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Abstract: Teacher burnout is influencing the quality of teaching and the connection of
teachers with their students, thus it is a phenomenon worth paying attention to. In the past,
researchers showed that following goals that am&insically motivated, can work as
protectivefactors for burnout syndrome. The present study investigates the relationship
between teachers’ burnout level and the motivational background behind their professional
goals. We assumed that autonomous motivation insgedll be associated with low
burnout level, and controlled motivation in goals will be associated with high burnout
level. We assumed that positive emotions and social support are related sowgthal
autonomous motivation, and negative emwicare reléed to goals with controlled
motivaion, and we tend to create two clusters accordingly. We assumed that the negative
cluster will be associated with high burnout level, and positive cluster wilsbeciated

with low burnout level. The resultgrengtherd all of the hypotheses. High and medium
burnout levels were associated with the negative cluster, and low burnout level was
associated with the positive cluster. The present study provides a contribution for
understanding the protecting factors for teacher burnout, and brings awarendsswon
teachers’ workrelated goals is connected to burnout syndrome.
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1 Introduction

“The mediocre teacher tells. The good teacher explains. Theisugeache
demonstrates. The great teacher inspirg8Villiam Arthur Ward)

We are living in the age where it became important to capetatot just our
physical, but our mental health as w&llorkplacesare more likely willing to pay
attention tohow their empbyees are doing while doing theabj, However, this is




E.Nagyet al. Being/\ell andStrivingSteady afvork— TheRelationship 8bcialSupport
andSelfConcordar@oalSelection wiffeacheBurnout

mostly true in the private sector in Hungary. In the case of teachesgspand
doctors, who are operating under governmental control, there is usudaly les
attention and less materig¢sources tacare for employee’s mental health. In
contrast, burnout syndrome was discovered first and most prominently in the
human service sectft].

In this article, we bring more attention to the mental health of public edocati
teachers in Hungary. Burnosyndromeis present among them, yet they have an
important task and a big responsibility, to give good examples, edundtdea

role models for the next generation. Previous studies investigated how job
circumstances are influencing burnout developmenteathers. Grgson and
Alvarez [2] found that conflicted relationsnmeng students, administration
obligations, teachers’ own problematic relations witildents are all contributing

to the development of teacher burnout. Foley and Muffhyn their research
added that the lack of order and organization in the classroom is also playing a
role in teachers’ burnout developmenhere are dot of risk factors in teachers’
work. In addition, it seems that there are lé=sgerless people in Hungary who

are willing to commit to become a teacher, according to the data of thralcent
statistical office (https://www.ksh.hu/docs/hun/xstadat/xstagaes/i zoi010h
html). This results in diluting quality of graduated teashe

In our research we explored the motivational factors behind teachefssgional
goals based on the SDT theory and the -Satficordance model, and we
investicated their effecton the burnout levels of teachevge applied an approach
and an assessment teothe Personal Goals and Plans Inventory, based on the
Self-concordance model which hasn’t been investigated in connection with
burnout syndrome previously The hventory masures the motivational
background regarding professional goals, and the positive or negative resnotio
that are associated with them, as well as social support related to themop@/e
that our work will contribute to a mentally healthemd maee inspirirg teacher
community, and maybe motivate more people to choose this occupation as their
vocation.

1.1 Burnout Syndrome

Burnout is a condition of emotional and mental exhausiiois, the feeling of
helplessness and incompetence, loggoals ad purposeand the development of
negative attitudes toward one’s work, self and otf@rsBumout urfolds by an
elongated period of time (months or years), and as a result of clstwags
experienced by the individual. In their study, Maslach et[Hl.created an
assessment tool for burnout (the MBI), in which three major dimensiens
defined: emotionaexhastion (whenone has low energy and is feeling drained),
depersonalization (a negative, cynical attitude towards one’s clientspdnced
personal accomplishment (the tendency to evaluate oneself negativelyalgspeci
in one’s work with clients)lt is unquestionale that when teachers are developing

—10-



Acta Polytechnidangarica Vol.21 No3, 24

burnout syndrome, it has a bad effect on their students. Burnout wagedésto
first among the employees of the human service sedtmu@h interviews with
hospital nurses), but shortly after dey@fg MBI-HSS, theeducators’ survepf
MBI (MBI -ES) hadbeen createfb].

The developmental process of burnout was investigated by vatiodies e. g.:
[4], [6], [7]- While the former ideas investigated only persityaklated factors in
burnout development, the latter ideas considered burnout aglteoféasufficient
balance of jb demads and jobresourceg6], which brought work environment
factors into the focus as determinants for burnout developrrethe model of
Leiter [7], work environment characteristics are influencing bothotéonal
exhausn and personal acomplishment dimension®f burnout and these
burnout factors are developing parallel throughout tidme.Leiter's model,
depersonalization can be viewed as a reaction, sadaptive coping mechanism
to chronic stress experienced by thdividual, and itis in direct connection with
emotional exhaustion. A work environment factor, social suppaitiich will be
examined in the following- can be observed in this model as a negative influence
regardingthe development of depersonalization, adositive influence on
perceived personal accomplishment.

11.1 TeacherBurnout and Its Relation to Social Support

One of the first pioneers in burnout research, Herbert J. Freudenpalished

the 12 step progress model of burnpijt According to the model, burnout starts
with an excessive desire to prove in one’s occupation. This exhaustseoesy
supplies,and soon one’s personal relationships start to deteriorate. Thus,tsuppor
from friends and colleagues may disappear in lives of people with burnout
syndrome. Howevell,eiter [7] in his study pointed ouhat social suppt hasa

major rok in the development of burnout syndroasea protecting factor (see Fig.

1), because it has agetive effect on the development of depersonalization and a
positive effect on personal accomplishmeveral studies confirmed this findi
regading teacler burnout e.g.[8]-[12]. Most of them found connecin with all

three dimensions of burnout, and found that support can serve as a protecting
factor for burnout. Besides, Avanzi et §.3] found that dedicated teachers
recive more support in their wottkan nordedicated ones. As previous stidie
showed[11], colleagues and principal’s support is a great supply for teachers in
their battle aginst burnout. In our study, we investigated professional and
emotional types of support in werklated goals

1.2 Motivational Background of ProfessionalGoals

As Avanzi et al[13] pointed out, dedicated teachers tend to get mongostipt

work. Dedication is connected to one’s work performance and goals. Is there a
direct connection between teachers’ burnout and the motivation behind their
work-related goals? In the followings, we take a closer look atjthéstion.

—-11-
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12.1 The SelfDetermination Theory

In order to investigate howersonalgoals effect burnout, first, we examine Deci
and Ryan’s Self Determination Theory (SDT in the followinggl]. The authors
defined three basic needs that an individual is willing to fulileed for
competence, need for relatedness, and need for autonomy. The way inglividual
satisfy theg needsmight have different motivations behind. The authors named
amotivation, extrinsic motivation and intrinsic motiwatias types of motivation.
While amotivation and intrinsic motivation are erdghe motivation spectrum as
amotivation ndicates uoonscious actions without motivation, and intrinsic
motivation indicates an action that is fuelled by one’s interest arnldusiasm,
extrinsic motivation has different kis@f regulation types according to how close
extrinsic motivation is tontrinsic notivation—i. e. how internalized the extrinsic
goal is— on the spectrum. Accordingly, extrinsic motivation includes external
regulation (when one does something to satisfy the pressure from the
environment) introjected regulatiofwhen therds some vhuie in theactivity for

the individual, but the main reason is still to avoid a traing), identified
regulation (when one consciously values a goal) , and integratedtieg(lvhen

one feels that thgoal or activity $ personallyimportantbut it doesnt reach
intrinsic motivation).

Deci and Ryannamed the selfontrolled regulations ,autonomous” and the
environment controlled regulations ,controlled”. Accordingly, external reguiati
and introjected regulation are part of ,controlledfason, besuse theyare
motivated by either rewards or constraints from the environmeatieds own ego
satisfaction. On the other hgndentified regulation, integrated regulation, and
internal regulation (connected to intrinsic motivajiare part ofautonomos
reason in the SDT, because they are controlled by the individual hieiftig4].

2.1.1 SeltConcordanceM odel

The question may bewhy would anyone follow a goal only because of pressure
from the environment, when one does not see any value in it and when it gives no
joy and satisfaction? The reason was investigated by Sheldoglla@td15]. In

their model, they refer to a “self”, which is similar to tiea of “transcetent
function” of C. G. Jung, that is a more or less stable mental cotismuand has

the potential to control one’s bipgnitive thinking processes (conative
processes). It meatisat we have a capability to decide out of a “higher” mode of
consciousess, whih is integrated and consideevaything that matters to us.

This way, one can maximize one’s organismic need satisfaction.yltocwur
however, that individuals select goals that are not representing the values and
interests of this integrate@l§ be@useduring decision making, they may be out

of touch with it. Then, individuals start to follow goals that are not baseleim t

true interests and values.
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The actions and goals that rise from the integrated-s&lfieldon also calls it
“implicit persondty” [16], are called seltoncordant goals. The goals rising from
the nonintegrded ®If are called nonconcordagbals. SeHconcordance model
(SCM) is in connection with the previously introduced SDT by Deci & Ryan.
According to SCM, intrinsic anélentified regulationgoals are sel€oncordant
goals, and introjected and ertal rgulaion-goals are norancordant goals.
Sheldon [16] discovered, that “notall progessis beneficial” in one’s goal
pursuing, and that setfoncordant goals are also influencing one’s Welhg,
since individuals who follow nonconcordant goals reported negative emlotiona
predominance after a period of time. In contrast, indiaisl whofollowed sel
concordant goals, had higher wk#ing and were more positive emotionally.
Elliot has a similar idea in his Goal Orientation Thefy]. He implements the
expression ,mastery goals” for goals that lead tcsitpe feelings, and
»=achievement goals” for goals that lead to negativérfgse.

1.2.2 Self-Concordant Goals andTeacherBurnout

In the following we will introduce studies that investigh teacher burnout along
with either the SDT or in relation with the SCM.

Fernet et al.[18] developed the Work Task Motivation Scale for Teachers
(WTMST), which is based on the SDT model, and explores six -vedalted
motivational factas of teachers (e.g.: class managetneteaching, class
preparation, evaluation of students). In the validation process of WT[H&net

et al. 2008), researchers included burnout measurement, and corretatme t
constructs. The results shed thatthe correlations between burnout and the
work-related task motivations show a pattern in line with thel SBeory:
autonomous reason tasks were in reversed connection with progresseat,burno
and controlled reason tasks had linear relationship itvit

In a bngitudinal study of Julia Reidl19], the aim was to renew teachers’
professional and personal identity, by delivering a developfoensed program
with personal meetings throughout 3 consecutive months. Thene6wsessions
during the 3 moths. Inthecourse of the renewal process, areddased inventory
(the AVI — reference: https://www.minessence.net/avaluesinventory/AVI.aspx
#.XKE5QzFKhPY was appliedand anbysed for participants, which revealed
their unconsciously heJd/etimportant values and interests for them. By aligning
the important values with their professional goals,igpents’ weltbeing raised,
and by the end of the program, their kiyawas signficantly higher than before
[19].
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2 Hypotheses

Based on the findings we introduced above, we made the followingnppésns:

1) To confirm the results of Fernet et §l8], we hypothesize that from the
intrinsic toward the external regulations in goals thetebeia linear relationship
with burnout levels. We presumbat extenal and introjected regulation will
associate with high burnout levalentified and intrinsic regulation will associate
with low burnout level.

2/a) To confirm the SDT model's and the SCM model's assumptionénterd to
create two separate shers otiof the motivational background of tearh’ work
related goals. We presume that intrinsic dddntified regulationgoals (i.e.
autonomous reasegoals) will form a cluster together, and external and
introjected regulatiogoak (i.e. controlledeasongoalg will form another cluster
togethef14], [15].

2/b) We presume based on the findings of Sheldd), that positive emotions
will be in the same clustewith selfconcordant goals, and negative emotions will
be inthe same clusterith non-concordant gda.

2/c) We also presuméhat selfconcordant gals (and positive emotions) will be in
the same cluster with professional and emotional social sugfrt

3) Our next hypothesis builds on our second hypothe#esoncerns the clusters’
corrdationswith burnout syndrome. We presurtteat high burnout level will be
associated with neooncordant goals and negative emotions, and low burnout
level will be associated with setbncordant goals, positive emotions, and
professional and emotional@al sypport [18]—in case if our second hypotheses
are confirmed.

3 Methods

3.1 FRarticipants

The assessment was conducted withhisle of the Institute of Applied Pedagogy
and Psychology at Budapest University of Technology and Economics.
The Institute has a postgraduate program for teachers in the publici@tucat
Teachers are attdimg ths pragram from all over Hungary. Among theour
sample was formed.
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3.2 Measures

3.2.1 MBI-ES (Maslach Burnout Inventory — Educators Survey)

Teachers’ burnout level had been assessed with the Maslach Burnout iventor
Educators Survefp]. In this inventory participantshave to answer 22 items on a
7-point Likert scale, about how frequently they experienced a certain symptom o
burnout recently (e.g.: | feel that my work is emotiondlgining.— statement for
emotional exhaustion). 0 means: never, 6 mearexyday. We askedpermission

to include MB-ES in our study from MindGarden, the owner and distributor of
the MBI assessment. The MBS has been validated by Szigeti et[aD] in
Hungary 7KH &URQEDFK . ZDV IRU HPRWLRQDO
depersonalization and 0.76 for personal accomplishment. In every dimension,
there was a “low”, “medium” and “high” category, which is idefl by the
international standards. In our study we warkeith overall burnout scores. In
order to distinguish between the low, moderate, and high lefelgerall burnout,

we applied the following categorizati¢see in Table 1)

Table 1
Creation of overall burnout levels (by “dimension” we mean: emotional exhaustion, depersonalization
personal accomplishment). It does not maiteichdimension is scoring low/medium/high for
categorization.

Grouping criteria

Low burnout level low on all dimensions; low on two dimensions, mode
on one dimension

Medium burnout | moderate on all dimensions; moderate on two dimens

level low on one dimension; high on one dimension, low on fwo
dimensions; moderate on two dimensions, high on
dimension

High burnout level high on all dimensions; high on two dimensionsd é
moderate or low on one dimension; high on one dimengion,
moderate on the second dimension and low on the fhird
dimension

3.2.2 Personal Goals and Plans Inventory

Personal Goals and Plans Inventory was created based on the SCM model by
Sheldon & Elliot[15]. We chose this inventory because it builds on the four
regulation types of SDT, included in the SCMternal regulation, identified
regulation, introjected regulation and external reguhat By filling out the
inventory, participants have to list&4 personal goals that they would like to
achieve within the next-8 months in their profession. Then, ti3 most
concerning/important goals should be picked out, and each one of them should be
rated about the background motivations, emotional associationswark

—15-
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circumstances regarding the goals. There are 22 items altogether samuisaare
checked on a -point Likert scale (1: not true, 7: absolutely true). Wdyon
included items in our analysis that were measuring what we intended to
investigate: we included four items, for the motivatioaspects of goals (based

on the SDT model): intrinsic regulatioridentified regulation, introjected
regulation, and external regulation; two itethat measure positive and negative
emotions associated with the goals; and two further iteroataocial support
(emotional and professional), regarding the picked out goals. In Hungary,|Isevera
studies have been conducted with the Personal Goals and Plans inventory, with
satisfactory reliability coefficienfse.g.: [21]-[23]. Since it wa applied in a
modified form (some items were excluded) in our studyalpdlity (Cronbach
alpha) values will be introduced in the ‘Descriptistatistics’ parof ‘Results’.

4 Results

4.1 Descriptive Statistics

In Table 2the distribution of the sample presented. We have a femdtaminant
sample, which is a typical ratio in the teacher communityungary. The average

age is 46, which refers to a middiged population, and ottleird of the sample is

a manager teacher (principal or VP). 16,2% of pigdints are teaching in public
schools of Budapest, 25,3% in capital towns of counties, 40,9% in tows, an
17,6% in village schools. The average teaching experience in our sample is 17
years, and the andard deviation is 8,6, so most of the participaatge at least
about 10 years of experience.

Table 2
Descriptive statistics of the sample

N=494

Gender Male 97 (19,6 %)
Female 397 (80,4%)

Age (years) mean=46 SD=7,6 Min.=26 Max.=64

Role Principal or deputy 167 (33,8%)
Teacher 327(66,2 %)

Township Capital city 80 (16,2%)

(insitution’s) County capital 125 (25,3 %)
Town 202 (40,9 %)
Village 87 (17,6 %)

Experience inyears | mean=17 SD=8,6 Min.=0 Max.=38

—16-
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Reguardingthe descriptives of the applied inventoriieshe staly, the Cronbach’s
alphas of the MBES were: 0,872 for emotional exhaustion, 0,691 for
depersonalization and 0,834 for personal accomplishment. In Table 3wthe lo
moderatehigh-level distributionis presented regarding the dimensions of NS
[24]. Our sample measureighest on the emotional exhaustion dimension, and on
the other dimensions the scores are generally low. This nteahsve have a
relatively healthy, but somewhat emotionally draisachple.

Table 3
Distribution of the sample within the MBI dimesis

Emotional exhaustion high 18,2%
moderate | 27,5%
low 54,2%

Depersonalization high 2,2%
moderate | 6,3%
low 91,5%

Personal accomplishment high 0,4%
moderate | 0,4%
low 99,2%

The overalburnout levels were created as it was seen intibs’. Thee was no

case where all dimensions measured high, and there was no example for th
combination when twdimensionsneasured as moderate and one as high. Among
the cases, 395 fell into low, 65 into mediand 34 into high overaburnout
levels. In case ofPersonal Goals and Plans Inventory, participants had to mark
their answers three times for each items (regarding each of their selected
professional goal). We provide the Cronbach’s alpha values for autonomous
reason (intrinsic andlentified regulation),and controlled reason (introjected and
external regulation), and the rest of the included itemaratgly(see in Table 4)

In the analysis, we worked with average values of all the inclitelexs.

Tabke 4
Cronbach'’s alpha values of the items of Persgnals and plans inventory

Cronbach’s alpha

Autonomous reason 0,731
Controlled reason 0,809
Positive emotions 0,632
Negative emotions 0,603
Emotional social support 0,767

Professional social support 0,733

—-17-
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4.2 Burnout Levels and the SDTM odel

For dat-analysis we applied SPSS 25 software. Because the distribution of the
sample failed the normal distribution, we applieduskatWallis test to
investigate the connection between burnout levels and motivational sfamftor
work-related goals. Then, we amad MannWhitney U tests to have a clearer
understanding of our results. According to the results of the Krvgkdis test,
when the four regulatietypes (ntrinsic, identified introjected, and external)
were related to the three burnouwdss, the reults were significant (p<0,001) in

all cases. By applying Marwhitney U tests, we created pairs of the three levels
of burnout (lowmedium/lowhigh/mediumhigh) and related them to the
regulation types to discover the differences more mgcisThe esuts are
presented in Tables 5, 6, andFirst, we related low and medium burnout levels
regarding the four regulation types. Almost all regulation types andéfisantly
differs regarding low and medium level burngsge in Table b The rak values

let us conclude the direction of the difference: in the case of introjected and
external regulation, the rank values were higher, and in the cadentfied and
intrinsic regulation the rank values were lower. Thedations were similar ithe
other Maan-Whitney U tests as well. However, between medium and high burnout
levels, there was no significant difference regarding the regulatios, tyith one
exceptionjdentified regulation(see in Table 6 This points out that medium and
high bunout levelsare both associate with lelevel of autonomous reason and
higher level of controlled reason when following professional gddémntified
regulation means that one is seeing a value and a meaning in one’s work, and this
is significantly lesgprominent inthe high burnout level group, which means that
participants who has medium burnout level see more value and meaning in their
work compared to participants with high burnout level. When comparing low and
high levels of burnoufTable 7, all variables weresignificant, except external
regulation. This may be a surprising outcome, as medium and low bueveis |
differed significantly regarding all variables. This result pointstbat the values
(and rank numbers) of external regulation weoenewhat lowr in highlevel
burnoutcases than medium level burnaatses. This phenomenon might be a
characteristic feature of this sample, yet reassurat there is little deviation
between medium and high burnout levels with redarthost of thevariables of
goalmotivation.
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Table 5

Results of MantWhitney U test (grouping variables: low and medium burnout level). Cases marked

with a *" are significant.

Introj. Ident. Intrins.

reg. reg. reg.
Mann- 9303,5 10874,5 | 8465,50
Whitney U
Wilcoxon W 87513,5 13019,5 | 10610,50
4 -3,601 -2,053 -4,419
Asymp. Syg. p<0,001* | 0,040* p<0,001*
(2-tailed)

Table 6

Results of Man#Whitney U test (grouping variables: medium and high burnout level). Cases marked

Extern.

with a *" are sgnificant.

Introj. Ident.
reg. reg.

Intrins.
reg.

Mann-Whitney
u

Wilcoxon W
z

Asymp. Syg.
(2-tailed)

1082,00 | 900,00

834,00

1677,00 | 3045,00 | 1429,00

-1,516 -2,021
0,130 0,043*

Table 7

1095,50

1690,50
-0,070
0,944

Results of Man#Whitney U test (grouping variables: low and high burnout level). Tests marked with a

“*' are significant.

Extern. reg. Introj. reg. Integr. reg. Intrins. reg.
Mann- 5553,50 3770,00 4079,00 4264,50
WhitneyU
Wilcoxon W 83763,5 81980,00 4674,00 4859,50
z -1,678 -4,299 -3,939 -3,547
Asymp. Syg. 0,093 p<0,001* p<0,001* p<0,001*

(2-tailed)

4.3 Cluster Analysis

In order to create the clusters, first we created standardized vaksesrés) for
the included items of the PersidrGoals and Rns Inventory, in order to be able
to be compared with one another. Then, we diemi€ans exploratory cluster
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analysis, which classified the selected items into 2 alus@uster membership
was defined by positive values of the variablesemch of the twoclusters.

The results turned out as we expected: positive emotions, emotional and
professional social suppoitientified regulation and intrinsic regulation became
members of the same cluster, whereas negative emotions, introjectaiorgul
and externlaregulation became members of another cluster. The strongest
defining variable of a cluster has the highest positalae. In the first cluster it is
intrinsic regulation, in the second cluster it is negatnotion. We named the
clustas ‘positive’ and ‘negative’, and cluster memberships were saved as a new
variable in order to be applicable for further analysis.

To investigate the clusters’ correlations with the threeralburnout levels, we
applied crosstabulation (Ghguare test)We found thathe two clusters associate

to burnout levels as we expected: among low burnout level cases, 265 cases
associated with thBositive clusterand 130 with the Bhative cluster. In the case

of medium and high burnout levels the ratios turrexd22 and 5 casessociated

with the first, and 43 and 29 with the second cluster. Thes@imretest was
significant The strengttof the relationship between the variables was measured
by the Cramer's V coefficient. Its value was V=0,320, which indkaa
moderately song relationship. The results of the ctabs are illustrated in
Figure las well.

300

250
200
150 ® Positive cluster
100 m Negative clustel
50
0 =l =

Low burnout Medium burnout High burnout
level level level

Figure 1
Results of the crosstabulation (burnout Iexaeid clusters)

Conclusion

Based on the results of the Mawtitney U tests, we found that autonous
reason goalsissociated with low burnout level, and controlled reason associated
with medium and high burnout levels, which confirms the results of thg stud
Fernet et al[18]. There were significant differences between low and medium
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burnout levels with respect to the regulation types, but there were nocsighifi
differences btween medium andigh burnout levels, except one variable:
identified regulation. It mearthat in our sample, there is a “low buatbgroup

(low burnout level) and there is a “progressed burnout” group (medium and high
burnout levels together), since they didn't haigmi§icant difference, and it was
also confirmed by the results of the &lgjuare test as well. In crosstabulation, the
two levels associated similarly regarding the two clgstérom the Mamn
Whitney tests we could also draw the conclusion that consglgniofessional
goals as meaningful is still true in the medium burnout {gvelip, but not any
more in the high buout level group.

In the cluster analysis, clusters were formed as we expected in Hypothesi
identified and intrinsic egulation in goa fell into the same cluster (as
autonomous reason). We could also confirm the results ofi&hahd Elliof15],
that positive emotions are associated with only-catfcordant goals (as they
shared the same cluster), and negative emotions were forming a clgstbeto
with introjected and external regulation in goals (agdrofied reasa), so in those
cases it is true that negative feelings are associated wétmdeobligated to
accomplish a goal (controlled reason)

As for social support, it associated with kewvel of burnout, and the higher the
burnout level, the lower social support is (regarditige results of the
crosstabulation). This result reassures the findings of Freudenkéigerho
descibed in the 12tep model of burnout the part when interpersonal iwtsfl
start to emerge thus social support may deteriorate.

With regardto the connection of social support and motivation, &vat al.[13]
findings was also confirmed by our study, that dedication in work (measured as
autonomous reason in goals) is associated with social support, avdhabées
became members of the same cluster.

As a conclusion with regarno our results, we could point out that #nés a clear
connetion between the progressive levels of burnout and the motivational
background of teachers’ worklated goals. Withburnout syndrome, goals
become less important, less interesting and malantglike unwanted obligations

to the indivdual. This is a lgj issue at teachers’ work since almost all of their
goals are connected to educating children. Moreover, as Avanz{E3]gbointed

out, dedicated teachers tend to have more social supdertbelieve that our
article puts a#eintion on an impoant issue. It also gives a foundation to the
development of future burnout intervention programs, which may include the
internalization of goals, as previously it was alreadyven to create professional
renewal of teachers by interrmtig their workrelated goal$19].

