare text by measuring the distance of the
cluster are similar to each other, and that theyeatures of those vectors. As for the use of text
are different from the objects of other clusters. clustering, it has great application, such as in the
case of generating taxonomies, identifying fake
Il. CLUSTERING news, filtering spam, but also for language
translation. The two basic steps in clustering are

Clustering or cluster analysis is a machinethe selection of th ropriate distan
learning technique, which groups the unlabelled € appropriate distance measure

dataset. It can be defined as "A way of groupin and the selection of the clustering algorithm,

the data points into different clusters, consistinéthICh will be discussed below.

of similar data points. The objects with the
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V. K-MEANS ALGORITHM specification of things and objects, as well as a
large number of tools and functions that

gacilitate work of developers. For the purposes

gogl of clustering is to ensure that each.dat of this paper, two libraries Scikit-learn and
point belongs to only one group. The algorltthLTK were u,sed The Scikit-learn library is
works by trying to make the data within the . ~". ; 7

ha . : : inevitable when it comes to classification,
cluster as similar as possible, Wh”? keeping theregression and clustering, and NLTK is essential
other clusters as different as possible. The way '

in which this algorithm distributes data points o' Workind with uman language gata. The way
into appropriate clusters is based on the P '
arithmetic mean of all data points within the Vi STEMMER
cluster, which needs to be minimal. The steps in '

the work of this cluster can be divided into the Stemmer is the process of creating

This type of algorithm is used when the

following: morphological variants of the root / basic word.
x Determining and specifying the number It is possible to compose sentences and
of clusters, documents using NLTK stemmers. Stemmer

x Defining the center of a cluster by first sees the whole sentence as a word, so he returns
mixing a set of data, and then randomly it as it is, so we have to embed each word in the
selecting a number of data points thatSentence and return the compound sentence. It is
are same as number of clusters andPossible to use a tokenizer to separate a sentence

setting them up as cluster centers, into a word. The NLTK tokenizer splits a
X The first two steps are repeated until theSentence into a word by allowing functions to be
center of the cluster moves, created and sentences passed to the function, and

x When a cluster center is specified, eachProvides a base sentence. For documents, we

data point is assigned to the nearestc@n write our own function that can stop
cluster. documents. One way to stop a document is to:

1. First, we take the document as input,
V. PYTHON LIBRARIES 2. We read the document line by line,

_ 3. Tokenize the line,
As already mentioned, the Python , \ye stop the words

programming  language was used for theg \ye present the keywords (print on the screen
realization of this paper, in which, as in any or write to a file)

other language, libraries are the basis ofg Reneat steps 2 through 5 until the end of the
programming, because they contain thedocument.

Stemmer.py > ...

2|

from nltk.tokenize import word_tokenize

Figure 2. Use of NLTK tokenizer
Stop Words: A stop word is a commonly
XVHG ZRUG VXFK DV 3WKH" 3D° 3DQ" 3LQ°
that a search engine has been programmé TRANSFORMATION OF SPECIAL
to ignore, both when indexing entries for SERBIAN SIGNS
searching and when retrieving them as theThe first action that will be taken is the
result of a search query. We would not wantransformation of special Serbian characters
these words to take up space in our database/ X FK DV p U &8 a y LQWR F[ F\
or taking up valuable processing time. Forwhen the user receives the answer, the
this, we can remove them easily, by storingcharacters, by transformation, return to
a list of words that you consider to stopnormal, namely, a readable form. This is
words. NLTK(Natural Language Toolkit) in done with the intention of facilitating text
python has a list of stopwords stored in 16manipulation, as well as text exchange
different language$3] between the user and the service provider,
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namely, the server. The program code is alsafter the punctuation mark, to ensure
written to change all uppercase letters toseparation of tokens. After this is completed
lowercase and to add a space before anthe tokenization is as follows.

stem_str(str): -

- str.lower() def stem_arr(str):
str.replace(”s™, "sx" -
e g ‘ str = str. lower()
str.replace(’
str.replace("z", “zx” str = str.replace
str.replace(”S”
str.replace(”C” <> 35 o
szr‘.reglace(' =5 —cy> St’ Str‘- r‘ep]-ace
str.replace("d"” L
ser_replace( : | str = str.replace
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Figure 3 and 4. Character transformation
In order to obtain an appropriate basis forexists in it, if word exists, it will be changed
the Serbian language, it is necessary tdo its basic form, otherwise it will "look" in
apply a combined approach to stemmingithe list of suffix rules and remove or change
where most words can be obtained usinghe suffix. Also, stems should not have less
suffixes obtained by the "tearing algorithm". than 2 characters, the reason for this is that
However, some irregular verbs and somehey then become unusable, and for that
other types of words with an incorrect basereason the algorithm is looking for a suffix
must be found using a dictionary. The after the second character. If a special
algorithm that will be used for that purpose character appears, the algorithm will look
will search the dictionary to see if the word for a suffix after the third character.

1=p
for word in lam:
in dictionary:
if key == word:
lam[i]= dictionary[key]

if(word.endswith(key) len(word)-len(key)>2):

el key - lam[i] = word[:-len(key)]+rules[key]

if(word.endswith(key) and len(word)-len(key)»>2): b
lam[i] = word[:-len(key)]+rules[key] i=i
I end_str = ""

for word in lam:

end_str = end_str+" "+word
return end_str

Figure 5. Determining the minimum stem length - Figure 6. Determining the minimum length of the ste
and writing a new character string
VIIL. MAKING RULES stopped correctly and an attempt to create
_ _ _ rules for that word form were used. The

Given that it was necessary to write newcreation of new rules in this case was done
rules, two approaches were used. The firshy correcting the mistakes of already
involved the use of Serbian grammar, with H[LVWLQJ UXOHV GHYHORSHG E
this approach improving code performance,pQG 'DQNR ALSND 7KH GLFWLRC

but some shortcomings were noted, such agnly when there was no other solution, as is
the fact that some words are not yet properlythe case with irregular verbs.

connected. On the other hand, manual
identification of words that cannot be
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Figures 8, 9 and 10. Determining the basis for irregular erb
IX. CODE IMPLEMENTATION IN func'glons and I|br§1r|e§, which is showr_l by

PYTHON AND RESULTS the lines of code in Figure 11, and define a
map of symbols that allows us to convert

In this example, it is determined 10 be eyt \written in Cyrillic to Latin, and thus
classified into six clusters. At the very gjiows their comparison.

beginning, we import all the necessary

® main.py

Figure 11. Defining a symbol map for converting Cyrillic to Latin



International Conference on Information Technology and Development of EducationtI TRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Then, we introduce an algorithm for defined, the code for opening the file
converting text into vectors (** TF-IDF ** containing the corpus, which will be
was used in this example), which enablelassified, is written, and in this case, the
comparison and classification of text primer.txt (eng. example.txt) file was
documents into appropriate clusters, anccreated for that purpose, which contains the
also defines a series of texts used to writdext. After opening the created file, each line
results, which is shown by the code inof text is read, as a separate text document,

Figure 12. and the part of the text that will be used to
process and place that part at the end of the
Vectorizer = TFidfectorizer created string is extracted. Then, the method

for translating the text from Cyrillic to Latin
is called, and then the stemmer for the
original text = [] Serbian language, which was previously
Figure 12. Code lines made, and at the end we place the obtained
The next step involves defining a series ofresults in the created string, which is shown
processed texts that are used for "training"by  the code in Figure 13.
that is, the corpus. When the string is

Figure 13. Explained code lines
Finally, the previously defined string of the obtained vectors, we cluster documents,
texts, obtained as a result of the above linefor which the K-Means method is used in
of code, are converted into vectors using thehis example, with defining the number of
previously defined algorithm and based ondesired clusters, in this case it is six clusters

X = vectorizer.fit transform(corpus)

kmeans = KMeanﬂ(n_clusters=6, random_state=0).fit(X)

corpus = []

if _name__ == '_m

ith open(“primer.txt", encoding="utf-8") as fp:

1i p.readline()
i ine:

string = line.strip()

original_text.append(string)

string = string.translate(tr)
string = stem_str(string)

corpus.append(string)
Figure 14. Display of code lines for use of K-Means method
As a result of clustering, we write lines of write the results, where, in addition to
code to writethe obtained results in thewriting the text, the cluster to which the text
created file, in this example the file documents written in th@rimer.txt (eng.
rezultati.txt (eng. results.txt) was created to example.txt) file belong is also displayed.
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txt", mode="w+", encoding="utf-8") as fp:

(e, len(original text)):
fp.write(" ".join([original_text[i], str(kmeans.labels [i]), "\n"]

Figure 15. Display lines of code to write the results to a file
As an example of how the code shownwritten lines of code, shown in the previous
above works, we also show an example ofigures. After executing the code, based on
files that were used to write text documentsthe entered "data”, as a result, the program
that will be used for clustering and files with creates a filerezultati.txt (eng. results.txt),
the resulting code outputs. Within thein which all text documents are written,
primer.txt (eng. example.txt) file, each line together with the cluster in which they are
is viewed as a separate text documentclassified.
which will then be clustered according to the

Hdanac je yTvopak!

Da 1i je oblacno?

Kako ste?

provala

Sutra je subota!

CyH4aHo Bpeme?

Nonosuma aeuembpa;

Jdorogwna ce provala pre nap dana?

Gledamo film ili seriju?

Koji grad treba posetiti?

beorpaa je rnaeHu rpaj.

CyTtpa hemo izaci u grad?!

Lav Nikolajevié Tolstoj

OdetuwcTBOo (pyc. Aevcreo; 1852)

AevawTeo (pyc. OTpodecTteBo; 1854)

Mnagoct (pyc. WHocCcTb; 1856)

NopoauyHa cpeha (HoBena, 1859)

Kozaum (pyc. Ka=aku; 1863)

Pat u mup (pyc. Bo#Ha v mup; 1865-1869)

AHa KapewuHa (pyc. AHHa KapenuHa; 1875-77)

CmpT MBaHa Wnu4a (pyc. CMmepTte MBana Wnbuyda; 1887)
Kpojuepoea coHaTta (pyc. KpeWuepoea coHaTta; 1889)
Backpcewe (pyc. Bockpecenue; 1899)

Xaym - MypaT |[(pyc- Xapxm-MypaTt; HanucaHo 1896-1984, wu3aaHo 1912ﬂ

HaHac je yvopak!

Da 1i je oblacno?

Kako ste? 1

provala 3

Sutra je subota! 1

CyH4aHo eBpeme? ©

Monoeuma pgeuembpa; %]

Horoguna ce provala pre nap dana? 3

Gledamo film ili seriju? e

Koji grad treba posetiti? 5

beorpaa je rnaeHu rpag. 5

Cytpa hemo izac¢i u grad?! 5

Lav Nikolajevié Tolstoj ©

HetuwcTBO (pyc. HdetcrteBOo; 1852) 4

AevawTeBo (pyc. OTpoudecteBo; 1854)

MnapocTt (pyc. WHoOCTb; 1856) 4

NMopoguyHa cpeha (HoBena, 1859) ©

Kozauu (pyc. Ka3aku; 1863) 4

Pat n mup (pyc. BoWHa u mup; 1865-1869) 4

AHa KapewwuHa (pyc. AxHHa Kapenuna; 1875-77) 4

CMpT MeBaHa Unu4a (pyc. CMmepTb MBaHa Wnbu4a; 1887) e
Kpojuepoea coHaTta (pyc. Kpe#uepoea coHata; 1889) 2
Backpcewe (pyc. BockpeceHue; 1899) 4

Xaum - MypaTt (pyc. Xagxu-MypaTt; HanucaHo 1896-1904, ws3gadHo 1912)

Figure 16. Display of the obtained file results.txt in which the clusteeisiglts are located
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X. CONCLUSION

Many methods of cluster analysis have been
developed and numerous researches have
shown that there is no best method, but it
exclusively depends on what we want to get/4l
that is, to show. In order to successfully
apply the cluster analysis technique, it is
necessary to study well the data from which
the conclusion will be drawn and the [5]
direction in which the analysis itself will go,
so that the appropriate model can be applied.
Finally, what has not been mentioned so far®
is that it is important to know how to
interpret the results of cluster analysis and
thus sufficiently know the theoretical [7]
background of the research so that the
results can be used to find new knowledge.
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Abstract - The goal of each IT Curriculum is to enable a  engineering courses, whether it is or it is not clear
successful student to get a good job and have a great how they contribute to the educational goals. That
career. Nevertheless, it is not always easy to keep up with can result in good software developers, but to
progress in the fast-changing IT world. Therefore, higher  notential IT students, it does not have to be clear
educatlor! |nst|tut|o‘ns |.ntroduced cpmpetltlons for why they need that much electrical engineering to
students in cooperation with IT companies for the overall become software developers. On the other hand
benefit. In this way, academia keeps up in touch with the o .
novelties and has direct input for curriculum the most SQUth'aﬁer .SOft skill the.se d"?‘ys. IS
problem-solving. In higher education, it is

development. IT companies collect talent at the source, .
and students can experience real-world challenges, meet common to refer to engineers as problem solvers,

potential employers, and win prizes. In this paper, the SO it naturally follows that any engineering
authors focus on academia-organized competitions for IT ~ €ducation will produce good problem solvers. If
students, explore the world of hackathons, and present we  relate this skill to  mathematics,
some data on the local competition organized at the mathematicians must always solve problems, but
Faculty of Information Technologies, FIT, in Mostar, too much mathematics can be even more
Bosnia and Herzegovina. demotivating for future students than too much

. INTRODUCTION engineering.

There is a high demand for software
developers worldwide, so there is a high deman
for the study programs that educate them!.
Nevertheless, it is not easy to find the balance?
between the study programs' academic deman
and the skills that the ever-changing IT labor
market currently prefers. Higher education
institutions (HEIs) are typically striving to provide

Hackathons are nowadays a very popular way
do rapidly develop software solutions to given
problems in a typically very short time frame. In
ddition, they provide their organizer a much-
eeded prestige if successfully organized. At the
same time, they foster direct potential employees
to the potential employer or potential business
angel networking. As such, they have the potential

lifelong education or, more precisely, "to produce"to help higher education institutions successfully

people skilled in one area that can adapt and ado&ypplement their curriculum = with students
innovations in their area of expertise. In the €XPOsure to what awaits them in the labor market.
context of software development, that would mean One good local example of future employee
educating software developers that can fulfill theand future employer networking is FIT-CC, an
current labor market's demands and remain goodnnual competition organized at the Faculty of
software developers in the future unknown laborinformation Technologies (FIT), University
market. The existing software developers partially' 'a8HP D O % Ldfl WGstaii in Bosnia and
create the future market, so the responsibility ofHerzegovina. FIT has existed for 25 years and is
HEIs is huge. Since IT is one of the fastest-widely recognized in the IT sector for its alumni,
growing and fastest-changing sectors, HEIs muskffiliates, and students (FITAAS). FIT curricula
be good at predicting the changes, or at least th&ere always a mix of engineering principles and
directions. software development best practices and have

In the standard regional nomenclature, IT&Ways produced highly employable graduates
belongs either to technical sciences orf€Suling in feedback that FIT attracts
mathematics, but in the ISCED 2013 documentrardwork'ng and innovative freshmen who want
1], Information and Communication t© €arn qualifications for well-paid jobs. In the
Technologies (ICTs) stand for themselves as th&&H IT sector, FIT has alumni, affiliates, or
area 06. Additionally, the regional tradition pushesStUdents in every privately owned company.

HEIs to include their parent area subjects into the Recognizing the need to motivate students to
IT curriculum, i.e., the faculty of electrical presentthemselves to IT companies, FIT started a
engineering will add a lot of core electrical coding challenge (FITCC) 15 years ago,
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connecting students and IT companies with

. . Knowledge {Engineering
typically 15-20 IT companies as sponsors, 200 {IT/Software
competitors, and 400 student visitors per year. The
main goal of FIT-CC is to capitalize on the trust ’ Skills E_Togic

and understanding that FITAAS have with the FIT

and increase the visibility of students' innovativity

and the impact it can have on B&H IT sector

development. Nevertheless, even if companies see
the clear benefit of accessing future employers at
the source, students and unemployed affiliates
need a lot to explain obvious benefits to  The approach illustrated in Figure 1 misses one
themselves. One surprising fact is that it is typicalcrucial detail which became obligatory ages ago in
that students recognize the benefits only after théT curricula: IT students need practice through
first event they miss. practical placement in IT companies. In order to

fulfill such a requirement, HEIs need to have
. IT CURRICULUM +SOFTWARE extremely good ties with IT companies from the

DEVELOPMENT AT FIT-MOSTAR area their students come from or from their
In describing a curriculum for software location, as shown in Figure 2. Furthermore, HEIs
developers, we start from the goals. In this caseneed to have a good reputation, and it helps to
we will show a FIT curriculum innovated in the have a strong alumni or affiliates association.
2021/22 academic year according to theFeedback from the companies helps HEI update
recommendation from the EU [2]. The goals ofthe curriculum regularly and remain attractive to
this curriculum are to enable students to: potential students. It follows that, to successfully
implement IT curriculum, HEI's need not only to
take into account the cooperation with IT
companies but to foster a strong network and
maintain it for the benefit of all.

Competences {Job-related
P {Self-growth

Figure 1:Elements of IT curriculum development

create and develop a software product
applicable to the global market while fulfilling
user requirements,

adopt fundamental knowledge in
programming, data management, software
modeling, and software development, Know

adopt and implement methods, techniques, and ledge

tools for software product development,

integrate IT knowledge and skills in solving Netw
complex real-life problems while working inan IT  grkin
company, and

9 -
show creativity and innovativity while working | (with \Students' succe!Skills
individually or in a team, grow personally and IT
professionally, to apply social and professional comp
ethics to promote entrepreneurship and gnies

employability.
In the EQUANIE Euro-Inf Framework Comp
Standards and Accreditation Criteria for etenc

Informatics Programmes (New Programme

Outcomes, as of 12.10.2015) [3], knowledge skills €s
and competences fall into one of the following
groups: Underlying Conceptual Basis for Figure 2: IT curriculum implementation
Informatics; Analysis; Design and
1. HACKATHONS

Implementation; Economic, Legal, Social, Ethical
and Environmental context; Informatics Practice Hackathon is an ever more popular global
and Other Professional Competences. In Figure linstrument for rapid solution development for a
the authors illustrate the approach to IT broad spectrum of problems. The first hackathon
curriculum development. [4] took place in June 1999, when OpenBSD
broadcasted a worldwide call to hackers; they
responded, and in a week in Calgary, Canada, they
offered a solution for the integration of IPv6 and
IPSEC stacks into the operating system. Since
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then, hackathons have gained popularity and the LAHacks by the University of California, since
term today refers to a short (typically a weekend2013, top sponsors: Oracle, Google, Captial One.
or shorter) organized event where hackers and
industry representatives gather to offer digital
solutions to specific problems (or a company
gathers their employers to solve something
rapidly) [5]. The usual outcome is that the best Each hackathon must be centered around an
solutions end up as software products. Authorsnteresting problem that will attract a huge number
Moe et al. [6] suggest a grouping of organizationalof participants; the definition of the problem must

and implementation activities as follows: be precise to be solvable in a given time.

Systematization of information on the world's
most popular hackathons leads to some key
characteristics that can be summarized as follows:

Definition of goal and structure, organization  Since prizes are not huge, a list of sponsors
of physical and technical infrastructure, openingmust be exhaustive to offer an exciting problem,
call for participation, and presentation of the attract participants, and provide future employees
hackathon to participants. with future employer networking.

The opening ceremony, design and Even if the hackathon is a short-lasting event,
development / technical monitoring, and closingthe organization must be long-lasting with
ceremony. committed organizers.

Evaluation of participants' satisfaction and A maximal awards fund is typically not large
evolution of developed solutions. enough to attract participants. Still, it has to be
clear that participation is direct marketing of
innovativity, commitment, and any other soft skill

HackMIT by Massachusetts Institute of to the sponsors, and so direct networking with the
Technology, since 2014, top sponsors: Microsoftlabor market.

Facebook, IBM, a yearly event during a weekend
with typically 1000 participants.

The most famous global hackathons are [7]:

The clear advantage of hackathons is in the
rapid development of innovative solutions to

HackzZurich by Jonathan Isenring, Ramsusgiven problems, even if a hackathon is organized
Rothe, Setareh Gharibi, since 2014, top sponsorsvithin a company as a pandan to brainstorming.
Microsoft, Migros, Zurich Insurance, Huawei, However, as shown earlier, each successful
randstad, optive, a yearly event during 40 hourdackathon has a strong future employee-to-future
with typically 600 participants (from 55000 employer networking component. Furthermore,
applicants from 85 countries). since hackathons offer innovative digital solutions
, to any given problem, they can result in software
NASA International Space Apps Challenge byproducts and start-ups that strengthen the

NASA, since 2012, top sponsors: . o : o
Australian/Brazilian/Canadian/European Spaced'g't"’Illzatlon of any society. Additionally, the

National Space Activities Commission of b g 9

Argentina, National Space Science Agency Ofadded value to any educational or other institution.

. evertheless, suppose organizers fail to attract
Bahrain, Paraguayan Space Agency, and Sout L ’ : .
African Nation%l épacep duringg 48yhours with articipants or sSponsors or fail to_prowde a
28000 participants from 162 countries/territoriestallorecj problem, or fall to provide clear

: ; . information on benefits or adequate guidance. In
in 2021 and over 2500 projects in 28 challenges. that case, any such hackathon is doomed to fail

Mhacks by the University of Michigan, since too.

2013, top sponsors: Google, Walmart, bi-annual
during 36 hours, organized by students. IV. LOCAL EXAMPLE OF GOOD

PRACTICE £FIT CC

FIT-CC lasts for two days at the end of lectures
(the last week of May or the first week of June),
and it consists of the competition in four
categories, namely, coding, game development,

Hack The North by University of Waterloo, ethical hacking and innovations and smart living,
since 2014, top sponsors: Hootsuite, Loblawjobs fair, presentations for students and barbecue.
Digital, Cockroach Labs, Facebook, Deloitte, Since the organization typically lasts for six
annual during 36 hours with typically 3000 bestmonths, it is the only promotional event that FIT
students worldwide. organizes, and organizers aim to market the

PennApps by the University of Pennsylvania,
since 2009, top sponsors: Bloomberg, Filecoin
HRT, ACV, Citadel, annual during a weekend in
September.
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enrolled students and the benefits of studying atSULFH HVSHFLDOO\ IdelopitgH +(,TV
FIT. countries, who can not commit their staff to work
: : . with the IT companies on joint projects for the
Even if FIT-CC is not a hackathon by its . -
nature, it does have the same benefits: :gLSr:)uuzilcel;eneﬂt and have to devote precious

The list of sponsors consists of some of the .
most desirable IT companies in Boshia and As the authors discussed, the most popular

Herzegovina so that compettors can show ofge % FEEER OSSR PR TS T o
their potential directly to their target companies. 9

At the same time, participants can learn from thegzsguégfﬁpg%ggﬁrgg%’bﬁ]lydp\/ﬁ??ggg?;ﬁ‘f{ﬁgi igﬁh
presentations and benefit from the job fair. attract a huge percent of unemployed students can

The solutions in game development andserve the purpose of fostering networking with IT
innovations and smart living categories have thecompanies. The success of FIT-CC, and its
potential to become software products. Theaddition to success in curriculum completion for
developers have an immediate chance to provide , 7 VWXGHQWY LV RQH JRRG H[DPSC
support for starting their own business or joiningcan foster networking with IT companies for the
an existing company and becoming productbenefit of students who can hear from their future
owners. employers what knowledge and skills they need to

FIT benefits from a media-supported event arel€Velop to have their desired career.

promoting the following: competition itself, REFERENCES
FITAAS, networking with the country's IT

' . .. . [ 36&( ‘ >2Q0LQH@ $YDLODEC
_companles, and |mpI|C|tIy the FIT curriculum http://uis.unesco.org/sites/default/files/documents/internal-
itself. standard-classification-of-education-fields-of-edumatand-
training-2013-detailed-field-descriptions-2015-en.pdf.
V. CONCLUSIONS [2] "European Skills  Agenda,”  [Online]. Available:
ttps://ec.eurgpa.ey/social/maijn.jsR?jangld=en&catl@3&2n
EWXGHQWVT QHWZRUNLQJ ZLK it BEEBELHY

fosters successful IT curriculum completion, afz} "EQUANIE," [Online]. Available: https:/eqanie.eu/wp-
least for students involved in such networking. It content/uploads/2019/09/Euro-

is less obvious how the students who are not Inf_New_Programme_Outcomes_for_Accreditation_2015-10-
involved in the networking per se can benefit from  12.pdf.

it, but one of the benefits for them can arise fromi*  [Online]. Available:
observing the examples of good practice and https://www.openbsd.org/hackathons.html#:~:text=0p&BS

f . . . 20Hackathons,coined%?20this%20new%20word%20hackathon
starting to participate in networking themselves. .

7KH WULFN\ SDUW IRU WKH + {5 T ¥otedbork RofineWaRiiaBeRMaR: W Blesis
freshmen to become more active in netWOfking, or Hack That Solves Problems Quickly (forbes.com).

how to present to them all the obvious benefitsjs] “hawaii.edu,” [Online]. Available: HICSS-Hackaton02
This can influence at least two important points  (hawaii.edu).

QDPHO\ VWXGHQWVY PRWLYDWIL Fétquowwsf's[%@el/ Rvpjlablpy fopy 7 AestJREMaum
and their understanding of the possible career MackathonsinThe World | thecodebytes.

paths. Nevertheless, networking comes with a
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Abstract - R is a programming language for statistical ~can be adapted at runtime. The automation of tasks
calculations and data analysis with possibilities for data s also supported. [2][3]
visualization. This research presents the programming } ] )
language R  basic  characteristics, advantages, The programming language R first appeared in
disadvantages, development, origin, areas of application. 1993 thanks to the authors Robert Gentleman and
The central part of the paper includes a presentation of Ress lhaka from the University of Auckland in
study programs that teaches the R language in the world o\ 7ealand. According to the initials of their first
and in neighboring countries. At the end, the content of thi ) | d
the new study program that handles R at the Technical names, 1S programmlng ar_lguage was name
came out in 1995, while a stable and usable
version can be said to have appeared in 2000.
. INTRODUCTION [4][5]
R is a programming language which is . . . e
primarily intended for statistical calculations, data R is a dynamic programming language which is

analysis, and graphical representation of datapOt very convenient for scientists and experts to

values, data visualization and it can be used fopS€: However, the language has become very
creating various reports [1]. This language iSpopular at the last ten years. With millions of lines

. . =~ . ~of code available through repositories on the
mc_:reasm_gly used_ nqwadays, not only in ItSInternet, researchers and developers have the
primary field for which it is written for.

opportunity to use a combination of static and
Due to the growing use of this language,dynamic program elements and libraries for

especially in the areas of data analysis, largevarious analyzes and tasks. [6]

databases, business systems, and big data, a new

course at the master's level of study was introduce

at the faculty in Zrenjanin, which teaches student

this increasingly popular programming language.

R is based on a vector data structure that
andles data and from which other more complex
Structures can be created. This language is actively
developed today in many areas. One of its key
The rest of the paper is divided into the strengths is the ability is that programmers can add
following parts: section 2 provides basic functionality to the core feature set through the
information about the programming language R,system of packages. The R system uses and
section 3 shows at which foreign universities the Rporogrammers can load or install many packages
language is studied with its characteristics, sectiorwovering a wide variety of modern statistical
4 is the main part of the paper that show features ahethods. [1]
the R language application at the Technical faculty

30 L KD M O RargdXigallysection 5 gives a brief Advantages of R language are [2]:

conclusion of the paper. X R tool is available for anyone in the
world for use because it is a fee
Il.  PROGRAMMING LANGUAGE R BASIC software and can be run anywhere.
CHARACTERISTICS X It can import tools from many other
Programming language R is a free and open software. It produces graphics in pdf,
source programming language and an environment jpg, png and svg formats.

that is available for use by various operating
systems. It is flexible for use in the field of
statistics. R is such a language that it can be said to
be unmatched by any other statistical program. The
programming language is object-oriented and
allows users to write functions and procedures that

X R has more than 5000 packages which
are available from repositories.
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X There are active user groups where any2008 to 2018. In 2008, only 14.3% indicated using
question that is been put up is R, while in 2018, the software used for analysis
responded within a short span of time. was indicated in 82% of all papers, of which 81%

used R. Ecology course content: installing and

introduction to R and R Studio, learning to plot

X R memory management almost utilizes data using R, introducing basic R script for

all the disk space. interspecific competition models, opportunity to
. _ . test different scenarios, using chi square to

R is best suited for people with eyamine mutualisms, planning analysis for final

problems oriented to data. project, building R skills with plant cover data,

X It cannot be used as a backend serveflatasets examination of plants impacted by
for calculations. volcanic eruptions and analysis, measuring

diversity using different indexes, calculate

x It is less secure than other measurement, students work on R project.
programming languages.

Disadvantages of R language are [2]:

_ _ A brief article [8] is an introduction to teaching
An example of R program execution with R, based on authors experience in teaching
statistical functions and calculations in the R GUlcomputational biology graduate students. R is

is shown in Figure 1. environment for teaching many aspects of
R i 611 computational  biology, including functional
e Bk Tew Mex Pechogm Windom Ho genomics, statistical genetics, computational

neuroscience, dynamical systems, and network

e =2 piology. Eglen provide resources and suggestions
e e o for teaching R and describe difficulties faced by
e peenoad eaemeg Lo s students during learning R. Most students at
o ous i master's program have not previously seen R.

Because of this students often said that R was too
difficult to learn, especially on their own. In

response to this problem, it was created a set of
lectures and lab sessions covering both an

z
Min. : 3.00
1st Qu.: 8.50

Min.
1st Qu.:657.
Median :15.00 Median
Mean :12.86

e introduction to programming in R and a refresher
= m e in statistics. Students come from different
0 Mex. 6.0 backgrounds, some with experiences of

programming and others without any prior
programming experience and it is difficult to know
at exactly which level to aim a lecture course. This
approach has provided lecture material containing
concepts that may not immediately be understood
.  RLANGUAGE AT FOREIGN UNIVERSITIES by novice programmers, but will serve as a
reference for them later in the year. Instead, the
In this section, we will present some lectures contain advanced material that can

experiences from several universities in the worlgchallenge students who have programming
and their introduction, confrontation, and XPerience. Students learn a programming
problems during the introduction of the R 'anguage by using the language on problem sets.
language in teaching. Lab sessions are arranged on that way that students
Auker and Barthelmess discuss in [7] theirwork through introductory material on R. After
experiences teaching undergraduates R in thecomlng familiar with R, we then suggest they
advanced ecology classes at department ork on some problems in computational biology.
Biology, Misericordia  University,  Dallas here are difficulties with learning R, but they are
Pennsyivania and Department of ’Biology, ’St_falrly minor compared to the benefits in using such

Lawrence University, Canton, New York, USA. a powerful environment.

They stated that undergraduate ecology students Stanford university [9] offers course that covers

are exposed to data analysis in their courseworkthe basics of R. Reason why they teaches R is
however, proper data management is not oftedbecause it is widely used by data analysts,
taught in undergraduate ecology coursesstatisticians, and data scientists around the world.
Furthermore, authors have both recently begun tdhis course covers an introduction to R, from

use the R programming environment in teachinginstallation to basic statistical functions. Attenders

First they were examined 154 Ecology papers fromlearn to work with data sets, to write functions.

Figure 1.R programming language GUI
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Topics include: working with data types and  Description of the subject Basics of the R
variables, vectors, matrices, lists, and data framegrogramming language [13) at the University of
data import, logical statements, data plotting andZagreb in Croatia, at the Faculty of Electrical
visualization, introduction to basic statistical Engineering and Computing - The goal of the
functions and packages. course is to train the student to use the R

Stanford University [10] offers another course p:og;amer?lng Ianlguage,lwrruchr byﬁ"tiz n?;l;reu;s eas
HQWLWOHG 3, QWURGXFW IRQ % ﬁ’ﬂﬁﬁﬁﬁﬂcﬁp%‘@?‘“ g languag

: a on,"Java or C+%+"and statistical tools

course helps attenders to learn the practical aspec %ch as SAS or SPSS. Since R has established

of the R programming language and to apply thei itself today as one of the leading analytical

theoretical knowledge in practice. R has Var'ous%rogramming languages with which, with the help

packages covering a wide range of topics such & .
econometrics, finance, and time series. R has bes-f accompanying packages, complex analyzes of

) ; N : data sets can be carried out in a very efficient
in-class tools for visualization, reporting, and y

interactivity, which are as important to business a%;ri]anner and reports accompanied by complex

. ; ; D sualizations and calculations can be created.
they are to science. R is well-suited for scientists

engineers, and business professionals. During ea arittﬁrrllggor;[hoef FrQO l?gr%rﬁ%e srlfil(?glrlfr? ov?l egpgc(l;:c
session, hands-on exercises will be practiced tot prog 9 ’ 9

downloading public data into R, applying ges. 9

. ; , refer to: analyzing smaller and larger in
manipulation functions on data records, and o'C to: analyzing smaller and larger data sets in a

summarizing insights from data, merging datasetshmaetﬁpéng;ub ;gdagégzmzreodac\ﬁ%y' {ﬁgﬁgn;éggssti?]e
reshaping datasets, selecting random samples frof] PP 9 P 9,

data-frames, and aggregating columns by othePSing an interactive programming approach to data

columns, creating different data visualizations ancfmalyss, rlnogllfymg raw o_Iata into a form swta}ble
saving them in different formats. or —analysis, preparing  more  complex
programming scripts and packages in the

Students in Canada first encounter the Rprogramming language R, application of the
language in the upper years of their undergraduatmachine learning method in the programming
studies or during their graduate studies. The way Rnvironment, application of the reporting
is presented probably has consequences for thmethodology. Program exercises contain analysis
fundamental understanding of the program and thef data sets and reports preparation, solving
language itself. A user's understanding of the Relectronic workbooks in the R Studio tool.
language may be better if learning the language

itself followed by conducting analyses, compared |v. R LANGUAGE AT SERBIAN UNIVERSITIES
to someone learning another subject (e.g. statistics) o . ,
The following information are about learning

using R for the first time. Consequently, : L ,
understanding the approach to R education iéheRIanguage at universities in Serbia

critical and important. The survey found that R is R is studied at the University of Kragujevac, at

used in a wide range of course disciplines outsideW KH )DFXOW\ RI 7HFKQLFDO 6FLH
of statistics (e.g. ecology) and just over half ofSerbia [14. TKH FRQWHQW RI WKH ERRN
Canadian universities have at least one course thaty R 3URJUDPPLQJ /DQJXDJH 5" LV
uses R. It was concluded that the development abtudio, writing programs in the console, variables,
programming-literate for students is of the greatestlata types, vectors, numbers, lists, matrices,
importance and that the teachers, as well astrings, factors, tables, functions, operators,
programmers, when developing educational andonditional structures, cycles, statistical functions,
teaching content, will form educational texts, etc.working with files and directories.

which will help students to understand the R

language. [11] The subject "Data Science in R" is studied at

the Metropolitan University in Belgrade. This
Higher education commission in Pakistancourse aims to provide students with a technical
presented, in curriculum of Statistics [12], a course€foundation for working with data in the R language
that uses programming language R. Attenders usend supporting applications and modules that are
different statistical software and packages forcommonly used, such as R Studio. The subject is
application of survival techniques. Course contentsiot intended to understand the theoretical
are different statistical methods, models, riskfoundations of the programming language, nor to
factors etc. with use of statistical packages and Rinderstand the statistical methods used when
programming for analysis. working with large data sets. The course is
designed to equip students with the basics of
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programming and data visualization, in order to bewell as for independent work, and the acquisition
able to start using the aforementioned work toolsof practical experience for the application of
after successfully completing the course. [15] programming languages in various business

At the Faculty of Sciences that belongs to the>YStEms:

University of Novi Sad, the programming language  The theoretical content of the course includes:
R is used and studied within two subjects at
Applied Mathematics three year studies with
modules: Data Analytics and  Statistics,

X Overview and  history of the
programming language R.

Mathematics of Finance, Techno-mathematic. X Basic program elements, syntax, data
These subjects are: Software packages for data structures.

analysis and Statistics. The goal of the course o

Software packages for data analysis is to introduce x Work with input and output data, data
students to existing software packages for formats.

statistics, data analytics, data visualization, x User interface.

analysis, etc. The outcome of the course is the ] _ _
acquisition of operational knowledge and X Objects in the R programming
experience in the application of various software language. Control and  program
packages for statistics on real data. The course structures, functions.

covers a wide range of software packages and
libraries, including packages in R and other
available software. Students create mini-projects in x Program execution.
different software packages and on different sets of
real data. The goal of the course Statistics is to
familiarize students with the basic concepts of
statistics, parameter estimation and statistical tests,

x Standards in writing programs.

X Simulations, probability, optimization
and execution of various scientific
methods in the R programming

as well as the broad possibilities of its application language.

in practice. Course outcome - students are x Examples of the application of the R
expected to master the basic concepts of programming language in business
mathematical statistics and be able to solve systems, the fields of finance, statistics
practical problems economic and scientific and science.

problems using statistical software. Practical

teaching consists of tasks and problems in practical Practical teaching consists of:

teaching that follow the content of theoretical x Exercises are performed in the
teaching. Practical examples and implementation computer laboratory and include
of solutions in statistical software are done. [16] designing and writing programs in the

R programming language.
V. RLANGUAGE AT TECHNICAL FACULTY

3 OIHAILO PUPIN X Creation of student projects and

seminar papers on specific examples

The R language has been studied at the from the fields of business, science,
Technical Faculty in Zrenjanin since a year ago as and statistics.
part of our subject entitled "Programming
languages for application in business systems". VI. CONCLUSION

This course, as an elective, can be taken by

students on accredited master's studies in the fieid From this study it can be concluded that the R
of information technologies. programming language is one of the most used

languages today and is one of the leading in the
The main goal of the course is to acquirefields of data science, data analysis and statistics.
knowledge necessary for the application ofBecause of this, it has become an integral part of
programming languages in business systemsstudy programs at various universities in the world,
familiarization with the programming language, and at the Technical faculty in Zrenjanin, it has
and application of the R programming language inbeen recently introduced into the study programs
business systems, the fields of finance, statisticgffered to students.

and science.
There are difficulties with learning R

The outcomes of education and acquiredworldwide, but they are fairly minor compared to

knowledge that are expected after completing thehe benefits in using such a powerful environment.
course are: the ability of students to design and

write programs in the R programming language, as
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At this moment, it is too early to make [
conclusions about the quality of our study program
and its maintenance, adequacy, adaptability to
students, etc. We hope that it will be well acceptedjs)
that it is an appropriate in terms of content and
structure of similar programs in the world. ]
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Abstract - The role of a higher education teacher is just qualities of the teacher in higher education and
one of the dimensions and attributes of the academic develops Competencies that make the same teacher
professié)n. ﬁnyonedwith theldnecessary gualifications, more competitive on the labor market. It is
engaged in the academic world is expected to possess a - . .
pool of professional academic roles through the whole expec_ted that t.h.e labor mar.ket. in our country wil
career, such as teacher, researcher, manager, contributor establish conditions and criteria fQV advancement
etc. We have worked on a development of a Standard of that each of the teachers will identify with.

qualification: Teacher in higher education within the . . .
international Erasmus + project, where one of the Continuation of education. The teacher

activities was evaluation of the current condition with the ~ qualification standard in higher education is
proposed key qualifications for the teachers in higher inextricably connected and conditioned by the
education and their expectations in the future, using informal learning and professional development of
mathematical modeling techniques. This resulted in a tegchers. Each of them needs to continue their
determination of the current qualitative levels regarding education in order to maintain and develop the

different categories of teachers, in terms of the specific X . . A
qualifications of the teacher, called key job tasks, quality of their knowledge, skills and attitudes.

provided within the Standard. The needs of the individual and/or society.

The qualification teacher in higher education is

. INTRODUCTION related to the need of the individual to acquire
personal competencies to improve his knowledge,
skills and attitudes for successful and high-quality
realization of work tasks arising from the

Needs of the labor market The qualification:  profession itself. Achieving the standards of
Teacher in higher education primarily refers to thequalifications  leads to  self-actualization,
acquisition of knowledge, skills and attitudes for satisfaction of the teacher's internal motives, but
the realization of teaching activities in higher also recognition and validation of the desires,
education institutions. The qualifications standardaffinities and achievements of teachers by the
includes the competencies that teachers in highanstitutions in the system.
education have acquired during their formal
education (undergraduate level, master's level and |, KEgY JOB TASKS OF THE STANDARD AND
doctoral level), includes the experiences gained METHODS USED EOR EVALUATION
during their classes/teaching in higher education
and also the competencies that the teacher in
higher education should acquire and upgrad%
during lifelong learning process and through
various forms of professional development. All of
the above mentioned strongly improves the

The teacher qualification standard in higher
education is directly related to the:

Based on the implementation document of
he Qualification Standard: Teachers in higher
education in Republic of North Macedonia, 10
different key job tasks regarding the qualification
and related competencies were evaluated in order
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to determine parameters describing the currenturrent practicing, realization and application,
condition about their fulfilment between the following levels were used:

teachers, each containing specific number of

dlﬁerent areas Of Competences and Ie;';’“.nlﬂgTABLE l. ASSESSMENT LEVELS OF THE CURRENT CONDITION
outcomes in each of them: OF POSSESSION OF THE KEY JOB TASKS RELATED TO THE

QUALIFICATION STANDARD

x Has knowledge in the scientific field; - .
. . . . Evaluation level: Type 1 Evaluation level: Type Number
X Realizes scientific and professional research :
and their application in the teaching process; | Amost never Completely disagree | 1
. . . arel Closer to NO 2
X Realizes and supports teaching, learning a cf Y
studying; Often Closer to YES 3
x Values students: Almost always Completely agree 4
Do not have an opinion 0
X Mentors students;
x Applies new technologies in teaching, . .
Ieg?ning and studying; 9 9 For evaluating the level of need for improvement
ying: regarding the key job tasks which are questions in
x Communicates and cooperates with allgroup Q2, following levels were used:
participants in the teaching process;
H : TABLE 1. ASSESSMENT LEVELS OF THE NEED FOR
X Permanently and Ilfe_lc_)ng Improves IMPROVEMENT OF THE KEY JOB TASKS CURRENT CONDITION
professionally and collaboratively;
) Evaluation level Number
X Acts entrepreneurial, and Not necessary 1
X Practices and creates media and critical Have an insignificant need 2
Ilteracy. Have an exceptional need and necessity 3
A. Surveys Have a significant need 4

Towards collecting the necessary data to be

processed through the proposed model folrgr evaluating the level of readiness of the teacher

evaluation of the current and expected conditiong contribute as an educator, which are questions in
related to the 10 key job tasks of the qualificationgroup Q3, following levels were used:

teacher in higher education, complex survey was

conducted among the teachers in higher education

in Republic of North Macedonia during the period O ONTREUTION IN THE IMPAOVEMENT FROGRSS
2. + 5.3. , targeting ifferen :
universities, titles, types of financing of the | Evaluationlevel _— Number
institution and scientific field of the title acquired: | Would not make any contribution 1
X Surveys answers: 160 Would make a small contribution 2
x Universities targeted: 8 Would make a significant contribution 3
] ] ’ Would make an outstanding contribution 4

x Different titles targeted: 8 (Full professor,

Associate professor, Assistant professor,

Senior lecturer, Lecturer, Senior lector, B. Mathematical modeling technicues and

Prof_essor of a Higher Vocational School, evaluation model

Assistant doctoral student) Two optimization techniques were used to build
x Different scientific fields targeted: 6 (Natural the evaluation model:

For evaluating the current qualitative level of
possession of each learning outcome (key jo
task) which are questions in group Q1, their

and mathematical sciences, Technical- x AHP *Analytic Hierarchy Process, and
technological sciences, Medical Sciences and x DEA tData Envelopment Analysis.

Health, Biotechnical Sciences, Social AHP enables creation of listing (depend on the
Sciences and Humanities). criteria) showing (in this application of AHP) the
most present key job task among the HE teachers
dwith best evaluation levels), with the importance
of the criteria included and bias excluded.
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DEA enables generation of final QA report
pointing to the relatively efficient and inefficient
titles in HE depending on the level of presence

the key job task, related to the resources invest
in gaining those key job tasks.
The proposed model is shown on the figure.

Data from survey

Criteria: 10 Key Job Tasks B :} AHP PROCESSING MODULE <\

In AHP processing, Q1 and Q3
= nt ki
results are used for PW matrix ™ 1aina

Alernatives: Tilles in HE

and Q1 for model synthesis.

Communicates  an
7 | cooperates with all 35935 | 55577 | 32045
participants in  the
pf teaching process
u Permanently and life
g |long Improves| 55045 | 23778 | 3,25
professionally and
collaboratively
| 9 Acts entrepreneurial | 3,3923 2,4666 2,7045
Alternatives:
Titles in HE Practices and creatd
10 media and critical] 3,6083 2,5555 2,8604
literacy

A Ot

DEA PROCESSING MODULE

DMUs: Titles in HE
cator

Input. Readiness fo be edu
Output:Qutput from AHP

Invested

resources level

(a2) A AvP output
— ( oMU | —

-

Final report - QA listing

Figure 1. Evaluation AHP+DEA model

The criteria that are used

in AHP are

Based on the results in table 1V:
X Related to Q1, highest score belongs to the

represented with the 10 key job tasks. Units that
are used as alternatives in AHP, and in the same

tame are Decision Making Units (DMUSs) in DEA

are the 8 different titles that are targeted with the

model. The processing of the data via AHP is
The

done using Super Decisions software.

processing of the data via DEA is done using

OSDEA software

Ill.  RESULTS AND DISCUSSION

The result from the surveys Q1, Q2 and Q3 is

shown as an average indexes assessed by the

targeted teachers from all categories mentioned

above, shown in the following table.

TABLE IV. ASSESSMENT LEVELS OF THE READINESS FOR
CONTRIBUTION IN THE IMPROVEMENT PROCESS
‘ Average | Need Readine
Cri level /| for ss to be
teri | Key job task Current | improve
o educato
on conditio | ment r (Q3)
n@Q1) | (Q2)
1 | Has knowledge inthe 555649 | 55650 | 34222
scientific field
Realizes scientific an
professional researc
2 and their application 3,20838 | 2,6666 2,8863
in the teaching
process
Realizes and support
3 teaching, learning anq 3,5996 2,2666 3,4418
studying
4 Values students 3,7413 2,3333 3,2727
5 Mentors students 3,8063 2,1555 3,409
Applies new
g | technologies il 5 o706 | 56666 | 3,1363
teaching, learning an
studying

key job task Mentors students and the
lowest score belongs to the key job task
Realizes scientific and  professional
research and their application in the
teaching process This means that most
effort by the teachers is invested into
mentoring students, working individually and
in small groups, which can be evaluated as
pretty good. On the other hand, teachers are
aware about their weak involvement into
research activities and their implementation
into the teaching materials.
Related to Q2, highest score in the context of
determination what is the weakest spot that
needs most improvementApplies new
technologies in teaching, learning and
studying is detected as an issue that needs
most resources involved in the future (use of
computers, tablets, smartboards etc.).
Mentors students has the lowest score,
which completely matches with the results
from Q1.
Related to Q3, key job tasRealizes and
supports teaching, learning and studying
has the highest score. This means that
regarding the readiness to help and be
included in the conduction of the teaching
process, teachers evaluated themselves with a
highest grade. On the other hand, lowest
score refers to the key job tasKct
entrepreneurial. This means that the
teachers needs education and training on how
to improve their entrepreneurial skills
(teamwork, leadership, communication,
customer service, financial skills, analytical
and problem-solving skills etc.) in order to be
able to transfer them to the students via the
teaching process.
When processed via AHP model, priorities of

the 10 criteria are generated. Results are shown on
the next figure.
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Inconsistency: 0.06030

Based on the results, highest score in this
environment of importance of the 10 key job tasks

1Criteria1 0.04499 processed via AHP is achieved from the teachers
oow0y ithtle Sertor ecter, Lowest sore s achieed
3Criteria3 0.06961 '
4Criteriad 0.13807 The processing of the data via DEA, based on
— - the answers about resources invested in achieving
SCr!ter!aS 0.19387 the key job tasks / inverted index of the need to be
GCriteria 0.11501 educated towards achieving these key job tasks is
7Criteria7 0.16467 shown in the following table (output index is the
8Criteria8 0.09810 output of the AHP model):
9Criteria9 0.05559
10Criteri~ 0.08201 TABLEVI.  DEAMODEL
Figure 2. Priorities of the key job tasks Evalation | o e
. L. Level Index Name (DMU) Output
_Ba_sed on th_e regults, hlg_hest priority goes tp, ¢ 14 3SeniorLecturer 1
Criteria 5, which is key job taskMentors 082060
students According to the teachers, this is most NoData NoData 6Lecturer 8
important key job task a teacher_ should POSSeYSy,pata NoData 2SeniorLector 0.84669
On the other hand, lowest priority refers t Ry 390496
Criteria 2, which is key job taskRealizes |18 3,2 donDOCrSH o
scientific and professional research and their 1o 31 ProfessorofHVs 0.92468
application in the teaching processThis means 4
that these results about the importance of the key,7s 2,22 sAssistantProfessor | 002/
JRE WDVNV EDVHG RQ WKa&e WHDFKHUPYVT—SHUFHSWERQ 5306
6285 2,3715 8FullProfessor ’
close to the level of the resources that teacherg : 8
invested during their professional life into| ;3014 28786 4AssociateProfessor | 9-99158
improvement  their  teaching  capabilities _ 1
(Best/Highest in mentoring their students an DEA Model (1 input, 1 output

Worst/Lowest in expansion of their research _ _ _
activities towards implementation of new contentWith processing the data with output oriented
and/or practical activities in their teaching). The VRS DEA model, the results obtained are shown

index of incostistency is:

R.1.= 0.06030 (1)

which means that the level of inconsistency of the
judgements of the teachers is 6.03% and is bellow

the highest possible rate of inconsistency that i

10%, so the results are acceptable and can be use

for further processing. Bearing this in mind, with

the complete processing of the data through the

AHP model, the following results are generated:

TABLE V. AHP RESULTS

Name Ideals Normals

Senior Lecturer 1 0.136864
Associate Professor 0.951581 0.130237
Full Professor 0.930628 0.127369
Assistant Professor 0.92737 0.126923
Professor of HVS 0.924684 0.126556
Assistant Doctoral Student 0.904968 0.123857
Senior Lector 0.846694 0.115882
Lecturer 0.820608 0.112312

bellow:
TABLE VIl.  FINAL DEA (EVALUATION ) RESULTS WITH THE MOST
AND LEAST EFFICIENT TITLES OF TEACHERS
Objective
DMU Name Value Efficient
g | 3SeniorLecturer 1 Yes
d4AssociateProfessor 0,951581
8FullProfessor 0,930628
5AssistantProfessor 0,92737
7ProfessorOfHSV 0,924684
1AssisstantDoctoralStudent | 0,904968

This QA analysis positions the title Senior
Lecturer as relatively most efficient category in
this moment, regarding the current investment of
resources in obtaining the Key Job Tasks (10
criteria) and their current possession and
importance. On the other side, title Assistant
Doctoral Student needs biggest changes towards
improvement of these skills. Nevertheless the
results point out relatively close final scores,
improvements are possible. With further DEA
mathematics, precise percents of the improvement
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that needs to be done related to specific key job
tasks can be calculated.

IV. CONCLUSION

The proposed model is designed in accordancg]
to the Qualification standard: Teacher in higher
education in Republic of North Macedonia. With [2]
networking the key job tasks that define this
standard and their assessment from the teacher[g}
reports can be generated giving precise
information about their importance and present
fulfilment related to different titles and/or [
scientific fields. We can agree that this kind of a
model would require massive surveys to be
conducted towards obtaining better picture of thes]
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Education and Training of Employees as
Influencing Factors on Business Performance

" .RY,DMpBakator, M. KavaL i ( 7HUHN , ¥ \WCRi%kp@RIYM. Baborov
8QLYHUVLW\ RI 1RYL 6DG 7HFKQLFDO IDFXOW\ 30LKDMOR

Abstract + Modern enterprises are aware that their  additional efforts and invest in employee training,

success largely depends on the competencies possessed b}1f it wants to achieve its goals in the most
their workforce. For this reason, when selecting .
economical way [8].

employees, they choose those who are highly educated or

to the greatest extent qualified for the position they are Employee education and training have become
applying for, but also ready to further study and improve o . .

their skills. Similarly, resources are allocated for training a ke_y organizational resource for SOIVmg complex
and development of employees, in order to remain business challenges, and enterprises are ready to
competitive on the market and achieve the best possible increase their investments in such programs,
business results. This paper analyzes the importance of despite difficult economic conditions [9].

employee knowledge and training, the importance of : :
employee training and development, which enterprises Education leads to changes in knowledge, and

organize for their employees and their impact on the training leads to _ changes 'n the skills of
organization's business performance. employees. Education and training of employees

are important, because they achieve personal
development, develop their own potential,
knowledge, skills, interests, personal satisfaction

_ Competition on the global market is gng utimately improve business performance [7].
intensifying every year. In order to survive in such

a world, organizations must adapt to such I
circumstances and change faster than their '
competition [1]. This means that the organization _ _ _
must be proactive, anticipate events and readily ©One of the most important business resource is
adapt to them. Investing in education, training angmowledge. Knowledge creates money in different
development of employees is cited as the mostv@ys such as ensuring the production of the best

profitable solutions for business performanceProducts, good marketing, good design, etc. and
improvement [2]. ultimately satisfied customers [10]. Knowledge

_ _ includes strategy, practice, methods, approaches,
Employees must see their education as &isdom that people have acquired during their
chance for advancement, higher earnings, jolxducation, but also life in general [11]. For this
security, more respect, while enterprises must segason, the organization's human resources
employee education as a means to achieve bettgianagement, when selecting employees, chooses
business performance [3]. Therefore, it is of greathpse with higher education, but also invests in

importance for enterprises to motivate their additional improvement of the knowledge of its
employees to create, acquire, transform, and applymp|oyees.

acquired knowledge, in order to most successfully _
cope with the competition [4, 5]. The concept of education development at the

o ) level of the entire society is one of the key factors
Employee training is one of the most importanton the basis of which the competitiveness, degree
tools, which help to ensure the stability of theof development, value of human capital of
enterprise, but also to improve businessprganizations, but also of a country as a whole is
performance. It represents the process by whicRssessed. Therefore, defining the national
employees’ skills and abilities are improved, ingdycation strategy is one of the prerequisites for
order to perform their work tasks more effectively achieving competitiveness in the knowledge-based
and efficiently [6]. Training can affect HR results, economy [12, 13]. Given that people spend most
such as: improved job satisfaction, improvedef their lives in organizations, after formal
motivation, improved productivity, reduction of education, which is the task of the state, the
errors, etc. [7]. responsibility of employee development is
It is very important for an organization to make assumed by organizations. Therefore, formal

.  INTRODUCTION

KNOWLEDGE AND EDUCATION OF
EMPLOYEES
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education implies a diploma obtained during
schooling. People who are dedicated to their
career make sure that they have as much education
as possible, both for personal satisfaction and for a
better position in the workplace and a higher
salary. Business success requires constant
learning, improvement, acquisition of new
knowledge and experiences. This is where the
importance of non-formal education appears. The
importance of this type of education is reflected in
the fact that an individual develops and improves
his competences. This is especially important in
the domain of the field in which the individual is
employed. Therefore, it can be said that it is the
obligation of organizations to provide various
courses and seminars for their employees [14].

In order to be competitive, enterprises must b
learning organizations. These are orgalnization?n
that facilitate learning for their members andb
continuously transform it in accordance with
market needs and market dynamics [15].
Organizational learning is a process of continuous

curricula are defined, as well as ways of
their implementation and realization;

The choice of methods and techniques of
education - they must be optimized and in-
sync with the education curricula, because
otherwise they will not ensure the
achievement of the desired business goals.
An appropriate educational method must
result in a higher motivation of employees
to improve their work [19];

Evaluation of educational programs -
verification of achieved educational goals,
through application in practice.

Overall, employee training and education has
to be in accordance with the organizations goals
and strategic plans. Through training and learning,
Ghe organization can
vestment by creating more potential value fueled
y skilled employees.

increase its return on

EMPLOYEE TRAINING AND DEVELOPMENT

action towards learning, as learning is a core value Training has become a generally accepted
for securing a competitive advantage for anyphenomenon in organizations. It can be defined as
organization and gives the organization thethe process and method of designing training
capabilities it needs to stay ahead of thecontentand applying those processes and methods
competition. It can be noted that organizationalin order to improve the skills and knowledge of
learning represents the main catalyst for long-ternremployees to perform their tasks effectively [20,
survival in the performance of any organization 21]. Therefore, training consists of planned efforts

[16, 17].

by the organization to help employees acquire

skills and abilities related to work, with the

In order to improve employee performance
organizations must strive for additional education
of their employees. The elements of employee
education and skill development are [12, 18]:

'ultimate goal of doing that work in the best
possible way [22].

