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INTRODUCTION

International Conference on Information Technology and Education Development (ITRO) 2023,
was held at the Technical Faculty "Mihajlo Pupin" for the fourteenth time. This year we have
gathered our dear colleagues, scientists, researchers and students from several countries (Slovak
Republic, Hungary, Macedonia, Bosnia and Herzegovina, India, Malaysia, USA and Serbia). They
presented papers and promoted the results of research and scientific work in the field of information
technology in education. The main course of the Conference was set up with some of the
introductory lectures:

x "Challenges of the Technical Science Subject Teaching " held by Tinde Anna Kovacs from
Obuda University, Banki Donat Mechanical and Safety Engineering, Hungary;

X "VR Technologies in the Educational Process of Disabled People and in University Education
On-line presentation" held by Csaba Szabo6 from Department of Computers and Informatics,
YDEXOW\ Rl (OHFWULFDO (QJLQHHULQJ DQG ,QIRUPDWLFV
Republic. Author and cdd XWKRUV %UDQLVODY 6RERWD &aWHIDQ .RI
Gabriel Stromp;

X "Analysis of Students' Academic Achievements in the Field of Mathematics and Computer
6FLHQFH KHOG E\ *RUGDQD -DXaHYDF |URyofgleahspoittand. W\ R |
Traffic Engineering, Doboj, Bosnia and Herzegovina. Author and co-authors: G. Jotanovic, G.
Jausevac , D. Nedic, D. Mandic (from University of Belgrade/Faculty of Education), and D.
Glusac (from University of Novi Sad/Technical faculty "Mihajlo Pupin”, Zrenjanin);

x 7TRZDUG LQWHOOLJHQW GDWD DQDO\VLV LQ KLJKHU HGXF!
JDFXOW\ RI ,QIRUPDWLRQ 7THFKQRORJLHV 8QLYHUVLW\ 'aHP
Herzegovina. Author and co-authors: A.GL G DQG ' *DasSDU

The other presented papers have cast light on various aspects of contemporary education in our
country and abroad, such as: school without mobile phones, the phenomen of academic boredom,
augmented reality learning environment, cloud technologies in education, etc. They addressed
experiences, problems, questions, etc. in relation with information technologies and education
development.

The conference was financially supported by the Provincial Secretariat for Higher Education and
ScientfLF 5 HVHDUFK 1RYL 6DG 7KH 7HFKQLFDO )DFXOW\ 30LKD
technical support.

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

See you at the next ITRO Conference,

Chairman of the Organizing Committee
PhD Vesna Makitan
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Challenges of the Technical Science Subject
Teaching

T. A. Kovacs

Obuda University/Banki Donat Faculty of Mechanical and Safety Engineering, Budapest, Hungary
kovacs.tunde@bgk.uni-obuda.hu

Abstract. The teachers and students are working together in Iong period by someone else. Today's students are
the training process. Introduce information, manage the  aynnsed to a wide range of audiovisual stimuli, which
process of solving cognitive problems, and organize the has an impact on learning. It can therefore be arqued
student's practical training. The teaching of technical p . g. 9
subjects is a challenge because of the complexity of the that the age difference between the teacher and the
subjects. Also in the case of the technical subject, the teacher student, which can be called a generational
surmises the knowledge of the technical subjects such as djfference, can be a problem in the educational
mathematics, physics and chemics. The basic subject p :

knowledge is not always grounded. Another problem is the Process. ?HIOWthf:an tEIS genﬁt[atl?nalh problﬁn; be
motivation of the student. The teacher needs to wake up the OVErcOme=< Inthis work, we will try 1o sharé what we

curiosity of the students and also let them know the have learned from research in the field of education
importance of technical science knowledge. The students and our own experience.

need to feel that knowledge is valuable which can help to earn

a good job and high quality life level. To hold the interest of

the students the teacher can use several methods and tools Il TECHNICAL SUBJECT CURRICULUM

suchh aslpreslenta(;ions, bocl)ks, a%imlatiogs, vigeos, r:ljnd prr;llctice The base of education is the curriculum of the
with real tools and materials. In the last decade, students have . .
seceded from real life they use virtual tools and games. The SUbJeCtj When the teacher prepares a CL_ImCUIum for
technical sciences subjects teaching need empirical the subject he needs to consider what basic knowledge
H[SHULHQFHVY DQG FDQYW EH RQO\ itexpersstudertoto havel ithaeioase of the technical
teacher needs to find an optimal methqd during the teaching subject usually the teacher expects a depth of
program to wake up and hold the interest and transfer mathematical, physical or chemical knowledge.
information to the students which will be knowledge. ! .
Unfortunately, the knowledge of the generation of the
Key words and phrases: curiosity, motivation, knowledge, 21t century is different than the knowledge kind of
practice. the teacher, because of the different ages. The
teachers learned the knowledge on the base of the
. INTRODUCTION reading and writing method. The new generation in
Education is a priority for society and the last 15 years has an audiovisual base knowledge
government. Today's students will be the futurdbecause of digitalization. The difference between the
workers and key peoples in the economy anknowledge kind is the depthless. The older
administration areas. The knowledge, skills angeneration's knowledge is a deep knowledge of
abilities that they leave school with when they ente A:KDW \RX OHDUQHG \RX DOZD\V NQ
the world of work are crucial. Many studies andWKH QHZ JHQHUDWLRQ KDV D ZLGH
surveys have been carried out to find the IghNQRZ ZKHUH \RX QHHG WmRorédLQG W
teaching methods and provide the best possibcreativity in the answer finding (Dick 1995).
training (Bagyinszki 2020). Also several research :
study analyse the methods of the education (Bita:’ It can be concludeql tha.t s_everal times the
2022), (Black 2020), (Hannafin 1999). The newXPected knowledge is missing. To prevent
trends in higher education want to increase thmlsunderstandlngs, your curriculum should include a

afficiency of the education (Altbach 2009). One ofl SVIEW of the expected basic knowledge of the
the difficulties of education is that the teacher and thEUbJeCt'

student socialise differently. This means that the Once the basic knowledge has been repeated, the
teacher has grown up and learned in a differernew knowledge should be taught. The transfer of

effects of environment. The teachers of today stilknowledge consists of theoretical and practical steps.
went to the library and read books. The knowledge iThe consolidation of theoretical knowledge is done

a book was collected, organised and published overthrough practical exercises. The student must
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understand the usefulness and importance of the nhand. The student will work when he sees that his
knowledge. By putting knowledge into practice,work is useful.
knowledge can be reinforced and its usefulness

demonstrated. It is very important to practise by If you get answers to the following questions:
' y Imp P ‘Why is the transferred knowledge valuable? How can

repetition of the knowledge transmitted. An importan,, knowledge help to earn a good job? Which jobs

part of the curriculum is the summary and the test ¢ . : s . ) : .
the knowledge. Fort he students can be a good Wa;WJl” be available? Why this knowledge is profitable®

self-test, which can help to check the knowledge level These questions must be answered and
and find the weaknesses. In this way, students can agkiphasised in the educational process. If the student
questions and consolidate their knowledge based @onsiders the knowledge provided to be worthless, he
the answers. or she will not be motivated and will not want to learn.
The motivation of the student also can increase by the

lIl.  WAKE UP THE CURIOSITY OF THE STUDENTS  Way of a good example, invite the old students who