Limitations

The limitations of the present research are that the sample regardingrtioeit
levels is not balanced: there are more cases in the low burnout level calegory t
the other two. This may be due to tlexial desirabilitymotivation of teachers.
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Because of their work, teachers may think that they have to be all time role
models for childen and for society, and thus they have to be flawless. The uneven
distribution of the sample mayaveinfluencel that we didn’t find any signitant
differences between medium and high burnout levels, and that at one evariabl
(external regulation) scored higher in medium level burnout cases tjdeviei
burnout cases. With a better distributed sample we could probedly more
distincted conlusions. It was also interesting and might be the subjefttrther
investigation, why our sample was distributedwseen all the low, medium and
high levels of the emotional exhaustion dimension of burnout, but thereonars

little number of cases in edium and high levels of the other dimensions,
depersonalization and personal accomplishment. It might be a chatiactdéribe
teacher population in Hungary, but it is also possibl¢ tiesv standard values
should be formed forhe different levels of lrnout dimensions regarding the
teacher population in Hungary, in order to have an even distributiordiegahne
three levelslt would alsobe worthto look at burnout bythe institution type and
compaing the resultsvith the fields of secondary eduaat, vocational education
and higher educatiormhis way we wouldyet abetter understanding dfurnout
syrdrome among alkinds of teachers in Hugary. When applying statistical
analyses, the sample failed the normal distribufidrerefore, Variance angdis
could not be appld# which mayhave led to less reliable results. The main
limitation of our study is its crossectonal nature, which includes biases of self
reporting and the inability to predict causality. However, in otddave a clearer
understading about the cause areffect relationships between the measured
variables, Structural Equation Modelling is suggddbr further investigations.
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DevelopingVisual Perceptual Skills with
Assistive TechnologySupported Application for
Children with Cerebral Palsy
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!Department oErgonomicsand Psychology, Faculty of Economic and Social
Sciences, Budapest UniélL W\ Rl THFKQRORJ\ DQG (FRQRPLFV O0&H.
H-1111 Budapest, Hungans XOD\ PDUN#JWN EPH KX

23HW $QGUIV )DFXOW)\ 6HP P HI®E H110858Qdapesty VLW hOO L
Hungary IHNHWH@EFHR HYD#VHRRHOZHLV

Abstract: Visual perception (VP) allows us to gess visual stimuli to identify what we see
and, thus, understand the world in which we live. VP ability is one of the cogmytive
areas often affected in children with cerebral palsy (CP). VP deficits mag to
difficulties in learning, recognizing, and remembering letters and words and mheglpaisic
mathematical concepts. We created and applied special educational software degrchil
with CP to develop their VP skills. This study aimed to investigate thedomgeffects of

the software we created to develop the VP skills of CP patients. We randomlydadsigne
participants to equally sized intervention (n=9) and control (n=9) groups and another 12
typically developing samples to compare VP skills. The duration of the infervaras 15
minutesthree times a week, for one school semester (9 months). We used thé&idetor
Visual Perception Test 4 (MVPT4) before ad after the intervention to evaluate the VP
skills, combined with eytacking to identify gaze patterns that provide valuable
information on the participants during the test solving. Due to the small sample sizd, we di
not expect significant changes, but a positive tendency is captured in the gRofskile
intervention group. We found significant differences (p<0,001) in compafihgkills of
typically and atypically developing children. In this study, we present only pneliyi
results of the ey&racking data, which seems an appropriate method combined with the
MVPT-4 assessment.

Keywords: special educational applicationisual perception cerebral palsy MVPT-4;
eyetracking

1 Introduction

JRU FKLOGUHQ ZLWK SK\VLFDOHW QB@tdRR aLWLYH GL'
FRPPXQLFDWLRQV WHFKQRORJ\ ,&7 EDVQRLESENGBOREO|
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and apply educationapplicatios IRU FKLOGUHQ ZLWK FHUHEUDO SDO
movementGLVRUGHU FKDUDFWHUL]HG E\ SHUPDQHQW GDPD
posture ad movHPH QW FD X \pie@HEWYW QR GLVW XU EiQ@gFHY WKDW
IHWDO RU LQIDQW [EURBQFGRVYHID FOMHQYWILHG E\ IXQFWL
DQG E\ QHXUROWJERDPK VIX\EJ&HWHUPLQHG B¥FRUGLQJ
affected (hemiparesis, tetraparesis, diparesis), célinisigns and symptoms
VSDVWLFLW\ G\WNLQHVLD RU DWDRW K\BBRWRXYIFFOH W/
> @’ KHUH DUH RIWHQ VHQVRU\ SHUFHQW®W LERHX DFfR. RQUL W L F
SUREOHPYV DVVRFLDWHG ZLWKKLED GHMRRYG BKHV ERY W & R\PEFP
and afects WR FKLOGUHQ SHU ERMU]Q4IUY ZHVWHUQ
6WXGLHV G H Dtéerd® Joasmdsly &Bmotor impairments and neglect

the impact of cognitionOLNH YLVXDO SHUFHSWI[BR[@ RQVUXQBPWLRQD
SHUFHSWLRQ DOORZV XV WREBQWEHYV XY KaMMERHOVWHW L P X O L
XQGHUVWDQG WKH ZRUOG LQ ZKLFK EW RQWHRIIUWMAD O
PDQ\ DUHDV WKDW LV RIWHQ33] I HFRUWMES €6 RKPKIMOGHMW Q ZL
al [9] foundthat c KLOGUHQ Z L ALK yé&aBs HD[ BHHGJ heigBtérit deficits

LQ YLVXDO SHUFHSWLRQ RU YLVXDO SHGFHSWMKDO LP
W\SLFDOO\ GHYHORSLQJ FKLOGUHQ 9LVWBBLISHUFHSYV
VXEVHFWLRQV H J YLVXD OP-¢ahstaRdyfigBre-grauddL RKO O LV XD O |
of these VXEVHFWLRQV FRQWULEXWH WR YLVXDO SHUFH
LPSOLFDWLRQV IRUKIXMQ FWHRRIDE WOBMHAFWLRQ DQG WKH
CP AGLIIHUHQW OHVLRQ SAndicaté tiad there s W la¢tedd D L Q
prevalence rate 0f93, @ FKLOGUHQ]ZLY@ K KRIIBOGUHQ ZLWK &3 SHUI
deficits can affect their academic performance in regff(R UHDGLQJ DELOLW\ |
OHDUQLQJ BWIZHONML BY RI G >sudh asQitessinig] J11H12]

7KH UHODWLRQV kvistiaEaHdWViZudthiofpr BeRédphient iISRZHU I X O

and&3 FDQ OHDG WR ERWK LPSDLUHGCc®RItWRISUWINLOOV D Q
impairmentd8] > [@]

,Q UHFHQW \HDUV ZLWK ZLGHVSUd¢tHACD &pplle/tdy WR LQIRU
the education sector aphangingto traditional approaches to special eation

and early interventiorr [@] 7KHVH ILQGLQJV @ é&ppliGatinthatv R FUHD W H
suppors YLV XDO SHUFHSOphteR® VNLOOV GHYHO

2 Featuresof the Application

The idea of developing these applications came from the daily practice of
FRQGXFWLYH HG XF D WdeRanddrd/en\projedd-WDKORFGY RIIW ZD U H
IRU HDUO\ LQWMNIY®B QW LRHY HORE&uHit@Whperddptlial YLV XD O
VNLOOV
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2.1 Technical Features

In the course of developmentVSHFLDO D W Wid @ivibdrt@eVZADI W ZDWU H

RQ PDQ\ NLQGV RI ,7 DVVLVWIWUDWNE® O RVOR_ IV AKX RKH BK QI
andspecialmouse- to open the doorof the méan target group- IRU FKLOGUHQ ZLWK
VHYHUH SK\VLFDO GLVDELOLWLHYV

$SSOLFDWLRQV DUH UEQQHGERRQVBEOHWE LG26 $QGUR
7KH VR I®%lebUsthtistical G DWD DERXW XVHUV VR SRVLWLYI
prREOHPDWLF DUHDV OFH FR® IiHid harshksite¥dbdisattime

feeGEDFN DERXW WKH FKL@&GEURQGY WKHU IIKQFMNQARP DO VI
GHVLJQ XVDELOLW\ DQG HUJRQRPLPAVNRHDWXHWV WHWIN H
VR IW pdsitive  effecton cognition, especially for visugbercepttDb O VNLOOV
$QRWKHU HVVHQWLDO IHDWXSURPDLWY WDR QI W BRM XR/GI WR D
DQG PRWLYDWLRQ 7KH GHVLJQ DQG DMFKHI EWDW B i VQHHUHLOA
of the children— playful, colouful, different levels of difficuy D QG alkdiH Z
FROOHFWLRQ RSSRUWXQLWLHV

2.2 Main Targeted DevelopmentalAreas

X 9LVXDO SHUFHSWLRQ VNLOOV WX VGDWLDXDC
relationships, visual memory, figuggound, visual closure, perception
andrHFRJQLWLRQ RI FRORXUV DQG VKDSHYV

x $uditory pHUFHSWLRQ VNLOOV VXFK DV\ DXGLWRU\
conceptualizing, auditory discrimination, auditory memanyd auditory
VHTXHQWLDO PHPRU\

x %DVLF PDWKHPDWLFDO RSHUDWLRQWEUNPPDWLRQV
VROYLQJ VNLOOV

2 Q W D E @ahdcodrration, fine manipulation, hand dominance,
Rule consciousness

DecisionPDNLQJ VNLOOV

Sel-tDZDUHQHVYV

X X X X

3 Materials and M ethods

$ P D W-pdirsi @ontrol randomized controlled research investigated the
effectiveQHVYV RI VSHFLDO H Gleamihyganies @aated B |ahtiabce H
GLITHUHQW NURIGO/VORIRMXEUHVFKRRO DQG HQWKHQWDU\
W\SLFDO DQG DW\SLFDO GHYHORSPHGQGWDN D WBKRRKH L
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year (9 monthy during WKLY SHULRG W KHngtD themteveridhn QWY EHORC(C
JURXS ZHUH DOORZHG WR SOD\ ZIPUKRXWH/ DSNE COLH-MWWAL F
WLPHV Dhig thhteMame ZDV VHW XS WRIJHWKHU ZLWK WKH VSHF
and it fits the daily schedule of their daily conductive edional SURJUDP

The control group did not use the applications; they ppadied in their

conductive educational program

3.1 Participants

The participants, ageE HW Z 18 i@rs (mea6 77), FDPH IURP WKH $QGUiV 3H
Faculty Elementary SRRO DQG .LQGHUJDRIWWMROH R&EV HUWHG@ JUR >
1 WHVW JURXS 1 FRQWURO JURXSVLV ®\ GLDJQR
$WKHWRVLV 1 $WD[LD 1 ©OH PLRI9 B AWIHG 1G HWHIOLR 8 VH (
dLVRUGHUV 1 BDUWLFLSDQWW\ZKRUFRRD WG WHHEG WDOR S\W
EDVHG RQ DJH DQG WKH W\SH RI GLRDWHUWHNQWKRQ/DBR?
issmall EXW QRW XQXVXDO LQ WKLY SDWLHQW SRSXODWLR

:H DOVR FRQGXFWHG WKH B®37H @dt @id é&VDADAENHLRHQ W
ZLWK W\A\SLFDOO\ GHdhittemR $ol @nhlyzel and compare this
SRSXODWLRQ V YLVXDO SHUFHSWXDO VNLOOV DQG JD]H

3.2 ResearchTools

3.2.1 Motor-Free Visual Perception Test-4 (MVPT-4) (Colarusso &
Hammil, 2015)

7KH 0931V D UHYLVHG Y H UtNrd RdQioR th&\biidihaD @Bsion

Rl WKH 0937 ZDV GHYHORBSH®HY)LVHG VREViseédKH 0937
09375 LQ WKHLO®37 DQG WKIHQ0937 7TKH40937

ZDV GHMJd &3¢S the visk SHUFHSWXDO DELOLW\ RI LQGLYLC
through 80+ years via a series of VSBMHUFHSWXDO WDegdrg awWKDW GR
motor respons§l6] [17] 7KH WeWWWVDMWH YLVXDO SHUFHSWXDO D
discrimination, spatial relationships, visual memory, figgreund, and visual
FORVXUHVFRUHV IURP WKHVH VXEWHVWNDED QQKRMWY EH F|
are summed together in one overall visual pgrEeD O DELOLW\ VWDQGDUG
Colarusso and Hammil WKH WHVW UWHBSRWWRGVWKDW 0937F N
DFFXUDWH UHOLDEOH DQG YDOLG DWW HID\EIBRH®W RI RY|
Stimuli are compVHG RI-aBODKAHNWH OLQH GUDZLQJY DQG GHVLJQ
choices presented in multipE KRLFH IRUPDW
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3.2.2 Eye-Tracking

7RELL 3UR ;-EB¥HEHKQ\H WUDFNHU FDSWXULQJ JD]JH GC
XQREWUXVLYH DQG GLUHEBEMDWHKKQY TWR KWW BOOR[ZAO
self-report measure 9] [20] We GLJLWDOL]J]HG WKH WH¥i VKHHWYV R/
DOORZLQJ XV WR ILOO WKH WHVW RDRDSWKMH H- RV\KIHX \WBIUH |
SDWWHUQV RI WKH SDUWLFDBD QWNMWERB VSDQ® WDE FDIGH
used to infer a person’s intention or gagAlKLQ D SDUWLRKX@RIU FRQWH[W
'DWD FROOHFWHG IURP H\H VERINEMLL@yes i tebithHFRUG R V
WR WKH VFHQH YLHZddeentRIYHHIWXY UMY UHARDWH WR IL[DWL
JDJH RQ D SDUWLFXODU ORFDWLRQ IRY VREHNMHUHRG F
PRYHPHQWY EHWRHKBQ@RFDWLRQV

In the particularstudy ZH WULHG WR LGHQWLI\ JD]JH SDWWHUQV
LQIRUPDWLRQ RQ WKH SDUWLRS\DV W R D GLXQUIL QFIH W W D L0
ZKHUH WKH H\H IL[DW HeRe@pd ditirewate-protaSing amo O

RWKHUV ZKHUH WKH DW\SLFDOO\ GHYHORSLQJ FKLOGUH

3.3 ResearchQuestions

3.3.1 ResearchQuestions Mncerning the MVPT-4
x $UH WKHUH DQ\ GLIIHUHRFWNY LDHWIZ3HHQ W\SLFDO
atypically develope children?

X $1WH untewéhton period DUH WKHUH DQ\ GLAb6eblésiQFHY LQ O
E HW Z Hirt€vahtiomand control group?

x $UH WKHUH DQ\ ®BIMtstbie@riraddCPLdaghos?
3.3.2 ResearchQuestionsConcerning Eye-Tracking Data

X $UH &VddH differences in gaze paternEHWZHHQ W\SLFDOO\ D
atypically developed children?

X $UH WKHUH DQ\ GLIIHWGEG el vl §f visDd kitiiow W H U Q
E H W ZB-D\GHOLrQest?
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4 Results

4.1 Results of the MVPT-4 Test

For the data analys ZH XVHG ,%0 6366 VRIWZDrddhal ' XH WR WK
GLVWULEXWLRQ DQG WKH VNGOG ®&/IXWDVYBRWRYRE@ SAKH QHGI
WHVW :LOFR[RQ PDWFKHG SDLUV WW KMésUVdIResFRPSDUH W
RI HDFK JURXS WHVWiORR FR-UWBIORDB/ HMWMW DLPVY WR H[D
WKH GLIIHUHQFH EHWZHHQVWIOH (EYD X® B EOAK N Q PV8 DR \F R C
PHDVXUHPHQWY DUH PDGH RQ WKH VDPIFLQUHRKKRAD WKH
much the median of the diffemces deviates from zet@mall samplesizeresearch
FRQGXFWHG RQ WKH FRP®HYDW MYKHS:RDIFR[RIQWKHHVW LV
IRU LQFUHDVHG VWDWLVWLFDR SRUHPW @ KWAZILW KHL R @ B WR
We applied the Mann KLWQH\ WHVW WR FRW®SHVWH WAK/EK @®/3/7 Rl WK
LQGHSHQGHQW JURXSV LQWH U YWhiheylURe3t Man FRQWURO
FRPSDUHV GLIIHUMNMZRGHBHNGAHHMY JURXSY ZKHQ WKH
YDULDEOH LV HLWKHU RUG UPD®@ ®R\UGHREMRVUILEXRXNG EXW QI

7KH ILUVW UHVHDUFK TXHVWLRQN ARQWHUDD ®J WXH H9!
GLIITHUHQFHV LQFPWBY EHWZHHQ W\SLFDOO\ DQG DW\!
children? Based on the literaturd H K\ S R Wikadt e WHaBSHUFHSW XDO VNLOO
R FKL O Gde¢H REZalsWake affectefd0] [28][29] > @ H KDYH IRXQG WKH
VDPH UHVXOWYV ZBDANKEKWHG7W R KGHHWKKHUPGQHQ ZLWK FHUHE
SDOV\ GHPRQVWUDWHG SUREQ@RVmotofreeY\isudd DO SHUFH
SHUFHSWLRQ WHVW %RWHWWKH EDXE®VQWHK R R & GWW K DINH
FHUHEUDO SDOV\ DWpA<DOIQ HIBR XHUQR HOF@ GWMOFHSWXDO T
thantypically developechildren did(see the visualisation iRL 1) 7KH 0937

DSSHDUVYWEBX®MHR®B® IRU HYDOXDWLQJ YLVXWE& SHUFHS)
FHUHEUDO SDOV\
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0 9 3 74 test results comparison of typically and atypically developing children

2XU VHFRQG UHVHDUFK TXHVWA4RSt HARGEBHeQLQJ WKH

LOWHUYHQWLRQ SHULRG DUH WKMBRUB®\ EGLWIZAHHHID FMHKY
intervention and control gro@We found promising tendencies éomparingthe

differencein EDV HOL QM HDVQ/&E YUIHO X H \intdtuemich Ertd @oritvoK H

grous EXW WKH GLIIHUHQFH LW Q@BRBOWWDWLVWLFDOO\ VLJ

7TDEOH
0937 WHVW UHVXOWYV LQ ER WiKsthbdRheSifferbrite & D differeii@gél DQG UH
FRPSDUHG WKH Wd&RresUtR XSV SUH

MVPT -4 test
MVPT -4 test MVP T-4 test Standard
standard score at| standard score at score
baseline re-test difference
Count | Median | Count [ Median Median
Intervention 9 77 9 101 21,00
(test)
Group | Control 9 72 9 89 21,00
6LJ 0DQQ 0,546 0,222 0,666
Whitney

20H RI SRKNNLEGHEHPOPX&® DW¥FWN RI VLIQLILFDQW GLIITHUHC
LOQWHUHVWLQJ RXWFRPH 7KH GLI-testUdHprifica hWZHHQ ED)
ERWK JURXSV W PHDQV WKDW WKH GBYHIOR S\PKILOW R
FKLOGKRRG SHULRG LV YHU\ SURJUHVVLYH

2XU WKLUK UMWNWLRQ FRQFHUWH®W VWRKN ODBH WKHUH
GLIITHUHQFHY VORIV EHWZHHQ &3 GLDJQRWAN" 'XH WR
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VL]IH LI ZHIMGARLSESBHGIVWWIQRVLY ZH JRW WXKLWH WRBDO VX
ZH SUHVHQW RQOILJY L& ¥[8 6Gnall BevipleRDH FDQ DOVR FRQILUF
WKDW EHWWHU SK\VLFDO FRQYGDWLRAUYKBBRADHDV VEFHRWV
finding refes WR WKH VWURQJ UHODWLRQMNKLB QEHWEZWXIDO SK
SHUFHSWXDO VNLOOV

150

-
H =

MVPT-4 Standard score

Typical div tetraparesis athetosis hemiplegia ataxia

Figure 2
M 9 J-4 test results comparison @ch CP diagnosisand ¥ LFDOO\ GHYHORSLQJ SDUWLFLSDQV

4.2 Results of theEye-Tracking Data

We GLILWDOL]HG WKH WHYW D/KGREVM tiielted? KrHth€@ 93 7
FRPSXWHU DQG WR EHODWWH WRVFDEW XWUHVWO ERHY QRW
response from the participants (metme), so digitization should not affect the
UHVXOWVWUIRHNL\®J GHYLFH KDV VRIWZDUHG\VRELL VWX
GHVLJQ DQG VHOHFW ZK D WorRW KH FORQHD/O DMK L PISIRW W R @/
JHQHUDWHY DQG SURYLGHV WKH YZVXDWD]DXYWHKR Q VR WWIKH
RI ILIDWLRQ DQG DPRXQW RI ILIDWLBQVRRQDW K M LWRADHH g
FDQ EH HOSRWIYWGVWLFDO D Q Dn@dun bieye'W H DAFRI LDQ @ EWDMADD
ZH QRZ SURYLGH VRPH SURPLVLQJ SUHWOVLRQ®DU\ UH
I[UDPHZRUNY IPRADMOQIDWLRQ

‘H IRXQG VRPH FKDQJHV LQ WKH JD]HOBBMWGV HK QY GRIHW K
JLIXUH VKRZV WKH JDJHOSmBWWHORSRQD APK\SOAGDIL[DW
VDFFDGHYV ZKLOH VROYLQJ RQH-RI WKH GLJLWL]HG WDV
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Example 10—13

YLIXUH
*D]H SDWW Hd.b@d shtdddéas)loRa typically developing child

JLIXUH VKRZV WKH VFDQQLQJ SDWW QUQ&HREIDQ DWKHW
WDVN 7KH FRPSDULVRQ VKRZV W K&Mping shild SDWWHUQ R
more orderlyand SXUSRVHIXO WKHUH DUH IL[DWLRRM RQO\ RQ
UHVROXWLRQ WLPH ZDV OHVV WKDQZDWRGERRGNFHGQWLO
IncontDVW LQ WKH FDVH RI DQ DW\SLFDOXQ RBHYHOHRG L Q J
SDWWHUQ WKHUH DUH PRUH IL DWW MRRRN LR IR SWYK DVGS L
VHFRQGY WR UHVSRQG ZKLFKWZDV LQFRUUHFW LQ WKH I

J)LIXUH VKRZV WKH JD]Hth&ie-iaswik the) safE AhpicayHG D W
developing childfrom the intervention group 7KH FRPSDULVRQ VKRZV SR
changesmostly in visual attention 7 KLV WhlaRade koHind thecorrectitem

LQ OHVV WLPH WKDQ, &# itR4Jdtear thaV/tHeFgaemd \is more

organized
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GazeFlot
Media; 10_13.jpg
Time: 00:00:00,000 - 00:00:35,162
Participant fiker: All Participants ®
Mumber of participants ncluded: 1716 {(63)

Eaamipe 17

Figure 4
Gaze pattern ofradypically deeloping chid WHVW JURXS DW EDVHOLQH PHDVXUHP

| | | I | | | |
GazeFlot
Media: 10_13.jpg
Time: 00:00:00,000 - 00:00:26,949
Participant fiter: All Participants
MNumber of participants included: 1716 (6%)

Lramipe 17—

Figure5
Gaze pattern ofraaypically developing childtest group) at rest after intervention

_34-



Acta Polytechnidangarica Vol.21 No3, 24

Conclusions

&HUHEUDO ofeeb ®W\VVRNFLDWHG ZLWK FRJQLWLYH G\VIXQF\V
FRIQLWLYH GLVDELOLWLHVNLMXFK GNIYENMVHB O 2XKHUEF H B YMX
WKLY DVVRFLDWLR®VHMHKH HQB UHVXOWY VKRZHG WKDW
attained significantly (p=<,001)R Z Hiidan perceptual quotients than typically

GHYHORSHG FKLOGUHDQSGHOUYKWROE3H’ D YDOXDEOH WRR
visuDO SHUFHSWLRQ LQ FKLOGUHQ ZLWK FHUHEUDO SDOV\

This study aimed to investigate the leMgHUP HIIHFWV RI WKH DSSOLF!
createG RQ WKH YLVXDO SHUFHSWXDUHENDOOSD RV \F KL GV N
WKH HIIHFWY ZH UDQGRPO\ DVVLIJQHKGLQVEHDUWUYWHTWERQ\
Q DQG FRQWURO Q JURXSV FBRQ ELDHH X VAH GV KV K H U013
E DV H 6V e é)fect size did not reach a statistically significant level

EXW WKH GLIIHUHQFH Var®sughedsdd) ® PihvegiizeQ sSuch ZaH
HGXFDWLRQDO DSSOLFDWLRQ LQ VSHFQPBPHW HGXEBDMQRQ
EDVHOL QW HV/MWMG ADH/ WL EQidpSidtepmhtibn and control), it is
VXJIJHVWLQJ WKDW WKH GHYHORSPHQWKROGHRRGO SHI
period is very progressive

The preliminary eyeWUDFNLQJ UHVXOWY VKRZ WKDW WKH LQW
pattern has changed comparedWwbKasellbe and the f&8W HVW UHVXOWYV H J P
RUJDQL]JHG ILIDWLRQV RQ WKH VXEMHKBWVYHVZRDBRKEWXJJ!
UHFRJQL]JHG LQ YLVXDO DWWHQWLRQ

Limitations and Directions for Future Research

The sample size is smalE X W qugusV inkis patient population, even limiting

WKH HIIHFW VL]H DQG WKH VWDWLVWHBPINXUDLQD OWKLH/
applicaionJHQHUDWHG HIIHFW RQ YLVXDO SHUFHSWXDO
especially atypically developing children, get matifferenW d&LoQtherapies

DQG HGXFDWLRQDO LQWHUYHQWLRQV WHEDMW VKIV GD\
childhood period is very progreséiH LQ FRIQLWLYH DQG SK\VLFDO GHY

'H DUH SODQQLQJ WR PDN-H DDFRR U HKDH\Q VALY GIDIOWW LV
the rsults ZH ZRXOG OLNH WR IRWHRORZH WR SWRSAOR FIRPG LP SO
eye WUDFNLQJWHRHPRWRDO SHUFHSWLRQ VNLOOV DVVHVVI
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Abstract: The digitalization of learning, and student-centered and learning outcome-based
approaches provide many opportunities for leadership training. This study aims to present a
program for the online development of management competencies in a higher education
environment by examining aspects of leadership training. It presents the results of the first
round of PILOT implementation. A comprehensive overview of the key aspects of leadership
development is provided, which lays the foundations for the main directions of online
training. The study describes the structure of the online leadership training and the design
of its platform. Based on the data from the two-semester program, it examines the feasibility
and effectiveness of the courses and the factors that impact them.