Employee training is an

activity that focuses on increasing and expanding
abilities, improving the technical and conceptual

x Overview of educational needs - defining Skills of employees in order to have the necessary

the framework and goals of

a an abilities to cope with complex situations and

educational program to overcome the gapperform work in an efficient and effective manner.

between

the available and expectedThe central

idea lies in keeping employees

knowledge of employees, which is neededcurrent, so that they can continuously perform

to facilitate the development of the their

organization;

x Determining the goals of education

roles effectively in the age of rapid

technological, scientific, socioeconomic, political
_ changes and globalization.

This means that

defining the employee education program,€mployees must always be up to date with the
as well as the criteria for evaluating their times and development trends in their discipline,

contribution to the
organizational strategy;

x Creating the structure and curriculum of
education - they require that the needs o
the enterprise are fully aligned with the
goals of the training and education
program. Depending on the needs of the
organization, special structures and

realization of the because otherwise they will become redundant or
replaceable [23].
systematic approach to training to ensure a
1positive training outcome. Systemic training
approach consists of four stages [24, 25]:

1.

Enterprises should apply a

Identifying the need for training - a
strategic process that includes the
identification of the odDQL]DWLIRQTYV DQG
industry's goals, the collection of
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IV. THEEFFECT OFIMPROVING EMPLOYEE
KNOWLEDGE AND SKILLS ON BUSINESS
PERFORMANCE

competences and the analysis of
information, determining the gaps between
the current and future conditions [26].

There are three analyzes of training needs, . . , .
identification: organizational  analysis, ﬁ_t is undeniable that the most profitable investment

task/job analysis, and personality analysis's in the education _and training of employees,
[22, 27]; ' where the return of investment is expected very

o _ _quickly, providing capital and profit [7]. People,
Training design+the effects and strategies as one of the most important potential of an
of instruction, who and how to maximize qrganization, have a decisive role and importance
the transfer of training to the trainees. ,the production process, they are the bearers of
Trha_lnr:ng Qesl,lgn includes training methods, ;16 menting changes, creating additional value,
\(I;Ingructolrr)lc u?lear%in tralrélgsge 2?&3?;3 improving business activities, and drivers of
behavior modeling rolge, playing [22, 24, nnovation and value creation. For an organization
27, 28]; ' " 77 education and training represent [6, 30, 31]:

Style of conducting the training - once the ~ X & source of employee competence -

training is designed, it is moved to its
implementation. It is usually first pilot

tested or conducted on a trial basis to
ensure the most effective implementation
of the training [24,25];

Training evaluation - represents the final
stage of training. It is a means of checking
success, i.e. whether
effectively doing the job for which they
have been trained. The evaluation of
training results compares the results after
the training with the goals of the manager,
the trainer (instructor) who led the training
and the participants themselves, with the
goals that were set before the training.
There are four levels of evaluation:
reaction, acquired skills, behavior change,
and results, i.e. application in practice [22,
25, 27].

Therefore, effective training programs help
employees to progress, as well as to gain full

control
necessary to perform certain tasks, but also to
avoid mistakes [29]. Organizations can organize

over their skills and competencies

the training of their employees at the workplace or

the

workplace. This depends on the decision of the

training can be organized outside the

organization itself, that is, which training method

meets its training needs. Preference is usually

given to employee training that is carried out at

the workplace, because it is more profitable for the
organization, saves time, and enables employees

to learn in a practical way [6].

x

employees are

through education and training programs,
employees acquire more knowledge and
skills, that is, they become more competent
to perform their work tasks in the best
possible way and with as few errors as
possible;

employee motivation factor - through the
organization of various types of education
and training, the motivation of employees
to perform work tasks increases, because in
this way the importance of the work of the
senses is emphasized,;

a source of employee productivity -

effective employee education and training
programs are the basic instrument for the
successful achievement of the

organization's goals and objectives, which
ultimately leads to greater productivity;

a source of commitment to the
organization - the organization of
educational programs and training is seen
by employees as the organization's
commitment to them, so they reciprocate;

improved employee performance -
learning and improving skills through
training is a key factor in achieving
business goals and influencing
organizational performance;

increased job satisfaction - considering
that through the improvement of

knowledge and skills they achieve better
results, employees are also more satisfied
with their jobs;

a source of employee retention -
organizations that invest in improving the
knowledge and skills of their employees
retain employees as well as customers,
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suppliers, shareholders and other interested V. CONCLUSION

parties. Employees are one of the most valuable

The goals of education and training in resource that an organization can possess.
organizations are directly related to the goals and herefore, investing in their development is vital
needs of the development of employees and théor the business result. When recruiting and
organization as a whole. Training and educationselecting employees, organizations go through
bring a large number of benefits to the employer. long-term processes, and what they take care of is
certainly employee education. They tend to hire
those who are the most competent and have the
highest level of education for that job position.
However, it should not stop there. The task of
every organization, but also of every individual, is
% develop the competencies of employees. This is
done through the organization of various types of
Enowledge improvement (courses, seminars) and
?raining. The main advantage of developing the
nowledge and skills of employees is the creation
f a more efficient and competitive workforce,
Which will be able to respond to current market

increases,  because by improving thelrd_emands, especially when changes on the market
competences, they are more ready for changesalre dynamic and constant

salary increase, advancement opportunities,
recognition; the quality of staff improves, and thus
the entire organization [32]. All the advantages,

that is, the effects that education and training brindl]
can be grouped into: organizational effects, which  thesis, Beograd: Univerzitet Union, Beogradska basiear

affect individual and group/team effects, and all of akademija#akultet za bankarstvo, osiguranje i finansije, 2016.
them together give the final/overall effects (Figure!?

Investing in employee development results in
higher profits, higher productivity, improved
effectiveness, improved efficiency and higher
employee motivation. The benefits of training and
education programs are numerous: increasin
morale, self-confidence and motivation of
employees; changing production costs, becaus
the number of errors and waste is reduced; th
feeling of security increases, which leads to
decrease in fluctuations and absenteeism; thS
involvement of employees in the change proces
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Educational Robot

Ics In Technological

Education

E. Pavlova Tosheva

6:8 31HRILW 5LOVNL’

Abstract - Integrating robots as a technological learning

tool helps prepare students for the future.Educational

robotics provides students with the opportunity tolearn

how technology works, apply the skills and knowledge
learned in math, physics and technology and
entrepreneurship classes in a meaningful and exciting
way. It provides an opportunity to find new ways of

working together to promote collaboration skills, express
yourself using the technological tool, solve problems and
think critically and innovatively. The article examines the

possibilities provided by educational robotics for the

formation of STEM skills in the process of technological

education. Robot kits are presented that can be used in
the different stages of training. Methodical guidelines for

the construction and modeling of educational works are
also presented.

I. INTRODUCTION
Educational robotics is a discipline that is

) D F, BagevgRad, BRlgar@ HHU L Q J

inclusion in the labor market, social processes and
communications. To acquire the skills needed in
the 21st century that would help them feel like full
participants in society.

II. APPLICATION OF LEARNING ROBOTS IN
TECHNOLOGICAL EDUCATION

Educational robotics has its place in the
content field of technological education in the
construction and modeling of robots, the
complexity of which depends on the age of the
students.Through it, knowledge on constructing,
modeling and programming learning robots is
developed, as well as STEM skills such as:

T &UHDWLYH WKLQNLQJ
togical thinking;
T 6SDWLDO WKLQNLQJ

designed to introduce students to robotics and  problem solving;

programming. It provides students with everything

they need to easily build and program a robot
capable of performing various tasks. Educational

robotics is part of the field of robotics we call
social robotics.Social robotics is growing in

¥ THDPZRUN HWF

In technological education, learning robots can
be used as:

human society, developing a significant presence 1- Méans of measurement - in this case, Lego

in our daily lives. We are gradually incorporating
robots into human social life [1]. Educational
robotics is included in STEM (Science,
Technology, Engineering and Mathematics)

education, a teaching model designed to teach
science, engineering, technology, mathematics,
precedence over

and how practice takes
theory.Educational robotics
learning tool forproject-based
STEM, coding, computer

an effective
learning where
thinking and

is

engineering skills are all integrated in one project.

Robotics provides opportunities for students to
explore how technology works in real life, all with
one tool through the act of making.[2].Educational
use of robotics for school-aged children has been

Mindstorms or Arduino, etc. measurement
system is used with processing and
recording of the results in the form of

tables, data databases. Concepts of
accuracy, calibration of measuring scales
and reading are studied.

2. Experiment facility - Lego Mindstorms
9797, 9686, 9688 and more sets are used to
build demonstration and Ilaboratory

facilities for physical experiment.

3. Process modeling tool - using Lego 9797,
9686, 9688 and others, industrial,
household and other devices and natural

phenomena.

around for more than a decade. How-ever it has 4. Design and research tool- Robot kits can
been observed in the last several years thatpopular measure, analyze, calculate results, create
interest in robotics has increased astonishingly [3]. projects.

Educational robotics is a technological
innovation that serves as a tool for the realization
of the mission to prepare young people for active
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Ill. CHOICE OF LEARNING ROBOTS /(*2 ('8&%7,21 63, .(idure 2) is a
DEPENDING ON THE AGE OF THE kit for building and modeling various robots that
STUDENTS FOR THE PURPOSES OF includes sensors, servo motors and over 500
TECHNOLOGICAL EDUCATION LEGO Technic components [4]. Students can

create various works capable of moving, shooting,
crawling, etc. It is operated through a simple and
The Makeblock mBot (Figure 1) is a wheeled intuitive programming interface. This robot is
robot that is easy to assemble and control and casuitable for students from 1st to 7th grade.
be built by students at the articulated stage. in
technology and entrepreneurship classes. It ig
programmed in Scratch, a computer language tha
is studied in introductory computer modeling

1. Grades 1-4 primary stage of education

classes. . P
i ' 1 .\}i\ ("",4;'/7' &
p—— : \ B ‘
& “ \? < !'v?b%\’
] TN Y g :
’ “.- ‘(o\ :-‘\:} .J \&T"y g""‘f“\
4 A\ % S

Figure2./HJR HGXFDWLRQ VSLNHGE

By creating programmable robots, students
develop design skills, cooperation and teamwork
skills, and career choice skills.

Figure 1 The Makeblock mBot robot . EDGE OWI 535 ROBOTIC ARM (Figure 3) is

The mBlock Blockly gamified learning app suitable for students in grades 5 to 7. It can lift
makes learning and playing one and the same. Thebjects weighing up to 100 grams and has motion
mBlock Blockly has designed game levels whichthat students can program.JV V H-§eRe@aBon
are easy to understand and learn from, each neygbotic arm kit, the Robotic Arm Edge, teaches

OHYHO DGGLQJ WR D FKLOGTVthe Bt Yidhdhic® andNele&réicEl 6F 4dthot arm

Methodological guidelines for the construction construction and control. Using five motors with

and modeling of educational works in the primary 9¢arboxes, the Edge has five degrees of freedom:
stage (grades 1-4) include a 120° wrist motion, a 300° elbow motion, a 180

shoulder motion, a 270° base motion, and a O-

$ /HDUQLQJ VDIH ZRUN WH F KIQ#TX4B¢m¥ dribsihg mbfol. Mhéhbne of the
with kits, understanding the performance gearboxes encounters excessive resistance to

characteristics of electrical parts. motion, the gearbox will make a noise that alerts

f "HVLJIQLQUJ VS(tbbEtls.Iu_Earnmnglth WR VWRS WKH DUPTV PRWLRQ

children create and program interestingluminating whatever the gripper is holding, a

models such as race cars, spaceships ar}ﬁ?ite LED is RXQWHG WR WKH *KDQG" R

shuttles. S

f QGLYLGXDO SURMHFWYV $W WKLV VWDJH FKLOGUHQ DUH
already developing their own models in
pairs and groups. With them, they can
participate in  various  exhibitions,
competitions. At this stage, previously
acquired knowledge is consolidated.

In the process of work, students learn to use
special equipment, independently, according to the
instructions, perform simple actions.

2. Junior high school stage 5-7 grades
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Thus, the role of the teacher in the classroom is
minimized. He advises and corrects the students'
activities.

IV. CONCLUSION

Robotics has the potential to bring positive
benefits to education. Educational robotics
provides a modern approach to implementing the
elements of technical creativity in technological
education by combining the construction and
programming of learning robots. Constructing and
modeling learning robots allows the student to
actively participate in the learn-ing process.
Students are faced with challenges that encourage

Figure 3. OWI 535 them to use their imaginations, work in teams and

Methodological guidelines for the construction apply knowledge from the fields of mathematics
and modeling of educational works in the firstand physics. Educational robotics encourages
high school stage (grades 5-7): students to take an active role in their learning and

t 7KH W igileE Kiddd historical and develop their own kn_owledge through its activg

technical information about the model Methods. Techno-logical tools can be used in
being constructed. tehnological education to create new learning

opportunities in practics.
f ORGHO FRQVWUXFWLRQ DQDO\VLV 6WXGHQWYV

together with the teacher, discuss the REFERENCES
constructive features of this model, the [11 <DQO6u + <eU-N 1 '"HYHORSPHQ
principle of its operation. and reliability of an educational robotics based
technological pedagogical content knowledge self-
efficacy scale. Journal of Research on Technology in
¥ $IWH Uf D VhV MCRlIEIiQﬂud@ﬂtsWrdeb a Education. 53(4), 375403,
program from the model and test it. [2] Amy Eguchi. Robotics as a Learning Tool forEducational

t BWXGHQWY DWWHPSW WR PRGAIRHiId Renebfiah i WrR™

design and program. In addition, they [3] ) % 9 %HQLWWL 3([SORULQJ WRKH HGXFI

i i URERWLFYVY LQ VFKRROV $ V\VWHPDWLF |
monitor, analyze- and draw QOHClUSIOI"IS Education, vol. 58, no. 3, 2012, 9¥B8. DOI:
abO_Ut changes in the operation of the http://dx.doi.org/10.1016/j.compedu.2011.10.006
device. 4] http://shop.robotika.bg/produkt/lego-spike-prime/
[5] https://owirobot.com/robotic-arm-edge/
T 3UHVHQWDW Lodels. RI WKH EHVW P
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Abstract +The main goal of this work is to transfer the This paper is focused on text-iconic method of
text-iconic method of learning into the 3D collaborative learning [8] with a sign language support in Slovak
environment. Paper contains the introduction to the language within the virtual environment. This

matter as well as analysis the existing solutions. Virtual . . . L A
shared school environment is presented together with an method is actively used in$pojei &NROD 3DYOL

explanation of component placements as well as game 6DEDGRAD LQW HIloc@tedl D 33UHEFRRYY L C
instructions. Every component is then analyzed and Slovakia. This method helps students with learning
explained. Paper also contains the conclusion and possible disability, mental disability, or mute people to
improvements as well as future plans with a related topic. learn to read via pictures_ As mentioned earlier in
introduction, pandemic proved that some methods
| INTRODUCTION of interpretation of the curriculum can not be
replaced by online video calls or written guidance
only. Therefore, environment where students can
fearn to read via this method was created. This
paper contains related works to the matter, brief
explanation of learning method as well as
implemented environment description.

Virtual reality has picked up the pace of
development as the pandemic period showed th
importance and efficiency in virtual/digital related
solutions [1]. Virtual reality found its effectiveness
and attractiveness in medicine [2] [3], education
[4], art [5] and so much more. Learning via Virtual
Environment brings many advantages such as no II.  RELATED WORKS
need to commute, possibility to teach in laboratory As mentioned in introduction, virtual schools
space, so there is no need to buy expensive toolsave picked up the pace of development especially
and environment is safer, possibility to have highafter covid. It showed the need for alternative
level of interactivity due to the haptic devices usedsolution of education where teachers nor students
in virtual environments when using head mounteddo not need to be present. Virtual environments
displays (HMD), and more. It was also proved thatcan be beneficial not only as a remote way of
virtual environments have high potential in teaching, but also, they can replace certain
education for disabled people [6]. Students withelements due to which it would not be realizable
special needs are often not capable to learn isuch as heavy equipment, safety reasons, financial
traditional way. For example, student with dyslexiareasons.
will have much more difficulty to learn about
nature just with a book as a source of information
In virtualized collaborative environments students
with sensory disabilities, learning disorders,

Following work calledVirtual Shared School

[9] is focused on chemistry and math class in
virtual environment reminiscent of school. Work is
physical disability can learn more effective asdedicated to HMD technology solution as well as
trough the scripts given by a teacher in traditiona/€SKIOP solution. There is possibility to sign in as
way [7]. Another example proving effectiveness teacher or student. Teachers have ability to place,
can be wheelchair simulator [8]. Immobilized SY!€ and save objects for a class. They are also
person can learn to manipulate the wheelchair angP!€ 10 give an ownership of an object to a student,
gain the confidence in a safe space of virtua>© N€ OF she can manipulate or present an example
environment. Often courses and tools provided byVIth it It is possible to chat and call within an
the state are expensive, so the wheelchair simulatgVironment so the avatatgeachers/students, can

is economic effective as well. As there are manycOmmunicate with each other.

different disabilities, there are many different There are also works that use mixed reality
needs. technologies to enrich already existing classrooms.
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Work calledShifting Virtual Reality Education to
the Next Level + Experiencing Remote
Laboratories through Mixed Reality{10] is
dedicated to simulated scene using HMD
technology. Scene contains six-axis robots
performing collaborative tasks for implementation
of virtual laboratories and simulation of various
engineering applications. It teaches engineering
skills and knowledges and partially replace the
need to be present in a classroom, where the
robotic arms are located.

Another work using augmented reality is
dedicated to help deaf and hearing-impaired
students via affordable augmented reality glasses
Work is calledAssistive Technology for Hearing-
Impaired and Deaf Students Utilizing Augmented
reality [11] and the implemented system can assisi
students in their education with real-time
transcribing, speech emotion recognition, sound !
indications features, as well as classroom assistivt
tools. Although this work does not contain the
virtual environment, but it is focused on students

with special needs and it is using the virtual reality I E /l

technologies.

Last but not Ieast, there is work that teaches and Figure 1. 3D cave at Technical University in Zvolen
prepare students for school entrance examination
in junior high school. Work is called/irtual
Experiment Platform For Middle School Entrance ~ x Decoration components help with an

Game Translator
launching launching

Room consists of following components:

Examination [12] and it integrates the authenticity and enrich the environment so
experimental knowledge of the middle school it does not seems plain.

entrance examination into the virtual experiment. . )

Work is dedicated to HMD technology as well. x Educational game component is a game

presented on a wall where user can
unscramble the sentence via pictures. He or
Il VIRTUAL ENVIRONMENT DESCRIPTION she needs to put the pictures in a right order
Virtual school consist of one room, where all to complete the level. Educational game
objects, tasks and decorations are utilized. As the has an option to choose the difficulty
principle of the text-iconic method is not so , :
complex, there was no need to create the wide X Component presented with number 1 is for

environment. This method is primarily taught muting or repeating instruction to the
trough the physical cards in school. One of the educational game.

processes can be as follows: Students will learnthe  y  Game launching component start the
meaning of the specially designed cards (read more instruction for educational game and then
in [8]), they can learn it via spoken word or sign launching the game.

language. Then they will receive the pack of cards o _
and a paper with a written sentence. Students then X Mini version of the translator (MVT)

need to assign the card to the correct word. This component is a board of cards explaining
way they can learn to read written words with a the meaning of the cards. Cards are
picture association. The same process was intended ~ categorized to nouns, adjectives, verbs,
to convert into shared school environment. But prepositions, conjunctions, and others.

EHIRUH HQYLURQPHQWYV GHWDLQ(VTBt%@[orYLIXL%(QIiQQL]PoWdoﬁth QimWIVv

have a look at an environment, objects, and tasks launch the MVT board with an instruction

placement. Following figure 1 represent the how to interact with it.

components that are placed in a virtual shared

school as well as their placement. x Canvas component will display meaning of
a card in MVT when clicked, in a sign
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language presented on canvas via recorde
person.

Every component besides static decoratior
plays active part at virtual school. These ’\
components are perceived as interactable object ’
So basically, user can do two activities in a room.
One is focused on learning meanings of a card ~—
and other is training reading skills via filling
correct pictures as was proposed in chapter Il
Following figure 2. represents 3D view of the

room.

Figure 3. Avatar in shared school environment

Figure 2. 3D View of the room

The view is flipped by 180 degrees according to, ['OM avatar heads goes the white line visible
figure 1. As this is collaborative environment, [Of €Very user in the environment. Line represents
there is plenty of empty space for the players, sghe pointer where is user looking. At the end of the
they do not get in the Way to the Other users. Edge@OW\ter IS a CII’C|e Wh|Ch hEIpS user to CI|Ck on an
of a room are handled by a wall visualization with object. Functionality of this can be compared to a
assigned collider, so the user is not able to get ounouse on a desktop computer. Circle is in a
of the map. Decorations such as couch, plants agenter of a user view. Circle can be noticed in a
lamps are not handled by the collider so there igigure 7. further in a paper.
more room and freedom of movement. Following figure 4. shows multiple players in
the shared school environment.
IV. TECHNOLOGY AND AVATARS USED IN
SHARED VIRTUAL SCHOOL

The name of the paper indicates that the
environment is collaborative. Therefore, this
chapter is briefly presenting the technology anc
avatars used in the virtual school.

Whole environment was built in Glitch with an
A-frame support. As it is web-based, it is not only
platform-free solution, but it was also possible to
implement network attributes provided by | 4
network-aframe library. Avatars are adjusted to}'
support desktop avatar control as well as HMD
avatar control. User needs to enter the webpage ¢
the work and then he or she is spawn in the
environment. Following figure 3. represent the
avatar.

Figure 4. Multiple players in the shared school environment
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It is possible to notice that every avatar isspeech this picture within is assign to. Following
looking on something different, either it is solving figure 6. represent the example of an adjectives.
the educational game, looking at the MVT board,
canvas with sign language or admiring the
decorations. Interactive components are not sharec
with other avatars so every student can see or
solve their own content.

V. MINI VERSION OF THE TRANSLATOR(MVT)

Some students know only sign language but do
not understand the cards or the written word.
Others on the other hand, understand the cards bu
do not understand the sign language nor written
word.

As it was mentioned in chapter lll., MVT —
activity serves for explaining the meaning of cards
used in text-iconic method of learning. But MVT
can be used to teach not only the meaning of the
cards, the word in a relation to the card but also  Whole work is dedicated to Slovak language
allows mute people with a learning disability that but translation of the cards in order first row to
prevents them to learn to read written word in aright is: dry, proud, saint, better, new, rich, worse,

traditional way to learn the sign language.good, poor, whole

Visualization of the activity is represented in figure . -
5 y P 9 User can click on a specific card and then on

canvas to display the translation of a card in sign
language. Following figure 7. represent the
example of adjectiverhole

- B

Figure 6. Example of an adjectives on MVT board

e

|
Figure 5. Visualisation of MVT activity > L

It is possible to observe the green board wher_ ;

cards are display and canvas, where meaning of t
car_d_s is represented via sign language. To start thisigure 7. Example of representation castholevia sign language
activity, user needs to stand before the board so he on canvas

or she can listen to instruction what to do. , _ _
Instructions explains, that in order to display the Video is played on repeat so student can either
cards, user needs to click on a blue, red, yeuowylnderstand the sign for picked card or train the
white or black button. Every button representsS!'9n-:

different part of sp_egch. VI. EDUCATIONAL GAME
X Blue £non-living nouns

Red +verbs Game can be started by stepping on a carpet in
front of the turquoise board. Then, instruction how
to play the game and how to interact with it will be
explained with a woman voice. The movement of a
. player is frozen, while the voice is explaining the
X Black il“('ng. nouns . instructions. It was implemented due to the fact
The categorization via colors is due to they,; some students might be impulsive enough to

\t/;/]hole Iconc?]pthof tth(;e ctart'gs. (f(ards arr(]e {r?med ]L'?ry to interact with a board before knowing what to
IS color which student then know what type Ol 44 ynfortunately, subtitles for this voice were not

X

X Yellow tadjectives

X White = prepositions, conjunctions, and
other parts of speech
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implemented but noted as a future improvement.

Following figure 8. shows the initial visualization
of the game.

Figure 8. Initial reprezentation of an educational game

Game consists of two difficulties. Difference is

the length of the sentence that needs to be buil
Student has set of cards and needs to put them in

If all the spaces are filled with the card, game
will evaluate the sentence. If the sentence is
correct, smiley face will turn green and smile.
Otherwise, it will turn red and smiley face will be
sad. Student can reset the cards and put them back
into the initial row by clicking the red button.

Higher difficulty of a game is by filling not
only the one sentence but a short fairy tale story.

If students misheard the instruction, he or she
can listen to them again by clicking on a box with
a volume icon on it. From the figure 1. it is the
component marked as the number one.

VII.  CONCLUSION

In this work, solution for shared school environment
for text-iconic method of learning was successfully
created and tested by 20 users. Although solution needs
some improvements such as adding a voice to MVT for
tudents that does not know cards, written word nor
ign language or create more activities in a room,
rrhaps more rooms with different topics, we believe

correct order in a space under the written wordipat using virtual reality technologies is attractive for
There are more cards than available space, s@udents therefore they are more willing to learn as
student is challenged not to only put the correcinost of them perceive this kind of classes as more fun.
order but understand the written word as well.we plan to continue to improve the way of learning for
Following figure 9. Shows the example of a disabled students using virtual reality.

sentence.

AR =

[=] @

Figure 9. Example of a sentence in a educational game

Sentence in literal translation divided in
sections:1. Fisherman 2. pulled out 3. from 4.
water 5. golden 6. fish. By given instruction,
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Abstract + Education management is a key factor in systems, wheter educational institutions or
educational institutions for achieving a higher and better production and service companies, implies

level of knowledge. This complex and important discipline management develooment and manadement
can also be important for companies and non profit g p 9

organizations. Development of this discipline can have a training. Management development includes
positive effect on educational policy in order to evaluate ~managerial skills and knowledge necessary for the
and improve the education system at all levels. Continous development of employees, while management
education is important for achieving the productivity and training determines organizationally specific
goals of all organizations, and when it comes to improving .

knowledge at the organizational level, there is a training for those who are already at the
significant connection between education management management level. Education management
and organizational learning. Organizational learning as a  includes selection and commitment to existing
discipline is an integral part of education management in ideas, contexts and principles, experience and

companies and it is important for overall knowledge opportunity for those who are learnina to
management in the organization and the developmet of PP y g

human recources. This paper aims to present and Practically apply existing concepts. Education
emphasize the relationship and mutual influence between management includes the evaluation of those who

education management and organizational learning. |earn’ as well as the feedback on the process and

Key words: education management, knowledge duality of learning.

management, organizational learning. . .
Educational and production systems at all

I INTRODUCTION organizational levels should develop human
_ , recources and increase the quality of knowledge
The field of education management and and, 4 information. In an organized structure and

long-term , development of all companies 1S \adern environment, education should play a key
accompqnled by rapld.changes that directly aﬁ_eCPoIe in imparting knowledge. Education can be
the quality and effectlven_ess_ of both e_duc""t'onbased on the national need and in accordance with
management and organizational learning. A"the improvement of culture and knowledge of
organizational systems, including educationalmooIern management 2] Educational
institutions, should take a certain amount Oforganizations as a link betWeen knowledge
responsibility and initiative in order to respond to,producers and knowledge researches emphasize

the changes and demands of the environment ithe need for development and improvement in

the most 'ef.f|C|ent way. In order fot thls_to be order to respond to social, political, economic and
possible, it is necessary to develop and improve, v ral changes

the education management system which, with

knowledge management system ang DEFINITIONS AND IMPORTANCE OF
organizational learning, will encourage the EDUCATION AND KNOWLEDGE
satisfaction of organizational goals. MANAGEMENT

Education management could be defined as There is a clear connection between education
the acquisition of a large number of skills andmanagement and knowledge management, of
knowledge in formal educational institutions [1]. which organizational learning is an integral part.
Education management of all organizationalBoth of these concepts aim to improve and
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develop the education system and knowledge o& discipline, knowledge management has reached
individuals in a certain organizational system anda state of maturity where the principles, practises
environment, and the benefits of the effectivenessand tools that make it unique can be discerned.
of these systems are expressed through th&his discipline has created a foundation for the
improvement of business, the development ofcreation of new disciplines, concepts and
corporate culture and society as a whole. categories to study the important ways in which

. . _— organizations use knowledge to create value. It

In addition to the mentioned definition of

. ) . .can be said that knowledge management
education management, it can be said that thi

i s th licati t the field T?epresents the ability to act, and knowledge
concept represents e appiication ot the e omanagement and knowledge management
management which means that

L ecluc‘F"t'or]represents a systemic and integral approach in
management refers to the application of the besltdentifying, managing and transfering all

practices gnd theorles_of management in _the fleI%formation ownership in a corporation including
of education. Education management |nclude§he experiences and expertise of employees,

three main study areas, namely human reSOUrces i hases policies and processes [4]
that include education staff, communities and ' '

stakeholders, as well as users of the education The management process as a whole, as well
service. In addition to educational institutions, thisas educational management and knowledge
field of study can be applied to companies in ordemanagement, consists of five basic functions that
to improve the knowledge of their employees.are used to achieve educational goals [5]:

Second field of study in education management

are learning resources such as planning tools used X Planning,
as media or curriculum, which can also be applied ~ X Organization,
at the level of a production or service company. X Managing,
Finally, the third field of study includes financial x Coordination,
resources and funds as supporting factors that help X Controlling.

mantain quality education [3]. As well, whole area

! . Knowledge management, as well as the
of education management is related to: g g

education management, encourage the learning of

x Development goals, the organization and its employees, strenghthening
x Planning and implementation  of Cooperation within it and continuously improving
educational programme, the achivement of organizational goals. These

subsystems of management do not change other
important business strategies, but they have the
function of important business strategy, especially

when they are combined [6].

Administration,
Problem solving,
Advanced training,
Evaluation.

People and their knowledge, as key businesdll.  ORGANIZATIONAL LEARNING AS AN
resources, have the greatest influence on the IMPORTANT PART OF MANAGEMENT

VXFFHVV RI WKH FRPSDQ\fs/ R Sfid falY thRt @éwledy& leprésentstole of the
with their knowledge and skills, give meaning to most important business resources today,
the organization. People as an organizationabrganizations should apply permanent learning
resource are significantly more complex thanand improvement in order to achieve their goals.
other resources. Human working potential cannoPermanent education is an important term for all
be exploited as a machine, but it can be improvedypes of organizations today and in the future
and developed by effective applicationof because it represents a tool for achieving
knowledge in the organization, which is very competitiveness, both for companies and
important for long-term success. individuals. Permanent education implies
According to the above mentioned, knowledge.contumous Improvement O.f the organlzatlop gnd
o . . its members and enrichment of existing

management as an organizational innovation haﬁ . .
: ; nowledge and skills. It is important that
been present in the business world for decades. AS

X X X X
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employees learn and transfer knowledge in theatmosphere stimulating for learning. In
workplace, which includes training, mentoring organizations that are complex in terms of their
and directing the workforce in organized system. structure, size and processes, there are multiple

learning processes and each group and individual

The medT(mt eﬁonomy mzo;«l‘es an e\_/er;fastegas its own knowledge base and own learning
pace of market changes, an € orgamzalion Ohyjisies. The ability of the organization to develop

the future should contain ever-present changes,[artS from appropriate advantage that supports

teamwork, people who create a vision, emIOIOyeecompetence of an enterprise is the result of

training, delegation and management, unnecessary oo learning. Learning can be seen as an

|ntﬁrdepe$der|1_ce a_md an a(_japt)j[able CorIDor""t'VSrganizational process by which a company is able
culture [7]. Learning organizations encourage, mantain and improve existing or create new

Ieade_rship development and are charapterige_d bFferformance based on experience [9].
practises and procedures that result in minima

interdependence, and that rely on a large number The term of organization implies the
of developed information processing systems. Theonnection of parts into a whole for its complete
importance of changes to which organizations ardunctioning. The organization itself represents a
increasingly exposed is reflected in the importancesystem that includes natural and technical
of lifelong learning in the corporate environment. elements, material and immaterial resources. All

It that the dominant ; pes of organizations function with the aim of
IS necessary that the dominant percentage o chieving personal, group or social goals. Parts of
organizations, especially domestic ones, turn intqQ

| . i b i q such systems perform certain tasks in order to
earning —organizations, ~because € MOUeM hieve goals and the very concept of organization
corporate environment emphasizes knowledge aﬁnplies the maintenance of the system and the

R:e q maltr: _factors Of. co'mtpetlt_lve ao:yar:_tage'ﬁ:)ordination of its parts. Material and non-
OGErn DUSINESS Tequires INtEnSIVe application Ofy, o q g organizations are the result of human

knowledge and multidisciplinarity, and a learning activities
organization that encourages creativity and ,

adaptability provides skills in finding information, changes, it is necessary to apply organizational

effectl\{e communlcathn, critical  thinking, learning at all organizational levels [10].
managing business projects and processes and

teamwork. IV. THE RELATIONSHIP BETWEEN
The learning term implies the acquisition and EDUCATION MANAGEMENT AND

creation of potential and actual abilities in order to ORGANIZATIONAL LEARNING
take an action that is considered effective, that is, It has already been mentioned that educational
to create knowledge. The learning term meangnstitutions represent a type of organizations that
acquiring new and supplementing existingneed to adapt to rapid changes, just like
information in order for individuals to positively production and service companies. What can be
change their behaviour and successfully adapt tgpointed out as their shortcoming is the insufficient
and influence the environment. Learning involvesability to change and accept changes. As
the assumption of supporting continous educational organizations have become the center
improvement in the value creation chain for theof  knowledge-dependent  societies, many
enterprise. It can be said that learning is a dynami@dministrators and policy makers believe that a
process that manifests itself by continouslyreactive approach to changes is not sustainable. In
changing the nature of the organization throughorder to be able to control and make decisions
the application of innovations, exchange of goodsabout the course of their existence and business,
and cooperation [8]. educational institutions  should become
) o entrepreuniral and direct their business outside the
The concept of a learning organization can b& . mework of the bureaucratic organizational
,U HO D WHG W R PDQDJHPHQW Ef(uctd'r'elsl. R} W im%ﬁant FHH |gé(Md’étional
Innovative companies, because management ig it tions as organizations to apply the creativity
increasingly concerned with creating and and knowledge of their members in a more

and in order to improve the
organizational system and follow turbulent
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productive way, just as modern companies doauthors, is implicit thinking in terms of the
[11]. gradual transformation of education management.
Non-observance of the PRME principles present a

W.h at_ 'S~ necessary 'for _educatlon_al series of challenges for organizational learning
organizations, like all organizations, is a proactlve[g?’]

approach to demands of the environment, change
and resistance to changes. Although this Corporate responsibility is a response to
managerial approach to organizing schools andV RFLHW\ |V JUHDW HISHFWDWLR
universities may seem like corporalization, it is sustainability. Although some companies have
important to know that schools and universities, a®ngaged in a learning process with their

well as all complex organizations, must improve stakeholders to integrate social and environmental

their ability to adapt to a turbulent environment. issues into their activities, many others limit their
Therefore, by applying organizational learning to operations to reporting and rhetoric, which non-

all forms of organizational structures, including government organizations have criticized. This

schools and universities, modern and productivemplies that organizational learning leads to the
organizational structure is achieved. Whattransformation of educational management that
organizational learning also provides is the basideads to sustainable business practices. By

for the development of innovations. An important following these principles, educational institutions

part of certain organizational theories is that, asadvocate for the integration of the idea of

the organization becomes larger and moreesponsible management in their research and
complex, innovation is more difficult to mantain organizational structures, which is directly related

and produce. Innovation is the basis for preventingo corporate social responsibility applied by

the ossification of the organization, and learningmodern production and service companies.

organizations develop an innovative environment. _ . _ _
As in all companies, in many high education

Developed information systems are key to theorganizations there is a need for organizational
functioning of all types of organizations, and the changes. Continuous organizational learning is
evaluation of information systems seek to provideessential for successful and lasting institutional
an understanding of tasks and decision makinghanges. Educational organizations have
through the mapping of key factors for the distinctive characteristics. General development
investment process. Certain authors note that thand improvement of institutional efficiency and
organizational culture of learning is influenced by effectiveness is an example of first-order change
the transformation of information through the and learning at one level when there is a mismatch
internal and external environment of the companypetween desired and achieved goals in the
which often results from investments [12]. Theseorganization. This represents the first step in the
claims prove the fact that there is a clearimprovement of education management [14].
connection between education management an@ontinuous training and professional development
organizational learning as the subsystems oft all organizational levels may be one of the
management that include financial resources. Fopriority areas in modern business. Organizational
companies, it is importat for their employees to belearning is an important factor of business
involved in knowledge processes and reviewtransformation in the digital age, oriented to
organizational information because the technologies, procedures and processes that are
RUJDQL]DWLRQ QHHGV WR FR Ql&¥ihl® RaXd/ Gahodledtel Aas&dP khwdommek
WR OHDUQ?3 environment [15].

The United Nations have set out the principles V. CONCLUSION
of the Responsible Governance Education |, modern business conditions, achieving

(PRME) i.nitiat.ive'. The 'number' of institutions that 1, ,siness excellence is a goal that most companies
adopt this principles is growing, and what haSsyrive to achieve. Achieving that goal implies
been expressed is the risk that many of them wilkgniinuous and  effective improvement of all

not operate according to the same. What ig)siness factors and one of the most important
necessary for the institutions, according to certaifactor is  the improvement of knowledge
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productivity. Knowledge represents the imperative
of modern business and, as such, represents the
most important resource for achieving success antl

competitiveness of companiesQ WRGD\JV EX vzla,ﬁé (TAVAYR

world, all companies, particularly educational [5]
institutions  must include the principles of
management and organization in their structure
and can not be based only on traditional!”
humanistic  principles.  Implementation  of [8]
organizational learning in all organizational (g
structures has strategic, structural and cultural
challenges, but it is important to know that [10]
organizational learning is necessary to enable
positive transformation of education management.[ll]
Organizational learning, education management
and knowledge management as subsystems ?{2]
management aim to provide and better manage
people, processes, technology and intellectuallls]

property.
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Abstract * Digital media nowadays create new
ways to teach, learn and interact. Prospective
teachers are using technology to transfer their
knowledge in a more interesting and accessible
way, while at the same time making students
more engaged and motivated. AR, as a
technology, has the potential to be an effective
learning tool in formal and informal learning

environments. This  paper, present the
development of the AR application for geometry
teaching for primary school students. By

They enable users to visually perceive reality that
surrounds them, complemented with virtually
designed objects. However, the usage of glasses as
additional equipment, increases the costs of the AR
system. In video-based applications, a real image
received via video cameras is combined with
virtual images on the screen of a computer or a
mobile device. Smartphones, tablets or computers
equipped with digital cameras can be used as AR
devices in this case. The availability and

prevalence of these devices allows video- based

augmenting the V W X G 3wk \enhance their aret 3 " )
applications to be used in a variety offields.

ability to visualize what they are trying to learn.
With the developed AR application,they can learn
to make the differences between 2D and 3D Il.
shapes and how they relate to one another. The
designed application is built using a WebAR-

based approach and marker-based detection
technology.

USING AR IN EDUCATION

AR technologies have been around for more
than 50 years, but only the recent proliferation and
consumerization of mobile technologies made
affordable AR systems available for the broad
l. INTRODUCTION public. It has been asserted that education is one of
, the most promising application areas forAR [10].

. Rapid development of the technology has A gmented reality can be integrated into the
influenced its inevitable entrance in the learningjassroom in all grades and across the curriculum.
processes. Educators are constantly looking fo(ty’arious studies have examined the use of AR-
resources and tools to get students engagegaseq technologies for teaching and learning in
motivated and excited about the content they argrjoys subjects and context: natural science,
teaching [1-6]. An interesting option nowadays is maicine, engineering, languages, history, artsand
augmented reality (AR) [7,8]. The AR technology i, yarious learning environments: kindergartens,

can be used to assist the teacher in transferring t imary schools, secondary schools, universities
knowledge and assist the students in grasping thakpatories etc. ’[11 12], ’ ’

knowledge. _ , Most students in all levels of education
Augmented reality refers to te(_:hnologles thatexperience problems when learning math. These

dynamically blend real world environments and , 5pjems usually are related to their abstract

context-based digital information. It expands thethinking ability [13, 14, 15]. For example

physical world, —adding layers of digital g,qents often have trouble understanding the
information onto what we can see with the nakedics of geometry and 3D objects, since teachers
eye. Three characteristics are important for using two-dimensional drawings while

. _ ) are
augmented reality [9]: 1) combining real and g, aining 3D objects (or shapes). Visualization in

virtual world 2) allowing real-time interaction 3) athematics is a necessary conditon for a
aligning real objects or places and digital o5nscious understanding of the subject of study,
information in 3D. o _which contributes to increase the interest in the

AR applications can be divided into two main yhenomena and objects under study, activation of
categories, according to the used device: opticaly,antal processes that determine the process of

based and video-based applications. In opticalgygnition and stimulation of the cognitive activity

based applications, various AR glasses such aggpecially for preschool and schoolchildren.
HoloLens or Magic Leap are used as AR devices.
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To overcome these problems, educators need his means that the application does not need to

to improve VW X G Hpatial Vdbilities. Some

EH GRZQORDGHG RQ WKH XVHU(fV

research studies have examined the AR effects onsed online. This offers users convenience as it

V W X Gsdaflalawifities. Martin-Gutiérrez et al.

simplifies the process of consuming AR, which, in

[16] produced an AR book (called AR- turn, creates conditions for increasing the number
Deheas), designed for use in technical drawingof end users. The WebAR technology is still in its
courses. Intheir study, they reported significantearly stage, but it's growing rapidly, andis expected
positive effects of using the AR book on students'to replace app-based technology in the near future.

spatial abilities. Roca-Gonzéalez et al. [17] and

The main advantage of WebAR is how

CarbonellCarrera et al. [18] studied the effects ofwidely supported it is. This technology runs on
AR applications on university students. In both any commonly available web browsers (including
studies, the spatial orientation skills in studentsChrome, Safari, Firefox, Opera, Edge, and several
who were part of the experimental group others). When it comes to devices, WebAR works
increased significantly compared to the studentson nearly any recent hardware, provided it has
in the control group. Lin et al. [19] conducted an internet access and a camera. Specific aspects of

experimental

study with secondary school AR, however, function better on newer, more

students. They divided the students by theirpowerful devices. Screen size also affects the
mathematics achievements in three groups: high XVHUfV H[SHULH Qehtdresiaié dafld? SO H [
medium and low achievement. Their results to engage with on larger screens.

showed that AR applications had no significant

WebAR development is easy and flexible,

effect on the spatial ability of high achievers, hadadue to available frameworks, that provide a solid
small but positive effect on medium achievers, foundation on which to build apps. In the
and had a significant positive effect on low following, we will list some popular frameworks

achievers.

3D modeling technology on th& W X Gdp&iaVv Vv
skills. Huang and Lin [20] conducted a study with
high school students and showed that 3Ddiagrams
improved mental rotation skills, while 3D
modeling-printing technologies improved both
mental rotation and visualization  skills.
Katsioloudis et al. [21] examined the effects of
two-dimensional drawing, versus 3D models and
found that the students who printed their 3D
models increased spatial skills more significantly
than those who made two-dimensional drawings.
All these findings indicate that students are more
engaged and learn better when they have the
opportunity to visualize the objects. AR
applications, with its 3D displays and interaction
features, are considered a suitable tool for
enhancing VW X G H€paual § ability and
achievement.

.  WEB-BASED AUGMENTED REALITY

There are two primary ways for people to
experience AR. One is application-based AR, and
the other is web-based AR. App-based AR
provides an immersive augmented reality
experience that is accessible through
downloadable apps. On the other hand, web-
based Augmented Reality (WebAR), as its name
suggests, is a technology that allows users to
consume AR experiences through a web browser.

for WebAR development.
Some researchers investigated the effects of x

AR.js - is one of the most popular
frameworks for developing WebAR

solutions. It is a cross-browser Javascript
lightweight framework that is used for
WebAR development. It is compatible
with  Three.js for rapid WebAR

development.

Three.ar.js - is a helper library for creating
WebAR-based solutions. It utilizes
WebARonARCore and WebARonARKIT
which enable developers to create mobile-
based Android and iOS user experiences.
ARToolKit - is based on ARToolKit open-
source tracking library. It combines
WebGL and Three.js for the rendering of
3D models. The support for this library is
currently stopped, but it's still widely used
for creatingWebAR experiences.

Argon.js - is a JavaScript library known for
the simplicity of creating WebAR-based
user experiences. It can be used for both
appand web development. This framework
utilizes features like marker and image
tracking and lays on a complex ordinary
system.

Awe.js - the main features of this
framework are motion sensors, location-
based solutions, and AR markers. It works
using device APIls, WebGL, and WebRTC
in the background.
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X X3DOM - is an open-source framework cone, cylinder, and tetrahedron) were defined
andruntime for 3D graphics on the Web. It using the THREE.Mesh function. These geometric
enables web developers to incorporate ARshapes were chosen as the most basic 3D shapes,
content into web pages, directly within the taught in introductory geometry courses (more
HTML itself. This eliminates the need for geometric shapes can also be added in the future).
any external plugins or libraries, as the Colors and textures for each of the geometric
sceneis an integral part of the page. shapes were also defined.

Generally, there are two types of AR, based In the development environment, each 3D
on the types of triggers: marker-based andshape is linked with a particular marker. As we
markerless AR. Marker based AR, also known asnentioned earlier, we used the images of
image recognition AR, is the most commonly usedgeometric shape nets, as a pattern marker.
in WebAR. It requires a designated markerMarkers are distinct patterns that cameras can
(usually an image, logo, QR code etc.) to activateeasily recognize and process. They can be paper-
an augmented experience. The user is able to scéiased or digital image. When the application
the marker using the phone/tablet/computercamerdetects the marker, it identifies the corresponding
and a digital experience will appear. This allows3D model and recalls it. Then the software renders
the user to move around the marker and see thidde 3D model over the marker, making itvisible to

digital experience in 3D. WKH XVHU )LJ , Q Wréality isz D\ WK
augmented. The interaction between the user and
IV. APPLICATION DESIGN the system is through movement of the marker.

The idea behind the developed application iSStudents can move the mar_ker or rotate itso they
to allow the end-users to preview or visualize the“@" 5€€ the Objet from all sides.
3D Geometric Shape by scanning its geometric '
net template.

The designed application is built using a
WebAR-based approach and marker-based
detection technology. As a development
framework we have used AR.js combined with the
ARToolkit and the Three.js library. The
application structure is composed of a Three.js cTpaHn: 6
scene, camera, and renderer, which are the main pabosn: 12
objects of the application. The ARToolkit source Temuba: 8
object is used as the main entry point of the
application. The ARToolkit library utilizes three
different objects:

X ArToolkitSource: this object is used to
initialize the application and the browser
ZLQGRZ D Qsed o fpdsitional

€ c O

tracking. Since the application will use a Figure. I. Developed app in action. Preview of the 3D
webcam as the main source, the source shape-cube, on the top of its net template,along with basic
type in the ArToolkitSource object was set characteristics: faces, edges and vertices.
as 'webcam'.

x ArToolkitContext: this is the context (main V. CONCLUSION

engine) of the application. It initializes the The AR technology can be used to augment
application's main functions like Projection all of the user senses, although the vast majority
Matrices, cameras, etc., and finds the of applications are focused only to the sight by
markerposition in the image source. combining virtual graphics with the reality the
X ArMarkerControls: it controls the position users see. In this paper the focus is on vision as
of the marking by using the Three.js one of the most important aspect in learning. The
controls API. The patterns for marker paper presents the development of the AR
detection are defined there. application for geometry teaching for primary
Regarding the 3D object that should appearschool students. By augmenting thé WXGHQW |V
on the screen, the predefined three.js 3D modelgision we enhance their ability to visualize what
were used. Five geometric shapes (cube, spherghey are trying to learn. With the AR application



International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

they can learn to make the differences between
2D and 3D shapes and how they relate to one

the invisible observable by Augmented Reality in infaf
science education context. International Journal dkrige
Education, Part B, 7(3), 253-268.

another. They will also learn the most important [9.] Azuma, R. T. (1997). A survey of augmented realitysmee:

characteristics of 3D shapes, like: faces, edges

Y H U W [Ekgdtbking shape in a new and exciting

way using AR gives students a broader depth of
experience and a greater frame of reference whe
facing challenges in the future. When it comes to

solving problems relating to 3D shape they will

have a tangible first-hand memory of creating

shapes from nets.
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Abstract - The content of this paper is the use of biometric  between the two partners (despite the
devices as alternative inputs in a multimodal user anthropomorphic look of the humanoid robot). The
interface with an application also in a virtual reality difficulty arises from the fact that the

environment. In recent years, it is possible to observe a e - . .
growing number of implementations of these technologies. communication loop is enabled by a highly noisy

The specificity is their use in reliable human-robot or ~ Drain-computer interface  (BCl)  pathway
therapist-patient communication. The paper focuses on constraining the reliability of information being
the description of the testing and subsequent extension of transmitted. Therefore, from the point of view of
EMG devices usage in this communication. The ease of communication using an adequate

application described in the paper can create arbitrary jnterface, it is excellent if biometric input elements
strings using gestures sensed by the EMG device. Created are used’

gestures can be managed, recorded and displayed
graphically using this application. HRI has demonstrated a rapid progress in the
last decade [3] as a promising new field offering
numerous applications ranging from industrial
collaborative scenarios, through educational school
settings for children, to domestic environments for
I INTRODUCTION elderly people, in which a socially-intelligent robot
Humanfiuman interactions are of different play an important role [4]. A core subfield within
types and in modern society they are graduallyHRI is represented by human-robot collaboration
being extended to interactions between humangb] where both partners aim to achieve a common
and computers (human-computer interaction, HCI)Joal in real time. This requires reaching a deeper
especially humans and robots (hursmbot level of interaction, shared understanding, and
LQWHUDFWLRQ +5, FIRFYW UR ¢urdingtionu[6] Wsingprire most adequate interface
(cooperation, communication and collaboration).for humans. Such an interface is also provided, for
In particular, robots with humanoid shape haveexample, by virtual reality systems

been.propos_ed as a plausible controllable tool for \sal reality (VR) [7] offers a number of
studying social interactions [1]. In the context of benefits, some of which are specific for the

HRI, the robot can learn by action observation.gnsidered task. VR represents an advanced
from a human. The studies focusing on humang.pngiogy allowing the designers to create rich

MNS are numerous and the related mechanismgyy,a| environments with 3D visual scenes and
can be replicated in cognitive robots. At the SaM&pjects. VR can be defined as a type of user-
time, humanoid robots have been demonstrated Romputer interface that implements real-time

play an increasingly important role in human gimjation of an activity or environment allowing
society, with their applicability across many tasksser interaction via multiple sensory modalities
or contexts [2]. [8]. VR simulators allow exposure to realistic and
The most important part of HRI is the nature of challenging environments through the presentation
interaction. An interaction entails a permanentof dynamic graphics and audio, while also
information-processing loop where both partnersmaintaining safety and control. VR offers a wide
continuously perceive and affect (act on) eachange of applications, for example, in
other. In HRI this is non-trivial because of entertainment, art, design, neurorehabilitation, and

TXDOLWDWLYHO\ GLIIHUHQW otke) Gyppallyl VB Qs enalrediviy Dau kead-

Keywords - human-robot interaction, multimodal user
interface, virtual reality, EMG device
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mounted display (HMD) or virtual CAVE systems
(e.g. LIRKIS virtual CAVE) [9].

HRI is naturally multimodal, exploiting
multiple communication channels such as vision
(eye gaze), body position, pointing gestures,
emotions, or speech. Availability of multiple
channels supports reliability and stability of the
interaction (towards the common ground) and the
recognition of behavior. VR usage offers a number
of advantages over physical HRI (HCI): high
flexibility in environment setup, good control of
independent variables, safety, and possibility for
teleoperation, to name a few [10]. VR is becoming
realistic and has become more usable with regards
to research purposes, including the replication of
physical HRI studies. However, this only works
when the participant is sufficiently immersed in the
VR environment. There exist solutions with mostly
good immersion, but a number of challenges
remain [11].

In 2019, the LIRKIS G-CVE (Global
Collaborative Virtual Environments) [9] [12] was
designed in authors home laboratory LIRKIS as a
web-based globally accessible VR/MR system
over the internet. The system includes Entity-
Component-System pattern that allows the rapid
development of virtual environments with various
extensions and features. Each of the components
can perform different functionality: processing
physical effects and object collisions, obtaining
inputs from the VR/MR interfaces (multimodal
mode), monitoring user interactions and managing
virtual entities. This article deals with the
expansion of the multimodal interface of this
system by some non-traditional biometric devices.

II. BIOMETRIC DEVICES

From the point of view of the multimodality of user
interfaces based on VR and the related technologies,
the following types of biometric sensors/devices are
most often used:

x EMG sensorsare sensors designed to
measure muscle tension values. These
sensors are placed on individual muscles
and subsequently provide information on
the tension of individual muscles. In
practice, these sensors are most often used
to recognize user gestures. Such devices are
most often in the bracelet shape and contain
sensors that are distributed evenly around
the user's hand/leg.

x IMU sensorsare made up of either two or
three  sensors:  Accelerometer and
gyroscope when using two
accelerometer, magnetometer

gyroscope when using three. Together,
these sensors form the IMU unit. This unit
is able to determine rotations in individual
axes and motion information. In practice,
IMU units are used as part of devices and
they detect the position of the given device.

Flexible resistance sensowgork based on
measured resistance. Such a sensor has the
shape of a strip (tensometer). The latter is
formed by a printed resistance strip with
changing resistance. The resistance of such
a strip depends on how much the strip is
bent. Based on the resistance, it is possible
to determine how much the sensor is bent.
These sensors are used to obtain
information about the bending of the user's
joints. These sensors are most often used in
data gloves or full-body suits.

Optical sensors and camerawe mainly
used for sensing the user's position. Two
main approaches can be used to accurately
determine individual parts of the user's
body. The first one is the use of special
markers located on the user. These markers
are subsequently very easy to recognize
using a grayscale image and to determine
the position of individual markers using
multiple cameras. The second approach
does not use special markers but different
types of optical sensors and recognizes the
user by analyzing recorded images.
Another use is face or gaze recognition.
Data from the face or the place where the
user is looking, can be used to control the
program or the user's avatar.

Audio sensorsare most often used for
sensing the distance from reference
transmitters or objects in the scene. Such
distances can subsequently be used to
determine the location of the device or the
user. Recently, such sensors are replacing
optical sensors that are used for sensing the
user when using virtual reality glasses. The
advantage of audio sensors compared to
optical ones is that audio sensors do not
need sensors placed around the scene, but
only built-in sensors in the glasses are
enough. Recently, the use of audio sensors
for recording user gestures has been
investigated. This technology uses the
Doppler effect, which refers to the change
in wavelength of a moving object.

In Figure 1are shown some sensors (devices) used in
and laboratory during work. We primarily focused on the
anduse of EMG devices as alternative input devices.
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Figure 2. EMG devices MYO Armband (left), gForce 100
(right)

IV. GFORCE100DEVICE TESTING

The OyMotion gForce 100 wristband sends the
evaluated gesture as a string of bytes. In this string
. EMG DEVICES is a byte indicating the message that it contains the
gesture and the gesture value. After the bytes
translation into a readable form, the gestures are
marked with values 0 - . (TABLE |]. ). Therefore,
the gesture history is created as a list of numbers
. . , - —92= from which the strings for testing are composed.
This device uses the user's ge.s_tures. The basic princip trings of recognized gestures are stored in a text
of user gesture recognition is _based_ ONfile as a sequence of numbers, in which each digit
eI_ectromyogr_aphy. The LIRKIS laboratory is equipped represents a single gesture. The sequence of
with two devices. Myo Armband takes the form of a gaqyres starts with the rightmost digit and ends
erstband.that the user wears on the for.earm. The MyQuith the leftmost digit. The developed application
Armband is equipped with software that is composed of 5 ks with gestures using the enumeration type.
two artificial neural networks. These neural networks The enumeration type allows you to work with the
have the task of pre-processing data from sensorgyasiyre as a number or its text label. Text is used
which are subsequently used for gesture recognition,, displaying performed gestures and creating a

This device is able to recognize five gesturBit,  tayyyal representation of a chain of gestures.
Wave left Wave right Fingers spreadand Double tap

Figure 1. EMG device MYO (left), Optitrack devices (right)
in LIRKIS laboratory during test

Two EMG devices were available in the wristbands
form: the MYO Armband and the gForce 1{Fag(re 3.

Myo Armband is a device for controlling a computer
or virtual reality. It was developed by Thalmic Labs.