Arouse the student's curiosity about the subjec"%re successful in his work. Student can find a true
matter. This is not an easy task, as the student %ample which can be a role model.
exposed to a lot of information and fast audiovisual
stimuli due to the daily use of the Internet. In many - HOLDING THE INTEREST AND TRANSFERRING THE
cases, however, they do not understand the reasons for KNOWLEDGE
the technical solutions they see and how the It is not enough to wake up the interest in
equipment works. However, if we try to answer theeducation, it must also be maintained. Very important,
following questions during the lesson, we may bés the high professional knowledge of the teacher.
able to arouse the student's curiosity. Beginning teachers often do not have enough
knowledge yet, so they need to be prepared for
lessons. If the student feels that the teacher does not
know the material he or she is trying to teach, the
The computer sciences and the communicatiostudent's interest and motivation may be lost. It can be
technologies almost give new and interestingbserved that teachers with industrial experience
possibilities for the teacher to join the studentsnvolved in the teaching of technical subjects receive
interest (Bakar 2008), (Jonassen 1996), (Qurat-uimore respect and attention. The teacher needs to be
Ain 2019). If we can arouse curiosity, we haveauthentic. To maintain attention, it is advisable to use
already taken a big step forward, as the studentle possibilities provided by today's modern
attention is focused on the subject being taught. Thechnology (video, animation) (Beyth-Marom 2005),
student also formulates several questions that need(#¢oehler 2014), (Reeves 1997). The practical
be answered and continuously responded to. Todaggplication of knowledge is also very important. The
students cannot follow static lectures over longtudent gains experience during his activities. Your
periods. During a static lecture, the listener's attentioown experience helps you understand and master the
and interest can be lost. During the presentations, veeurse material. The teachers need to use the modern
should use methods to break up the static presentatidachnology tools (Land 2000), (Lee 2003), (Weaver
e.g. short videos, pictures, animations, etc (Amuth2015), (Xin 2012).
2016). In addition, interactivity (Delialioglu 2007),
(Reeves 1997) is very important, allowing the studegt. CONFIRMATION OF THE STUDENTS KNOWLEDGE
to ask questions and to answer them. Many teachers The knowledge acquired by the student must be

make.the m'Stake of not letting students ask or ansng)ntinuously reinforced. One way to do this is through
guestions during their lectures. _They may even say,vinious repetition, which helps to deepen
tha.lt they should already know t,h'?- Unfortunatel_y, b nowledge. It is neces’sary to divide the curriculum
doing so, you Ios_e the_studen;s interest and will NGhto parts and summarize the individual parts. During
be able to maintain their attention. learning, we have achieved results if the student can
ask questions. Don't forget, there is no such thing as
IV." THE MOTIVATION OF THE STUDENTS a bad question, just a question. All questions should
Motivation is a very important part of the always be taken seriously and answered. It is a good
educational process. Once we have aroused tlpractice to reinforce knowledge if the student gives a
student's curiosity, we need to motivate him to worlpresentation to his classmates from each of the
and acquire the knowledge. Learning is work, as thsmaller subjects which he has learned. This practice
student has to concentrate and work on the task when the students teach each other (Boud 2014).

Why is the subject important? Which new
knowledge is transferred in the subject?
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VIl. TESTING OF THE STUDEN'S KNOWLEDGE

Checking knowledge is also an importantz
educational task. The test can be quantitative or
gualitative (test, essay, oral). The method of checki
knowledge should be related to the type of studrb
material. In many cases, the oral answer is
appropriate, but there are subjects where checking tHe
solution of the practical task is a good solution. The
knowledge check can also be in a combined form, not
only in writing but also with an oral presentation off®!
the described material. We must explain the results of

Information and  Education  Technology, 643.

https://doi.org/10.7763/IJIET.2016.V6.766

Altbach, P. G., Reisberg, L., & Rumbley, L. E. (200%)ends in
global higher education: Tracking an academic reiaiutThe
Netherlands: Sense Publishers.

Bagyinszki Gy., Bitay E. (2020) Educational methodsrafineering
WUDLQLQJ 0&V]DNL 7XGRPIQ\RV .|]8BHPpQ\HN Y
https://doi.org/10.33894/mtk-2020.13.02

Bakar, R., & Mohamed, S. (2008). Teaching using imfation and
communication technology: Do trainee teachers have th
confidence?. International Journal of Education amydlbpment

using ICT, 4(1), pp. 5-12. https://doi.org/10.38444j26808.62.67.

Beyth-Marom, R., Saporta, K., & Caspi, A. (2005)n8yronous vs.
asynchronous tutorid )DFWRUV DIIHFWLQJ VWXGHQWYV
choices. Journal of Research on Technology in Edutai&(3), pp.

6(8),

the test to the student as soon as possible so that he245-262. https://doi.org/10.1080/15391523.2005.18382

receives feedback on his performance. (6]

VIII. CONCLUSION [7]

Teaching the technical subjects is a difficult taskl,a]
It is a fortune, that the technical inventions, machines
and the computer sciences give always interesting
novelty to wake up the curiosity of the students. T%]
holding the student curiosity is the task of the teacher.
Also the motivation of the students is a very
interesting task, which needs lot of works. It must b 0
understood that the teacher and the student do og

'"HOLDOLRJOX 2 <LOGLULP =WLRQV ®RWXGH
effective dimensions of interactive learning in anoled learning
environment. Journal of Educational Technology & Soci#®(2)

Dick, W. (1995). Instructional design and creativigyresponse to

the critics. Educational Technology, 35(4), pd.5.

Bitay E., Bagyinszki Gy. (2022) Didactic and Methamital
$VSHFWV Rl 7HFKQLFDO +LJKHU (GXFDWLRQ
Kozlemények vol. 17. pp. ®. https://doi.org/10.33894/mtk-
2022.17.01

Black, G. (2002). A comparison of traditional, owj and hybrid

methods of course delivery. Journal of Business Administrat

Online, 1(1). Retrieved May 16, 2007, from
http://jbaoc.atu.edu/old/Journals/black.htm.

Boud, D., Cohen, R., & Sampson, J. (2014). Peer leguinihigher

education: Learning from and with each other. Routedg

always use the same language due to the generatiQ Hannafin, M., Land, S. & Oliver, K. (1999). Open eiag

difference. The communication is an essential part of
education. The teacher must try to use precise

environments: Foundations, methods, and models. In C. M.
Reigeluth (Ed.), Instructional design theories and rsod® new
paradigm of instructional theory (Vol.ll), New Jersey: Lamage

language and simple sentences that the students can Erlbaum Associates, pp. 1¥42.
understand when imparting knowledge. There af&2] Jonassen, D. H. (1996). Computers in the classroom: dhitsifor

, iti inking,
SHRSOH ZKR DUH"” ERUQ WR EH[13Y\Il:<iiﬁe?l\q/#ﬁr\§2hra,P.,

do not have such skills can learn from a young age.
The teaching of technical subjects has human and

00d-Cljjfs\NJ:\Rreptice-Hall
egzli}zl Ky\éei%lﬁ'v;t'rah%mK 5
R. (2014). The technological pedagogical contentwiedge
framework. In Handbook of research on educational

communications and technology pp. 101-111. Spririgew York,

technical aspects. Human aspects are, the teacher's NY. https://doi.org/10.1007/978-1-4614-3185-5_9

professional knowledge of the subject, has soft skill&*
such as presentation skills and pedagogical skills.
7KHUH DUH SHRSOH ZKR DUH"’
those who do not have such skills can learn from [#!
young age.

Technical aspects are, e.g. presentation, vide[96]
animation, books, etc. and the practical tasks. The
practice is suitable for arousing and maintaining
students' interest and reinforcing what they hav[%]
learned.