Keywords: digitalization; leadership training; leadership competences; online education

1 Introduction

The emergence of online training in the era of information society [1] has been
facilitated by the spread of lifelong learning [2], which means that learning becomes
a way of life. Pandemic periods in recent years have brought about an explosion in
this area, and digital education in the online space has become unavoidlable [3
Global trends in higher education are also increasingly driving towards the rise of
online training [4], extending their impact on the transformation of traditional
teaching models and practices §. The paradigm shift, which replaces teacher-
centred education with a student-centred training approach is taking place, and
online training are very suitable to facilitate this change. At the same time,
traditional educational approaches and methods are no longer exclusive to
traditional higher education courses, and their effectiveness can be increased by
using digital, e-learning tools or by providing fully online options [7, 8].

On both the supply and demand side, there is a growing demand for digitization and
the use of e-learning tools, which has been largely driven by changes in learning,
knowledge transfer and acquisition attitudes and skills development at both
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individual and group levels [9]The requirements of e-learning curriculum
development must also be strongly met by the faculty. It is important to focus on
collaborative learning and to use educational tools effectively [10] by taking
advantage of the opportunities offered by modern technologies [11]. Student
expectations should be kept in mind, which includes frequent assessment of
performance and regular feedback (avoiding an exclusive test- and exam-oriented
mentality). In the process of strengthening student-centered education (in contrast
to teacher-centered education), the emphasis is shifting from communiaation t
learning and skills development. Online courses are well suited to facilitate this
change, as e-learning education is inherently focused on students who are actively
involved in an integrated and interactive learning process [12].

In leadership training and in the development of leadership skills, it is especially
important to break away from the methods used in traditional, school-based
education. This is best achieved through training where the emphasis is on gaining
experience and using various tools to create situations that promote the development
of leadership skills. Online implementation is also beneficial because it creates a
high degree of flexibility and is thus more time-efficient than fimeface training.

In addition, interactivity can be easily ensured and learning materials can be updated
more flexibly. Curriculum can be viewed and reviewed any time and any number
of times, and feedback can be more frequent and immediate.

In leadership training, we can find several online offers, the number of which has
further increased because of the pandemic. There are many examples of this type of
training, both domestically and internationally. On the one hand, it is worth
browsing at different online educatarplatforms (e.g., Coursera, Udemy, edX,
Fiverr Learn) where they offer plenty of online courses, including developing
leadership skills [13, 14]. There are also companies that offer training specifically
on a business basis, where online management training is also part of the offer (e.g
Plurasight) [15]. We can also find organizations that focus entirely on leadership
and offer training solutions in different areas (e.g. Center for Creative Leadership)
[16]. And, of course, higher education institutions are also present in the leadership
training market, with a number of online courses (e.g. Stanford University) [17].

7KH RQOLQH OHDGHUVKLS WUDLQLQJ GHYHORSHG DW WK
the course offerings organized by higher education institutions. A two-semester

course covering special leadership topics was developed and implemented on an

online platform dedicated to this purpose, which is available to students in both

Hungarian and English. In our study, we present the research evaluating our training

that develops leadership competencies in an online, higher education environment,

focusing on course completion and results of the training.
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2 Development of Online Leadership Training on a
Higher Education Platform

In order to become a successful leader, it is necessary to develop basic leadership
skills and abilities. Based on the managerial functions and tasks, the most common
development needs from managefssummarizing the experiences of three
internationally recognized training companiéscan be grouped around the
following topics and issues:

1) leadership roles

2) setting priorities

3) delegation process

4) qgiving / receiving feedback, evaluation

5) managing groups, leading discussions. [18]

1) To a certain extent, every manager must also be a professional, which decreases
with the level of hierarchy and the number of subordinates. In order for a leader to
be recognized, he or she must also have the expertise to intervene in supportive or
decisive situations that may arise from time to time. A successful leader is also a
coach. A coach is characterized by personal qualities such as charisma and social
competence, as well as theoretical and practical knowledge in his or her field. In
addition, certain administrative tasks also need to be performed. No manager can
avoid reporting and budgeting, personnel administration, and future planning.

A well-functioning administration is an essential prerequisite for effective corporate
work.

2) A leader faces many tasks on a daily basis. For an organization to be dynamically
sustainable and profitable, it is important for a leader to make appropriate decisions
in various areas, like which tasks are urgent or important, and prioritizing among
the tasks and problems that arise. For this, the trainings typically use the Eisenhower
principle (eisenhower.me), which helps organize the tasks that arise in the matrix
of importance/urgency.

3) When delegating, the most difficult questions for the leader are what and to
whom. That is: What is the task that you can responsibly delegate to the right
person? Who is the right person? Prioritizing helps to delegate tasks. The urgent
and important task is performed by the manager (or a specialist with the direct
assistance of the manager). Non-urgent or non-important tasks can be delegated,
while non-urgent-non-important tasks can be at the bottom of the list. Another
difficult question is who to delegate to. We are not only talking about the task, but
also about the development of the subordinates. The manager must find the right
management style to fit the subordinate during delegation in order to complete the
task in the right way [19]The leadership style chosen then depends on the maturity
(motivation, confidence, personal commitment) and level of development
(professional competence) of the employee.
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4) When giving and receiving feedback, it is especially important for the leader to

EH DEOH WR EH 3KHUH DQG QRZ" LQ WKH LQWHUDFWLRQ
the dayto-day work of the leader from assigning tasks to evaluations. There are a

number of rules for feedback that we do not disclose now, but there is a well-applied

model called Nonviolent Communicatio(]. This model supports the leader in

being able to share his perceptions clearly with his environment, providing a basis

for formulating clear feedback (observation, feeling, demand, request).

5) Based on their motivation and performance, members of a team can be divided
into three types: average/medium, above-average, and below average. It should be
added that new membadrsthe team tend to adjust to the average or worse, to the
least working colleagues, depending on what they consider to be the norm within
the group. The steps for managing a group can be summarized as follows:

1. Introduction of an "OK" - "not OK" performance evaluation

2. Clear and transparent information about the team's goals and expectations
for the team

3. Clear and transparent information on specific expectations for each
employee

4. Regular feedback to the team (both positive and negative feedback)
Regular individual feedback (both positive and negative feedback)

6. Managing the personal development of each employee through structured
discussions

7. Accurate goal tracking and management of each employee's activities
through structured discussions

8. Ongoing conflict resolution and problem-solving competence with
structured discussions.JP

When conducting discussions, the leader must ensure that they create the right
atmosphere, are factual, and constantly make sure that they are moving towards a
mutually acceptable solution.

There is a positive relationship between managerial success, efficiency, and
organizational success [223]2 Leadership success is inconceivable without
identifying and developing the competencies required for it, which is supported by
numerous theoretical and empirical studies [24, 25]. The development of leadership
competencies within a traditional training framework can only be achieved to a
limited extent, focusing on certain elements. At the same time, digital, online
training interfaces provide an effective solution to leadership development through
the application of a learning outcomes-based approach.
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2.1 Programs for Online Leadership Training

The online leadership training was developeddaKH 8QLYHUVLW\ RI 'XQD~MY!
two phases after reviewing the literature background and evaluating domestic and
international good practices. Between 2018 and 2019, we focused on developing
the first part of the training and creating an online platform. In addition to the
development, several other extracurricular elements were implemented during this
phase with the support of the Pallas Athena Domus Educationis (PADE)
Foundation, which ensured the quality control of the developed curricula and the
reward of the instructors and researchers involved in the development. Dusiag the
two years, in addition to the development of the curriculum structure and the
development of the first online learning material package, the online platform got
also developed.

The second phase took place in 2021- 7KH 38QLYHUVLW\ 1HWZRUN
6XVWDLQDEOH 'HYHORSPHQW"™ WHQGHU DQQRXQFHG 2Z
Horizontal Program of the National Bank of Hungary supported the second and

final phase of the development: new online learning materials were developed, and

we presented our new and relevant developments at conferences and workshops
organized by research groups. This project, similarly to the PADE project,

supported the process with a number of other activities, notably high-volume library
development, which focused on our leadership training program in addition to

general business administration and management courses.

The content developed during the two phases was subject to continuous testing. In
addition to proofreading the professional materials and testing the online interface,
we ran a PILOT program with the involvement of our students to see how the
curriculum and platform work and to eliminate any problems. Our long-term goal
is to accredit a specialized continuous education program that uses online content
and that provides future leaders a professional training targeting the concept of
sustainable economics.

2.2 Training Structure and Content

The planned specialized training will be based on 2/3 onlinedtligitd 1/3
traditional faceto-face education. The present study primarily aims to present the
structure of the online content, as well as to summarize the results from preliminary
testing and to draw conclusions. The first semester of the specialized training offers
courses on the individual and social aspects of economic development and
sustainability. The second semester focuses on sustainable economics and on the
future challenges of leaders. The learning materials are available in both English
and Hungarian. The structure of the online part of the training is as follows.
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Semester 1

1. Development of professional
competences

Mastering leadership skills
Time management
Presentation technique

ok wDn

Smart solutions and technologies
in the local sphere

o

Project management techniques

7. Economic modelling, world of
business processes

8. The role of virtual economy and
digital technologies in the
economy

Semester 2

Platform Economy and
Sharing Economy

Globalization, knowledge
management, information
management

Cryptocurrency and the
virtual world

HR in the world of robots
Health economics

Consumer protection,
consumer awareness, rights
and obligationstin the 2%
Century, where information
is the "new oil"

3 Research and Methodology

The aim of the PILOT program is to examine the completion and effectiveness of

the courses and to detect any problems in the digitized content by testing the online
interface of the training. In the testing of the curricula, we involved students of the
8QLYHUVLW\ RI 'XQD~MYiURV SUL Biupéhised by MX GHQ WYV
Institute of Social Sciences.

The two-semester extracurricular leadership training program was supported by
curriculum development instructors. We provided consultation opportunity for all
registered students. In addition, in each of the two semesters, we organized special
workshops and conferences. At the conferences, curriculum developers were given
the opportunity to present the content elements of the courses and to explain the
scientific contexts of the curriculum development. Reviewers of the learning
materials also participated in the conferences and drew attention to the further
development possibilities of the leadership training.

A total of 188 students and 14 curriculum development instructors participated in
our study. The study was based on specific analyses of the data stored in the
university's online training platform, in the Moodle system database. Our research
is exploratory and open-ended, as it does not test predetermined hypotheses. By
analyzing the data related to course completions and their results using statistical
methods, we sought to find out which factors might affect the effectiveness of our
online leadership training.
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4 Resultsand Discussion

Regarding the testing of the curricula of the first semester, we found that 50
registered students completed 198 courses, while in the second semester 133
students achieved 221 course completions. Based on the data, it can be stated that
each student generally took several courses and completed them online.
The distribution of course completions is illustrated in Figure 1.

Course completion {number of students) — Course completion (number of students) —

Semester 2
Semester 1 -

72

5 ] 30 ] ™
] 26 24 24 . 24 9
22 .
I 18 0 =
& e & & i & &
y 2 # 3 ¥ .-‘"n 3 o
g

5

Figure 1
Distribution of course completions by courper semester

While the distribution of course completion can be considered even in the first
semester, we can see that in the second semester the courses related to
Cryptocurrency and Consumer protection ended the semester with an extremely
high number of completions. In addition, it should be mentioned that the system
documented an additional 150 students who enrolled in the system, used the
learning materials only once, but did not complete a single course. Moreover, there
are a number of students who tried to complete the courses but were unsuccessful.
The distribution of unsuccessful completions is illustrated in Figure 2.

Unsuccessful course completions (number of Unsuccessful course completions (number of

students) — Semester 1 students) — Semester 2

12 1
N 3 I 3 3
1
& F oF R & G & & &

Figure 2
Distribution of unsuccessful course completions by cqoyesesemester

It can be seen that the distribution of unsuccessful attempts is in line with the
proportion of students enrolled and successfully completed, with an even
distribution. However, the failure rate of one course is much higher than the others.
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In the course entitled Globalization, knowledge management, information
management, there were only 17 successful course completions and 9 unsuccessful
attempts.

Students who successfully completed the courses generally achieved high scores.
The structure of the courses is standardized in the whole online leadership training
program. There are short quizzes and assignments in the chapters and assessment
tests at the end of each chapter, which prepare students for the final test at the end
of the course. Figure 6 illustrates the average scores for each course @yallati

tasks in the entire course)arpercentage form.

S ter 2
’\verage scores — Semester 1 Average scores —Semester

Figure 3
Average scores of course completigmsr semester

Based on the results obtained in the first semester (see Figure 3), it can be stated
that the students managed to complete the course Mastering leadership skills with
the highest scorevith a very high 94% grading. The completion of the Presentation
technique course was not much lower than this, with a result of 92%. These two
course scores, which are above 90% on average, are presumably due to the fact that
in the traditional university curriculum of the students we can find subjects with
similar topics, even if they have different content, so the participants already had
some kind of pre-qualification.

Most of the first semester courses ended with an average score of between 80 and
90 percent, which can be classified as good in the traditional evaluation scheme
These, i.e. Time management, Project management techniques, Smart solutions and
technologies in the local sphere, and The role of virtual economy and digital
technologies in the economy, aim to transfer focused knowledge, making them
presumably easier to accomplish. While the Development of professional
competences and the Economic modelling, world of business processes courses,
which have average scores of between 70 and 80%, are rather multidisciplinary and
professional courses, which presumably require more preparation from students.

Looking at the scores of the courses of the second semester, it can be said that an
excellent (above 90%) average score was not obtained in any of the courses. Half
of the courses (Platform Economy and Sharing Economy; Cryptocurrency and the
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virtual world; HR in the world of robots) got completed with average scores
between 80 and 90%. The other half (Globalization, knowledge management,
information management; Health economics; Consumer protection, consumer
awareness, rights and obligationsn the 23 Century, where information is the

"new oil"), had course completion scores between 70% and 80%. The courses of
the second semester focused on more specialized topics related to sustainable
economics and economic megatrends, the acquisition of which would probably
have required more attention and more time on the part of the students.

We also looked at how educational material usage within each course affects the
effectiveness of completing the final tests. The impact of educational material usage
on the average test completion results is illustrated in Figure 4.

Effect of educational material usage on average Effect of educational material usage on
test completion results - Semester 1 average test completion results — Semester 2
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Figure 4
Effect of educational material usage on average test completion results, per semester

Regarding the courses in the first semester, it can be said that in the case of courses
where the educational material was used several times, the results were generally
better. This is particularly the case for the courses in Presentation techniques,
Mastering leadership skills, Time management and Development of professional
competences, all of which had an educational material usage over 25, resulting in
nearly 85% or more in average test completion restilie lowest educational
material usage (less than 15) was for the course Smart solutions and technologies
in the local sphere and it also had the lowest test completion results (75.20%).

Regarding the courses in the second semester, this kind of correlation could no
longer be experienced. However, it can also be stated here that in the case of the
two highest test completion resultsConsumer protection, consumer awareness,
rights and obligationgtin the 23 Century, where information is the "new oil" and

HR in the world of robots courseidn both cases the number of educational material
usage was over 40, resulting in an average test completion score above 80%.

We also looked at whether the time spent completing the final tests affected the
results achieved. That is, for courses where more time is spent completing the tests
the results improved, or vice versa, are results lower for tests that require more time
and are presumably more difficult? The effect of the time spent completing the tests
on the average scores is illustrated in Figure 5.
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Effect of the time spent completing the test on the average Effect of the time spent completing the test on the average
scores — Semester 1 scores — Semester 2
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Figure 5
Effect of the time spent completing tests on the average speresemester

Based on the statistics of the courses of the first semester, it can be said that the
average scores of the final tests were the highest in those three courses (Presentation
techniques, Mastering leadership skills, Time management) (87.65%, 85.40%,
85.25% respectively), where students spent the highest time completing the tests on
average In the case of the Smart solutions and technologies in the local sphere
course, where students spent the lowest titess than 15 minutes on averade
completing the final test, had the lowest average test score (75.20%).

Based on the statistics of the second semester courses, no such type of correlation
was observed. In addition, we examined the relationship between the time spent
completing the final tests in these courses and their swdtfe respect to course-
completing students. Figure 6 shows the relevant statistics for the Cryptocurrency
and the virtual world course, which had the highest student number. Based on the
data, it can be said that students who took more time to complete the final test
generally completed it with good results.

Relationship between the lime spent completing the test and scores of the Cryptocurrency and the virtual world course
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Figure 6

Effect of time spent completing the final test on the average séordlse Cryptocurrency and the
virtual world course
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In addition to the results achieved, the course statistics also illustrate well that those
students who were committed to mastering each course material and edrthaet
courses were able to achieve very high results with sufficient practice. The data of
the short quizzes and assessment tests related to each chapter of the courses show
that these students kept retakingstitests until they achieved the optimal scare
typically 100%, and this helped them to prepare for the final test, which could only
betaken once.

Conclusions

The redesign of the courses according to the opinions of the reviewers, the
consistency of the tests and the large number of interactive elements greatly
contributed to the achievements and success of the online leadership training
program presented in our study. Our research highlighted two issues. On the one
hand, we have to deal with students who register for the training but do not complete
any courses. We need to find a way to retain those who have registered for the
training. One solution is to provide consultation opportunities (preferably online) or
to further develop the online platform and rethink the interactive elements of the
coursesbhy applying gamification for instance.

Moreover, the online training progrdmas courses where the registered / completed

/ unsuccessful ratio is exceptionally high in favor of unsuccessful course
completion. In these cases, it is important to re-validate the course completion
criteria based on the requirements of the other courses in the préigsa@ssential

to revise the content elements of the courses and to comply with the accreditation
requirements to be able to authorize the projected specialized continuous education
program.

The student-centered education implemented on the online platform is particularly
suitable for developing competencies that participants will actually need in their
work. Of course, this requires learning materials and content that providedage
knowledge, and that the focus should be on problem-solving, collaborative learning
(see collaborative methods). The digitization of learning, with its audiovisual and
interactive tools, increases the acceptance and retention rates of information
available through traditional teaching methods (see the learning pyramid) [26] and
exploits the potential of experiential learning [228].

In addition to the traditional course offerings of higher education institutions, there
is a growing demand for the development of extracurricular, short-term educational
programs These training programs require a specific approach compared
traditional higher education methods, both in terms of the courses offered and the
learning materials provided, as well as developing an interactive and knowledge-
sharing learning environment. As we have presented in our study through the
examination of an online leadership training program, digital and e-learning
solutions provide adequate flexibility and educational learning efficiencies for these
training services.
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Abstract: Today'sHR tendencies face marthallenges. One of them is the interaction
between managers and IT people. @uidencebased study describes the psychological
background © that misunderstating. The research shows that students of different
faculties have the same attribution year ygar (between 2018020, three academic
years) but they differ significantly by faculty. The ts@mnple was examined (n=2305) and
we founddifferences in stughts' persnalities,i.e. their level of extraversion which could

be thebasics of all interpersonal conflicts. We propose that they couldn't handle workplace
situations appropately because they are significantly different in their tomal
intelligencemeasured ith Bar-On's EQ-i and they adapt to stressful situations eliéntly
based on their diverse coping skills. HR solutions could be developed based on these
findings intheform of trainingor organizational policies

Keywords: HR; digital generation personality;emotional intelligencecoping

1 Introduction

Basic charateristics of human nate and behavior are frequently in conflict with
organizational and business regmients, even fronthe point of view of
competitiveness. Theameapplies to the field of aoperation and knowledge
sharing. Success of corporate coeapien, teamwork and infmation flow
between organizational units depends on the effectiveness ofrtireuraication.
In the world of HR, there must be new and 1used slutions to apphf1].
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The communication between IT People and managers become profegsion.

In our resarch we are looking for the answer, which psychological factors could
cause hugedifferences betwee these two group We sippose that young
engineers and economists hahe same generational features; if we find their
differences, we can work on programdocusing on the difficulties of
communicationFor this research program, wea@xined firstyearstudents of the
Budapest University of Technology (BME in Hungarian), wh&arn on economy
major (future manager), and electrical ergiring major, also oinformation
technology major (future Fpeople). Even though the students, whoenselected

in the sample, learmt the ame university, probably in the first semesterirthe
personality traits gain better. Our survey, beyond therge®n of differencs
between the two groups, can describe and introduce the future managers and IT
People preparing fothe labor market. Althat contributes to understand those
complex corpaate relations, where differences between managers apdolle

are made even modifficult by age differences

Nowadaysa rather live and unresolved issue isvho deal with the requirements
and labor market needs ofi® of the youngst age mups, ie., the digital (Y, Z,
Alpha) Generationg2- ]. Meretei [4] assimed that on the market working
generations are differently satisfied with their job,resent vaous work ethics,
do not take same responsibility and thitiversely about workife balan@. These
generations also differ in a wénpw theyget theirjob done and how confidently
they use technology and move in the virtual wgBH Therefore, current R-
tendencies should be changed 1) to enable a compangdbnew requirements
of the nev generaion, 2) to ensure that they fit in as active and prtdec
PHPEHUV RI WKH RUJDQL]DWLRQ WR GUMNMBORS
collaboration between threpresentatives of different disciplines.

2 Literature Review

There are several ppachesvhich define the term of generation describing it as
a connetedgroup sharing social and historical experierfé¢sor sharing beliefs
and behaviors due to thdiistory [7], or as group of people who build ahoot
andgain the same experiend&$. Mannheim[6] was one of the early pioneers in
generational remach who described generations based on people’s collective
experiencesBased on these we can assume that the main characteristics of a
generation are definedy age groups, common location @wiembers and their
experienced social and historical proesssn these locationfs]. Not just bith

and saial, historical experiences are important by definingegations, but Howe
and Straus$7] emphasized also the thoughts and feelings of one patsout

how he views himself and his genéwagl group. Accorihg to Howe and Strauss

[7] the membes of a generation share the feeling of belongithg same bedfs

and also some common belag above their collective historical experiences.
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7 | Wsik et al.[8] approached generatioisrough the lenses of cohort theory.
In this sense people boin the same year belong to the same col@jrt

Beyond age and higtioal experiences mostly technical competencies describe the
differences betweergenerations. Thedi@! 7|U FV L N[8]Hanmph&sied
innovational aspect in generational theories and in thweséime digital
innovation brought a newapproach in everyday life and research, namely the
digital generation. Increasing time spent tme internet and high use of
technology characterize the digital youth, including Generation Y, Z hed t
Alpha generationPrensky[9] shaped the terms of glial natives and digital
immigrants. He described digital natives as people born into the digital word,
being surrounded by thnology from the first moments of their life. They are
mostly young pople who communicate, socialize and also learn on thenétte
[10]. According to Prensky’s theofy] digital natives are familiar with online
world and the newedednologies. They are used to quick information sharing,
downloadng and searching. Furthermore, this young generation choose usually
the instant way, looking to graphics rather than regdaxpecting gratification
and rewards right after a task is delivcerer connectinga each other, i.e.,
networking all day from wérever they are. With Prensky’s word they are “native
spealers of the digital language of computers, video games and éneetitf9, p.

1]. The opposite of digital native is called digitairnigrant. They are somehow
old-fashioned from the perspeati of the youtH9].

White and Le Corny11] revised the terms of Prensky and suggested a new
typology. They made not a strict distinction between digital residents gitdl di
visitors like Prenlsy made earlier between digital nativasd immigrants. They
considered these two clusters as two ends of a continuum which describes
technology use depending on individual motivation and context, notqustége.
Digital visitors are people who useternet and applications as tools for their
goals after they reached thgoal, they leave the internet and live their life offline
While in contrast digital residents use these tools taemalace where they can
approach each other and shanformationabout life and work permanently. They
prefer to live online and be memberof virtual communitiesThey enjoy being
online and visible, forming their digital identiti€¥1].

Buda[12] developed a mer sophisticated characterization for the infoiorat
society in our digital world. In his view people who do not usecbiemen possess
digital devices are digital eremites. Digital exploraheady have digital devices
but are still larning how to us¢hem and prefer simpler devices. Digital nomads
use lmth the internet and computer but not so confidently yet. They consume
digital written content andprefer familiar websites and platforms. Digital
wanderers usually use the internet andtaliglevices, but still have challenges in
some aspectd he modern cizens of information society are the digital settlers
who corsume and create otent, use digital communication, social media and
platforms for banking or booking to&inally, the highest digitalization is reached
by digital conqueras. They use the inteet as exclusive source of information,
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are always available and online. Digital world aachnology are essential in their
life[12 1.

University students also can be characterized nowadays as digital natijas, di
residents and digital settlers digital conqerors. Because theyeapat of the
digital generations, generation Y or Z, and are also experts in technology. The
use different media platforms to gain more information, preferablyeiform of
picturesand videos. They are used to innovatitechnologies ah devices and
they opeatewith them in schools and wofi4, 15]. Although they represent the
digital generation, they differ in career aspirations, habits and petgoridiis
conclusion can be drawn from analyzing the charadtesisf university students
from different faulties.