(double tap of thumb and middle finger). TABLE I. GESTURES EVALUATED BY THE WRISTBAND AND
Myo Armband is equipped with several types of THEIR NUMERICAL VALUES

sensors, IMU and EMG sensors. IMU sensors are used

for monitoring of the wristband orientation. These gie:StFl;IrEeL AX Valug

sensors are a three-axis gyroscope, a magnetometer and =

an accelerometer. EMG sensors are used to measure the GF_FIST 1

electrical values of the muscles, which change when GF_SPREAD 2

the muscles are contracted and expanded. The GF_WAVEIN 3

wristband contains eight EMG sensors. GF_WAVEOUT 4
OyMotion gForce 100 is similar to the Myo GF_PINCH 5

Armband EMG wristband. The gForce 100 wristband is GF_SHOOT 6

manufactured by OyMotion. This wristband contains

EMG and IMU sensors. This wristband can recognize 6 |n terms of testing, three types of testing were
gestures. The device also includes a three-axiperformed:

gyroscope, a magnetometer and an accelerometer. The During the first test, the wristband was put on
LIRKIS laboratory is equipped with one gForce 100 the hand according to the instructions. The

wristband. _ _ aim of this test was to determine the accuracy
The gForce 100_EMG d_ewcewasselected for testing achieved by a new user. The test was
to support the multimodal interface. . . . .
performed without previous device testing. In
this test, it is also possible to monitor the
formation of muscle memory during the
gestures execution. During this first test, an
accuracy was achieved in the range from 45%
to 70% and the average accuracy achieved
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was 55.84%. The achieved accuracies for
individual gestures are shown in TABLE II.
(Correct recognition value is average from all
series and all participants). Each gesture was
performed in 10 series 20 times in a row. The

accuracy started to improve after a few TABLEIL

The accuracy also increased during training
when participants performed the gesture more
forcefully and they kept the muscles involved

in the gesture tense.

ACHIEVED ACCURACIES IN THE SECOND TEST

repetitions, but the participants (3) still were | Gesture Correct recognition | Accuracy
not used to given gestures. The wristband did | FIST 15/20 75%
not mark the performed gesture incorrectly as | SPREAD 16/20 80%
another one, but always when the gesture was| WAVEIN 16/20 80%
not recognized, the gesture was marked as a| WAVEOUT 15/20 75%
relaxed hand position. PINCH 16/20 80%
SHOOT 12/20 60%
TABLE II. ACHIEVED ACCURACIES IN THE FIRST TEST
Gesture Correct recognition | Accuracy 3. The goal of the third test was to find out whether
FIST 11/20 55% the added time for training will have an additional
SPREAD 12/20 60% effect on the accuracy. A!so, the aim of this test
WAVEIN 9/20 45% was to improve the detection of t_Sé]ootgesture,
WAVEOUT 10120 50% which ach|eveq the worst results |.n.the second test.
Before the third test, the participants had 20
PINCH 14/20 70% minutes for training. As during training before the
SHOOT 11/20 55% second test, the participants tried to find the ideal

2. The aim of the second test was to find out how

training with a device affects the accuracy of
gestures recognition. Three participants
performed a 10-minute training session with
the device before this test. The participants
also tried gestures to find the ideal position
during this training. They also tried to find the
best position of the wristband on the forearm,
where the device responds best to gestures.
The accuracy was achieved in the range of 60
to 80% and the average accuracy reached 75%.
Compared to the first test, the accuracy was
better by up to 20%. The accuracies for all
gestures are shown in TABLE Ill. (Correct
recognition value is average from all series
and all participants). The average achieved
accuracy would be even better if it was not
reduced by theShoot gesture. TheShoot
gesture achieved up to 15% lower accuracy
than the second lowest accuracy gesture. This

low accuracy was achieved because the device TABLE Iv.

way of gestures performing and the correct
position of the wristband. During this third test,
accuracy was achieved in the range from 75% to
95% and the average achieved accuracy reached
85.8%. The average accuracy increased by 10%
from the second test. The accuracy values of
individual gestures are shown in TABLE IV.
(Correct recognition value is average from all
series and all participants). As in the previous
testing, theShootgesture has the lowest achieved
accuracy (75%), but its accuracy has increased by
15% compared to the second test. This
improvement was achieved because participants
spent more time on this gesture than the others
during training. Also participants could no longer
find a better position for the wristband during this
training. The overall achieved accuracy of gesture
recognition was already close to the accuracy
stated by the manufacturer. Based on the results of
this test, it is possible to say that for ideal gesture
recognition it is advisable to spend at least 20
minutes on gesture training.

ACHIEVED ACCURACIES IN THE THIRD TEST

recognized theShoot gesture as &ingers

spread gesture. The wristband was in the

position where it best recognized all other

gestures. According to participants, thhoot

gesture is the worst to train and it is the most

problematic. Better accuracy of gesture

recognition was achieved when the hand was

Gesture Correct recognition | Accuracy
FIST 17/20 85%
SPREAD 17/20 85%
WAVEIN 19/20 95%
WAVEOUT 18/20 90%
PINCH 17/20 85%
SHOOT 15/20 75%

released to a free (relax) position after each
gesture, or a different gesture was performed.
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The tests have shown that the time spent omhey match, the string is evaluated as done and the
training has the greatest influence on the resultingheck ends.
accuracy. The position of the wristband on the To display the currently executed string, the
hand has a great influence on accuracy only in thapplication creates its graphical representation, which
beginning, and the correct position can be founds displayed to the user. Model images of gestures are
quickly. used as the basis of this process. These images were
The ideal position of the wristband, in which it chosen because they show the correct execution of
achieved the best accuracy in gestures recognizinigdividual gestures. This can help the user learn built-in
during the test, is located approximately in thegestures. When a built-in gesture is recognized, the
middle of the forearm. The last test proved that incorresponding image of the given gesture is displayed.
order to achieve the best possible accuracy, it iFhe string image needs to be created for each string
advisable to spend at least 20 minutes gestureseparately. Due to the large number of possible
training. The second and third tests show that theombinations, it is not convenient to have images of all
most demanding gesture to train is tB&oot options stored. For this reason, the application creates
gesture. This gesture should be given the most timehis image anew every time it recognizes a string. To
during training. Using the above-mentioned create such an image, the images of the individual
procedures, an average accuracy of 85.8% wagestures of the string are gradually inserted. The image
achieved during the last test. With training lastingprepared in this way is then displayed by the
more than 20 minutes, it is a big assumption that itipplication.
is possible to approach the 95% accuracy stated by
the manufacturer. VI. THE TESTING SOFTWARE
The testing software includes 3 screens. The main
V. THE EXTENSION OF THE DEVICE screen appears after opening the application (Figure 3).
IMPLEMENTATION INTO INTERFACE The tasks of this screen are: managing the connection
While the previous tests focused on the usebf the wristband, displaying data from the wristband,
experience, the following section will briefly turning on recognition of gesture strings, recording data
describe the implementation of the device. Theand switching to other screens.
goal of the device implementation into interfaces
was also to extend the set of recognizable gestures
and to enable recording of data within the
implementation in multimodal interfaces and thus
extend their capabilites. A software to
communicate with the device and acquire data
about the gesture and angles of the device defines
the basis of this implementation.
For an extension of recognized gestures set, it is best
to use EMG sensors of the wristband, but the
manufacturer does not allow access to the EMG data of
the gForce 100 wristband by default. It is possible only
when using the more expensive gForce Pro. Therefore,
gesture string were used to extend recognized gestures ~ Figure 3. The main screen of the application
set. These strings are formed by the mentioned built-in
gestures of the wristband. A lot of new gestures can be The next screen is the screen for deleting and
created using strings. A strings of different lengthsviewing gesture strings. Its main task is to display all
combination is possible, but it is possible that shorterthe strings that the application knows. In this list, it is
strings will be contained within a longer string. possible to mark the strings that the user wants to delete.
Therefore, a care must be taken when creating stringghe last screen serves to facilitate the creation of
to ensure that shorter ones are not contained in longegestures. This screen contains buttons for adding
ones. individual gestures to the string. The string being
To determine the string, the application needs tocreated is displayed at the top of the screen. The
know what gestures were performed. Therefore, theapplication allows the creation of a string of up to 10
application saves the history of the last ten performedjestures. Th&igure 4shows the example of a real use
gestures. First, when recognizing a string of gestures, ief the application. In this figure is shown an example of
is checked whether the history contains the necessar§ gesture with a gForce 100 EMG wristband attached,
number of records to recognize the given string. Aincluding a displaying of its processing on the screen.
string of the same length as the checked string is
created from the history and then they are compared. If
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captured by the EMG device. In future work, we
will focus on testing and implementing other
alternative devices that can be wused for
communication within the multimodal interface
provided by the developed VR system.
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Figure 4. Example of a gesture with an EMG device attached
and its processing in the application [4]

VIl. CONCLUSION 5]

This paper dealt with the extension of the
multimodal interface of the VR system developed
in the LIRKIS laboratory (the authors' home €
laboratory) with some non-traditional alternative
biometric devices in the case of its implementationy
as an environment for human-robot or therapist-
patient communication. A core subfield within
HRI is represented by human-robot coIIaboration[ !
where both partners aim to achieve a common goa
in real time. This requires reaching a deeper level
of interaction, shared understanding, and(®l
coordination using the most adequate interface for
humans. Such an interface is also provided by the
aforementioned virtual reality system. HRI is
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Abstract- Intelligent Transport System allows to increase Two leading radio access technologies called
performance, better traffic flow, more efficient and safer ~ |[EEE 802.11p and C-V2X are currently on the
transport of passengers and goods, thus reducing air market. DSRC is supported by IEEE 802.11p and
pollution and increases travel comfort. Nowadays, users Wireless Access in Vehicular Environments

are demanding greater availability, faster and more stable .
connection with higher capacity for upcoming devices and (WAVE) protocol stack[9]. Cellular teChnOIOgy IS

systems that will have capabilities from communicating a powc_erfu! candidate _to support  traffic
with each other to performing tasks remotely. The COmmunications because it has great coverage.
introduction of the 5G network has a major impact on DSRC access technology is unique and
Vehicle-to-everything technology. The fifth generation widespread to provide V2X communication.
network is deSigne% for btlhe L‘igheSt possible 'edve' of Although C-V2X has attracted the attention of
energy efficiency, and enables the transfer of more data in . : :

a shorter time compared to previous mobile networks. In researchers in academia "’!”d car compames.C-
this paper, a review of the literature on the Dedicated V2X can p':om_Ote the effectlve_ness of promising
Short-Range Communications and Cellular V2X applications for traffic safety, the

V2Xtechnologies is presented and the differences between environment etc. [10]

them are investigated. The results of the research showed . .
that while C-V2Xinitially appear to have better In this paper, two teChnOIOQ'es DSRC and C-

performance, the range and reliability of Dedicated V2X are presented. A review of the literature on
Short-Range Communications are more than adequate the Internet was made, where conclusions were
for key security applications. Most importantly, a  made about the advantages and disadvantages of
Dedicated Short-Range Communications device that uses thege technologies. The subject of research are the
?%XQ\QE wireless Sia”da;d Ca':znml th_’mm“';'c"’_‘te witha  pentioned  technologies, and their mutual
"Ven device using Long-term LVOlltion and vice VErSa — gitfarances. The problem of research is that there
It is necessary to work on new technologies to improve . .
various possibilities. are relatlvely new tec_hnologles that are constantly
evolving and advancing, so only at the moment
I. INTRODUCTION something can be concluded because it is expected
Vehicle-to-everything (V2X) is a technology that the mentioned technologies will be further
that allows the vehicle to communicate with the d€veloped.

traffic that surrounds it. V2X technology consists 1. LITERATURE REVIEW

of several components: o
V2X communication can be used for the

X V2V(Vehicle-to-Vehicle)enables purpose of preventing traffic accidents and
communication between vehicles improving road safety. Research has shown that

X V2I(Vehicle-to- the assumption is that V2X technology would
Infrastructure)communication between prevent more than 80% of traffic accidents by
vehicle and infrastructure warning of hidden dangers on the roads that

X V2N(Vehicle-to-Network)allows vehicles otherwise could not be noticed [1][11].One of the
to communicate with a wireless network  fundamental components of V2X technology is

x V2P(Vehicle-to-Pedestrian)communication security[12]. Key security items relevant to V2X
of vehicles with pedestrians are Authentication and Identification, Integrity,

X V2H (Vehicle-to-Home)technology that Privacy [12].To enable V2X for users, two layers
allows the vehicle to communicate with the are required: the communication layer and the
owner's house. [1] [2] [3] [4] [5] [6][7]1[8]  application layer. Several initiatives to standardize
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V2X technology have been implemented throughphysical layer of the (5.795-5.815) GHz band is
the European Telecommunications Standarddescribped by the European Committee for
Institute (ETSI). The technical specifications of Standardization (CEN) standard CEN EN12253.
ETSI TS 103 097 and ETSI TS 102 941 defineTwo frequency bands are distinguished for ITS in
security and privacy procedures. In order toJapan: (5.770-5.850) GHz and (755.5-764.5) MHz
achieve the standardization of V2X technology,regulated by the standards of the Association of
cooperation was achieved between ETSI| and thRadio Industries and Businesses (ARIB). The
3GPP consortium, which is a group, ie aphysical, data and application layers of the first
partnership project that brings together standardfrequency band are described by ARIB STD-T55
committees, regulators and industry bodies at thand ARIB STD-T75. Theuse of the 700 MHz

international level[12][13][14]. radio frequency band is regulated by the ARIB

A. Dedicated Short-Range CommunicationsSTDT109 standard [6]
(DSRC) technology B. 4G and 5G based Cellular (C-V2X)

It uses 5.85-5.925GHz frequency range which istechnology

dedicated for vehicular communication to support CV2X technology is regulated by the 3rd
the development of intelligent transportation Generation Partnership  Project  (3GPP).
systems, specifically by using V2X protocols. The Automotive, telecommunication, other mobility
DSRC provides safety and infotainmentand transport technology industry leading
communication services. DSRC relies on radiocompanies have created the 5G Automotive
communication transceivers mounted on vehiclesAssociation (5GAA) with a goal to expedite the
as well as road side units. Researchers evaluate tldevelopment of the C-V2X.As shown in Fig. 1
different performance parameters of the DSRCthe enhancement of C-V2X has gone through
such as frequency, vehicle speed, and the humbéhree stages [2].

of vehicles that can be on a single channel, etc . o
[15]. The number of vehicles on one channeI,The 5G network has been defined within Report

which is a measure of congestion, seems to be or14 (Release 14) and improve within Report 15

of the main issues with the DSRC since having(ReIease 15), entitled "Phase 1" and defined in
fifty or more vehicles significantly decreases the

message delivery percentage and increases the

latency[15][16].

Various organizations regulate and specify
standards and frequency bands for DSRC
technologies in different regions’According to
the ITU-R M.1453recommendation of the
International Telecommunication Union (ITU),
ITS distinguishes the (5.725-5.875) GHz band and
describes two methods for DSRC technologies:
active (transceiver) or backscatter (transponder).
ITU has also developed recommendation ITU-R
M.1452 for DSRC applications in millimetre wave
ranges (up to 81 GHz). Two sections of the DSRC
frequency spectrum can be distinguished in North
America: (902028) MHz and (5.85& 5.925)
GHz. The 902928 MHz band is specified in
ASTM E2158-01 standard, which is developed by Figure 1.C-V2X standardization and evaluation [2
American Society for Testing and Material
(ASTM), while Institute of Electrical and more detail in Report 16 (Release 16), or
Electronics Engineers (IEEE) defines 5.850 recognizable as "phase 2". The C-V2X can
5.925 GHz band in protocol, called IEEE 802.11p.support a wider range of capabilities than previous
Three frequency spectrum bands for ITS could bevehicle connectivity options, such as WLAN
distinguished in Europe: (5.470-5.725) GHz,technology or a standard better known as IEEE
(5.795-5.815) GHz and (5.855-5.925) GH#$}. 802.11p for Intelligent Transport Systems (ITS)
The physical and Medium Access Controllayers ofonly. The two standardized C-ITS technologies
the first and third frequency bands are regulate@re 3GPP LTE-V2X PC5 (known as LTE
by European Telecommunications Standardssidelink) and IEEE 802.11por ITS-G5, a standard

Institute (ETSI) standard ETSI ES 202 663. Theby the European Institute for European
Telecommunications Standards Institute
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(ETSD[17]. Release 14 specification upgradesoffering superior direct communication, the C-

existing technologies to enable faster data transfelV2X offers a higher level of security than 802.11p

improve the mobility of NB-loT devices, increase for all modes DSRCuses Wi-Fi-based access

energy efficiency, and ultimately enable thetechnology whereas C-V2X adopts cellular-based
development of a 5G mobile network. The first setaccess technology. This makes DSRC suitable for
of 5G specifications was completed in Marchshort range communications, but it does not
2019 in the Release 15 standard, as the first phaggovide robust connectivity when the vehicle

of 5G system development. The first commercialdensity is high. CV2X can support a longer

5G mobile networks based on the Release 1®overage range butits direct communication
standard were launched in South Korea and thé&ransmission mode does not provide the desired
US in April 2019[18]. Release 16 standard high reliability[3].

represents the second phase of the development of C-V2X. with its SC-FDM modulation, is also

the 5G mobile network [19]. The most recent, aSable to achieve concurrent transmissions while

of this writing, is Release 17, scheduled for 2022.
The C-V2X uses two complementary modes OfDSRC cannot. The cellular technology overcomes

e X ) rk collision ing retransmission I
transmission (modes) to provide a wide range O]netwo collisions using retransmission, usually

. > activated at high speed, which can also increase its
[Sf;ie[tleo]features while driving. These modes are, . munication range.

1. Direct communication between vehicles Communication standard for V2X, WA\(E
(Vehicle-to-Vehicle - V2V), between BSSeSCWLf]‘N telchnologyh [22][ﬁ3] tohg Ttab"Sh
. . ' : channels so that the vehicles can
vehicles and infrastructure (Vehicle-to- . . " -
Infrastructure - V2I). vehicles and other communicate directly to other entities within short

: -~ 1o medium ranges (typically 300 meters). DSRC is
road users, such as cyclists and pedestrian . e g
(Vehicle to Pedestrians - V2P). In this gssentlally a modification of Wi-Fi. The

mode, the C-V2X operates in the 5.9 GHZtechnology was considered a huge breakthrough in

..~ the automotive industry because it allows for data
frequency band - ITS spectrum, which is to be transmitted between two devices without
identified and harmonized internationally

. : _going through any intermediaries, making it
{;)zrxs %Cuerr'gf[erse?rfg Q Sénlg etr?tlls g}o,[?]i’ r;hoebi% highly useful for rural and remote areas without
networ?( P y any telecommunication infrastructure. DSRC is
' o . , _ known for having very low latency due to the
2 \N/EQN ?rrrI]( f;gemgsnlgaté%nﬁvgnmhrg? mgbﬁe elimination of the intermediary. C-V2X utilizes
networkpto enable vehicles to receive cellular radio instead of WLAN, meaning that it
information on road conditions and traffic utilizes the same set of cellular radio technology
situations. In this mode. the C-v2x &S cellphones do. The major difference that sets C-
operates .in the spectrurﬁ approved byV2X apart from DSRC is that it allows both direct
. L and indirect communication. In direct C-V2X,
irgollj)g:r;)perators to enable connectivity to vehicles communicate directly with other vehicles
i . ot (V2V) and roadside units (V2I) the same way as
The C-V2Xalso supports Vehicle-to Netwqu how DSRC works. Under indirect C-V2X,

(V2N) applications [21] delivered via . ; : "
commercially licensed cellular spectra. This modeyehICIes communicate  with  other entities

can also be used to provide network support foénodr;:gfg% V'%gsgegglr?r: oqegvgor:(ng\i/rzelgz’gr\'}g;('?s
security-related features, as well as for 9 :

) . . useful because the cellular network can collect
commercial services, where the involvement of a
data from many cars, and thus can be more

mobile operator is required to provide access to : . .
b 4 b effective at managing traffic on a larger scale.

cloud-based data or information[17].The reason toO o . .
Co : riginally designed in Release 14 to use the LTE
use the cellular communication system is that thetandard, 3GPP later added compatibility for 5G

system is capable of covering short range to Ion% .
. . . nd 5G NR in Releases 15 and 16.0n the pros,
range, is capable of supporting large capacity, an upporters of C-V2X generally suggest that

is available in various fields. cellular radio technology has better growth
potential for faster speeds and higher reliability.
IIl. DIFFERENCES BETWEEN DSRC AND  c.yv2X is more sustainable as it offers a long-term
C-v2X path for constant improvements. The price of
The C-V2X allowing to serve more road userscellular chipsets is cheaper than that of WLAN
in a specific part of the spectrum. The C-V2X canchipsets. There had been no side-by-side testing
provide a higher level of safety for more road proving that one performs better than the other in
users than alternative technologies. In addition taapplication [7].1t is important to take advantage of
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both access technologies. At present, coexistence Recent studies proved that DSRC and C-V2X
of both technologies are not significant as C-V2Xcould both perform acceptably in safety
is not mature while DSRC has issues like smallapplications if the density is not very high, and the

coverage and low throughout. required end-to-end latency is not more than 100
ms. However, as such applications require a very
IV. RELATED WORK high Quality of Service (QoS), both RATs are not

The studies available for C-V2X are not asyet up to the expected performance. To decrease
much as those for DSRC, as it is a newerthe gap between the performance of DSRC and C-
technology. Authors prove that C-V2X sidelink V2X and to increase the facilities offered by both
mode 4 performance exceeds that of DSRC in th@s more modes of operation and higher
link budget, and this has been confirmed in reathroughput, IEEE 802.11 Next Generation V2X
applications in. While in using sidelink mode 3 began in March 2018formed in 2019 IEEE Task
centralized resource control in C-V2X, there Group 802.11bd (TGbd), Also, 3GPP is working
appears a better performance from better spectru@n developing a New Radio (NR) V2X for its Rel.
utilization as in. But as traffic density increases, 16, building atop of 5G NR that was standardized
the performance of C-V2X also deteriorates due tdn 3GPP Rel.15. The QoS of use cases required to
interference resulting in C-V2X mode 4 from be supported by NR V2X is expected to be far
frequency reuse, which decreases reuse distangsuch higher than that mentioned earlier for C-
[2]. V2X as it requires an end-to-end latency that does

e o
Some authors have shown that the recentl;POt exceed 3 ms and reliability of 99.999% [2].

standardized 3GPP C-V2X can provide superior V. DISCUSSION
performance with respect to IEEE 802.11p for

emerging beyond day-one applications, with ; .
. : can be seen from Figure 2. DSRC uses a wireless
particular focus on truck platooning. C-V2X standard called VAVE while C-V2X uses long-

Mode 3 greatly improves reliability compared to - .
IEEE 802.11p due to centralized radio resourceterm evolution (LTE), a chip technology used by

scheduling for the sidelink/PC5, which enablesalrnOSt all mobile phones.

smaller inter-truck gaps that translate into higher DSRC radio cannot talk to C-V2X radio, and
traffic efficiency and safety. The C-V2X Mode 4, vice versa. C-V2X initially appear to have better
which can be deployed without network performance, and the range and reliability of
infrastructure support, may outperform IEEE DSRCs are more than adequate for key security
802.11p for periodic traffic due to semi-persistentapplications. However, they also have some
resource scheduling, but resource re-selectiosimilarities and this can be seen in the figure 2
triggers must be carefully tuned to avoid persistenwvhere it is shown through the cross section.
collisions.  Therefore, C-V2X with the DSRC and C-V2X use the 5.9 GHz band for direct
combination of Mode 3 in areas covered by LTEcommunication from one radio to another. Both
infrastructure and Mode 4 in areas outside of thaéechnologies use the same message sets (SAE
coverage is better suited for truck platooning than]J2735 and J2945) and use cases. They use digital
IEEE 802.11p from the platoon density angle[24]. signatures to ensure security and trust in message

providers.

Both technologies differ in some features. This
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Figure 2.Demonstration of technologies using sets

VI. CONCLUSION [4] Yoshioka, S., & Nagata, S. (2021). Cellular V2X
ITS has become one of the most globally standardization in 4G and S5(E&ICE Transactions on

researched topics. Currently there are two main gléir;dnacgsntals of Electronics, Communications and Computer

V2X data transfer technologies for ITS [5] chen,S., Hu, J. Shi, Y., Zhao, L., & Li, W. (2028)vision of

applications: DSRC and C-V2X. Emerging loT C-V2X: technologies, field testing, and challengeswitinese

technologies can also be applied in ITS systems. JevelopmentiEEE Intemet of Things Jourmal(s), 3872-

DSRC uses a wireless standard called WAVESs] Kiela, K., Jurgo, M., & Navickas, R. (2020). StructafeV2X-

while C-V2X uses long-term evolution (LTE)-the loT framework for ITS applications. 2020 43rd International

- Conference on Telecommunications and Signal Processing
chip technology that almost all cellular phones  1gpypp. 220-234) IEEE.

use. A DSRC radio cannot talk to a C-V2X radio,[7] 7.AUTOCRYPT, (2021). DSRC vs. C-V2X: A Detailed
and vice versa. While C-V2X |n|t|a||y seems to Comparison of the 2 Types of V2X Technologies. Pristaplje

o hili 15.12.2021. https://autocrypt.io/dsrc-vs-c-v2x-dailed-
have better performance, the range and reliability  onaconsthe-s ety tedmooe o0

of DSRC is more than adequate for the key safetys] oLWURYLG 6 ODUNRYLU * Si¥GIRMLpLG 9

applications. Most notably, a DSRC device using fz\(}lK%M UN|KAC|(S)'NE|NFRASPTF;®{<CTIURE xxvafAZVOJA
a WAVE wireless standard cannot communicate 5\ 5'SR]LMXP R QRYLP WHKQRORJLMDPD

/

with a C-V2X device using Long-Term Evolution telekomunikacionom saoly i D M X
(LTE), and vice versa. [9] H.Y.Kim, D. M. Kang, J. H. Lee and T. M. Chung, (201'A
performance evaluation of cellular network suitabilitgr
In the future, it could be explored which VANET," World Academy of Science, Engineering and

. . Technology, International Journal of Electrical, Comtepu
teChnOIOgy IS more appllcable because the Energetic, Electronic and Communication Engineeriraj, &,

technologies are relatively new and constantly  no. 4, pp. 448-451

evolving. Cellular technology seems to have manyf10. ?;S?L?Ok KF Z(Eofgu)lzaE?:éb'\ﬂHg Kecgi‘gié #{'cﬁ”fx?!t‘iﬁ’gf” &

advantages over DSRC, but DSRC is still used. It 304" cvoX in vehicular  networkéEEE Wirsel'emss

would be desirable to learn about these  communications27(2), 134-140.

technologies in universities because |t is[ll.] McLellan C. What is V2X communication? Creating
. . connectivity for the autonomous car era. ZDNet, 2019

Sqmethmg new and Current and Somethmg t_hat https://www.zdnet.com/article/what-is-v2x-

will develop even more in the future. It is communicationcreating-connectivity-for-the-autonomoas

desirable to constantly work on making cars more __era/[Pristupljeno: 15.11.2021 ]

. . [12.] Abou-Zeid, H., Pervez, F., Adinoyi, A., Aljlayl, M.&
Comfortable’ the flow of information faSter’ fewer Yanikomeroglu, H. (2019). Cellular V2X transmission for

traffic accidents, etclf the students learn more connected and autonomous vehicles standardization,
about thiS, maybe the mentioned techno|0gy will applications, and enabling technologies(EE Consumer

Electronics Magazine3(6), 91-98.
be develoDed even more or maybe a better Onﬁ&] 3GPP. https://www.3gpp.org/ [Pristupljeno: 20.11.2p21

will appear that will allow people to be more [14.] Mallinson K. How C-V2X In 5G Will Transform Cars And

satisfied. Save Lives (Analyst Angle). RCR Wireless News, 2020.
https://www.rcrwireless.com/20200206/analyst-angle/cv@x-5
transform-cars-analyst-angle [Pristupljeno: 25.11.2021
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Abstract: In this paper, the focus is on the importance of Education and training of employees represents
f‘hpﬁ'yi“% Industry Sh(') in tlhe e%“iﬁ“.on"’;'hsyﬂe“?d Thed“."e something that is constantly supplemented and
at entrepreneurship plays both in the world and in . -

educational institutions, economic assets of the Republic ConthOUSIy |mproved. Eve'_’y gIObaI Change
of Serbia is becoming an increasingly important element l€aves a mark on education, on the next
of economic growth and development of the entire state generation. Application Industry 4.0 is full of

system. In recent years, there has been constant work on  technologies of different characteristics, which
the development of this area, whereby the main carriers greatly affect education, modifying various

of development are the education of employees, additional . N L2 .
education in micro, small and medium enterprises. Every ~Processes both in educational institutions and in

company that aims to grow successfully must constantly —all business processes. Technologies 4.0 facilitate

improve the entire management system. _ and intensify teaching, while penetrating the
Keywords: ~ education, ~ education, industty,  egsence of the relationship between lecturers and
entrepreneurship, human potential, quality. . . ;i
students[3]. Mexico is a country that is not
I INTRODUCTION able to follow the trends of Industry 4.0. This

causes poor student success, which directly
Iaffects the increase in the unemployment rate
and the decline in the economy rate [11].

Within the modularly structured smart factory,
cyber-physical systems CPS (Cyber-Physica
Systems) monitor physical processes, create
virtual copy of the physical world and make
dece.ntrallzed decisions. Through IoT, cyber- ENTREPRENEURSHIP METHODS IN
physical systems communicate and collaborate EDUCATIONAL INSTITUTIONS
with each other and with people in real time.
Through 10S, value chain participants offer andAlthough there are many definitions of the term
use internal and inter-organizational services. Thentrepreneurship, one of the leading ones is the
term Industry 4.0 fully meets a wide range of definition of the European Union, which defines
concepts, including steps in mechanization andentrepreneurship as a way of thinking and a type
automation,  digitization, networking and of process that creates and develops economic
miniaturization [1]. The development towards activity by combining risk-taking, creativity
Industry 4.0 has a significant impact on theand/or innovation with good management, in a
manufacturing industry and represents the latestew or existing organization. When it comes to
trends in automation technologies. Industry 4.0 isentrepreneurship in Serbia, in the last few years
a manufacturing industry that uses state-of-the-amhumerous measures and facilitations have been
technologies, equipment, processes and workbserved for future entrepreneurs, especially in the
methods. It brings great benefits to businessesector of micro, small and medium-sized
such as increased productivity, competitivenesenterprises, and another of the changes taking
and profits. Existing production systems generallyplace in the economy is the digitization of
do not yet apply all Industry 4.0 concepts, whichbusiness and the separation of digital
should change in the near future. That gap, whiclentrepreneurship as a separate scientific fields [4].
was discovered by the research, should be filledn addition to companies that conduct their entire
with a higher percentage of satisfaction of thebusiness in a digital environment, there are also
concept of Industry 4.0. A smart factory is definedthose that have adapted to the market in which
as a production solution that provides flexible andthey operate in one of the listed segments. When it
adaptable production processes that will solve theomes to digital resources, examples include
problems that arise in production establishmentConverse and lkea. On the website of the
in dynamic and rapidly changing conditions [2].  Converse company, there is an option to create
sneakers according to the customer's wishes, after

I. APPLICATION OF
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which he can order and buy them. Similarly, Ikeageneration that has been surrounded by
offers the option of planning rooms in the housetechnology since birth, it is only natural that

as well as ConSUItir.]gWith _eXpel’tS, either they are also surrounded by it in their
through the website or in person. In terms Ofworkplace. Traditional workforce

digital services, one example is the Phlips ,na0ement models are becoming more
company, which designed a special application for,

its Philips Lumea product that reminds users ofsnatteC as companies reallze_ that . their
important dates related to the use of the productemployees are the core Of, their business.
which is a very useful option repeatedly rated ag’:urthermqre, the application of new
extremely useful by users [5]. technologies (either from own development or
In recent decades, successful manufacturindy purchasing from third parties) these models
companies in the most developed countries havean automate a large part of bureaucratic tasks
focused on producing products according to[7]. According to Steinberg (2021), "there has
customers’ designs, in small volume, with highnever been a better time in the history of
value and with high margins. In the businesssociety to finally get that visibility so we can
model of large-scale production of standardizedygke ~ petter business decisions.” If the

products, long and complex value chains Wer&..ommendations are  not sufficiently

formed. In addition, the trend of globalization and .o . .
outsourcing of business processes and activitieres.peCteq’ companies value chains W'.th. !ong
elivery times, which lack complete visibility in

has made value creation chains and theithe entire value chain, are in the "danger zone"[8]
production and service operations more complexI today’ lob il ¢ dg it :
but also more difficult to manage and monitor. n odays —globally — connecte society,
From a global value chain perspective, commufnlﬁatlon Iollj_etv;een pheoplle frodm qllflifrer_wt
manufacturing companies import most of their'ohartSO the wor dl's Ionﬁ cheaply an qL:'C, yI_V|a
raw materials from China and other developingt € Internet. Ra Ical changes in peopies lIves
have occurred precisely because of the increasing

Asian countries. In this way, major global value f computer o the Internet. that
chains, including both manufacturing and service!>€ Of COMPULETS, €asy access 1o he Internet,
, the application of modern information and

sectors, in the last two decades have becomgommunication technolodies
significantly dependent on China as a global gies.

supply chian pariner [6, n Spain,  vas sppiea 20%, 1N e Tee, onine senvces (it ofer
at one universitycombined teaching, with the P '

intention of demonstrating the practical use of 4.0The modern business environment requires

technologies to students who had no previou{r?mg]ar::fst t(l)nadrzptr tfo rthe n(?r\:eltlnes temerrg];im\g/; on
experience  with it through appropriate € market. In order for a company 1o achieve a

market advantage, it is necessary to present all its

methodology [10]. products and services on the market in a unique
m IMPORTANCE OF HUMAN and recognizable way that will differentiate it
POTENTIAL IN INDUSTRY 4. AND from the competition. Employee development is
INDUSTRY 5. O critical to overall market success. Without

improving human resources, the products
Human potential 4.0 is aimed at attractingthemselves will not be innovative and different. It
educated and talented experts, improving thés necessary to monitor the competition but also
working and organizational environment andpotential external collaborators. By implementing
other tasks aimed at improving the company'& strategy based on the use of human resources,
strategic results. They are imbued with 4.0the company significantly improves its ranking.
technology and follow modern market trends '€ global market requires constant training of
with particular impact. In human resources€Ployees, following new trends in personnel
4.0, it is understood that experts have differen ducation. Education encourages an innovative

.way of doing business, which is of great
needs and that the movement of WOrkers igmportance for every individual in society.

much more frequent than ten years agoincreasingly, companies make selections based on
Precisely because of this, it is necessary thajualifications and candidates’ willingness to
work is not an end in itself, but that it further improve, learn and acquire new skills.
provides the best possible experience througfiioday, it is very difficult to motivate candidates to
the improvement of the workplace itself. For aspare time for additional educational content in
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addition to their work obligations during the day. where each element of production autonomously
It is also important to note that the right training isexchanges information, initiates actions and is
extremely important. There are two problems: theindependently controlled [14]. Based on all of the
selection of workers whose knowledge will be above and researched literature, it can be
invested in, as well as the right type of training.concluded that technology 4.0 and 5.0 are an

Investing effort in carefully selecting workers integral

part of educational institutions and

does not in itself guarantee that they will becompanies in the futur

effective. Even workers with a high improvement
potential cannot perform their work if they do not

1.
know what they are doing and how to do it [12]. =

V. CONCLUSION 2]

Organizations that are smaller due to limited
resources at their disposal are often limited in their

innovation  activites compared to large 4]
companies. Access to a wider range of knowledgé'
and resources becomes possible througlb.]

cooperation, which can positively affect the
implementation of Industry 4.0 and technologies(s]
related to it. The global market requires constant
training of employees, following new trends in
personnel education. Education encourages an
innovative way of doing business, which is of [7]
great importance for every individual in society. (g
Constant improvement implies the introduction of
radical changes in all business processes, which &1
also part of a strategy based on the application of
human resources management.
resources and using them in the right way and at
the right time will reduce the company's overall

operating costs. In this way, there will be anf!

increase in business efficiency with the
achievement of positive results. industry 4.0 is a

new production concept that is focused on creating?!

"smart”
products and processes, through the use of smart
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Abstract +Digital literacy is imperative among teachers  particular interest to the quality of online teaching,
but their education does not necessarily provide adequate especially in crisis situations. The planned training
knowledge for proper use of available digital resources | improve the digital competencies of

and for adjustment to new digital technologies. A project . - .
that improves and enhances the digital skills of mathematics teachers, and thus their teaching

mathematics teachers will be presented in detail. The abilities.
project originates from a local initiative but has Within the project and our research, we paid
international funding. . . .
particular attention to the local mathematical
community, in order to help teachers, and therefore
I.  INTRODUCTION students too, at all levels of education, in the best

The demands for digital competencies arend most effective way.

growing by the day. A math classroom has not |nternational Mathematical Union (IMU) [4] is

been excepted from that either. Consequently, it i non-governmental and non-profit scientific
important for math teachers to be well familiar organization that promotes and supports
with the tools that meet the demands. international mathematical activities contributing

The project idea comes from local mathematics© the development of mathematical science in any
teachers. Recent obstacles and difficulties imposeff its aspects, pure, applied, or educational. Within
by the pandemic have made many teachers rethink® IMU organization, there is a Commission for
the value of developing and having digital Developing Countries (IMU DCD) managing IMU
competencies. The realization however led tonitiatives in developing and economically
facing other issues: evident limitations and issueglisadvantaged countries [5]. Through the Project
in terms of equipment, humble computer skills, SUPPoOrt Program, they help local initiatives and
and the lack of knowledge of the appropriate tools.contribute to education and local capacity building.

After the Covid-19 pandemic started, it was _ Within this paper, WKH SURMHFW = 3)R\
obvious that the teachers" digital competencies had PWKHPDWLFV 7HDFKHUTV "LILWDC
to be further improved. Especially mathematicsP€ presented in detail, by its aims, target group,
teachers had difficulties with the online teachingSchedule, —expected results, and possible
process because of the nature of mathematicfontinuation and extension.
instructions which have to be explained, presented,
and discussed step-by-step. For that purpose, we Il.  RELATED WORKS
organized more workshops, where we instructed  pjgital technologies are present in the modern

mathematics teachers for creating digital learmningsqycational process for quite some time. There are
materials using GeoGebra and LaTex [1], [2], [3]. many studies and researches concerning the

Taking into account all the mentioned aboveOptimal use of computers and software, both, for
and also the need for comprehensive training foempowering teachers with digital skills and for
teachers to conduct online and hybrid classes, thétudents to improve their learning results.

SURMHFW 2)RVWHULQJ O0DWKHP DsWieF of thd! Bl duli¥s "dehle With Cihe
&RPSHWHQFLHV ZBV give HML J QddSech of teachers' attitudes towards the
mathematics teachers at the local level theyppiication of digital technologies, as well as how
opportunity to further improve their digital skills. teachers, depending on the technologies they use,

The project focuses on pen tablets, GeoGebregprganize the teaching and learning process. It is
and LaTeX as available digital resources ofinteresting that such research has shown that,

The project "Fostering MathematicSGHD FKHU fV 'LJLWDC
implemented by Technical Faculty "Mihajlo Pupin”, Ueisity of Novi
Sad was supported by a grant from the Internationah&faatical
Union Commission for Developing Countries (IMU-CDC).



International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

depending on how they apply technology, differentLaTeX for document preparation [12]. Aside of
types of teachers can be distinguistied Also, that, the website provides a list of relevant
there were researches where special attention wamiblications on using LaTeX [12]. The
paid to the types of digital tools used by documentation and literature in the Serbian
mathematics teachers. Digital tools arelanguage are also available on the websites of
categorized, as well as the pedagogical foundationdifferent Serbian universities [13], [14].

and the corresponding activities. The optimal GeoGebra is an open-source mathematics

approaches and potentials for use of technology "Loftware suitable for different levels of education.
mathematics education are recognized within thlﬁt is very usable as a tool in teaching mathematics

study (7. especially geometry, algebra, and statistics [15].
The implications of teachers™ training for use ofOne of the aims is to make mathematics
digital technologies and their effects on learningapproachable by helping students visualize abstract
outcomes were also the theme of recent studiesnathematical concepts. The software is also well
Some findings indicate that the best results arelocumented and a lot of usable instructions can be
obtained by using digital technologies as supporfound on the official website [15]. The website of

for traditional instruction methods [8]. GeoGebra Centar Beograd provides
documentation and instructions in the Serbian

The efficacy of professional development language [16].

programs for teaching mathematics with
technology is yet under consideration. It is closely
related to teachers’ self-beliefs about teaching with V- DETAILED DESCRIPTION OF THE PROJECT
technology. The research results imply that beliefs o
about teaching with technology are regarded aé- Motivation

crucial factors for teaching mathematics with ~ The necessity for the project was confirmed by
technology [9], [10]. both, the teachers and the students. Due to the
Covid-19 pandemic, the educational process has
een dislocated from classroom to online teaching.
he main problem was delivering mathematical
eaching content. The problem was caused by the
ollowing fact: the teachers do not have and do not

At the local level, one of the first researches
was conducted with elementary and high schoo
mathematics teachers in Zrenjanin, concernin
their attitudes towards the accessibility and use c?f
digital technologies [11]. The results of the hangie appropriate equipment and software tools
research showed that mathematics teachers ha‘é%propriate for wrihg and presenting
positive attitudes toward computers and their Use,5thematical content. The project supports simple

in the educational process, and they expressed thgqira| resources - modest equipment and open
need for further education and improving their 4o rce software tools.

digital skills. Situations, when the educational process has
been dislocated from classroom to online teaching
. LATEX AND GEOGEBRA AS TEACHING demand digital competencies of mathematics

TOOLS teachers. Many of them possess computers with

LaTeX, as a text editing tool, and GeoGebra aéower. performancgs, and thei_r technical skills are

an interactive mathematics application can be usethsufficient (especially the senior ones).
by teachers to improve the quality of teaching )
mathematics. Both programs are free andB. Goals and aims
accessible. Moreover, both are well documented The project goal is to bring mathematics
online, in both Serbian and English languages.  teachers into being fully functional in the teaching
It i Process, regardless of whether it is in the

lassroom or online. The primary project aims are
% train mathematics teachers on how to properly

LaTeX is a high-quality text editing tool.
frequently used by mathematicians in both scienc
and education. Mathematicians use LaTeX becaus
of its customizability, stability, and simplicity in Us
typing mathematical formulas [12]. LaTeX is free, .
which is another important perk. Its availability is
one of the reasons why it is so popular and
widespread. The variety of LaTeX editors like

Pen tablets - for immediate online teaching,

GeoGebra - for graphing functions and
presenting 2- and 3- dimensional geometrical
shapes and for creating dynamical teaching

TeXmaker, LyX, TeXworks, etc, provide users . Ta$r?I?,f ¢ writing mathematical teachin
with a preferred work interface. LaTeX is well mgteerials 0 9 mathematical teaching

documented. The official website provides a wide
variety of instructions and tutorials on using
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The additional aim is to repress senior teacfiers The autumn training will cover installations and
repulsion toward digital resources. It is evident andnitial use of all necessary digital resources, while
confirmed by themselves, but they will overcomethe spring ones concern advanced use. In the
the obstacle within the project training and meantime within the project duration, occasional
intensive communication with collages having consultations will be held in local schools.
similar problems.

V. DISCUSSION AND FURTHER WORK

C. Mathematicians in the prgject , This project addresses mathematicians' digital

The target group consists of mathematicScompetencies and skills needed for effective
teachers from local primary and secondary schoolgeaching of mathematical content, regardless of
Each school will delegate two math teachers foRyhether it is in the classroom or online learning.
the training, due to the limited resources.Eqycational capacities are built by local initiative
Approximately 40 people, apprentices, andand based on free online digital resources

teachers (two main and two assistant educatorsyypportive for mathematics.

will attend the training.

After the project finish,

training will be

A wider mathematical community will be continued to support and foster mathematics
reached Dby the project. Approximately 60 yw H D F K Hedittion ihQhe domain of digital
mathematics educators from the region will bejiteracy. The overall goal is to increase the quality
presented with the project, to gain the projeciof the teaching process in mathematics and to

to be expected that the apprentices will share their
experience and gain knowledge with their school
colleagues.

More,
experience to all participants, and will be used as a

the project will provide precious

case study in further research. It will be used as a

D. Institutions in the project

base point for other educational projects and

seminars.

The project will beimplemented in Zrenjanin,
Serbia, by Technical Faculty "Mihajlo Pupin”,
University of Novi Sad. As the basic institution, it [
provides infrastructure, administrative staff,
workspace, and equipment. The local School
administration institution supports the project and(?
finds the planned training beneficial for the
mathematics teachers, schools, students, and the
whole community. The institution encourages
schools and their teachers to join the project bys;
active participation in the training.

E. On the training

Training will be organized for the local |,
mathematics teachers so they could adapt digitak;
resources. The capacity building will be achievedg
by increasing personal knowledge and skills
surrounding the usage of GeoGebra, pen tablets,
and LaTeX in the teaching process. 7]

Local project initiative provides the simple
organization of events, intensive cooperation of th
local community of mathematicians, and exchange
of experiences.

As the project duration suits to official
schoolyear calendar (2022/2023), there will bell
three trainings in the first semester (autumn), and
another three at the beginning of the second one
(spring). The final project recapitulation will be [10]
held in the last month of the second semester.
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Abstract - Sorting algorithms are widely used in a broad  transactions by place or time, for sorting mail by

variety of applications. The sorting is very important in the  postal code or address, for sorting file by name or
programming and in the real life. Also, is easier and faster

to find some elements in a sorted array than in the unsorte date.

array. For easier searching, sorting algorithms are X Search for information

necessary in the programming process. In this paper, we

will present their use in shopping assistance application. If the data are sorted, then searching through it is

The motivation for this application follows from everyday faster and more efficient.
problems which arise while we are looking for some

products in a shop. X Operation research
The shopping assistant application uses Tim Algorithm for . . . .
sorting of the products in order in which they are arranged Sorting is used in job-shop scheduling, when the
in the shop. goal is to complete all jobs (joh requires
t. seconds of processing time) with minimized
I.  INTRODUCTION J

In th L ded | average time. If the shortest processing time is the
n the programming Is needed to sort elementgj; sed rule, then the jobs are scheduled in

of the data structure into some specific order VeNYncreasing order of the processing time. If the
often. The most common are numerical (fromjongest processing time is the first used rule, then
highest to lowest, or from lowest to highest) orderthe jobs are scheduled in decreasing order of
or some alphabetical order. As examples of sortingrocessing time. In the two cases for ordered
are the following: lists of words can be sortedprocessing times (either increasing order or
alphabetically or by the length, list of countries candecreasing order) sorting algorithm must be used.
be sorted by their population, by their area or by
calling code. The data sorting is necessary because
the sorted data are always easier for searching or Many numerical algorithms use sorting to control
analysis. Also, efficient sorting is important for accuracy in calculations.

optimization of the other algorithms that require
sorted input data, [1, 2, 3].

X Numerical computations

X Graph theory

. . 'LMNVWUD YV the @dsR fdrhaliskaRyotithim
Because many algorithms can be applied onlyo, finding the shortest path between the nodes in
on a sorted data, the data sorting is the first step fghe graph. JRU LPSOHPHQWDWERQ
searching. For example, a binary search is fastefigorithm, priority queue can be used. In a priority
that linear search, but binary search can be appliegueue, elements with higher priority have priority
only to a sorted data. before elements with lower priority. For this reason,

Sorting is so important and potentially so elements in priority queue must be sorted. Also,

WLPHIFRQV XP teQsbn bekduse th¥ sorting , . : .
has been the subject of research in the computejfannmg tree. And for implementation on_this

) o orithm, priorit ueue can be used. Other
science. As a result, very sophisticated methods foélgorithm f(I)Or finé/ing(]q minimum spanning tree is

RI

BULPYV DOJRULWKP ingVmiimwuieshG IR U

sorting have been developed [4]. _.UXVNDOYV DOJRULWKPs saringV DO JI
The sorting has a wide application in all fields algorithm for sorting of all edges in non-decreasing
in science and in the real life [5]. order of their weight.
x Commercial computing x Data compressing

Many organizations as financial, commercial or Huffman —compressionis a classic data
government institutions use sorting for organizationcompression algorithm. For implementation of this
of their data. Sorting algorithms can be used fordlgorithm, priority queue is used.
sorting accounts by name or by number, for sorting
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X String processing subarray which is already sorted and unsorted
subarray. In every iteration of the algorithm, from
the unsorted subarray the minimal element is
selected and moved to the sorted subarray.

All algorithms for string processing are based on
sorting.

In this paper, we used Tim sort algorithm in _ _ )
Shopping Assistant Application. We used thisB: Time complexity of Selection Sort

sorting algorithm for sorting products in the shop bythe time complexity of algorithm i© "’ as
category and by the order in which they are

arranged (organized) in the shop. there are two nested loops. One loop to select an
element of the array (one by one) and another loop
. SORTINGALGORITHMS to compare that element with all other elements

There are many algorithms for sorting, a few of Tom the array.

them stand out as the most effective. All the Bubbl)((a SBgEti)lsetﬁgr;im lest sorting algorithm that
algorithms that will be presented here have b gag

. . works on the principle by swapping the adjacent
advantages and disadvantages, depending on th(fements if they are in the wrong order. To sort an

size of the data that needs to be sorted. Thg

. . . ‘array with this algorithm, it is necessary to make
algorithms that will be presented are the following: asses throuah the arrav. In each pass. pairs of
Insertion Sort (insertion method), Selection Sort? 9 Y- pass, p

(selection method), Bubble Sort, Merge Sort, Quickadjacent elehmen}s are cowpt?red, anddlf 'tf IS
Sort and Tim Sort [6, 7, 8, 9] necessary, _t e elements will be swapped. After
ool each iteration, the smallest element among the

We will consider all these algorithms. . .2
) unsorted elements is placed at the beginning.
X Insertion Sort

Insertion Sort is a simple sorting algorithm thatC. Time complexity of Bubble Sort
provides data sorting like sorting in playing cards.
The array is visually divided into a sorted and an . o _
unsorted subarray. Elements of unsorted subarralf the array is already sorted in increasing order, the
are selected and placed in the correct position in th@lgorlthm will determine in the first iteration that no _
sorted section. If the array is sorted in increasing?@irs of elements need to be swapped and then will
order, it is necessary to find the position in the arrajerminate immediately. The bubble sort algorithm
with a value greater than the value of the elementust performn 1 comparisons.
that is inserted. If such position does not exist, theyorst case time complexit® n? .
the position of the new element is after the last
element in the sorted array. (This element is greatefverage case time complexit(d n
than all elements in the array). The new element in
the position which is found is inserted, and all
elements of the array are shifted from one place t
the right. The shifting is made, to release space f
new elements.

Best case time complexitf® n .

X Merge Sort
The Merge Sort is recursive sorting algorithm that is
0%ased on the Divide and Conguer principle. With
fhis algorithm, the array is initially divided into two
equal halves. Each subarray will be independently
A. Time complexity of insertion Sort sorted of the other. With the algorithm, the array is
Best case time complexit® n recursively divided_ i'n two equal halves until it
' cannot be further divided. The empty array or array
If the array is already sorted, then the inner loopwith one element is a base case of the recursion.
will not be executed and the outer loop will be Finally, when the two subarrays are sorted, the
executedn 1 times. merging of two subarrays is made.

Worst case time complexit® n’ . D. Time complexity of Merge Sort

If the array is reversely sorted, then the inner 100prime complexity of this algorithm i© nlog n

will be executed maximum times. . . . oL
Merge Sort is a recursive algorithm, and its time

. . 2
Average case time complexit{) n° . complexity can be expressed by the following

x Selection Sort relation:
This algorithm sorts the array by repeatedyT n 2T 2 O n.
finding the minimal element of the unsorted
subarray and putting it at the beginning of the array. :
The algorithm maintains two subarrays, the X Quick Sort
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The algorithm Quick Sort is Divide and Conquer Depending on the results of this analysis, the most
algorithm. The algorithm solves problems, so theappropriate approach is chosen.
problem is first divided into smaller subproblems, If the array has less than 64 elements, then Tim
then the subproblems are solved and their solutionSort chooses Insertion Sort algorithm for sorting.
are combined. In this way, the algorithm solves theThis algorithm Insertion Sort is the most effective
basic problem. At the beginning, the algorithm algorithm for sorting small arrays, [10].
selects an element as pivot. The pivot can be If the array has more than 64 elements then the
selected in different ways: always select the first (oralgorithm will make a first pass through the array,
last) element as a pivot, select a random elementpoking for the parts of the array that are strictly
select median. The pivot is put at the correctincreasing or decreasing. These parts are known as
position in the sorted array. All smaller elements areuns. If some of the parts are in decreasing order,
put before the pivot and all greater elements are puhen the algorithm will reverse those parts [10,11].
after the pivot. In this way, in the first subarray are These runs, one by one, are sorted by using of the
put the smaller elements than pivot, and the seconthsertion Sort algorithm. In the second step, the runs
subarray consists of the greater elements than there merged by using the Merge Sort algorithm.
pivot. The algorithm Quick Sort recursively is If the size of the array is less than the run, the array
applied more times until the subarray is empty or itwill be sorted by Insertion Sort algorithm. The size
has only one element. of the run may be from 32 to 64 depending on the
size of the array. We can note that the merge
function performs well when the size of the runs are
Best case time complexity? nlog n . powers of 2, [10, 11].

In each step of dividing, if partitioning algorithm N the best case, the time complexity of Tim Sort

always chooses the middle element as pivot (twalgorithm has complexit©D n and in the worst

subarray with equal length are obtained), best case . .
scenario will be occurred. and average case, time complexitydsnlog n

Best time complexity can be expressed by theTim Sort is better than the other sorting algorithms

E. Time complexity of Quick Sort

following relation:T n 2T /2 O n because it uses a combination of multiple sorting
' ' algorithms and manages to maintain sorting
Worst case time complexityD n* . stability. This algorithm finds wide application and

is used as the default sorting algorithm in the

The worst-case is when the partitioning algorithm .
ython programming language.

selects the largest or smallest element as the pivot
element every time (one subarray has only one IV. SHOPPINGASSISTANTAPPLICATON
element, and all other elements are in the second
subarray).

The worst time complexity can be expressed by th
following relation:

The motivation for this application follows from
everyday problem with which every citizen
@ncounters when is shopping in a shop. Namely, the
customers waste a lot of time finding all the
Tn TO Tnl On products that want to buy from the shop. They often
pass the same path more times looking for desired

Average case time complexit@ nlog n . ; o
g plexit? g products. The solution offered by this application is

Can be expressed by the following relation: simple and effective. The application contains all
Tn Tn9 T9¢d10 O n. product that are found at the shop. The products are
sorted by category. Customers can choose desired

Ill. A SORTING ALGORITHM USED IN PYTHON products that are stored in the shopping list. After

Tim sort algorithm is a sorting algorithm this, the products from shopping list are sorted
designed and implemented by Tim Peters in théiccording to the order in which they are arranged in
programming language Python in 2002. Thisthe shop. By help of this application, the customer
algorithm is derived from the Insertion sort Can create his shopping list and take the products
algorithm and Merge sort algorithm. First is from the listin a given order. On this way, the time

analyzed the array that needs to be sortedhdt the customers spend for shopping will be
significantly reduced.
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Figure 1.Time Sort algorithm [12]

The Shopping Assistant App is created using
Python in combination with the framework Kivy.
The interface is simple and user-friendly, with
products organized in categories placed on the left
side of the screen, whereas the right side of the
screen is reserved for the shopping cart, as well as
the buttons for sorting, removing a product or
resetting the list.
Upon opening the application, the user can select
various items from the given categories which
appear in the shopping cart in the order that the user
selects them. After choosing all the desired
SURGXFWV WKH XVHU FDQ FOLFN RQ WKH EXWWRQ 36RUW” DQG
the list of products in the shopping cart gets sorted
according to the order in which they would be
placed in the shop that the application is modeled
RQ %\ FOLFNLQJ WKH EXWWRQ 35HPRYH" WKH XVHU FDQ
remove the last added item from the shopping cart. _ _ _
7KH 35HVHW  EXWWRQ JLYHV WKH XVEU§ 2 \®RUICURORBECRQ WR
delete the whole list of products and start anew. An
extra feature is the counter which shows the user th@ther being the Python file with all the functions

number of products currently present in theand necessary building blocks that create the
shopping cart. _ o application.