On the base of my long time practice | can
conclude that the teacher needs to increase own
knowledge and try to keepink touch with the new®!
generation and try to understand them. To be in touch
with the student needs to talking with them not only
during the lectures but also after it. [19]
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Abstract +This article describes use of VR and related x VR headset-based systems.

technologies in the educational process. Students work in The interaction of pupils/students with the teacher
unique laboratory (LIRKIS) with the latest virtual reality . . .

technologies (e.g. mixed/augmented reality, VR headsets, or other pupils/students in the group is also very
virtual CAVE, 3D scanning or 3D printing) during they ~ important during the educational process.
study. The specialty is the usage of these technologies for Collaborative/shared virtual reality (CVR/SVR) can
handicapped pegp'e t?duc";‘“‘.’?' IThiS Daper ptLese“ts our he ysed with advantage in this case [2]. CVR is a new
experiences in education of virtual reality in both ways: as . :

squect of study and also as study tool. }I{he first partyof the fo_rm of Vll.‘tual reallty'that allows usgrs to work
article contains the description of the VR and related Virtually with others in the same virtual space,
technologies use in the educational process of handicapped regardless of their physical location [3]. According to
children/pupils. The second part contains some experiences F|avian [4], collaborative systems represent a Speciﬁc

in the deployment of VR technologies within the university : ; p
education at the authors' home department (Department of architecture and technological equipment for _the

&RPSXWHUV DQG ,QIRUPDW.LFV )((, 78PORsiRiltigs of creating collaborative activities. The
authors of [5] state the need for the physical presence

Keywords: virtual reality, disabled people, university  of users or their virtual presentation in the form of
education avatars in collaborative environments. CVR is being
used in education to help with learning and

I.  INTRODUCTION understanding of various skills.
Virtual reality (VR) is gaining more importance 1 N€ main purpose of this paper is to bring closer
day by day. In addition to VR, related technologies!S29¢ of VR and related technologies in the

such as mixed reality (MR) or augmented reality (ARqucational process, especially in two ways, which

to associated in the XR (eXtented reality) applicatio®'€ &!S0 addressed within the projects in the authors
( t) app -Iaome laboratory LIRKIS (Laboratory of Intelligent

usually first contact with some VR technologieswhe%t(':'Rf"’meS of Communication and - Information

play games via computers, smartphones or gami stems). In the first part, the de_scription of the_VR
consoles. Virtual reality is also used in industryAnd related technologies use in the educational
sectors and research sectors for easy and Cheggcess of ha_ndlcappgd children/pupils will be listed.
prototyping where it achieves good results. The be me €experiences in the d_eploymen_t of VR
feature of virtual reality is that it can be used t@te technologies within the university education at the
almost anything with cost-efficiency and Withoutauthors home department are the content of the
limiting to real world. One part of research withS€cond part.

virtual reality that is gaining popularity is education. Il.  DISABLED PEOPLE AND EDUCATIONAL
Education takes place at any age, with different target PROCESS

groups at school, in career fields and it can also be
directed towards helping disabled people. For these

purposes more and more hardware and devices resensoryl dise_lt;]ili':ies, .bUI 3!;9 clo_gnitive_diso_rd%rs
being made. Various devices and equipment fo -g- people with learning ditficulties or impaire
virtual reality had been made. The most commoﬁ‘?me”ng)'S]S E RXW. . RI WKH Z R U.Q GV SR
virtual environments at this level are: with some form qf dl_sablllty._They have significant
x vitual CAVE (Cave automatic virtual probl.ems integrating into society. Many of them'need
environment) -based systems and specialized tools and other assistive technologies for
their day-to-day life [6]. Therefore, the VR

Disabled people are not only people with physical
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technology is also used to create a more natural useddveloped and possible solutions are being sought that

the user interface with better accessibility. In order tonay help handicapped people to facilitate

create such an environment, it is necessary twommunication, movement, and thus ensure the
understand these people as well as to accessnditions for a fuller life [7]. Attention is focused on
information and if they have specific problems andhe development of specialized centers and auxiliary
needs. However, these problems are specific to ¥ FKRROV LQFOXGLQJ WKH 3DYRO 6L
particular type of disability, so they can be dividedVFKR RO L Qhi8 Wdh@oR ¥ a partner school

into the following categories: within the project solved in the LIRKIS laboratory,
X sensory disability: and the examples presented in this article are from the
o visual, process of solving this project. Children born with
o olfactory, disabilities can learn to live with their handicaps from
0 auditory, an early age and to be educated in all available ways.
X physical disability, limited mobility Therefore, most schools of this type use educational
x mental disability, simulators, which serve as methods or procedures that
X speech disorders create a virtual environment, will all important
x learning disorders such as dyslexia, dysgraphi@SPects of the real environment. Such simulators are
dyscalculia, used not only in healthcare, as aids in various medical
x other types such as senility and differen roc_;edures, bu_t al_so as glds for teaching language and
dependencies. asic communication skills.
People with disabilities need to be supported by || \/|RTUAL ENVIRONMENT FOR EDUCATION

supportive technology, especially alternatives to user

interfaces (text readers, screen readers, etc.). NewA partlcular effort was dedlcated to modelmg
rtualized classes and objects with which user will

technologies can help to gain more information, hel IMue . .
in recovery, everyday activities and so on. Among th an!pulate ar_1d interact. Most of the environment for
' | virtual reality (not MR) was done using web based

most supported groups are the vision and the heari . :
impaired. However, physically, and cognitivelyc llaborative environment. Self-developed platform

disabled, they are supported by a little less, althou RKIS G-CVE [3] was used_ in this case. Th's
one of the first uses of VR was to train disabled peopl atform meets all criteria, offering easy and_ Intuitive
in a wheelchair in a virtual environment. ThiscontrOIS’ muIt|pIa_tfo_rm _support, easy environment
environment is more suitable for disabled peopléha”ng’ _and optlmlzatlon_also .for _older and Ie_ss
because they can learn and interact with world in Sa%owerful infrastructure available in this school. This

environment of CAVE system. For example, disable§"Vironment prpwdes als_o easy prototyping _and
reating immersive 3D environment for collaboration

persons in wheelchair can move through space (Fig.
1), with our specially adjusted wheelchair which cal
monitor movement of wheels and this movemen
represent as movement in virtual world.

!

mong multiple users. Users can connect to this web

ased collaborative projects using simple HTTP link
and mobile device or desktop using web browser (Fig.
2). Then they can observe and interact with given 3D
objects. All this is happening under the supervision of
a teacher.

Fig. 1 Demonstration of the wheelchair user durifg snovement
training in the LIRKIS virtual CAVE.

Fig. 2 The pupil works with developed desktop VR aggtlon.

Nowadays, the world is trying to approach these
people individually. Various measures are being
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The most common collaborative environments at Mixed reality could be a part of treatment therapy
this level are mentioned virtual CAVE-based systemafter stroke or sports injury by improving or recovery
and VR headset-based systems. of motor skills. This process of forcing brain to see

provides fully immersive virtual experience [9]. In p y :

RXU FDVH Lw LV D *URRP" ZKHURER QEVTRaRRlh ARCR T 65 OF°

- . e
are made from 3D passive FULL HD LCD monitors jth mental disorders or learning disabilities for

[10]. User can move in that space and wears polariz ) . :
glasses with markers for Optitrack. The maLinexample with autism, can be present in stressed

advantage of this compared to head-mounted devic<§.-§uat'onS such as busy rqad or somewh_ere new. This
(HMD) is freedom from uncomfortable wearable PrOcess could reduce anxiety in safe environment. But
equipment. This is the main advantage when worki nﬁf course, virtual reality can be used vice versa to give

with handicapped people, especially children/pupils ealthy people an idea about what people with

Many of these children/pupils cannot stand angé S(L_ino |t_t|1rSoV\h b$ gr#ﬁ;w% Pal_:eilﬂe\; eRrieL;JncZ RQGLW
wearable electronics such as interactive gloves going ugh by simu 9 P '