While examining educational orientati® Morstain and Smaiftl6] found that
between members of different faculties can be found some personfiéiterties
too. Socialfaculty members seemed to be more indefant, valuing freedom and
unstructured courses where they can set theirsg8alsids this the faculty also
enabled partipationin decisionmaking and teachintgarning arrangements and
secured individuatentered functioning. In comparison Realistid Invesigative
faculty seemed to prefer structure and pragmatical behavior and emphasize
evaluation inthe form of grades. They @ected students to have clear, rational
goals and gainpractical experiences by using theaicientific knowledge and
technical skls. In both cases could be drawn a parallel between the patgmfal
students and the previously mentioned characteristitaculties[16].

Personality dimensions gawa greibasis to comarison of university students.
For this reason, Kline and pham[17] also examined personality differences
among university students and searched for factorshvalaic determine academic
success and occupational choicetha conscientiousness and conformity factors
scientist and engineers sed significantly higher than other faculties, and
engineers scoreddtier onthe toughmindedness factor tofd 7]. Rubinstein[18]

also analyzed the differences between university students akdiffiaculties and
found that accaling to the Big Five theory law students are significanttyren
neurotic than other scieagroups.Whereasatural science students seemed to be
the most agreeable in this comparid8.

After the success of personality research of diffefacuties SancheRuiz,
PérezGonzalez and Petrid¢$9] extended research to trait emotional intelligence
assuming differences between the facuhembers of social sciences, technical
studies, natal sciences, art and humanities. Social science andtadets
proved higher emotionality than technical studentdi#ahally, art students also
scored higher in welbeing and global trait emotiahintelligence, and lower than
other faculties in sélcontrol. This latter result might reflect just thpircepion

of their ability of emotion regulation andrassmanagemenfl19]. In contrast,
Kafetsiosand his colleguef20] found supportig evidence that science students
have higher trait emotional intelligence thsocial €ience students reported by
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their selfassessment. They differed in factors of aalifity, positivity in mood,

sef and social awareness, sethinagement and socialillk Supporting tle fact
that science students have higher emotional stability totheir emotional self
efficacy. While measuring ability based emotional ifgelhce, social science
students seemdd perform more emotional intelligence than scieatd business
studentq20]. Later, PertegaFelices, Castejéf€osta and Jimenblorenilla [21]
conducted research to describe differences between teaching and computer
engireering stidents and professionals and to determine the nmogoriant
competencies for these professioBy the analysis of emotional intelligence, it
was proventhat teacher training students have higher emotional intelligence,
extroversion and agreeahbss thanengineering students and they have also
differencesin their personality profiles. Interpersonal skills amdod were the
most important factors for telers, viile conscientiousness, stress management,
adaptability and interpersonal skills bejma to tle engineers’ professional
profile. Although there we differences between the professionalffis, both
professional groups confirmed the importanégersoral, social and emotional
skills [21]. Differing important personal aanpetencies also courred when
BallesterosSanchez,Ortiz-Marcos and RodrigueRivero [22] investigated the
competencies of engineering graduates and practicing project madtensgh
engineers obtain professional knowledge at the university, theg tm use
specific &ills when becoming a manager a project manager on the labor
market. The personal competency units were for both groups emotional
management, sebfelief, commitment, communication, problermanagement,
resources management, team &ratlip and professialism. Project managers
were letter in all competency units, but just in conflict mamaget, team
leadership, communication, emotional management and prafabisio dffered
significantly from engineering graduates. Besides the rdiffees, these groups
share some similarities tooh@&ir lowest competencies were communication and
resource management, maanthey face challenges when managing their own
resource. Theréore, graduates have to develop these skills and focus on team
competencies and social awareness when becoming a project mgziger

Furthermore, the last few years of pandemic verified the@itapce of personality
factors in the hybrid and metly digital world. Especially, the factors lich help
to tackle with uncertainty and unexpgttchanges, like positive psychological
resourcesBernabeValero, MelereFuentes, De Lima Argimon ar@erbino[2 ]
found evidence that some personality fasiofluence our experiences negatively.
Therr results showed that emotionally unstable pempféered more under the
period of lockdowrbecause they are less satisfied with their relationshjght
suffer from depression, fear or social rejection. Wiibnsaentiousness helped
people to be cautious and aware of the steps which kept virdeofarthem.
Gratitude, purpose in life and religiosity were alsoueficing the experiences
during the pandemic. Gratitude secured a posiffect and ensured gdive
effective experience when facing adsiy. Purpose in life also showed a positive
assocation with positiveeffect through finding new meaning in life and so
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lessening the negatieffect of the pandemi§2 ]. Another research emphasized
the role of resilience in navigation through stressful times. Ang, Shoopgzl.
Chew and Layi24] condwcted interviews with umersity studentsand their results
confirmedthat resilience cahelp in uncertainty and changing timé&$eir primer
source of resi@énce were social connections which could have been maintained
through the internet and applicat® [24] This means that digital generation
survived this challenging time through utilizatioof tedhnology and their
advanced skills in the online world, respectively to their persskils.

To summarie

3 Data andMethodology

3.1 Methodology

The preset paper is gart of a longitudinal descriptive survetarted in 2018 at
the Budapst University of Technology drEconomicsThe study was conducted
according to the guidelines of the Hungarian Committee of Psychological
Research and approved by theig&@hCommittee (approval code:)8We gather
data automatally from the Neptunesygem about thesocioeconomicstatusand
university entrance scores and within we asked-sestester students to fulfill a
long online questionnaire about psychologicalkachceristics with a speal focus
on their positive psychological attributes. The measuremeois twere the
Hungarianversiors of the following inventoriessharedvia the Neptune system
directly to the firstyear studentsn the middle of their first saester(November
of the givenyeal). The questionnairesvere presentetb therespondentsn the
structuredescribed belowAfter the 1-monthdata collection periodwhich ended
before the first examination peripave downloaded thanswerdrom Neptune.

To get a picture of students’ personalitiege used the Eysenck Personality
Questionnaire (EPI), a85tem test where stahts have to decide whether an item
is true or false in their ca25-27]. Based on Eysenck'theorypersonality differs
in three main dimensions: extraversion (i.e. the tendency to seek piMity,a
and relationships in theform of higher scores on ttseale) vs. introversion (i.e.
the temlency to stay alonelower scores on the scale); neticism (.e. emotional
instability — in theform of lower cores on the scale) vs. emotionabitita (i.e. the
person is not influenced by emotional cueshigher scoes on the scale);
psychoticism (i.ehow much a person is aggressive, masculine and nomoorfo
higher scores means higher level psfychoticism).The test has internationally
good psychometripropertes[28].
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As a holistic tool to describe studentshetional profiles, we used¢ BarOn
Emotional Intelligence Inventorf29- ]. The test has acptble pgchometric
properties basean international validity measurd®7; 29]. The Hungarian
version comains 121 items, each with ap®int Likert scale. fie higher score a
person on the scale has the higher is the mentioned competence he onshe ow
Based on BaOn's theory of El, thénventory measures 15 subscales in 5 factors
[ ; 2,p.21]):

Table 1
Description of the EQ scaleq 2]

EQ-I SCALES 'The EI Competencies and Skills Assessed by Each Scg
Intrapersonal Selfawareness and seléxpression:

Self-Regard ITo accuratly perceive, understand and accept oneself.
Emotional SeHAwareness [To be aware of and understand one’s emotions.
IAssertiveness ITo express one’s emotisand oneself.

Independence 'To befree of emotional dependency on others.
Self-Actualization ITo strive toachievepersonal goalctualize one’s potential
Interpersonal ISocil awareness and interpersonal relatinship:
Empathy ITo be aware of and understand how others feel.
Social Responsibility ITo identify with one’s social groupcoopeate wih others
Interpersonal Relationship [To establish mutually satisfying relationships

Stress Management Emotional management and regulation

Stress Tolerance ITo effectively and constructively manage emotions.
Impulse @ntrol ITo effectivdy and constructively control emotions.
IAdaptability IChange management:

Reality-Testing ITo objectivdy validate one’deelings and thinking
Flexibility ITo adapt and adjust one’s feelirtgsew situdions.
Problem-Solving To effectively solvepersonal anthterpersonal problems.
General Mood Selfmotivation:

Optimism ITo be positive and look at the brighter side of life.
Happiness 'To feel content with oneselbthers andife in general.

With the focus on positive source competencies,used the PERMA Profiler
[ 1. This & the first holistic measurement tool of we#ling with acceptable

psychometric atibutes. 7KH +XQJDULDQ YHUVLRQ FRQWDLQV

Likert sales. The final structe has 7 scales, five from the origl PERMA
structure: positive emotion (P), engagement (E), pesitielationship (R),
meaning or purpose in life (M), accplishment (A), and two new factors of the
refined model: negativemotion, physical health where higher scores mean the
higher levelof the phenomena. Witbne 1 item the mfiler gives a score of
people’s self report of happiness and loneliiesk
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To measure the behavioral aspect of dealing with stresishaltisrs we usd a
guestionnaire developed in Hungary by OJal- 5]. The coping preferece test
contains 80 items about behaviors in stressful situations withp@nd Likert

scale. The test gds a preference profile of 8 coping strategies as prefieused

ones (gg. problemfocused reaction or suppeseeking behavioysand emotion
focused ones (e.g. impulse control, emotfocused actions, acting out, self
punishment, acquiescence, and attention diversion). Even higher the score on a
scale is, the ofterhe persa use the mentioned dog style.

To measure the maitand psychologicahspects of coping we used a test of the
same authof 6- 9]. The Psychological Immune System Inventorytaors 80
items with a 4point Likert scale. The higher score or thcalemeans the lgher
level of the conpetence. The profile show$ subscales in three systems:

Table 2
Olah’'s [ 6- 7] model of psychological immune system (PI) that corporates cogriiaavioral and
trait attributes

Pl SCALES The Pl Competenciesand Skills Assessed by Each Sken|

IApproach-belief subsystem [Helps people to adjusto their environment.

positive thinking Optimigic beliefs thaturrent events are proceeg
towardsideal situations.

sense of control One’scapacity to control ime’s ownemotions.

sense of cohence One’s ability toharmonizehoughts, emotions, behavic
and lifestyle.

feeling of growth One’s feeling oftontinuousselfdevelopment  ar
achievement.

challenge seeking One’sability to stayopen for novey and development.

socialsouice monitoring One’sability to seletively observe and use so¢
environmental cues and information.

goal orientation The ability to stay focused on goals.

Monitoring- creating- Helps to exploe physical, social,and interpersonal

executing subsystem sources that can helpduring the coping for finding
out new challenges.

self-efficiency One’sdegree of positive and realistic seltimation, se}
esteemandability to feel proud.

creativity One’sdegree ofinventiveness, ingenuity, or creaty in
developing, managg, and restructuring plans.

mobilizing skills One’sability to strengthen belief, achieving goals,

selecting appropriate behavior

social source founding skills|One’s abilityto make connectbns, gain social capit
and collaborate.

learn&l optimism Ones abilityto generate new ideas and alterng
possibilities.
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Selfregulating subsystem |Helps to stabilizefor the long-term persistencyof the
first two subsystems.

mindfulnessor synchronizatigOne’s capacity to perceive environmental clggs while

skill attending to personal activities.

control of emotions One’sability to transform negatiy
emotionsconstructively.

impulse control One’scapacity to control anger constrictively apply it.

irritability -control One’sability to control personal notions, rationa

andchoose theppropriate behavior.

3.2 Data and Sample

The data include students from thee years, who completed the questionnaire in
the fall semsters 0f2018/19/1, R19/2/1, 2020/211. The participants came from
two faculties of Budapest University of Technology and Economics: Faculty of
Economics and Social Sciences (later referred agathdty of future managers)
and Faculty of Electrical Emgeeringand Informaits (ater referred as the faculty

of future IT people

In case of Sample, #16 students completed the survey in 2018/19/1, of which

177 were manager studant DQG Z dtudidnts, 7Their average age,

regarding that most of them attended their first semester, was $6afs.

Altogether, 264 men and 152 women filled out our survey. After grouping by
IDFXOW\ ZRPHQ DQG PHQ ZRMH)YEBE DW PDQDJ
women aQ G PHQ Z R Pat @ty amsWered. |

Participants Sample 2who completed the survey in the fall of 2019/20/1, have

similar descriptive statistical characteristics, althoufpe sample has a much

larger number of items. 27sudentscompletel the psychological questionnaires,

Rl ZKLFK ZHUH VWXG HQQMWA RIQ 8 D QaRMH ThelrD F

average age was ald®.4 years. The proportion of the sexes showed a similar

distribution, approknately twice as many men as women queted the
quesWLRQQDLUHYV 7KH HQWLUH GDWD V@®& LQFBRGHG GD
197 RI WKH PDQDJHU UHVSRQGHQWYV RHWKHBLITFOV DQ
people respondents were female.

Data ¢ SaPSOH FRP Hh¢ 20DRP academic year, the number of
respondents increased again compared to previous years. Thishieastudents
completed the gestionnaire, 475 students of manager faculty and 642 students of
IT faculty. We genderdata are missing.

The inventories wer@administrated as tireprotocols assed25-27, 29

]. In the following partswe only showthe céculated pointssubscalesand
scales of the psychagical attributes of the student&or datacalculationand
analysis we used the SPSS dfgtcal programto get the58 final psychologich
variablesfrom the  itemspro person
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4 Results

The main aim of the resedr was to investigate thesychologtal factors that
differ between the two faculties. In all three years, we énachthe normality of
the data sets by fatty, from which at least one falty showed not normal
distribution. Therefore, the independent sample nonparametric Bnabes
perfamed, using the Manlhitney test and then the results were analyzed at a
significance level of 0.05. An analysis okth8 factors was performed for eye
year, and then a conclusion was drawn comparing the resuthg tiree years.
These are the 4 fawrs of Eysenck’s Personality Inventory (EPI), the 20 factors of
Bar-On’'s emoibnal intelligence inventory (EQ, the 7 factors of PERMA
Profiler, the 19factors of thePsychobgicalImmune System Inventory, and the 8
other factors describing coping prefaces.

The factors in which we rejected the nujipethess in all three years, i.e., we

found a significant difference between the mean vahfeshe psychological

results of the two faculties, are listed below. Maray and IT people’s
characteristicsshowed significat differences on 18 such factofsrom then

nearly half of KH IDFWRUVY UHSUHVHQW WKH SV\FKRORJLFDO
EQ- questionnD L U H WKH 3(50%$ 3URILOHV DO@G HIXWHW RQH
and one the personality measured IBl.BEn Table we can see the averages of

factors where we found significant differences in every year 2048 to 2020.

Table
Cumulated differences between managers and IT people, scores given in gescédta )

Psychological factor Average br managrs(n |Averagefor IT-people(n =
EPI extraversion 60.95 56.86
EQ-i independence 55.79

EQ-i interpersonal scale 72.60

EQ-i empathy 72.70 69.25
EQ-i socialresponsibility 72.27 67.48
EQ-i interpersonalelationship 72.47 69.40
EQ-i general mood scale 67.48
PERMA positive emotions 71.12 66.66
PERMA happiness 74.25 61.81
Pl approach— belief subsystem 65.07 58.97
P positive thinking 7129
Pl socialsource monitoring 76.47 71.29
Pl monitoring —  creating

executingsubsystem

P1 self-efficiency 74.56 70.55
Pl creativity 69.82
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PI socialsoucefounding skills 70.11 66.92
Pl seltregard 77.05 71.70
supportseeking coping strategy 70. 6

We gathered our data in a period, where not just ordinary streggmrared but in
2019 we had to face a pandemic situation.tB®,questiorarises to what extent
the pandemisituation may have affectedwgdents’ gychological health. Is the
a factor that became significantly different between faculties onlingldhis
period? The important question is mainly, if so, whatddnd the ream for it?

There are 8 psychologicéactors that showed no significanifi@grence in 2018

but showedn 2019 and 2020. In Tabk the averages for the two years where
there was difference (marked with S in the headline) (total numberrtafipants

= 1839) are listed, and for examiningetlchangein psychological facrs we

added the averages of the year when there was no difference yet (marked with NS
in the headline).

Table 4
Changing tendencies of psychological factors between 2018 &@dwdth a significant dference
between facultig in thelast two years, scores given in percentages

Avg. Avg. IT-  Javg. Avg. IT-  |Avg. Avg. IT-
Psychologicajnanagers people managers [people managers [people
factor 2018(NS) [018(NS) [2019(S) [019¢) [2020(S)  [2020(S)

(n=177) Q Q Q n=475) |n=642)
EQ-I
intrapersonal|68.12 65.86 54.79 56.52 69.89
scale
EQ-i  stresy
management 62.79 60.58 59.58
scale
EQI reality)  4q 57.76  [65.97
testing
EQ-

. 74.66 72.61 66.55 65.05 80.45 70.05
happiness
PERMA 75.81 75.40
engagment
PERMA 7262 7049 [66.20
health
Pl socia
mobilizing  [75.57 7271 70.69 75.66 65.47
skill
acting ou
coping 56.41 55.79 61.44 57.46
strategy
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As thecoronavirus caused serious restrictions in Hungary in the second half of
201920, the psychological factors that became significantly diffebgn2020

may also be of interest. There arsu&h fators, which differed signifiantly only

in 2020. Beside theesults of 2020 we also listed the ones from the previous year
to take a look at the changes on the factors. In Tahte shown the averagks
thenonsignificant and significant yeai(marke by S and NS) as abave

Table 5

Changing tendencies of pdyological factors between 2018 and 2020 with a significant difference
betweerfaculties in the last year, scomgisen in percentages

Avg. Avg. IT-  JAvg. Avg. IT-  |Avg. Avg. IT-
Psydological — [managers people managers [people managers [people
factor P018(NS) [018(NS) [2019 (NS) P019 (NS) [020(S)  [020(S)
(n=177) Q (n = (n = (n =475) n =642)
EQ-I selfregard 77 51.68 79.26 54.68
EQ1  problem 74.84 66.24 67.45 76.26 64.84
solving
EQ-I
adaptability 66.99 69.74
scale
PERMA 56.89 57.18 55.72
negativty
Pl challengy, o, 70.17 67.60 66.64 72.58 72.59
seekirgy
Pl pessistence  [72.99 70.81 62.76 67.90
Plsense 74.71 61.18 71.09
of coherence
selkpunishment . 65.65 6157 58.71 58.50
coping strategy
ACQUIESCRCE  lgg o5 60.84 60.41 60 56.09 62.12
coping strategy

Of the remining 25 factors, 11 were those ttstowed asignificant difference

RQO\ LQ

DQG

ZKLOH DQRWKHU
differed significantly in 2018 butere norsignificant in 2019 and 2020.

R@®OW LQ
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5 Discussion

Our study aimed to examine thefdiences and similards between students of
economic mar (consdered future managers)and students of electrical
engineering major (considerefuture IT people) in sme psychological
characteristics, mainly from the field of positiyesychology. We measured
Eysenck’s prsonality dimensions, emotionatetfligence competencies and skjlls
positive source competencies and coping skills, the latter from behawienatal

and psychological aspect too. In every aspect we found some results worth
mentbning, which let us aitipate gaps and bridges betweennagers ad IT
people later in wonblaces. First, we discuss the personality and competency
differences of the two ma representatives.

The main difference is given by the persayafactors. W found significant
differences in extroversion over theays. Fture managers showed hagtrate of
extroversion, which means they prefer being among peers, seeking sppiait su
and actively forming new relationships. Although Kline and Laph&i} and
Rubinstein18] couldhave delivered supporting eviderfoe distinct personalities
of different faculties’ members, they could have not shownificant difference
in extroversion. We disconfirmed their outcomes and proved that there are
differenceshetween engineers and eoamists in their level of extroversion. Thes
differences are stngthening the evidence of Vedel, Thomsen and Ld4@n
who found that science studentmve the lowest level of extroversion in
comparison to medicine, political science, arts and hitrearacademic majors.
These findings ® also consonant with thepreconceptions that engineering
students are more introverted than other students.

We alsofound that emotional stability is higher in case of future massaged
future IT people scored highen rigidity scale. Although thesmutputswere not
significant, they show us there should be some differences in how the members of
these faculties press and manage their feelings. For this reason, we also
compared the ematnal characteristics of stuafs.

Using BarOn's EQi questionmire, tte main differenceappeared to be on the
factors of interpersonal characteristics andhegal mood. These findings are
consonant with the previously described differences iroegtsinn according to
that engineerig and economist students differthreir eagerness to sodize. In
their emotional competencies this difference meansdbabhomist students are
socidly more aware, open to other people and to the feelings of others atal rel
well with others. In termof general mood, economist studerdtan mévate
themselvedetter than engineering students. The level of some emotaretkfof
economist students algliverges form the results of engineering students. Future
manages reached higher level on empathggial responsibility and interpensal
relaionship too. This means they understand easily others andnigioas, they
also sometimes identify themselves with emotions of retled with social
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groups while cooperating or approaching new people. Itrasthengineering
students had a gier lexel on independercfacet, which indicates they are self
reliant and do not depend on others emotionally. Heweaccording to the lower
means in most of the facets, future I'Eople &Il have to work on these
competencies to be emotionally morecaptingand conscious, at just in their
social relations, but in their relation to themseslt@o.

Even though emotional intelligence seemed to be higher for science stodents
independene facet and their higher enmmal intelligence is supported bsome
studies[20; 41], we found that future managers assessed higher their emotional
intelligence in most of the sas. Kafetsios with his colleaguf0] suggested an
answer why entipnal intelligence measured by difent type of gestionnaires

can reult in contradictory outcomes. They found that science students score
higher on trait emotional intelligence measueets, whereas social science
students reached higher level of emotional intelligence when inveasued with

an abilty-based instrument

Beside emotinal aspect, we examined psychological aspects too. Positive source
competencies of the PERMRrofiler gave a holistic picture about the wbking

of our participants. ®er the years we found in positiemotionsand happiness
significant differences between the two groups. Economist studergadal
showed a higher ger@rmood in EQ and due to this ability, they can report
higher level of happiness and positivity too. To the best of our knowledgegeno o
examhed the weklbeing of university facultieseparately and so made no such a
distinction between groups of stunde.

Another type of positive soce competencies describes the behavior in stlessfu
situations andshows the preferred coping styledaconsder our mental and
psychological reactions under stress. Therefore, we used Psyichblonmune
System Inventy [ 7- 8] to understand the stressactions of students from both
faculties. Economist students prefer significantly more the copisgtsasfthe
approackbelief and the monitoringreding-executing subsystem. They try to
adjust more to the environment and manage their emotions, behand
thoughts than engineering studenitloreover, they look foexternal and internal
sources whegoping with stress. As already mentioned, they are optimistitiabo
their life, and our results confirmed aththey are characterized by positive
thinking, are open to their milieu and readynonitor available social sources. In
addition, they are moredi§-efficient, search for great ideas and new ofymities

to solve challenges and collaborate. Meanwltiley respect their own thoughts,
feelings andemotions. In their behavior we can shattthey actively searchifo
support and so they rather us@rablemfocused coping style in comparison to
future IT people.Supporting our results, Austin, SaklofskedaMastorag42]
found a strongorrelation beteen emotional intelligence components and-task
focused coping. So, the higher emotional intelligetees| eported by future
managers implied also aghier prefeence for tasocused coping style among
students compared to the characteristics of fuflingeople.The charateristics of

—66-



Acta Polytechnidangarica Vol.21 No3, 24

faculties might bring with the differences of their adedt studerg because of
faculties’ special culturgl6], but these assumptions should not be generalized
until further research strengte the ‘ariation of the legl of welkbeing,
psychological immune comptcies and coping preferences among faculties.

Above all the pandemic should be mentioned, since it wagge stressor in the

last two years and affected physiological, emotiopal,cholagical and mental
health of the population. University studentadhto face lockdown,vgtch from
personal to digital education, get familiar with more Iéag techniques and the
distance from their peers from one day to another in March [2019The impact

of the lockdownwith digital and later the hybrid education canthe reasothat

some differences occurred in ouruks comparing psychological factors in 2018,
2019 and 2020. Generally speaking, the immediate changes in educational setting
and everydaylife strongly affected university students as represented in the
general lower leels of positive psychological fagtin autumn 2019.

The emotional reactions to the uncertainty are reflected in emotiondipenek
factors. Change managent was ch&nging for beh future managers and future
IT people in 2019, lt they acclimad to the new situation and used thredality
testing to accept the “new normal”. After they got throtigh situation future IT
people reached a significantljgher level & adaptabilityand stress management,
according to that they tetated better théybrid education and social distanc
from their peers. Both groups had to adapt to the new circumstances aral afte
lower level of happiness reported in 2018\t scored Igiher on this sale, future
manager even higher than future IT people. This niighitaused by the happiness
of reuniing with peers thanks to the hybrid education and lowemstyictions.
While IT people relied on themselves utilizing thisripd for developing higher
sdf-awareness and emotional setfnsciousnessnd this possibity for inward
oriented attention plmbly made them happier.

In positive psychological source competencies, we also found that emgyatgef

our students loweredith the time and they Idson their enthusiasm year by year.
Their perceptin about healthlso showed a slight decline in 20b#t got back to

a higher level by 2020, after recovering from illness or collecting good
experiences in their environment. éfBurprisingresult was thianegativity of IT
people has risen this year afta moderate deease in 2019, while reported
happinas also has risen to 2020 in their case. The reasght be that they have
learned how tdoe aware of their emotionand be able to expresthem, so liey
reported more intensive emotions in 2020 after experienced them in the
uncertain period.