The code behind works in a SImleSth' and The Shoppn‘]g Assistant App is an easy_to_use
straightforward manner. The products are given gpplication that provides users with a smoother and

number that refers to their placement in the shopess time-consuming shopping experience.
and are sorted using the default Python function for

sorting that utilizes the algorithm Tim Sort. The
code is split into two files, one being the Kivy file
that contains the details of the interface and the
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CONCLUSION (3]

Tim Sort is an efficient and fast sorting algorithm 4
that is used in many applications and solves
different types of problems. It implements the ideal®
that many real data sets contain ordered®
subsequences. It has a very important role in the
application because it enables quick sorting of the7]
products selected by the user. On the other hand, the
application solves a big problem with which every [8]
customer is encountered and represents an
innovative solution that has the potential to become
a necessary part of everyday shopping in many’
shops in the region and wider. [10]
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Abstract + The modern business environment has Entrepreneurship education has been shown to
significantly affected business performance of enterprises positively affect entrepreneurship activities and it

across industries and countries. In such conditions, Lo . .
entrepreneurship can be a potential solution for ~Can significantly contribute to new entrepreneurial

improving economic growth and overall economic ~€ndeavors [6].

prosperity. Youth entrepreneurship as a concept derives In thi t hio d | ¢
from entrepreneurship and it significantly reduces youth n IS paper, entrepreneurship developmen

unemployment rates. Therefore, it is necessary to improve @among the youth through effective education
entrepreneurship education through effective education ~management is discussed. The main goal is to
;na“"’l‘ge”:je”t- h'” hthis P?perv tgeoreticf" ”&C(’jde's ar:e address the necessary framework and challenges
eveloped with the goal to adequately address this : :
subject. The paper provides a strong basis for future of youth entrepreneurshlp development in t[he
research in the domain of youth entrepreneurship ~context of education management. Theoretical
development and effective education management. models are developed in order to concisely and
effectively investigate this subject. In addition,
suggestions and guidelines regarding improving

I.  INTRODUCTION ) :
_ .. entrepreneurship development through education
In the current global economic crisis, management are noted.

competitiveness on a national level for the _ ) _
majority of countries has taken a toll [1]. National ~ The paper consists of three main sections
HFRQRPLHV IDFH GLIILFXOW F{exsiadng ghey Wntragyction k apd cGoactysiany
fully recover from the COVID-19 pandemic and Sections). The flrst_ section addres_ses the key role
the current energy crisis accompanied withof entrepreneurship for economic development
inflation contribute to the economic decline [2]. In @d  the importance of effective education
such conditions, unemployment rates tend tdgnanagement. The second section presents how
increase and the standard of living declines for &0uth entrepreneurship development can be
large percentage of the population. For thesdémproved  through  effective  education
issues, there is no clear solution, as the changes ¢h@nagement. Finally, suggestions and guidelines
the market are too dynamic [3]. However, fqr improving entrepreneurship development are
entrepreneurship has been noted as a strong factgfscussed.

of economic development and economic growth.

Entrepreneurial activities have the potential to Il.  ENTREPRENEURSHIPECONOMY, AND
increase the value creation process from multiple EDUCATION

inputs into highly valuable economic outputs [4]. |t was noted earlier that entrepreneurship has
Further, youth entrepreneurship can significantlymultiple aspects of importance. More precisely,
change the economic landscape of a country in @ntrepreneurship positively affects economic
positive manner. By activating the youth a nereve|0pment and economic grovvth [7]
environment can be created where ideas, rislentrepreneurship can also positively affect the
taking, knowledge and skills are not limited by reduction of unemployment rates and it can
working in other enterprises, and where the youthcontribute to increasing the standard of living [8].
start their own business [5]. Therefore, it can bat can be argued that entrepreneurship as an
argued that entrepreneurship is a key componemiconomic concept manages tools through risk
of ~economic prosperity. Furthermore, this taking for creating products and services, which
highlights the importance of entrepreneurshipprovide non-linear value. This means that
education and its effective ~management.entrepreneurial activities, compared to traditional
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business models, can provide higher ROl From x the level of innovation in education (1) and
here, it can be argued that entrepreneurship how these innovations translate into
education has to be improved and intensified on a percentages of newly formed business.
national level. Entrepreneurship education is a . o

complex construct that involves institutions, x Digital fluency (2) which indicates how
educators, learners, funding, infrastructure, and well are computers and other IT hardware
long-term systematic actions [9] [10]. The goal of anq . _software used for entrepreneurial
entrepreneurship education is to increase youth activities.

entrepreneurship activity. Youth entrepreneurship  x Quality basic education (3), refers to

reduces youth unemployment rates and generates

continuous quality of education.

innovation and value [11] [12].

Further, when it comes to economic
development in the context of entrepreneurial
activities, it mainly refers to the creation of value
process and the development of new markets.
New value creation from static inputs can X
significantly improve volume on the market and
thus moving the economy forward [13]. In order
to improve the outcome of entrepreneurship
education, it is important to address the principles ¢
of effective education management. The discipline
of education management includes a wide array
actions and tools (mentorship, leadership,
guidance, support etc.) [14] [15]. On Figure 1., the
mentioned theoretical model is presented.

x Lifelong learning pathways (4) refer to the
attitude and willingness of
learners/students to pursue continuous
learning and self-improvement.

Core soft skills (5) such as work ethic,
teamwork, decision making, conflict
resolution, time management,
communication, and attitude.

Education management (6) refers to the
actions and processes that form an
effective education management system.

Overall, the presented model outlines the
main factors of influence on entrepreneurship
education. As such, it provides sufficient detail for
further analysis.

lIl.  ENTREPRENEURSHIFEDUCATION
MANAGEMENT FRAMEWORK

Based on the brief literature overview and the
theoretical model of the entrepreneurship
education framework presented on Figure 1., a
second theoretical model of youth
entrepreneurship development is developed. The
model is presented on Figure 2. There are four
main groups of factors that affect youth
entrepreneurship development:

X Education management system

x Collaboration with enterprises

X Social innovation and digital economy
x Government support

The main focus is on education management
VA\VWHPVY DV WKH SDSHUYV VXEMHF\V
effect on developing a suitable environment for
youth entrepreneurship development.
Figure 1. Entrepreneurship education framework
Based on the theoretical model presented on
Figure 1., it can be seen that Entrepreneurship
education (7) is affected and characterized by:
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guidelines for improving youth entrepreneurship
development are noted:

Figure 2. Model for youth entrepreneurship development

Based on the model presented on Figure 2., it
can be seen that youth entrepreneurship
development is characterized by the education
management system, which includes mentorship,
leadership, advanced and optimized curriculums
where ICTs are applied in business, and the
competencies and skills of the educator. Further,
youth entrepreneurship development is affected by
social innovation, social influence and the
complex mechanisms of the digital economy.

Additionally, collaboration with enterprises
play a huge role when it comes developing youth
entrepreneurship and improving entrepreneurship
education. Finally, government support in the
form of funding that includes education
institutions, entrepreneurial loans with flexible
and affordable interest rates, new technologies in
schools etc., efficient bureaucracy where
paperwork does not affect entrepreneurship
activities, and incentive programs for starting new
businesses. The main challenges in youth
entrepreneurship development are mainly strategic
in nature. There is a lack of a systematic approach
on a national level, and there are no clear strategic
plans in place. Thus, it is necessary to take these
issues into consideration when discussing and
analyzing youth entrepreneurship.

IV. SUGGESTIONS ANDGUIDELINES

Based on the analyzed literature and the
developed models, the following suggestions and

X

x

The education system should be modified
and focus should be given to the new
economy that strives on knowledge, value,
and content.

Entrepreneurship education should be
introduced on all levels of education.

Co-curricular planning and timetable
preparing should be in-sync and through
the support of enterprises.

Strategic and long-term collaboration

between education institutions on all levels
of education and enterprises should be
encouraged, established, and nurtured.

Students and teaching staff have to be
motivated to thoroughly teach and guide
future entrepreneurial endeavors.

Effective education management practices
such as reducing bureaucracy, reducing
funding paperwork, and other time-
sensitive activities should be strived
towards to.

Systematic change is required on a local
level (schools, faculties, universities) and
on a broader level (national, international).

Education management has to take into
consideration financing, budgeting,
incentive projects from national and
international governing bodies.

Entrepreneurship education should be
value-driven and not strictly traditional
business-driven.

On a local level, entrepreneurial
workshops could be created for potential
young entrepreneurs.

SMEs and large enterprises should
organize specialty classrooms where the
majority of knowledge and skill will come
through practices in specific domain.

On a national level, incentive programs
and incentive funding should be provided
for potential new entrepreneurs.

A new education management system
should be considered where processes are
evaluated and objectives are clearly
defined.
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Overall, youth entrepreneurship development
can be improved through optimized educationfi]
management practices. Focus should be on new
business startups. Mentorship programs, seminars,
education system sponsored courses can increase
entrepreneurial activity among the youth. Youth[?]
entrepreneurship should be a long-term nation-[3]
wide strategy that is supported by the education
system where operational activities are based on

effective education management. (4]

V. CONCLUSION

Youth entrepreneurship development is ajs
complex task that should be focused on given the
current economic climate where job security is
typically low. An effective education management [g]
system should be infused into all levels of
education where the youth is motivated and
supported to start their own business. The maifjy
goal should be creating an entrepreneurial friendly
environment, where economic value can be
created. The programs that derive from such am;
effective education systems have to be supported
by government agencies through funding and
reducing bureaucracy. o

The main limitation of this paper is the lack of |
empirical data from schools and universities.
However, the paper provides a solid basis for
future research in this domain. For future studies it'1]
is recommended to analyze the potential of
collaboration between education facilities and
enterprises and to determine the potential of such2
collaboration. In addition, details on strategic
steps regarding effective education management
can be discussed. [13]
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Abstract - Based on previous research experience of l|anguage schools with distance learning support,
national minorities in Vojvodina, we recognized the need gnd cooperation was achieved in making the
o researcfh di?ita”zaﬂoﬁ. process thr.ougr application 0:1 innovative educational solutions. A more open and
concept of online teaching of russian language on the - . . .
territory of Autonomous province pf .Vojvodina. Time IIeXl?]I.e appI;jOIaCh IS app_l;ﬁd b(_)tth I? tlhe process of
frame of the research was beginning of COvVID-19 l€aching and learning within virtual classrooms, as
pandemic (from March 2020 to October 2021) because Well as in the administrative activities of teachers
COVID-19 forced both elementary and secondary schools and school staff which can be used in future post-
as well as private language schools to intensively hold covid era. The cyberspace we live in today is
online classes Our empirical research consisted of two unimaginable is without computers as mass
parts. In the first part, questionnaires were provided to: - .
teachers employed in primary and secondary school Fers.onall :cneansdan_d netV\éorks I.n.Wh!C? the{. are
institutions on the territory of the Autonomous Province ~ (€IMINaIS Tor producing and receiving information
of Vojvodina with mandatory and compulsory classes of - the Internet [2]. Big in part, independent learning
russian language and teachers who teach russian language can be organized if modern teaching technology is
in private language schools. In the second part of the effectively used [3]. Technology enables good
research, we hold semi-structured interview with teaching, provides an excellent platform for
representatives of local authorities- the Provincial . .
Secretariat for education, regulations, administration and .CO”aboratt)locT’ b#td Ilt .CaInnOt .fund.amem?‘”y
national minorities, as well as with representatives of the |MProve ba metho ologica pr_aCt'CeS_m continue
The Russian House? Russian Centre of Science and [1]. Prepared teaChm_g materials using modern
Culture in National Council for Russian Minority in technologies are far richer and more diverse and
Autonomous province ofVoijdina. The empirical part of enable teachers and students to organize more
the research included analysis of new documents, search interesting and effective |eaming through a greater
engines and electronic databases regarding the online number of different ones shape. Technical
teaching. - ’ -
g technological progress, and especially the
I.  INTRODUCTION development of information and communication_
Since the beginning of the COVID-19 technology, have brought enormous changes in

pandemic period, over 1,000,000 children haveteaching, which is manifested primarily in the

stayed at home due to the closure of primary ang'9anization of content, application of new
sec{)ndary schools, and language S(F:)hoolsywe ethods, techniques and media [5]. The goal of

forced to adapt their teaching process anc,earning foreign language is to acquire the highest

activities to these conditions and introduce thed€9rée Of linguistic autonomy, so that it can
uccessfully deal with all communicative

s . L S
possibility of this form of teaching. In 2020, > .~~~ o
several international and domestic institutions z:mcfnueamnS tr_}_?]t require Ith knlcaWIeIdge t?f the targt(;.;t
organizations advised and supported parent anguage. € user should also be given e

educators and students of all generations, whethéjfrpportun'ty to recognize and understand  his

they attend classes within the regular schools or i§/¢aknesses in order to strive more for the
development of skills in accordance with his

personal language needs and possibilities [4].

! Empirical research was provided in 2021. during the ; ; ; ; ;
Tr§ i ngoing . increase of interest in

engagement on prej FW f6RFLDO DQG HER %el:?l.'rj:slaﬂ:, gfﬂ" r%lg\ét\?spoken slavic language

and sustainability of online teaching- school teaching : ;
of russian language in the period of COVID-19 and the fourth most widely spoken language in the

SDQGHPLFVYY ILQDQFHG E\ 3U R‘Viﬁr'%,:'ﬂ[[?dﬁ”’ti%'f—?@@i?m%m%wd .ﬁelcondar%/
Higher Education and Scientific Research (Reg.No.S¢ OI S uh er? S learn rUSSIar:j. én it comes 1o
142-451-2112/2021-01 regular school system, a mandatory requirement is
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that schools must already have a teacher who camdministrations - the School Administration in
teach that language. As high school teachers poimiovi Sad, the School Administration in Zrenjanin
out, the problem is that they are powerless to meednd the School Administration in Sombor, who
students who did not learn russian in elementanyare in charge of primary and secondary schools in
school, but who want to learn russian, because ththe territory of the Autonomous Province of
criteria stipulates that the second foreign languag&/ojvodina. Their representatives responded the
must be the one the students learned from fifthquestionnaire. However, as the interviews were
grade. The situation is different in the small planned for September 2021, due to the growing
number of private schools in Serbia, where thenegative epidemiological situation related to the
number of russian language course participants ar€OVID-19 pandemic, we agreed that the answers
increasing. We assume that this fact has economito the questions from the questionnaire would be
background, because the russian compangubmitted electronically. Also, the National
"Gazpromneft" operating in Serbian Oil and GasCouncil of the Russian National Minority and
Industry, employing thousands of serbianRussian House were contacted and responded the
workers, affirm them to learn russian. Also we hadsemi-structured questionnaire. We also also
migration flow in Serbia and Montenegro a decadeanalysed new documents, search engines and
ago, but recent migration flows caused by sociaklectronic databases related to online language
crisis that Russian Federation has regardingeaching in previous year of the COVID-19
military operation in Ukraine, will certainly have a pandemic. The combination of these methods gave
social impact on russian community and russiare more complete insight into effects and
entrepreneurs in Serbia and interest for thesustainability of the concept of online teaching

language. regarding russian language teaching in the
territory of the Autonomous Province of
. RESEARCH METHODOLOGY Vojvodina.

The empirical research that we conducted in The questionnaire related to the administration
the period from June 2021 to October 2021 hadf state and private primary and secondary schools
three phases. The first part of the researctas well as private language schools was divided
included collection of data by e-mail and directinto questions covering several key areas: 1. The
contact using 2 semi-structured gquestionnairespossibility of monitoring russian language online
The first questionnaire was made for the schooktlasses before the start of the COVID-19
administration, and the second questionnaire wapandemic, 2. Changes in organizational and
made for teaching staff who are employed inadministrative structure , 3. Changes regarding
primary and secondary schools in the territory ofstudents’ interest in learning russian
the Autonomous Province of Vojvodina teach language/categories of citizens for learning the
mandatory and complusory russian languageRussian language through a course, 4. an insight
classes. Also, the same two questionnaires werito digital tools used in teaching russian language
sent to the administration and teaching staffand factors, 5. Education and training programs
engaged in the process of learning Russian irior teachers for the process of digitalization and
private language schools. To fill out the the use of information technologies in the teaching
guestionnaire, a total of 110 schools in theof the russian language and their experience with
territory of the Autonomous province of them, 6. cooperation with national and
Vojvodina with organized russian language international institutions and organizations in the
classes were contacted - 70 primary and secondaigplementation of online teaching of the russian
state and private schools, and 40 private languag@enguage and experience with it. The
schools. Questionnaires were delivered by e-maitjuestionnaire for teachers in state and private
and direct contact (researchers collected thgrimary and secondary schools as well as private
printed versions of questionnaire filled in schoolslanguage learning schools, was divided into
and left in secretariat). The first questionnaire forquestions covering several key areas: 1. types of
school administration was mainly filled out by digital tools for distance language learning used so
school secretaries, who forwarded questionnaire téar and what was the frequency of use, 2. what did
their russian language teachers. In the seconbave an influence on the decision to use those
phase, data was collected by e-mail, telephone an@ols and experience with them, 3. The impact of
direct contact where representatives of localdigitization and the use of information
government authorities were contacted - thetechnologies on the learning process in classes and
Provincial Secretariat for Education, Regulations,in what way, 4. positive and negative effects that
Administration and National Minorities, who digitalization and the use of information
refered to representatives of 3 existing schookechnologies had on teaching and the acquisition
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of materials, 5. The sustainability of the existingdevelopment of the online teaching model and the
model of digitalization and the use of information specific effects that could have on long-term

technologies in school teaching and how it can be All
improved, 6. Needs for training in the area of
using digital tools for distance language learning

the respondents who were contacted
perceived digitalization and the wuse of
. : ‘technologies in the teaching of russian language as
Questionnaires  that were made for Iocalsomething that is short-term and implemented in

Lnosr;[;tuélt%rrllsc‘:’esl.eéres C?ggteﬁdr?gm‘?éze%gi’ (\;Vl:mfﬁ extreme necessity due to the global crisis caused
P eby the COVID-19 pandemic.

implementation of the digitization process and the
use of information technologies in the teaching of According to the results of the research
minority languages in primary and secondaryapplying questionnaire (survey) in the collection
schools on the territory of the Autonomous of data in state and private primary and secondary
Province of Vojvodina as well as the National schools that teach the Russian language, among
Council of the Russian National Minority, the digital tools teachers used daily were digital
included the following key areas: textbooks (100% of respondents), most often
Microsoft Teams as a management system
learning and communication tool for distance
learning and mobile phone use (80% of
nrespondents), they occasionally used free-cam
Yscreen recording as a tool for class presentations,
screen recording and giving video instructions
2.the impact of these processes on learning85% of respondents), Google questionnaire as a
and useR | P L Q Rlangvedes V tool for distance quizzes and formative assessment

. and from tools that encourage collaboration and
3.the impact of these processes on the :
formation ofplanguage teachi?wg models engagement of users - they used Viber every day

(100% of respondents). Of the educational content
4.training programs related to the use ofmanaged by students, E-classroom and mobile
digital tRROV LQ WKH WHDFK L#&pglicRionsHdr @Rdihg WdrdH0édd, and Read Era
languages - organization, familiarity with was occasionally used (65% of respondents).
programs organized by other domesticMostly, teachers were not familiar with digital
institutions and organizations in this field tools in the art of reading, and they also did not
use platforms for video conferencing and
monitoring of general education news or systems
with offline functionality. Also, platforms for
open mass online courses were not used. The
decision to use the mentioned digital tools was
6. the sustainability of the digitization model mainly influenced by the agreement within the
and the use of information technologies inschool and the recommendations of colleagues
language teaching and specific measures thgtl00% of respondents) because in regular
should be taken to improve it circumstances when teaching on-site, lecturers do
not use digital tools in teaching because they do
not have adequate training or technical equipment
and resources for their use. Most of these digital
tools are easy to use and they are free for
download, so it was the main reason for use. Both
Ill.  RESULTS OF THE EMPIRICAL RESEARCH regular school teachers and language school
The answers obtained by applying 4 semi-teachers believe that the information technology
structured questionnaires within the framework ofsector and companies involved in these
the conducted research were extremely short, antéchnologies should invest more time in training
the respondents did not show particular interest ifeachers to implement new distance learning tools
a more extensive insight into the issues ofbecause it leads towards future of their
digitalization and the application of informational professional development. The majority of
technologies in the teaching of the russianteachers attended seminars on this topic (74% of
language; they are presented descriptively, withrespondents) and expressed a desire for additional
very few descriptive elements and without training, given that it represents a new and
specifying more specific indicators that would unfamiliar work and professional environment for
indicate a deeper understanding of thethem. The fact that today in the Republic of Serbia
only 15% of teachers (out of a total of 83,597

1.forms of digitalization and the use of
information technologies and digital tools in
the teaching and use of minority languages i
primary and secondary schools in the territor
of the Autonomous Province of Vojvodina

5. cooperation with international institutions
and organizations regarding digitalization and
the use of information technologies in the
teaching of minority languages

7.predictions and expectations regarding
this process even after the COVID-19
pandemic.
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teachers in regular primary and secondaryteaching and there is a certain difference between
education) have the competence to use ICTstudents in information literacy in groups.
(informational and communicational technologies) Significant negative effects were not observed
follows our findings. The Ministry of Education, among students, but were observed among
through the "Digital School" program, made it teachers who were engaged as teachers of the
possible to publish examples from practice, inrussian language in primary and secondary
order to motivate other colleagues to educate foschools and additionally worked as teachers in
working in a new environment. An E-diary was private schools in the form of overload and
created, and digitalization of teaching becamensufficient preparation of digital content for the
widespread, as first, second, fifth and sixth graddesson, which makes the lesson monotonous and
teachers were trained to use digital textbooks. Apoor content. According to the results of research
the same time, all publishers had to create digitatelated to private language schools, the pandemic
editions for their textbooks. One group of did not generally bring more interest in russian
publishers went step further, creating E-classroomlanguage. If it was so, the reason were discounts
a platform where a teacher can hold classfor online classes that language schools offered in
communicate with pupils/students and monitorthe period of COVID-19 pandemic, so pandemic
their activities and progress. On the website of thétself indirectly might influenced the increase in
Institute for the Improvement of Education andinterest in online learning of the russian language.
Upbringing, carrying out development, advisory, Young people mostly between 20 and 30 years
research and other professional work in preschoolvere interested, and the interest mostly related to
primary and secondary education and upbringingmodule of intensive A-level courses (60% of
and with the aim of monitoring, providing and language schools surveyed), after which they
improving the quality and development of the continued to attend semi-intensive online B-level
education and upbringing system, a platform iscourses (33% of language schools surveyed).
available for conducting public interest trainings According to the majority of respondents who
developed within the project "Improving the filled out the survey as administrative staff, online
guality of education and upbringing through theteaching did not bring any significant changes in
establishment of the National Education Portal",the administrative and organizational sense (53%
which is implemented by the Institute for the of respondents from the total number of all
Improvement of Education and Upbringing in schools). From local government and institutions
partnership with the UNICEF mission in Serbiaand bodies responsible for implementing
and the Ministry of Education, Science andeducational policies and improving the status and
Technological Development, thanks to the process of learning the language that has the status
financial resources of the Swiss Agency for RI QDWLRQDO PLQWdrécaimetiwefy ODQJXL
Development and Cooperation. The Faculty ofextensive answers with a lot of information
Education in Sombor, University of Novi Sad, hasregarding the effect. Also, constructive proposals
been majoring in Media Designer in Educationwere made regarding the model of language
since 2004.-the occupation that is extremelylearning in the territory of the Autonomous
promising in the world, and it involves the work Province of Vojvodina, for the reason that
of a teaching associate who deals with the creatiomstitutions such as the National Council of the
of multimedia materials and the setting up Russian National Minority, Russian House and
distance learning platforms that combine the usaliplomatic-consular mission and institutes, are in
of modern technology, media and art in thecharge of educational strategies and innovations in
teaching and education. However, this professiodanguage teaching in our country. At the time of
has not yet found its place on the serbian labothe research, the National Council of the Russian
market. The teachers pointed out that theNational Minority was planning to implement the
transition to online teaching and the use of digitalproject of digitalization and the use of information
tools and information technologies had positivetechnologies in language study, including leading
effect on students and that one of the mosexperts - philologists from Russia to create an
common positive effects were psychological interactive version of the textbook for the optional
impact- teachers noticed much less nervousness subject "Russian language with elements of
communicating in a foreign language andnational culture” and start preliminary works on
manifestation of individual creativity among harmonizing the technical details of the project.
students, which can be linked to the fact thatAccording to their opinion, in order to gain access
students were in their primary environment- theyto modern methodological interactive materials
worked from home. The negative side of thisand technologies, one should directly address the
process is that most teachers and students st#lources that created and spread them - expert
prefer to use traditional methods and tools incenters and institutions, including special centers
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for training and retraining teachers, including thestate formal educational institutions. Popular
Russian Center for Science and culture in Serbiaussian web-sites in serbian language, such as,
including the International Center for Russian as dRussia Beyond Serbia", five learning sites are
Foreign Language, etc. If all the aboverecommended, namely: Moscow State University
suggestions are implemented, the teaching of th&Lomonosov" (MGU), which offers russian
Russian language in schools will begin to keep uganguage skype learning for 16 euros. Internet
with the times, given the enormous possibilities ofcompany pRussia Today faunched free russian
modern digital technologies. Access to the portalanguage learning program for different levels of
is provided on the website of the National Councilknowledge - beginners can get acquainted with the
of the Russian National Minority. Portal russian alphabet, while there are more advanced
"Education in Russian" Project of the Statelessons for those who already know the cyrillic
Institute of the Russian Language named aftealphabet. Participants have the opportunity to
A.S. Pushkin whose goal is teaching russian as master the courses using teaching material: from
foreign language, popularization and promotion ofsimple exercises to grammar tables and tests. The
the russian language and education. Thehird site is "Russian For Free", which contains a
combination of a platform for distance learning, rich archive of step-by-step learning materials.
system for W HD F Krelnub¥eq professional Here you can find simple exercises for beginners
development, mass online russian courses fofwriting, games for vocabulary development), but
people of different ages learning language andilso very demanding tasks (musical video material
social network for thematic communication of and cartoons in Russian). There is also a collection
portal users provides an opportunity for everyoneof the most common phrases for tourists. On web-
who wants to learn russian independently or undesite you can also find a trial version of the
the guidance of tutor, to pass a test for knowledgepplication for private learning via Skype, which
of russian language and obtain certificatecosts only one euro. The fourth way is available
confirming the level, knowledge on various topicsthrough the application "The Easy Ten",by
in open online courses of the russian, to become karning 10 words every day". Words can be
partner of the portal, declaring and participating inselected from several groups dedicated to certain
projects implemented on the portal in the field oftopics, which are then converted into the desired
study, promotion and preservation of russian.format with the help of software designed for that
With this portal, teachers of russian can improvepurpose. In this way, you can also practice
their qualifications in the field of professional pronunciation and solve audio tests, which is a fun
activity, mastered one or several training programsvay to learn language, especially suitable for
presented on the portal. By subscribing to onlineusers of modern phones, because notifications on
training on the "Education in Russian" portal, the device and access via social networks are
users portal are offered the opportunity toavailable to them, which allows them to compete
complete free online training by subscribing to thewith friends in solving tests. The application is
studies of one or more courses. On the other handree on App Store and Google Play. The fifth
on the website of the Russian House in Belgradepption for learning language is provided through
as the largest center for science and culture in thpodcasts. One of the easiest ways to learn a
Republic of Serbia, courses for children andforeign language is to listen podcasts (audio files),
adults, as well as about seminars, webinarspn the way to school or work or during a long
improving the professional competences ofdrive instead of listening to the radio. Tatjana
teachers and educational exhibitions, studyKlimova has recorded 200 short dialogues, in
scholarships and universities in Russia can bevhich she explains the meaning of complicated
find. There is also virtual access to cultural eventsvords - which is an excellent choice for those who
and institutions made possible by the Googlewant to enrich their vocabulary. In Russia, in
Company and Rossotrudnichestvo (Federabddition to online learning, summer schools for
Agency for Commonwealth of Independent States)earning language are also offered, for which the
Compatriots in Dispersion and International Social'Russia Beyond Serbia" website recommends one
Cooperation) whose offices in 80 countriesof the seven summer schools in Russia, namely:
promote russian culture, science and educatiomMoscow School of Economics (at the price of
abroad. Among them are YouTube channels oR,869 euros for eight weeks, fees, accommodation,
leading russian theaters, Google Arts & Cultureinstructor assistance and visa support services are
for access to virtual tours of russian museums anéhcluded), State Institute of the Russian Language
sights, and other educational resources. In additiohA. S. Pushkin" from Moscow (price from 480 to
to these institutions, russian universities, offering590 euros), St. Petersburg Polytechnic University
online learning, contribute to the increased interestPeter the Great" (at a price from 230 to 650
in learning language outside the framework ofeuros), St. Petersburg Electrotechnical University
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"LETI" (from 208 to 485 euros), Lobachevsky primary and secondary educational institutions, as
University from of Nizhny Novgorod (485 euros), well as language schools, conducting training and
Ural Federal University from Yekaterinburg (932 active participation of teaching staff in the process
to 1970 euros) and Tomsk State University (6950f modeling digital teaching and using
euros). In April 2018, the Babbel languageinformation technologies in teaching and
learning platform compiled a ranking list of the educational practice. to additionally stimulate
european languages most popular among speaketempanies that deal with the development of
with 120 million native speakers. Knowledge of digital educational technologies and distance
russian language can provide an excellent job idearning systems for the education and training of
contemporary russian companies, which cooperatéeaching staff in this area, to encourage closer
with many companies, institutions, and countries.cooperation and the establishment of associations
As the official language of the United Nations, it of teachers and professors, encourage the use of
has been neglected in our educational system sinadigital tools in the russian in the teaching-
the beginning of democratic changes and europeagducational process, to encourage the largest
integration. As many language teachers believepossible number of scientific research projects
learning Russian creates a balance and help®lated to the issue of digitization and the use of
serbian language not to disappear from the worldnformation technologies in the teaching process,
language scene due to the influence of westerencourage as many domestic and international
languages, primarily English and German. scientific and professional conferences as
possible, in which domestic and international
teachers and scientists in this field will participate,

IV. RECOMMENDATIONS p - d4i / | scientif
According to the results of the research, theto encourage domestic and international scientific

S St ; and professional conferences on themes like
existing model of digitalization of teaching and digitalization and the impact of informational

learning the russian is quite sustainable, and t?echnologies on educational and teaching
improve that model, we made a joint conclusion inprocesses

which direction measures could be taken: '

development of programs for remote quality REFERENCES
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Latest Technologies in Web Site/Application
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Abstract + Nowadays, numerous technologies (O this, AdonisJS can be used for almost all
have been developed which, among other things, functionalities, including: models, registration,
enable the development of websites, ie. login, data validation, bookmarking pages
application. This paper presents a possible mix of ~containing the same content, sending e-malil
technologies that can be used for these purposes messages, etc.
and that was proposed from the perspective of The content that the user/visitor can see when
the members of the development team. Therefore, accessing the site/application is written using
comf%(:__ in worg, bengflts dof progllra}ms Hyper Text Markup Language (HTML), which is
possibiliies ~ and ~ ready-made  solutions, 5" giangard tool for creating web pages. This
modernity, fast implementation, compatibility lanquage can be used in combination with the
and simple use of the product, i.e. site/application, guag ! . . .
Bootstrap library, which contains predefined

were taken into account. This selection of -HHe
technologies can be used as a guide when elements such as: the layout of the navigation

developing any modern application/site. menu, footer or page header, tabs... The user of
the library can take advantage of these ready-made
l. INTRODUCTION elements and embed them (for example, using

CSS or SCSS -a) into the site in order to create
Hwodern user interface.

Elements defined using HTML have a default
appearance that does not conform to modern
design. In order for these elements to reach their
full potential, Cascading Style Sheets (CSS) may
be used, that is a standard tool designed to
beautify HTML elements. The fact that the design
website/application development needs of web pages is becoming more and more

' complex and thus the CSS files are getting bigger,

This paper presents a possible mix OfCSS is used in combination with Syntactically
technologies that can be used for these purpose

and that was proposed from the perspective of th&wesome Style Sheets (SCSS) which allows
brop Persp Basier maintenance of styling files, creation of

members of the development team. Therefore, ™. bl d mixi h les th
comfort in work, benefits of programs possibilities variables and mixins, that represent styles that can
' be used more than once.

and ready-made solutions, modernity, fast Following chapters describe the basics of

;?gle:ggﬁgn?t Cs?trglgat'?i'(l;gioindwzrrgpigkziein?[];selected technogies for web site/application
b T PP ’ development.

account.
~ JavaScript is primarily c_je5|gned fo_r use I NODE.JS
within web browsers where this language is used
to write scripts that affect the functionality of Due to its asynchronous nature, i.e. the ability
HTML pages. Node.js is a platform on which to execute several different pieces of code at the
JavaScript code is written and allows its executiorsame time, the primary purpose of Node.js
outside of the web browser. technology is to create network applications. In
AdonisJS is a JavaScript/TypeScript addition to Node.js, there are other technologies
framework for developing a website and/or ansuch as: Java, .NET, Python... The development
application. It contains everything needed toteam can opt for Node.js technology in order to
develop a fully functional web application. Thanks ensure that the same programming language

A web application and a website can be
developed by using the same technologies an
they include, among others, TypeScript, SCSS
HTMLD5, Bootstrap and other modern technologies
that are necessary for a visual overview of
information.  Also, modern  programming
languages are included within a modern
framework that can be selected for
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"extends" to both front-end and back-end a part of M. JAVASCRIPT

an application. A :
, . program, often called source code or just
It has a predefined method by which an |_”"rpcode, is a set of special instructions that tell a

server is created on the user's computer. It alsEomputer what tasks to perform. Code is usually

cor]t_alns|a method that tells'the server which por tored in a text file, although JavaScript allows you
to 'listen' on. These predefined methods can b%) type code directly into the console. [2]

o o1 R e eersee JmvaScrpt s an. mporan programin
B P ‘language because it is the language of web

*+HOOR "RUOG browsers. Its connection to the browser makes it

one of the most popular programming languages in
the world. At the same time, it is valid for a
programming language that is counted among
those with a "bad reputation”. Application
Programming Interface £ APl (a software
intermediary that enables the exchange of
information between two applications) of the
browser and Document Object ModelDOM (a
programming interface for web documents;

Figure 1. Setting up a server with a basic configuration represents a page so that programs can change the

Node.js represents a server environment that igtructure, style and content of the document) are

available to everyone due to its open—sourcecomplex.’ however, a fact_ is that it is d|ff|cult_ to
ork with the DOM using any programming

feature, i.e. the source code is available to th anguage. [3]
public. Another extremely important feature is that guage. . .
Like any programming language, JavaScript

it works on several different operating systems has it d Th d point bout
Windows, Linux, MacOS, etc. as its pros and cons. The good points are abou
functions, free typing, dynamic objects, and
A parallel can be drawn between PHP andexpressive literal object notation. On the other
Node.js in case they need to handle file requestdhand, the programming model based on global
PHP handles file requests as follows: variables is bad. JavaScript functions are first-
class objects with (mostly) lexical scope and are
the first lambda language (allowing one function
2. Waits until the system opens and reads théo be passed to another, where the function is
file. treated like any other variable) to become known.

1. Sends a task to the computer's file system.

3. Returns the content to the client. V. ADONISJIS FRAMEWORK

AdonisJS Framework is primarily intended for
Node.js handles file requests as follows: creating web applications. Its main feature is that it
operates with dynamic, not only static, data.
Beside this framework, for the same purposes, the
2. Itis ready to handle the next request. following are available: Express, Koa, etc.. If
3. When the system has opened and read thexpress is used, the.time required for application
file, the server returns the contents of the filed@velopment should include work on defining the

to the client. external libraries that will be used, while AdonisJS

) _ provides these libraries by default. In this way,

Based on the above comparison, it comes to thgppﬁcation development using the AdonisJS
conclusion that Node.js eliminates waiting for framework is noticeably shorter. Development
replies and continues with the next request in thgeams still opt for Express because it has been in
sequence, making it a better candidate to use. lise longer, or so the project description claims. If
offers creation pOSSibiIitieS, i.e. generating Koa is used, which is a S||ght|y more modern
dynamic page content, creating, opening, readingyersion of the Express framework, it is also
deleting and CIOSing files on the server. It aISOnecessary to take into account the work on
offers collecting data from form and adding, defining external libraries in the time needed to

deleting and modifying database data used fogevelop the application, while they are default in
website/application development. [1] AdonisJS.

4. It is ready to handle the next request.

1. Sends a task to the computer's file system.
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AdonisJS is a framework that contains a Modelpattern separates the source code that deals with
View Controller template structure that is inspireddata from the source code that deals with the user
by the Laravel web framework that uses the PHRnterface, which makes the development of these
programming language. Consequently, likeparts of the application easier and simpler. The
Laravel, it reduces application development timegoal of using MVC is to divide the web
by focusing on essential details such as: speed a@pplication, which is based on interaction with
development, insight into all phases of the life users/visitors, into three componentsdel, view
cycle, authentication, data validation, etc. andcontroller.

Developers/users around the world have created The model contains data, i.e. refers to the
numerous libraries that can be used within Nodelatabase used within the application. Tables with
JavaScript, to make the implementation of variougheir fields are stored inside the database. The web
projects much easier and more interesting forapplication consists of a database containing
them. AdonisJS is a framework that covers front-several tables with corresponding fields.
end and back-end development and has an
emphasis on comfort, stability, development speeqh
and security for developers. [4]

A view displays data from a model in a form
at is suitable for interaction, usually as a user
interface  component. Each component behaves
AdonisJS contains a library and packages fordepending on what the user wants to see, that is, it
sending e-mail addresses. These packages hadepends on dynamic input data.
pre-defined options. It contains its own user
authentication system, where this system supportg1
three different types of authentication.

The controller coordinates between the model
nd the view, where that coordination is mostly
based on user input. For example: when the

Adonis strives to standardize both packages andser/visitor clicks on the button that provides
processes, reducing development costs (shortenirgccess to the listing page, then the controller
training time) and enabling developers to be more&knows which view component the user is on, and
efficient from the start. It also enables eliminationtherefore knows which data corresponds to that
of some repetitive activities and simplifies the component, i.e. what data should be sent and how
maintenance of the application and tests. [5] to edit them if defined.

Due to the provision of the most essential Therefore, certain items have their own models
libraries when talking about the realization of athat define which data will be displayed on the
web application, the AdonisJS framework is veryview component, they have several different view
suitable for developers who are new to usingcomponents (for example, a page where there is a
Node.js technology. Also, its command line is verylist that displays all the relevant content from the
useful, because with predefined commands thelatabase or an individual profile) as well as
programmer can generate most of the folders andontrollers that contain procedures which enable
files with the initial structure, which cancels the the creation and updating of components.
need to write the same code over and over again.

This implies that the entire structure of the projectVI. HYPER TEXT MARKUP LANGUAGE

can be created via the command line (Command
Line Interface + CLI, is a mechanism used to
interact with the operating system or some

Hyper Text Markup Language (HTML) is the
standard technology when it comes to creating web

L ; ages. The web pages that are created contain
software, which involves entering commands top 9 bag

o . paragraphs, headlines, images, video clips, audio
perfo”‘.‘ specific tasks)_, after_whlch_the content 0ftracks, etc. It is used to define the structure of
those files should be filled with arbitrary code. In

L texts, media and embedded objects within web
some cases, an application can be fully developegeages and electronic mail. [7]
in just a few hours. [6] '

The basic application of this language can be
V. MODEL VIEW CONTROLLER found when talking about the problem of
separating specific elements on one page, where by
(Blsing this technology and its capabilities it is
)possible to precisely define where the title or any
other element should be located. Within this
language are also implemented elements that aim
to describe the characteristics of a particular web

Depending on the amount of data that needs t
be displayed to the users of the
website/application, the development team ma
choose to use the Model View Controller (MVC)
architectural pattern. Using the MVC software
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page. These features include keywords, content Some of the features of this testing tool are:
description, author information, and the like. This
information is extremely important for meta data
and is precisely separated from the page conte
itself. [7]

1. "Traveling through time" - photos are saved
c{uring execution, whereby the user has an
'Sverview of what exactly happened before and
after execution,

VII. CSS AND SCSS 2. Easy debugging - readable errors that make

Cascading Style Sheets (CSS) involves stylingdebugglng faster and easier,

the basic elements of an HTML document such as 3. Refreshing the user interface - the tool
font size, background color, text color, etc. automatically refreshes the user interface if there is

There are several ways to write CSS, they are: any change in the test,

£ ,QOLQH WKH VW\OH LV GHJ (VIS IaepRiangancypress gipis for

com or input before continuing,

+ QVLGH WKH KHDG! wWDJ wK U eontohRaeak Uil 5

t 7KH PRVW SUHIHUUHG PHWKREEMEEMPHUQDO 66
because it separates the settings for the appearance7. Ability to run tests on different web
of the page from the definition of the page browsers.
elements themselves, which improves visibility.

tag,

Most of the tools used for testing work by
From the moment of its creation, HTML had running outside of a web browser and then
one purposexto display what the author of the executing commands. Thanks to the Node.js
document defines (paragraph, title, etc.). After theplatform, Cypress is executed in the same loop as
appearance of new tags within HTML, developersthe application, i.e. behind this technology there is
were increasingly faced with problems whena Node.js server process. Node.js and Cypress
creating a web page. Therefore, the World Wideprocesses are  constantly = communicating,
Web Consortium (W3C), which is the non-profit synchronizing, and performing tasks. Cypress has
organization responsible for standardizing HTML, the ability to modify code that has a chance of
created styles as a supplement to HTML, which ignterfering with it, thereby controlling the entire
a major milestone when it comes to web designautomation process. This fact puts this technology
[8] in a unigue position to understand what is
happening inside and outside the browser. This
significantly affects its ability to deliver effective
solutions compared to other technologies. [9]

The Syntactically Awesome Style Sheet
(SCSS) allows styling files to be much better
organized. This is achieved by creating mixins,
WhICh are actually styles that can be used multiple X, TYPESCRIPT
times if needed. An extremely important feature of
this technology is nesting, that is, any selector can The TypeScript language is very similar to the

be placed inside another selector. JavaScript programming language, the only
difference being that TypeScript offers additional
VIII. CYPRESS syntax. It represents a syntax superset of

: . . JavaScript that adds static typing. Unlike
Cypress is a JavaScript end-to-end testlngJ : ) .
framework. It is built on a completely new JavaScript, TypeScript allows you to specify the

architecture, where it does not use Selenium whiclﬁjata types that are passed within the code and there

is used by most other automated testing tools. It i an option to report an error if the data types do

also open-source, which means that the'0t match. This eliminates the need to read the

improvement of the framework, in addition to the official documentation. For example, if & fun(_:tion
main developers, is also due to the community thag])(pe(:tS a strlng”c:)ata type %nd 1'3 passed an integer,
often uses this tool. Open-source allows the en an error will be reported. [10]
framework to progress better and faster than it Some of the features of this technology are:

would be the case if only the core team worked on t 7\SHEFULSW LV -DYD6FULSW DQG
it. It is specifically intended for developers and QAT escript

engineers so that they can realize anything they yp P
want.
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and knowledge of one language enables the use tifme to find external libraries that are compatible

another,

TypeScript file and compiled,

with the current version of the project. Adonis.js
+ $ YDOLG -DYDBFULSW 'LO'EL?%%GQ “ENNNIIIB I9RD YRy
to providing all the necessary libraries, Adonis.js

alidation

ogin-an ontent Crea addltlon

TypeScript technology contains three basicuses the MVC software pattern that allows the

components:

structure of the website/application to be as

¥ /D QJ X &padiktstof syntax, keywords and transparent as possible.

data type annotations.

¥ 7\SHG6FULSW C&riRétS inSirddtlons
written in  TypeScript into their equivalent
JavaScript instructions.

Therefore, the proposed technologies can be
used
website/application.

for the development of any
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This service supports a common set of typical editV
operations such as statement completion, signatu
assistance, code formatting and drawing,
colorization, etc.
X. CONCLUSION E}
The technologies presented in this paper weré’l
selected from the aspect of actuality, efficiency,
speed and comfort in work during the developments;
of a website/application. It is a fact that the choicep)
of framework greatly affects the process of web
application and website development. In addition’]
to using JavaScript on the back-end and front-enéf!
of the application and website thanks to the
Node.js platform, Adonis.js can reach its full
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ftware tools for
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business process analysis and

REFERENCES

Wa3schools, Node.js Introduction, visited on 21.06.2022.
AOH 6LPSVRQ <RX 'RQTW .QRZ -6 8S
Douglas Crockford, JavaScript: The Good Parts, 2008.

Simplilearn, Node Javascript: A Complete Guide to Ndde
visited on 21.06.2022.

Hombolttech, Introduction to AdonisJs, visited on 212082.

Medium, My takeaways from building a job board with
AdonisJs visited on 21.06.2022.

Oxfordwebstudio, What is HTML, visited on 24.06.2022.
Popwebdesign, What is CSS?, visited on 24.06.2022.
Cypress, Key Differences, visited on 26.06.2022.

*RLQJ

[10] W3schools, What is TypeScript?, visited on 26.06.2022.



International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Microcomputer TK8-A for Solar System

D. Bogatinov*, A. Stojanova llievska**

*Faculty of electrical engineering, Stip, Republic of North Macedonia
**Faculty of computer science Stip, Republic of North Macedonia
darko.bogatinov@ugd.edu.mk, aleksandra.stojanova@ugd.edu.mk

Abstract +In this paper we consider the main parts of the  receives cold water and the tank is cons’[antly
TK8-A microcomput_er. We _explfain how all the elements refilled, so the water pressure at the inlet is the
work and what function the individual parts of the TK8-A 10 hressure at the outlet. The controllers used in this
microcomputer have in a solar system for water heating . .
type of systems are mainly for observing the
Keywords: microcomputer TK8-A, solar system, sensor, characteristics. _
valve, tank Non-pressurized system are also called
straight-in all-glass vacuum tube solar water
heaters. Because the vacuum collector and water

. INTRODUCTION tank are sealed by sealing rubber ring, they can
In this paper we will focus on non-pressurized Not withstand pressure.The non-pressure solar
solar water heater and the TK8-A microcomputer. water heater normally uses the non-pressure water

Solar water heater is the conversion of sunlightshutdown, the efficiency is high and the service
into renewable energy for water heating using a solajife is |0ng_ The |0W_pressure gravity system
WKHUPDO FROOHFWRU UB6RODU consists of a vacuum glass tube collector, an
an?n?%r?uitiZkﬁ?witZrDOﬂ VAIVWHPV 8V Hjhgylated storage tank anql opt_ional stand parts

There are mainly WO types of solar systems for(make up tank). The water is dellvered to the tank
water heating: on the roof by a pump of some kind or _from a

_ Pressurized solar water heater water tower, which naturally means there is some

- Non-pressurized solar water heater pressure and then the evacuated glass tubes are

Pressurized solar water heater also callecilled with water and exposed to sun, thus heating
phase change thermal conductivity full pressureuIO the water in th_e glas_,s tubes.This system is
solar water heater is typically characterized by arcOMPIetely compatible with shower pumps and

other household pumps to add water pressure in

enclosed heating unit containing copper tubesh h h " 4 th | b
connectedndirectly to a tank. . The phase change!n€ house. But the tanks and the panels or tubes
not pressurized themselves.

thermal conductivity collector is composed of are ;
vacuum tube, phase change heat pipe and he~* Non-pressurized solar water heater has

¢ f lumi ; B f the thread microcomputer that regulates the level of water in the
ransier aluminum wing. because of the threa e_(tank. In non-pressurized solar water heater, the tank is

connection between the phase change heat Pifnot |gaded with water automatically, when the user
and the water tank, and there is no liquid in théspend water from tank the system not load
vacuum pipe, it can withstand pressure.The highautomatically cold water. The user can use up all the
pressure Direct Pressure Solar Water Heatinwater in the tank and then add cold water in the tank.
System features evacuated tubes and heat pipeThe loading of the water in the tank and heating of the
The heat pipes absorbs solar energy and converwater with electric heater the user is made it with
it into heat energy, this energy is then used in th¢nicrocomputer TK8-A.

process of heating water. There is no direct N this paper wewill focus only onthe non-
connection between the heating fluids in thePressurized solar water heater and the TK8-A
copper tubes and the water being heategmicrocomputer and_ we are going to explain withc
Pressurized systems allow you to have a closeBart need to be active so user can load colpl wather
loop and a circulation pump so that the water inln_tank an_d how can user whart the wather in thank
the pipes is constantly pumped through the solaWith electic heater.

collectors where the water gets hot, then around

all the pipes so there is always hot water instantly

at the tap Pressurized solar systems work on the

same principle as a regular water heater. If we

have a hot water outlet, the system automatically
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I. MICROCOMPUTER TK8-A FOR SOLAR
SYSTEM

The microcomputer TK8A is using for
controlling the working of the solar system for
water heating. The microcomputer can perform an
operation like fill the tank with cold water, turn on
the electric heater for heating the weather in the
tank and other operation.

For controlling the solar system with
microcomputer TK8-A the user needs to have also
the other parts that need to be attach to the
microcomputer so he can make the function of
controlling.

The parts that need to be attached for the
micromicrocomputer are listed below:

- Top sensor

- Solenoid valve

- Electric heater

Figure 2. information for level on the water in tank

A. Top sensor

The top sensor is the part that is on the picture
1. The top sensor is on the top of the tank and it
have 4 sensors on his body. If the water level in
the tank is higher than the first sensor, then the
microcomputer light that the tank is filled with
water 25%. If the water level is higher than the
second sensor than the microcomputer light that
the tank is filled with water 50%. If the water level _
is higher than the third sensor than the B. Solenoid valve
microcomputer light that the tank is filled with The solenoid valve is using for filling the tank
water 75%. If the water level is higher than theof the sollar system with cold whater. So when the
fourth sensor than the microcomputer light that theuser press the button on microcontroler that want
tank is full of water 100%. In the picture 2 is showto fill with cold whater that the solenoid valve is
the part where the microcomputer givesopening and cold whater is filled to the tank. For
information for level on the water in tank. give the comand on solenoid valve to open the
Also the top sensor is using not only to showuser need to press the green butoon on the
the level of the wather in tank nut also to showthe PLFURPLFURFRPSXWHU WKDW LV
temperature of the whater. So the top sensor iloadz” KHQ WKH XVHU SUHVV WKH E
also a termostat that measures the temperature aORDGz~ WKHQ WKH VROHQRLG YDOY
give that information to the microcomputer. tank with cold water. When the level of the water
On the picture 3 is swohen the place whre thein the tank it reach the forth sensor on the top
top senson need to be attached on theensor than the solenoid valve is closing because
microcomputer. the tank if full with water 100%.
On the picture 4 is showen the solenoid valve,
and on the picture 5 is showen where the solenoid
valve need to be attached on the
micromicrocomputer TK8-A.

Figure 3. Plug in for top sensor

Figure 1. Top sensor
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satisfied with the temperature of the whater in the
tank he can activate the electric heater. The electric
heater is activating on the button on the
microcomputer that is named+HDWLQJXx"~
first before to activate the electric heater the user
need to define the temperature that want to reach ,
this can be done with pressing the button Set and
user can define the temperature with press on the

EXWWRQV 3x° 83 DQG 3alectity $IWH

the temperature that want to reach the user is
activating the electric theater. On the picture 6 is
shown the electric heater and on the picture 7 is
shown where the electric heater need to be
attached to ne microcomputer.

Figure 4. Solenoid valve

Figure 6. Electric heater

Figure 5. Plug in for solenoid valve

The solenoid valve have specifications that are

listed bellow:

x 1/2" Nominal NPS

x Working Pressure: 0.02 Mpa - 0.8 Mpa Figure 7. Plug in for electric heater

x Working Temperature: 1°C ~ 75°C

x SHVSRQVH WLPH RSHQ " \weN & user have attached all the parts whit

x 5HVSRQVH WLPH FORVH tHle mid/dddmputer than can start with the

x Actuating voltage: 12VDC controlling of the working on trr]le soltlﬁr sust?m.(_lc_)n
. ictur wen where the parts (Top

x $ EW XDWLQJ OLIH PL Ogﬁrs%rc,é n%@%e@cﬁ alve and the electric heater)

x Weight: 4.3 oz need to be attached.

x Dimensions: 3.3" x 1.69" x 2.24"

C. Electric heater

Electric heater is attached in the tank and is
coneccted also with the microcomputer TK8-A.
The electric heater is using for heating the whaet in
the tank. So when the user of a sollar system is not
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Figure 8. Installation diagram

. CONCLUSION

The microcomputer itself has the appropriate
settings for the solar system and it works and
communicates perfectly with the peripheral

parts. Improvements to the next series are
possible in the part with remote control, the
user can have information about the level and
temperature of the water in the tank from a
distance and manage them according to his
needs.
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Abstract - The aim of this paper is to present the selected traditional classroom, all four types of learners

methods in formative assessment in the online learning (visual, auditory, kinesthetic, tactile) [1] can be

process. The school subject is English as a second ’ " .

language in higher grades (13- or 14-year-olds). The catered_ for. In_ distance _Iearnlng, on the _other
grammar point is Passive Voice. The selected formative hand, kinesthetic and tactile are, naturally, in the
techniques are derived from learning outcomes (based on background, while visual and auditory take

%ORRPV WD[RQRP\ DQG VKRZ DFWih&delencli\EboperdtidM,bEerRéarning, pair work,

/DXULOODUGTHY &RQYHUVDWLRQDO JYREHGHIRE and Uitptéject BALEd tasks are a

constantly encouraged to improve their digital L
competences to make the learning process easier, more rU€ dare both for teachers and students in distance

memorable and more interesting. This paper shows how learning circumstances. Due to all the above

an English teacher, but also other teachers, can use ICT mentioned reasons, students are much more
WRROV  WR DFKLHYH RXWFRPHV DfpGenddht SriRthélr ot &Smipeténties and efforts.
performance and competencies. 7KDW LV ZK\ LW LV D WHDFKHU{V

] DISTANCE EDUCATION IN learning process more interesting and enjoyable,

LANGUAGE LEARNING TODAY as well as to encourage self-confidence and
student autonomy. Assessment, as part of that

Distance education has been around for morgyrocess, in these circumstances should not be too
than two decades now all around the world. Ittime-consuming, since organization of time is a
encompases many levels and forms, from theelevant issue in distance learning. It should also
lower primary school to postgraduate coursespe such that it directs students towards a desired
Students, as well as their parents, may choosgutcome, i.e. provides instant feedback and can be
distance learning for many different reasons.repeated a necessary number of times. One of the

Schools, on the other hand, offer a wide variety ofhest methods for language learning is through trial
content, student support and types ofand error.
examinations.

All school subjects can be taught through I. THE PURPOSE OF FORMATIVE
distance learning. In more communicative ones, ASSESSMENT
however, like languages, both native and foreign, Assessment is a continuous pedadogical
the physical separation of the teacher and swdentsctivit that positively determines tt?e atq[itgde
may present more of a challenge. The reasons f(ﬁ’ é’ | P dyk led q
this are language-specific contents like fluency, owards fearning and knowliedge and encourages

intonation, listening and speaking practice, and théno\t/'v\%'_'o?/ Vt% Hlear\?v [é]ll T\?{/SV Xlrgpges V\J;h\?tﬂ DEK
basic need for communicating a message. In ordeP Q Q

to moNWRU WKHLU VWXGHQWYV jho%‘btﬁ F908 0y @ [egulalpRapy [he posiive

reciprocal activities, foreign language teachers ar omponen assessment sugges the activity

required to make an additional stretch and effort toShOUId come natural and not stressful to students

make their learning activities brain-teasing anda.nOI t'hat they should regard .'t as a positive
direction towards better academic results and self-

pleasing to students. This is true for all language onfidence. Thus. assessment is an excellent wa
proficiency levels and ages, but especially more s<§ ' ' y

. - . o build self-confidence and internal motivation in
for primary students. The reason is that in thestudents, which are both a much needed basis for
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success in any type of learning. IV. LAURILLARD'S COMMUNICATIVE
Formative assessment is a part of that process. FRAMEWORK

It refgrs to a wide variety of methods and Professor Diana Laurilard of University

techniques that teachers use to assess th@

comprehension of their students on a topic or unit ollege London developed six leaming types.
to better understand their learning needs and t’l’hey are widely used in language learning, as they

make future olanning easier and. more student%ﬁer teachers a variety of different activities, i.e.
P 9 . . cater for different needs of learning types. The
centered. It may vary from asking a simple

guestion to check understanding of a general poin?amework comprises learning through the

. ollowing: acquisition; investigation; discussion;
to a short quiz to an elaborated self-assessed essﬁyactice' production and collaboration [6]. The
against a defined set of criteria. While formative ' ;

assessments help teachers identify learnin needs >o1ce of the framework is_the attribute
P 9 FRPPXQLFDWLYHY ZKLFK PDNHV

and problems, in many cases the assessments al Qd useful in foreign language classrooms
help students develop a stronger understanding o '

their own academic strengths and weaknessesv_ EXAMPLES FROM THE PRACTICE OF

When students know what they do well and what ENGLISH LANGUAGE TEACHING IN

they need to work harder on, it can help them take PRIMARY SCHOOL

greater responsibility over their own learning and

academic progress [3]. In traditional classrooms, The grammar point of the lesson is Passive

these techniques are somewhat dependent on théoice - Present Simple and Past simple. The

physical presence of teachers and students. Iatudents are 13-14 years old. The learning

distant learning, however, where physical objectives are: to activate prior knowledge of the

presence is not a must, ICT tools are a veryelements needed to understand the Passive Voice,

powerful means to achieve the same goal. Manyo learn how to form and when to use the Passive

ICT tools are, of course, used in traditional Voice; to apply the newly learned knowledge in

classrooms, but in distant learning they hit thenew situations. The time frame is 90 minutes.