HMD (VR headset) devices belts and others. Also, there is possibility to present learning
Nevertheless, HMD usagde contrast with CAVEStill ~ subjects with live demos for small children.
represents a viable way (including availability andChildren/pupils can see educatiorighming” world
price) for many disabled people. and virtual objects together using virtual or mixed
reality and freely move in a room (Fig. 4). This is how
IV. POSSIBILITIES TO IMPROVE EDUCATION OF  €asy they can learn new knowledge while they are
DISABLED PEOPLE RQO\ SOD\ 3JDPHV’

There are many situations which can eliminate
disadvantages of disabled people. With mostly virtual
reality many aspects of disadvantages can be
eliminated, expect for blindness. By creating virtual |
UHDOLW\ HQYLURQPHQW WKDW VLPXOE
they can freely move in virtual space and look around. '
For group of people who are physically disabled,
virtual reality opens the door to new opportunities
such as running, swimming, climbing Mount Everest
or skiing. For example, for people with phobia, there
is possibility to face the fear under observation in a
virtual reality or mixed reality using e.g. Microsoft
Hololens (Fig. 3). In addition, all this is happening in
safe simulated and controlled environment of virtual

reality. Fig. 4 Interaction with pupil during VR headset uskRKIS CAVE in
background).

SUHVHQW TV

V. VIRTUAL REALITY TECHNOLOGIES AND
UNIVERSITY EDUCATION

VR and related technologies have been used In our
university pedagogical practice for approximately 15
years. Currently, these technologies are used at the
authors' workplace (LIRKIS laboratory) mainly in
exercises from selected subjects, e.g. User
experiences and User interfaces, Development of
computer games, Computer graphics, Virtual reality
systems or Modeling and simulation, but also within
the framework of bachelor's, diploma and, of course,
doctoral theses. Since the equipment of the laboratory
covers the entire virtualization sequence, the students
come into contact with these technologies in a
Fig. 3 Pupil using mixed reality and interact witltwal objects. relatively wide range and they feel this state very
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positively. They primarily work with systems basedStudents are also taught as future possible
on VR headsets, but also with the CAVE virtual cavelevelopers/programmers of VR systems. Therefore,
system (Fig. 5 ), which is unique compared to mangtudents have unlimited access to VR devices and
other universities that do not have CAVE virtualtechnologies to gain a lot of experience and
caves. knowledge both on the hardware level and on the

VR headsets are widely used in many VR systemé.OﬂWare level.

In the LIRKIS Laboratory, there are utilized wearable
VR headsets without limitations of a user by using
cable connectivity (e.g. Oculus/Meta Quest or MS
Hololens, Fig. 6). Smartphone based VR headsets are
used also in learning process due to price and
availability. These headsets with Bluetooth
controllers offer full compatibility with a variety of
smartphones. The visualization is directly computed
using a smartphone and it provided by VR
application.

Fig. 6 Students are working with different types & kleadsets.

At the software level, we support more
technologies. For example, students learn in our
lessons how to program simple 3D application using
Unity cross-platform game engine which using C# as
programming language. While creating 3D models,

- students learn to properly model virtual objects and
Fig. 5 Examples of the learning process in the LIRKI81al CAVE. use also Trimble SketchUp software with some
advanced features. Also, they can use Blender or 3ds

Many VR development toolkits used in LIRKIS Max for sophisticated objects and creating some
are focusing on web-based and cross-platform 3Bnimations or videos. In Unity the task is to create 3D
applications. Students can work on their projectgpplication with user (his avatar) movements and
without the need to install special IDEs, the entirgnteractions/collisions with other virtual objects. They
development and testing platform is available on thget gravity and observe how the application behavior
web. In addition to the development of virtualchanged and interact. They create menu with e.g.
environments, the implementation of input devices igyttons. They also learn:
included in education. Frequently used input deviceg now to create and load new scenes using menu,
are VR joysticks/controllers, EMG sensors and/ory naw to implement various input/output devices
smartphone sensors. The final use of VR headsets also 5,
serves to simulate various tasks which involve
students in virtual collaboration.

X how to transfer parameters among scenes.
Students also learn how to program VR and AR
In the field of education, our approach focuses ognvironment using A-frame framework and they are

increasing the interest of students and the quality ¢forking with web-based collaborative environment

our work in education. For this reason, we argrojects. In this web environment, they learn how to
expanding the teaching possibilities with differentrepresent their avatar in 3D space and how use
types of VR technologies. In order to improve thenformation from smartphone sensors such the
quality of teaching, we make these technologies mogyroscope or the accelerometer to represent
accessible and intensive for students than beforgiovement of the avatar and represent his sight. In
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these frameworks they can make own virtual scenes
and add other users to their scene using web link. In
this environment they can interact with other virtual
objects. These objects can be part of the scene, sg
unmovable objects or dynamically created objects and
these objects can be dynamically created and
removed. Users can work with some privileges basedf’
on their roles.

(3]

CONCLUSION

The goal of our work is to make life easier for
handicapped people, learn new things, feel nev”
experiences, and bring them easy access to new
technologies or knowledge and adapt user interface!
to their needs. We are also working on the use of new
VR technologies in the university educational process
of our department's subjects. In this way, our goal is
to improve the educational process and maintai
contact with new technologies and present them to
students so that they can continue to use and develdp
the latest technologies, including VR technologies.
We want virtual reality and associated technologies tgg
be grasped by students in two ways: as a subject of a
study and as a study tool. -
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Abstract - University education in the field of technical theoretical knowledge in mathematics with practical
sciences contains curricula and programs in mathematics gpplication through the use of computer tools for
and computer science that complement and intertwine. It is drawing, modeling and simulation. Changes in
necessary for St”der.‘tsc'j” _the;]r acadim'c education tol master mathematics curricula have the potential to significantly
certain areas contained in the mathematics curriculum in impact student understanding, application, and success in

order to more easily follow the computer science CAED. Al h . hi icul
curriculum. The goal of the research is to recognize and ' SO, changes In teaching curricula can

improve learning outcomes in mathematics curricula, in  Significantly improve the understanding and application
order to improve computer science students' achievements. Of mathematical concepts in the context of Engineering
The paper presents an analysis of the academic Drawing using computers, which directly affects the
achievements of students in the field of mathematics and achievements of students in this area. These changes are
computer science in relation to curricula, learning often the result of continuous research, thoughtful
outcomes, and student success rates. The research isplanning and adaptation of educational programs to meet
ConeLe I eI MPTove he acaderic sceverents the specifc needs of sudents and ndusiry.
and additions to learning outcdmes in mathematics This stqdy will explore specifig methods and St.rateg.ies
curricula. for improving the academic achievement of Engineering
Drawing students using computers through mathematics
Keywords: Computer-Aided Engineering Drawing (CAED),  curriculum modification, offering practical guidelines for
Computer-Assisted Mathematics Education (CAME), improving educational programs and learning outcomes.