What helped students through the digital education and the hybrid period, can be
described by taking a look at the psychologinahune compincies and quing
strategies. Social source founding skills a®hse of coherer helped future
managers through g¢htough times, when they were able to use again their social
relations to recharge and so find again harmony in tHestyile and emotios.
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Although future IT people also reached a higher score onesehgoherence in
2020, their level of social mobilizg lowered year by year. It makes sense
because they were rather monitoring themselves and as more introvediets
learing on their own competenes, staying open to challenges and being
persisteh They also usedmotiorrfocused coping strategidike acquiescence to
lower their distress and this helped them lower their tendency tpsghment.
Future managers alsorgferred emapn-focused cping strategies, such as
emotional emptying with aising tendency for acting out. Thus, their coping
strategies directed not toward themselMest rather aimed to catch the eye of
others and so manage stress.

Our resuls shav that this punger, in digal world more experienced generation
also suffeed from the force digital education and social diste. Later, there
might be also difficulties when future managers and IT people will work tagethe
but raising awareness inguiously desdbed charactéstics might help building
bridges between the peesentatives of the two distinct field and fostering
concentration on their similarities whemrking together in challenging times.

Conclusion

The current trends in human resces manageméo not quesbn the power and

value of employers. The goal ofiost companies is0 select the best fitting
members,even managers or employees who are qualified and experienced. To
reach a competitive advantage with human resource, the HR elements as
organizational cliure and highquality interpersonal relationshipshould be
important part of organizational strategianning[44].

Based on our results, mg significant differences are between management and
informatics students, howeyethey have to wrk together in their future
workplaces. Our stydshowed a basic difference angopersonality traits, like
extraverfon and introversion. In a context of a workplace, personality can't be
developed but the recognition of the differences asidguthe stregth of these
characteristics is a good way ofcaptance. Introverted people like to work alone,
independently andam concentrate or focus for a long time. Communication might
be a bit difficult between extroverted managers and iptted IT people buff
managers e this evidence and can use mappropriate communication then

IT people can work hard on their kas To find the best way of cooperation,
emotional intelligence can play a key role. Differences inlgefvledge may
fosterinterpersonkconflict or feelings of workplace stress or shgisfaction from
both sides which can lead to fluctuation. To préwbese harmful situations and
progresses, development of social and emotional skitlsneeded. Elements
ofsuch a traininggrogram couldoe competenciefrom EQi or PERMA elements,
andadaptive coping mechanisms. Rlilg of a positive emotional climatg the
workplace affects positively not only on interpersoraistaction but on the other
hand it hasa positive effect onperformance ath business or manizational
succesg45]. Human resource staff faces these challenges in form of everyday
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small conflicts but with this evidendsmsed conclusion, they can renew human
resource processes like talent management, assesdgmeaigpmentor feedback
systens. As Hitkaet al.[46] found the management$tp take employergeeds

into account which can vary across cultures or any other agents. The higher leve
of emotional competencies of managers are important because thiey aaare

of motivational needsind can hbild the unique \ay to motivate IT people, which

is a key of job satisfaction.
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Abstract This paper investigates the complex impact systerthefscience centershat
play a key role in STEM career orientation amdraft nodel for measung these impacts.

A reviewof the range of scienceentersin Hungary andan examinationof the location of
them provides an overview of this industry. Presentation diverse goatsemcecenters
their functions along with the spatial effects of different activitiedased on the
comparative analysis of two institutiorsspresented hereirin addition to that, the paper
also discusses the rural developmémipacts & sciencecentersthrough a promimg
practice, and investigates innovative ways in which sciera#er’'s support public
educdion and STEM career guidance during the COMI® pandemicThis research is
based orthereview of thecurrent international literature on scienceenters Subsequently,
the Hungarian scienceenterecosystenis described through the analysis of pubtiata,
suppkemented by the authors' persanptofessional experiences in the analysis of the
institutions and projects presentainga casestudy approachThe resultsshow that the
importance of scienceentersgoes far beyond their function as tourist attractions, and that
regular participation in theirprograns can enrich thé&knowledge base of timehost city
and agglomeratios. The study indicateghat science centerbaveall the requiredtools
and methodological experience to effectively support public educati®TEM fields.
Finally, thdr ability to adaptquickly to changng circumstancesduring the COVWD-19
epidemi¢c demonstratea “future-oriented approach andremendousnnovation potential
that are inherent ithese institutions.

Keywords: scienceenter public education edu@tional methdology, STEM economic
development
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1 Introduction

&KDQJHV LQ WKH JOREDO ODERU PDUNHW DQG GHPR.
LQFUHDVLQJO\ FKDOOHQJLQJ VLQFH WRKWHP WX QRRIOWKH |
LV FKDUDFWHUL]JHG E\ W9IEM akbsHHR Napid YiRead kof R
GLIJLWDOL]DWLEBI® IWMKXGH HRERQYVERQ RI WKH N@RZOHGJH |
7KH LQYHVWLJD vénté&«y darisideFed ktb(bE plarticularly important as

they can be especially effective in the playful presentaifoSTEM fields that

offer secure livelihoods, challehLQJ MREYV DQG GLYHUVH WDVNV 7KL
LQVWLWXWLRQ SOD\V D NH\ UROH QRWDRQEXWQLQ URXVL
broader senseDOVR LQ SUHVHQWDWLRQ RI VFLHQFH DQG WHF
JPMHUDO NQRZOHGJH FDILBWDIORLQIJUHIDVRE VBIQHEQWLILF
LV HVVHQWLDO IRU XQGHUVWDQGLQJ DQG SURFHVVLQJ I

The research isharacterizedby a duality: 2n one hand, it aims to provide a

JHQHUDO RYHUYLH2Znt&ecyIWHHPFLA QHHQIDUY DQG RQ WK
hand, it examines its specificite. KH GLIIHUHQW REMHFWLYHYVY DQG R!:
of sciencecentersDUH LOOXVWUDWHG E\ FRPSDULQJ WZR LQVWL
methods to support public education and STEMeer IXLGDQFH GXULQJ WK
&29,- SDQGHPLF DUH GHVFULEHG XVLQJ WKH H[DPSOH
ORELOLYV 6FLHQFH &HQWUH LQ *\ U

$PRQJ WKH QRYisl @algdr HW Z RdtasWsKould be KLJK&ILJKW

The complex approactWR H[DPLQLQJcahtsr QGXWVWWBM LY +XQJIDU\
unprecedented in thelomesticprofessional discourse, and the uselicft model

under developmenthakes it possible to examine the qex impact system of

the scienceentersThis can be suitable fahe selfevalwation of institutions, but

DOVR IRU FRPSDULQJ WKH G HtidhceRERIEZQWKDQIGPSORUUH\
JRDOYadBRUR XQ GV

2 Preliminaries

7KH PDLQ JRDO RIcoter8sDd axousertheHr@ekelst of their visitors in
WKHJZRIUOFLHQFH DQG WHFKQRORJ\ WKURXJK WKH PHWEK
7TKHLU XQLTXH H[KLELWY IRUP D V3HIKLDOORANVHW B IA R MYH
WHDFK YLVLWRUV LQ D SOD\IXO zZzD\ 7HKHOHDGRYQUHDG |
are frontal scienceneZV DQG LQWHUDFWLYH ZRUNVKRSY VFLHQW
E\ YLVLWRUV WLQNHULQJ DFWLYLWLHVWHORBRWRW SURJUD
WHFKQRER A HVRQDU 'R 95 VI\VWHP 9LU&D OD[:KHUH
HoloLensor 2culus Rift that can determing XWXUH RI ZRUN D@G HGXFDWL
7KH ZRUOG ¢enterbdaknary dimilarities to modern museums and some
addiional nor IRUPDO OHDUQLQJ DUHQDYV PDNLQJ LW GLIILFX
of this particular type of institugin.
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7KH UDQJH RI +XQJDULDQ O bperdtlomaof/sEiendeent®r¥sH VW LIDWLQ
very limited, but the research of traditional North Abé FDQ DQG :HVWHUQ
European institutions BaREHHQ JRLQJ RQ IRU PXFK @Ri@IJHU 2XWV\
literatue LV WKH GHEDWH EHWZHHQ %UDGEReXWROH > @ DQG
the millennium about the present and development potential of saenters

:KLOH %YUDGERXUQH deRé?sS\DRJ H@ &/TQBHIYEFHG VSHFLHY DQG
creationof a QHZ W\SH RI LQVWLWXWLRQ 3HUVVRQ UHSRU)
HY ROY usiyl HeQaduted poirby-point criticisms of the operation of science
centersreporttQJ RQ LQQRYDWLYH FRQVWDQWO\ HYROYLQJ
LQVWLWKMWERORZHU VXSSRUW WKDQ RWKHU OHDUQLQJ L

SHUVVRQ > @ DQG *BdXigzHhvatt syste@ oHJdRoer@ersin a

FRPSOH[ DSSURDFK DQG fierénV Whe dfXrhpastsd Gerdddd,U G L

social, political and economic impact. fis study SQWKHVL]LQJ UHVXOWYV RI
SUHYLRXV UHVHDUFKHY *DUQHWW RRX®WHWLKRDXW WKH

VWXGLHYVY LQYHVWLIJDWHG Wkkeht8H OVMR QI K LIORHS DREFQMOA R 1V

IRFXVHG RQ VRFLDO LPSDFW\kcofobid ifr@actof theQD O\V]JHG W

centers ZKLOH WKHLU SROLWLFDO LPSDFiwrafueeY YLUWXDOO\

Most scientific results proved personal impacts of sciecergers mainly by
VXPPDUL]LQJ WKH HIIHFWV RQatvUWX @&/RW WIRX Q B &® H\GRILHH
and ope@QHVV WR 67(0 FDUHHUV ,Q WKHLU WPWEQVLYH VW
measuredWKH LPSDFW RéntersVOQLHQFFRXQWULHY LQYROYLQJ F
6 \RXQJ BXOGW YLVLWRUV ehterk Beke fouhd YoFheH Q F H
SRVLWLYHO\ FRUUHODNWIHHRZ CH®/XH OMQRIBBAIUVWDQGLQJ RI
WHFKQRORJ\ SRVLWILWMK MFHOWEH FDYGRRASHQQHVV WR
DFWLYLWLHYVY %DPEHUJHU DQG 7DO X U@ H° HQ WXWHGE WMKH
exKLELWV RI ,VUDHO ,QVWMWYZYRWEHLRHUUHRKQ R'QR B\ RYUHUR G
DIWHU WKH YLVLW DQG PRQWKYV O DWHY H7 IOHR @IX W KR L
term benefits: oneVKLUG R W H V VWleMXddvheLEtheV expdri¢hted to

their studies months after the visit, and memories caused by sciesmer

HI[KLELWY GLG QRW IDGH HYHQ DIWHU PRQWKYV

The researchRl *URYHV > @ IRFXVHG VSHFLILFDOO\ RQ WKI
science centersdt found LW VLJQLILF D @situtions/suwegéetl had a total
RSHUDWLQJ FRVW RI PRUH WKDQ ELOOPRIQVWOERISHU \
more than 300 million USD anlV KH\ UHFRUGHG QHDUO\ PLOOLRQ Y
year.

BUHVHQWDWLRQ aRthe3(lBYMRQ >$ @Q Xf&réhcedarQbe

considered as summary of previous research. HeRsbmd L]HG SUHYLRXV ILQGL
SURYLQJ W kénWwrshal laHqsRive impact oW KH OHYHO RI NQRZOHC
attitudes, academic interest, school performance, and opeor®8&EM career fo

tKHLU YLVLWRUV ERWK LQ WKH VKRUW &@m@iORQJ WHUP
LPSDFW RI WKH LQGXV-W UE L 689 Wh@datBHendphasized W

WKDW WKH XQLW FRVW SHU YLVLW ZDWHQEBPK CRZRBU WK
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beyond preio XV UHVHDUFK KH LOOXVWUDWHGcente K PDQ\ HJ[L
couOG SOD\ DQ LPSRUWDQW UROH LQ VXSSRWMWRIQQRJ FXOW
DV ZHOO DV LQ UHIJLRQDO GHYHORSPH®M HmQ GLWWEDQ
these r&/ XOWsRBHDOOHG IRU D VWUDWehidrsd8Rn SRVLWLRQ
essential player iHGXFDWLRQ VFLHQFH DQG WHFKQRORJ\

3 The ProposedM ethod/The Thesis

,QYHMWUIWWH LPSDFW \‘enmatss thePof theFrald @pids of our
RQIJReR®AVFK %DVHG RQ WKH ILUVW UHVXOWWMRI LW DQC
experience in this iGXVWU\ ZH LQWHQG WR JR EH\RQG IRUPH
literature to the extentW KDW LQ DGGLWLRQ WR SHUVRQDO DQG HF
DWWDFK JUHDtWsSRPSROWDQFHQYLURQPHQWDO IDFWRU)
operation of scienceenters ZH V H lrealWrKplddt Bystem in the unity of these

IRXU DUHDV )LJXUH

= Level of knowledge = [nstitutional partners
= Attitude towards science = Formal collaborations
= Career orientation = CSR activity

.

Social impacts

SCIENCE
CENTRE

= Urban development
= Environmental-friendly

= Budget
= Employees

technologies
= Virtual environment

=  Supplier network

JLIXUH
Impact system of scien@eners

As part ofthis research, in addition todYHORSLQJ D PRGHO IRU PHDV)
complex impact system of sciencenters ZH SURYLGH D ZHRHWBOVRYHUY
LQGXVWU\ LQ +XQJDU\ :KHUH GR WKHOERMXUGBDULHY RI W
OLH" :KLFK LQVWLWXW L RossidalDRQicacdeeRQ VLGHUHG DV

As result ofthis UHVHDUFK D PRGHO LV JRLQJ WR EH GHYHOR.
primariO\ IRU LQYHVWLJDWLQJ WK Iderite?sSi Eal b¥ W HP R1 VFL
apprRSULDWH IRU GHPRQVWitherwhQRUWR A DMDFMN QRI DUHC
H Jmuse’PV JRRV RU DJRUDV :H GLYLGH HDFK RI WKH C
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GLPHQVLRQ V XENg&Re Eamplex impact system of mstitutioncan
EH LQYHVWLJDé&8HGRBOQIRepeht Biéhies.

The characteristiof each subtopic can be associat&d Wkhidltiple possible

RXWFRPHYVY VR WKH SURJUHVV RI D SODURQKEXODU VXEWEF
VFDOH $V D UHVXOW RI WKH D Qo divthe/exdined zD\ WKH
institutions caQ EH UHSUHVHQWHG JUDSKLFDOOdy.LQ DQ HD
$ VLPSOLILHG PRGHO RI WKLV LV LOOXVWUDWHG LQ )LJIX

Social
institutional partners impacts

career guidance impact formal collaborations

attitude : CSR activities

scientific knowledge 4 : budget

virtual environment employees

tal-friendly technalogi suppliers

Environmetal O
impacts

JLIXUH
A simplified model to illustrate the impact system of sciecergers

The model can be excelleno use for selevaludion of an irstitution, for
LOOXVWUDWL Qedl 90 Hav MO WR UD EIGIHHYW LI\LQJ GHYHORSPHQ
Its main aim is to examine the lifg/cle and the development of an institution,

H Jby measurements before and after thplementation of &key SURMHFW

In addition, it may be even suitable for compa@®J G LW HWHWLWXWLRQV RSHIL
in a similar socibpHFRQRPLF HQYLURQPHQW $ORQJ ZLWK UHFRU
in200 VXEWRSLFV ZH FRQVLGHU dsharé G&PbOMEXL QI WR LG
practices relaHG WR WKHP WKXV DOVies IRMwhdrULQJ RSSR
development.

$V SDUW RI RXU UHVHDUFK LQ DGGLWLRXIQ WKRH GHYHOF
FRPSOH[ LPSDFW V\VWHP RI VFLHQFH FH@WHUWVKLAH SUR
industry in HXQJDU\ :KHUH GR WKH ERXQGDULHV RI WKLV SDI
OLH" :KLFK LQVWLWXWLRQV FDQ EHeRBRSDVQ G HUHBEKDV AF(
further centersFDUU\ FHUWDLQ FKDUDFWHULVWLFY RI WKLV W
theseinstitutions located in thde RX QW U\" 7KURXJK SHUVRQDO GDWD
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W Z Rerdédenterd Q +XQJDU\ ZH LOOXVWUDWH KRZ GLIIHUHQW
can charaerize these institutions. In addition to the falimensional impact
systemotOLQHG DERYH ZH H[DPLQH: 2QDDGOEMORQDO DVS
NLQG RI LPSDBWKMFOH JHRHD LQ ZKLFK LW DSSHDUV LV S
$V SDUW Rl WKIRZ XWX WMKHEZ WHUULWRULDO VFRSH RI VI
interpretel.

4 Discusson

4.1 ScienceCenters in Hungary

The first scienceenter Rl +XQJDU\ ZDV WKH 3DODFH RI OLUDFOHYV
KLVWRU\ RI ZKLFK EHJDQ ZLWK D KLJKO\ VXFFHVVIXO \
IROORZHG E\ FRQFHSW XD Odxhibitivrl. Ri@ I®Rdtiod oStH&JPDQHQW

LOQVWLWXWLRQ KDV FKDQJHG VHYHUOD® dbiéenBcHY LQ UHFH

SODVJURXQG ZLWK PRUH WKDQ HIKIRRUWWRDEXESDHQ Z
SiQFH

,Q WKH V 1 X U veikdislz BAFsiabll§hedH in three othecities.

In March of ORELOLV VWDUWHG LWV RSHUDWLRQ RQ WKI

IstvanUnLYHUVLW\ LQ *\ U 7KH |tdoterWWQWKKHRSWLIRRFKVHQ F HR C
vehicles, PRELOLW\ DQG WUDQVSRUW LV ORFDWH® LQ DQ LP
thepLVWRQ RI D :DQNHO HQJLQH ,WV PWKOKQLELWLRQ
O D Y ari)@e, interactive exhibits. Thanks to its continuous development, since
ORELOUMQKROXGHG W ZBntdyGviBhilie/ StRd@rid Daboratory,
ZKLFK VXSSRUWYV SXEOLF HGEOADHGELRBQ (X LSRR JHB P LIPEI(
LQQRYDWLY Hmstho@d) dridvbbiFy S\ U 'LILWDO ([SEULHQFH &HC
ZKLFK FRYHUV RXU HQW LSdiehce Cene WQ @ RR\RRI@RED J)LVOW ¥ Vil
DOVR RSHQHG LWV GRRU hedQythe rehapititatiomddf abl VWD E O
LQGXVWULDNKEWL 2N QKyears ddat the tine. Futura presents
nattaO VFLHQFHY LQFOXGLQJ WKH IRKU BVHAHIQONDV ADRNH
values of 6] LJHWN|] DQG 'DQXEH 5LYHU WR LWVreYLVLWRUYV
has beenRSHUDWLQJ LQ WK H the RsWdd RotestDnoDebte6 $imQe R
, Q D616 th¥classical exhibits that can be found in many aitrters
the exhibition spacealso offers unique attractions developed by corporate
SDUWQHUV ,QIWKH WXWBL QU, 7 pdderidndd. GebeCstarted
operaltQJ LQ $JyUDIiHAKRRN ADFRWLYLWLHYV VLPLODU WR OREL

Some institutions do not have all the features of classic scoeamters but at the

same time, they have many similartle ZL W K W K HHWV/K RyCGOR tGeid] P

, Q +XQJD U\ cludekldbotatobyQinteraFWLYH ODJLF 6TXD-UH 3pFV €
*\|UJ\L $OEHUW $JyUD 6]HJHG ODJLF TRRH3IDUNHU . H
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&HOOG]|P|ON 3DQQRQ 2EVHUYDWRU\ %DNRQ\EpPO I
=VHOLFNLVLDOUHEYRE WKH ODWWHU LQVWLWIXWLRQV DU|
interactive science demonstration institugn
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9 science centers
° further interactive science demonstration institutions
YLIXUH

6FLHQFH FHQWHUV DQG IXUWKHU LQWWMURGW LQH+XRUMYKFH GHPRQ

%DVHG RQ )dad XdJsthted thatd LI QOWFEDUW RI WKH +XQJDULDQ
centersand further mteractive science demonstration institutions are located north

Rl /DNH %DODWRQ VR WKH UHVLGHQWWYWDRIVER G XEQDHD (
DQG :HVWHUQ 7 Udngacceds Qeirseridcdd khdasily.

$IWHU RSHQLQJ RI QHZ LIQD/OMLRMXWHKIR QV V¥ Q QARK HX UWUK/MW
science centersZ HUHHVWDEOLVKHG LQ +XQJDU\ -fogdl WKH VDPH
OHDUQLQJ DUHQDV RIIHULQJ L QIQFDwW Ihavid beelSHULHQW L
enrichHG LQ VHYHUDO ZIDMHW | R OWHRAEHHANMBbKIH, inl [ D

*\ U DQG 'LJ,7pU LQ '"HEUHBH®Q PHEAHQWBO HL® K VLPLOD
EDU& )81 KDV RSHQHG LWV GRRUV LQ %XGDSHVW 7K
mHW K RiGaR @&®bpment of BELHQFH HGXFDWLRQ @dbed DLPHG D\
Resources DeveloppnW 2SHUDWLRQDO 3URJUDP +5'23 WHQGHU
an oppRUWXQLW\ WR HVWDEOLVK cehbeld WKHU VFLHQFH HJ[S
7KHVH GHYHORSP H Qa&mnd nuldiiskhallé Hinyestnjéitan tlassical

science centers 7 KHLU P HW KR GdareeRid inicb @ord ehpahkdized than

the implemented infrasictural development.
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9 science centers
9 further interactive science demonstration institutions
9 digital experience centers
HRDOP science experience centers
YLIXUH

Innovative nonl RUPDO VFLHQFH OHDUQLQJ DUHQDV LQ +XQJDU\

, I ZH F R RH& 6eHed/ &f scienceentersZ L Wése institutions, an intere§iJ
WHUULWREMBDOQWHARDQUDHQ REVHUYHG 7KHUH DUH FLWLHYV
3pFV 6]HJHG, eXdeértiatndationalcenters DQG WKH FLW\ RI *\ U
opeaates threeenters OREL@QIPOXIGLQJ ORELOLMObILTWODERU DQG
'LJLWDO ([SHULHQFH &HQWHU ZLWKLQ WOPMMRGOAVWLWXW
experiential pe® JRRIDLO SURJUDPY DUH DYDLODEOH IRU WKH UFL
VXFK DDNWDODUPDW RU *\|Q JieYit i$WfoviuKate tdd BIH W

cities like Miskolc still @ not offer this useful andQQRYDWLYH IRUP RI OHDU
DQG ODUJH DUHDWHQOQWEKEBGQRRXWKDNVWHUQ SDUW RI
ODFNLQJ VXFK VHUYLFHV

The representatives of sciencentersiQ +XQJDU\ FDQ Wa&kloRROO\ ORRN
KLVWRU\ RI RQO\ D IHZ \H RQdi ss5seBsgné&nt Df thei opeiighisLF LP S
VWLOO SHQGW®E®HPOBNW BY D NLQG RI WRXULVW DWWUL

uselll leisure opportunities for families or scROO JURXSV ZKLOWYRWKHUV FR
GHYHORS WKHLU DFWLYLWLHY¥DWHRHED UXGNM GDKH H XU WSL7R |

HGXFDWLRQ Bdt&f KRGRORJ\
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4.2 Main Goals and Mssion ofScience Centersand their
Impact on their Region, Following the Example of o
I nstitutions

The possible functionef sciencecentersand their impact on the urban area are
IXUWKHU H[DPLQHG WKURXJK WKH:HVDAPESODH RHAQWEBE\LQ)
JXWXUD LQ ORVRQPDJ\DUyYiU DQG ORELOLV LQ *\ U

ORVRQPDJ\DUyYYWODRYVIWKW FIMaSonlb@® SURIQ FRXQW\ ZLWK
DERXW SHRSOH OLYLQJ LQ LWV DJIJOSFPHWDWLRQ
LQIUDVWUXFWXUH WKH SUR[LPLW\ RIYWZRQEDSLMMD OV
froP 9LHQQD DQG WKH VLIJQLILFDQW JUPDINMIDWN. FDOQD O | F
LPSRUWDQW HFRQRPLF WUDQVSRUWY7KH GXNMWD LTLQ HDWQ G
and the Mosorl DQXEH EUDQFK FURYVWNVQZH®IKOHDWHWKHO BRHE W |
hides extraordind\ QDWXUDO YDOXHV ZKLFK DUH DOVR SUH\
VFLHQFH FHQWHU RI WKH WRZQ 7KH DJJORPHUDWLRQ
EH\RQG WKH ERUGHUV DQG LWV He@ththe\Alddadty WX UH DQG
LQGXVWU\ DUH XVHBVMWHIY DYHOEERYDMNHIXRQYWY 7Kl
hosts FRPSDQLHV RI WKH DXWRPRWLYH LQGXVWU\ ZLWK V
7KH DJULFXOWXUDO DQG IRRG VFLHQBtHtieRXdJVHV RI LW
nationaly UHFRJQL]HG EBG® RS HaAMWIty Qf 5zBctenyi Istvan
8QLYHUVLW\ LQ *\ U VLQFH $FFRUGLQJ RWR VSDWL
6]|UpQ\LQp . XNRUHOOL > @ ORVRQVPWDH QFEoMeiDUED D PH
FHQWHU DQG LW be BrddRsyits iWde pegadRaQrBconvi®id the district

RI *\ U 7KH WRZQ LV JURZLQJ G\QDPLFDBOG\LDQG KDV
ZHLIJKW VLQFH WKH WXUQ RI WKH PLOOHQQLXP

*\' U LV D VHWWOHPHQW ZLWK VLJQLILHADQW HOXFHHQW ULL
transport infrastructud ~ , W ZDODWXH/W UXUDO FLW\ LQ +XQJDU\
SHUPDQHQW UHVLGHQWYV LQ ,Q DGGEZWRRDQUHWKHUH
SHUPDQHQWO\ LQ *\ U GXH WR ZRUN RW ZWRG\ RYRUW WYV
%edon its city rank,nfrastructure andomnomic performance, it is an
RXWVWDQGLQJ VHWWOHPHQW LQ &(( 7Renixkf LW KDV EH
+XQJDU\ > @ WKDQNV LQ ODUJH SDUW QHRVBRGN +XQJI
ZKLFK KDV EHHQ RBWH DWKID)XY IR\HDUV LQ WKH FLW\ $
RSHUDWHYVY WKH ODUJHVW HQJLQHRIKXMBWRLORUWKN ZRX
Rl YHKLFOH SURGXFWLRQ DQG KDV UHmetbitwie\ PDGH PDWN
HFRQRPLF VWUHQJWK Lwthe fac @atG@H P R Q VW UTRQMAJ LEE X W H
WR WKH +XQJDULDQ *'3 DQG LW SOD\MLDQGHFLVLYI
WUDGH YROXPH UHDOL]LQJ RI LWWQEXWRQHVYV WXUC
GDWD LW zZDV WKH QG ODUJHV WalED@XihDmsvokKULQJ FRPS
VDOHV UHYHQXH > @ 7KH LPSDFW RDUNEH\RQBUIDMM RC
DGPLQLVWUDWLYH ERXQGDULHV DQ\VE BERO W H B WL AVRULQLADLA@
,WV DJJOR-PHQ B W& Junctions, public servicesommecial
QHWZRUNYV DQG aloEnraiket dov@i@ anvirkddof@ppr.-60 NP DQG
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HIWHQGY EH\RQG WKH ERUGHU RI WKH FRXROMKLSV@ $(
Rl FRPPXWLQJ 6]|UpQ\LQp .XNRUHOPUHFV® RMWDWHYV WK
outstbQGLQJ LQ DOO DV SITHKHWNLWAN WBY WHS@HRLILFDQW FL
ODERU PDUNHW DWWUDFWLRQ WKDW LY FRQPRDIOWO\ V
WKDQ FUDZOHUV ZRUNHG LQ WKHDFHOM\GXHOWRY UH
the veryfavorablH ODERU PDUNHW LQGLFDWRUV RIHVKH *\ U G
UHPRWH VHWWOHPHQWY LQ WKH DJJO RFIHVUDAN R R QWVKMYV E
above, it is easy to see that the performance of the economy of the city is closely

related to the quidy of life and opportunities of the entiveban area.