E X O O T-Mthey \dfe visually attractive, easy to The activities of the formative assessment

replicate, time-efficient, and provide instant presented here are created for distance learning,

feedback. where the teacher sends the basic material to

students via email or some type of online
.  %/22096 7%$;2120< ,1 )25(,*tlassroom. Each student does the tasks from
LANGUAGE CLASSROOM home.

| ly, thi #e on.i (lﬁ)n line.in, real time,

)

»ORRPTV WD [RQ R.P\ LV D V\o\ﬁvélp a?%fo'r\ﬁnm\?v |C§1§erri1:a§l sﬁ\g[gellgtﬁg}/to present
cognitive skills and educatlon{:ll Ieammg the lesson and students to follow it. Another
ObJeCt'V.eS' Creat(_ed by psychologlst_ B(:"nj"’lmmoption is for the teacher to upload the material on
Bloom in 1956, this model arranges six levels of

thinking into a hierarchy, from the lowest to the a pla'_[form or some kind of classroom or online

. ’ S . bulletin board (e.g. Edmodo, Google Classroom,

highest level [4]. The lower-order thinking skills ClassDoi

] i . jO, etc.).

are remembering (recalling facts and basic

concepts), understanding (explaining ideas and _ ) ) _ _

concepts), application (use of information in newA. Practice - bring into action previous

contexts), while higher-order thinking skills would knowledge

be analysis (drawing connections among ideas), Time: ten minutes.

evaluation (justifying an opinion) and creation Role of the students: Do an online activity.

(producing new or original work). % O R R P R&peat if necessary. Do self-assessment on spot.

taxonomy can be used to plan new or reviseSend feedback about the level of success to the

existing curricula; test the relevance of courseteacher.

goals and objectives; design instruction, Role of the teacher: Create an online

assignments, and activities; and develop authenticrossword; Set up a formative assessment task;

assessments [5]. The goal in a foreign languag&end the online crossword to the student; Analyze

classroom is to develop higher-order thinkingfeedback from the students and send them

skills as much as possible, in order to masteformative assessment results.

communication, whether oral or written. Description of the activity: Students are sent
an online task (one task or several tasks - a
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crossword, a matching task or similar) with pastYRLFH" &ULWHULD WR SD\ DWWHQ
participle of various verbs, both regular and KHVLWDWH ZKHQ \RX JLYH DQVZHL
irregular. After that, students do the assessmerthe introduction. If you need to think a hitvatch
task and send feedback to the teacher (for théhe video again. If you are not sure about one or
whole lesson together). more answersx watch the video several times

The formative assessment technique(s) usedXQWLO \RX GRQMTW KHVLWDWH ZK
in this activity is the online task has self- questions. Next to the questions, write your
assessment built in the exercise (e.g.process of giving answers according to the given
https://agendaweb.org/exercises/verbs/past- criteria.
participle/irregular-verbs-1-10). The student can The teacher congratulates students who did
repeat the exercise(s) as many times as needeckll and suggests others to watch the video again
until they have got a maximum score. Foruntil they have the impression that they have
formative assessment, students fill in the Googlemastered the presentation. At this point, the
IRUP SROO RU MXVW DQVZHU téagher dvds DAt ¢ive drfy\éxglagativnd LR QV L Q
a regular word document): How hard was the task, _ o _
on a scale from 1 to 5? (1-very hardndt very ~C. Practice - bring into action what you have

hard; 34 managed somehow;#was successful; learned
54 knew all the answers right away). Time: 10 minutes.

The teacher congratulates students who did Role of the teacher: Finds an appropriate
well, and suggests others to revise verbs from thenline exercise (e.0.

list of irregular verbs and do the task again. Ifhttps://learningapps.org/display?v=prw1k9jet20)

more than 50% of students did badly in this taskor creates one of his/her own. Along with the

then the teacher sends them a few more tasks tgdeo/text, the teacher gives the formative

revise past participle (which is necessary in ordeguestion and sets the criteria.

to do the passive form correctly). Description of the activity: The students do
the exercise: to decide if each of 10 sentences

B. Remember - recall facts or basic concepts given are in the active or in passive voice (level of

Time: 15 minutes. . recognition i.e. application of the newly acquired
Role of the students: Watch the video or reacknowledge about the passive voice). The exercise
the text. shows the exact number of correct sentences, but

Role of the teacher: Finds an appropriatejit does not show which ones are correct.
video online which explains formation and use of Formative assessment technique(s) used in
the passive voice. Alternatively, the teacher carthis activity: Questions for formative assessment:
give the students a useful link (e.g. How well did you do? Criteria: 10, 11, 12 correct
https://www.englisch- answerszexcellent; 8, 9t+very good; 7, 6tpass;
hilfen.de/en/grammar/passive.htm) or type the5 or less + needs improvement. If you are not
instructions about the passive voice in a wordsatisfied with your result, answer the question:
document / PPT / Prezi or similar and upload it onwhat do you still need to know in order to score
a platform or Google classroom, depending on théyetter?
agreed manner of communication. Along with the  The teacher congratulates students who did
video/text, the teacher gives severalZHOO DQG UHSOLHV WR WKH V
comprehension questions for students to answer. Huestions. The teacher will re-teach crucial points,
can be a link to a Google form or similar, orif necessary (50% of students or more did not
simply answers on the subsequent piece of papgsass).
in a word document or slide in a ppt. The student _
can check his/her answers. D. Investigate - compare concepts

Description of the activity: The students Time: 10 minutes
watch the video/presentation about the passive Role of the students: Do the exercise. Send
voice in their free time. They can watch it as manyfeedback to the teacher for formative assessment.
times as needed. After that, students do the self- Role of the teacher: Finds an appropriate
assessment task and send feedback to the teachexercise online (e.g.
Formative assessment technique(s) used in thibttps:/learningapps.org/watch?v=p50josev520) or
activity: Answer the following questions: Why do creates one of his/her own. Along with the link to
we use passive voice? How do we form passivéhe task, the teacher gives the formative question
voice? How do we ask questions in a passiveand sets the criteria.
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Description of the activity: The students do questions). The form needs to be familiar to the
the exercise: to choose an appropriate answestudent i.e. something already used. It can be an
(multiple choice). Do self-assessment online. online resource (like Quizizz or learningapps.org)

Formative assessment technique(s) used ior it can be done in a word document or PPT or
this activity: Traffic light: Answer the question: similar, depending on the ICT skills of the
Was the exercise difficult? Criteria: red yes; students. Students can use online communication
yellow £not much; greentno. Think and answer channels to agree on questions, possible answers,
the question: What can you do to improve? form of their work etc. Each quiz is uploaded and

The teacher congratulates students who digposted for all other students to click the
well, suggests others to revise and do the exercisink/download and do.
again until they are satisfied with their result. The Formative assessment technique(s) used in
teacher will analyze the feedback and re-teachhis activity: Each student sends feedback to the
only the points which are not clear, if necessary. teacher on the following: Write a short summary

about passive voicet what have you learned?
E. Construct What else would you like to learn? Students assess

Time: 10 minutes HDFK RWKHUYV ZRUN-dtef&E.GLQJ WR

Role of students: Do the exercise. Send  The teacher congratulates students who did
feedback to the teacher for formative assessment.well, answers the questions and analyzes the
Role of the teacher: Finds an appropriatefeedback. The teacher analyzes peer assessment

exercise online (e.9- and gives feedback i.e. formative assessment to
http:/static.digischool.nl/en/grammar/hotpot/passieach  student (a short narrative  plus

ve/tegenverltijd.htm) or creates one of his/herrecommendations about future work).

own. Along with the link, the teacher gives the

formative question and sets the criteria. VI. CONCLUSION
Description of the activity: The student does

the exercise: to write in the appropriate answer

ut together the necessary elements and writ _ : .
(p g y %Il online education, they are essential. For that

them on the line in appropriate order and form). ;
Formative assessment technique(s) used jteason, the forms of assessment should be various,

this activity: Send feedback to the teacher aboufn order to Icl:ater dfor the needs Odf all htype_s of
how difficult this was: thumb up, thumb down or '€&mers. Polls and quizzes created with Quizizz,

smiley with flat mouth. Analyze what was your Socrative, Gi_mkit, Google_ Forms are user-friendly
L Iand not too time-consuming for both teachers and

students. In primary school, where learning
&echniques are still being developed, it is advisable
0 have a range of different techniques and keep
e assessment interesting, short and to the point.
The presented techniques for formative
assessment in online education settings are
suggestions from the practice of teaching English

Online tools in formative assessment are
idely used, practical and interesting for students.

explanation.

The teacher congratulates students who di
well, answers the questions and analyzes th
feedback. At this point, the teacher will work
individually because this is a higher-order
thinking exercise and not many revisions are

expected. : :
P as a second language in a primary school. The

F. Create a quiz or an exercise methodology behind them is Bloom's taxonomy,

Time: 35 minutes which has been in use since the mid fifties, and

Role of the students: Create a quiz with a/DXULOODUGﬂV FRPPXQLFDWLYH 11U
peer. Send feedback to the teacher for formativév@s developed in 2002.

Role of the teacher: Gives instructions to[1] https:/abilitypath.org/ap-resources/childrens-leayrstyles/
students how to create a quiz or exercise. [2.] Pravilnik o ocenl YDQMX XpHQLND X RVQRYQRP REU

L R vaspitanju, "Sl. glasnik RS", br. 34/2019, 59/2030/2020
DeSCI‘IptIOI’] of the activity: The teacher [3.] https://www.edglossary.org/formative-assessment/

discusses the criteria of a successful exercise with#.] .[5] https://bridge.edu/tefl/iblog/blooms-taxonomy-efi-

_ classroom/#:~:text=What%20is%20Bloom's%20taxonomy%3F,
students (3-4 clear ones). The teacher can do that lowest220t0%20the%20highesto620level.

by using a discussion forum on a platform or[e] Faculty of Environment and Technology Learning Inrimra
through an online survey or in some other way.  Unit Bristol, UK

Students create exercises for other students (5
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Abstract tManagement is the important factor of success The first methodology heavily relied upon

of software projects. When focusing on software project during work was the Waterfall in it, as it is known
management education, one must present the processes

IURP ERWK PDQDJHUVY DQG PDQDJ %ﬁewoégsﬁ?g‘ﬁgﬁo\igﬂéﬁg%;@&\?ﬂ%’?re development;

view. Thus, a combination of more teaching subjects is IS W : a va_nced S_tages of
required. Managed persons need to work in a managed development in case of a change in requirements,

team on software development tasks to gain the required for example. So, it was developed into more than

experience. Managers must plan and manage software one-run version, but it was not always of the

projects to gain management experience. In this paper, we  quality required.

focus on this second type of experience. The use of

simulation software empowers teaching (and learning) of In this paper, we focus on the planning phase of

management in our case too. We focus this paper on such waterfall software development model, taking

estimation and planning of software prOjeCtS for the |nto CO”Slderatlon |tS Selected extenS|0nS as

waterfall software lifecycle model. We present and discuss mentioned above. First, we present the various

our technique and prototype tools. After the planning, ! !

participants can faster identify and react to changing Wate_rfall mOdeISz then we present the AMEISE (A

situations during the simulation. Media Education Initiative for Software

Engineering) simulation tool and its methodology.
Our approach is defined in the description of
. INTRODUCTION suggested improvements for the tool and

All areas of life need specific software to teaching/learning process. We point out the need

facilitate work and speed up the required results séor using modern technologies and design as well

that all parties can benefit from it. In the field of as the benefits of game-like presentation of results.

software development, there are different

categories, including analysts, developers, and . THEWATEREALL SOFTWARE

testers, as well as the project's beneficiaries. DEVELOPMENTMODEL

With the rapid development of software as well  The waterfall development model is one of the
as the requirements of users, as developers, Wgldest software project models. It is a structured
need to deal quickly and effectively in software software development methodology that can be
development. To speed up work, we must followgrequently quite solid. The software development

an effective software management methodology 1Qyrqcess is divided into phases. All phases of
help us in the process of planning and developme roject development, such as [1]:

correctly and effectively. Therefore, even the field Software Requirement Analysis
of software management is constantly and rapidly Preliminary Design :

. 2
developing. 3. Detailed Design,
There are many methodologies any developer 4. Coding and Unit Testing,
can rely on in software development. These 5.  |ntegration, and
methodologies have been developed continuously 6. Testing
due to growth in the requirements of the requiredyre completed once.
programs and work environment. Each method, This model is best suited for projects with
whether traditional project management or agil€c|early defined requirements, for which we do not
project management, has strengths (ixpect any change ’
weaknesses. For example, the difficulty of '
choosing the appropriate methodology thatA. Advantages and Disadvantages of
matches the quality of the requirements that we Implementation
need to develop, or the team's focus on a method The waterfall model is straightforward, its

that they a_Iway_s rely on in their work style, can implementation is easy. Another advantage is in
lead to a failure in the development process. simplicity of the phases, that it is known in
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advance when a transition to the next phase will Simulators [6,7] relying on a rule-base,
occur, and, that the next phase is always the sambeuristics or statistical evaluation might be
Phase distribution used to be 20-30-50, meaningnplemented to simulate project activities and
20% of time spent on the first two phases, 30% ofprepare model situations the players (learners)
time spent on the second two ones, while thecould be trained in project management based on.

remaining time is spent for integration and testing. already mentioned, and it is an important

Disadvantages arise when the first phases armotice, that the waterfall software development
insufficient to cover most requirements, or, if thesemodel is hard to implement with tiny or small
are frequently changing, as clients do not exactlyprojects. Many involved learners become part of
know what they want for the software. teams, which are organized a different (mostly
gile) way. For them, the clash of terminologies
nly hardens teamwork, their benefits from
learning based on the waterfall model are minimal
if any. On the other hand, this also applies for the

pposite situation. Waterfall should be taught in
onnection to agile development [5] to prepare the
learners for both worlds, the best and worst from
both worlds, including management issues and
strategies.

Disadvantages are used as tool to advocat%
other software development methods [2] and
models over the waterfall model. However, there
exist several modifications introducing real
improvements to this model, such as Royce's fina
model [3], Peter DeGrace's "Sashimi model"
(waterfall with overlapping phases), waterfall with
subprojects, and waterfall with risk reduction.

B. Planning for Waterfall Software Development

. . . . THEAMEISETOOL
The main advantage of implementing the i i o
waterfall software development model is that '?‘tMEISE (A Media Ed_ucallthn Inltlaltlve (;‘or_
planning is relatively straightforward as well as it Software Engineering) simulation tool and its

is true for the model structure. Considering the 20methodology offer the environment where the
30-50 distribution rule, one can set up an initialproJeCt can be simulated following the waterfall

Lo A methodology with overlapping phases 6 D VIKL P
effort distribution across the phases. Assigning theP R G HTDé main idea is to let small groups plan

best and top fitting team members for the tasks o{or each simulation. then let them react on

the first phases is critical, but in general ginjated events during a simulation run with the
manageable. Next phases are planned according {9m to achieve as many as possible partial goals,

conditions stated by the model. TeSting andsuch as budget’ |ength, and selected product
documentation are the heaviest phases, even thgtiality indicators.

the quality of the product is coming from the first
phases. Depending on the model applied, qualityh. The Normal Flow of Planning in AMEISE

assurance is implemented as well. The normal way how to produce the plan relies
The reasons for choosing the Waterfall oy the discussion between the small group of
methodology [4] are the small size of the team, thestydents. Each individual studies the available
clarity of requirements, and the lack of continuousmaterial on conditions for execution and
change. This relies on selecting a project that igharacteristics on available human resources. Then
not directed to a specific party, meaning it canwhile discussing, the fields of the plan are being
control the requirements through the team and thélled with estimations of costs, effort and its
supervisor. distribution. The effort needs to be distributed
C. Advantages a_md Disadvantages in Teaching Eﬁg?loerﬁgr.pogﬁnt{ﬁgtde;/cerlgsse rs{hem%nh?sirss %?dtﬁge
Software Project Management waterfall model, including quality assurance
Simplicity of planning and implementation as (review, test, repair) and allowing up to 50%
ZHOO DV FODULW\ LQ WKH PR GWMkpy WHUPLQRORJ\ PDNH DQ
ideal model for learning basic management
principles. On the other side, waterfall B, Advantages
development is applicable for medium-size and
large projects, where the 20% of time used for only
requirements is accurate.

An excellent opportunity is given for teamwork
managers. Based on employee (software
developer) characteristics focusing on technical
As there are 1 or 2 following phases for eachskills and abilities, they are planning for each
SKDVH VLPSOH FRQGLWLRQV phase Rt theQ waterfall QuiojecO anc: Zzrsiyming
LI VLWXDWLRQV developers to task according to specific limitations,
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start with requirements and estimate FP along with
LOC in selected programming languages then
applying the COCOMO model for waterfall
estimation. These calculations produce the
requested project properties as stated above.

Our example in Fig. 2 aims to point out several
properties of such improvement.

First, the count of calculations each student
performs. Behind each line in the output, the work
needed to estimate unadjusted FP and the value
adjustment factor, and calculation of estimations of

Figure 1. AMEISE waterfall project estimatiotold tool Basic and Intermediate COCOMO are present.
) ) When considering possible locations for an error,
such as no employee can be involved in more thag,ch as forgotten round-up to nearest integer (LOC

two tasks at the same time. +lines of code; P+people count), this task is not
- that trivial at all. Initial calculations and additional
C. Critiques corrections are planned for two labs, allowing the

The 20 years old tool also comes with anstudents to discuss the topic.
outdated way of required cooperatiof using Second, the similarities and differences

paper for planning. An improvement can be donebetween the used models can be spotted, which

by sharing a computer while filling the electronic ; .
. L might improve the selection of the most accurate
form of the plans (Fig. 1). All these are limiting model for the planning template on Fig.1.

time of planning for the students, which, in
specific cases, introduces inequity into learning the  Third, the project content is not new to the
software management process. All parallelstudents. They estimate project properties for
feedback is limited by the oral nature of mainprogramming assignments they completed during
coordination, evaluation of plans is a kind of (very) their previous studies. Thus, they can select the
late feedback. Running the simulation gameright programming language, and they might
produces partial feedback, which is given by thecompare estimations to real number of lines of

services included in the tool implementation. code. Time could be also saved here, as the
functionality assignments are known much better
IV. SUGGESTEOMPROVEMENTS than with any starting project. Evaluation and
estimation aspects can be learnt better, if the vision
A. Preparation for the Planning of the product is clearer.

The task definition includes the estimated e do not state the limitation on systems under
product size in function points (FP), one of theestimation, selecting of already done assignments
planning tasks is to estimate project effort, durationis some advice only. Any textual functional
and count of developers involved. definition can be used here.

An improvement in the simulation preparation  The basic calculation workflow is:
phase = still before starting planning for the
simulation game run,z could be a group of
estimation calculations for different projects,
where all relevant requirements are known. This 2. Calculate UFP estimation
way, FP analysis and its results will be more 3 caculate VAF (value adjustment factor)
familiar to students. As the game preparation
continues from FP through LOC (lines of code) 4 Calculate AFP
until effort, duration and deve®H UV FRXQW €xlddd  two programming languages and
calculated, the suggested improvement is about to

Get the textual description of the required
functionalities.

Figure 2.Project estimation preparation improvemetmesults
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calculate LOC for them After setting up the tools for online
6. Use one of the LOC data for Basic cocomo. cooperation, the normal flow of AMEISE planning

try Organic development first could be implemented (as of Sec. IIL.A).

Calculate EAF (effort adjustment factor) C. A New Tool to Come

Use the same LOC data for Intermediate  Djstributing work across different technologies
COCOMO, use Organic development mode asp | JK \W QRW FRPSODLQ ZLWK HYI
well capability. To ensure equity over equal chaotic
The more focused ones will round up somepossibilities of self-selection, and to support
values in their calculations. FHQWUDOL]DWLRQ RI WHDFKHUTV IH
: supporting the basic planning along with its
AM’ETSES”'Ch a preparlza\tl?)n, _thelnormtalo;‘low Offtunable improvements would be appreciated.
S ”IApannlng cou € implemented (as Owithout an aim on completeness, we present a
ec. lILA). prototype on it. This prototype could turn to a
system of systems later as it is with the current

B. Online Cooperation _ version in use. Then, an improved configuration of
As stated above, the digital versions of plansthose tools will be required.

could be shared via any common tool for .

cooperative editing. These fools usually also offer, After creating such a support tool, the normal
text, voice and/or video communication betweenf{l®W 0f AMEISE planning could be implemented
people sharing the same plan. using that tool(set) (as of Sec. IIl.A).

Advantage is that there are no quarantine A cooperative tool first needs the ability to
limitations, one of the disadvantages might beCréaté teams of members who cooperate. A draft
timing of actions. In this case, we cannot fully stateP’0c€ss Of creating such teams (small groups of

that online is always better than in-personStudent users of the system) is depicted in Fig. 3.
communication. Especially when considering This naive representation assumes the existence of

usaninthessy f i /i ingle user without any
WHDFKHUSV LQYROYHPHQW LQaggo%ri]a_fte sé]'ri){?:j)r,}((é/)riﬁle]ﬁ'rr%g%gj[.gwanttojoinateam

Known tools used in practice of our studentsusing an invitation, or (s)he might want to lead a
are Microsoft Teams, Google Meet, Skype andteam by inviting others.
Webex. These tools offer similar but also different

cooperation and work sharing possibilities. In this generic approach, any size for a team is
acceptable, but with our examples, there should

Figure 3.Team building workflow for waterfall project planningproposed tool
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each user separately successfully calculate 3 anemorizing effect for visual learning type
more project estimations (FP and COCOMO) andstudents. No need for custom Excel charts is
only then will be able to start or join a group. present, all results are presented in the same
Team/group size for AMEISE planning varies coherent form.

between 2 and 3. As a future extension of the

. This feature closes the Ilist of digital
prototype, a bit larger small teams of 4-6 usersimprovements for the planning preparation

process.

For planning, the proposed improvement would
FKHFN WKH XVHUfV TXDOLILFDWL
round based on project estimation results. Then,
the 2-3 member teams can be formed based on
student, teacher or mixed strategies. It is not
included, but a random distribution could be also
considered.

Figure 4.Project menu for estimationsproposed tool

would be used in agile planning.

Individual part of the work will require the
execution of the steps described earlier in Sec. IV.

Figure 6.Estimation overview for project planningproposec
tool

30DQQLQJ IRU WKH %ELJ SURMHF
selected materials, which ones could be integrated

with the proposed tool to achieve a more coherent
Figure 5.UFP estimationtproposed tool user experience.

functionalites might be accessible based onthe estimations, could be displayed as shown in
subject selection, to eliminate searching and maké&19- 7.

the start easier (Fig. 4). To integrate editing for the plan for the 40

To support step 2, Fig. 5 shows the proposedveeks of the selected project, a more complicated
form of the UFP calculation including the feature tabular system is needed. This must allow
classification table. simultaneous parallel editing by the 2-3 team

members, when considering this size for the
PDQDJHUVY WHDP

The above presented tool prototype gets
complete by Fig. 8, the visualization of planning.
Here, names of developers can be found on the
left, while the task assignment is done in the fields
of the tabular.

V. CONCLUSION
Planning is essential in project preparation,
management and execution, even that some claim
The calculation overview might get also that plans might be of littler importance.

improved within project information as shown in Within this contribution, we presented the key
Fig. 6. Such a support would improve the aspects why we still use the AMEISE system in

Figure 7.Estimation overviewtproposed tool
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the non-playable ones. It would be more like a

chess game where 2-3 players play white with the
same team of figures on the same board: focusing
RQ DFFHSWLQJ WKHBuWRMWaKWOUIY § GHFL\
require the integration of AMEISE as well.

Another use case scenario for the presented

prototype would make it used as starting case for a
hackathon. There is a plenty of combinations of

technologies for

game and web application

development that could be applied there. Our
prototype was based on TypeScript, React, and

Figure 8.Project planner for waterfall projects wit
overlapping phasesproposed tool

teaching software project management. This
legacy simulator comes with technical support anow]
material that is prepared for use.

We pointed out our experience and presented
first improvement for the planning preparation 1]
phase, which is focusing on experience-based sel#-
evaluation of selected software project estimation
methods. Here, the learner can compare her/higl
own results to the estimated ones (first
implemented, then estimatetihis is the order to
make reuse of learner experience). In order to
achieve this experience, the students are asked to
collect textual descriptions of completed tasks and
realize the estimation procedures over them. [3]

At this point, the classical procedure of
planning can be started as it comes with the tool.
We used more likely the digital form than the 4
paper based one. The disadvantage is the ledd
conversation, which is hard to balance by any tool
used for cooperation. A kind of cooperative
distance planning could be implemented by using
the Excel document, a document sharing systerg;
and text, voice or video messaging systems.

Later, we presented a proposal on a morée]
complex tool that would support assessment of
pre-project calculations and planning as well. This
proposal is based on mainly oral feedback from”!
planning sessions addressing the low compatibility
of the system in use as well as the outdatedness

SUHWUR IHHOLQJ" RI LW (8]

When considering a suitable architectural
decision for implementation, it would be not that
hard to re-organize or introduce several
occurrences of calculation tasks in the workflow.[9]
A good architecture would also cope with the
requirement to have a multi-user task-sharing
parallel-processing system.

Such as a MMORPG, where the playable
characters are the managers, and the developers are

(10]

Google Firebase.

After
xtensions would go towards incremental (spiral
ith COCOMO II) and agile project management
ethods (agile estimations, retrospectives).

implementation, the most probable
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Abstract - The achievement of students after completion LKH HGXFDWLRQDO VRIWZDUH WHK
pf teaching process in each subject is What is quite g Geogebra. Everything we need to know about

doals wih the analysi of students' achievements for the CC0geDra software can be found in [9] and [10]

topic matrices, in D 2W U D @L'Wéy. Ri@iDteaching Here we can find more mathematics pr_oblems
enriched with free software. The introduction of software ~ SOlved using Geogebra software from different
in the teaching process as®P R GHU Qadpicach to  mathematical topics.

teaching aims to increase student activity, to raise the ft G bra in 151 i f . I
teaching process to a higher level, to raise & WXGH wa\r,ee_ sonwar (eogebra in [ lis use for visually
achievements and to motivate students to learn more Presenting the shape of which are calculate the

independently. volume. In that way the students can calculate the
volume of the shapes and at the same time, they
can present the shape visually and see what they
. INTRODUCTION calculate. The topic of [4] is to use computers in
The interest in studying at technical facultiesthe lesson of Calculating the surface of a flat figure
has tended to decline in recent years. It is a resultthe application of definite integral. The purpose
of the general opinion that studying at a technicabf [4] is to master the same school program in two
faculty is not easy. To change the current situationgifferent methods: the first is the traditional
analyzes must be made for the way in which themethod and the second is using computers, or more
teaching process will be carried out to find aprecisely, the Geogebra software. In [3] author
solution for greater motivation for learning, shows how in a simple and interesting way the

achieving better results and increasing the numbefiunction flow in the Geogebra program package is
of students at the mentioned faculties. This paper isxamined.

also derived from the idea of finding the most L . L
appropriate way to perform teaching to achieve _APplication of modern digital technologies in
better results in mathematics subjects. Here, wi€aching has changed teaching methods. [1] is
investigate the results achieved by students for th@@S€d on forming a teaching model in order to
topic matrices before and after used free educatioff"Prove the level of ICT knowledge and skills of

software. The aim of this paper is to compare thetUdents applicable in  the ‘area of technical

results of students for the topic matrices afterSCienceSH TTe purpose of [%]_ﬁwas to mr?s(tjer. trt:e
classical teaching and after teaching with freeS&@Me SChool program in two diiferent methods: the
education software. The students are from thdifSt was the traditional method and the second was

Faculty of natural and technical science at Gocd!SINg computers, or more precisely, the Geogebra
Delchev University - Stip. In this paper the resultsSCftware. The aim of the testing conducted after
of the students' achievements will be listed so thatéaching the above-mentioned unit was to show the
the results of the students achieved during classic&ffeCt Of using computers in teaching.

learning will be shown first, and then the results of  There is more research in which the main goal
the students after learning with software. Betweens to see the importance of ICT in the teaching
the results of the two tests several solved examplgsrocess in mathematical subjects. Like that, paper
of matrices using Geogebra will be listed. Also, [6] is the research in which there are two groups of
applets have been created for some of them, fostudents, from two Universities: Mother Teresa
which links are given, with which help students Skopje and Goce Delchev Stip. In the paper are
can solve similar tasks. Also, for some calculationgprocess mathematical content in two different
required in the given examples, commands argvays (some with Geogebra and on a computer, and
given which is used to obtain the solutions. In theothers without visualization and Geogebra). Then
end a conclusion from the results of both tests wilkhe testing is done, the results is compared, and a
be drawn. conclusion is drawn.
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Many high school teachers face questions from 0 12.
their students about the applicability of
mathematical contents. For that reason, in paper "2 )
[7] authors try to answer students question related C "2 2 3 ’
to linear programming problems and solved them N ’
using Geogebra. The article [8] describes the e0 80 1

observations of the experimental teaching

FRQGXFWHG LQ WKH KLJK VFKleatE@\B).&Q@EFTHIf ZKHUH
Geogebra was used. Geogebra was used for the

ILUVW WLPH LQ VWXGHQWVT OLYHV§1|%U1_\/RO§2L1)J D OLQHDU

optimization word problem. A B "0 0°  what do
0 2: - >
Il.  MAIN RESULTS ® ol 1:
Matrix is a topic that is very important for you conclude?

students of technical faculties because its

application is large. The importance of its §0 1 2.

application in most areas of technology and, rindtheinverseof =~ 1 2 3°

engineering, as well as other disciplines of - >

mathematics on the one hand, the growing N 2 1

tendency of the number of weaker students from

year to year on the other hand were reasons to find 8l

a solution to increase the motivation to learn. We ) s

decided to achieve our goal by introducing the5. Calculate A if A _.3 1 2,

Geogebra software in the study of some é 4 3,
matehematics topic. We decide that to be topic

matrices. To see how much the Geogebra software 6. Find the rank of the matrix

will help us in achieving our goal, we will analyze §0 1 301

the VW X Gadlievefent after classical learning .
of the given topic and learning with software. The 1 15 10,
results of the testing will be presented, and the © 20 231;:

conclusion will be drawn.

First, after studying the topic of matrices in a 7ach test task carries 5 points.
traditional way, we did a test on a group of 23|nformation about the group of tested students is
students from the Faculty of natural and technicaliven in the following table
sciences to see if the results were satisfactory. The

test consisted of 6 taskiasks are shown below: Table 1. Information about students

Variables N
1.Calculate 2A-3B if Group 23
A 18-21 20
g1 1 2. 9 1 0. ge other 3
A3 0 1,B 0 0 1 Gender o v
ol 4 1: @ 1 01
2. Calculate 2AB+C if The results of the testing after the lessons
conducted in the traditional way in which the topic
13) 2. matrices was studied are:
A 3 1° 8 e 4 1. Table 2. Student$ Dedvénhents after learning in the
. r s , traditional wa
.2 0. @ 20i Y
D 41 Number of 23
students
Number of 12

students who
scored over 15
- points
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Number of 11 g 2 3. $8 4 5.
students who 5 5
scored below 15 aA 4 56,B 195
points d 8 9: d 7 9:
Tasks | Number of
students g
student who mA 4B 1 10.
achievements solved it g
1
completely
correct Solution. a) In Geogebra we write the elements of
1 20 the first matrix, in the previously given sum in the
same order as in the matrix, in the tabldch we
5 15 get by selecting \L HZ Spreadsheet. We select
the cells and right click on them.
3 11
4 10 Then we choose CreateMatrix.
> 17 A matrix will be
6 2 created in the algebra

window:

We can see that the matrix has been given the

tag ml. We create the matrix B in the same way.

Figure 1. Result of testing after learning in the traditional That matrix also appears in the algebraic window
way with tag m2:

Since the topic is very important for the
students of the technical faculties, and the results
were not the satisfactory, we decided to introduce
changes. The changes were aimed at re-studying
the topic with the application of ICT. The
educational software which we decided to use was
Geogebra, primarily because it is free and on the

other hand it is easy to use. In the input field we enter:

In that way, in the following we will state how
in Geogebra we can calculate the sum of matrices,
the product of matrices, the determinant of a
matrix, the inverse of a given matrix and the Then we press Enter from the keyboard and the
transpose and rank of a given one. For someesult appears in the algebraic window
calculations, we will also put links to applets that
we are created in Geogebra to help students to
learn.

Solve the problems with the help of Geogebra
software:

Example 1. Calculate A+B and B+A if it is
possible for the following matrixes:
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To find B+A in the input field we enter and in the algebraic window the matrix
and we get the same result. m2=(1/2)m1 is obtained:
b) In the same way as example 1 a) we enter the
matrices into Geogebra. For the result from adding
A+B and B+A we get in the algebra window

Example 4. Find the inverse matrix

8 4 5.
of 'l 9 5

"@ 7 91
from which we can see that the sum A+B cannotSolution. We are working in the previous
be found. Also and the sum B+A. Geogebra window in which the matrix given in
Example 2. For matrices in example 1 find tis €xample was entered and was tag with m2. To
products AB and BA if it is possible. find the inverse of m2 in the input field we enter:
Solution: a) To find product AB in the input field
we enter and in the At the same time, in the algebraic window, we get

algebra windows we get matrix m4 which is thethe matrix 11 which is the inverse of m2.
resulting matrix:

Product BA we calculate so in the input field we With https://www.geogebra.org/m/bnfgen2an
enter and we get matrix m5 applet is given which students can be used to
calculate the inverse of a 3x3 matrix. Command
that is use in Geogebra for find inverse matrix is
Invert(<Matrix>).

Example 5. Find the transpose matrix of

b) In the same way as a) for the product AB we get§L 2 3-
matrix m3 in Geogebra “4 5 6°.

g 8 9:

Solution. In the input field we enter

And for product BA matrix m4:

because the given matric in this example get
automatically tag ml after entering it in the
Example 3. To muliply the matrix spreadsheet. In the algebra windows we get matrix

® 34 5. m6:
©l 2 5 9:
Solution: In the input field in a new Geogebra

window, we enter the given matrix, which is taged
automatically with m1, then we enter g 2 3.

which is transpose of4 5 6 °.

d 8 9:

by %%.
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So, the command that is use for finding transpos¢hen in input field we enter MatrixRank(m1)
matrix isTranspose(<Matrix>) becouse the entered matrix got tag m1l and we get

Withhttps://www.geogebra.org/upload/633546b44 in Algebraic windows:
9cd9/?lang=mk an applet is given that can be used
by students for calculate the sum and the product
of two 3x3 matrices and the transpose of a 3x3

matrix.
Example 6. Find the number of rows and columns -
, 1 4 3.
of the matrix - - . . .
©l 6 5 9 1 Rank of the 4x6 matrix can be find with applet

_ _ _ given with
Solution. In the input field of a new Geogebra https://www.geogebra.org/m/daxep5wu .
window, we first enter the given matrix, which is

automatically taged with m1, then we enter theAfter the classes in which tasks were solved with
commandimension(mz) ' the help of Geogebra, listed above and in which to

the students were sent links from the applets also
listed above and many others created by us, we
again conducted testing on the same group of 23
students. In the new test, the students had to solve
the similar tasks as in the first test but now with
the help of Geogebra. Solving time in the first test

: was 90 minutes, and in the second 60 minutes.
\I_I Results of the second test are given in table 3:

Table 3. Student$ D F K L H aftePleb@Mo\With Geogebra

and in the Algebraic windows we get

Just below of the matrix m1l in the algebraic
window we get the number of rows and columns

of the matrix m1. Number of studenty 23
] ) | Number of studentg 21
Example 7. Find the determinant of the matrix| \who scored over 15
gl 2 3. points
-4 5 6° Nlémber o:l 2
- > students who
d 8 9: scored below 15
Solution. We find the determinant of a matrix with points
the commandeterminant(Matrix).We write the Tasks | Number of
command in the input field using the keyboard. students
So, for matrix m1 in the input field we enter student who
achievements solved it
correctly
And in algebra windows we get
, 1 23
which means the value of the determinant is zero. g ;g
Example 8. Find the rank of the matrix ] 23
8§81 2 3 45 6 o 21
234567 6 19

. 345677 .:
©7 8 9 10 11 12:

Solution. Rank of the matrix in Geogebra we can
find with the commandMatrixRank(<Matrix>).
So we enter the given matrix in spreedsheet and
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also thatthe time required to solve is not so
important when students know how to use and use
software when solving.

(1]

(2]

Figure 2. Results after learning with Geogebra (3]

From table 3 and figure 2 we can see that the
results are much better than the previous ones
given in table 2 and figure Btudents get better y
results after applying Geogebra software because
the software helps them to get the correct solution
in a very short time, the software helps them to,
check their obtained solution manually, to see[]
what is the final solution and get a direction how
to solve and what is most important with the
application of the software are encouraged td®
solve independently.

[ll. CONCLUSION [7]

From the table 2 and table 3 we can see that the
application of ICT in the teaching of mathematics
subjects is very important. The results confirm the
general opinion that it is very important for
students to have help in learning (in this case froni®l
the software). This is the only way they will get a
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Abstract - A server is a specialized computer for running Any response offered by the server through the
utility software. If we want to protect our data while using software is available to the user based on his
Internet, we use a proxy server. In this paper we will -\ jjiry - Al this relationship remains on the web
talking about proxy server, types of proxy servers and at ) .

the end about Apache http serves as forward proxy permanently, so _that all users of electronic
server. Apache can be also used as reverse proxy server, Messages, cyber sites or web browsers can access

but that will be discussed in some next paper. it without difficulty according to their needs.

With this boom in technology and the virtual
I.  INTRODUCTION world, the emergence of servers was essential,

When talking about what a server is, it can bewhich can be useful to be able to store and present

stated from two points of view. In the first place, & gallery of data and information in an infinite

when talking about a physical machine tha’tway. In some cases that can be in the virtual space,
contains information or data that is needed to solv&/N€re you E[:an (E[ot?ader an mternef[t sfc?_rver,tsu;:h as
a situation; and as a second point, the program th&""Y (t:omg‘: erta 0”;2 r?r evenda 0 Illce’ a arc?
resides in a computer, either through hardware opt UCtUread to stay on 24 hours a day, all year round.

software, is mentioned. More simply, when you turn on your computer

: . d you can navigate through multiple sites like
A server is a specialized computer 2" \
(workstation) for running utility software. Its job is OP€ra, Chrome Edge, Firefox and others on the

to perform a series of appropriate program serviceS2Me COMPUer, you are running multiple programs
b pprop brog at the same time, that is what is meant by running

that usually determine the purpose of a given , )

device. several virtual programs at the same time; to be
able to collect data requested by users or customers

Translated from English, the word "serve" over the web through the existing HTTP

means - "to serve". Based on this, we can think ofHypertext Transfer Protocol) protocol.

the server as a kind of large office computer. It is

worth noting that, server also refers to the . PROXY SERVER

hardware of a regular computer. That s,

"charging" a computer, without a mouse, monitor

and keyboard.

Every Internet user should protect their privacy
and data. We all want to keep personal information
safe and the internal network safe from dangers

There is also such a thing as a web server and unwanted attacks. That's why so many people
special software. However, in any circumstancesyse proxy servers.
be it a utility computer or utility software, the
utility runs autonomously, without human
intervention.

From the outside, a server can look exactly like
a system unit. Such units are often found in offices
to perform various office tasks (printing, data
processing, file storage, etc.)

It is important to note that the size of the server
(block) directly depends on the tasks assigned to it.
For example, a site with a lot of traffic requires a
powerful server, otherwise it simply will not Figure |. Proxy server (accepts request and provides
withstand the load. Based on this, the size of the response)
server can be increased tens or even hundreds of
times.
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Each request from a personal computerevaluates the data to decide whether it should
represents a submission of our data to return thproceed and establish a connection.
correct information. The request always comes to
an intermediary - a complex of computer programs
that processes the request and sends the client to
the address. Access to network resources is not
possible directly from the client-server system, but
an intermediary connection is required. So, Proxy
is an intermediary between the client - computer
and the internet systems - servers.

Figure Ill. Forward proxy

Public proxy

¥ 3XEOLF SUR[LHVY DUH DYDLODEC
work by providing their users with their IP address
to hide their identity. This proxy, while cheap and
readily available, leaves users more at risk of
having their data breached.

Figure Il. How proxy server works

A proxy server is basically a computer
connected to the Internet that is equipped with its
own IP address. Instead of the user connecting
directly to the intended website, the user sends
their request to a proxy server that evaluates the Figure IV. Public proxy
request and then completes the request. Proxies
function as a method to simplify or manage Residential proxy

complex requests and provide an additional layer + 7KLV SUR[\ JLYHV WKH XVHU DO

of security, privacy, and encapsulation structure. be t dt ific physical devi h
Proxies have the potential to mask the identity ofcd" D€ lraced 1o a Specilic physical device where
the requester from the recourse server. all requests are evaluated and redirected.

Hardware proxies are located somewhere
between our network and the internet where they
receive, evaluate, send, and forward requests.
Software proxies are usually provider-hosted or
exist in the cloud. Software proxies can be
installed sometimes for free or for a fee.

A proxy makes networking much easier and
provides anonymity to the client browser. Proxy
helps to get around IP blocking, visit restricted site,
search internet site in accelerated mode. The basic
concepts of the proxy server principle bring user
skills to a new level. Before a proxy server can be
used, it must first be configured correctly.

Figure V. Residential proxy

.  TYPES OFPROXY SERVERS
Shared proxy

There are several types of proxy servers. Some * 7KLV SUR[\ DOORZV PXOWLSOH

of them are briefly described in the following text. With this proxy at the same time, providing users
with a shared IP address.

Forward proxy

f 7KLV W\SH RI SUR[\ LV XVHG WR WUDQVIHU GDWD WR
groups of users in an internal network. When a
request is sent by the sender, the proxy server
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Figure VI. Shared proxy

Anonymous proxy
¥ $QRQ\PRXV SUR]J\

Transparent proxy

¥ 7TUDQVSDUHQW SURI[LHV FDQ
hidden from those to whom it is applied. This type
of proxy is useful for organizations that want to
implement a proxy without making the employee
aware that they are using it. Transparent proxies
are more vulnerable to specific security threats
such as SYN attacks.

¥ 6<1 LV D IR U-Bf-dervic& Htadk nO
which an attacker quickly initiates a connection to
a server without finalizing the connection. The

V HU Y H §8pvergnupt SRENE repayrgag waiting for half-open

internet activity by evaluating a user's requesfcOnnections, which can consume enough resources

while hiding their identity.

Figure VII. Anonymous proxy

High anonymity proxy

to make the system unresponsive to legitimate
traffic.

Figure IX. Transparent proxy

Data center proxy

E

¥ 7KLV SUR[\ VHUYHU PD\ EH SK

in a data center where user requests are evaluated
and routed. It is not connected to an internet server,
but a separate organization through the data center.

t 7KLV SUR[\ LV EDVLFDOO\ DQ DQRQ\PRXV SUR]J\
that takes an extra step to hide the identity of the
user. This is done by deleting the user's
information before the proxy attempts to connect

to the target site.

Figure VIII. High anonymity proxy

Figure X. Data center proxy

Rotating proxy

¥ SRWDWLQJ SUR[LHV DVVLJQ D

to their users, an address that is different from the
device that was previously connected to it.
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Figure XI. Rotating proxy

Reverse Proxy

$ . QVWHDG RI EHLQJ SODFHG LQ IURWWVRIRRY¥H UV D
reverse proxy is fixed in front of web servers that
evaluate and route requests from the browser to the
web server. A proxy server receives requests from iike TOR proxy but improved.
the user at the network edge of the web server and
then redirects the request received from the
original server.

2P proxy

Figure XII. Reverse Proxy Ei XV [2P
igure XV. proxy

L
SSL proxy Web Proxy Server

t 66/ 3UR[\ 6HFXUH GRFNHWVi_/[%\‘yLL{/ \H\QSFI-P\I%WSVUR[\ IRUZDUGYV +°

data sent back and forth on both sides, providin hi is th onl
enhanced protection. These proxies are the bett% IS request is the same as HTTP requests; only
RL is passed instead of path. A request is sent to

option for organizations to have for further ©™
P g which the proxy server responds. Examples of

security. -
y such proxies are Apache, HAPProxy.
1Proxy client-server autoconfiguration protocol
solves the problem of multiple proxy servers.
Figure XIIl. SSL proxy
TOR proxy

tf 7KLV SUR[\ URXWHV GDWD WKURXJK YDULRXV
globally available networks to mask the user's
address. Data is encrypted in multiple layers to Figure XVI. Web Proxy Server
further protect privacy and when the data reaches
its destination, each layer is decrypted to reveal the DNS Proxy

original data. I 8QOLNH RW KisUyps WRplokV W
receives requests in the form of DNS requests and
forwards them to the domain server, where they
can also be cached, and the flow of requests can
also be redirected.
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Figure XVII. DNS Proxy

CGI (Common Gateway Interface) Proxy

T 7 Kylp® olproxy is developed to make web Figure XIX. XAMPP control panel
pages more accessible. It works by accepting
requests for targeting URLS using a web form,te file consists of several modules, some of
processing them, and returning the result t0 theyich are enabled and others not. Our task is to
web browser. It's less popular because of VPN andape the necessary modules in this file so that it
other privacy policies, but it still gets a lot of ncfions as a proxy server. These are mainly the
requests. Its use is reduced due to the excessiVRodules that contain the keyword proxy, but also

traffic that can be caused to the website after localyaral other basic modules. We enable modules
filtration has passed, leading to collateral damag%y deleting the # sign in i‘ront of thernThe

to the organization. necessary modules that we provide are the
following:

X mod_proxy: The main proxy module for
Apache that manages connections and
redirects them.

X mod_proxy_http: This module implements
the proxy features for HTTP and HTTPS
protocols.

Figure XVIIl. CGI (Common Gateway Interface) Proxy x mod_proxy ftp: This module does the

same but for FTP protocol.
IV. APACHE HTTP SERVER AS FORWARD PROXY
SERVER

Apache Friends is a non-profit project to
promote the Apache web server and is home to the

X mod_proxy_connect: This one is used for
SSL tunnelling.

X mod_proxy_ajp: Used for working with

XAMPP project. XAMPP is an easy-to-install the AJP protocol.

Apache distribution that includes MariaDB, PHP, x mod_proxy wstunnel: Used for working
and Perl. The goal of XAMPP is to build an easy- with web-sockets (i.e. WS and WSS).
to-install distribution for developers to enter the ,
world of Apache. To make it convenient for ~ X mod_proxy_balancer: Used for clustering
developers, XAMPP is configured with all features and load-balancing.

included. Currently XAMPP has distributions for x mod_cache: Used for caching.

Windows, Linux, and OS X. To set up Apache as a .
proxy server first on our computer we need to have X mod_headers: Used for managing HTTP
XAMPP installed. headers.

We download XAMPP from the official X mod_deflate: Used for compression.
website and install the .exe fil&fter successful
installation, we open the control panel and
configure the Apache server to function as a proxy
server. After enabling the above-mentioned modules,
we save the file. Then we go to the beginning of
config and select browse Apache to make a few
more configuration changes (Figure 20).

x

mod_lbmethod_byrequests: User for load
balancer

From the Apache control panel, select Config
and open the Apache (httpd.conf) file (Figure 19).
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Figure XX. Control panel with selected browse Apache

22). It offers several Internet options (General,
Security, Privacy, Content, Connections, Programs
and Advanced). From the options offered, we
select the section with Connections and from there
the local LAN (Local Area Network) setting§o

use the browser as a proxy, we first check the box
Use a proxy server for your LAN and in the
address field we enter localhost and port 80
because Apache runs on port 80 as localhost. We
choose ok and finish the settings (Figure 23).

Here we go to the configuration file (conf),
extra and open the file httpd_vhosts.conf (Figure
21). At the end of this file, we will add 2 more
virtual host configurations ProxyRequests on and
ProxyVia m. We save the file and start the server.

Figure XXI. httpd_vhosts.conf file

Figure XXII. LAN (Local Area Network) settings

Figure XXIII. Proxy settings

Figure XXIV. Apache (access.log)

Then we open any browser and randomly open
several web pages and go to Logs in the XAMPP
control panelHere we open Apache (access.log)
(Figure 24) and can see that there are no logs
(Figure 25). It means that the settings are fine and
the server is working as a proxy server.

Then open the Internet Explorer browser and
select Settings from the upper right corner. From
the settings, we select its Internet options (Figure



International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Proxy servers act as a firewall and web filter,
providing shared network connections and data
caching to speed up common requests. A good
proxy server protects users and the internal

network from the bad things that live in the wild

internet. Finally, proxy servers can provide a high

level of privacy.

(1
Figure XXV. access.log file 2]

V. CONCLUSION

Proxies help with different types of anonymity (3]
needed at different levels, either as a client or as ﬁ]
service provider. They help to counter the
information security of different users as well ass
the internal network. Different types of proxies are
available, which follow different routing protocols (6]
and serve different purposes at different levels of7l]
anonymity.
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Abstract + The paper presents the result of an currently no application that allows users to follow
LQIRUPDWLRQ WHFKQRORJ\ 7 SHRIM B\eWts., 2% DQG*ULG

SODWIRUP" 7KH %DQG*ULG SODWIRUP FRQVLVWV RI D ZHEVLWH

and web application. The purpose of the website is the The paper describes, among other things: what
promotion of the application and the possibility for users is a web application and what is a website; why it
tq access the appligation offers users the opportun.ity to s necessary to have both a web application and a
view and follow music events of all kinds on the territory website: features and disadvantages of the web

of the Republic of Serbia. Users can be visitors or R o .

registered users. The paper presents the characteristics application and website; key differences between a
and drawbacks of the web application and website, their W€D application and a website; website and
differences and an overview of the front-end system of the ~application architecture; an overview of the

web application and website. website's front-end system.

I INTRODUCTION I. WEB APPLICATION AND WEB SITE

As a result of an information technology (IT) A web application is a software or program that
project, the "BandGrid Platform" is a project can be accessed using any web browser (Figure 1
whose implementation involves the use ofshows an example of a web application). Front-
hardware, software and computer networks [1l]lend, ie. the presentation part of the software is
Taking into account the fact that this project isimplemented using languages such as HTML,
primarily a software project, two methodologies, CSS, SCSS, JavaScript, i.e. languages supported
intended for managing software projects, werepy most web browsers. The back-end part of the
used for its realization: kanban and scrum. software can be imp|emented using different

The BandGrid platform consists of a website frameworks that can be defined as a structure that

and a web application. The purpose of the websitd1® developer can follow. The framework mainly
is to promote the application and enable users tgffers various libraries that, in addition to
access the application and learn about itdacilitating the creation of the project, significantly
capabilities. The web application offers users the?ffeéct the time saving of its implementation.
opportunity to view and follow music events of all Unlike mobile applications, there is no separate
kinds on the territory of the Republic of Serbia. SOftware Development Kit (SDK) for developing

Users can be visitors or registered users. web applications. [2]

The idea to create a web application that allows
users to view, monitor and, in a certain way,
manage music events, came from the lack of
similar information on the Internet. One of the
problems is the non-updated pages of the clubs that
organize these events, as well as the performers
who are their main actors, where the BandGrid
platform aims to promote them. In addition to
promoting music events, the intention is to
encourage clubs and performers to be more up-to-
date with announcements about music events.

There are similar apps around the world, such Web applications use web browsers and web
as Bandsintown and Songkick Concerts. Bothtechnologies to perform tasks over the Internet. A
applications are available only on mobile deviceslarge number of businesses use the Internet as a
ie. Android and iOS operating systems. On thecost-effective communication channel that allows

territory of the Republic of Serbia, there is them to exchange information with their target
market and make fast, secure transactions.

Figure 1. Example of a web application
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However, effective engagement is possible if the Web applications have a wide usage
company has the ability to collect and store all thecontributed by numerous features and advantages.
necessary data, access the means to process tahong other things, web applications can be said
information and present the results to the userto be easier to maintain compared to desktop
Web applications use a combination of server-sidapplications because they use the same code for
scripts (eg PHP) to manage the storage anthe entire application and there are no
retrieval of information and use a combination of compatibility issues. These applications are hosted
client-side scripts (JavaScript and HTML) to on the Cloud, highly scalable and easy to test. Web
present information to users. Using these script@pplications can be used on any platform:
allows users to interact with the company usingWindows, Linux, Mac and are supported by all
forms, content management systems, shoppinghodern web browsers. The fact that web
carts, and more. In addition, web applicationsapplications are accessed through a web browser
allow employees to create documents, shareneans that there is no need to download and install
information, collaborate on projects, and work onthe application. In addition to this, web
shared documents regardless of location or devicapplications do not require user updates and can be
[3] accessed 24 hours a day, 365 days a year from any
computer or mobile device. Data access is not
gmited to a computer, data can also be accessed

gg%g?nn?lzeiaﬁg QN ;? ovl\c/)sgis e;gﬁ: |2rgf ;rxgg} sif[) er;using a mobile device. Also, web applications are a
9 b theaper option for any business. In comparison,

It can be developed and maintained by an : :
individual, business or organization. All publicly desktop software licenses are extremely expensive.
available web pages make up the World Wide Disadvantages of using web applications are,
Web. It is sometimes referred to as a "web page"among other things, related to security issues.
however, this definition is incorrect as a websiteSecurity is not guaranteed as there is a possibility
consists of several web pages. There are sites af unauthorized access. In addition to this, it is
various types including educational sites, newspossible that the web application does not support
sites, forums, social networks, e-commerce sitesdifferent web browsers with the same priority, ie.
etc. Web site pages are usually a mixture of texsome web browsers have higher priority than
and other media such as images, video, and audiothers. The web application has limited scope to
[4] access device features. Also, a web application is
uilt exclusively for a specific operating system or

itis possible fo create a web page that Contalngperating systems. Due to this fact, the application

only black and white photos or the word "cat", . . - ok
which is linked to another web page that containsCannOt be discovered using an application store

the word "mouse". However, many WebSiteSS:JC:[? as tht?] C'sa\ooglgleslzlay fSt%e fgrs thlethndrmd

follow a standard pattern of a home page that lead@210rM Or the Appiestore for the 105 platiorm.

to other categories and content on the website. The On the other hand, a website is an effective

home page is the main page of the website. Eactmethod for displaying the products and services

page represents one HTML document, where althat are offered, helps in achieving business goals,
pages are connected by hyperlinks, i.e. links thain branding the business and provides support to
are combined within the navigation menu for easeusers. Therefore, its advantages are related to high-
of use. The navigation menu is displayed on evenguality and relevant content that is richly displayed

page, not only on the home page, which givesand simple navigation that is convenient for users

users the ability to move faster through the site'sasnd web design. Also, the website can be found
contents. [4] using a search engine such as Google.

A website is a group of globally accessible,

The disadvantages of a website are:

¥ WKH SRVVLELOLW\ RI D ZHEVLW
be a major disadvantage of an organization,
institution, company or individual,

I WKH SRVVLELOLW\ RI VHQGLQJ V
form located on the website;

I XQUHOLDELOLW\ RI LQIRUPDWL
website in case of non-updated site maintenance.

Figure 2. Example of a website Summarizing the previously mentioned
characteristics, the main differences between a web
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application and a website can be listed, which iy the BandGrid web application in a better and
shown in Table 1.

Table 1. Main differences between a web application and a

website

Parameter Web application Website
A website
A web application mqstly .
. ! contains static
is designed to .
Created for . . content. Itis
interact with the publicly
end user. available to all
visitors.
In a web The website
T contains visual
application, in and textual
. . gddmon to content that users
Interaction with | reading content or]
can see and read
the user pages, the user but cannot affect
can also their
manipulate data. functionality.
Authentication
is optional for
informational
Web applications ch:r?::;is?:rer
require for newsletter
authentication or 1o get
Authentication | because they offe ad ditic?nal
r:nmewc:)? c\JNlﬂgrrws options. These
9 piC functionalities
than a website. are not
available to
unregistered
users.

The functions ofa] A website
web application displays the
are much more | collection of

Tasks and | d d
complexity complex _dataan
compared to the| information
functions ofa | on a particular
website. page.
Web application Tgec\gﬁbfgtz IS
development is roduth) that
part of a website, P
Software type - can be

but the application .

: ; accessed using
itself is not a 2 web
complete website| browser

The website must d-lt-)he(?s \:\:gtbﬁgee d

Compilation be recompiled to be
before going live. recompiled
Small changes

Any changes never require

require the entire| a full compile

Relasing project to be and run. Itis
recompiled and needed to
released. update the

HTML code.

M. BANDGRID WEBSITE ARCHITECTURE

The primary idea of the BandGrid website is to
provide the user with all the functionalities offered

more detailed way. In addition to an insight into
the functionality of the application, users can also
stay up to date with all the happenings and news
related to BandGrid. For this reason, the website
has a newsletter and a contact form through which
the development team can be contacted. In the
future, the website will contain documentation that
will enable more advanced use of the functionality
of the web application, there will be a possibility to
report errors, etc.

The website is live and can be accessed at
https://www.bandgrid.com/.