Project-Based Blended Learning (PjBL), learning outcomes,
Jaccard index. II.  RELATED WORK

The synergy between mathematics and computer-aided
I.  INTRODUCTION engineering drawing has been a topic of recent study, so

L ' . . ._there are numerous works and studies dealing with it. The
Education in the field of technical sciences contaiNgiterature on  this topic explores multiple aspects

teaching curricula in mathematics and computer SCie”C@oncerning the relationship between mathematics

that complement and intertwine. Otherwise, theeaming outcomes and informatics learning outcomes, as
improvement of teaching curricula and learning OUtCOMeS ol as the impact of teaching curricula on student

is often crucial for the modernization of the educational, .hievement. Numerous studies highlight the key points
process in general. It is necessary for students at thg, improving student achievement. The papers also
academic level to master certain areas contained in ”ﬂﬁ’esent ways in which curricula and learning outcomes
mathematics curriculum in order to more easily followean he strategically adapted to enable better integration of

Computer Science courses. . _theoretical principles with practical application.
In recent years, Computer-Aided Engineering Drawing  the research presented in paper [3] deals with the

(CAED) has become a key part of educational PrograMgesign and analysis of a framework of computer

in engineering  disciplines, namely traffic and gyheriments for modeling the relationship between track

trans_portation [1] Co_mpgter-aided en_gineering dr.a}win%uality and vehicle safety. Also, the work deals with the
provides students with important skills and ab'l't'es'application of mathematical modeling as a study

while simultaneously developing Information andreliability and safety of transport systems.
Communication Technolog?es (ICT) competengies t_hat Study [4] looks at the effects of Computer-Assisted
enable them to work in a modern engineeringyaihematics Education (CAME) in the context of
environment [2]. However, the academic achievement ofcaqemic achievement. The aim of the research is to
students in the field of Engineering Drawing usingigyjey the literature, based on Turkish samples and

computers is often influenced .by the qu_a"tY Of%)bserving the effects of Computer-Assisted Education
mathematics curricula. CAED requires a combination o
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(CAE) on mathematics achievement. As a result of thi87 contemporary experimental and quasi-experimental
review, statistical data from 40 studies that met thestudies of summer math programs for students in grades
inclusion criteria were combined and they are codegre-K-12, examining which resources and characteristics
using a coding pattern. predict better student achievement. According to Lynch

Mursid et al., in a study [5], examined the effect of aet al. [13], the results show that summer programs are a
Project-Based Blended Learning (PjBL) model andpromising means of strengthening mathematics
creative thinking ability on engineering students' drawingknowledge outside of school. The aim of the study [14] is
learning. Using a quasi-experimental pre-test and poste perform a Meta-Analysis of published data on the
test design, the study included a sample of 80 studengsfects of active learning and the performance of Asian
from two different departments of the Faculty ofstudents in science, technology, engineering and
Engineering, UNIMED, North Sumatra, Indonesia. Themathematics (STEM) subjects.
ability of creative thinking of the students taught by the The study [15] aims to find out how to develop the
presented model was higher than the students of groupdpplication of learning values based on the national
who used the ordinary blended learning model. Theurriculum for teachers and operators at the Pontianak
results of the research show the interaction between thé&cational High School level. According to Anantadjaya
effect of the PjBL model and the ability to think et al. [15], research produces learning assessment
creatively on the learning outcomes of mechanicahpplications that can be used to recapitulate values, how
engineering students. knowledge and skills competencies.

Study in [6] focuses on the assessment of the level of The study [16] reports on three high school
basic mathematical skills that determine the readiness afathematics classes where teachers tried to improve their
students to learn under the guidance of a teacher. The ateaching and student learning using a digital tool.
of the research is to increase students' ability to thinRccording to Viberg et al. [16], students have difficulty
mathematically. The research results showed that the ussing tools effectively when teachers do not work to
of augmented reality media with Unity 3D for develop common practices in the use of technology. In
improvement students' mathematical computationathe event that teachers themselves do not actively use the
thinking ability produced better results compared taool, they do not fully understand how students can learn
traditional learning methods, especially for students witirom it, and they cannot help them synthesize the
lower initial levels of mathematical ability. teacher's instruction and the tool.

In [7], the effect of an educational virtual reality game Knowledge of mathematics is usually repeated in
FDOOHG .HUIHW . XUWXO RQ W Kidtpaaey GddlirdeF iV XHicEtHCdlV Egjineering and
students in mathematics was considered. It has be&@omputer Science. According to Greefrath et al. [17], the
GHWHUPLQHG WKDW WKH HGXFDW briieQdianhs9d pr&pBretory KaursesVareX Uowever, very
will increase academic achievement and maintain studeheterogeneous and range from teaching skills to
achievement doing mathematics. The results show thdeveloping general competencies. The study [17],
the experimental the method has the same effect as tegamined possible correlations between the results of the
method applied in the school in comparison group, ifmathematics exam, attendance at the preparatory course
WHUPV R DFDGHPLF DFKLHY H a&nld é\fesuls @fEhe tastvsttne bieQifvidof the course.
engagement in mathematics. The research [18], develops a methodology for

Research dealing with predicting student academiomproving and harmonizing the curriculum, ICT
success and the factors that significantly influence it canompetences of teachers according to European standards
improve student completion and graduation rates, as wedind the needs of traffic faculties. The goal of the research
as reduce dropout rates [8]. Abou Naaj et al. [8], examinis to modernize the teaching process with information
the factors that influence the academic achievement a@échnology, using new teaching tools and online tests to
students. assess students' knowledge and skills.

There are many studies in the literature whose main
goal is to learn the effects of "Computer Aided lll.  STUDENT LEARNING OUTCOMES
Education” (CAE) on academic achievement [9-11]. Student learning outcomes include the results that

In the literature, there are papers dealing with Metastudents should achieve during their academic education.
Analysis of student achievements in relation to learninghe outcomes help shape the curriculum, assess learning

outcomes. success, and guide instruction. Learning outcomes

Alshammary et al. in [12], address digital platforms agjepend on the level of education and the specifics of the
educational resources with the aim of determiningubject of study.

whether or not digital platforms improve learning ) , ,
outcomes. A. Learning outcomes of students in the field of
The research used a Meta-Analysis approach of the Mathematics
overall size of the effect of these platforms on learning Student learning outcomes in the field of Mathematics
outcomes. The paper [13] examined the size of the set Egpresent specific goals or results that students should
effects of mediating variables including period of studyachieve during their academic education in mathematical
subject area, student evaluation and type of publicatioflisciplines. In the field of Mathematics, at the level of
The paper [13] presents the results of a Meta-Analysis gcademic education, students should:
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X Understand basic mathematical concepts, such as x Develop skills for creating web pages, developing

numbers, operations, geometric shapes, algebraic user interfaces and understanding web
expressions. technologies.

x Develop mathematical problem-solving skills, X Acquire knowledge in data security and protection
which includes identifying problems, developing including understanding the security of data
strategies for solving them, and applying transmission and storage, identifying
appropriate mathematical tools. vulnerabilities and developing protection and

L o security measures.
X Apply mathematics in real-world situations and y

understand its application in other disciplines, x Understand the basic concepts of artificial

such as computer science, engineering, traffic and intelligence and machine learning and how to
transportation, and more. apply them to problem solving.

X Understand and produce mathematical proofs, x Acquire knowledge in the field of computer
which  include logical reasoning and networks including understanding,
argumentation. communication protocols and network security.

x Understand statistical methods, analyze data and Learning outcomes in the field of Computer Science
probability concepts. are tailored to specific curricula and courses, and faculties
.define their own learning outcomes to provide students

X Understand the basics of algebra and analys"?’/\’/ith clear guidelines for education in computer science
including functions, derivatives, integrals, and 9 P

other mathematical concepts. disciplines.

x Understand geometric concepts, shape properties!V:  SIMILARITIES BETWEEN LEARNING OUTCOMES OF
and relationships between geometric objects. MATHEMATICS AND INFORMATICS

x Understand computer mathematics, including . 'h€ am of this research was to determine the

programming and the use of computer tools fosimilarities between learning outcomes in the field of
mathematical research. mathematics and computer science. The discovery of

similarities is for the purpose of improving the quality of

The learning outcomes of mathematics should bene teaching process and student achievement at the
adapted to the level of higher education, and to th@njversity level of education.

specific subject of mathematics being studied. Teachers Mmathematical and computer disciplines together

and educational institutions should define specificencourage logical thinking in students. Mathematics
learning outcomes for each course to provide studentgquires understanding the logical connections between

with clear goals for their mathematics education. statements, while computer science encourages structured
B. Learning outcomes of students in the field ofthinking to solve problems. Both fields involve thinking
Computer Science in terms of creating algorithms. Mathematics applies

falgorithms to solve problems, while computer science

The learning outcomes of students in the field o : ;
Computer Science represent specific goals or results th%?éegﬂ?esrs algorithms  to  perform  certain  tasks on

students should achieve during their academic educati Math i d ¢ . invol bstract
in computer science disciplines. Learning outcomes in the 'Vathematics and computer Science Involve abstrac

field of computer science may vary depending on th&ONCePts. In mathematics, this may include abstract
specifics of the subject. In the context of generaplgebralc. structures or concepts sqch as infinity. In IT
examples of learning outcomes for Computer Sciencéectors like algorithms or computing theory, abstract
students should: ideas are used.