7KH UDQJH ReéntssFLVH HHFBPLQHG E H OQRYQsIhdtdihaitéH U P
UHIHUUHG WR DV D VSHFLILF SDUW RI WHKHHFMRJIUDSKIL
applies.In this ®nse, he U D @ bciene centerscan be defined in several

dimensions. Due to theftenrepetitive nature of the activity, some of their
VHUYHFERXWVRXUFHG VFKRRO DFW4dekxk thd he®ds fW X G\ JUR
the population of the settlemgt KRVWLQJ WKB MWXWHVYWXODFRHY DQ W
LPPHGLDWH YLFLQLW\ RI WKH FLW\ HUBRONLRGIHD WKL
science center $W WKH VDPH WLPH XVHUVthKRunig KHU VHUY
intHUDFWLYH SOD\JURXQG FRDQDRRPH IDNRHPDD HHYHQ IURP
more WKDQ DQ KRXUWVIGWIDY AHPAHU RI D JURXS RQ VFKRR
RU RQ D ZHHNHQG IDPLO\ WULS 7KH DWHB@RYGHIHHG EN
to be the secondary DQJH RIcéhEelsHRAHWR WKH GLVWDQFH EHWZFE
DQG ORVRQPDJ\DUYYIU NP DQG DSSUR] WHKLHQ X W HV
cerers DUH VSDWLDOO\ VHSDUDWHG EXW WKRLW VHFRQGI
AWRXULVW DWWUDFW\LRYHDODP8WW BRABHDEWNWH WKH OD\
factor does not cause any tension in the operation of the institutions. They
UHJXODUO\ SDUWLFLSDWH DWHSXEHUL PIN @ Q@ W¥%D RD DHID EK
ORELOLV SURPRWLQJ DWW $idiE ERdRSGH\Q DNBGHVERHHQ Y L F H V
professional community of sciencenters

Futura, like many other sciencenters defines itself primarily as a kind of tourist
DWWUDFWLRQ GXH WR WKH XQLTXHQHVWHW®RIEWWHHQVWL
maintainer isthat the center should contribute to the increase of the tourist
DWWUDFWLRQ SRZHU RI WKH FLW\ DQG WM ZHHW N [ JW HQ KL
DUH SXEOLVKHG OIMQAFRRRODWICRDVYV WULS LQIRUPDWLRQ L
DQG 6O0RND NdicDAVHY WKDW WK Hs febviced ané Dpkindarily
WRXULVWY IDPLOLHV DQG JURXSV DUWUFKLWKHLQ ORVI
%LUWKGD\ 3DUW\ VHUYLFH WKHUH D UWUHHEML.VRHI HUKD WU
ZRXOG VSHFLILFDO&idon\of BKUH WINR ZVK HF B RS BV XOW RI EUR
Internet for the scienceenter LWV RIIHU DQG VHUYLFHV ZLOO DS
WKHPDWLF ZHEVLWHY IRU WRXUch¥f RU SURJUDP RUJDQL
272Z LWWMDUWDP KX

ZZZ ViaB

ZZZ WULSDGYLVRU FR KX

ZZZ J\HUHNNHO FRP

ZZZ SURJUDPWXUL]PXV KX
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Budadrs

Szombathely
o

3

JLIXUH
The primary @Q G VHFR QG D Wiurd an@NibbWisR | )

6LQFH LWV RSHQLQJ LQ WKH LQVWILMVAKLRQRIODYV RS
1RQSURILW /WG RZQHG E\ WKH PXQLFLSDRRAWFLQ WKH
decided to continue its operation as an independent financial body from DV

Futura Science Cetand (YHQW +RXVH )JROORZLQJ WKH UHFRQVW!|
FXOWXUDO LQVWLWXWLRQ XQXVHG IRU D EHHY WLPH
RSHUDWLQJ E\ )XWXUD ValspFtHe transfoihiati afre bapst] R
special&eDV RI WRXULVP V XénienDavid idovifdréndé tBubi<pnD J

The Mobilis Science Cere LQ *\ U KDV DOVR EHHQ RSHUDWLQJ VLQ!
the institution has become a tourist attraction of the dityy¢ ZDV FOHDU IURP LYV
opeQLQJ YMKUD WD Q GalJlIbwevation could benefit primarily from its

operation. The venue of Mobilis is also symbolic: teeteroperates in one of the

LPSRVLQJ QHZ EXLOGLQJV RQ WKH FDPSXMh&Rl WKH 6]pF
G\QDPLFDOO\ GherreHuodR @ linstiiudld bfxhe city.The main mission

of Mobilis is to promote STEM careers, thabpide a secure livelihood, a modern

ZRUN HQYLURQPHQW DQG D FKDOOHQWKH IMBEWRUY DX W X
WKH LQVWLWXWLRQ ZDidfit RtE.HR DOWHKGRIsHEl By tGeR Q
PXQLFLSDOLW\ DQG VLQFH 0 RE urgvergitykabdthE HHQ RSHU
FLW\ MRLQWO\ $V D UHVXOW D FORBHHQ SWHRY HDRLSRHED
E HW Z H teQten tHe university.

The unigue permanent exhibition of MELOLY IRFXVLQJ RQ WKH WKHPH
and vehicles is undoubtedly a kind of tourist attraction. It is a popular venue for
IDPLOLHY DQG VFKRRO JURXSV HVSHKFRpp@Ote WKRVH ZK
VSULQJ DQG HDUO\ VXPPMHH (AKAEQMEKAA be B Britime

SURJUDP IXOO RI IXQ DQG BIUSHYLRQ AHV *NRW W\R XRJIIL M W\
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UHFUHDWLRQ DQG OHDUQLQJ RSSRUWXQdgNEgntHY IRU IDP
H[DPSOHV RI WKLV DUH VWXG\ JUR @nvmeidrmpdoQ W PDQDJIF
scienceELUWKGD\ SDUWLHV RI OREL ™Mbbilis igbplekveitdd DX W XP Q R
WZR VLIJQLILFDQW GHYHORSPHQWY ORELO®LY 6WXGHQW
'LILWDO ([SH kL Hiz€ lthis&tdrididrmation, the institution has been

focusLQJ RQ KRVWLQJ VFKRRO JURXSV RQ ZHHNGD\V ZK
“scienLILF SODV\JURXQG ™ IXQFWLRQ 7KDQNV WR WKHVH G
YLVLWRUV VKRZHG D FRQWLQXRXVO\ LQEUHDWLRU WUHDC
the coronavirus pandemic.

7KH PDQDJHPHQW RI ORELOLV KDY HentdddaR b L]HG WKD)
consideUHG D VSHFLDO WRRO IRU HFRQRPLF GHYHORSPH
corporate partners and sponsors play a particularly important role in the liie of t

center Mobilisisable R ZRUN HVSHFLDOO\ HIIHFWLYHO\ ZLWK FR
J U H Dpattahd® to KH GHYHORSPHQW RI GLYHUVLILHG HGXFD
67(0 FDUHHU attiticsDQFW K HWWH WOR QW UDW H JdeHtstr 7KH VFLH
offers customized services to its corporate partners, that efenieto achieve
thercRPPRQ JRDOV VKDSLQJ WKH DWWLWXGHV RI XSFRPL
STEM careers.

4.3 Science Centersas Innovative Tools of Riral Development

,Q WKH *RYHUQPHQW RI +XQJtbeUdevEIgpohéhtHHdd IRU WHQ
H[SHULHQWLRO SUHBDURBVFDQG WKHQHYWWVEIHYKHPHQW
experience center§he aim of the+ XPDQ 5HVRXUFHY '"HYHORSPHQW 2¢
B3URJBR®F SURMBFWR LPSOHPHQW H[SHULHQWLDO SHGI
that contribuH WR WKH SURPRW R GheRliss¥rihatid BfHnodett M H
experimertRULHQWHG PHWKRGR O Brin tDeépstire th® sWgplytbf ORQJIH U W
professionals and university students in STEM fields. Such institutions have been
HVWDEOLVKH®EQRVVFMWKIHH ¥R X Q Wadbilis $tqerd XaB,L QJ WKH
ZKLFK KDV EHHQdeRtBeHUnbrélld @f Mobilis Science i@, since
6HSWHPEHU

$ QHZ DXGLWRULXP IRU SHRSOH HYRNEQWXWKH DWP
halls has been set up intt&eWXGHQW /DE DV ZIHMRXQPGE SUIURKWNQRQ
DQG SURMHFW L RHGEHFEK @Bb@tRrgtatons have als been
HVWDEOLYVKH,GappxQ 9 Istudets can perforexperiments and
measurementsat the same time. Even more impottéman the advancement of

infast XFWXUH LV WKH PHWKRGR Odbjménd that MRKBis FXUULF X O
FDUULHG ROLW KW RWYWSDUWQHU VFKRROV $V D UHVXOW F
WKDW KDG EHHQ WDNLQJ SODFH IRU DEWRWW \D Z\HHDHJ
GHVLJQH Geseb@nOtoRUppEK STEM education in schools andevelop
PHWKRGRORJL Fbea. TWidlde@GDpmddnt oiMHPHFV KRGRORJ\ RI 67(0
education is extt PHO\ LPSRUWDQW DV UHVHDUFK H[DPLQLQJ
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techniceO WUDLQLQJ K Ba¢hiSHORYDHIR MKID MIQWLURQLPHQW WKH
inspirational abilitiesandthe OHDUQLQJ PHWKRGYVY KDYH D VLJQLIL
student dropou @ DVHG RQ UHVXOWV RI PDMRU LQWHUQDWL
>2@3@ DQGFWRPHQMEDWLRQV R4@VKWMKE LMWEXIPDWKULR DO S U
Rl WKH 6WXGHQW /DE ZDV FRPSLOHG rZitominoeFWLYH SDU
than 20 schools. The services of Student laad free for partner schools,
LQFOXGLQJ WKH WUDWQVSRUWDWLRQ LI QHFHVVD

The Student Lab is one of theRVW VLIJQLILFDQW HQWHUSULVHV L
ORELOLV DQG LWV LPSOH P HQIg¥eDtiansiRrgatio of theU R XIJKW D
R S H U D Wl &f dhePifstitution. Instead of the previous, typically random and,

in most casespnetime visits, classes from gg@ HU VFKRROV WDNH SDUW L
VHVVLRQV LQWHJUDWHG LQWR VFKRR® IRUZDIUFRX QAP Z
LQFUHDVLQJ W &itbrs(BX FFEOHRY/WRIBD NYH SDUW LQ GLIIHUHQW SU
DYHUDJH GD\

The rural devapmentimpDbFW RI WKHt SHRMWFDW LM BSRUWDQW DFF|
WKH WHQGHU WKH VHUYLFHYV céteustbe@iddAdedFdr HQFH H[SH
DW OHDVWRXWFKBRON U GX\UIDQJ SVURH MAW HHKLY PHDQ
schools have the opportunity to paV L F L S DIiWitHexpedihZmalslHGDJRJLFDO
SURJUDPY WKDW ZHUH SUHYLRXVO\ QRW icaVHUV RI OR
distance of their settlement, thequéred time of transport, or financial reasons.

8QwWLO UXUDO VFE®R DR JigmeksIWdikte Sukaly on a

FODVV WULS DQG PHPEHUV RI UHW XU QIVOXGHRW S M WZRHRJ H
VFKRROV LQ *\ U W\SLFDRDO\ FDHDD/Y MVRRIRIEXOD Y VFKRRO
SDUW LQ UHJXODU VHVYVIL B@ivulunQay/ phitf BéeNIti@ent QW R VFKR
/IDE SURMHFW B6HWWOHPHQWY KDYH DOR/HRL G HW QWKIAD X C
typically cannotRIITHU H[SHULPHQW Bidhs $oHtBeD tRdents, D@ tv H V

the differences in the laboratory infrastructure awdK H P H WCHIRIBIR@® R J L
WHDFKHUYVY 'XULQJ WKH ILUVW IL¥YH DWHPHIAWHUYV 6HSV
VFKRROV RI UXUDO VHWWOHPHQWStudsd Uab.LFLSDWHG
7KH SURMHFW SURYLGHV D IUHH VKQXXWWWE Brigs EXW VHUYLF|
ZH Oustrat®G E\ WKH IDFW WKDW WKH VKXWWOH EXVHV FRY
school year.

J)LIXUH VKRZVY WKH ORFDWLRDRVLW K H Q XMKHO SVUARKMRHRFON
DYHUDJH GLVWDQFH IURPNR UWK\HURMB¥EMStsVaVN D Q

7pW NP *\ UDVV]RQ\ID NP DQG 7iSVIWQRVPLNOYV
WKH SDUWQHU VFKRROV DUH ORFDWH® MD|Q P@G WK QU D
WKH PDMRU WUDIILE URXWHYV DQGWLRQN LV JU

developed s WOHPHQWYV BURXQ&6MBDWiW 1\~-O DQG LQ 6]L.
H J*\ UJiPRO\ 'XQDV]HJ *\ UODGDPpPU LW ZBRY SRVVLEO
more GLVDGYDQWDJHG VHWWOHPHQWY LQ WKREKMRXWKHUCQC
DV *\ UV]HPHN Uskz&fa. AtthH VDPH WLPH WKHUH LV D VWUL
settlements from the northeast — eastern areas of the cittd4 JIDI\EDMFV
9pQHN *|Q\& 1DJ\VJHQWMIiQRV % Q\ RU 5pWDODS
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/IRFDWLRQ RI UXUDO VHWW O H Rite@\WaboratdrypMwLHFEWDWLQJ DW ORELO

$V SDUWQHU VFKRROV FRXOG FKRRVH HGHWODHW® HHIUI KW
needs, and participation at different sessions requireéreiiff number of visits,
WKHUH PLJKW EH VLJQLILFDQW GLIIHUd@istEIperLQ WKH WHR

school.

7DEOH
The settlements of schools made most visits to the Mdbilident Lab per semester
Settlement Number of visits per semester
1\+

*\ U~-MEDUIW

*\ U]JiPRO\

*\ UODGDPpU

7/0WpVWDYD

7DEOH VKRZV UXUDO VFKRROV WKDW HAIEGHYWKMH PRVW
VHPHVWHU ,Q DGGLWLRQ WR SHGDJRJL¥DOD®@ WHHDIFKRQV D
VFKRRO ORJLVWQND® FFRQQWGRIUBDWEBR VSHQW RQ WUDC
KDYH SOD\HG D UROH LQ WKH EDFNJURXQGHRIWFKRRO
SDUWLFLSDWLRQ DV LW LV FOHDU WHRV WHHH MVFHK@WW WDKLHH YO
WR *\ U

It is even more instructivettl [DPLQH KRZ WKH QXPEHU RI YLVLWV P

of a rural school in a semester compares to the total population of their settlement,
DV WKLV LQGLFDWRU VKRZV WKH LPSRRWIRHHR BIOHQ EHL

centerin the life of the setdment.
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Table 2
7KH ZHLJKW RI UHJXODU YLVLWYV WIRVHREWOHVY H@QWGHQW /DE LQ

Number of Population Proportion of visits to Mobilis
Settlement visits per ( F()ersons) Student Lab per semester
semester P compared to population
*\ UDVV]R 30.
*\ UODGD
'XQDVI]H 423 2204
7]0WpVYV 2464
*\ UJiPRQ 3

$QDO\]LQJ GDWD LQ 7DEOH LW F D®RBN O/DMWDIWRHIG RW K\VOKW
settlements, the students G\ UDVQ\II® DQG *\ UODGDPpU DUH PRVW
PDNLQJ D QXPEHU RI YdeM&rWRUWR WBRID FEQHQFRH RQH WKL
TXDUWHU RI WKH WRWDO SRSXODWLRKH RODYWHBIH YLO
GLVWDQFH RI WKH W Rs§fromH3y HUP H\A WD RIHWKLW® DV WK
WRWDO DYHUDJH RI UXUDO VFKRROWXS DRH/WWA ¥ L\S R B/W QL
WKHLU FDVH SHGDJRJLFDO FRQVLGHUDWWRRY RMDWKH
XQGHUOLH WKH FKRLFH RlofreuehDdns/ The @iy ofFHV XOWV L
*\ UDVV]RQ\ID LV HVSHFLDOO\ ZHOFRPHSHMV HQN IXOIDD U
SHGDJRJLFDO SURJUDPV FDQ SURYLGH DQ RSSRUWXQL
settlements located in a ledsveloped microU HJL R Q

$FFRUtG le€lbaclof VFKRRO PDQDJHUV WHDFKHUV DQG SDUH
/IDERUDWRU\ SURJUDP ODXQFKHG RQ WHKHREDWIV RI U}k
PDMRU LQWHUQDWLRQDO HGXFDWLRQRG QXWGHAWRIDQG
partner schools, is of partiarlvalue, specially for rural schools. The application

of stateof-the DUW WHDFKLQJ PHWKRGY WKH LPSOHPHQW
SHGDJRJLFDO SURJUDPV WRIJHWKHU ZOWW\WRH BFKGH UV D C
education in partner schools can contributethte reteribn of pupils in rural

VFKRROV WKH VXUYLYDO RI VFKRROV IYQFHXURDO DUHL
YLOODJHYV LQ D EURDGHU VHQVH DQ&RWKXHUD@FDUBB M LC

4.4 Operation of Eience Centerduring COVID -19 Pandemic

7KH FKDQWHHW WKH VSULQJ RI WKH SDQGHPLF WKDW
PLOOLRQV RXU FKDQJHG OLIHVW\OH DQG QRWKHQJ PHW
DFFHOHUDWLRQ RI WHFKQRORJLFDO GHYHORGPH QW WK
and adapDEL O LW\ ¥dhthe B MW irigd@ptance of sciememters 2YHU WKH
pastiIHgears PDQ\ HFRQRPLHYV Rl WKH GHYHORSHG ZRUOG K|
a critical situation, and our centuridsOG KDELWY KDYH WUDQVIRUPHG
ZHHNV  cQreW sithHation, one of WKH PDLQ JRD @éntehay/ FLHQFH
EHFRPH HVSHFLDOO\ FULWLFDO 7KLVQLVZKMKHK LXSSRU\
closely related to several dimensions of the impact system althi®ve

—87-



Sz Rékoset al. The Impact System of Science Centers akatittitadm Suportof
Public Education and Career Guidiamgehe Coronavirus Pandemic

SHUVRQDO VRFLD® HRRRRPLFWXFRED\BEERceSENEMMHQW KR Z
FRXOG VXSSRUW SXEOLF HGXFDWLRQ GXULQJ WKH WLF
example of Mobilis Science Ceat

'XULQJ WKH ORFNeRZBGVioMsyLddu@Midt receive visitors and

theLU HG XFDW L R QhesgamdipatiendVVEKWROV ZHUH DOVR VXVSH
WKH\ FRXOG EH LPSOHPHQWHG RQO\ E\ XVLQJ D GLIIHU
EHIRUH 'XULQJ WKH UDSLG WUDQVLWURQWN B HPRDRHS/ FK |
from public educati®@ WR QHZ W\SHV RI FRQWHQd f’ QG PHWKRC
WHDFKHUV 7KLV QHHG ZDV UHFRJIJQLIHGGEDWRBDLONR ZK
WKH ORFNGRZQ DQG VWDUWHG WR SUBDMUGK RQOLQH FR

MobillTy-*\ U 'LILWDO ([SH¢)RSHUDEHQW XQGHU WKH XPE!
Mobilis is peserWLQJ GLJLWL]DWLRQ DQG URERWLFV LQ D SOI
ZRUN RI WHDFKHUV GXULQJ WKH ORFNGRZQFXY¥LWK SHGD.
7XWRULDO YLGHRV ZHUH VKRWR®O LQW X$HDMFY D G G H/Y HX
'H'R FRXUVHV OREEWHG MR @ KH QDWLRQDO 'LIJLWDO 7
ZLWK RQOLQH VROXWLRQV SUHRIDWABLW D \ERWX UN/RIWHDWQ IGI
SHRSOH SDUWLFLSDWHG DW WKH PR\GW YWXFESING IEO GL
ORELO,7\ IRU WKH QDWLRQDO el6 XV sdditio BEthe® LW\ 7KHP
VXFFHVVIXO LPSOHPHQWDWLRQ RI QDWQRQRIQGHEADRQOLQ
SDLG WR ORFDO DIIDLUV $FFRUGLQJOGHUYRBIRS FHQ@WVR
of a complex studentRPSHWLWLRQ RI LWV KBYAEb@AWLWWVU ZKLFI
WK DQQLYHUVDXWLQJ WKH PRQWKYV Rl ORFNGRZQ DOR
RQOLQH FRQWHQW ORELO,7\ DO VRIB@A@FtHeGstalftUHDW HP S
SDUWLFLSDWHG DRV JRQ\CKLRQ DVQUD LIOMH DL FURELW

In addition to teacdr and student experimentation, the use of ICT and the
GHYHORSPHQW RI PXOWLPHGLD FRQWHIQRM\D S CS0ARD UFIHR) W
of the Student Laboratory presented in detail in the previoB8¢ RQ :LWKLQ D IHZ
days after the official announcemieR1 KRPHVFKRROLQJ WKH VKRRWLQ
6FKRRO 79 UHFRUGLQJY EHJDQ LQ WKH HPSW\ 6WXGHQ
ZHUH VKRW DQG XSORDGHG WR WKH <RX7XEH FKDQQH(
divided LQWR GLITHUHQW SOD\OLVWywham@\tolaUrBeGrHV DQG VX
Rl PRUH W KDL HhZtke first year,and since the return to offline
HGXFDWLRQ WMBR6VWIYQBZKDSHU PRQWK W PHDQV WKIL
contens havebecome part of everyday activities of public education. After the

VHFRQG ORGNGIREZ ® XWXPQ 6 W X G H-Qcdle bbliEe RUJDQL]HC
67(0 FRPSHWLWLRQ ZLWK QHDUO\ S D UVF XOLCSIDAQ\W V' + |
GLIILFXOW IRVWXGK YWKRRIOHSDULQJ IRU JUDGXDWLRQ
RQOLQH VWXG\ csdmiXBevhidtr) 3 K\VL

Mobilis has been one of the key players in the STEM career orientation of the

*\ U (FRQRPLF 'LVWULFW IRU PDQ\ \HHYWH@WeWHEQQRYDW
WHFKQRORJ\ DQG UHODWHG 67(0 FDUH HEF RRQSEIRUAW X QLW
schooO VWXGHQWYYIBBYQW\ 'XULQJ WKH PRQWKYV RI WKH .
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FDUHHU JXLGDQFH SURJUDPV FRXOG QRWHEGFHPSOHPH
HLWKHU $PRQJ RQOLQH HYHQWYV 7HFK7RR@WIOWU -XQLF
DQ RXWVWDQGLQJ RQH SUHVHQWLQJ RAHKH LG IWWYINDH W U
8QLYHUVLW\ WKURXJK H[SHULHQWLDO D QG LS\ULIDAWLLYRD O
ZDV WKH RQOLQH BRDBMKRIXLEDRFMWLQJ GXDO YRFDW
MRLQWO\ ZLWK $XGL +XeaplayerDn thaUkdHH ICR@P EHKLR G URJUDF
SUHVHQWHG EDVLF VFLHQWLILF SKHQRPHQDREHKLQG WF
VWXGHQWYV IURP GLIIHUHQW VFKRROV

$QRWKHU JUHDW VXFFHVV RI RQOLQH RSHUDWLRQ ZD
7UDLQLQJ IRU WKRH/(FQREDOXPHMRIPVLRQ LV D NH\ SURM
ORELOLV DV LW LV IDU PRUH WKDQ MKWV B RPRBERMW LFV
FDUHHU JXLGDQFH SURJUDFREROINLGQDW DJFHRPSOH[ UR
+XQJDULDQ )// FRPPXQLW)\ L \WomRetithbsQ lpjdit’s UHJLR QDO
PHQWRULQJ IRU UHJLRQDO VFKRR W D®MGRLZ@ MGHILAV L R
7KH VHDVRQ ZDV FRQGXFW H Ge dp@nafiarunib@ RQOLQH [
RI ORELOLV %LWV 05*7 WHDP ZDV H[WUHIFFH®\ VXFFHVVI
bestresult LWV KLVWRU\ E\ TXDOLI\LQJ IRU WKH :RUOG )LC

Conclusions

This paper preges WKDW WKH VLJQLILFDQ Rdd cBritefJ  HMQ QORI DW L Y +
beyond the function of afinteractive 30 D\J U RXIQNGK D V S Héxhibitls VHW R
ZKLF KHaradtees a pleasant and useful pastime. It can function as a
PHWKRGRORMREKDW VXSSRUW VFKRROVEDIFWNHEURXQIDOEOH
DV ZHOO DV VFKRROV VWUXJJOLQJ ZLWK Lbv VKRRUWDJI
H[DJJHUDWLR® itWeéxpérienhOP H6BKFDWLRQDO SURJUDPV FDQ
WKH IXWXUH RI 67(0 HGXFDWLRQ LQ +XQJDU\

Diverseactivities of scienceentersse ZHOO LOOXVWUDWHG E\ WKH H[DP ¢
The paper indicates that a flexible and f@88GDSWLQJ DFWRU UHVSR
immediately andel HFWLYHO\ WR WKH FKDQJLQJ QHHGV RI SXEO
VWXGHQWY DQG HGXFDW L KilfrDJeerlddeyV IRis)clear thaytkie X QLT XH J
KRVW FLW\ DQG L Vpim&ilp beddiitd URPHB GRPORDWLRQDO SURJUI
scierce centers. AttnVDPH WLPH WKH DQDO\VLYV RI DFWLYLWLHYV
&29, SDQGHPLF UHYHDOV WK D WedL&QRLYDIWD R A N\GR@ QW |
PD\ HYHQ RIIHU D QHZ SHUVSHFWLYH MKRGYVRDLWHXEN LR
on direct, personaxperience is obR XVO\ LPSRVVLEOH WR UHSODFH W
channels, butlHHGEDFN RI| VFKR Rt€aclieB3ciithH that olbrne G
FROQWHQWY DQG PHWKRGRORJL F Bddcatoxsth® RudatitsR I THUHG J |
LQ WKH SHULRG RI ORFNGRZQ thepdndemiopdRd® XMWWLRQV XV
opportunity for scienceentersWR EUHDN RXW RI WKHLUeWUDGLWLR(
DQG DOEHLW LQ D OLPLWHG zZzD\ WPR PDXNK BLGIHWHQW
JHRJUDSKLFDO DUHD

SHIHUULQJ EDFN WR WidbouBkl BrtiM M REH WAHHNL W6 X WLRQV 2
such a profile can hardly be characterizedr$g Q GDQJHUHG VSHFLHV
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The maindirection of further research ithe refinement of thériefly presented

model ZLWK WKH LQY RO 22eH BrpEptsin té fouH fieRid.@fter

finalization of the model LW FDQ EH |R® @RrRadiaofBEarious
+XQJDULDQ | @WW lcoulX Wrowd® Van excellent basis for the

P D Q menitbf science centerdor the conscious development of the institutions.
Subsequently, ira second phase o HVHDUFK LW LV SOIWQQHG WR G
uniformly interpretablecriteria for each 6thesuliopics RI WKH PRGHO ZKLFK ZL
“I nternationalizé the tool.