Website architecture consists of:

¥ )UR@QW

T % ERA\

+ DWDEDVH 6HUYHU GDWDEDVH

T -tnail Server

The Front-End part on the website consists of
several sections, such as: a brief description of the
application, why users should register a profile on
the platform, add-ons, i.e. functionality and the
like. It consists of technologies that include
TypeScript, SCSS, HTML5, Bootstrap and other
modern technologies that are necessary for a visual
overview of information [5-13].

The website is fully responsive, which means
that the elements can be seen clearly on all devices
- computer, laptop, tablet, phone...

The back-end part of the website is responsible
for routing, validating data when filling out the
contact form, signing up for the newsletter, and so
on.

The database is only used to store contact
information, ie. when the user fills out the contact
form and sends it, in addition to the team members
receiving an e-mail address with that information,
it is also stored in the database.

V. WEBSITE FRONT-END SYSTEM
OVERVIEW

The idea was for the website to be single-page,
that is, to contain one page where all the main
sections are located. That is more or less achieved.
The only section that is on the second page is the
page that introduces the BandGrid team members
(Figure 3) and the contact form.
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The bottom of the page, the footer consists of:
BandGrid logo, description, icon for Facebook and
Instagram, Info panel containing "About Us" and
"Contact", contact e-mail address, subscription to
the newsletter.

The About Us page features members of the
BandGrid team.

The contact page contains a form to be filled
out. The fields that the form contains are: e-mail
address, first name, last name and message.

Figure 3. BandGrid team members page It is necessary to enter data for each field on the

form, and there is a predefined data validation that

The navigation menu consists of: must be satisfied. If the user tries to send a
t %DQG*ULG ORJR message without filling in the fields on the form,

he receives a notification that an error has occurred
If$ OLON WKDW OHDGV WR WK WelBEHE an XQrgarkgnithR fiels kvHerk Yaldetion

page, is not satisfied.
t 7KH OLQN WKDW OHDGV W Rhe sKrHsatisids Rh¢ WalidatikrHfor certain
Application" section, fields, then instead of X there will be a mark for

t 7KH OLQN W KAdditions: @aioh, W R'3HY% H

t 7kH 00QxDIH wkow Lv ryUHERENSE BERELY K, SR E o

page. address where they can see all the data that the user
Users can choose two languages: Serbiasent.
Latin/Cyrillic and English.

The next section contains a short text on why V. BAN[,Z\SE:—?I%ICE:ESQEP LICATION
the user who is currently on the website, if he does
not already have a registered account on the BandGrid web application is a system for
BandGrid application, should have one. The user isnanaging the content of bands, clubs and music
informed by the philosophy of the BandGrid team: events, as well as monitoring all music events in
if he follows a band or club, he will receive the Republic of Serbia. These events include all
notifications for every event he creates. sets and subsets of alternative directions. The
application aims to present the user as closely as
possible all upcoming and active events in the
form of dynamic lists or maps.

The extras section, ie. functionalities briefly
explains which functionalities will be available
when the user registers and logs in to the platform.

Some of the functionalities are: creating bands '_I'he archltecture of this system consists of four
creating clubs, creating music events, receiving'&n parts: Front-End, Back-End, Database server
notifications (for example, when someone follows (database server), E-mail server.

a band/club/music event created by that user), map The role of the Front-End part in this
(viewing the map of the Republic of Serbia whereapplication is to enable the user to interact with the
there are pins with music events) , data filteringsystem and with the help of lists, graphs and maps
(on the map, on the page for bands, on the page f@urrent events are brought closer to the users. The
clubs and on the page for music events). Front-End part of the application consists of

Each tab can be expanded where the user cdfichnologies that include TypeScript, SCSS,
read a short text about that functionality. When th TMLS, Bootstrap and other modern technologies

card is stitched, the + sign changes to a - sign t ]f"t arte_: necessary for a visual overview of
make it visually more realistic. information.

The last section contains a button that leads to, | € role of the Back-End part is to store and

the BandGrid Instagram profile where you can finddeIiver all the necessary information to the user

: .~ ~from and to the database. This is realized with the
posts from the marketing team as well as reactlonéelp of the REST APl REST APl stands for

from users who have had the opportunity to se .
some of the functionality of the BandGrid app epresentational State Transfer and refers to the
' way/principles of API creation. Data is most often
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transferred in JSON format, although it is alsonew notification button appears. A user receives a

available in XML and YAML format. The APl is notification for an event, band or club that he

based on the REST architecture and is verycreated and that another user followed. The user

flexible and easy to understand. can access his profile by clicking on his profile
picture or by clicking on his name and surname.
There is also a user logout button on the navigation
menu.

The navigation menu on the side contains links
to the same pages. Compared to the previous
navigation menu, it differs because it consists of
icons. These icons also have an effect if the user is
on a certain page, ie. the link is active.

If the user is logged in, then another button will
be found on the navigation menu on the side. This
button allows the user to filter events, clubs and
pands using a number of different parameters.

Figure 4. Architecture of the BandGrid system

The role of the database server is to store al
outgoing and incoming information of the Back-
End using technologies like SQL and NoSQL
databases.

The role of the e-mail server is to deliver the
right information to the registered user's e-mail at
the request of the Back-End part. This system is
used to deliver email natifications involving the
web application and website.

VI. FRONT-END SYSTEM OVERVIEW

In_order for users to use the application Fi 6. The mapza visual overview of music events and
. - . : igure 6. +
effectively, the front-end, ie. the user interface the cities where they are held
contains a navigation menu and a menu located on

the.leﬁ:‘ side. Some of the items found in the The home page contains the most important
navigation menu are: Home (leads to the homequnctionality for this platform+the map (Figure
page), Events (leads to a page containing musig ). with the help of the map, users have a visual

events), Clubs (leads to a page containing clubspverview of music events and the cities where they
and Bands (leads to a page containing bands).  gre held.

~When the user is on a navigated page, that page Users have the option to enlarge or reduce the
will be marked as active in the navigation menu.map, which depends on their needs. This allows to

For example, in Figure 5, it can be seen that th&ee the city and the exact street of the club where a
link on the home page is different from the othermysic event will be held.

links. This means that the page is currently active, _ _
ie. that the user is on it. Accordingly, when the ~ The map has a section next to it that shows the
user is on the event page, that link will be active infour most recent music events that have been
the navigation menu. created. This allows for a quick and easy view of
the latest content that has been added. The
information that can be seen, related to the event,
Figure 5. Layout of the navigation menu if the user is logged is the name of the event, the date of the event’_ as
in well as the logo. If the name of the event is
clicked, then the user will be transferred to the
In addition to the basic navigation items, theresame page where he can find all the necessary
is also a user login button. This button leads to anformation.
page that allows the user to log in if they have a

registered account. In addition to that section, there are tabs below

the map that also contain the four most recent
If the user is logged in, then user informatian events that have been created. In this way, the

name, surname and profile pictutappears in the latest content created by a user is marketed to users

navigation menu. Next to the first and last name, an a nicer way. The information that users can see
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inside the tabs is the name of the event and the ACKNOWLEDGMENT

club where it is held. By clicking on the arrow, the  Thjs research is financially supported by Ministry of

user will be transferred to the event page whereducation and Science of the Republic of Serbia under

he/she can find all the necessary information. WKH SURMHFW QXPEHU 75 37KH
software tools for business process analysis and

GH

VIL. CONCLUSION

"BandGrid platform" is the result of an
information technology project. For the realization [
of this project, modern technologies were used,
which aim to speed up and facilitate thel2
development process. In addition to modern
technologies, popular methodologies intended for?!
software project management were also used. [4]

There are many applications in the world that[®!
help users follow music events more easily, but®
there is no such application in the territory of thel’l
Republic of Serbia. Therefore, the development®
team came up with the idea of realizing an
application that will provide users with all the 1o
necessary information. Users have the ability to

LPSURY H P H-2D038]
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Abstract - This paper aims to present the quality
assurance system of higher applied education. Higher
applied schools and academies of applied studies
(hereinafter: the Institution) build an organizational
structure for quality assurance. The system of internal
quality assurance includes the preparation and
implementation of appropriate documents, the definition
of the quality bearer, the mechanism of its control, but
also the implementation of corrective measures. During
the external quality control and self-evaluation, the
institution must provide evidence to the National Entity
for Accreditation and Quality Assurance in Higher
Education (NEAQA) that it has and applies a quality
assurance system, as well as providing a critical review of
the objectives; adequate design of processes and activities
related to quality; but also for deciding on the achieved
quality transparently. The standardization of the quality
assurance system enables the improvement and
improvement of the quality of the work of institutions in
the territory of the Republic of Serbia with the
simultaneous comparability of the results obtained with
higher education institutions from the EU area. The result
of achieving high quality is the membership of NEAQA in
the European Association for Quality Assurance in
Higher Education (ENQA).

l. INTRODUCTION

National Entity for Accreditation and Quality
Assurance in Higher Education (NEAQA) is a
body established by the Government of the
Republic of Serbia to perform accreditation work,
checking the quality of higher education
institutions and their constituent units, evaluating
study programs and ensuring quality in higher
education [1,2]. The Commission for accreditation
and quality control is an expert body of NEAQA,
which carries out the accreditation procedure of
higher education institutions and study programs
and the procedure of external quality control of
higher education institutions, by the Law on
Higher Education [1] and the prescribed procedure
and standards for accreditation, self-evaluation
and external quality control [3,4,5]. The
verification of the fulfillment of the obligations of
the higher education institution in terms of quality
is carried out by national standards and according
to the national procedure for the external quality
control of higher education institutions, based on a
self-evaluation report.

The national quality control and assurance

The system for ensuring the quality of higher Procedure are harmonized with the international

=UHQMDQLQ

education, and thus also for professional studies, ifamework, ie with the quality system established

defined by the Law on Higher Education [1]. The by ENQA [6].

quality assurance system of higher education The national procedure for checking the quality

institutions is regulated at the national level. Theof @ higher education institution (and thus of

National Council for Higher Education is the higher vocational schools) according to the Law

highest authority in the system of control andon Higher Education [1], has two levels:

quality assurance of higher education, whose 1) Self-evaluation is a procedure that a higher
competence is to [1]: monitor the development oféducation institution carries out in the fourth year

higher education and its compliance with after the accreditation of the higher education

European and international standards; propos#stitution, or study programs, for the period of the

higher education policy; gives an opinion on theprevious three years, as well as during the

policy of admission to higher education Preparation of the re-accreditation of the higher

institutions; proposes norms and standards ofducation institution, or study programs, for the

work of higher education institutions; establishesPeriod of the previous three years. In the self-

standards for self-evaluation and evaluation of theevaluation process, students’ grades are also
quality of higher education institutions; considered. Self-evaluation is carried out in the

determines the standards and procedure fofanner and according to the procedure prescribed

external quality control of higher education by the general act of the higher education
institutions. institution, by the act on standards for self-
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evaluation and quality assessment of higher X Mission and Vision,
education institutions and study programs [1,4].

The report on the procedure and results of the self- Quality Assurance Strategy,

evaluation, as well as other data of importance for X Subjects and measures in quality
guality assessment, is publicly published by the assurance,

higher education institution on its official website

and submitted to the body called NEAQA, in the x The Rulebook on standards and

process of External Quality Control (but within procedures for ensuring and improving
the documentation for the accreditation of study the quality of work, self-evaluation of
programs/higher education institutions in the the Technical College of Applied
accreditation process). Science in  Zrenjanin, and self-

2) External quality control of a higher evaluation of study programs,

education institution is a procedure carried out by x The Action plan for the
the Commission for Accreditation and Quality implementation of the  Quality
Control, appointed by NEAQA, regularly: in the Assurance Strategy of the Technical
fourth year of the accreditation cycle and during College of Applied Science in
the accreditation of a higher education institution, Zrenjanin.

and may also be extraordinary, as well as at the ) ) )
request of the Ministry or the National Council for  1he Quality Policy [7] represents the starting
Higher Education. The regular external quality document from which the Mission and Vision [7]
control procedure is based on the self-evaluatioi€riveé as a principle document. The documents
report submitted by the higher education&r€ Publicly available [7].

institution. As a rule, the process of external .
quality control of a higher education institution is A The Quality Assurance Strategy

initiated by the Commission for Accreditation and By its Mission and Vision, the subject
Quality Control [1,3,4]. The report on the Institution has determined the Quality Assurance
performed external quality control of the higher Strategy and promotes it within the Institution and
education institution is submitted by the body in the public [4].

called NEAQA to the higher education institution 114 Quality Assurance Strategy is the basic

and publis_hed on our official web;ite. . document in the quality assurance system and is
According to the above, the introduction and e starting point for managing certain processes
strict implementation of the National system of ¢ he |nstitution. It defines the strategic
quality assurance in the college of applied studiegieniations, plans, and directions of activity of the
and academies of applied studies (hereinafter:

L ) : mstitution in ensuring the quality of higher
Institution) is a key parameter of the ranking of g cation by the standards in the area of quality

thes_e higher education institutions_on the domes“ﬁbrescribed by the National Council for Higher
and international market of education. Education [7]. The strategy starts from the
This paper aims to present the types ofsustainable development goals of the society, the
documents that make up the quality assuranc#lission and Vision of the Institution in achieving
system in a college of applied studies. The papethe goals of higher, primarily vocational education
will also give a brief presentation of the Quality and represents the basis for the development of
Assurance Strategy [7], in the sense of the selecte@uality assurance action plans that should be
strategic document for analysis, from which a sefulfilled in a certain period [7]. The strategy
of operational documents for quality control in the defines the Institution's quality assurance goals.

concerned Institution is derived. Achieving the set goals implies defining the
general quality assurance requirements [7]:
Il PRESENTATIONOF THE QUALITY x The Institution has established basic tasks
ASSURANCESYSTEMON THE EXAMPLE OF and goals that determine the further
ONECOLLEGEOFAPPLIEDSTUDIES development of activities and the process
The quality assurance system in the selected of planning and control of work;

college of applied studies consists of the following

set of documents [7]; The Institution plans and controls its work

based on the analysis of the current
X Quality Policy,
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situation, i.e. internal and external factors
that affect its work;

The Institution regularly and
systematically controls the fulfillment of
its basic tasks, giving priority to the
achievement of educational goals;

The bearers of the planning process are
precisely defined through the Quality
Assurance Committee;

Long-term planning is done at intervals of
at least three years, and short-term once a

year, through the adoption of the
Institution's Work Plan;
The Quality Assurance Committee

implements the quality control mechanism
of all segments of the Institution's work,

identifies  deficiencies and problems,

undertakes activities and implements
measures to eliminate deficiencies, and
proposes concrete ways to improve quality.
The control of the fulfillment of basic tasks

and goals is carried out by the Quality
Assurance Committee at planned intervals
which prepares appropriate reports, action
plans, etc.

The Quality Assurance Strategy is a public
document that contains [7]:

X

X

The determination of the Institution to

continuously work systematically on the

improvement of the quality of study

programs and to harmonize them with the
best EU practice and National standards
for accreditation;

Quality assurance measures;
Quality assurance entities;
Areas of quality assurance;

Commitment to building an organizational
culture of quality;

Connection of educational, developmental,
and professional activities;

Internationalization strategy.

The Institution must continuously evaluate the
Quality Assurance Strategy and compare it with its
Mission and Vision.

Through its Mission and Vision, the Institution
also defines its determination through the Quality
Assurance Strategy [7].

X

Quality assurance measures are included in the
Quality Assurance Strategy and include activities
that improve quality [7]:

Self-evaluation and assessment of the
guality of study programs and Institutions

by the standards of the National Council
for Higher Education, in three-year

intervals and, if necessary, more often;

Respect and implementation of standards
and procedures for ensuring the quality of
study programs, teaching and working
conditions, as well as the criteria
prescribed in the general acts of the
Institution, while creating a positive

environment for the development of study
programs;

Continuous work of the Commission for
Quality Assurance in terms of monitoring
and controlling the quality of the
Institution's work;

Respecting the criteria for the selection of
teachers and associates prescribed by the
Law on Higher Education and the
Minimum conditions for selection as a
teacher at applied studies Academies and
applied studies colleges [8];

Constant training of teaching staff to
improve the teaching process;

Constant investment in literature,
development of electronic teaching
material, as well as in workspace and
equipment;

Establishing permanent cooperation with
the National Employment Service,
employers, and alumni students, to receive
feedback on the quality of the study
program, the competencies they have
acquired, and the application of the
acquired knowledge in practice;

Provision of human resources and
infrastructure for the collection and

processing of data important for the

analysis and assessment of quality and
degree of success in achieving set goals
and objectives;

Provision of work conditions for student
representatives in the process of evaluating
the teaching process;

Publication of quality evaluation results;
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x Provision of other conditions that promote X Quality of textbooks, literature, library,
a culture of quality. and IT resources;

One of the most important segments in the x The quality of the Institution's management
scope of the Quality Assurance Strategy [7] is the and the quality of non-teaching support;

definition of quality assurance entities. . :
X Quality of workspace and equipment;

Subjects of quality assurance of the work of the
Institution [7] are the employees of the Institution,
students, the Director, professional bodies, and the x The role of students in self-evaluation and

X Financing;

Council. [7,9]: quality control;
X Commission for Quality Assurance; x Systematic monitoring and periodic quality
control.

Advice;

The Institution's quality assurance strategy [7]
defines the flow of documents and procedures for
Teaching-professional council, their adoption. Quality assurance procedures are
determined separately for each area and are
publicly announced.

X
x Director;
X

x

Collegium;
X Teachers; The Rulebook on standards and procedures for
X Associates; ensuring and improving the quality of work, self-
evaluation of the Technical College of Applied

X Non-teaching staff, Sciences in Zrenjanin, and self-evaluation of study

X Students Parliament; programs [10] determines the jobs and tasks of
teachers, associates, non-teaching staff, students,
X Students; and the Commission for Quality Assurance in
x All parties who complete certain tasks in @dopting and implementing the Strategy for
the Institution. Quality Assurance [7], quality assurance standards

e . . and procedures.
All entities in quality assurance have the right

and obligation to participate in quality assurance Through the Quality Assurance Strategy [7],
and improvement, and the responsibilities ofthe institution defines a clear and unequivocal

individual entities are defined by the Statute of thecommitment to building a quality culture and
Institution [9] and other acts from the field of connecting educational and professional activities.

quality assurance of the Institution itself. The Quality Assurance Strategy must be

The Quality Assurance Strategy in the continuously evaluated and supplemented by the
Institution [9] defines the aspects of quality SO-Called umbrella documents from the field of

assurance and self-evaluation procedures. quality assurance in the Institution.

Quality assurance standards and procedures ag¢  action plan

established separately for each area [7] For the implementation of the Institution's

X Quality  assurance  standards andQuality Assurance Strategy [7], the Quality
procedures; Assurance Commission draws up an Action Plan
that specifies the measures and activities with

X Quality assurance system; deadlines, as well as the entities responsible for

X Quality of the study program; the implementation of those measures.
X Quality of the teaching process; . CONCLUSION
x Quality of scientific research and By examining the Quality Assurance Strategy
professional work; in a higher school (college) of applied studies, it
x Quality of teachers and associates; was determined that the above-mentioned
_ document is the basic strategic development
X Quality of students; document in the area of quality assurance in that

institution. The Quality Assurance Strategy
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defines the basic priorities of the observed college
of vocational studies, vocational higher education[2
. o . ]
in general, and other activities in the field of
quality assurance and improvement, as well as the
way of their realization. Promoting the culture of [8]
the quality of work of the Institution is also one of

the priorities of the strategic determination. [4]

According to the above, the considered Quality
Assurance Strategy in the selected higher schog$]
of applied studies has a very important role and
importance for the implementation of the (6]
established quality assurance system in the
observed Institution. The Institution clearly stated
that the Quality Assurance Strategy is aligned with
national standards for quality assurance in higher
education, but also that it is a permanentm
document, which will be periodically reviewed
and changed, i.e. supplemented.

The further course of work may also include 1l
the analysis of other documents from the field of
quality assurance (primarily operational) in the[®
same higher school of applied studies, etc. [10]
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Abstract - Since subjectively oriented problems are very  otherwise meaningful directional links that show
hard to be presented and defined, and especially hard to causality between them.
be analyzed, it is the fuzzy cognitive mapping (FCM) that FCM can also be viewed from the point of
helps us dg exactly that. In t.h.is paper, it will be presented  \ia\w of neural networks and Fuzzy logic. Experts
how to build a fuzzy cognitive map and what are the  gacide which learning techniques and algorithms
?mpllcatlons.and requirements needgd fgr a suc_cessful to integrate, with stakeholders first providing
implementation of a.n FCM. The work in this paper is not feedback before extracting knowledge. Through
only based on existing examples and works but also has a o . e
creative new example of FCM usage. Our work on the the. process  of derZZIfI(.:atlon’ al . linguistic
example was supported and finished by using computer var_lables are transformed_lnto numerical values,
programs FCMapper and Pajek. which enables the extraction of knowledge. The_ '
process produces a set of concepts denoted as Ci (i
« Q JUDSK QRGHV ZLWK
relations denoted as wi (directed edge graph).
After defuzzification, concepts are assigned a
value within the range [0, 1] and weights are
. INTRODUCTION DVVLIQHG D YDOXH ZLWKLQ WKH
FCM is a semi-quantitative and dynamic negative and positive causality. A positive value
knowledge structuring method that aims to captureof the weight wij indicates that an increase or
a person's perception of a particular issue in @lecrease in the value of the concept Ci leads to an
diagrammatic format. FCM graphs provide theincrease or decrease in the value of the concept Cj.
creator and the respondent with an informalSimilarly, a negative weight wij indicates that an
structured process that has the ability to showncrease (decrease) in the value of concept Ci
additional connections, provide insights andleads to a decrease (increase) in the value of
concepts about a particular domain. It providesconcept Cj, while a zero weight indicates no
information on how changing one question affectsrelationship between concepts Ci and C;j.
other answers. FCMs have the ability to represent  Then, the formation of the appropriate
quantitative and qualitative information obtained connectivity matrix is performed. Each concept Ci
from the opinions of stakeholders, overcoming thein the graph has a value Ai that expresses the
lack of quantitative data reliability due to amount of its corresponding physical value
uncertainty. They are suitable for illustrating thederived after the previously described
effects of changing factors for the whole systemdefuzzification. The value Ai of Ci is calculated at
although they are not able to make quantitativeeach step of the simulation. It indicates the
predictions. They predict the effects of policy influence of all other concepts Cj on Ci
undertaken in a "what-if* scenario, assuming thatinference). The most popular inference rules are:
because the real world is complex, knowledgecan f .RVNRY V UHDVRQLQJ
be gained from the perceptions of people involved + ORGLILHG .RVNR V UHDVR QLQJ

in a particular issue. 5 H \histehce
FCM can also be presented as a graphical i J

representation qf the 'system, which depicts causes, ECM DEVELOPMENT USING HUMAN
and-effect relationships between nodes. Nodes

KNOWLEDGE
represent concepts and arcs represent observed
relationships between these concepts. These To develop an FCM, people can use their
relationships in FCM are logically imposed by knowledge of the area being studied by identifying

connecting concepts through semantic orthe main concepts involved. Then, indicate the

Key words: fuzzy, cognitive map, FCM, causalities,
concepts
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cause-and-effect relationships between theséarning process, to automatically determine the
concepts. The last step is to calculate the strengtieights of the FCM, which best fits the decision-

of causal relationships using either clear numericaimaking and forecasting problems. Various
values LQ WKH UDQJH >i @ R ardingLr@edho@sL@ukeXiewiNpkdposed by many
variables and values that are later converted toesearchers and are based on the same techniques
numerical values. Experts can improve theused to train neural networks. There are three
existing FCM by collectively analyzing the key basic types:

features of the system under study and re- itHebbian based- requires the data to be used
evaluating the structure and interconnections of together with a learning formula that
the graph, using conditional statements or fuzz_y governs the weight adjustment of the
rules. The algorithm used to develop the FCM is

nitive m
shown below: €09 € map

Step 1. People choose the concepts Ci that ipopula‘gon—based - use  evolutionary
make up the FCM graph. strategies to learn FCMs from data

Step 2: Define cause-effect relationships thybrid- use both the efficiency of Hebbian
between any two concepts, if any (positive, learning and the global search capability of
negative, neutral). evolution-based algorithms.

Step 3: A careful determination of the value . _
of the relationship between the two concepts is  In the case of population-based algorithms,
carried out. the basic idea is to use available input data sets to

Step 4: Causal influences are then describe@iscover models that mimic the input data. This
using linguistic variables, such as 'low’, 'medium',method uses an objective criterion or a function to
'high’, etc. The sign of each weight (- or +)be optimized, which makes the method
represents the type of influence between thesomputationally intensive. The primary objective
concepts. There are three types of interconnection§ to find a near-optimal weight matrix based on

between the two concepts Ci and Cj: the functional characteristics of the FCM.

x ZLM e PHDQV WKDW LQFUHDVL&J RU
decreasing the concept Ci causes the same V. THE NEW EXAMPLE OF FCM
result in the concept Gj . APPLICATION IN SUBJECTIVELY DEFINED

x ZLM " PHDQV WKDW LQFUHDYVL®@ROBREMS
decreasing the concept Ci causes the  Gjyen that FCM can be effectively used to
opposite result in the concept Cj. ~ solve dilemmas concerning subjective issues and

x wij = 0 means that there is no connection proplems, this paper presents the application of
between the terms Ci and Cj. FCM in one such case. Subjective questions and

The degree of influence between two proplems are included in topics from the most
concepts is indicated by the absolute value of wijgiyerse spheres of life: in which people have
During the sir_nulation, the \_/alue of each concept iSaIready successfully applied both ordinary
calculated using the following rule: cognitive and fuzzy cognitive maps (maps) in the

A=fKIAL Ni x ™M  xM-+L1ZM pgyigiMeddé. However, in order for the topic to

be adequately described, it needs to be understood
. LEARNING PROCESS IN FCM and presented as a system consisting of various

In some situations, FCM cannot be created forNt€rconnected elements (ie. factors, concepts).
the following reasons: Spme of the more .notable applications are in the
fields of medicine, ecology, economics,
engineering...

In this work, cognitive mapping was used in
order to, first of all, create and then present and

FCMs with minimal overlap of concepts. view the most significant part of unquantified
There are a large number of concepts andactors related to the quality of life and standard of
connections between them, which cannot belViNg. As previously established [4], gathering

drawn without errors (occurs in problems of highdata to form concepts and arcs (factors and
complexity). interrelationships) can be done in several ways.

For such cases, a systematic way offfowever, in this paper, the factors are primarily

constructing the FCM was developed using gbased on the consideration of many possible

factors, which were then reduced to groups that

x There is no expert or stakeholder with a
direct interest in defining FCM.

x Experts' knowledge is different - they
draw drastically different FCMs or even
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were compared with those that appeared mostssessed needs, criteria and priorities. This is
frequently through a free Internet search. In ordeiprecisely why we used and successfully applied
to avoid situations that lead to the impossibility of FCM, whose procedures and results will be
creating FCM, and as it was stated in earlier workgpresented in more detail in the following chapters.
dedicated to FCM and its application: new

concepts (and therefore arcs) do not increase V. FCM CREATION PROCEDURE

rapidly in number when interviewing severaIA
subjects, we concluded that the factors collected to ™

describe this problem will be sufficient. Also, , . L
since this is only a demonstrative example Ofdeflne and describe the problem. After that, it is

FCM use and not a scientific research, it made it oo o0 to look at the factor_s of that problem,
' where the problem should be viewed as a system

easier to decide for us. The term "unquantified onsisting of components or factors that make it
factors" does not mean that their causality is equa? 9 P

to zero, but rather their subjective nature, i.e. to P: After that, the values that describe the

the fact that they were not obtained frommterdependencies of the system components are
numerically (statistically) determined sources. determined and formed into a matrix. Arguably,

Issues of quality of life and standard of living the matrix is the most important part of the FCM.

. While calculating interconnection values, it is
can be understood in several ways and there are 9 ;

several ways in which organizations andeVident that there may b_e a po_tentia!ly_ big
institutions perceive and calculate them (forpmblern in the form of d'spﬁ“ty IN_opinions
instance: https://www.numbeo.com/quality-of- regarding the names and grouping of the concepts
life/indices_explained.jsp). The calculation (compor_wents) themselves, as _vveII as the|r mutual
systems they use include easily measurable an%onnectlon G 0 4. _Basu_:ally, since the
rocedures for collecting information and

accessible data. However, sometimes for theD ccessfully forming the matrix have already been
presentation and understanding of the needs an . y gt uready
escribed in the previous chapters, it is time to

problems  faced by citizens, it is much more resent the matrix from our example (Figure 1)
important to look at their opinion and personallyp P 9 '

Figure I. Matrix of concepts

Matrix of concepts
To create any FCM, it is first necessary to

The selected example is complex but at the At first glance, when looking at the
same time suitable for the application of FCM parameters of the matrix, it may be insufficiently
because it requires the monitoring andclear clear how the parameters ie. factors
examination of a large number of causalities: theinfluence each other.
number of potential connections is 162. If it were
an even more extensive example (and there
certainly are examples that indeed are), theB. Values calculation and FCM presentation
gualities of the fuzzy cognitive maps would reach
even greater expression.
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For this and subsequent steps (up to thesimulations and after applying the formula serve
presentation of the map itself), a tool based on MSus to describe the properties of each individual

Excel software called FCMapper was used. Theconcept. By the property of a concept is meant

tool itself is free and available at the following whether it is a "receiver", a "transmitter" or a

link (M. Bachhofer, M. Wildenberg: FCMapper - SRUGLQDU\" RQH 7KLV LV GHWHUPLC
our Fuzzy Cognitive Mapping Software Solution. connections (arcs) that flow into it or flow out of
http://www.fcmappers.net/joomla/index.php). Theit. Figure 2 shows the parameters of the specific

first step that must be done is to calculate the basexample.

value of each concept. The values obtained during
Figure II. Calculating the centrality of concepts for their display

After that, an analysis of those characteristicsOne such program is Pajek (A. Mrvar, V.
is available to us, which can be obtained in theBatagelj: Pajek + Program for Large Network
form of statistics. The most important factors can
already be guessed from the statistics. Of course
since the nature of FCM is descriptive, it is not
possible to determine precisely how much a
change in any of the factors can exactly affect any
of the other factors, but it can certainly guide us
and indicate which factors are of greatest
importance. In the concrete example, most of the
factors contain the feature of centrality, ie. arcs
come in and out of them, which means that these
factors are neither strictly receiving nor strictly
transmitting ones.

In order to finally present the concepts in the
best possible way, they can be grouped. Within
each group, it is necessary to select the conceptg
that belong to it, as well as the shape and color ofnalysis. http://mrvar.fdv.uni-lj.si/pajek/), which
symbol through which they will be displayed. In is recommended by the FCMapper community.
addition to the mentioned options, there is also a’he Pajek program enables the manipulation of
button to help us verify the groups - it serves us tdhe cognitive network in various ways, although
count members (in case we have omitted @he most important thing for us is its basic ability
member - concept - we will not be able toto, simply, present them.
complete this step).

The last step is to create a list of nodes and Figure lll. The appearance of the fuzzy cognitive map
arcs, which is very easy because the tool itself
generates a new Excel sheet with the necessary VI.  CONCLUSION
values which can be changed as desir(_ed. Aft_er From the final image (Figure 3) of the fuzzy
that, the network is created, however, to display 'tcognitive map, it is concluded that employment

it is required to download an additional software i35 well as employment opportunities) is the basis
that supports reading files with the .net extensions,, o1 other factors. Along with employment, the
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economic and political stability of the state is alsorest of the nodes.

very important, because it is clear that only in a  Such a detailed conclusion could perhaps be
stable state (a state not subject to sanctions, warebtained by looking at the FCM matrix or by
conflicts of any nature) can the conditions for acollecting a large number of questionnaires.
normal life worthy of man and his basic rights be However, by creating such a map, subjectively
realized. Basic needs in the form of basicselected parameters that are formed according to
foodstuffs, general security, and an affordablethe opinion of experts or regular people are very
healthcare system also stand out as very importamasily visually observed+ much easier than
factors. Their mutual connection is very clear andthrough other data presentations. It is well known
easily explained even from examples fromthat a picture speaks more than 1,000 words, so
everyday life. You should especially look at thethis type of data presentation is very suitable for
far right side of the map where traffic use in various magazines, books, flyers, web
(transportation/movement) is located as anothepresentations... It is important to note that the
important factor. The map in this example with thecreation of fuzzy cognitive maps requires a certain
parameters estimated in this way shows thaknowledge level of logic and computer technology
political and religious freedoms are on a lower(software), but only a good power of observation
scale of connectivity compared to the otheris enough to interpret and perceive them.
SDUDPHWHUYV WV 3ZHLJKW LV ORJLE DXVH

different state systems in the world restrict people[ LREPE%E'\E:Eé:

: : y ] “M1] $[HOURG 5 37KH DQDO\WLWQRI FRJQ
in these rights in different ways yet people still Structure of Decision: The Cognitive Maps of PolitiEites,
have their basic life needs met. The onIy ed R. Axelrod (Princeton, NY: Princeton Universitess), 55
transmitter node is the law enforcement node ang Lierga, A V. (2002). A Balanced Differential Leamg

the judicial system node. Its successful application ~ Algorithm in Fuzzy Cognitive Maps. 16th International
has a positive effect on at least 10 other spheres,  yiTiehe Guiar feson, Camonn el L
Nature (environment) is the concept that is easie Stud. 24, 6575

to negatively influence. Another node that clearlyl4] 8 glHVPL 6/ g]HVPL *(FRORJLFDO OR
stands out is education, which is the basis for the 4%
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Abstract - Machine leamning branches such as image relating to the digital representation of sound;
classification, object identification, and speech recognition Section 3 describes how to extract an audio file:
are now more widely employed in current-day devices . . . '
than ever before. Most smartphones introduced in the last Sec“c?” 4 OL_mmeS th? process of developlng a
five years include at least one feature that is dependent on generic audio classifiert a model that can

one of the above fields. Google now allows users to submit distinguish between a limited number of sound
a query based on speech input that is translated to text, classes; Section 5 gives a practical example of

cameras on both I0S and Android smartphones have gqnq classification; and finally, in Section 6
object and face identification built in, and gallery

applications can automatically organize images based on Conclusions are presented.

their contents. Speech recognition is a subset of audio
classification, which also includes music genre Il.  SOUNDDIGITAL REPRESENTATION

C'assli_ﬁc"’t‘_“onn sond i%eﬂéiﬁct?‘]}_iontf_ aUtO&“attiﬁ a“ﬁrilf_’ Sounds are defined as compression waves
equalization, voice-pased ldenttication, ana otners. IS . . . .
paper discusses the fundamental processes of training a produced by periodic oscillations of a SOU”F’
general audio classification model that can predict a SOUICe _that affeCt_ the pressure of the'r
limited number of unique sounds, as well as the surroundings or medium [5], and the information
methodologies used in training any sound classification carried by them may be represented as an analog
model, independent of its intended use. signal. As input, classification models use tensors
which contain numbers that represent information

I.  INTRODUCTION about the sound in question. Due to the sound

Audio classification uses many ideas andVaves being represented as analqg_ signals, first
techniques that stem from various fields like signai’€y need to be converted into a digital form that
processing, statistics, psychoacoustics, and othef@n Pe interpreted by the model. _

[1]. In addition, in machine leaming, the phrase |1h€ Pprocess of converting a continuous,
3VRXQG FODVVLILFDWLRQ  FDXlq9signpiintgardisgrets, gigjtp!igpresagiption
topics ranging from speech recognition to speecrpy recor(_jlng the signal amplitudes at set intervals
to-text, voice recognition, music genreand assigning the re_corded gmplltudes a _value
classification, and so on, while the method offom a finite range of integers is known as signal
implementation and application of these subject§2MPling [6]. _

may also vary. Models for music genre The sampling frequency or sample rate is the
categorization, for example, often includeMUmber of samples in one second, whereas the
convolutional neural networks (CNNs) in their @ng€ of possible values for a sample reflects bit
designs [2], [3], whereas models for voicedepth or resolutlon [7]. T.he _sampllng rate and _blt
recognition employ recurrent neural networksd€Pth of CD-quality audio files, for example, is
(RNNs) [4]. The first steps in developing any44100 Hz and .16 bits, rgspectlvely [8]. In ot'her
sound classification model are practically alway<V0rds, the audio stream is sampled 44100 times
the same in all sound classification methodologieRe" Sécond and the samples can have one of 16
and reflect the answers to a few importanfj'snnCt values. In general, the higher these
problems that occur during the development opumbers_are |'n audio files, the higher the accuracy
these models. and quality (Fig. 1).

This paper is organized in the following
manner: Section 2 introduces the terminology
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Figure 2. The time and frequency domains of a
signal
Figure 1. Comparison of different sample rates and
bit depths (a) 44kHz, 16-bit, (b) 44kHz, 24-bit, (c)
96kHz, 24-bit)

.  EXTRACTION OFAUDIO FEATURE

When it comes to the digital version of an
audio signal, it first needs to be concluded how its
characteristics, which contain information that
may be utilized to categorize it, can be extracted.

In other words, what distinguishes an audio signal,

ZKLFK RI LWV FKDUDFWHULVWLFV JLYH LW LWV 3LGHQWLW\~
and how those properties can be utilized in order

to classify it, all need to be understood first.

Any physical signal, according to the Fourier
analysis, may be decomposed into a finite number
of discrete frequencies [9]. The sum of these
frequencies represents the original, complex
signal. The spectrum of a function is represented _
by this collection of frequencies, and it illustrates Figure 3. A signal's waveform and spectrogram
the amplitude of each frequency contained in the
signal.

Fig. 1 depicts the sampling process of a
audio signal in the time domain, demonstratingi
how its amplitude varies over time. Similarly, the
amplitudes of all the component frequencies of
signal at a given time (Fig. 2) are also represente
The frequency domain, often known as th
spectrum, is used to describe this [10].

Because a signal can create a variety
sounds over time, its component frequencies an&altegory.
as a result, its spectrum can both change. Ayv. TRAINING A CLASSIFICATIONMODEL
spectrogram is a visual representation of how the
spectrum of a signal changes over time (Fig. 3).

Each segment of the graph reflects the

r{requency domain and energy distribution of the

ignal at a specific point in time, while the

rightness of a color on a spectrogram denotes the
mplitude or intensity of a frequency at that point

§_Q WLPH ,Q HVVHQFH D VSHFWUR

a signal that contains characteristics and properties

Shat are unique to that complex signal, which the

Orlnodel may use to classify it into the appropriate

This section outlines how to create a generic
audio classifier, which is a model that can
discriminate between a set of sound types (Fig. 4):
1. Reading audio files in the proper format

2. Creating spectrograms from audio files
3. Audio or spectrogram augmentation
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4. Extraction of feature maps

5. Using the extracted feature map, predicting
the score for all supported classes in the
model for the supplied signal.

To begin, all of the input data is transformed
into the proper format, which is commonly a PCM
(pulse code modulation) encoded .wav fiean
uncompressed bitstream with one channel (mono),
a bit depth of 16 bits, and a sample rate of 16 kHz.
Sample rates greater than 16 kHz are rarely
required, as features may be clearly detected and
retrieved from spectrograms of even lower
frequency samples. When two spectrograms at 16
and 48 kHz are compared, Fig. 5 shows that the
brighter regions of the spectrograms (which
frequently indicate features) stay constant
regardless of the sampling rate.
When it comes to the training dataset, it needs
to be vast and varied in order for the final Figure 4. Steps of training a model
classification model to be accurate in its
predictions. Differences in pause, silence, or noise
length can have a significant, and frequently
detrimental influence on prediction accuracy. As a
result, training data is often augmented and edited
to most accurately represent the features of the
audio signal in gquestion, employing techniques
such as noise reduction, silence trimming, and
others as needed [11], so that the key
characteristics of each supported category can be
clearly defined. This procedure can be performed
either before or after converting the audio samples
into spectrograms, and while not a requirement, it
is a recommended step because excessive noise oFigure 5. Comparison of spectrograms of audio
silence can easily impair the model's accuracy. signals with a sample rate of 16 and 48 kHz
After converting and importing the training
data, the spectrograms can be produced: typical!g/ The neural network creates another tensor that

generated using the Fourier transforms [12] anp?g\%gz é%ia?cg;/vgggging af(ta:rt]l;ger cg‘]aapsp());citf?:d
most often computed by mathematical libraries} . : .
The classification procedure is quite similar torank and dimension with the data that makes up

. o - he spectrogram of the audio signal through the
image classification, as the model classifies soun nvolutional layers of the network. The

based on their spectrograms. As previously stategtormation within this tensor is processed by
VSHFWURJUDPV FDQ UHSUHVGWualhEdions bEded bh thB lcokteRts of the
a_ud|o _Slgnal_’ and just as S_F’ec'f'c arrangements ®ature map and the receptive fields of the
pixels in an image contain information unique to apecified neurons [14]. A fully connected layer, or
specific object, a collection of pixels in alinear classifier, is one of the last layers in a neural
spectrogram's image can also represent featuresraftwork, and it is where the classification itself
an audio signal, meaning that when implementingccurs [15]. In other words, this is the layer that
image and sound classification models, theroduces the model's prediction scores for each
methods used are very similar. A convolutionalupported category for the input audio. Following
neural network with a linear classifier is the mosthis process, the prediction scores can optionally

utilized architecture for the models in question [2]b€ passed through a loss function [16], similar to
[3], [13]. WKH VLIPRLG IXQFWLRQ ZKLFK FF

of incorrect predictiong this information is then
used to improve the model's accuracy. Finally, for
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the given input signal, the model returns an array diased on the contents of this dataset. [18]. On the

prediction scores for all classes. other hand, a validation dataset is made up of
randomly selected samples that are used to detect
V. APRACTICALEXAMPLE and correct errors in predictions during the training

The sample program was created by using thBrOCess. These samples are not utilized to train the
TensorFlow package for Python, which carfmodel [18], [19].
classify seven different types of sound. The first 1h€ number of borrowed samples can vary
step in constructing a classification model is tgiepending on the size of the training dataset, but
gather training data. As previously established, thiyPically 20% of its samples are used in the
dataset should ideally be wide and diverse, and th@lidation dataset. Finally, a test dataset is
training samples should approximate the ideagenerally a separate_d'atas_et, used to evaluate the
version of the sound in question, with little noise!in@ model when training is complete, and does
and sufficient length. The data for this model wad'0t contain any samples from either of the
gathered from YouTube and Kaggle, a websit@reviously discussed datasets [18]. After the model
where users can obtain a variety of pre-definef/&ining is complete, a confusion matrix may
datasets for training and other purposes [17].  appear (Fig. 6), showing how accurate the model

This application’s model can distinguish'S 1 predicting samples from the validation
between the sounds of a car, a truck, a cat, a dd¢ftaset. o _
as well as human speech, noises of a crowd The actual application was made using the

(conversation, a number of people talking), andrlutter framework,_ which is a cross-platform
silence. The dataset that was used is small, afggmework for application development that can

includes the following information: target multiple platforms including Android, iOS,
x Car +104 samples Windows, Linux, macOS and web-based [20].
This application, however, only targets the
x Cat £164 samples Android operating system, versions 5.0 and above.
x Crowd +105 samples Flutter also offers a wide range of official and
community-made packages and plugins through
x Dog +113 samples the pub.dev platform in order to achieve
x Human +206 samples functionality that otherwise would not be available
_ directly out of the box. The application in question
x Silence £71 samples does use a few such helper packages [21], [22] in
x Truck 107 samples order to invoke calls to the earlier created

TensorFlow Lite model and read its output.
_ The dataset has a total of 870 samples, As mentioned previously, the model takes a
implying that the model might not be particularlyfjje that contains a stream of bits which represent
accurate, given that typically, thousands of uniqugydio. In order to achieve classification in real-
samples are utilized as fraining data for &me the model needs to consistently and
classification model. For example, Google'scontinuously output the prediction scores for every
YAMNet sound classification model is trained ong|ass for the given input signal. The steps in the

the basis of almost 2 million unique audiojmplementation of this process are as follows:
samples, leading to the conclusion that this model 1 Record a fixed-length chunk of audio using
is lacking in data, however sufficient for the device microphone

demonstration purposes. First, these samples need e :
to be converted into a .wav file with a sample rate Invoke the classification model with the
of 16 kHz and a bit depth of 16 bits. Although recorded chunk as the input
Kaggle datasets are typically in this format, if any 3. Sort the resulting prediction list
data needs to be converted, tools like ffmpeg can 4
be used to batch convert multiple files at once
[17].

It is important to distinguish between three 5. Repeat
kinds of datasets during the model ftraining |y short, while the application is active, it
process: training datasets, validation datasets, a@@ntinuously records audio using the device
testing datasets. A training dataset is a set of daﬁﬁicrophone, and from that audio it takes fixed-
that is gsed soIer.for training the neural netvyork|ength chunks to be used as inputs when calling the
the weights and biases of the model are adjustgfodel. The model then returns a list of prediction

Refresh the Ul and display the top few
highest scoring classes
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scores for all possible classes, after which this list Figure 7. The example appf DWLRQTV PDLQ VF

is sorted in a descending order, and finally the
results are shown in a manner that is easily
readable for the user (Fig. 7). It should be noted
that the model is not constantly invoked, rather it
is automatically called after a fixed period of time,

for example, 1000ms. While this greatly improves
application performance, it also provides enough
time for the recorded chunks to be long enough to
contain features that the model may be able to
detect in contrast, chunks that are too short in

length may not contain any information that can
reliably be used to infer the contents of the
recorded sound, which may result in actually

GHFUHDVLQJ WKH PRGHOYV SHUFHLYHG DFFXUDF\

Apart from being able to view prediction
results classified in real-time, the user can also
modify certain parameters of the model and the
application, such as the number of results
displayed, how many times the model is invoked

per second, the sample rate of audio recording, etc.

Figre8. 7TKH DSSOLFDWLRQYV VHWW

VI. CONCLUSION

(Fig. 8)

Figure 6. The confusion matrix for the predictions
made during training

Currently, sound classification models are
most often utilized for speech and music
recognition. Aside from that, they might be
employed in devices like IP cameras, many of
which can nowadays distinguish human forms or
silhouettes, and perform certain activities based on
ZKDW WKH\ 3VHH" VXFK DV WULJ
illumination systems, which is enabled by image
classification  algorithms.  Similary, sound
classification models can be used to activate

certain functionalites based on what the
PLFURSKRQH 3KHDUV"™ EXW WKH
LQVWDQWO\ 3VHH’ VXFK DV WKt

breaking, or a loud noise exceeding a given
threshold.

Sound classification has the potential to be
used in natural environments as well. For example,
it can be used for detecting illegal deforestation
operations [23] or tracking the activity of difficult-
to-see wildlife such as insects in their natural
habitats. By tracking the sounds these animals may
produce, it is possible to determine which hours of
the day they are most active, how they interact
with each other and other wildlife, how they react
to different weather conditions, and so on [24].

Most common machine learning frameworks,
such as TensorFlow and PyTorch, may also be
used to create a sound categorization model
following the fundamental techniques presented in
this paper. They are easily adjustable, and the
models may be tailored to a variety of
applications. The number and sequence of neural
network layers, tensor rank and dimensions, loss
functions, and datasets themselves all have an
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impact on the prediction accuracy and quality ofél
the final model. 9

The method presented in this paper, on th§[=10
other hand, is primarily used to train a general-
purpose audio classification model that can
categorize a few different types of audio. Wher!l
implementing a model for a different use case,
such as speech recognition, the neural network
architecture may differtfor example, the data at 12
the end may pass through multiple RNN layers
rather than a fully-connected layer or a lineari3
classifier thowever, the core principles of digital
audio representation and discerning the inherent
attributes of an audio signal through feature
extraction rarely change when implementing a4l
sound classification model.
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Abstract - Educating children represents a complex
process, composed by series of different factors. Very

often, school is seen as one of the most important factors,

along with family, which takes the leading role in on&
character development. However, beside school and
family, impact of immediate surroundings, such as peer
environment, environment where child spends its free
time and environment where interests are being born and
deepened further, cannot be overlooked. Each of given
factors can be perceived singularly, yet these factors are
shaping the overall surroundings where child is
developing by forming correlations. Given correlations
can be formed in a way where one factor can affect an
outlook on another factor, resulting in different positive or
negative attitude towards responsibilities in school. As an
institution with high responsibility in children education,
school should be open towards the rest of the community
and develop adequate integration strategies for
collaborating with other development factors in
community.

I. INTRODUCTION

II. THEORETICALBACKGROUND

Improving school institution and achieving
high-quality program can be strongly accelerated
through partnerships with public institutons,
organizations and governmental structures, where

would formed partnership revolve around
curricular and extra-curricular  activities.
According to Meleville, 1998, school and

community functioning is not and should not be

perceived as independent functioning with

opposite goals. On the contrary, these two entities
are interconnected with complementary relations.
Initiatives from these two different standpoints

ultimately result in unique ideas and strategies in
solving problems in teaching and upbringing

students.

Cooperation of school and community can be
based on procuring necessary equipment for

Modern educational tendencies are oriented|assrooms, it can be based on partnerships with

towards integration of many different educati”gcorrespodent local
¥actical

aspects. Schools are encouraged to be open

business for
or school

expanding

education can form

collaboration with community, ready to consider,rnerships with other academic institutions

parents ideas and viewpoints, as well as guidgiming to increase students motivation and deepen
parents through the process of upbringing childrenyneair interests and curiosity.

Motivating parents to cooperate with teachers \jajeville
DQG WDNH DFWLYH SDUW LQ WKALL Uik

&1998) finds that there are five ke

bRfBdEY &t DrdéhdRde

of the key points in achieving optimal educationalg|jahoration between school and community:

environment.

1. Increased parent involvement

Partnerships with other social communities do

have a great potential for improving school
environment, tending to students interests and g3

2. Improved atmosphere in schools

Enhanced non-academic policies in

increasing their motivation for reaching highergenools

academic and civic goals. All

collaboration between school

towards the same goalx enhancing school
education.

aspects of
and any other
institution or public congregation should be pointed 5

4. Enhanced teaching methods

Higher diversity and quality of teaching
plans.[1]

Following empirical research is conducted A Overlapping Spheres of Influence

anonimously with 80 teachers and is focused on Three main contexts where students

are

L¥M RQF

types and levels of collaboration between schoollearning and growing, are family, school and

and public communities as well as collaboratiorsocial circle. Each of given areas are forming

between schools and parents. specific relations and are directly affecting
development and understandings of each student.
A7KH PRGHO RI VFKRRO [IDPLO\
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partnerships locates the student at the center. Thesearch problem is underlined by questifho
inarguable fact is that students are the main actovghat extent are social communities involved in
in their education, development, and success istudent education and functioning of schools.
school. School, family, and community
partnerships cannot simply produce successful YT o ]
students. Rather, partnership activities may be Research is aiming to empirically determine
designed to engage, guide, energize, and motivaf¢gree of cooperation between school and
students toSURGXFH WKHLU RZQ V XCRRMiY. {preugh analysis of respondents
viewpoints, attitudes and experience.

B. Priciples and Focus Types in School- C. Main hypothesis and sub-hypothesis

Communlty Collaboration _ The main hypothesis: Primary and secondary

_Epstein & Sheldon (2006) are proposing 7school teachers have a positive attitude towards
principles for establishing collaboration betweenygjlaboration of school with the rest of
schools and community: community.

3 School, family, and  community The sub-hypothesis: Cooperation of school with
partnerships is a better term than parentgfommunity is improving diversity and quality of
involvement to recognize that parents, educator&chool education program.
and others in the community share responsibility p  Research methods

IRU VWXGHQWVT OHDUQLQJ DQGMe %dﬁH%gdsﬁqH(%rWucted research are

2. School, family, and community descriptive and experimental. The technigque used
partnerships are multidimensional concepts involves the analysis of the gathered data from
research participants.

B. Research goal and task

3. A program of school, family, and
community partnerships is an essential component E. Research Sample
of school and classroom organization Research sample consists of 80 teachers with
4. Programs of school, family and different years of experience, mainly working in
community  partnerships require multi-level Primary schools in Vojvodina, Serbia, as it is

leadership represented in Table 1.

5. Programs of school, family and TABLEI. RESEARCH SAMPLE+YEARS OF EXPERIENCE
community partnerships must include a focus on Years of experience
increasing student learning and development Less than a year 7(8.75%)
community parinerships are aboutequty | |1 Foyears T5(18,75%)

7. Methods of research on school, family, — © *10years 9(11,25%)

and community partnerships must continue 0 11 +15 years 8(10%)
LPSURJYH >

According to ETOS, guide for self-evaluating
and evaluating school published by Ministry of
Education - and ~ Sports, important factor in, e\piR|CAL RESEARCHRESULTSAND
evaluation is a role of school in given local DISCUSSION
environment, considering collaborations with other o
educational institutions, cultural, sports and other Results of conducted research are indicating
institutions and requires certain level ofthat schools in Vojvodina are open for
participation in humanitarian, cultural, ecologicalcollaboration  with  community. 43.8%  of

Over 15 years 41(51,25%)

and similar activities.[4] respondents declared that the school they worked
LQ LV AYHU\ RSHQ IRbs EROODER
lll. RESEARCHVMETHODOLOGY represented in Figure 1.

A. Research topic and research problem

Research subject are types and levels of
cooperation of schools with community. The
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Figure 1. Degree of school openess according to respondents Figure 2. Impactfulnessd(_)f collaborations on school nogr
o _ ' iversity
Statistically, the most of respondents said their

schools are ready to cooperate with communityoetween schools and community, responses are
To this question, most frequent grade is also theredominantly positive when it comes to
highest one, while standard deviation is the lowedliversification of school program and frequency of
in this case. However, the highest standargchool involvement in public activities in local
deviation is noticed in respondents impressiosurroundings, but when it comes to involvement of
regarding schools taking parts in publiclocal communities in school activities and actions,
competitions for upgrading the institution andresponses are less positive. This would raise a
equpment. qguestion + are the two to sides in given

. .. collaboration
Figure 2. represents the respondents opinions

regarding the level of impact collaborations Figure 3. is showing correlations between types
between school and community has on diversitpf ognaizations schools collaborate  with,
and interactivity in school program and classegrequency of collaborations and school program
An average score is 2.84 on scale+@, while and classes. Out of 153 relations, using Pearsons
modus is 3 (relatively high impact) and standar¢orrelations coefficients, 104 in total are
deviation is 1,04873. moderately positive, with only 7 negative
correlations in total. All of the negative

Regarding quality and impact of COIIabor"’1'“0ncorrelations are regarding obstacles in planning

Figure 3. CorrelationgSchool and community collaboration impact on sclpwogram
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and realization of collaboration. The strongestvould
there areparticipation in social context.

negative correlation implies that
discrepancies between school openess towards

communities and obstacles during coIIaboratiorE)e

process. The second, very important, negativgi
correlation is regarding level the school empowers
students to take a part in social circumstances and

to fulfill their civic duties and rights. "
The strongest positive correlation, with 0.85
coefficient, implies that schools are most
frequently collaborating with cultural
organizations as well as sports groups, which
ensures enrichment in school program and classe¥!

V. CONCLUSION

3

In order to achieve an adequate and hig#l]
quality education process for students schools

have to be open, modern and transparent. It cannot
be isolated entity with sole purpose to teach
student predefined material, but it has to cooperat8
with other institutions and organizations, which
eventually would elevate the school program and

empower students to take active

Research results are implying that partnerships
tween schools and community are beneficial for
versity of school study program.
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Abstract - The paper is a continuation of the research The digital transition at universities continued

condu_cted_ln 2018 related to th(=T student's understaang even more strongly during and after the COVID-

of digital literacy at the University of Mostar in Bosnia 19 . | 2022 He EU | hed t

and Herzegovina. The development of information = . (_:”SIS' n ) . . . ?unc ed two

technology continuously offers different opportunities for  initiativesthat go In th'_s_ direction: Eurquan

its use in teaching and other processes at universities. The Strategy for Universitieand aCommission
proposal for a Council

global COVID-19 crisis has shown that it is possible,
thanks to IT, for universities to move online extremely Recommendatioon building bridges for effective
quickly and raise the level of their own digitalization . . . .
almost overnight. That is precisely what prompted the ~ EUropean _hl_gher education cooperation [4]its
authors to repeat the research conducted before the covid- Strategic vision, known as Digital Decade [5], the
19 crisis in order to investigate whether and what has EU has set an exceptionally ambitious goal such
Zth]”ge?] iS] students “”qf?rStZT}?ing of qigita'tizg“ot”- as achieving that 80 % of EU citizens have at least
ou ere are specific differences in students' C : - .
answegr]s in 2022 compgred to 2018, the research from basic digital skills and 20 million ICT Spe‘?'a'!StS
2022 shows that students still mostly connect digital €mployed by 2030The European Commission

literacy with computers, then with the Internet. as well as  foresees various actions to achieve these goals [4]:
with information and operations on them. . .
x TheDigital Europe Programme (strategic

funding) should support specialized
education and training programs in cutting-
edge digital technologies, especially for
multi-disciplinary courses in artificial
intelligence, cybersecurity,
microelectronics and high-performance

I.  INTRODUCTION

The continuous development of information
technology (IT) is constantly bringing new
opportunities and challenges to every aspect of
university's activities. The global COVID-19 crisis

has shown that universities can move online
extremely quickly and raise the level of their
digitalization almost overnight. However, it was
the COVID-19 crisis that confirmed the necessity
of increasing the digital competencies of students,
teaching and administrative staff. That is
necessary in order to maintain and continue the
university digitization process, which gained
momentum and acceleration due to the COVID-19

computing.