Also, both areas encourage problem-solving skills.

xUnderstand basic computer concepts such agathematics does this by solving mathematical problems,
hardware, software, operating systems, cOmMput&fhile computer science involves identifying problems
networks and computer security. and developing solutions using computer tools and
X Master programming and software developmentechniques.
include the ability to program in different Mathematics and computer science encourage critical
languages, develop software applications, anéhinking. Students in these disciplines must be able to
solve problems using computer algorithms. evaluate information, develop arguments, and logically

._justify their conclusions.
X Understand how databases work, how to desigh The previously mentioned areas have a wide range of
them, manage data and create queries to extract

data. prgctic;gl applicati_ons. _Mat.hematics. is used in ve}rious
scientific and engineering fields, while computer science

x Understand the algorithms and data structures grovides tools and techniques for solving problems in
different algorithms, the complexity of algorithms technological contexts. Mathematics and computer
and the application of data structures. science deal with modeling and problem solving. In
mathematics, this involves mathematical modeling of the
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real world, while computer science uses models to solvethic, approach to learning, and the opportunities they
computational problems. have during their studies. Also, teacher support,

Although these disciplines are different, their learningavailability of resources and infrastructure also play an
outcomes have overlaps that contribute to thémportant role in achieving high achievement.
development of critical thinking, problem-solving skills

and applicable knowledge in a wide range of fields. V1. INFLUENCE OF TEACHING CURRICULUM ON

STUDENT ACHIEVEMENTS
V. LEARNING OUTCOMES AND STUDENT

Student achievement is often closely related to the
ACHIEVEMENTS

quality of teaching curricula. As curricula shape the way

In this research, learning outcomes play a key role inf teaching and the arrangement of material, they can
the formation of student achievement. Learning outcomesave a significant impact on student achievement.
represent specific goals, abilities, or knowledge that Quality curricula provide structure and a clear
students should acquire during their engineeringequence of material. This allows students to gradually
education. build their knowledge from basic to more complex

Therefore, learning outcomes provide clear guidanceoncepts. Curricula that are aligned with current traffic
to students about expectations related to their knowledgand transportation trends and needs can motivate students
skills and abilities. That is, it helps them focus on specifias they see how their learning can be applied in the real
goals and know what they need to achieve. Also, learningorld. Also, well-designed curricula include clear
outcomes are often the basis for student evaluation ambaluation methods that allow students to demonstrate
assessment. They allow teachers to assess whether their understanding. The feedback they receive helps
student has successfully achieved the defined goals atftem improve their knowledge. Advanced -curricula
understood the material. Clearly defined learningorovide opportunities for additional research, more
outcomes can motivate students as they provide guidanchallenging projects, and specialized courses that can
for progress. When they are aware of what is expected sfimulate ambitious students. Quality teaching curricula
them, it is easier for them to direct their efforts towardslso support teachers by providing them with guidance,
achieving those goals. The learning outcomes enable thesources and tools to effectively impart knowledge.
adjustment of the teaching process according to the needs
of the students. Teachers can adapt teaching methods to VIl-  ANALYSIS OF ACADEMIC ACHIEVEMENTS OF
better support the achievement of defined outcomes for STUDENTS IN MATHEMATICS AND COMPUTER SCIENCES
each student. They are often aligned with the needs of In order to improve the academic achievements of
industry and the labor market. Students who achievstudents in the field of Computer Science, an analysis of
targeted outcomes often have better opportunities fahe teaching curricula in the field of Mathematics was
employment or career advancement. Quality definedarried out at the Faculty of Transportation in Doboj,
learning outcomes are key to successfully managing théniversity of East Sarajevo, Bosnia and Herzegovina.
educational process and achieving high student resultShe research had the task of examining the influence of
They provide clear guidelines for learning, assessmengaching curricula in the field of Mathematics on the
and skill development, directly influencing studentachievements of students in the field of Computer
achievement. Science at the Faculty of Traffic in Dobo;.

Achievements of students in the field of mathematics The analysis of students’ academic achievements
and computer science can be very diverse and depend on included:

various factors such as individual abilities, commitment Analysis of the achievements of students of the

to studies, quality of the educational program and the
environment in which students are educated. Students can
achieve high grades, explore new concepts and
technologies, and even contribute to research and
development in these fields. Some students often
participate in competitions, conferences and workshops
and have the opportunity to work on projects that can be
useful for industry or the academic community. Other
students may have solid grades and achievements, but
focus more on practical application of knowledge through
projects, internships or industry work.

However, it is important to note that grades alone do
not necessarily reflect all students' abilities or potential.
Sometimes students who have excellent theoretical
knowledge are not at the same time skilled in practical
application, while others who may not have the best
grades may have outstanding skills and abilities that are
valued in the industry. The key factors influencing
student achievement in these areas are motivation, work

Faculty of Traffic in Doboj for the subjects
Mathematics | and Engineering drawing using
computers (area of computer science). The student
attended the course in Mathematics | in the first
semester, and the course in Engineering Drawing
with the use of computers in the second semester,
the first cycle of studies. The achievements of
first-year students for the two academic years
2021/2022 and 2022/2023 were analyzed. A total
of 120 students participated in the research, 70
students in the academic year 2021/2022 and 50
students in the academic year 2022/2023.

Curriculum research was carried out specifically
on learning outcomes in specific areas of
Mathematics | and Engineering Drawing using
computers. The goal was to find areas in
mathematics curricula that are required as
prerequisites for taking the subject Engineering
drawing using computers. That is, to recognize
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and include the learning outcomes in the The results of the data analysis based on Jaccard
Mathematics | syllabus that are necessary for gimilarity were carried out for the purpose of identifying
better understanding of the course in Engineeringveak areas in the curriculum of Mathematics | and
Drawing with the use of computers. We focusedengineering Drawing using computers, and for the
on learning outcomes from Mathematics |yyrpose of improving the performance of students in
(matrices, vector spaces, determinants, elemenigese disciplines.
of mathematical logic, set theory and algebraic g resuits of the analysis of student achievement,
structures). average grades and the total number of students attending
X The achievement analysis included trackingthe course in Mathematics | and Engineering Drawing
student progress through the 2021/2022 andising computers are shown in Figure 1.
2022/2023 academic years. In the academic yea
2021/2022, a cross-section of the state off
achievement of students in Mathematics | and e —_—,-
Engineering drawing using computers was made [
In the academic year 2022/2023, the teachinciNEEEE
curriculum in Mathematics | was modernized. The ‘
modernization increased the number of teaching
hours in Mathematics | from 2 hours of lectures to
3 hours of lectures and two hours of exercises to
hours of exercises on a weekly basis. The teachin
syllabus was also modernized by improving the
learning outcomes. Learning outcomes are _ . , ,
expandged and enriched with? matrices, vector Figure 1. Student a"mivfu’“nfﬁéfg'};fﬁ;"n?;° the averagiegiad
spaces, determinants, elements of mathematical . . ]
logic, set theory and algebraic structures. Also, the The display in Figure 1 presents how the change in the
number of hours provided for the study of thesecurriculum in Mathematics | made in the 2021/2022
areas has been increased depending on trfagademic year affects the academic achievements of
requirements of the studied area. In the academigtudents in Mathematics | (2022/2023) and Engineering
year 2022/2023, a cross-section of the state adrawing using computers (2021/2023). Student
achievement of students in Mathematics | andachievements in the 2021/2022 academic year in
Engineering drawing using computers was agaiMathematics | and Engineering drawing using computers
made. were a total of 5.83, and in the 2022/2023 academic year
The data analysis was done with the aim otthey wereatotal of 5.90. Which means that an increase in
identifying the improvement or deterioration of the achievements of students in both subjects together
students' achievements during their academic journeyWas recorded by 0.07.