References
> @0 . XVPLQ HW DO 6 PB-UBH VIEXKRIROK RXVH WXG\ NLW
SUR-baeeEWRI QLQJ LQ 67(0 VXEMHFWYV QJ(( *OREDO

Education Confd HQFH ('8&21 SS -

> @&DSULOH 0 HW DO (QFRXUDJLQJ 67(OWBWXGLHV |
%UXVVHOV 3ROLF\ 'HSDUWPHQW $ —(EURMBPLF DQG 6F
3D U QIO

> @G. Molnar, D. Sik, Smart devicesmart environmest smart students A
reYLHZ RQ HGXFDWLRQDO RSSRUWXQLWLHV LQ YLU
OHDUQLQJ HQYLURDQIEER Wafnational Conference on
&RIQLWLYH ,QIRFRPPXQLFDWLRQV &RJ,QIR&RP

> @I. Horvath, nnRYDWLYH HQHGXF B WLLQGpekIQN MYKHH 95
HQYLURQPHQOW,((( ,QWHUQDWLRQDO &RQIHUHQFH R
,QIRFRPPXQLFDWLRQV &RJ,@MR&RP Ss

> @, +RUYIWK (YROXWLRHVRIDVOH® FRA QBasbldRv/O L Q 95
HGXFDWLR® IEEE Internatbnal Conference on CbQueW L
,QIRFRPPXQLFDWLRQV &RJ,-B0R&RP SS

> @* OROQiU HW DO 7KH UROH DQG LPSWHFMHRYLYQW XDO
of educational materials, pregation options in education and in the vaittu
VSDFH th |EEE International 6nferHQFH RQ &RJQLWLYH
,QIRFRPPXQLFDWLRQV &RJ,-QIR&RP SS

> @- 0 %UDGERXUQH 'LQRVDXUV DQG :KLWB (OHSKDQ
WKH VW &HQWXU\ OXVHXP ODQDJHPHQ@W DQG &XUD

> @3( 3HUVVRQ 6s DQMHH WKLY LQJ DQG JRLQJ VWUR

8QGHUVWDQGLQJ RI 6FLH@8H SS
> @3( 3HUVVRQ &RPPXQLW\ ,PSDFW RI 6FLHQFH &HQ
Curator 7KH OXVHXP -RXUQDO- SS

> @R. Garnett The Impact of Scienc€enters 0 XVHXPV RQ WKHLU 6XUURX
&RPPXQLWLHV 6XPPDU\ 5HSRUW

—90-



Acta Polytechnidangarica Vol.21, No3, 24

\Y

\%

\

@. H. Falk et al., International Science Centre Impact Stufiinal Report

@. H. FaON HW DO &RUUHODWLQWERFEBROMW & QMMHRH
Literacy: An Intenational, Crosdnstitutional Study, Science Education
SS

@< %DPEHUJHU 7 7DO $Q ([SHULHQFH/RRQW WKH /LIH
Term Effect of a&ODVV 9LVLW WR D 6FLMWXBHRMHQWHU 9L\
SS -

@l. *URYHV $VVHVVLQJ WKH (FRQRPLF ,PSDFW RI 6FL
/IRFDO &RPPXQLWLHYV 3KDVH RI DQ LQRWHUQDWLRC
science centers, funded by the Asation of Science7 HFKQRORJ\ &8HQWHUYV
$6% DQG W Kilitual stidr@e laers

@ ( 3HUVVRQ 7KH ,P&énteWERBSITERAhiuG Ebhference,
7UHQWR

@]|IUpQ\LQp .XNRUHOOL - Anagdiswf\spBig) elatichisJih R Q

WKH DUHD RIURWVUpVe YIWGpNNDSFVRODWRN HOHP]pVI
WpUVpJKE H® G R \Devélgpment of the economic structuaad
DJJORPHUWRWERRQ DSKV R *W KHS$ X WWRBDBRNWHAS &

QHZ GLUHFW fRQedapeegRaRt0 $ JD]GDVIJVIHUNH]IHW pV
vonzAsN|UJHW DODNXOiVD $ *\ UL -iUP&LSDUL .|U]JHW
IHMOHV]IWpV ~M LUIQ\D pV HV]N]|]$QEY N¥XWIDWOV PRQR
IRQSURILW .IW *\ U SS

@&VL]IPDGIMMVHN 7 HG r Aukohiotive District. Universitas
Gy U 1RQSURILW .I1W *\ U

@LRYRV]IWK 3 OLOHVWRQHVY RI WKH PDFURHFRQRP
+XQJMQIGD LWV LPSDFW RQ UHJLRQMBEM®ssDA2G QDWLRQI
$XGL +XQJDULD =UMJLePBDNYRIBRDN|OGN|YHL pV
KDWiVD D WpUVpJL pV QHP]HWJDhGEpHdeL YHUVHQ\N
Economy-Human Tér— * D] G D-VEm@ber SS

@RQYiUL 3 5HVHDUFK DQG UHVXOWY RWRWHKH DJJOF
V WiRdy. *\ UL IDBBHUIFLY NXWDWiVD pV-d&4UHGPpQ\HL
pPYHNW O QDG MDIGRewHbBment of the economic structure
DQG DJJORPHUDWLRQ ORQRJUDSKV Rl WKHFWHVHDU
DV D QHZ GLUHFWLRQ DQG WRKRODRGHMiBreR QDO GHYH
pV YRQ]iIVN|U]JHVE PODINXOUPRLSDBLOQWUIMHW D pUVpJL
feMOHV]WpV ~M LUIQ\D pV HV]IN|]HS ® L WHOWILWINVPRQRJ
IRQSURILW .IW *\-U SS

@Hardi T.,ChDQJHV LQ WKH VSDWLDO WKDRU DFRWHRWWWHBE®Q
Transdanubia, espfeLDOO\ LQ WKH ODERUL@QLUtEBEIRI *\ U
MHOOHJJHWHVVpPpJHLQHNXQPIiQWROIRQ DN.@MIPWN WHNLQ
*\ U PXQNDe<«J\IN|VYRHWI®U H D G R \Develdpment of the

—-91-



Sz Rékoset al. The Impact System of Science Centers akatittitadm Suportof
Public Education and Career Guidiamgehe Coronavirus Pandemic

HFRQRPLF VWUXFWXUH DQG DJJORPHUDWLRQ ORQR.
$XWRPRWLYH 'LVWULPWDR®G WRRE BLWHRAWRRDO GHY
$ JD]GDViJV]IHUNH]JHW pV YRQJiVN|UJHW DODNXOiVL
JUIHW.QW D WpUVpJIL IHMOHV]WpV ~M LAHAQ\D pV HV]N
SBQLYHUVWLWRQWURW. *\ U 69 SS

> @pV]JiURV 9 6RPH ([SEORDWRBRAWUL@EHFKQLFDO +
Education Institibnal and Social Loss, CvVRHYLHZ 3ROJiUL 6]HPOH

- SR4
>2@3,69% U H YV XUBW \https://read.oecd OLEUDU\ RUJ-HGXFDWLRC
2  -resultsvolumei/scienceperformanceamond -year
olGVB 6-HQ SDJH
23@ 7,066 6FLHQFH ;URDPHZRUN
KWWSYV WLPVVDQGSLUOV EF HGX WLPVYV GRZQOR
>A@ 3DSS . - y |IPo6Btudens like physics the least3 K\VLFDO 5HYLHZ

Fizikai Szemle SS LQ +XQJDULDQ

—-92-



ActaPolytechniddungarica Vol.21, No3, 224

Labor Market Analysis for IT Jobs

Robert Demeter! and Attila Kovari 2345

17UDQVLOYDQLD 8QLYHUVLW\ Rl %UDWVRY DJDFXOW\ RI (OF
&RPSXWHU 6FLHQFH (URUORBYQWRPDQLD UGHPHWHU#X

,QVWLWXWWDRI 7THFKQRORJ\ )DFXOW\ Rl ,QIRUPDWLFV (
&DWKROLF 8QLYHUVLW\ (V]WHUKNRWDRUW DWW LQOB#HXQKXQ.
HVIWHUKD]\ KX

.DQGY .iOPiQ )DFXOW\ RI (OHFWULFDO @FMOQHMULQJ TE>

% %XGDSHVW +XQJDAREX®YIXXL DWWLOD#XQL
'HSDUWPHQW Rl 1DWXUDO 6FLHQFHVVL@WYWRLWXWH RI (Q.
'XQDXMYiURV 7iQFVLFV 0 X $ 'XQDXMYiURV +XQ1J

NRYDUL#XQLGXQD KX

*$0) )DFXOW\ Rl (QJLQHHULQJ DQG &RPSXWHU 6FLHQFH
8QLYHUVLW\ ,]ViNL X NHRFADNUHLPPWW £ R Q #QWMH K X

Abstract: COVID-19 hal a seriousnegative impact on the econgrag a wholeand on the

labor market. The situation has improved recently, but it is useful to map the charfyes in t
labor market and current future trends. Many have lost their, jdbs to the crisis caused

by the virus situation and many of them have not been able to g#ntifjobs for extended
periods of time. In the technology industry, recruitment is increasing. Thelsal labor
market findings raise the question of the characteristics of the Eastern EuropesoiT |
market. In this article, the job opportunities are compaeadrder to determine in which IT
areas the most job opportunities appeand how they relate tdifferent field of IT, as
services software development, telecommunication, appliances, electronics, human
resources or vehiclmanufacturing

Keywords:labor market IT; engineering; analysisRomania Hungary

1 Introduction

COVID- KDV D VHULRXV QHJDWLYH LPSDFW RQ WKH HFRC
ODERU PDUNHW 7KH VLWXDWLRQ KDV RRFPIOBER WKEH UHFH
FKDQJHV LQ WKH ODERU PDUNHW DQG WXUUH QW EXWOUH
WR WKHXWHGE LBA M\OKH YLUXV VLWXDWLRQ DQG PDQ\ RI W
JHW-WX®AH MREV IRU HIWHQGHG SHULRIGY RIRWORIKQJIS$V
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WHUP XQHPSOR\PHQW ,Q PDQ\ FRXQWULWYHMRE QHWHQ
PHDQV RI PLWLJDWLQJ WKH HIIHFWV RRENKHWHQWLL\R @ C
SURJUDPV KDYH KHOSHG FXUE ULVLQJ XQHPSOR\PHQW

7KHUH KDYH EHH@WX QKHNKHJ JOOREDO ODERU PDUNHW V
LPSRUWDQW ILQGLQJIRLWRKNVWHMRGP\XVH VRFLDO PHGL
VHDUFK DQG WKLIPIRQ B YRRQKHIKBMRE VHHANHUWLOOLRQ
SHRSOH VHDUFK IRU MREV RQ /LQNHGX® H YBIFN EZRIRINN

RI \RXQJ MRE VHHNHUV IRXQG WKHIRUMRE@VKURXJK D
RI UHFUXLWHUV DGPLW WR KDYLQJ DBEFHDG)Y BBMHFWH
)DFHERRN > @ $FFRUGLQJ WR SUHYLRXV VWDXWGLHV R
OHDVW D %6F K bV N ROFIVID QUHD Y WD DG GR QRW UHT
HGXFDWLRQJBAKR®G > @

,Q WKH WHFKQRORJ\ LQGXVWU\ UHFUXWWR H@W GNPLGFUI
DW D OHYHO EH\RQG WKDW > @ 7KH PRNVNWVU/DMWREYV DG
DUFKLWHFW LQIRUPDWLRQ VHFXUEZWUND @QO@G\\F\R P §RWHAD
V\VWHERLOALVWUDWRU FRPSXWHU SURJUDPPHU ZHE G
LQIRUPDWLRQ VA\WVWHPV PDQDJHU V\VWHRSSR@MO\VW
SURIHVVLRQDO QHWZRUN FORXG DUFKHWHEREMWNHWY RQG
HIHFXWLYHV VD\ FORXG VHFXULW\ LODWID DK ® PRQILMKL
FRROHVW MREV LQ > @

7KH DUWYRPPDU@HV VCKIHP PABW REGV LQ DUWLILFLDO
$, VSHFLDOLWWYGN® WRVNIDUH GHYHORSHUV DQG PD
IRFXVHG GDWD VFLHQWLVWY GDWD HDRQGQB Y ER/L V§HFSVV I
F\EHUVHFXULW\Q® URRQUWMHFMINY DFORXG DUFKLWHFWV
GHPRQVWUDWH VRIW VNLOOV 7KHVHR MRE W KH K LIREXKWW Q
SD\LQJ ,7 MREV LQ DPRQJ RWKHUV EIWHP@GDWD HQJ
VHFXULW\ PDQDJHU GDWG DUFKILWHIFW > @HWUIZRR WK RX |
EH VHHQ WKDW D ZLGH YDULHW\ Rl FRRWKQW W HWPE/VRD
MRE VHDUFK DQG VDODU\

7KHVH JOREDO ODERU PDUNHW ILQGLWHV LYWIMIMH WRK W K K
(DVWHUQ (XURSHDQ ,7 ODERU PDUNHMNMXQLQW MHRWL\R IDWWH |
DXWKRUV FRXQWULHV O5RPDQLD DQG +XQIPH\LQ@UH FRF
ZKLFK , ¥ DUKHD PRVW MRE RSSRUWXQLWLHY DSSHDU DQ(
FRXQWULHY 7KH DQDO\VLYV ZDV SHUIRWHDHG K\BIDQH TXHU
Rl WKH /LQNHG,Q SRUWDO

1.1 Situation in Hungary

'"HVSLWH WKH DGYHUVH HIIHFWV Rl WKH SDWIGHHRLF RQ P
PDUNHW KDV EHHQ FKDUDFWHUL]JHG E\ QHB LL@QIY WRWPHQ
IRUHFDVWYV WKH +XQJDULDQ ,7 PDUNHWVLDUHSHFWHG
XQGHUJRLQJ GLIJLWDO WUDQVIRUPDWLR(RPHQZRHNXHUDO
ZDV LQWURGXFHG LQ PDQ\ SODFHYV
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,Q UHFHQW \HDUV WKFHHQ@WROHF RIHEXGWRABBSPHQW K|
LQWHQVLILHG ZLWK PRUH DQG PRUH FRESDQL#HV UHFRJ
'HVLJQHU DFWLYLWLHV DV WKH XVHUHEQWHH W EID | KIDFV

7KH LPSRUWDQFH RI WKH ,7 6HFXULWX B|BHHFWB'G LQFWHKE
FRPLQJ \HDUV DQG WKH 'HY2SV DUHD \LKRIK\DDUMFWH U L]
PDQSRZHU > @ 'HPDQG IRU GDWD SURIHVVLRQDOV KD
LQFUHDVLQDOVUROHQIQNODFKLQH /HDUQLQJ DQG 'HHS /HDL

, /7 SURIHVVLRQDOV PDQXIDFWXULQJ HRYOR\HHV
DUH PRVW DIIHFWHG E\ UHFUXLWPHQ@ W kK HOH KIRPHSFDLF
GLG QRW KDYH D VLIJQLILFDQW LPSDFW RQ WKHLU ZDJH
RI FRPSDQLHV XVH WKH KRPH RIILFH HSWIQRNQ WR@Z KNKFHK >
ZRUNLQJ IURP KRPH FRXOG UHDOO\ EMEBRY SHKWLREG Z Q
RI UHVSRQGHQWY ZRXOG DOORZ\Y DURHKWMR P &EBPH IRU
- GD\V DW KRPH EXW REOMH WRRZEUGFAHIMRUNKOQG MXVYV
RYHU D WHQWK RI FRPSDQLHVY ZRXOG UHWXUQ WR RIILFF

'LWK UHJDUG WR HQJLQHHULQJ MREW XWKBUH ZBHWW THDWF
ZKLFK ZDV PRVWO\ FDXVHG E\ WKH GRZQWXKDVLQ WKH D
QRW EURXJKW DERXW D VLIQLILFDQW FKDQJH LQ ZD.
PDQXIDFWPWRQI>MB 2Q WKH HPSOR\HH VLGH VWDELOLMW
ZKLOH IRU HPSOR\HUV UHOLDEL®ISWWUDPRKGEWKCLE@\ DR @
ILHOG RI LQGXVWULDO DXWRPDWLRQ WKHWRHHUFRQV!
PDQXIDFWXULQJ WHFKQRORJ\ DQG LQFUHDMNQQJO\ WR F
KLIJIKO\ DXWRPDWHG V\VWHPV

2YHUDOO WKH SDVW ODERU VKRUWDWKHKIFRRQWUSBXML
WR GHFOLQLQJ GHFRIDXF® WHGVKKEHO@D VNLOOHG MRE VHLE
QXPEHU RI JRRG MRE RSSRUWXQLWLHY "HPYDBVRU TXD
GHFOEZQHERK FDQ EH H[SODLQHG E\ WKH SRVWSRQHPHQW
ZDLW RI PDQXIDFWXULQJ FRPSDQLHV > @ UKHWHPDQG
PRVWO\ IRU WKRVYH\ADWK BWH)SBYVMHQFH ZKR FDQ XVH F
SURJUDPV DW DYHORRWVEBEROQNQ@MWLVK DW D VWURQJ LQ

1.2 Situation in Romania

,Q 5SRPDQLD DFFRUGLQJ WR GDWD SURWILGW&FEA WKH 1D
PLOOLRQ LQKDELWDQWY ZHUH UHJLVWHERG @M IWWR EH.
WKH /DERU 5HJLVWHU RI WKLV QXPEHW DN DFMNIYRIQ D C
FLYLSIRBXODWLRQ DQG RI WKH DFWLYH SRSXOC
7KH PDMRULW\ RI HPSOR\HHV QDPHO\ ZRRUNHG LQ W
SHRSOH ZHUH HPSOR\HG LQ LQGXVWU\ DQGLRRQVWUXFW
WKH ,7 & VHFWRU > @ 7KH QXPEH UFRIOMPSIOR D ILY KR
ZDV .Q WKH HPSOR\PHQW UDWH RIIWKH DFWLYF
PHQ DQG IRU ZRPHQ VR RQ DYHUDJH > @

Aos A
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2Q WKH UHFRPPHQGDWLRQ RI WKH :RUOG %DQN V FRX
(OLVDEHWWD &DSDQQHOOL ZKR VDLGQL® GXFDWKIDRA) 5RP
JLYHQ WKDW DOWKRXJK WKHUH-DURIVWRH BR 8X® DRV LHR[E
LV EHORZ WKH OHYHO RI HOHPHQWDUD WIGR@E DMWVLWREP LQ"
KDYH LQFUHDVHG > @

7KH &29,"SDQGHPLF FULVLVY VHYHUHO\ DIIHFWHG 5RPDQI
VXFK DV KRWHOV DQG UHVWDXUDQWD/Q VSRIEXNO DRAXIRW X
DFWLYLWLHYV 7KH PHDVXUHY WDNHQOWRRHWXSB3RHMWVW & H
LQ SDUWLFXODU WKH PHDVXUHYV RWKGHPH HD VKIDYGHLL P & W/H
RI WKH FULVLYVY 7KH DYHUDJH QXPEH ®LRHP SGR\SHHY WK

WKH SHULRIRYHEREBU\ GHFUHDVLQJ E\ RQO\ FRP
VLPLODU SHULRG RI WKH SUHYLRXV \HDU > @
,Q 6HSWHPEHU PRUH WKDQ SHRSOH DSSOLHG

ZHUH QHZ FDQGLGDWHY ZKR HLWKHU GLG BHRMQ KDYH D
DFWLYH LQ UHFHQW \HDUV ,Q IDFWKWIKKOD/NVNBWDDSHWMKRG R
EHWZHHQ DQG QHZ FDQGLGDWHW®BIK SOUNVQI IRU
WLPH LQ D ORQJ WLPH LQ ZKLFK WKH\ KOODX®\ ®RW PDGH
WKHP DUH YHHEHWXgQHQ DQG \HDUV ROG DQG IRU WE
LV WKDABWWOQAWO(V VRPH RI WKH IDYRULWHNHPSOR\HUV
UHVXPHG VLIJQLILFDQW HPSOR\PHQW

, Q FROQVWUXFWLRQ KDV FROQWLQXHG WRVGHYHORS II
VORZHU SDFH 7KH WHUWLDU\ VHRWRBHEZLDQ@OD OWMKRURXIEK R
GHYHORSPHQW RI PRGHUQ VHUYLFHV LQGXXWUDQ HWY KB
SDUWLDOO\ UHFRYHUHG EHLQJ IRUHFBQW WIR UHDFK W]
JRU WKH DJULFXOWXUDO VHFWRU DQ LQKWDHDEHHIY SUR
IRUHFDVW

S5RPDQLD LV GLYLGHG LQWR HLJKW \DV& P& & QWHWD W R YM K
(DVW -GRXWK-ORQWHK QLD - ¥OX RKD-BIRYW KR OWHQLD DQG :HV
> @ (DFK UHJLRQ KDV FHUWDLQ VAFHRFLR PE A H/DNUXKUFRWX U (
ZKLFK LV ZK\ FHUWDLQ VHFWRUV SOD\ D BUHBRRLQDQW
UHJLRQ

$W WKH HQG RI ODUFK WKH KLIJIKHVWHWHMHY VRKRJHJL
6RXWIKR/'W UHJLRQ -DRQGWWUKHHI LR QW K 7KH ORZHVW U
XQHPSOR\PHQW UDWHV ZHUH UHJLVWHUWGUHQL®IEFKDU
> @
7KH &29,"FULVLY GLG QRW E\SDVV WKH , WILIKQOWHHILPNVKH U
Rl WKH QXPEHU RI FXVWRPHUV FROQWWDFWWFUBRWJID/&EL
VHFWRU ZDV OHVV DIIHFWHG WKDQ RWKBUINHWWE® WEX ZKI|
WIOHRFNGRZQ SHULRG RU WKH PDLQWHQDQYHURDWXOHYV R
LQGXVWU\ ZKLFK LV IDRWRIIMDVHZGWIK WDGCG WRRWOWKSDFF X\
IOH[LEOH HPSOR\HH VFKHGXOH LQYROYLYH DMP&WDBVIRU
IRUBD\ LW KDV QRW EHHQ DIIHFWHG E\ WKH FKDQJHV WK
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6LQFH WKH EHJLQQLQJ RI WKH SDQGHPNVMIEOHVUKHE RQF
PDQ\ ,7 FRPSDQLHV LQ 5RPIOQISRF P D I%XF\KDQ H&WX M DV L
%UDVRY IURP WHFKQLFDO XQHPSOR\PHQWUDQG GLVP]
LQFUHDVHV UHGRKHQY PABOUWR XFLQJ WKH ZRUN VFKHG