The Commission encourages member
states to support the development of digital
skills of students of all agesstaff and
researchers, the digital capacity of
universities, as well as the crucial role of
universities for innovation and new digital
technologies, and universities to lead in the
digital transition.

crisis. Paul Glister introduced the term digital literacy

Long before the COVID-19 crisis, European in 1997. In dlefinin_g digital literacy, Gliste_r
Union (EU)recognized digital competence as onefocuseéd on one's ability to understand, appreciate
of the critical competencies for lifelong learning, @1d use the information in multiple formats that
which can ensure active participation in societytn® computer can deliver, as well as on the ability
and the economy [1]. This competence involved® €valuate and interpret the information [6].
"the confident and critical use of Information Re€cently, researchers have viewed digital literacy
Society Technology (IST) for work, leisure, and 8 "a continuum, with progressive stages where
communication” [2]. In the Communication the basic abllltlgs are only the f!rst step. The upper
'Strengthening  European  Identity  through end qf the continuum contains increasing Ievels'of
Education and Culture [3], the EuropeanCOQn"F'Ve competence in using the I|t_eracy in
Commission set out a vision for a Europeanduestion for tasks, learning, creating and

Education Area and announced a dedicated DigitafXPressing new ideas, and this involves issues"
Education Action Plan [3]. such as attitudes and social and cultural aspects

[7]. Digital literacy is an umbrella concept
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(UNESCO Institute for Information Technologies changed in  students' understanding  of
in Education) that includes the capabilities whichdigitalization.

fit someone for living, learning and working in a

digital society and includes the following [8]: . METHODOLOGY

x ICT proficiency (a set of useful skills that The empirical research was conducted in 2018
enable active participation in a society and 2022. The questionnaire was filled out by 215
where services and cultural offerings arestudents of the University of Mostar 112
computer-supported and distributed on thestudents in 2018 and 103 students in 2022. The
Internet), sample was convenient, with  voluntary

x Information data and media literacy (the Participation in the research. The goals of the
ability to locate, identify, retrieve, process research and the way of data usage were explained
and use digital information), to each participant of the research. After logical

and technical control of questionnaires, two

x Digital creation, problem solving and students' questionnaires in 2018 and one in 2022

innovation, were excluded. A total of 212 questionnaires were
x Digital learning and development, analyzed.
x Digital communication, collaboration, and  The same survey questionnaire (prepared by
participation the authors) was used in both studies. The survey
x Digital identity and wellbeing. questionnaire covered questions related to the

. _ _understanding of the term digital literacy and
Bosnia and Herzegovina, as a transitionraiing of personal digital literacy, usage of the
country, just at the beginning of the Europeaniniemet, the age of laptops and mobile phones,
path, also recognized the importance of theyng statements about the importance and influence
development of IT and knowledge society. So, ingf gigital literacy in education and business [10].
2004 the Council of Ministries in BiH adopted the Questions were created in the form of closed
document "Strategy of Information Society gqyestions or as Likert scale with five levels (1=

Development in BIH " [9]. However, the latest girongly disagree; 2 disagree; 3 = neither agree
census of BiH, the 2013 census, collected datgor gisagree; 4 = agree; 5 = strongly agree).

related to |IT literacy for the first time.
Unfortunately, the census showed that 38.7 % of The gender structure of the sample shows the

persons older than ten were IT illiterate [10]. majority of women in both samples (2018: 31
males (28.2 %) and 79 females (71.8 %); 2022: 14

In 2017 the Council of ministers of BiH made 131e5(13.7 %) and 88males (86.3 %) students).
a Decision on the adoption of the BiH Policy for o students (in both years) were students of the

Development of Information Society for 2017 - first cycle of studies between the ages of 19 and
2021 [11]. On its path toward EU membership,oo

Bosnia and Herzegovina showed readiness to o

implement higher education reform by signing the _ The programs IBM SPSS Statistics 25.0 and
Bologna Declaration in 2003. Universities in BiH, Microsoft Office Excel 2016 were used for
supported by different EU projects, have begurstatistical data processing. The results are
with necessary reforms in order to be prepared foPresented as absolute (N) and relative frequencies

inclusion in the European Higher Education Area(%), mean (M) and standard deviation (SD) were
[10]. calculated.

In 2020, the COVID-19 crisis forced . RESULTS
universities in Bosnia and Herzegovina to switch ,
instantly to online teaching. That further The Students’ answers in 2018 and 2022
emphasized the need for continuous investment if¢lated to questions about understanding the
improving the digital competencies of students,méaning of digital literacy and aspects and
teachers and administrative staff. All that activities that constitute digital literacy are shown
motivated the authors to repeat the researci! Table 1.
related to the student's understanding of digital
literacy at the University of Mostar in Bosnia and
Herzegovina conducted before the covid-19 crisis
in order to investigate whether and what has
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TABLE I. STUDENTS UNDERSTANDING OF THE CONCEPT OF importance of digitalization for business,
DIGITAL LITERACY , RESULTS FORR018AND 2022 . . .
education, and the competencies of the main
N (%) . .
5018 5093 stakeholders in the education process.
'LIJILWDO OLWHUDF\*L
IT literacy _ 58 (52.7) | 22 (21.6) TABLE IL. RESULTS OF EVALUATION OF STATEMENTSRESULTS
Computer literacy 63 (57.3) | 14 (13.7) FOR2018AND 2022
Information literacy 21(19.1) | 12(11.8)
Web literacy 33(30.0) | 24 (23.5) *UDGH-
Media literacy 26 (23.6) | 12 (11.8) M (SD) N (%)
Communication literacy 18 (16.4) | 14 (13.7) Statement 2018 | 2022 | 2018 | 2022
l(;leith:elr term correspond/describe c?fl%fjaslilrizggn is the future (g-gg) (g-%) (89763) (99242)
igital literac 2(1.8 2 (2.0 : : :
Al?of'fered te?’/ms can be (1.8) 2.0) Digitalization is the future | 4.17 4.20 85 82
"synonyms" for digital literacy 33 (30.0) | 66 (64.7) g‘;;?;ﬁﬁg?:cy Sraces (2-5132) (g-?g) (7872.2) (87064)
Digital literacy includes the " ! : :
following aspects of literacy * giéi?:l?il;g;é;ggﬁ?rtigjl?tes (091) | (0.95) | (74.5) | (74.5)
IT literac 5 (52.7 30 (29.4
Compmeyr literacy 54((49'1)) 24 523'5; tgégﬁn? ualgczfs;he (g'gg) (ggg) (7326) (88683)
Information literacy 24(21.8) | 24(235) Digital I?teﬂacy improves 397 | 425 79 84
Web literacy 46 (41.8) | 32(31.4) ) ) )
e ety Tein | es7)|  (Suencompetences | O8) (.00 (L9) (€29
Communlcatlon literacy 15(13.6) | 10(9.8) quality of a higher 414 | 443 90 9
Al.l I_|steq - 35(31.8) | 58 (56.9) education institution (0.80) | (0.81) | (81.9) | (88.2)
D'g'ta! literacy m_cl_udes the Digital literacy raises the
foIIowmg_capablIltles * competitiveness of a
.R?C(’gnt'.t'on of the need for 24 (21.8) | 14 (13.7 higher education 4.03 4.45 78 90
information __ : (218) | 14(13.7) institution 0.89) | (0.76) | (70.9) | (88.2)
Information retrieval and collection I am prepared to learn
with the use of a computer 63 (57.3) | 44 (43.1) about new features of 2418 | 441 84 90
Analysis and evaluation of information technolo
; : gy | (0.99) | (0.94) | (76.4) | (88.2)
|nformat|0n_ _ 22 (20.0) | 14 (13.7) I'am prepared to adapt
Usage (SIO)I‘II’I?, creating and myself to new 436 | 4.33 92 86
presenting) information using a technologies (0.96) | (0.89) | (83.6) | (84.3)
comput_er —— - 59 (536) | 44 (43.1) | constantly observe
P_ubllshmg and sharing information technology and novelties | 3.10 | 3.33 35 46
via the Internet __ 47 (42.7) | 34 (33.3) in the IT sector (0.99) | (1.16) | (32.2) | (45.1)
Neither of the listed capabilities 1(0.9) 2(3.9) Digital literacy is the key
All listed capabilities 29(26.4) | 48(47.1) factor in the digitalization | 3.88 | 4.35 75 88
* multiple answers of business (0.90) | (0.77) | (68.2) | (86.3)
Digital literacy is the key 3.96 3.92 79 72
The mean grade (self-assessment) of students g‘l’gl‘tg‘ffonrﬁf);?ef r{ggs“'gfe'”g (g-gg) (g-gg) (7411-18) (7??06)
_dlgltal “te_racy in 2018 was 3.11 (SD:O-SS): and more important than other] (1.01) | (1.00) | (40.0) | (29.4)
in 2022 is 3.59 (SD=0.80). The mean grade of | Digital literacy improves
knowledge about information technology (self- | the competences of 3.79 | 4.08 | 72 82
. _ . | teachers (0.94) | (0.80) | (65.4) | (80.4)
assessment) in 2018 was 3.06 (SD—O-87)1 and in Digital literacy facilitates 452 | 459 102 94
2022 is 3.49 (SD=0.86). Computer usage time | information finding (0.69) | (0.64) | (92.7) | (92.2)
. Digital literacy facilitates 4.14 | 4.49 88 92
(hOUI’S per day) was as follows: information evaluation (0.84) | (0.73) | (80.0) | (90.2)
x study 2018 +M=1.27 (SD=1.25); 2022 - | Digital literacy faciliates
M=2.54 (SD_Z 96) the integration of 4.33 457 94 96
e e ) information (0.87) | (0.67) | (85.4) | (94.1)
; — — . Digital literacy facilitates 448 | 4.73 99 100
x entertainment2018 +M=6.77 (SD=6.02); the creation of information| (0.77) | (0.49) | (90.0) | (98.0)
2022 tM=4.57 (SD=2.60), Critical thinking fosters | 3.58 | 4.10 | 56 78
S _ _ . digital literacy (0.93) | (0.85) | (50.9) | (76.5)
x otheractivities: 2018+M=3.38 (SD=4.08), Creativity fosters digital 393 | 412 77 80
2022 +M=3.80 (SD=2.88). literacy 0.97) | (0.91) | (70.0) | (78.4)

The mean age of students' computers in 2018
was 4.10 years (SD=2.72), and in 2022 4.45 years
(SD=3.40). In 2018 the students' mobile devices

were "younger" than one year; they were mostly &,

few months "old", while in 2022 the mean age of
students' mobile devices is 2.37 years (SD=1.70).

Iv. DISCUSSION

Table 2 shows descriptive statistics for 20180f the research from 2022.

and 2022 years related to statements about the

The first research results showed that although
dents use technology daily, they are not fully
familiar with the meaning of digital literacy. The

above can also be concluded based on the results
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A more detailed comparison of the answers The importance of critical thinking for
about the knowledge of the concept of digitalimproving digital literacy, especially in education,
literacy in these two surveys shows someis continuously stressed in the various UN, EU,
differences. and BiH documents. The previous implies that

Slightly more than half of the students in 20185tudents, through thejr study experigr_\ce, .ShOUId
identified digital literacy with IT literacy and PECOme aware of the importance of digital literacy
computer literacy, while less than a third of themand the soft skills expected of educated people

linked all offered terms with digital literacy.he today.
results for 2022 are different. More than 60 % of But the results of the conducted research are
students state that all the mentioned terms can benly partially on that track. The mean grades show
equated with the term digital literacy, while 1/5 insufficient knowledge of the researched topic, but
(and less) of students associate it with IT andhe student's willingness to learn about novelties
computer literacy. in information technology and to adapt themselves
to new technologies gives hope. On the other way,
their readiness is questionable due to the fact that
the mean score for the claim "I constantly observe
technology and novelties in the IT sector" is 3.10
(in 2018) and 3.33 (in 2022). Continuous learning
and gathering information concerning technology
The largest proportion of students in 2018progress is an important component/activity in
thought that being digitally literate means beingreaching and keeping a satisfactory level of digital
capable of retrieving, collecting, and using literacy.
information by computer. Although in 2022,
compared to 2018, the shares of specific answers luded that diaital lit | ol 1ol
are smaller, in 2022, most students think similarly.. € conclude at digital literacy plays a vital role
In both studies, it was determined that studentd” enhanc_lng' the c_ompetmveness qf _hlgher
mostly connect digital literacy with computers, education institutions in the market. Still, in the
then with the Internet, as well as with information context O.f the competence of students and
and operations on them. The stated results suggetsetaCherS’ it plays only a partial role.
that students only partially know the concept of Another contradiction in students' attitudes can
digital literacy and are unaware that digital also be read in the mean grades for the statements
literacy is an extensive and comprehensive term. regarding digital literacy as a critical factor in the
digitalization of business and the key competence
r job finding. Digital literacy is an essential

Concerning the capabilities which comprise
digital literacy, only 26.4 % of respondents
(slightly more than a quarter) linked all offered
capabilities with digital literacy. In a repeated
survey, the percentage rose to almost 50%.

From the students' answers (both years), it can

The mean grade of personal digital literacy in

both researched years is between 3 and 4 (morfé;ement when finding a job students recognize less
precisely between 3.1 and 3.6), with the grade for, g a] 9
than as an essential element for a modern and

2022 being slightly higher. Previous results and
these mean grades confirm students' only partia?
understanding of the term digital literacy and In the context of these, partially agree, results
indicate that students are aware that they do nadre also results about the greater importance of
understand it. digital competences compared to other

Comparing the mean grades of individual (rfRC, L S STl wit
statements shows higher grades for most

statements among students examined in Zozégéﬁ;xsttaﬁcmigt; rs:z;ec(ijego dclgc'talcolﬁféicy cli? ittgle
Slight differences in favor of students from 2018 P ' 49

can be seen n te e Satemenis | am prepard§TPEISIOCS (ANl ake mecederce ovr ot
to adapt myself to new technologies", " Digital » 019 '

literacy is the key competence for job finding", teamwork, etc. Still, they gain importance with the

and "Digital competencies are more importantdeVPfIOpmem .O.f digital technology and_ the
than others". continuous digital transformation of business

activities. They must be at least at the same level
However, not a single group of studentsas other competencies, not underestimated.
showed an enviable knowledge of digital literacy
as an imperative in everyday life and business,
both today and in the future.

uccessful business.
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V. CONCLUSION

research of other universities from Bosnia and

The findings of the research conducted inHerzegovina and beyond would contribute to the
2022, compared to 2018, show no importantduality of the conclusions.

change in the student's understanding of digital
literacy at the University of Mostar in Bosnia and
Herzegovina. Although students use technologyl
daily, they are not thoroughly familiar with the
meaning of digital literacy. Both studies have
confirmed that students mostly connect digital
literacy with computers, the Internet, and
information and operationslt suggests that [2]
students only partially understand the concept of
digital literacy and are unaware that it is anps
extensive and comprehensive term.

However, both studies (2018 and 2022) show
that digital literacy plays a vital role in enhancing
the competitiveness of higher educationig
institutions in the market. Still, in the context of
the competence of students and teachers, it plays
only a partial role. Amazingly, not a single group
of students showed an enviable knowledge of°!
digital literacy as an imperative in everyday life
and business, both today and in the future. Thalfl
may cause concern because the importance
improving digital literacy, especially in education,
is continuously stressed in the various UN, EU,
and BiH documents. Namely, all documents[s]
emphasize that students, through their study
experience, should become aware of thelg]
importance of digital literacy and the soft skills
expected of educated people today.

The respondents of this research are mostly the
millennial generation, e.g., the generation that
grew up with IT. Still, research findings show they
are unfamiliar with basic terms like digital

literacy. They are not fully aware of the IT 1y

features and influence of IT on their personal life,
education, and business, what would be expected.

Further research should be focused on teachers,
as well as on the comparison of opinions of
students and teachers. The inclusion in the

0] M. ODEL
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Measuring Readability And Understanding Of
Program Code Through Eye Tracking

R. Pinter, S.OD U D Y L (ang L VIadinina.
*Subotica Tech - College of Applied Sciences, Subotica, Republic of Serbia

Abstract - The aim of the research is to analyze whether
understanding the program code written in C is
influenced by the style in which it is written. In this work
the style of writing code refers to how the indentation is
used (what is the number of spaces before the statement
or instruction in the code). The use of indentation is
recommended. The code writer should always indent the
body of a statement with a uniform amount from the first
character of the statement. The body of a statement is the
action (or set of actions) that the statement controls.
Statements that have bodies include loops, decision
statements (if, if-else etc.) and functions. The authors aim
to analyze the extent to which the number of spaces at the
beginning of rows affects the understanding of code. The
GazePoint G3 device was used in the research. It's a
device that monitors eye movements and records the
position and movement of both eyes based on optical
tracking and light reflection. During the study, the
student's eye movements were monitored as he/she tried
to understand the program code and answer what the

II. MOTIVATION

Learning  programming and  acquiring
algorithmic skills always begins with simple
coding examples and tasks. In this learning period
the source codes are read only by authors and
rarely happen to be used in any subsequent and
larger project and the code writing style has little
impact on task solving and learning efficiancy.
For a person who learns to write program codes
periods that follow bring projects which are more
complex and have more and more lines of code.
There is also a change in the distribution of time
spent with the source code: a significant part of a
software's lifecycle is no longer about
development, but finding errors, upgrading or
maintaining the application [12].

result of code execution will be. Data processing involves . . .
FRPSDULQJ KRZ RQH VWXGHQW AORRN®RGa devwelaperHo Aaeafficianeexin his work,
different indentation. Data such as the duration (time for example in upgrading software with new
spent on visual analyzing the code), number of fixations, features, the source code has to be in a well
Pietionlaccade rato, uerage accads enlh 410 A€ readiable form, because it will shorten the time
and understanding of programs. needed to understand what is written.
Understanding the program code depends on
I INTRODUCTION many factors. The style of the code in the editor,
The technique of eye tracking allows you toin our case, how instructions are formated is just
measure the direction of the view (where viewed)one of those. The world's big software companies
and to move the eye relative to the headhave their own writing style recommendations.
Researches related to eye tracking began at thddherence to these recommendations means
very beginning of the last century. Eye trackingwriting in a style that will enable the code to be
devices were then used primarily for medicalmore easily analysed and understood [13]. These
purposes. The development of informationrecommendations are not standards and vary from
communication technologies enable this type ofcompany to company. A description of how to use
measurement to be carried out outside thendent lines or how many empty spaces to be at
laboratory premises [1-6]. The development of thethe beginning of a line is different. For example,
technology has also contributed to measuringMicrosoft's  recommendations  for  writing
these devices seamlessly and does not bother thgogramming code in C# state that one tab (8
user. Data collected in this way from the person isspaces) is used for indentation, while others
often better quality than, for example, from arecommend using at from 2 to 8 spaces for
questionnaire. Results such as where the person igdentation. The code readability importance is
looking, how long it retains its view of an item, highlited in the software's developing phase, when
the speed of change in fixing eye from one item tonany integrated development environments (IDE)
another begins to apply in other areas, such as igontain an option for formating the code, for
marketing, in application and software example: adjust alignment, comments, and/or
ergonomics, in product development. and ofparentheses that indicate a block. For Linux, there
course in the use of assistive technologies, whiclis an Indent application which can format the
deal with the development of aid for the blind andsource code in many ways, all in order to make it
the low-sighted. [7-11] easier to read [14]. The following diagram (Fig. 1)
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shows the result of a query of how empty places aesearch to use a code that contained only a
user leaves at the beginning of line [15]: minimum number of brackets.

Il THE RESEARCH

The research was conducted in the winter
semester of 2021/22 school year at Subotica Tech
College of Applied Sciences in Subotica. Ten
students from Informatics study programme
participated in the survey. Those students from the
second and third year of study had sufficient
knowledge and programming skills from the C

Fig. 1. Indent query result language to participate in the research.

In this paper, the authors explore how Assumption in this research is that easy to read
readability and understanding code are influenceadtode can be understand more easily and quickly,
by indentation of lines in cases where instructionsand also, the programming code with minor line
belonging to the block are written. The researchindentations, would be harder to read and
guestion can be defined as: Is there a relatiomnderstand. Short segments of the program code
between code readibility and how fast and easyvere used to prove the assumption. The students
the code is understand. The block is one part oheeded to understood the code segments and to
the code, which contains instructions that aregave answer what will appear on the output after
grouped based on the task's algorithm. Blocks arprogram execution. Eight tasks/code segmenst
also used to define body of the function andwere written for the research. The tasks contained
control structures (cycles and conditions). All algorithms with conditions, cycles, array
instructions in the block move/indent to the right functions, and so on. Two more sets of code
and in this way visually emphasize that thesesegments were made from the origional 8
instructions are related. Next figure (Fig. 2) questions. Two set contains almost same
presents the same program code with differentjuestions. Small changes were made on the
indents (left with no indention, right with 4 original questions, for example, the differnet
spaces): initialization values were used, and where it was

possible the conditions were changed. Such
similar code segments from two sets are displayed
in the previous picture (Fig. 2). In this way the
tasks have the same logic, same algorithm but
different execution result. This allowed the
comparison of how one student handles "same"
three tasks and to analyze if the used style have
impact on the readibility and understanding of the
source code. To summarize: three set of eight
guestions was used. Each set contained tasks with
the same algorithm, but different indents were
used for the writing style. In the first set of tasks,
an eight space indent was used, in the second only
one, while in the third set of tasks no indent was
applied.

Fig. 2. Program codes written in different indentityles During the measurement, each student was
supposed to solve 8 tasks from each set. At first
It must be emphasized that the indent, that isgccasion he/she got questions from the first set,
the number of empty spaces at the beginning ohext week from the second set and finally, after
the line is also related to the position of gne more week from the third set. A week
parentheses that indicate the beginning and end @fetween the two measurements was enough to
the block. Including this parameter in the researcrkeep students from remembering the previous
would make it impossible to unequivocally measurement or how a task was being solved.
display the impact of the alignment from the pecause of the different initial values of variables

measurement results. This was the reason for thg the program, the results for the same algorithm
were different, reducing the impact of previous
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measurements on the current one, because tlgata, will not be presented in this paper. Because
program code had to be re-analyzed. The way thef measured data (see below), the relation of the

student analyzed the code was tracked with theised indents and the accuracy of the response the
Gazepoint G3 device. It's an eye movementstudent gave will be discussed in some other

tracking device (Fig. 3.) The Ogama|16] softwareresearch.

package was used to process and visualize data. Before presenting the results, the following

two expressions is need to be defined (Fig 4):

x Fixation is where the eye is directed at a specific
target.

X Saccade is the movement of the eyes from one
target to another.

Fig. 3. Gazepoint G3 eye tracking device [17]

The measurement method was rolled out in the
following steps: Fig. 4. Saccade and fixation

x The students sat in front of the monitor on which

the Gazepoint device was mounted. Duration in milliseconds

The measured data in the case of student (with
x For each student, a calibration device was|p 4) does not indicate that the code without
ggg&g‘:gs (tgss?g?:)e the measured data apgentation was viewed longer than the one that

P ' had spaces and was readable with it. The

x With the Ogama software package, the studenfollowing diagram shows the time a student spent
was alternately shown tasks. on assignments.

x By looking at the code on the computer screen,
the student tried to understand the algorithm anc 1°0000
answer what the result of the execution was. The
analysis and understanding of the code was don: 100000
in the head.

X After the task was resolved and answered, the 50000

student was given the next task. 0 I- II Il I| II I‘ “ II
1 2 3 4 5 6 7 8

x The measurement was done when the studer
answered all eight questions written in the same
style. ENSP mONE_SPm ONE_TAB

X While observing the code, the device recorded
eye movement data. Fig. 5. Duration in miliseconds

One measurement referred to eight questions The vertical axis is time in milliseconds, the
whose style was the same. The procedure anborizontal axis refers to the ta§k number.

method of measurement were the same in all thre@bbreviation meaning: NSP - no spaces,
sets of tasks. ONE_SP-1 space, ONE_TAB 4 empty spaces.
IV. RESEARCHRESULTS Number of fixations

Measuring the number of points on screen

roaram code. the followin arameters Were(code) where student saw some inforamtion
prog . ’ : ng par: indicates that the code without space was "viewed
measured: the duration in milliseconds, the

o _differently.” The number of fixations in poorly
number of fixations, the average saccade Iength.'?eadable code was in many cases lower than in a

p!xels and the average saccade velocity " rogram code that contained spaces and was
pixel/sec. Because the goal was to compare |$ :
: . Teadable (Fig. 6).
there any impact of the styles for a person, this
section presents data comparation done for one
student. In the research process his ID was 4. A
detailed analysis of other students eye movements

data and theire comparison with the other students'

While the student visualy analyzed the
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400 Average saccade velocity
The following figure shows the average rate of
300 change of focus. The speed of change is, in most

cases, lower when the student was looking at the

200 code with fewer indents.

10

o

o

‘I II ‘I || 1 “ Il I
1 2 3 4 5 6 7 8

= NSP mONE_SPm ONE_TAB

S B N W

1 2 3 4 5 6 7 8

ENSP mONE_SPm ONE_TAB

Fig. 6. Number of fixations

Interesting data is that there is a correlation
between the number of fixations and the length of
viewing (Fig. 7 and Fig. 8).

Fig. 10. Average saccade velocity in pixels/sec

V. CONCLUSION

120000 The work presents research aimed to
100000 determining whether the readability of the
80000 program code is influenced by the use of different
60000 AN indent values. Literature[18][19] states that it is
40000 very important that the code be easy to read and
20000 that there are various recommendations on how to
0 use code indentation. However, no exact and
12 3 4 5 6 7 8 proven rules exist which is an optimal value to
——NSP ——ONE_SP ONE_TAB use, only recommendations that the number of

i Q G H sgpa¢ds\should be between 2 and 8 spaces.
A fewer space means densely written code, while
for example with four spaces, visibility increases.
Using multiple spaces also has its drawbacks: The

Fig. 7. Duration time in milliseconds

400 ) .
developer sees fewer code on its screen, which

300 again affects efficiency.
200 ‘\ Using an eye movement measurement device,
100 \ data was collected about how a student visualy
0 analyzes the source code and tries to understand

1 2 3 4 5 6 7 8 the implemented algorithm. Data from eye
movement and data on whether the student has
correctly solved the task or not may indicate the
validity of the assumption that denser program
code, with fewer indent gaps is being harder to
Average saccade length read, and that will also affect the number of

The assumption that when using multiple correct responses of the implemented algorithm.

spaces, the average length of the saccades will be Thjs paper presents diagrams that apply only to
more has not been proven. one student. Data for that student could not prove
any of the earlier defined assumptions. Lets
summarize some of the results:

e NSP e ONE_SP ONE_TAB

Fig. 8. Number of fixations

150

100 x Duration data suggests that it is easier to
50 read code that is densely written (Fig 5).
I I I II I Which is the opposite of what's expected.
0 L
1 2 3 4 5 6 7 8 x The number of fixations also does not
suggest that the multi-space indent code
= NSP mONE_SPm ONE_TAB easier to read (Fig. 6). The first three tasks

showed that the code with the most spaces
Fig. 9. The average saccade length in pixels had the most points of interest, that is, as if
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the student needed more visual analysis of

With these impovements the research could

the code to understand the task, despite ofocus only on factors that affect how the
assumption that this style is the mostprogramming code is read.

readable.

The assumption was that the average length
of the saccade will be shorter at the denser
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The average speed of the saccade is th
only measured data that supports one of the
assumptions (Fig. 10). The data suggests
that in most densely written code, the ratepy;
of eye change is lower. That's logical

because objects of interest are close to each
other. 2

Data from eye tracking device and the use of
spaces for indents could not be examined with the
efficiancy of understanding the code. The next
table (Table 2) shows percentage of correct®!
answers for all students.

[4]
TABLE 2. PERCENTAGE OF CORRECT ANSWERS
[5]
Ql|Q2/ Q3| Q4 | Q5| Q6| Q7 | Q8
NSP | 33%| 33%| 22%| 89%| 0%| 33%| 89%| 67%
ONE_| 6]
SP 0%| 0%| 33%| 100%| 0%| 0%| 100%| 78%
ONE_|
TAB | 44%| 11%| 0% 0%)| 78%| 22%| 33%| 100%| [7]

Some of the reasons for the poor results may
be that the tasks in C language were too difficult
for most students and also solving tasks in thds]
head made problems for most. The Table
suggests that the percentage of correct solution
for the first three tasks is very low. The
complexity of the algorithm probably influenced [10]
efficiancy. There is also a very high level of
inconsistency in solving Q4 and Q5 tasks.[iy
Changing the style of the code and the initial

9

YDOXHV RI VRPH YDULDEOHV ERSEHGNS 3 e PR,

situation that in one case everybody knows the
correct solution an in the other case nobody knows
it. Further research is planned to detect reasons for
this inconsistency and poor results. Authors plangi2]
to:

x Fewer the number of questions. It would [13]
reduce the time of measurement and load of
students. In the current study, one .,
measurement with eight tasks lasted an
average of 10 minutes. [15]

Using easier and more general questions,
without specific C language elements, sol16]
the student could focus only on the

understanding of the algorithm. (17

fcademy of Sciences via DOMUS scholarship.
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Abstract =This paper aims to show all aspects of the
authority of informatics teachers - what it is based on, II. THE CONCEPT OF AUTHORITY
how much it is represented, and what is the Authority implies the expression of respect and
retzleglor:shlev'tﬁetvyteen 'nfo[]mat'cs tegc;erst "f{‘r?d appreciation of the one who, with his knowledge,
oot e e e asaesamn of onds man DERaVr, abls,  experience, and - posiion,
authority and work style of computer science . L _Q Q
teachers. most preschool and other educational institutions
need this way of working. "The principle of
I INTRODUCTION authority is based on its voluntary acceptance,

: L _ without external impact.” [1]
The issue of authority is a topic that has always 11 concept of authority is very close to the

been discussed among teachers, students, afghcent of power and they are often used in the
parents. The relationship towards authority igame context. Power is the ability to influence other
created in the family, after which the chlld goes '[_(Eeople, such as changing their opinions, thinking,
school, where he transfers the previously buillyyiyges, and behavior. However, authority can be
relationship towards auth_orlty to the teachersyqafined as a way of using power.
teachers, pedagogue and director. _ The authority of a certain person is created
In recent years, one gets the impression thfaseq on his knowledge, his abiliies and his
teachers are losing their authority and that, due 9 qional maturity. Also, the ability to build quality
numerous social changes, it is increasingly d'ff'CUIFeIationships of mutual respect and positive
to establish and maintain authority in teaching. The 4 .ence on other people is extremely important.

starting point is that every authority in the school issgch teacher is an individual for himself and
there to be questioned and none of them must l?ﬁganizes his or work in his own way.

untouchable. _ _ Setting boundaries and authority at an early age
The informatics teacher has an important role ifg necessary for the child's psychophysical

the implementation of quality education fopused ORevelopment. Discipline is the first step that leads a
thg child, where gducatlon uses the_potentlal of eacthiid on the fight path to build good relationships
child to the maximum extent possible to prepargih neople around him. The goal of discipline is for
him for life and work in modern society. The chigren to understand their behavior, take initiative,
teacher is expected to be a moderator of learning, f.come responsible and respect themselves and

direct and guide students through the leamingiers |n doing so, the teacher should assume the
process,motivate and encourage them to persevgi§a of 5 guide, not an imposing authority.
in their work. The relationship between student and ’

teacher becomes cooperative, where both sides try || AUTHORITY BASED ON FEAR
to achieve the common goal - knowledge - in the

They most often recognize their Computepbedience in Children, which is based on the fear of

science teacher as someone close to them, beca@s@ishment and the consequences that follow if the
the profession of computer science teacher is closefjlild behaves in a way that is not in accordance with
related to the interests of students growing up in thée teacher's expectations.” [2] Authority based on
digital age. In informatics classes, teachers ant@ar implies that being good means being obedient,
students increase creativity and the possibilities gind only what authority dictates is right. What the

learning based on real projects that have led to tHgacher rewards is good, and what the teacher

understanding of the subject being simpler and morunishes is bad.
applicable in practical conditions. The relationship between teacher and student

Effective use of authority requires the boils down to the control of students by the teacher.
development and cultivation of one's own style. ~ The teacher punishes or rewards a student who is
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passive to develop obedience and responsibilitrthey recognize every assignment of responsibility
The teacher clearly defines the rules and th® a student as a privilege and a chance to prove
sanctions that follow for non-compliance with thosethemselves. Students' feeling that they have control
rules. Punishing as well as rewarding is a form o&nd choice over what happens in class is one of the
social control. In this context, socialization can béest ways to keep them engaged.
defined as the acceptance and adherence to norms Building a good relationship with the teacher in
and standards that apply in society, then it is cleatudents increases positive emotions towards the
that social control is necessary to ensure thgiven subject, and makes the atmosphere in the class
applicability of norms and standards. pleasant.

A computer science teacher who bases his
authority on fear gives orders to students, expecting V. WORK STYLES OF COMPUTER
them to obey them without asking unnecessary SCIENCE TEACHERS
guestions. They believe that students should do what
they are told, without asking for an explanation. Intea
these situations, they use punishments such
additional tasks, test or oral answer, homework ?g

Work styles can be defined as a way of
ching. According to the behaviorist approach,
dership is understood as a form of managing
eople's behavior. The teacher becomes a leader - a
erson who creates goals and strategies for their
the students. achievement. Work style can also be defined as how

The problem with using this authority is that The relationship between teacher and student is
weakens over time: as students grow up, the

q q1 dl the teacher’ q ¥s§ablished. What can be said based on practical
epend 1ess and [ess on the teachers rewards ations is that no style exists in its "pure" form,
punishments, i.e. the teacher has less and le

ilabl q h which h tivat dcause each style of work depends on numerous
available rewards with which ne can motivate, ubjective and objective factors. Each teacher is a
students, and less and less punishments with whi

> N \ rsonality of his own and has his own specific set
he can intimidate them.' [4] This has become eve f behavior in different situations in the class. In the
more pronounced with the development o

. " literature of numerous authors, the following work
technology and the transition from a traditional g

oty 1 q h the student is ol styles are most often mentioned:
society to a modern one, where the student is placed’ i, . itative work style

at the center of the teaching process. f DXWKRULWDULDQ ZRUN VW\OH
¥F LQGLIIHUHQW ZRUN VW\OH
V. AUTHORITY BASED ON RESPECT "Authoritative teaching management style
"Supportive authority values and developsmplies that the teacher helps establish rules within
children's independence, responsibility and criticalhe group, i.e. the teacher as a leader involves
attitude towards reality. It is an authority that fosterstudents in establishing rules and is ready to discuss
freedom of choice and self-discipline, i.e. developshe rules." [3] Based on this, we can conclude that
internal motivation in children and internal locus ofdecision-making in the classroom is participatory
control." [2] and decentralized. The teacher encourages creativity
Supporting authority can be described by thend innovation in students. The basis of this style is
statement - the child does not do what he wants,thieterpersonal relationships, that is, the relationships
child wants what he does. This means that ththat exist in the classroom. A teacher who has this
teacher managed to awaken intrinsic motivation istyle of work knows each of his students well and
the students. Teachers' readiness for new challengests high demands accordingly, because he believes
creativity, curiosity and imagination trigger intrinsicin them and that they can achieve them. He is
motivation in students. always happy to communicate with students and
The teacher has the ability to control therespects the opinion of each student.
conditions and the environment and thus defines the "The authoritarian work style of the teacher
framework of permissible behavior within which implies that the teacher sets firm rules and standards
children are allowed to choose and be responsibbnd does not want to negotiate with the students
for the consequences of their choices. Arabout the same." [3] There is order, work and
informatics teacher who allows a student to chooseéliscipline in the classrooms, without deviation from
for example, the tasks they will solve, the project#t. These teachers have a firm authority among the
they will be involved in, when he creates problenchildren, but due to the absence of warmth and
situations that students need to solve, theicloseness, this approach is similar to the military.
involvement in the teaching itself will be greater.The class is controlled, and the teaching is

refusal to repeat or further explain the material t
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determined by strict rules of behavior that all f Supporting the development of the student's
students must respect. Consequences and penalties personality
are known if the rules are not followed.
Communication between teachers and children is
one-way: order - execution.

"The spontaneous or indifferent style does not  VIl. THE CRISIS OF THE TEACHER
establish or maintain rules, it does not set any AUTHORITY

boundaries or goals." [3] Students have freedom in The problem of modern society is the crisis of

their behavior. The teacher is very tolerant, does n@he 4thority of both teachers and other roles, which
interfere in matters related to students unless it closely related to the change in the system of

necessary and does not take the initiative. This sty lues and morality. In the past, in less developed

of work rarely occurs in continuing practice, only oo cieties authority was clear - it was a person who
certain elements are present to a lesser extent. ha%
g

¥ Communication and cooperation” [4]

h o f 4 in indecisi od out for his qualities, experience and abilities to
characteristics are reflected in indecisiveness angyanize society and all activities in it well.
decision-making under pressure.

Some of the possible reasons for the teacher's
authority crisis are:
VI. THE NEW ROLE OF THE TEACHER f &KDQJLQJ WKH Z&@edKLOGUHQ DUH
The computer science teacher is the mos# &ULVLV RI VRFLDO YDOXHV
responsible person for providing a stimulating Until they start school, the main role in the
environment that will enable all students to learrducation of children is played by parents, later that
faster and easier with the use of new technologie&0!€ is also taken over by teachers. The problem
The dynamic development of information &ises when parents consciously or unconsciously
technologies fundamentally changes the entir8ive up their authority. That it later affects th_e child
educational system, and therefore the role o#ho goes to school, where rules of behavior and
teachers. New technologies require a new role fguthorities are imposed on him, which he must
the teacher, new pedagogical methods and a ng\@,_spect, and before that hg did not_ encounter it. In
approach to teacher professional development. ~ this way, parents deprived children of the
The new role of the teacher is to be the student@PPortunity to build a proper relationship with
guide through the learning process, not his onl@uthorities. _ _
source of knowledge. The traditional teaching role ~ The crisis of authority arises because of a
in which the teacher relies on stating the facts thdifoken system of values in society. In the social
the students need to remember is increasing§ense, social value is reduced to an indicator of what
suppressed, and the teacher becomes the organiferdesirable and acceptable for a certain social
of independent learning. A teacher must be &nvironment. Values are always re-examined and
versatile person, at the same time he is a studenif¥ir expression carries with it a certain amount of
teacher and friend. The student is recognized as &Rnflict in relationships between individuals.
active researcher who comes to his knowledg&ociologists and pedagogues agree that the value
through his research and activity. The teacher mu§ystem of young people is broken. The philosophy
be open to cooperation and be ready to understaffi Young people is dominated by hedonism and a
and help the student who is now at the center of tH@€at desire to succeed with as little effort as
teaching process. The goal is no longer to teach ti9ssible. From an early age, they start looking for
student, but to teach him how to learn. The teacheghortcuts” that will make it easier for them to do
must introduce new methods, teaching aids anieir schoolwork, for example, they don't read
forms of work into his work, which will constantly t€xtbooks, but look for paraphrased versions on the
increase the innovation of teaching. Internet. Because of such values, sometimes people
Teacher competencies refer to the knowledgeire not sure whether authority is something good or
abilities, skills, attitudes and principles of bad.

professional ethics that are necessary for the
implementation of teaching in  schools. VIIl. SUBJECT AND IMPORTANCE OF

"Competences of informatics teachers refer to: RESEARCH
+ Teaching area, subject and teaching The subject of research in this work is the self-
methodology assessment of one's own authority and work style of
+ Teaching and learning computer science teachers. Bearing in mind that

teacher's authority has been one of the most
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important pedagogical topics since ancient times, least extent. The same hypothesis was proven in the
is important to determine what form of teacher'sesearch that was the basis of this one - "The results
authority is present in schools. Previously, not muckhowed that teachers assess their style to the greatest
research has been conducted that deals with teacleettent as authoritative (M = 4,127), and to a lesser
authority and has mostly dealt with teacher authoritgxtent as authoritarian (M = 2,842) and permissive
from the perspective of students. Within this(M = 2,552). " [5]

research, the emphasis is on teachers and their

assessment of authority and their own work stylelable 1. Computer science teacher work style
Informatics teacher is a relatively recent occupatign, Work style N M SD
so not all aspects that make it up have beerauthoritarian 111 3,207 0,106
sufficiently examined. authoritative 111 4,234 0,142
Although current, this phenomenon has npt jndifferent 111 2,504 0,105

been sufficiently examined, especially when it
comes to Serbia and the region. The available The hypothesis turned out to be correct, because this
information is linked to certain portal and scientificstyle combines firm control and emotional warmth and
works. therefore turned out to be the most effective work style.
The research that was carried out as part of thisuch teachers have firm control over undesirable forms of
master's thesis is based on the research carried gghavior in students, and on the other hand, they give
DV SDUW RI 0DULM D -aska<sirierit of th@@Rl er@qﬂp@i support they need. Students who have

teachers on work stvles and authoritv. With thissuch teachers display traits such as self-confidence, self-
y Y. control, and responsibility.

quk, it was made specific to_teachers Of_ computer Graph number 1 shows the correlation between the
science. The importance of this research is reflected;ihoritarian work style of computer science teachers and
in the fact that information will be obtained aboutineir age (older than 41).

the work style of computer science teachers,

potential shortcomings will be observed and

important conclusions will be drawn regarding the

relationship between teachers and students.

IX. SAMPLE OF RESEARCH

The rese_ar'ch was conducted on' a ConVememFigure 1. Attitude towards authoritarian style based on
sample consisting of 111 computer science teachers their age (older teachers)

in the territory of the Republic of Serbia, 64% (71)  out of a total of 45 correlations shown, 44 are
are women, while 36% (40) are men. Allpositive and one is negative. On the diagram, it can be
respondents answered all questions. seen that the largest number of correlations is weak. There
The largest number of respondents, half ofre 4 moderate positive correlations (0.40, 0.75). There are
them, 49.5% (55), are between 41 and 50 years ol#0 weak positive correlations (0.00, 0.40). There are 1
23.4% (26) of respondents are between 51 and @@ak negative correlations. o
years old, 22.5% (25) are between 31 and 40 yeays . The largest negative Pearson coeff|C|ent is -0.14 and
old, 3.6% (4) are between 20 and 30 years old arlpdicates a weak negative correlation between the
the smallest percentage is 0.9% (1) is more than tement that the teacher does not allow students to

Id. Wh " i f . thg estion his decisions and that most problems in the
years old. en It comes 10 years ol service, chool would be solved if teachers were stricter with

largest number of respondents are between 15 a@fldents when problematic behaviors appear in class.
25 years old, 44.1% (49), 27.9% (31) have between Graph number 2 shows the correlation between the

5 and 15 years, 16.2% (18) less than 5 years am@thoritarian work style of computer science teachers and
11.7% (13) more than 25 years of service. 63.1%heir age (younger than 41).

(70) of respondents work in primary school. 29.7%

(33) of respondents work in high school, while 7.2%

(8) of respondents work in both schools.

X.  RESEARCH RESULTS

Based on th@btainedresults, we can conclude that
teachers assess their work style as authoritative (M=4,234)

and authoritarian (M= 3,207) to the greatest extent, while Figure 2. Attitude towards authoritarian style based on
they assess their work as permissive (M=2,504) to the their age (younger teachers)



International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Out of a total of 45 correlations shown, 40 arethe student.
positive and 5 are negative. The largest number of
correlations is moderate or weak. There are 16 positive X|. CONCLUSION
moderate correlations (0.40, 0.75). There are 34 weak .
positive correlations (0.00, 0.40). There are 5 weak From the perspective of developmental psychology,
negative correlations. obedience to authority is a moment in the developmental

The largest negative Pearson's coefficient is _0.1/path that is present in every individual. The new role of
and indicates a weak negative correlation between tHB€ teacher requires a different relationship between the
claims that the teacher leads all the activities in the clasiudent and the teacher, which leads to the teacher
and presents arguments, and that most of the problems‘ifgndering in the path of finding the best way to respond

the school would be solved if the teachers were strictdP the needs of the students.

with the students when problematic problems appear
behavior in class.

Based on the presented correlation diagrams, we ¢
see that there are more moderate correlations amo

Further research could be based on the research of

other factors that directly or indirectly influence the
deacher's authority, which are theoretically described in
is work. It is important to continue to examine why it

younger teachers than among older teachers. OIdEFEMS that the authority of teachers has been increasingly

teachers have a higher number of weak correlations, whil

gst over the years. In future research, it is necessary to

unlike younger teachers, there is only one negativiiclude technology and its aspects of action on the

correlation. Authoritarian leadership style is often
associated with traditional teaching, so it is assumed that
older teachers will assess that they use an authoritarig
style of work in their work to a greater extent than
younger teachers.

Table number 2 shows the foundations of thé?
authority of informatics teachers.

Table 2. Foundations of the authority (3]
foundations of the f %
authority
power 0 0 4]
knowledge 27 24,3 ’
personality traits 18 16,2
good relationship 66 59,5 5]
Ukupno 111 100

Based on the obtained results, the hypothesis that
teachers primarily base their authority on subject
knowledge turned out to be incorrect. More than half of
the respondents (59.5%) believe that the teacher's
authority is primarily based on a quality relationship with

teaching process and the role of the teacher.
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Abstract - The subject of the research is training students
with new mathematical content using Smart Educational
Technologies (SET). Specifically, the research presented
in the paper deals with the analysis of students'
satisfaction with the mathematical content prepared in
the GeoGebra software. During the lesson, the teacher
uses SET as GeoGebru/HotPotatoes software and online
tests while teaching and checking students' knowledge.
This approach to teaching aims to increase the activity
and engagement of students, but also to raise the teaching
process to a higher level of efficiency, as well as to
motivate students for independent learning. The public
opinion of students about satisfaction with mathematical
teaching content in the GeoGebra software was examined
by means of a survey questionnaire. The questions of the
survey questionnaire with the analysis and discussion of
the results are presented in the paper.

. INTRODUCTION
Since Information and Communication

application of ICT as a segment of SET, in
mathematics visualization skills and mathematics
teacher education programs, is significant [4]. The
survey guestionnaire included a set of questions
that show students' satisfaction with the use of
ICT in teaching mathematics. With a
guestionnaire, students expressed their individual
attitudes towards the use of ICT in teaching
mathematics. We note that the way in which the
learning process was organized encouraged
students to use software packages to solve
problems related to mathematics.

Il.  APPLICATION OF SMART
EDUCATIONAL TECHNOLOGIESIN
LEARNING MATHEMATICS

Mathematics is one of the subjects that students
education.

Technologies (ICT) are increasingly used incannot avoid during university
education, it is necessary to adapt the teachindg herefore, teaching mathematical knowledge and
process to it. The application of Educational skills should be carried out using multiple
Technologies (ET) in the teaching of mathematicsteaching strategies to optimize the learning
can be very useful in explaining mathematical process and increase student motivation [5]. The
ideas, abstract concepts and evaluating knowledgeaim of this study is to use GeoGebra software as a
Smart Educational Technologies (SET) provide SET. GeoGebra software was chosen because of
teachers with various software packages andhe accessible way of presenting mathematical
technologies to facilitate their teaching [1]. An teaching content: graphic, algebraic and tabular
important role of SETs is that they enable thepresentation. The ways of representing
connection between graphic presentation andmathematical teaching content are dynamically
certain conditions, so that students can develodinked and automatically adapt to any change that
their knowledge [2, 3]. occurs in any content representation, regardless of
This study deals with the identification of how the teaching content was created. The power
students' satisfaction with the presented teachingf visualization can be used as a tool to develop
content by mathematics teachers trained to usthe theoretical meaning of mathematical teaching
SET. The mathematics teacher training projeciconcepts. GeoGebra software is convenient to use
called "E Mathematics Classroom" was because it can be installed on a computer, or used
implemented by the Pedagogical Institute of thein online mode [6].
Republic of Srpska, involving mathematics GeoGebra's CAS (Computer Algebra System)
teachers in the Doboj Region, Bosnia andview allows users to work with algebraic
Herzegovina, in 2017. Mathematics teachers whexpressions, functions, equations, matrices,
participated in the project presented the sameéumbers, and data sets [7].
teaching content to the students, in the classic way The GeoGebra CAS view allows solving
and online in the educational software GeoGebragequations, factoring polynomials, differential and
In order to evaluate students' satisfaction withintegral calculus [8]. This GeoGebra option allows
teaching concepts with/without the use of SET, ausers to quickly find a solution to a problem or to
survey was conducted among students. Theheck an existing solution.
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lll.  LEARNING MATHEMATICAL CONTENTS  Question 1. Do you think that computers are
USING GEOGEBRASOFTWARE necessary in learning mathematical content?

Mathematical teaching content in GeoGebra

software is interesting because it assesses the lev
and method of application and the unique
characteristics of teaching mathematics and
informatics with the aim of improving the general
context of learning and improving students' ICT NO
competences, i.e. it uses the advantages of thi
teaching system compared to the traditional YES
system [9]. GeoGebra is a mathematical software
that successfully connects geometry, algebra 0 5 10 15
analysis and other areas of mathematics [10, 11].
It is suitable for presentation and better
understanding of mathematical content [12]. Most of the respondents, 54.5% of them,
GeoGebra has three ways of representinganswered "YES", 36.4% said that computers are
mathematical objects: graphical, algebraic andneeded for entertainment "PARTIALLY", and
tabular [13, 14]. All three ways of representing an 9.1% answered "NO", Figure 1.
object are dynamically linked and automatically Question 2 Are you satisfied with the
adapt to any change that occurs in anymathematical teaching contents in which the
representation, regardless of how the object wagseoGebra software and online tests were used?
created. The power of visualization can be used a
a tool to develop the theoretical meaning of
geometric concepts. GeoGebra can be installed o
a computer, or it can be used in online mode [15].
Using GeoGebra software teaching and evaluatior PARTIALLY
processes, in addition to mathematical knowledge
they include students' ICT knowledge and skills
[16].

IV. RESULTSAND DISCUSSIONE

The purpose of this research is to analyse
students' satisfaction with mathematical content Figure 2.Student answers to Question 2
repared in the GeoGebra software, i.e. using SET . , .
prep g It is obvious that the students liked the

in  mathemati I ns. The r rch w . )
athematics lessons © researc a%eac:hlng content prepared in the GeoGebra

conducted at the University of East Sarajevo, 0
teaching content of the Mathematics | curriculum, software. Out of 22 StUdentS’. 86.4% gave the
g answer "YES", 13.6% said they were

academic year 2019/20. 22 first-year students; ; L .
participated in the research. PARTIALLY" satisfied, not a single student

The survey was conducted as follows: expressed dissatisfaction with the teaching content
f Students attending the Mathematics | in GeoGebra software, Figure 2.

curriculum were selected for the public Question 3.1s your motivation higher when you
opinion survey learn through the teaching contents prepared in

22 students participated in the survey. GeoGebra software?
The survey contains 8 questions, and the Question 3

respondents had the opportunity to fill out
the questionnaires by answering the

Question 1

PARTIALLY

Figure 1.Student answers to Question 1

Question 2

NO
YES

0 5 10 15 20

~h —~h

) ) : PARTIALLY
guestions in online form.

f Students had 10 minutes to answer the NO
guestions individually.

f The survey was anonymous. VES

After the survey was conducted, the answers
were analysed and presented in percentage 0 5 10 15

broken down by each question. _
Figure 3.Student answers to Question 3
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The majority of students, 59.1% of them, are _
more motivated to learn with the presented Question 6
teaching content. 31.8% said they were partially ,
more motivated. 9.1% of 22 students answerec 1,

"No", which means that the students are not g
particularly motivated by the offered teaching g

content, Figure 3. 6
Question 4.Do you like the features of GeoGebra 4
software? 2
0
Question 4 NA e on A e ul@®/ A oo e
active as on active than active than
the other on the other on the other
PARTIALLY classes of 0 e o 0O °¢ o
uszu 8] _
NO Figure 6.Student answers to Question 6

VES Majority of students, 63.3% of them,
DQVZHUHG 3, ZDV DYthErleMsse¢H DV |
RI PDWKHPIDWRFWKHP DQVZHUHG
more activH WKDQ RQ WKH BMVdHU FOI
Figure 4.Student answers to Question 4 WKHP DQVZHUHG 3, ZDW ttkeHVV DF

RWKHU ,FowesV HV’
GeoGebra WQUId gladly be used by 90.9% O.fQuestion 7. Did on-line tests help you in self-
the students, while 9.1% of them are not sure 'fevaluation of your knowledge?

they would like to do so, Figure 4.
Question 5. Would you be able to master

0 5 10 15 20

mathematical content better with the help of Question 7
GeoGebra software?
_ PARTIALLY
Question 5 NO
YES
PARTIALLY 0 5 10 15
NO Figure 7.Student answers to Question 7
VES 50.0% of the students think that on-line tests
are helpful in self-evaluation, while 31.8% of them
0 5 10 15 are not sure of it, and 18.2% of them don't agree

with the statement, Figure 7.

Figure 5.Student answers to Question 5 Question 8. Evaluate mathematical teaching

The most common answer is "YES", total of content in the GeoGebra software.

63.6%, while the rest of the students 36.4%

answered "PARTIALLY", Figure 5. Question 8
Question 6 Evaluate your activity during the
class! 20

10

0

AL o]l T8 IvIE o]l
13

Figure 8.Student answers to Question 8
AnswHU 3, OLNH LW" ZDV JLYHQ
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GRQYW OLNH LW" E\
neither like nor dislike if, Figure 8.

According to the results of the research, it is(g
noticeable that the students were satisfied with the
use of GeoGebra software when adopting new,
teaching content. Unofficially, the students
pointed out that this software was helpful in
acquiring new knowledge and deepening the old
ones in the field of Mathematics I. Also, the [®
students stated that they would like to continue
using this software in mathematics lessons.

DQ G

(6]
V. CONCLUSION

Based on the analysis of the results obtainedrn
from the research, we can conclude that students
are satisfied with the introduction of SET in the
Mathematics | curriculum (Figure 1, Figure 2, and
Figure 4). The use of SET
(GeoGebra/HotPotatoes) in mathematical teachin%]
content allows students to be more motivated to
participate in the teaching process, express their
views and suggestions for solving problems,
investigate, and gain confidence (Figure 3, Figurgig
6, Figure 7, and Figure 8).

Students adapt well to the teaching content OE
mathematics. Therefore, students discove
mathematical concepts and rules in them together
with the teacher, but also independentlyll2]
investigate certain properties (Figure 4, Figure 5,
Figure 6, Figure 7, and Figure 8).

With this approach to mathematical concepts,[13]
the teacher overcomes the limitations of classical
teaching. At the same time, the teacher is required
to have a creative and interesting approach to
teaching, and must design and adapt the,,
mathematical teaching content so that it best suits
the students. It is necessary to use performance
tasks as much as possible within the mathematiczﬂsl
teaching content, and to develop students' ability
to apply different techniques in solving these
tasks. GeoGebra as a SET enables the fulfillmeniS
of most of the goals set in modern mathematics
teaching, and it is easy to use for both teachers and
students.

Further research could be developed in the
direction of examining the achievements of
students within the framework of innovative
mathematical content.

11]

REFERENCES

Galimullina, Elvira, Elena Ljubimova, and Rinat Ibditul
"SMART education technologies in mathematics teacher
education-ways to integrate and progress that follows
integration." Open Learning: The Journal of Operst&ice and
e-Learning 35.1 (2020): 4-23.

(1

Tall, IRVO. \JAZ 341bi¢ql @ppreach to integratiomdathe
fundamental theorem." Mathematics teaching 113 (198%): 4

51.

Mautone, Patricia D., and Richard E. Mayer. "Sigmalas a
cognitive guide in multimedia learning." Journal ofiedtional
Psychology 93.2 (2001): 377.

Dockendorff, Monika, and Horacio Solar. "ICT intation in
mathematics initial teacher training and its impact on
visualization: the case of GeoGebra." Internationairdal of
Mathematical Education in Science and Technology 49.1
(2018): 66-84.

Taleb, Zahra, and Fatemeh Hassanzadeh. "Toward smart
school: A comparison between smart school and traditional
school for mathematics learning." Procedia-Social and
Behavioral Sciences 171 (2015): 90-95.

+RKHQZDUWHU F + RGdoQebia Uiwfhi) 3
a\Zgbqggh mimk]\Prevod3na srpski jezik Herceg D.,
+HUFHJ

Hohenwarter, Markus, and Zsolt Lavicza. "GeoGebts, i
community and future." Asian Technology Conference in
Mathematics. 2010.