The data in Table | represent the number of students
who passed the course; the number of students who did
) ) not pass the course; passing of students; average grades;
The results obtained from the data analysis present thgaximum grades from the teaching subjects Mathematics

relationships between passing and achievement ¢fand Engineering drawing using computers, and the
students in the teaching subjects Mathematics | angercentage display of the Jaccard index.

Engineering drawing using computers. The data were

STUDENT ACHIEVEMENTS

VIIl. RESULTS AND DISCUSSION

analyzed before and after the modernization of the ABEE!l ISP O N S PASSESAVERAGE GRADES
teaching curriculum in the subject Mathematics I, durin
the academic years 2021/2022 and 2022/2023. THe e s
modernization of the curriculum of the subject Mathematic drawing Mathematic |  drawing
Mathematics |, study program Traffic was carried out in ! Usi“? ! Usi”%
the 2022/2023 academic year. Passed > e = TS
The analysis of the passing rate of students in thgexam.
academic years 2021/2022 and 2022/2023 was doné?e 43 25 33 19
based on Jaccard similarity according to formula (1). Passing 39% 84% 34% 62%
grade
0,
3 N 0" (e n O e %c)erag 563 6.03 572 6.08
e grade
;- Jaccard index. Q’;"fg’ée 8 9 10 10
M1 - Achievements of students in Mathematics I. Jaccard 81.60% 100%
Equc - Achievements of students in Engineering drawing '(g/f)ex
using computers.
(n(M1 # Equg - The number of elements that contain From the results of the data analysis shown in Table I,
both sets. we can see that the passing grade of students in the

n(M; $ Ea) - Total number of elements in both sets. ~ Subject Mathematics | dropped from 39% to 34%, after
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the modernization of the teaching curriculum. The
average rating increased from 5.63 to 5.72. The passing
grade for the Engineering drawing using computers
course also dropped from 64% to 62%, and the averagg
grade increased from 6.03 to 6.08. Which means that the
modernization of the teaching curricula of Mathematics |
had a greater impact on students with better results, and
less on students with a grade of 6. In other words, by
modernizing the curriculum, we managed to improve the
achievements of students globally at the expense of
passing students. The indicator of synchronization of
teaching curricula in Mathematics | and Engineeringw
drawing using computers is shown by means of Jaccard's
index. The value of the Jaccard index for the academic
year 2021/2022 is 81.60%, and for the academic yed¥l
2022/2023 it is 100%. The above data show that the
similarity in the level of student achievement for the
subjects Mathematics | and Engineering Drawing with
the use of computers after the modernization of thgs]
teaching curriculum in Mathematics | was brought to
100%. Which was the goal of this research.

[71

IX. CONCLUSION

The results of the data analysis showed that changes in
the teaching curriculum of Mathematics | can have gg
significant impact on the achievements of students in the
subject Engineering drawing using computers. Adapting
the learning outcomes in Mathematics | allows for th
integration of specific mathematical concepts that ar
important for computer-aided engineering drawing, and
can facilitate students' understanding and application gfo]
those principles in practice.

Adapting the mathematics curriculum can focusl11]
students on acquiring knowledge of matrices, vector
spaces, determinants, mathematical logic, set theory, and
algebraic structures, which are essential for computefy)
aided engineering drawing. Also, changes in the
Mathematics | curriculum may allow for a better
connection of theoretical mathematical concepts with
concrete applications in engineering drawing software®!
This can improve students' understanding and motivation.

Connecting mathematics to engineering drawings
through an interdisciplinary approach can help studentd4]
better understand the importance of mathematical
principles in real-world engineering situations. It should
be noted that improving student achievement in computer
engineering drawing through changes in the mathematics
curriculum requires careful planning and coordination td5]
ensure that mathematical concepts are relevant,
applicable, and easily understood in the context of
engineering drawing. The integration of mathematics in
this context can significantly improve the understandingl6]
and application of theory in practice.

In future research, updating the curriculum may
include the introduction of modern learning tools such ag 7,
specialized engineering drawing software. The
integration of mathematical concepts within these tools
can facilitate the application of theory in practice.

9]
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Abstract - As the world rapidly evolves into a "knowledge challenges and satisfy the expectations of many
society," Higher Education Institutions (HEIs) are under interested stakeholders.

increasing pressure to assume a central role as the hubs of
human creativity and learning. HEIs are increasingly turning Every year, a massive amount of data is collected
to innovative technological solutions to increase the efficiency at HEIs. Yet, these data are not being used effectively
and efficacy of their key processes to satisfy high t d. I; led d insiahts that b d
expectations. Recently, the possibilities of inference 0 p_ro uce knowle ge_ and insights that may be use
automation via the deployment of machine learning 1O improve the quality of core HEIs processes.
algorithms (ML) related to HEIs issues have been explored, Machine Learning (ML) is a branch of artificial
”;ai”'y Concelmi“kg students' perfc;]rmance and dr°pr']°“t- Yet, jntelligence (Al) that can aid in the faster and more
there is a lack of a comprehensive approach to ML .
application in HEIls that might lay the groundwork for the accurate processing of HEIs data. Namely.’ ML
development of autonomous Al entities to aid in data-driven €Nables computers to learn and adapt on _theW own.
decision-making. The goal of this paper is to provide acritida  It's all about teaching computers to adjust their
assessment of recently published studies on ML in HEIs, with - hehavior in order to increase the likelihood that their
a particular emphasis on the alignment of applied techniques actions will have the desired effect. where that effect
with core HEIs processes. . . ' .
is assessed in terms of how often the desired outcome
Keywords? higher ~education institutions, machine IS achieved [4]. ML's growing popularity can be
learning, processes attributed to its high accuracy, short processing time,
and wide range of accessible methods and algorithms
. T that can be applied to classification or regression
~ Higher education institutions (HEIs) are oftenjssues [5]. The ability to develop models that may be
viewed as essential players in social, political, an¢htegrated into decision-making processes is cited as
economic life Worl_dW|de. In a volatlle_ v_vorld_ the primary advantage of ML [5] [6]. Although many
characterized by climate change and biodiversityesearchers and practitioners have investigated the
loss, digital transformation, and an aging populationyse of ML in HEIs, they often focus on identifying
as well as the consequences of the global pandemigd classifying students as well as predicting student

crisis and its economic fallout, HEIs are recognizegerformance, overlooking the possibility of holistic
as key players in post-pandemic recovery and imodeling.

shaping sustainable and resilient societies and _ _ "

economies [1]. Their contribution to societal This paper aims to critically evaluarecently
prosperity is undeniable, and their importance in thBUPlished papers concerning ML in HEIs, focusing
progress and achievement of educated individuals f) aligning applied approaches with fundamental
well acknowledged [2]. Furthermore, technologicalHEl operations. As a result, the following research
advancements and the digital shift are changing hoiH€stions (RQ) were posed:

people live, work, and interact, disrupting how HEIs X RQ1: Is there research on the potential use of
operate. HEIs are supposed to generate knowledge ML for all key HEI processes?