Alves, Francisco Regis Vieira. "Viewing the Roots of
Polynomial Functions in Complex Variable: The Use of
Geogebra and the CAS Maple." Acta Didactica Napsiee6.4
(2013): 45-58.

0DQGLI -DX&HYDF * -RWDRWYMEHYLI %HEL
1 -H&ELU (GXFDWLR Q PXQ FMLRDWLRQ
Rl ,PSURYLQJ 6W XG téi@&¥.\Cfoatta JEuRER SH

(GXFDWLRQ
3), 61-74.

Nedic, D., Znak i monotonost funkcije, Internatio@@oGebra
Conference for Southeast Europe, str.#55, PMF Novi Sad,
2011.

$ULWRR.RYH G DiiHow to learn a linear function using
GeoGebramatematical softwareZbornik radova Konferencije
MIT 2013. str. 51-579UQMDp N B BgD- Q@ M D

Nedic, D., Examination of Functions in the GeoGelmagfRam
Package, X International Conference of Information
Technology and Development of Education ITRO 2019
Proceedings of papers, 9-11.

Nedic, D., -RWDQ®YL.WAELS
Calculating the Surface of a Flat figuspplication of the
Definite Integral in the GeoGebra Program Packagé, X
International Conference of Information Technologyd an
Development of Education ITRO 2020 Proceedings oemap
114-119.

] Nedic, D., Obrada eksponencijalne funkcije u problemskoj

nastavit PRGHO L QW H U D NOhra26@& tehixopobij@, M D
1/2011; UDC: 371.315, str. 786, Centar za obrazovnu
tehnologiju, Beograd (2011).

+RKHQZDUWHU F + RGdoQeba UiWfH{) 3
a\Zgbqggh mimk]\Prevod3na srpski jezik Herceg D.,
+HUFHJ

Jotanovic, G., Brtka, V., Jausevac, G., StjepanovicSfojcic,

M., (2017. December), Assessment Of Student Ict Compestenc

In Computer Science Courses, A Journal For Information
Technology, Educational Development And Teaching Mgsho

Of Technical And Natural Science, University of Ndsad
7THFKQLFDO )DFXOW\ 30LKDMOR QWSIRQ"
Teaching Methods of Science and Education Technpldgl

2, No. 7, 2017., ISSN 2217-7949 , UDC 371.26:378684,
Zrenjanin, Republic of Serbia, pp. 26-40.

+UYDWYV N Lrapovavije, 99 {p] BARGJIRM L R

DQG 3DXQRYL

=UHQM



International Conference on Information Technology and Development of EducationtITRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Using Educational Games for Learning Natural
Science

S. Koceski and N. Koceska

Faculty of Computer Science, University Goce Deld&Stip, Republic of North Macedonia
natasa.koceska@ugd.edu.mk; saso.koceski@ugd.edu.mk

Abstract *The intrinsic connection between play support educators in their day-to-day activities and
and technology is becoming increasingly significant make it easier for them to bond with young
in _early years education. This is especially true for generations [7]. Gen Alpha are digital natives that
children who be[ongs 'to the Generapon AlphaGen find gaming as an especially important part of
ggﬁgologgner:;'gn thsy gsree:lzly pé:‘sﬂc‘)’ne;iczee% 23:1 4 their identity. According to them, games can make

’ learning fun and provide them with educational

interactive education delivered through technology. . di h d d dl
Game-based learning offers a new way of learning, CONtént In-a medium they unaerstand and love.

which conforms to the habits and interests of Gen Game-based learning provides an opportunity for
Alpha. This paper provides an overview of a custom teachers and educators to incorporate active

developed educational game and its applicability in  learning into their lessonsSURPRWH VWXGFE
the teaching of natural science and also investigates interest and engagement, increase motivation, and
the outcomes obtained through game-based provide immediate feedback on performance [8].
learning, in primary school children. The fun of gameplay is a critical part of why this
method is so successful with children. According
to educators, games can help disguise the learning
of essential but challenging skills that kids might
otherwise resist.

However, game-based learning environment
do not set enjoyment and fun as its primary

have been many instances of technoIogy-baseObjeCtives’ but rather its environment includes
games used to engage students at various SI(ieducatlonal content in a challenging and enjoyable

levels (some popular examplesURP W K H way which promotes active I_earning. Educa_tional
include: Math Blaster, Spyro The Dragon, Carmendames are based on four main elements which are:
Sandiego, Civilization, RollerCoaster Tycoon, engagement, autonomy, mastery, and progression
SimCity etc.). The adoption of technology and its [91
proper use, especially in early childhood
education, is of global interest. We are living in an
age where the technology used represent ye
another environment in which children are
expected to learn. This is especially true for
children who belong to the Generation Alpha (Gen
Alpha) - a term coined by social researcher Mark
McCrindle [1].

Generation Alpha is composed of individuals
who were born at the crossover of Generation z
and the new age, or to put it in another way - thosi
born after 2010 [1]. In fact, their appearance
coincides with the launching of iPad and creation
of Instagram. The most important about this
generation is the digital environment they are
being born into.

Since technology is part of their everyday
lives, it is natural for them to learn through
technology [2, 3, 4, 5, 6]. The technology can

Keywords: game-based learning, educational games,
natural science

. INTRODUCTION

Technology use in education is not new. There

Engagement takes place when students are
actively involved in their learning. Sometimes
educators might think that students are engaged
because they are behaving well, however,
engagement is much more thgmassive student
participation. According to Schlechty, if the
student sees the activity as personally meaningful
and worthy of trying to get it right, it means that
the student is engaged [10]. Engagement is closely
related to motivation; higher motivation tends to
lead to higher engagement and vice versa.
Numerous studies have reported the increased
level of engagement when students were involved
in digital game-based learning [11, 12, 13, 14, 15],
DV ZHOO DV VWXGHQWVY KLJK PRV
educational games [16, 17, 18, 19, 20, 21].
Educational games allow player to be more
autonomous, to think critically, make decisions
and take appropriate actions, based on those
decisions. Mastery, as a characteristic in
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educational games, is the degree of repeatability Biology, physics, chemistry, geography, but
Rl SOD\HUVY VSHFLILF DFWLRalso ecology and environment are part of th@se
control of the game. And finally, progression, courses. Moreover, multiple reforms in the
refers to the reward players receive for theirprimary school are aimed at supporting the
success. It includes, levels, stars, points, badgeintegration of natural science and social science
etc., that create a high situational interest. In factwith the final goal to develop the required skillset
progression is the main motivation for players toduring primary school.

DFFRPSOLVK WKH JDPHfV JRDO VHowever, many analyses and studies fitem
same time [22]. both academia and business world show that there

In view of the variety of games, it becomes LV D KXJH GHFOLQH RI VWXGHQWYV

important to identify the effect of educational science subjects, absence of deep understanding,
games on learning outcomes. This paper providelack of capacity to apply the gained knowledge
an overview of a custom developed educationaand worrying apathy for studying natural sciences.
game and its applicability in natural science  Therefore, in addition to the reforms of the
teaching. It also explores learning outcomes in thecurriculum, mechanism for increasing children
game-based learning context. motivation becomes one of the biggest problems.
Motivation should be considered an intrinsic part
II.  NATURAL SCIENCEEDUCATION of learning and education. One of the key drivers
IN PRIMARY SCHOOL for increasing the children motivation are the
teachers. In this process they may use and rely on
Rapid technological development, scientific various tools. However, among variety of
advances and innovation on one side, as well aavailable education tools for increasing motivation
various socio-economic factors such as thefor learning natural sciences, digital tools with an
process of globalization, economic crisis, emphasis on educational games, are the most
permanent migrations, demands for skilled ancpreferred ones by Gen Alpha.
efficient workforce, on the other side have huge In this context, multiple education games have
influence in shaping and defining the basic set olbeen developed and integrated in the national
fundamental skills that the students need to havieducation platform called Eduino.
in order to be able to respond to the demands and EDUINO is a web-based collective platform,
be competitive on the market. Multiple scientific created using the design thinking methodology as
studies have been conducted in various countriewell as the principles of co-creation and collective
across the world and their conclusions have onection, involving more than 1200 teachers,
common denominator, namely they are evidencingeducators and parents (Figure 1).
that the skills in science, technology, engineering,  Although multiple scientific studies evidenced
and mathematics are of fundamental importance ithat game-based learning has the potential to
the 21" century. increase the learning motivation in primary school
Acknowledging the need for STEM (Science, children, this study aims to provide scientific
technology, engineering, and mathematics) skillsevidence that it is valid and applicable to natural
and recognizing its importance, leads to thescience education.
conclusion that development of these skillset To advocate that carefully tailored dedicated
should be stimulated since early childhood, and ileducation games could be an efficient tool for
should be an intrinsic part of the education systemenhancing the natural science learning, we have
Although children get aware of the nature andfollowed some basic game-based principles and
are capable to identify some phenomenon oicharacteristics. As an outcome of this process, a
distinguish between species, their knowledge EGHGLFDWHG HGXFDWLRQ JDPH
not exact and deep. Therefore, it may be usefuhunter” (Figure 2) for self-paced learning and
and beneficial to create dedicated pre-school, anevaluation of knowledge was developed. Later on,
later on in primary school, programs that will helpwe have evaluated its impact on the learning
in brothering their knowledge in natural science. process.
Currently, the primary education system in
Republic of North Macedonia, integrates the
natural science education fundamentals in several
subjects related to the development period of the
child and following the nine-year primary
education concept.

HQW
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Figure 1. Education games developed and hosted on the
EDUINO collective platform

natural science. Therefore, we have posed one
basic research question:

Does using game-based learning enhance
SULPDU\ HGXFDWLRQ Swt8relIOVY O
science?

We have tried to answer the question, using
the scores of each pupil in pre-test and post-test.
The scores were then normalized on the scale
from 0-100%. Obtained dataset was processed
using IBM SPSS Statistics Version 23 application.

No missing values, in both pre-test and post-
test scores, were found and therefore, responses
from all 32 pupils were taken into account. The
obtained results show that the scores for the pre-
test were varying in the range from 34 to 82, while
the mean value was 60 with a standard deviation
of 9.42. For the post-test the scores were varying
in the interval from 67 till 98, with a mean value
of 82.69 and standard deviation of 8.86.

The descriptive statistics of the obtained
results is reported in the Table 1.

As one may observe, there is significant shift
of the mean values between pre-test and post-test
scores. Moreover, this is valid also for the
minimum and maximum obtained scores. This
may lead to a conclusion that the game-based
learning has a positive impact and enhanced the
learning of the subject natural science.

Figure2. (GXFDWLRQ JDPH 3.QRZOHGJH KX
game-based learning of natural science

Il. METHODOLOGY AND RESULTS

The research was conducted in a primary
school in the capital of North Macedonia - Skopje.
32 pupils from 5th grade, at average age of 10.2
years were selected for this study. 16 of the pupils
included in the study were males, and 16 girls.
This study was conducted at the end of first
semester after the pupils were thought natural
science material foreseen for that semester.

The single group pre-test and post-test design
was used in this study. Pre-test and post-test were
executed before and after the use of educational
game. 3XSLOVY DFKLHYHPH@MhV Z
before and after the applied game-based learning
process. Assessment was done using dedicated
tests that were conducted to obtain pupils scores.

The main goal of our study was to reveal the
influence of game-based learning on learning

TABLE I. DESCRIPTIVE STATISTICS
PreTest PostTest

N Valid 32 32

Missing 0 0
Mean 61.5000 82.6875)
Std. Error of Mean 1.66438 1.56669
Median 60.0000 84.0000
Mode 60.00 79.00
Std. Deviation 9.41516 8.86253
Variance 88.645 78.544
Range 34.00 31.00
Minimum 48.00 67.00
Maximum 82.00 98.00
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Abstract +The paper shows the role and importance of x Commitment to continuous and systematic

the principles, subjects, and measures for quality work on improving the quality of study
assurance in the quality assurance system of a selected ; PRS-
higher school (college) of applied studies. Subjects have programs and the entire Institution;

Clearly defined Competencies, rights, and Obligations in X Quallty assurance measures:
the quality assurance system and are an important '

element for the realization of the set principles. Quality Quality assurance subjects and their rights
assurance measures can be external and internal. Strict and obligations in that procedure;
implementation of measures for quality control/assurance

x

enables the selected higher school (college) of applied X Areas of quality assurance;
studies to improve the quality of all segments of its work ) o
and move closer to EU quality standards. X Commitment to building a culture of
quality;
I.  INTRODUCTION This paper shows the role and importance of

which colleges (schools) of applied studies an uality assurance in the quality assurance system

academies of applied studies monitor and evaluat®’ he succetssful futﬂctlonmg IOf ]Ehe qlllla“ty f
existing conditions so that by applying certain aSSlI,!ra(.ante ds_ys em on the example of a college o
measures they can improve the quality of the?PP!€C StUTIES.

teaching process and extracurricular activities, that
is, the entire work. Il. GENERALPRINCIPLESOFQUALITY

. . . . ASSURANCE

Taking into account that quality assurance is . _
one of the key elements of the reform of applied To _achleve the set qual!ty .goalls, thrqugh
studies in the Republic of Serbia and theirStrategic docume_nts, the Institution |mperat|\(ely
integration into a unique European educationadefines the following general principles of quality,
space, the Law on Higher Education [1], as well agvhich support appropriate quality assurance
the following acts prescribed by the National Measures.
Council for Higher Education: Rulebook on  The general principles of quality assurance
standards and procedure for accreditation of studyhclude:
programs [2] and Rulebook on standards and , _ ,
procedure for accreditation of higher education Fulfillment —of = National regulations and
institutions [3]; higher education institutions of Standards in the field of accreditation and external
applied studies must have established andiuality control [1-4]. In this way, the unification of

implemented strategic and operational internal act§® quality of all institutions in the Republic of
in the field of quality assurance. Serbia is achieved, while reducing costs and

increasing the efficiency of studying. The above is

Internal legal acts in the field of quality realized through the process of self-evaluation [4].
assurance must define the following basic ] ) ) i
elements: Ensuring, evaluating, and constantly improving

quality is the task and responsibility of the
Institution's management, which is reflected in the
change of management style. In the quality

The quality assurance system is a system bc%oefined principles, subjects, and measures of
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control/improvement
involvement of students in defining/assessing the
guality and content of the teaching process and

process, the

given study conditions is very important [1,4].

. PRESENTATIONOFSUBJECTSN

QUALITY ASSURANCEON THE EXAMPLE

of

OFONEHIGH SCHOOLOFAPPLIED
STUDIES

Subjects and measures in quality assurance in
the selected example of a college of vocational
studies derive from the Rulebook on standards for
self-evaluation and assessment of quality assurance
institutions and study
programs [4] prescribed by the National Council
for Higher Education, the Strategy for Quality
Assurance of the Institution itself [5], as well as the

higher education

Statute of the Institution [6].

Subjects of quality assurance of the Institution's
work are all employees, all students, and all
professional bodies, as well as the Council of the

Institution [7].

Institution bodies that deal with quality

assurance are [7]:

X Quality Assurance Commission;
Council;

Director;

Teaching and professional council,
Collegium;

Teachers;

Associates;

Student services;

Non-teaching staff;

Students Parliament;

Students;

X X X X X X X X X X X

All parties who complete certain tasks in
the Institution.

All entities have a duty and obligation to

participate in quality assurance [7].

IV. PRESENTATIONOFQUALITY

ASSURANCEMEASURESON THE EXAMPLE

OFONEHIGH SCHOOLOFAPPLIED
STUDIES

Quality assurance measures include activities

that improve quality [7]:

active

X

Self-evaluation and assessment of the
quality of study programs and Institutions
by National standards, in three-year
intervals;

Respect and implementation of standards
and procedures for ensuring the quality of
study programs, teaching and working

conditions, as well as the criteria prescribed
in the general acts of the Institution, and

that, while creating a positive environment,

further development of study programs;

Continuous work of the Quality Assurance
Commission, for monitoring and quality
control of the Institution's work;

Compliance with the criteria for the
selection of teachers and fellows by the
Law on Higher Education and internal acts,

Permanent training of teaching staff and
ensuring the unity of educational and
professional work, the results of which are
used in the teaching process and future
accreditations;

Permanent investment in contemporary
literature, as well as the development of
electronic teaching materials;

Constant investment in the workspace,
audio-visual equipment, and provision of
free internet access to all employees and
students at the Institution;

Establishing cooperation with the National
Employment Service, employers, and
alumni students, to obtain feedback on the
quality of study programs, and

competencies acquired by graduate
students, but also on the application of
acquired knowledge in practice;

Provision of human resources, and
infrastructure for the collection and

processing of data important for the

analysis and assessment of quality and
degree of success in the achievement of set
goals and tasks;

Provision of working conditions for student
representatives in the process of evaluating
the teaching process and non-teaching
support;

Publication of quality evaluation results;

Provision of other conditions that promote
the organizational culture of quality in the
field of higher education.
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Quality assurance measures are specifically
defined for each of the quality assurance subjects
[7] and are prescribed by the Institution's Statute

[6].

This paper will give an overview of the
competencies of the Director as the management

body of the

Institution, selected professional

bodies of the Institution, and students.

A. Director

The Director of the Institution is responsible
for the legality of work and the successful
performance of the Institution's activities [6].

In addition to the duties established by law, the
Director performs the following duties:

X

X

Organizes and manages the overall
operations of the Institution;
Plans and organizes the implementation of

the study program;

It takes care of quality assurance and
improvement of educational work;

It takes care of the implementation of the
Institution's development plan;

Plans professional development of
employees;

It takes care of informing employees,

professional bodies, and managementg
bodies promptly about all issues of
interest to the work of the Institution and
its bodies;

Prepares, convenes, and manages the

sessions of the Teaching and Professiona}ou

Council;

Directs and coordinates the work of expert
bodies;

He regularly submits reports on his work
to the Council, at least twice during the
school year;

He signs diplomas, certificates, contracts,
and other acts related to business and
public documents;

Adopts general acts, if they are not within
the competence of the Council;

It takes care of the dedicated use of the
workspace;

He prepares the report for the
implementation of the expanded activity
of the Institution, by the law and the work
permit,

It takes care of the implementation of the
public bidding procedure and the
procedure of collecting written offers and
the documentation necessary for its

implementation, as well as the public
procurement procedure;

Represents the Institution;

Undertakes all legal actions in the name
and on behalf of the Institution;

Performs other tasks and is responsible for
their execution, by the law and general
acts of the Institution;

It appoints various commissions within its
jurisdiction;

Obtains from the competent authorities
the license for the operation of the
institution, amendments, and additions to
the license for the operation of the
Institution, certificates on the
accreditation of study programs and the
Institution;

He participates in the procedure and
coordinates the procedure of removing the
deficiencies mentioned in the findings of
the educational inspection and long
inspection bodies in the supervision
procedure;

Participates in and monitors the process of
creating documentation for accreditation.

. Quality Assurance Commission

The responsibilities of the Quality Assurance
Commission are regulated by the Statute [6] of the
Institution [7].

The quality assurance committee has the
owing responsibilities [6]:

It works on monitoring and ensuring the
guality of study programs, teaching, and
working conditions;

Makes suggestions for improving and
developing the quality of study programs,
teaching, and working conditions;

Monitors the implementation of quality
assurance strategy, standards, and
procedures and proposes appropriate
measures to the school management;

It regularly collects data on the quality of
study programs and school work from
business representatives, economic and
non-economic organizations, and other
relevant institutions;

It carries out the process of self-evaluation
and assessment of the quality of study
programs, teaching, and  working
conditions;
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X It also performs other tasks established by
law, the founding act, and other general
acts of the Institution.

C. Commission for Accreditation of the
Institution

The responsibilities of the Quality Assurance
Commission are regulated by the Statute [6] of the
Institution [7].

The Accreditation Commission of the
Institution is responsible and authorized to carry
out the procedure of preparation and creation of
documentation for the accreditation of study
programs of all study levels, as well as the
accreditation of the Institution [7];

The scope of work of the Commission for
Accreditation in the Institution includes in
particular the following tasks [7]:

X Collection and processing of relevant data
for the development of all standards for
accreditation;

x Creation of the curriculum of study
programs according to the methodology of
the prescribed standards for accreditation;

x Collection, processing, and preparation of
the necessary documentation and studies
to prove the fulfillment of the conditions
prescribed by the standards for

X

Takes positions on issues of interest to the
implementation of teaching, on issues

related to ensuring the quality of teaching,

on reforming the study program, and

analyzing the effectiveness of studying;

Takes positions on the issue of
establishing ethical principles in relations
between teachers and associates, other
employees and students;

Determines the assessment of the quality
of the study program, teaching, and

working conditions in the school's self-

evaluation process and the institution's
guality assurance process;

Gives an opinion on the results of the
pedagogical work of teachers and
associates during the selection for the
positions of teachers and associates;

Gives instructions to student
representatives, related to the needs for
work and actions at the sessions of the
Council of the Institution and professional
bodies of the Institution;

Performs other tasks by the Law, Statute,
and other general acts of the Institution.

V. CONCLUSION

Principles, subjects, and measures for quality

accreditation by the competent republican¢ontrol/assurance (defined by documentation from
authorities: the field of quality assurance) on the selected
_ _ ) _ example of a college of applied studies have a
Cooperation with all professional services yery important role and exceptional importance
for the successful functioning of the quality

assurance of the observed college of applied

Quality assurance measures include external
control and internal quality assurance measures.

X
of the Institution;

X Preparation of studies aimed at eliminating@ssurance system. _ o
perceived deficiencies in the accreditation All subjects have defined responsibilities, that
process by the Accreditation Commission is, rights and obligations in the system of quality
appointed by NEAQA,

x Creation of cover letters and including studies.
accreditations, etc.;

x Forwarding of prepared proposals to

D. Students Parliament
Students Parliament [6]:

X

X

External control consists of external quality
control and the accreditation procedure of the
institution and study  programs. The
aforementioned is carried out by the Committee
for Accreditation and Quality Control as an expert
organ of NEAQA.

Internal quality assurance measures are defined
Elects and dismisses the president andy a set of quality assurance documents within the
deputy president of the Students Institution. Internal quality assurance measures
parliament; essentially rely on the following pillars:
Elects and dismisses student cOmpliance with the Standards for Accreditation

representatives in school bodies, by theOf Higher Education Institutions and Study
law and the Statute of the Institution: Programs and Standards for Self-Evaluation and

competent authorities for adoption.

It brings the plan and program of its work;
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of
and 2l

Quality Assessment; development
organizational culture, quality culture,
awareness of quality development.

The Institution has a developed mechanism for
quality monitoring/control of all work segments [3!
with defined measures for quality improvement.

The further course of work could include the 4
analysis of the compliance of the general acts of
the Institution with the relevant regulations, as an[S]
important segment in ensuring the quality of work,
etc.

(6]
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Abstract - This paper investigated relational databases as scalable, and the value structure is usually not
currently the most needed concept for storing data, and strictly predefined.

they represent an organized collection of data in which . .
data is organized into a set of relationships. With the Process mining has emerged as a technique

development of a large number of applications, a huge fOr analyzing processes based on system event
amount of data has been created, where relational records. The main goal of process mining is to
databases have proven to be less adequate for data gnalyze event logs and discover business process
storage .and processing, as well as for flexibility. models, improve them, or check for a priori
Overcoming their shortcomings has led to the ! ! . )
implementation of new data models. Not only Structured ~ COMPpliance. Nowadays, all kinds of events in the
Query Language (NoSQL) databases are not based on, or information system are recorded, because it is of
at least do not firmly adhere to, a relational model. In great importance for the security of the
T e vl oear, o ao o e seimeg,_Inormation Syster, as well as for analyzing data
aElaraph NoSQL database as ay data moé/eil) uses data a,nd_, gaining  knowledge from '093- The
modeling in the form of graphs consisting of Significance of the knowledge gained is of great
interconnected nodes. This paper presents the possibilities importance for the further analysis of reality, i.e. a
of applying a Similar-Task algorithm to compare  reglistic relationship between business processes.
performance between graph and relational database. Many algorithms have been proposed to build
a process model based on the analysis of the
. INTRODUCTION sequence of events observed in the event log. As a
Relational databases are the most commomesult, other aspects were neglected, e.qg.
form of data storage today. They have Organizational environment and peer interactions.
implemented a relational model that basically hasThe focus here is on organizational mining.
the concept of structure, operation and dynamidrganizational mining refers to Process Mining
rulebooks. The structure of this model is veryand Analytics (PMA) activities directed toward
simple because relational databases are aggregatadalyzing implicit information about resources in
tables. The operations in a set of given tablegvent logs [2]. The techniques used in this paper
generate outputs that are also tables that arare techniques for discovering Organizational
simple and easy to apply. In addition, a formal-Models in a log-based information system, where
mathematical interpretation of tables is possiblethese models can help improve basic processes in
where tables are treated as mathematical relatioren organization.
and rich mathematical devices can be used to Similar-Task algorithm is a metric based on
develop database data and relational databageint activities and algorithm under Organizational
design methodologies [1]. Mining. The focus of this algorithm is on jobs
For relational databases, a standardized SQIlperformed by individuals, not a group of users to
language has been developed and fully equivalergdolve a common problem. In fact, the main goal is
to the theoretical relational model. to find similar activities and to more closely
With the development of a large number of connect users (person-p) who have similar
applications, a huge amount of data has beeactivities than those who have different activities.
created, where relational databases have proven ®imilar-Task algorithm can use similarity
be less adequate for data storage and processingeasures such as: Cosine-Similarity, Euclidean,
as well as for flexibility. Overcoming their Jaccard, etc. [6].
shortcomings has led to the implementation of It uses a Similar-Task algorithm to compare
new data models. RDBMS and GraphDB at the similarity level of
NoSQL databases are not based on, or at leaghe processes that are being performed involves
do not adhere to, a relational model. In addition,implementing the Similar-Task algorithm in
these databases are easily distributed, horizontally



International Conference on Information Technology and Development of EducatiotlTRO 2022
November, 2022. Zrenjanin, Republic of Serbia

Relational Database Management Systerruser can perform or initiate an activity. Only
(RDBMS) and in GraphDB. events related to activity and a case are considered
This paper is structured as follows: After here. Case represents instances of a process and it
Introduction, where We describe process miningis processed. An event can be represented by (c, a,
to achieve goal to analyze event logs and discovep) where c is the case, and is the activity, and p is
business process models in different RDBMS,the person. Events are time dependent, so it is
comes Section Il which describes methodologypossible to establish cause and effect relationships
how to implement the Similar-Task algorithm on between activities. The input to the Similar-Task
the Films project, which deals with films, actors, algorithm is a two-dimensional matrix called the
directors, producers and writers. SectionPerson-Activity Matrix. In this matrix the rows are
Methodology which was developed, as the usag®erson and the columns are Activities. Cosine-
is concerned, is a starting basis for the propose&imilarity (1) was used as a similarity measure.
solution outlined in Section V. In order to
compare the two databases, we first created a Similar-Task Algorithm in RDBMS
Relational Datab_ase Films Section Ill and then Data: Person-Activity Matrix (M)
created an equivalent Graph Database on the
Neu4j p_Iatform Sectlon_IV. Section V, contains between Persons
the main focus of this research paper with .
technical details required for implementation 1 Get the number of rows of M mlm_.
Similar-Task algorithm in the RDBMS database 2 G€t the number of columns of M into
(MS SQL) of the Films database, as well as in the 3 DIm[m] = Declare square matrix to store
Neu4j Films database. Practical example of the  results.
Queries specially developed for the Relational 4 foreach i=1tom-1 do
database Films in SQL, while for the Graph 5 P =Vector corresponding t8 row.

Result Matrix with similarity values

database Files are written in GraphQL described 6 foreachj =i + 1 tomdo
in Section V, provide to us a visual means to 7 Q=Vector corresponding d' row.
confirm our summary and conclusions outlined in g Apply Cosine-Similarity between™
Section VI. andj th row
_ EUE
. METHODOLOGY CoRQ=gre, @D
The Similar-Task algorithm is a metric based ¢ SetDli][j]=similarity value obtained in the
on joint activities. This algorithm belongs to Step 8.

Organizational Mining. The focus of this
algorithm is on Activities that are performed
individually and does not include group work in . ) _
the analysis [3]. The basic task of Similar-TaskB- Similar-Task algorithm in Graph Neo4J
algorithms is to find similarities between Actors ~ database

by the matching criteria or similarity of the Getting into the Similar-Task Algorithm in

Activities they perform. The algorithm should GraphDB is the person information contained in
provide greater connectivity between Actors the Person-Activity Graph.

performing the same or similar activities than
those performing different [3]. Only similarity —_Similar-Task Algorithm in Graph Database
calculations are done using Cosine-Similarity in Data: User-Activity Graph

our case. In addition to Cosine-Similarity, it is Result Graph with similarity values between
also possible to determine similarity using: Actors

Euclidean, Jaccard, etc. The Similar-Task ; A = Get an Userq Llfrfhm the User -Activity
algorithm is implemented in various ways with Graph.

RDBMS and GraphDB. 2 A *HW DQRWKHU 8VHU-TMT

Activity Graph.

A. Similar-Task algorithm in  RDBMS ;g intersecting Activities betweefy and

database

RDBMS system Films has a special
spreadsheet that stores logs and events of all users.
Users are known and have their accounts. Each

j.
4 Collect frequencies of Activities from the
edges of intersecting Activities.
5 Apply Cosine-Similarity with the values

I[URF
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obtained in Step 4. are linked to other tables via foreign keys. A
6 Set [ SIMILARITY] betweenA; andA with ~ person can star in a film in a certain role and this
the value obtained in Step 5. is placed in the Acts table, then he can be a

director on a film and this is placed in the Directs

_ . _ o table and he can be a producer on a film and this is
First, intersecting Activities between Person pjaced in the Production table.

are found, then values [: PERFORMS] are used,
which represents the number of Activities that the
Person performs, and is located between node
Person and node Activity.
Based on these values, a Cosine-Similarity
calculation between Persons is performed. Finally,
the resulting value is written to [: SIMILARITY]
between the two Persons in the Person-Activity
Graph. Figure 1: Tables of MS SQL database

[ll.  RELATIONAL DATABASE FILMS Structured Query Language (SQL) is a
| standardized language for working with Relational

The theory and practice of Relationa ; 4
y P dpatabases, i.e. with structured data.

Databases have been developing and applying f . .
a very long time, so it is safe to say that they have '€ data is processed at the logical level so
reached their full maturity. Relational databased!® user does not have to take care of the
represent an organized collection of data in whicHMPlementation details. An optimizer is used to

data is organized into a set of relations [4]. Base@cCeSS the datah, V\:jh'Ch provides the mogt gf]flmerr]lt
on the above statements the relational data moddf@Y 0 access the data. SQL is not intended for the

describes the data in a natural way and uses thefiEV€loPment of complete applications, but it does

natural structure. No new structures are added tBrovide _connectivity 1o classic  higher
this model for easier integration. This data modelPro9ramming languages. SQL belongs to non-
has the feature that it supports the independence gfocedural languages [7]. .

data from their physical representation, as well ag_S¢arches performed on a relational database

the independence of data connections andilMS aré very demanding because of the
implementation methods. relatively large number of tables that this database

The relational data model includes not only has ?“d require comple_x SQL queries. In addition,
relational structures in the form of two- M€r9Ng these tab!es IS mandgtory, and we face
dimensional tables, but also a special way of1€ Problem of having to deal with a large number
processing data called relational processing [5]. of tables that require interconnection merging and

RDBMS is a complex system that shouldYS89€ complex SQL queries in  process of
searching the data in database.

enable [1]:
X Dat_a s_tc.)rage with minimum r_edundanpy; IV. GRAPH DATABASE FILMS
X Reliability of data even with possible
x Reliable parallel use of shared data bydo not adhere to, a relational model. In addition,
multiple authorized users: these databases are easily distributed, horizontally

scalable, and the value structure is usually not
strictly predefined. Since 2009, many different
NoSQL solutions have been developed that have
different approaches to organizing the data stored
Ilhere but all have common features that visibly
eparate them from relational databases. The most
Important representatives of this initiative are:
3<ey-value, Graph, Document store and Column

X Logical and physical independence of the

program from the data;

x Easy communication with the database

through questionable languages;

The Relational Films Database, developed fo
the purpose of this research, consists of
relatively large number of tables, seven in total
For our research, five Tables were used, while tw

tables were not used in the searches that Wer%ataniS%S' h datab h data i
carried out here, and therefore are not shown in atabase grapns are databases where dala 1S

Fig. 1. The most important are the Film amdstored in a graph structure. They are often treated

Person tables. Queries are formed over them and® alternatives to the Relational Database Model.
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The reason is that both models are based on V. IMPLEMENTATION OF SIMILAR-
similar mathematical models. Given that the TASK ALGORITHM IN DATABASE

underlying relational - and graph  database Since these are two different bases, the
mathematical models Of these o types Ofimplementation of Similar-Task algorithms is
databases are much easier to compare than Othlee[alized in different ways [9]

types of databases [8]. y '

Just as Relational databases have their . I ,
RDBMS, so does Database Graph have theif™ !mplementatlon of Similar-Task algorithm
RDBMS. The most popular RDBMS for Database N RDBMS database _ .
Graph is Neu4j. Neudj has evolved over time, so _ 1he implementation of various algorithms
today Neu4j is one big data connectivity platform, (mining, ~Al, cluster, etc.) and methods in
while its RDBMS is just one of the modules of RDBMS, in this case MS SQL database, is
this platform. The complete Neu4j platform was Performed using SQL procedures. Two procedures
developed using the Java programming language.&€ ~ required  to  implement  Similar-Task

The Films database graph is derived from thedlgorithms. Initially, a log table is required that is
Relational Films database. Each node of the Film@btained from the main log table and consists of
database graph represents a specific item in thérée columns: Case ID, Activity ID, and Person.
Films and Person tables of the relational databasd.n€ values for this table are imported from the
The other tables represent the connection betwegiain log table. An example of such a table is

these nodes. This procedure produces the graph gfven in Table 1. The first SQL procedure in
the database shown in Fig. 2. RDBMS creates a Person-Activity Matrix table

(Table 2.) based on Table 1. The event log, which
is a matrix. The procedure then fills this matrix
with data representing the number of activities for
each person. Another SQL procedure in RDBMS
creates a Result Matrix table (Table 3.), which is
obtained from the Person-Activity Matrix, where
columns and rows are filled with people.

TABLE 1. BVENT LOG

Case ID Activity ID Person
Case 1 activity A Marko
Case 2 activity A Marko
Case 3 activity A Danica
Case 3 activity B Darko
Case 1 activity B Zoran
Case 1 activity C Marko
Case 2 activity C Zoran
Case 4 activity A Danica
Case 2 activity B Marko
Case 2 activity D Goran
Figure 2: Data in GraphQL database Case 5 activity A Danica
Case 4 activity C Darko
GrathIT is a query Iangqage that uses gr'apicase 1 activity D Goran
as t_he basic unit for _deflnlng and executin Case 3 activity C Danica
gueries. GraphQL provides support for graphs —
with variable attributes and data sizes, so ampase 3 act!v!ty D Gor"?‘”
node, link, or graph can have an arbitrary numbeCase 4 activity B Danica
of attributes (1 or more). In addition to the aboveCase S activity B Jovana
features, GraphQL is an effective implementationCase 5 activity D Jovana
language that can deliver satisfactory performance€ase 4 activity D Goran

in more complex application areas.
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TABLE 2. PERSONACTIVITY MATRIX _ Person. The implementation of this step in the
activity A_| activity B | activity C | activity D | Nep4J database gives the form shown in Fig. 3.
Marko 2 1 1 0
Danica 3 1 1 0
Darko 0 1 1 0
Zoran 0 1 1 0
Goran 0 0 0 4
Jovana 0 1 0 1

TABLE 3. RESULTMATRIX

Marko | Danica | Darko | Zoran | Goran | Jovana
Marko | - 0.984 | 0.577 | 0.577 | 0.000 | 0.288
Danica | - - 0.426 | 0.426 | 0.000 | 0.213
Darko - 1.000 | 0.000 | 0.500
Zoran | - - - - 0.000 | 0.500
Goran - 0.707
Jovana . Figure 3: Person-Activity form in Neo4J database

Implementing a Similar-Task algorithm using 1. Calculation of Cosine-Similarity:

SQL in RDBMS involves using Create, Read, a. Find all Activities that are in the
Update and Delete (CRUD) statements and can be intersection between each Persons pair.
represented by the following steps: b. Calculate Cosine-Similarity using
1. Create a Person-Activity Matrix and fill it values from [ PERFORMS] for all
with data using the First SQL procedure. Persons pairs found in 2. (a.).
2. For each activity, calculate how many c. The resulting Cosine-Similarity values
times a person has used it. in 2. (b.) Are stored in in the relationship
COUNT(IF (ACTIVITY= SCTIVITYL 912 NULL)) [ SIMILARITY] between the nodes of
COUNT(IE (ACTIVITY= SCTIVITY2 11.NULL)) the graph (Persons).
COUNT(IF (ACTIVITY= WCTIVITY3 91 ,NULL)) The implementation of this step in the Neo4J
« database gives the form shown in Fig. 4.

3. This produces the final Person-Activity
Matrix that is presented in Table 2.

4. Create Result Matrix using Other SQL
procedure.

5. Based on Person-Activity Matrix,
calculate Cosine-Similarity values for
every two persons and the results are
placed in Result Matrix is shown in
Table 3.

B. Implementation of Similar-Task algorithm
in Graph Neo4J database

The implementation of the Similar-Task Figure 4: Neo4J database with similarity values
algorithrm in  Graph Neo4J database is
implemented in  accordance  with  the VI.  CONCLUSION

characteristics and properties of GraphDB and can

be represented by the foIIovying steps: are the dominant form of data storage today. They
Create nodes and relationships in the Person;.. paised on a relational model where the

ﬁct!v!:_y formo.l tﬁnly Icrte_zatehynlqtl:et Persiﬂs anldstructure of the model is very simple and
SO:Y! es %r.] Ie reeluolns IpS de ween them. nrepresents a set of tables. In addition, a formal-
addition, directly calculate and enter activity yhanematical interpretation of the tables is

information of each person. Connecting e""Chpossible. SQL is used as a standard relational

Person to the Activity is done using relationship [: . :
. . i query language to work with relational databases.
PERFORMS].  Relationship [ PERFORMS] NoSQL databases are not based on, or at least

represents the number of Activity repeated bydo not adhere to, a relational model. In addition,
these databases are easily distributed, scalable

This paper outlines relational databases who
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horizontally, and the value structure is usually not podataka, FON Beograd, 2010
strictly predefined. Database graphs are of thd2] Wil M. P.Van Der Aalst, Ton Weilters, and Laura Maust
. . Workflow mining: Discovering process models from event
NOSQL type where the data is stored in the graph logs. Transactions on Knowledge And Data Engineering,
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Abstract +In the last decades we are witnessing the rapid or data center that provides hosted services to a
technology development and a growing number of |imited number of people, with specific access and
Cﬁmp'ex h'CT Syj't]?ms' dThe Comp"zx'ty of tg‘ese Systems - narmission settings. The goal of cloud computing
shapes the need for educating students and engineers to | . .
plan, design, implement, and maintain these complex is to provide easy, Sc.:alable access _tO computing
systems. This research can be helpful in finding the most €SOUICes and IT services [4]. Cloud infrastructure
applicable simulation tool for using it in the process of includes the hardware and software components
education at university courses. This paper has presented needed to properly implement the cloud computing
research results in analyzing representative tools for the  model. Cloud computing uses virtualization
S'm‘é'a“on of cloud, fog, ""lnd edge SyStemf ;"h'Ch can be technologies that allow easy abstraction and
used in university curricula as a part of lab exercises, s . .
student projects, and bachelor and master thesis. prOV|S|on|_ng of .CIOUd .S.erVICeS and underlying
systems into logical entities that users can request
and use. In addition, automation is used to provide
l. INTRODUCTION users with a high degree of self-service

The term information and communication Provisioning, service connectivity and workload
technologies refer to technologies that providedeployment without direct intervention from the
access to information through telecommunicationscloud [4].

It is like informatior_l te_chnology, but primarily _ The history and evolution of cloud computing
focuses on communication and data transfer. Thigegins in the 1950s and 1950s. Companies used
phones and other communication media [1]. to buy a computer for each user. A process called

The term information technology describes time sharing was developed to make more efficient
hardware and software that enables the processiri¢ge Of expensive CPU time on the mainframe.
and display of information electronically, while the Time sharing allowed users to access numerous
term communication technology  describesinstances of mainframe computers simultaneously,
telecommunication equipment that can be used t§haximizing processing power and minimizing

receive, send, search and access information [2]. downtime. This idea represents the first use of
shared computing resources, which is the

Cloud computing is a term commonly used to{oyndation of modern cloud computing [4].
describe data centers accessible to many users via

the Internet. Large clouds, which are dominant In 1969, Licklider helped create the Advanced
today, often have functions distributed acrossResearch Projects Agency Network, the so-called
multiple locations with central servers. If the forerunner of the internment. His goal was to
connection to the user is relatively close, it may beconnect computers around the world in a way that
labeled an edge server. Clouds can be limited to would allow users to access programs and
single organization (enterprise clouds), beinformation from any location. The introduction of
available to many organizations (public clouds), orthe first virtual machines (VMs), it allowed users
a combination of both (hybrid cloud). The largestto run more than one computer system within a
public cloud is Amazon AWS [3]. physical setup. The functionality of the VM led to
. _ _ the concept of virtualization, which had a major
Cloud computing is anything that involves the jmpact on the progress of cloud computing. In the
dellv_ery of ho_s_ted services over the Inte_rnet.1970S and 1980s, Microsoft, Apple, and IBM
Services are divided into three main categories OHeveloped technologies that improved the use of
cloud computing: mfrastructure as a service (laaS)gloud servers and server hosting. In 1999,
platform as a service (PaaS), and software as 8alesforce became the first company to deliver
serwce_(SaaS). The cIoud_can be private or publicy;siness applications from the web. In 2006,
A public cloud sells services to anyone on theamazon launched AWS, providing services such
Internet. A private cloud is a proprietary network 55 cloud computing and storage. Other major tech
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players, including Microsoft and Google, later Cloud computing consists of several key
launched their own cloud offerings to competecomponents, each of which consists of multiple
with AWS [4]. servers that perform different tasks. Servers are set
up as virtual machines (VMs) using virtualization
technology. They are independent of each other
i_g}ven if they run on the same physical machine.

Today, it is highly likely that organizations will
migrate critical workloads to public clouds. One
reason for this change is that business leaders w
want to ensure that their companies can compete i
the new world of digital transformation demand
the public cloud. Many businesses have focused o
new cloud-native applications. S Lambda, Google Ed "
Cloud Functions, and Azure Functions are™" ge compu .|ng _ )
examples of serverless computing services. Public Edge computing is more suitable than others
cloud Computing is suitable for processing b|gf0r Implement_atlon In transport (_anVIronmentS. In_
data, which requires huge computing resources in §dge computing, data processing, and analysis
relatively short time. Providers have respondedi@ke place near the end devices. Edge acts as an
with big data services, including Google BigQuery intermediary between the cloud and the device
for |arge_sca|e storage and Microsoft Azure Datathat C0|.|eCtS or generates data Servers that have
Lake Analytics for processing huge data setscomputing and storage capabilities (edge nodes)
Another type of new cloud technology and servicesre deployed close to the user (at the edge of the
is related to Al and machine learning. Amazonnetwork). This approach provides in some cases
Machine Learning, Amazon Lek, Amazon Polli, better quality of services through edge computing.
Goog|e Cloud Machine Learning Engine’ andA powerful communication and computing engine

Google Cloud Speech API are examples of thesd@re needed to support modern edge applications,
services [4]. especially in certain fields such as automotive

networks and smart vehicles. Sensors present in
vehicles collect data and this data is further
processed and stored by edge servers. These
A. Cloud computing services ensure low-latency communication and

Cloud computi greater context awareness [8].
puting can be based on a senso

network and is used to manage sensor data. Edge computing has its advantages in context
Transmitting and processing huge amounts of datawareness applications with low latency, for
through cloud computing causes several problemgxample, they can provide security applications,
such as service response time delays. The field df.g., driving safety), as well as applications that do
application of such sensor networks is expandingiot require it (video streaming, AR). Software-
and the need for processing and transmittingdefined networking provides comprehensive
information and for managing loT devices in real-network control and follows edge computing and
time is also increasing [5]. complements the intelligent transportation system
Cloud computing has a major impact on 0T to cope with the complexity of the heterogeneous
erformance and development. It is able toand massive number of vehicles, huge data flow,
P P ) and frequent topology changes to provide

improve the ~capabilities of the device Dby, agiate vehicle mobility to increase driving
transferring the workload to external computing safety [ 8]

platforms distributed along the network, such as

cloud servers, cloudlets or other edge platforms Edge computing is a concept that is the
[6]. opposite of cloud computing. Cloud computing is
a way of direct communication with the data

center, while edge computing communicates
primarily with the so-called "edge data center"

located near the device, leaving the secondary
work to the central cloud. In other words, edge
computing is a concept of computer topology [5].

sing VMs, load balancing or reverse proxy
ervers, databases and application servers can be
ﬁonfigured.

Il.  CLOUD, EDGE, FOG AND MIST COMPUTING

Cloud computing has an imperative to support
the demands of millions of loT devices and
provide a variety of new and exciting loT
applications for end users. Machine-to-Machine
(M2M) communications, or Machine Type
Communications (MTC), enable direct
communication between IoT devices. A standar :
M2M platform (service layer), called oneMZM,dC' Fog computing

has been established and developed to standardize FO9 computing manages data and computation
the deployment of loT services [7]. between the edge of the network and the cloud and

provides new types of applications and services,
with low latency, high bandwidth, and geographic
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spread. Fog computing serves to deliver loT datdhat is emerging as a solution is fog, as the amount
efficiently and reliably to appropriate loT of data generated by sensors increases and the data
applications while ensuring time sensitivity. Fog processing routine becomes more and more
computing provides efficient power managementcomplicated. Fog introduces a data management
in loT device communication between sensors anagnodel by performing communication and data
secure data management that is decrypted basguocessing near the sensors, thus offloading
on user attributes [5]. A new type of computing

Figure 1. Internet of Things (loT) architecture][14

the network core. Since the devices in fognly when requested. In this architecture, devices
computing use near-field communication andmust be situationally aware and must adapt to
processing, their response speed is faster thamformation needs and network configuration.
cloud computing, and the number of sensor§here should not be static binding rules for
assigned to the device is smaller than in cloudevices and data collectors, but devices must
computing. More and more concurrent tasks witldynamically discover data providers [9].

faster processing are possible compared to cloud
computing. The fog computing functions that havehe
been developed so far consist of data generatio
processing, and transmission. In other words, th
server in the cloud or the proxy server allocate
functions according to the type of data, and th
creation of data on the sensor. Then the serv
creates rules based on the analysis of the sam
and after that, it is decided how to store or proces
the data. The data processed through this Proce
is provided to the data owner or user in
customized service. In such systems, service us

data is stored in plain text and transferred to particular application, and new applications can

monitoring server for future access and us e ; .
Sharing and using data are inevitable functione{?eé downloaded from existing devices at runtime
n)e

The data generated on the sensor can be sensi

information for an individual user, thus, a

delegation function to grant data access rights to a !l OVERVIEW OF CLOUD, FOG AND EDGE

legitimate user and a revocation function to COMPUTING SIMULATION TOOLS

remove data access rights from a user [5]. As loT systems have a very complex
architecture, tools for simulating their operation

D. Mist computing can be very useful. The simulation tools can help in

Mist computing implies that the place of understanding and planning such systems and can
responsibility for control is transferred to thebe useful for usage in higher education for teaching
gateways while the control of data transfer ig00. In this section, tools for simulating 10T in the
decentralized to the end nodes which reduces ti§¢oud, fog, and edge environments and their basic
communication delay of the network, therebyfeatures will be presented.
increasing the throughput. Mist computing helps
build large 10T systems. The network must
provide information, not just data. The network
should provide only the information requested and

Cloud and fog computing are aware of user
eds and global situations, while mist computing
IS aware of the physical environment and local
ituation, so all these architectures have specific
esponsibilities and ability to enable the execution
Ir IoT applications. In edge computing, data
rocessing takes place at the edge of the network,
fd the functionality and configuration of the
plication are fixed. While in mist computing,
ere are functionalities and schedules that are
namic and adaptive, there are high-level
plications with specific rules that are specific to
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A. Cloud simulation tools architecture nodes based on user constraints such

Cloud computing is a leading approach fordS network latency thresholds or resource
providing  reliable secure.  fault-tolerant. limitations. Fog client and node applications can be

sustainable, and scalable computing service§€livered in a Docker container [11].

Hence, timely, repeatable, and controlled EmuFog is built using Kotlin 1.4 on JDK 11. It
methodologies for evaluating the performance ofises Gradle to include dependencies and build
new cloud applications and policies are importanginaries from source code. The repository contains

before proceeding with their development. Sinc% Gradle wrapper file for Linux, macOS, and
performing experiments in real systems is quit&yindows [11].

limited, it is necessary to use simulation tools.

CloudSim's goal is to provide a generalized and he Fogbed emulator allows the user to use
extensible simulation framework that enables th&0Cker containers as hosts and create virtual
modeling, simulation, and experimentation of newnStances where resources may be limited or over-
cloud computing and application services, aIIowin%located- Two emulation modes are available:
its users to focus on the specific system desig _cal or distributed, allowing construction from
questions they want to explore without worryingSimple patterns to large, multi-node ones. Al

about low-level details. cloud-based architecturéhtegrations were performed by extending the
and services [11]. functionalities of Containernet and Makinet [11].

CloudSimSDN simulates host and network Fogbed is a framework that extends the Mininet

usage and request response times in gpRimulator to create fog patterns in virtualized
(Software Defined Network) enabled cloud datsnvironments. Using a desktop approach, Fogbed
centers. CloudSimSDN is a plugin for CloudSim.enables the deployment of virtual fog nodes as
CloudSim supports the calculation of host and?OCker —containers —under various —network
switch-side power consumption. For examme?onflgurat'lons. The Fogbed APl  provides
guidelines for deploying a network-aware virtualfunctionality to dynamically add, connect, and
machine can be evaluated using CloudSimSDNE&MOVve containers caused with network topology.
For example, data center cloud energy savingEhese features enable the emulation of real-world
enable SDN through virtual machine (VM cloud and fog infrastructures where compute
consolidation. If VMs are consolidated to thelnstances can be started and stopped at any time. It
smallest number of hosts, unused hosts and also possible to change resource limits for the

switches can be powered down to save morgIntime container, such as CPU time and available
energy [10]. memory. A Fogbed emulation environment can be

) _ _ created by placing virtual nodes, virtual switches,
~ CloudSimPy is based on a pod-oriented evenfirtual links, and virtual instances in a virtual
simulation framework. It is based on SimPy anchetwork environment running on a host computer.
implemented in Python. Scientific computing, deefFlexible setup is achieved using pre-configured
learning, and the economy of machine learningyocker container images. Each container image
with the use of the Python language are morgontains part of the distributed application, the
complete than other programming languagesequired services, and protocols. Different types of
CloudSimPy can be combined with deep learningontainer images can be used to instantiate virtual
frameworks ~with  Python support (such asnodes. Using Fogbed requires Ubuntu 16.04 LTS

TensorFlow, PyTorch). A good combination isor |ater, and to create a Python-based network
useful for studying resource management methodgpology [11].

based on machine and deep learning [11]. _
FogNetSim++ extends OMNeT++, a

B. Fog simulation tools framework for building network s_imulators, to
EmuFoa helos i ici . ¢ f model all the necessary aspects. It includes popular
muFog helps in more efiicient testing of 109 .o mmynication protocols for simulation, such as
architecture applications. Instead of deploylng]-cp UDP, MQTT and CoAP. In addition
large network topologies with a test application¢qqNetSim++ models several other aspects, such
EmuFog helps in generating networks that can bgs™onaroy consumption, prices, mobility, and
easily emulated using MaxiNet, a distributedy, 46,61 mechanisms. OMNeT++ is an extensible,
version of Mininet. It gives more realistic reSUItSmodular and component-based C++ simulation
than S|mulat|on§ and IS cheaper Qnd faster tha}ﬁ)rary and framework, primarily for building
actually developing appllcatlons. AS Input EMUFOG, o1 vork simulators. The INET framework is an
supports generated topologies from BRITE or

. . open-source model library for the OMNeT++
measured real topologies of Caida tool. In thosg;., \1ation environment [11]
networks, EmuFog effectively deploys fog '
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FogTorchPl is an open-source prototypeMobility, and Edge Orchestrator. To facilitate
developed in Java, based on the fog architectuprototyping, each module contains a default
and application model. It takes into account thémplementation that can be easily extended [21].
non-functional parameters in the model (i.e.
hardware, software, latency and throughput) t%d
analyze the application data in fog computing. In
the case of hardware capabilities, it takes int
account the CPU cores, RAM, and storag
available in a given node or required by a give
software component. Software capabilities ar

represented by a list of software (operatin :
: attern. The Networking module separately
systems, programming languages, framework andles the transmission delay in WLAN and

etc.). It takes into account latency and bandwidtR}VAN taking into account both the upload and

for downloading and uploading QoS (Quality O.f ownload of data. The default implementation of

' 9 9 odel. EdgeCloudSim users can embed their own

ip;]%ru'[steocic::rgs'imtilg]utputs of FogTorchPl can b?r:?etwork behavior models by extending the

NetworkModel abstract class. The Edge
iFog is based on fog computing, which present®rchestrator module makes system decisions. It
it as an infrastructure that has similaruses information gathered from other modules to
characteristics to cloud computing but is positionedlecide how and where to handle incoming client
close to the edge network. Application deploymentequests. The core simulation module is
is north-south, and it is not possible to transferesponsible for loading and running edge
modules to other devices at the same hierarclgomputing scenarios from configuration files.
level. Therefore, scenarios such as smartphone-t&dditionally, it offers a logging mechanism to save
smartphone offloading cannot be implemented witlsimulation results to files. Results are saved in
the current version of the simulator. In addition,Comma Separated Data (CSV) format by default
direct communication between two devices at théut can be changed to any format. EdgeCloudSim
hierarchy level is also not possible in the currentises a factory pattern that makes it easy to integrate
version due to the hierarchical organization. Tahe new models mentioned above. EdgeCloudSim
implement the functionality of the iFogSim requires a factory class scenario that knows the
architecture, the basic event simulationlogic of creating abstract modules. EdgeCloudSim
functionality from CloudSim is used. Entities incan be used on Linux systems, including macOS,
CloudSim, such as a data center, communicate wittsing the Java programming language and
each other through forwarding operations (sendingevelopment environments such as Eclipse,
events). The core CloudSim layer is responsible faetBeans, etc. [11].
handling events between fog computing
components in iFogSim. The implementation of
iFogSim consists of simulated entities and service,
[12].

The Mobility module manages the location of
ge devices and clients. CloudSim focuses on the
onventional principles of cloud computing. The
oad generator module is responsible for
enerating tasks for a given configuration. By
efault, tasks are generated according to a Poisson
chedule via an active/inactive task generation

EdgeSim is an open-source edge architecture
nd caching simulator. JDK10 must be installed, if
e professional version of the score plot is
required to be used directly via the emulator, and
the Python environment must be pre-installed and

C. Edge S|mulgt|on IOOIS_ . ~ the matplotlib and Numpy libraries must be
EdgeCloudSim  provides a  simulation downloaded [11].

environment specific to edge computing scenarios _ _

where it is possible to run experiments that take _|0TSim captures the behavior of heterogeneous
into account both computational and networkOT and edge computing and allows users to test
resources. EdgeCloudSim is based on Cloudsitheir infrastructure and framework in an easy and
but adds significant functionality so that it can beconfigurable way. loTSim-Edge extends the ability
effectively used for edge computing scenariosOf CIoudS|rr_1 to include various features of edge
EdgeCloudSim is an open-source tool@nd loT devices [11].

EdgeCloudSim has a modular architecture that The architecture of the simulator consists of

provides support for a number of key features suckeveral layers. loTSim-Edge is built on top of the
as WLAN and WAN specific network modeling, CloudSim simulation tool. CloudSim provides the
device mobility model, realistic and adaptive loathasic mechanisms for handling communication
generator. The current version of EdgeCloudSinpetween components (eg Broker, edge data center,
(Figure 2) has five main modules available: CorgoT resources) using an event management system.
Simulation,  Networking, Load  Generator, The core components of CloudSim are extended to
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represent the edge infrastructure according to its Sensors in an loT device seamlessly generate
characteristics. The loT resource layer containdata while actuators are responsible for generating
different types of IoT devices (e.g., car sensomesponses. Traditionally, cloud resources are used
motion sensor) and each of them has its owto process loT data. In the Edge-loT approach,
properties and behavior along with performingsensor data is processed at the edge data center for
different operations, different sensitivity, andfaster

triggering modes [13].

Figure 2. The connection between EdgeCloudSim modules

processing time. Edge data center consists afr student projects, bachelor and master thesis
heterogeneous processing devices, such &sols.

smartphones, laptops, Raspberry Pi, etc. The Edge-
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