for new technologies and societal innovation. The x RQ2: Which key HEI processes have
number and diversity of stakeholders HEIs serve and received the most attention in research
rely on enable their performance to continue to grow, addressing ML?

as do their expectations [3]. HEIs are increasingly
turning to innovative technological solutions to boost

the efficiency and effectiveness of their core
processes in order to respond successfully to all

I. INTRODUCTION

RQ3: Is there research on if or how HEls
stakeholders use ML results to monitor and
enhance key HEI processes?
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Il. KEY PROCESSES AHEIS multi-, and interdisciplinary learning pathways that

Generally, HEIs three core processes (Fig. 1) afeut them at the_ center of the learning process [3].
teaching and learning, research, and cooperation with 1h€ following ~sub-processes comprise the
business and society [8], [9], [10] [L1]. The Europeaf€aching and learning process [8],[9],[10]:
strategy for universities [1] and the European x Curricula development and review
University Association's (EUA) vision for 2030 [3]
agree that universities should provide an open,
transformative arena for common knowledge X Preparation of teaching and teaching
production through research, education, innovation, materials
and culture. They, together with other stakeholders of x Teaching
society, would shape the future of a knowledge-
driven society.

Course development and review

Evaluation of acquired knowledge

(examination).

Due to the preceding, there will be essential shifts . .
in core HEIsp procesgses making room for the Most HEIs already have data stored in their IS
prospective application of ,\’,”__ about curricula, syllabi, students, grades on exams,

teachers, teaching materials, etc. That makes a good
CORE HEIs st_arting point for expanding di_gital_ization and_r_nqre

processes widespread use of ML applications or artificial
intelligence.

Regarding the research process, HEls should
remain crucial and will be significant drivers in this
endeavor, working with diverse partners. HEIls
Teaching Cooperation | should continue pushing knowledge boundaries

and Research with business | petter to comprehend the physical cosmos and the
learning and society | hyman condition. They should foster cross-
disciplinary conversation and promote multi- and
Figure 1. Core HEIs processes. interdisciplinary research. Open Science, which
makes research available to everybody, should
Become the default method of developing

. : i . owledge. Universities should advocate for a varied
process, cooperation with business and societ

) ; " 3 'on-commercial publishing system and be personall
varies the most amongst universities in terms o b g3y b y

A . . ~involved by promoting and supporting non-
organlzallthn and, ofte_n, N the name_ltself. Thl%:ommercial and smaller publishing initiatives. The
Process s implementation IS a]so_very d""?fse and fsearch's data and other results should be FAIR
heavily influenced by the institution's environment

As a result, this process was omitted from théFlndabIe, Accessible, Interoperable, Reusable) [3].

analysis in this paper, though it should be noted that The research process is made up of the sub-
this does not imply that it is less significant but jusprocesses listed below [8],[9]:

that it is not currently the focus of ML application in
HEls.

Learning and teaching at the university level _
should be a collegial and collaborative process X Documenting research work
involving the entire university community and x Disseminating research work.
external partners. Teaching should be essential to
academic practice, inextricably tied to researc

In this paper, the focus is on two core processe
teaching and learning and research. The third co

X Literature finding
Data collection

Currently, there are multiple global databases of

fiviti q ded holarl d fossi cientific works and research (e.g., ScienceDirect,
activities, and regarded as schoiarly and profession copus, etc.), as well as research networks where

Universities should create an environment CondUCiV%searchers publish the results of their work (e.g
to learning by incorporating and promoting mUIt'pIeResearchGate, Academia, etc.), allowing for mutual’

facets of tEelrto(tj)je(;tlves. Iherrf Ihs a v&nde tr_angfe 0éonnection and discussion. The European Union, for
reasons why students enroflin higher education, rOIE‘xample, invests heavily in projects and initiatives
those I_ooklng to further themse_lves professmnallyéimed at strengthening and developing science and
after high school to those entering the system at r%search, as stressed in the new European university

later age or for a different reason entirely. Studentgt ; : ; - -
. rategy. In conjunction with Horizon Europe, Digital
should be able to use a wide range of adaptable, 9y ) P g



International Conference on Information Technology and Development of EducatiortlTRO 2023
November, 2023. Zrenjanin, Republic of Serbia

Europe, and other EU and national instruments, the x Prediction of student performance and

Erasmus+ European Universities initiative should identification of students at risk in e-learning
support ambitious transnational alliances of higher with 37 research papers and nearly 30
education institutions in developing and sharing a different ML techniques,

common long-term structural, sustainable, and

systemic cooperation on education, research, and
innovation, creating European inter-university

campuses where students, staff, and researchers from _ _ o _
all over Europe can enjoy seamless mobility [1]. Remedlgl action based on predlc_tlon results is
Also, it is to be predicted that ML methodologies and’fesented in 19 papers, 12 regarding solely the
Al applications will be used more extensively todttribute of the students performance, and 7

] ) NQF domain, and some specific student attributes
In order for the university's three core processegyisting in the HEI's IS.

to run well, many supporting activities (processes) _ o
are required [2],[8], [12]: Regarding the HEIs' processes, the conclusion is

that out of 57 different research papers treating the
matter, 12 can be classified as related to the

Predicting student drop-out with 20 research
papers exploring the topic deploying 16
different ML techniques.

x Strategic planning and governance

ML application in higher education [14-17] show a

_ similar tendency of "l'art pour l'art" drive for

General affairs research, still exploring various ML techniques and
x Marketing and communication managementtheir efficiency, thus increasing the number of papers
_ - supporting the subprocess of evaluation by 2, the

_Since the ability to develop models that may bgbprocess of teaching by 1 [17], and subprocess of

integrated into decision-making processes is cited g|'s py 1 [16]. On the other hand, some research

the primary advantage of ML methods [6], this papefesults are classified as strategic management,

focuses on supporting processes related to strategigsorting on the ML deployment in enrollment
planning and governance. This process comprises tgagiction [18-19].

following sup-processes [8], [12]:

Infrastructure

X Human resource management subprocess of KPIs (measuring students'

x  Academic Administration performance) and 7 as related to performance
_ management. The remaining 38 papers treat the

X Student service teaching process, subprocesses of examination, and

x Finance and Accounting teaching. Some of the newest research in the field of

X

X

It was more difficult to find recent papers on ML

x  Planning in the HEIs' research processes: literature finding,
x Performance management data collection, documenting, and disseminating
research work, for such research is usually linked to

X KPls . .
_ what is considered a software product and, as such,
X Quality assurance falls under licensing. Nevertheless, there is some

Following this, the authors discuss research inteecent research [20] on the implementation of
ML's application across various HEI functions.intelligent libraries and a review of the underlying
Although these studies have demonstrated the greaethods [21], which is, in essence, of the first two
applicability of ML in HEIs, particularly regarding subprocesses.
student performance, student drop-out, and student Another scarcely explored topic related to the
classification (profiling), they have all failed to teaching process is research on ML-supported

execute or take any action based on their findings [5gurriculum development [22-25]. Research in this
area mainly emphasizes the potential of methods in

Ill. REVIEW OF UP-TO-DATE RESEARCH ONML IN data-driven curriculum development.

KEY HEI PROCESSES Minor involvement of researchers in the research
As the starting point for analyzing publishedrelated to strategic management and governance, as
research results, the authors use the results presentedtrated in Figure 2, could be interpreted as a lack
in the literature review [13]. The presented resultef faith in the HEIS' management into the power of
refer to the application of various ML methods in theML-supported decision-making since the
following: fundamental drive for research comes from the
researchers 