$W VHYHUDO FRPSDQLHV WKHUH ZHUH WHDSPRUWK D®A FRP
ZHQW LQWR WHFKQLFDO XQHPSOR\PRWWHEXRRRIDWQK H W W
KDYH IDFHG IUHH]LQJ EXW DOVR SURMMFWDSHQRW EX
UHVRUWHG WR VWDIl UHGXFWLRQV

7TKH &29,"SDQGHPLF KDV FKDQJHG WKH ZD\ ZH ZRUN PD
PRUH SRSXODU RSWLRQ DPRQJ HPSOR\HHV DURXQG W
FRPELQDWLRQ RI ZRUN DQG WUDYHO LV QRU MRBEWRZLQJ \
DzZD\ IURP KRPH $Q@&KRMDQLDVWILQWHUQHW DQG ORZ .
H[FHOOHQW FKRLFH $ VWK RGXEHVRRPRWXRH SUH®DVRQV W]
5RPDQLD D WRS GHVWLQDWLRQ IRU GLVWDQFH ZRUN DQ

S5RPDQLD UDQNV WKLUG GXH WR ORZ KIRMLQO BERINOWAD O\R |
DV ZHOO DV O-RVHUWFR BIDWUWRHQWRQOPHQWDOV 7KH H[FH
LQWHUQHW DQ@GSHDHNH QO BRSMXMODWLRQ ZHUH DOVR FRQVL

7KH UDQNLQJ > @ DQDO\]HG FRXQW UNH®L YLOEHG/ LI L H «
LQWR VL[ FDWHJRULHV DFFHVVLELGXWLWQ G QEUBN B OWHK
UHPRWH ZRUN IDFLOLWLHY VRFLDO GL® X H\Q G RV KH ZSH
FRSDQLHV LQ WKH ,7 DUHD ZLWK WKDWV FRWPH KMSHPSWL
ZLWK D SURJUDP IRU WKH GLJLWDO WU /&I PWRHDWRR Q
LQIRUPDWLRQ WHFKQRORJ\ EXW DOVR3O@ROX@HG LQ WK

2 Materials and Methods

$v D ILUVW SKDVH WKH HFRQRPLF VLWXDBWULRIQVRG 5RPL
IURP RQZDUGY LQ WHUPV RI *'3 DQG XQHHPSOR\PHQW
TXHULHG IURP 7KH :RUOG %DQN DQG (XURVWDW GDWDETL

$V D VHFRQG SKDVH WR FRPSDUH RSHGQ MRIEWDBOKH QX
IURP PXOWLSOH MRBPWHBBERUWRUWROWHOHFW ZKLFK MR
GDWD WR DQDO\]H LQ GHWDLO )RURRNW DD DSRIUON B OV W K\L
FRQWDLQV DV PDQ\ MRE DQQRXQFHPHQWY DV SRVVLEOF
2Q WKH RWKHU KDQG D TXHU\ UHODWHG WRQWEHH DQDC
LPSOHPHQWHG XQLIRUPO\ IRU WKH WZRDFRX-QULHIGHYV ZL\
7KH IROORZLQJ SRSXODU MRE VHDUFK SRUQMDWOV KDYH
FRPSDULVRQ

- EHVWMREV HX

- HMREV UR

- EHVWMREV UR
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- SURIHVVLRQ KX
- MRELQIR KX
- JLQNHG,Q FRP

7KH SRUWDO ZLWK WKH PRVW VHDUFKDEOMH W REIBRQRXQ
RSWLRQ IRU 5RPDQLD DQG +XQJDU\ ZDN\KNHDHWWHG IRU

'XH WR &29,PRUH DQG PRUH FRPSDQLHV DUH SURYLGL
UHPRWH MREV ZKLFK LV DOVR WKH D/ MRNEHFID B F KV 8 R LDVQ
KDV EHHQ VHOHFWHG W KOHD V R DSLLFRKY H G BIVQBIQRR ZER BV X Q L
IRU UHPRWH MREV

$V D WKLUG SKDVH WKH QXPEHU RI REEVEQ QREK CSRHRNHIQO
ZDV FRPSDUHG DFURVV VHYHUDQ GG (S DLL@HHNU IEXIWMRE
7KH QXPEHW IRA HI X030E. FSHD WMREV ZDV FROOHFWHG GXULQ.
ZKLFKSWKMWDO SURYLGHG D XQLILHG VHDUWRQDFLOLW\ IF

3 Results andDiscussiam

,Q WKH IROORZLQJ WKH UHVXOWY RI WHKHODWKIBVHYV F
FRQFOXVVYRBFNDDWHH G

,Q WKH ILUVW SKDVH WKH HFRQRPLF\MURRDWLRQV RI
RQzZDUGY ZHUH FRPSDUHG LQ WHUPV RI UHD/ERBRZX@WHPSOF
LQ )LIXUHV

LABEL

T
-
/‘/’\\N,/\ Ly ////\
.//' = 71
S
YLIXUH

*'3 LQ 86' S5RPDQLD DQG +XQJDU\ > @
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LABEL

EUROPEAN UNION

FANY '\,/-/‘\ P ——

ROMANIA

YJLIXUH
*'3 LQ 86' (8> @

7KH JUDSKV VKRZ WKH H[WHQW WR ZKNXPOW*FIIWRID DRUWR
HFRQRPLF FULVLV LQFOXGLQJ RI FRXGBVWRS5RPDQLE
WKH ORZ SRLQW LQ D VWHDG\ LQFUM® WK FDOUEH RE
LQ - EW LQ WKH FDVH RI WKH (8 *'3 LQ
7KH FRQVHTXHQFHV RI WKH FRURQDYLUX¥3HISQGHPLF ZF
ZLWK GHFOLQLQJ *'3 LQ ERWK WKH (8 DQG 5RPDQLD

$ FRPSDULVRQ RI *'3 EHWZHHQ 5RPDQLD DQAMKBMWQJIDU\ V
S5RPDQLD KDV JURZQ DW D PXFK KLJKHQ +)OQVIBD UD OPXRW W
PRUH WKDQ WKUHH WLPHV DV PXFK DVJWREWER DHRZR Y H |
H[FHHGHG WKBRPRIQWHKH D& DEOH WR VLIJQLILFDQWO\ H[F
*'3 YDOXH RI LQ WKH WKIQUWU\ RQO\ VOLJKWO\ H[FHH
WKH \HDUV DQG DQG LW ZDV QRW SRMYLEOH WR
WKH (8 2YHUDOO KLJKHU *'3 JURZWK BQBSDUH® WR WK
DOVR KDG D SRVLWLYH HIITHFW R @ DVQOH CODAERWL © D WNHHFW R
LQFOXGLQJ ,7 DQG HQJLQHHULQJ

JLIXUWKRZV WKH XQHPSOR\PHQW UDWH PHDVXUHV WKH
ORRNLQJ IRU D MRE DV D SHUFHQW®V H R |FW RHE & DEHRHQ | B
WKH JUDSK WKH *'3 JURZWK DIWHU WXWR KDG D
XQHPSOR\PHQW UDWH &RPSDUHG WR WKH (BU+XQJDU\ L
XQHPSOR\PHQW UDWHV ZKLFK LV SUHVXPDEO\ GXH WR
JLIXUH VKRZV WKH HYROXWLRQ Rl WKHDRQHBPBE@®R\PHQV
+XQJDU\ VLQFH WKH EHJLQQLQJ RI 8Q8 MIYER\PHQW L
LQ 5RPDQLD DQG +XQJDU\ +RZHYHU -WKBUGHZB®QYH HI
UHIOHFWHG LQWKH ,UR®8 L,Q WKH XQHPSOR\PHQW UDWH

Bog A
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+RZHYHU LW LV HQFRXUDJLQJ WKDW IURRWHGRWRDUGYV
IDOO DJDLQ PHDQLQJ WKDW WKHUHOLDVERXULLH QW B \OD BE
PDUNHW

Eura area - 19 countries (from 2015) Hungary Romania

B N

75 i, e "“"—'-m-._h»_'_,....._.\// ‘V\M

2016-01 2017-01 2078-01 2019-01 2020-07 2021-01

JLIXUH
8QHPSOR\PHQW UDWH 5RPDQLD +XQRNVWIDMG (8 6RXUFH RI

2YHUDOO WKH FXUUHQW DQG H[SHFMWHWIGY HX WPXSIH W L RVX L
ODERU PDUNHW GHYHORSPHQWYV %DVHGFRMRELYV LW
RSSRUWXQLWLHY DUH DYDLODEOH WDNLQJ LQWR DFFRX

,Q WKH VHFRQG SKDVH RI WKH UHVHDUFHURMXH\QXPEHL
SRSXODU MRE SRERMMAYQHBR® WIKHHVUHVXOWYV DUH VXPPDU

7DEOH
7TRWDO MREV+X@5BBDQLD

Portals i ) ) ) o )
Jobs bestjobseu | ejobs.ro | bestjobs.ro | profession.hu | jobinfo.hu LinkedIn.com

7 7HOH
,7 6RIW
(QJLQHH
6NLOOHG
+5

$GPLO®Q(
6HFUHWL 1771

%DVHG RQ WKH GDWD LW LV FOHRWUWVKPIK /IXY LQQW H G P
WKH QXPEHU RI RSHQ MRE DQQRXQFHPSIQRI MV VILRNDHD®, Q |
QHWZRUNV RQ WKH ,QWHUQHW /LQNHG, HEQQKES XVHG
VBUFK DQG VWUHQJWKHQ SURIHVVLRQDQHUMEHBWWRQ VK L
VXFFHHG LQ D SURIHVVLRQDO FDUHHU WRRPBPSGHWH /
RSSRUWXQLWLHYV E\ SUHVHQWLQJ \RXU XQLTXH SURIHV
VNLOOV D@G HGXFDWLR
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,Q RUGHU WR GUDZ IXUWKHU FRUUHFW FRQPOXVLWQV Ul
LV ZRUWK FRPSDULQJ WKDW WKH XVH RLKRADQNEG,Q S
DQG +XQJDU\ 7KH GDWD LQ 7DEOH FDQ SURYLGH DQ D¢

7DEOH
7RWDQ MEBRPDQLD DQG +XQJDU\

Romani Romania Hungary Hungary
LinkedIn jobs apiece | piece/population| piece piece/population

.7 B6HUYLFHV
&RQVXOWLQJ

6RIWZDUH '"HYH

7HOHFRPPXQLF

$SSOLDQFHV
DQG (OHEWURQLFV
ODQXIDFWXULQ

ORWRU 9
ODQXIDFWXULQ

+XPDQ UHVRXU 1177

L QWHUQHW 3XE

JLQDQFLDO 6HU

ODUNHWLQJ VH

Total | 28 046 1.47%o 15451 1.6%o

S5RPDQLD SRSXODWLRQ +XQJDU\ SRSXODWLRQ S

$V FDQ EH VHHQ LQ 7DEOH WKH WRW D OUQ)OFCEMILRRI RSt
WR $WKSXODWLRQ DOVR ZHUH FRPSDUHG IRQ CRIUMUHQW |
WKDQ RQH FDWHJRU\ VR WKH VXP RH WD Q XPIEH WWR WD
QXPEHU RI RSHQ MREV ,Q WHUPV RI WKH QWPEHU RI W
/JLQNHG,Q YRBWDMUDY SRSXODU LQ 5RPDQLD DQG +XQJE
QXPEHU RI RSHQ MRE DQQRXQFHPHQWYV LV SHU WKR
RQO\ VOLJKWO\ KLJKHU SHU WKRXVDQG FRPSDUHG
/JLQNHG,Q RSHQ MRE DQQRXQFHPHQW SRUWDO LV RQO\

LQ 5RPDQLD VR LW FDQ EH XVHG DV D EDVLV IRU FRPSD!I

3.1 Jobs based on LinkedIn

,Q WKH WKLUG SKDVH Rl WKH UHVHDUFKEWYXHGQROEHU R
WKH GDWDEDVH Rl WKMKHQREGRZISRUMMDD FRPSDULVRQ
RI RSHQ MRE SRVLWLRQV RQ WKH /LQNHG [ GGERUQDO IRU
WKH SRSXODWLRQ UDWLR WKH SRSX\OKDMLRRQ RI 5F
+XQJDU\ 7KH QXPEHU RI MRE DQQRXQFHPHQWYVY LQ 5RPD
QRUPDOL]LQJ WR WKH +XQJDULDQ SRSXODWLRQ GLYLGH
MRE DQQRXQFHPHQWYV LV FRPSDUDEOMHRIRVY SHKHIMWMEZR FR
VHFWRUV FDQ EH VHMQ RO MBEY H R GREDIRBIOV R E V

Alo1A
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7TDEOH
)XOMLPH MREV LQ 5RPDQLD DQG +XQJDU\
Romania (normalized) Hungary
Jobs On- Remote | Hybrid On- | Remote | Hybrid
site site

,7 BHUYLFHV D
&RQVXOWLQJ

6RIWZDUH '"HYH

THOHFRPPXQLH

$SSOLDQFHV (
DQG (OHFWURQLFV
ODQXIDFWXULQJ

ORWRU 9HKLFO

ODQXIDFWXULQ 11
+XPDQ UHVRXU
,QWHUQHW 3XE
J)LQDQFLDO 6H
ODUNHWLQJ
Total | 6332 | 1635 824 | 6658 933 820

5RPDQLD QRUPDOL]HG QXPEHUV GLYLGHG E\ SRSXODWLRQ U

7DEOH
3DWWPHLMRERPDQLD DQG +XQJDU\

Romania (normalized) Hungar
Jobs On- | Remote | Hybrid | On- | Remote | Hybrid
site site
,7 B6HUYLFHV
&RQVXOWLQJ
6RIWZDUH '"HYH 1 1 1
7THOHFRPPXQLHR 1 1
$SSOLDQFOINFW 17
DQ®HFWURIQLH
ORWRU 9HKLFO
+XPDQ UHVRXU 1 1 1
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,QWHUQHW 3XE 1 1
J)LQDQFLDO 6H 1 1 7
ODUNHWLQJ

Total | 100 26 1 176 54 6

5RPDQLD QRUPDOL]HG QXPEHUV GLYLGHG E\ SRSXODWLRQ U

7KH WRWDO QWRBEHUWREIROG®ORUWXQLWLHV LV KLIKHU
UHPRWWLIXKDMREY DUH KLJKHU 6RPH MREV PD\ DSSI
FDWHJRU\ VR WKH VXP RI WKH QXPEMWRWDQ KXPK HIUHRIG
RSHQ MREYV

7KH WRWDO QXPEHUV RI , 7 6HUWLPHWREE DUEBR Q WRIMILL
5RPDQLD EXW WKH UHPRWH MREV DUH XFK RWREWH G PR
PRUH 6RIWZDUH '"HYHORSPHQW MREV LNFERWDQHD 6RI
PRUH IRVLW@HRUH IRU UHPRWH DQG PRUH IRU K
+XQJDU\ 7KLV PHDQV WKDW WKH QXPEHWH®G MRE DQQF
UHODWLYHO\ KLJKHU WKDQ WKH QXPEHUSRUWIRFEHWQQRX

DQG ,7 &RQVWOQWHQUHPFEWOH DQG K\EULG MREV DUH LQ
LQ +XQJDU\ UHODWLYH WR WRWDO 'BoYHD RV'KRHH/PIWY I K M V
DUH IRU 5RPDQLD DQG IRU +XQJDU\ (PSSOR\HUV LQ

DUH DOVR RSHQ WR UHPRWH ZRUN LQ WKH ,7 VHFWRU

7TKHUH DUH VOLJKWO\ PRUH MRE REX$R UMOHARNPLP\Q L BD YW
VHFWRU LQ WKLV FDVH WKHUH DRUNPR@ H RGEBRUINWXQLW

7TKHUH DUH PXFK PRUH MRE RSSRUWXQLVOHFRWUQFHXQJD
DQG (OHFWURQLFV ODQXIDFWXULQJ VHFWRUH7IK® WRWD
+XQJDU\ WKDQ 5RPDQLD UHPRWH DQG K\EULG ZRUN DUF

7KH RSHQ SRVLWLRQV LQ ORWRU 9HKLFOW IKGD@ XIDFW XU I
5RPD @DV K EXW WKHUH DUH PRUH UHPRWH ZRUN RS
ZKLOH WKH K\EULG LV D OLWWOH ELW KLJKHU LQ +XQJDL

7KH QXPEHWRRIHSMRW RSHQ SRVLWLRQV \WLQHIMRELEOH
RSSRUWXQLWWHNH MWKRIE § DIVWH KLIKHU LQ +XQJDU\ +X
PRUH THOHFRPPXQLFDWLRQV DQG ,7 6HWYPHHMREYG ,7 &

3.2 IT Software Jobs based on LinkedIn

7KH RSHQ ,7 VRIWZDUH MREV DUH-WKPRDWRENGD QG 7DDEO!
IRU-9/DBPW MREV

7KH WRWDOIXQ®WRPHU RMRE RSSRUWXQLWLHV LV KLJIKI
WKH UHPWWRHIX®EYV DUH KLJKHU 6RPH MREV PD\ DSS
FDWHJRU\ VR WKH VXP Rl WKH QXPEMW®RWDQ KXPKE HIUHRIG
RSHQ MREV ,W FDB WBBOHH Q@ KORPLWKDOO UHVSHFWV Wi
PRUH RSHQ ,7 VRIWZDUH MREV LQ S5RPDWQLED @ KIMQ LQ -

AL03 A
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FRQFOXGHG WKDW 5RPDQLDQ FRPSDQLHV ZDQW WR GH®
VRIWZDUH DQG WKH\ PD\ KDYH VLJQLILAD@W PDUNHW R

7DEOH
)XOMLPH ,7 VRIWZDUH MREV LQ 5RPDQLD DQG +XQJDU\

Romania (normalized) Hungary
IT jobs (s):e Re;not Hydbri On-site | Remote | Hybrid
6RIWZDUH (QJU
6HQLRU 6RIWZ
-DYD 6RIWZDUH
-DYDVHMHNNIBEMR S
%DFN (QG 'HYH 71
'"HY2SV (QJLQH
)XOO 6WDFN ((
Total 5552 1847 628 3556 933 566

5RPDQLD QRUPDOL]HG QXPEHUV GLYLGHG E\ SRSXODWLRQ U

7DEOH
3DWWPH ,7 MREV LQ 5RPDQLD DQG +XQJDU\
Romania Hungary
IT jobs On- Remot | Hybri | On-site | Remote | Hybrid
site e d
6RIWZDUH (QJU
6HQLRU 6RIWZ 1 1 1
-DYD 6RIWZDUH 1
-DYDVFULSW 'H 1 1
%DFN (QG 'HYH 1
'HY2SV (QJLQH
)XOO 6WDFEN (( 1
Total 9 5 0 19 12 2

5RPDQLD QRUPDOL]HG QXPEHUV GLYLGHKSG E\ SRSXODWLRQ U

7KH QXPEHWRRHSMRE RSHQ SRVLWLRQV AWLOHJIJMRELEOH
RSSRUWXQLWNHRH 7KN BSIDWAMUH MREV DUH KLJKHU LQ
KDV PDQ\ PRUH 6RIWZWUHAH ®@BHM HUVSOWEDUH MREYV
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4 New Perspectives andObservations

/RRNLQJ PRUH EURDGO\ WKHUH DUH UHJLRQI)I GLVWLQ
WKHVH WZR QDWLRQV 3XEOLF IXQGLQD@®G YHQDJDVWL
SURIRXQG HIIHFW RQ HFRQRPLF JURZWK DJ@FGN MRE PDL
YDULDWLRQV EHWZHHQ 5RPDQLD DQG +XQORVHBRPH LQ
H[DPLQDWLRQ :KLOH HFRQRPLF PHWULFVODUH UHOHYD
VLIJQLILFDQW UROH LQ VKDSLQJXD DWER®DPCHURRWH $ \R
OHHZD\ DQG DGDSWDELOLWY DIISEIG 6D 6 YEROXYMQ X GRED L
DV ,QIRUPDWLRQ 7HFKQRORJ\

7HOHZRUNLQJ LV EHFRPLQJ LQFUHDVLQJO\ SRSXODU LQ
GLVSDULWLHV LQ FRPSDQ\ FXOWXUH2RQ G @Y\HVMN ¥ B WV RX
LQWR MRE RSSRUWXQLWLHV XVLQJ /LQNHG,Q UHYHDOF
HQJLQHHUNIQRQBREHWZHHQ WKH WZR FRXQWULHV DWW
DGYDQFHPHQWY DQG ORFDO PDUNHW®G, @QHDHNHWILQJIO \
VHFWRUV LV JUHDWHU LQ 5RPDQLD PFXH[QIE G N @ISUN\RDHKF
WR WHOHZRUNWQBHDLOBL. RSDWUWZKLFK FRXOSHFH]IE8O6DLQ V
GLIIHUHQFHV :LWK WKH ULVH RI WHKHRV\JWK DI\WRQRH \F X WKl
QHJOLJLEOH QXWPIERH SRVEWURQV LQWAPRS BQIEHWRODWR |
EHFRPH D WKLQJ Rl WKH SRBM®H G XEAKGPR\IM HE @/XADHV LD J
WKLV G\QDPLF GRZQ WKH OLQH

-RESHFLILF GLIIHUHQFHV FDQ DOVR KDYH DQ LPSDFW
,Q 5RPDQLD LW PD\ EH ZRUWK VWUHQJWHKERBEQU L FDADUD
DQG HOHFWURQLFV HQJLQHHULQJ SURJUDERX®GERWK F
KHOS ILOO H0.G&HG WIREXH 7KH SRVLWL YO PRWNHWDWLRQ
DQG HFRQRPLF JURZWK VXJJHVWV WKDW WKH GHYHOR
SROLF\ DQG HGXFDWLRQ VWUDWHJILHV BHRXOG EH LGHDO

Conclusions

7KH EHQHILWYV Rl GLIJLWL]DWLRQ D UHX RIEQ LLRKWR XEXPAMH W K
VSHFLDOLVWYV WRJHWKHU ZLWK WK BQF RK$DRQ\ WWRIIDGOHIH
UROHV DFWLYLWLHV DQG VWUXFWREMWHGQF KV RD V& LHRHFON
LQWDHFWLRQ DQG HQVXUH D ZRUN HQYLURQBHRXW DQG DQ
VRXQG YDOXHV PR O GUILWERSOBXH WR WKH UDSLG GHYH
LQ WKH ILHOG RI SURJUDPPLQJ LW XNWDHEFRHY WIHUF\K @ R OWF
IRU WKRSEHOMOWHDPY LQ RUGHU WR DFKLGIG HD RIKH PRV W
WHUP GHYHORSP®Q® SRVVLEOH

(PSOR\HUV DOVR QHHG WR LPSOHPHQSWRGHDBXOM G HDIQEH
LOWHUQDO SROLFLHV UHJDUGLQJ UHPRWH XRUN WR
GLVFUHSDQFLHV LQ WKH ZRUN VFKHGXOH RI HPSOR\HHV

ODQ\ QHZ VXEILHOGYV RI VRIWZDUH HQJLUVRIFH®YVY RDYH E
UHVHDUFK DQG GDWD FROOHFWLRQ WXHFWIDDQBPXYWQRVV

ALos A
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PDFKLQH OHDUQLQJ FORXG HQJLQHHULQJ ZKLFK LQYF
SURJUDPPLQJPODMRIXDNKHU WRROV IUDPHRBUNKHDQG S
FDQGLGDWH WR PHHW WKH UHTXLUHPHQWYV RI WKH MRE

,Q FRQFOXVLRQ +XWDOEHXRWMBHRIOO EH VKDSHG E\ GLJL
WUDQVIRUPDWLRQ DQG JLYHQ WKH FKD DQWLGRIQVMUXF W X
DXWRPDWLRQ DUH EHFRPLQJ NH\ FRPSRQHQ@WYVY LQ PDQ
HQVXUH IXQQ WKARHVMIDUG LW LV HTXDOO\ LPSRUWDQ\
SD\ VSHFLDOLVWY UHFHLYH W UIPLDNHQUVDIQEG L\P)SDIHPUHD WL
WKH QHFHVVDU\ FKDQJHV 7KH ZRUN VRINVP ®RHPHRIGSD U W
RQ WKH ZRUN RIRWKHAHVXAH@R HAKH HIIRUW PDGH LQ VHY
SURPRWLRQ DQG DGYHUWLVRQG MIRQUE UEPQ HPLHG\L XIRR U
FRPSDQLHYV

7KH GLJLWDO WUDQVIRUPDWDRGRDIGSHWKHRB8EMNWERE PN C
KLIJKHU HGXFDWLRQ LV QRW RQO\ WK HRIHV SRQN [CEQ DR W
UHTXLUHYV DOLJQPHQW ZLWK FXUUHQW LQGWVBNJ\ WUH!¢
KXPDQ UHVRXUFHVY DQG FRUSRUDWH PDQDG@HPHMDN DUH
WRROV DQG VWUDWHILHV WR HQJDJH HPR®RR\HHV DQ
HGXFDWLRQDO LQVWLWXWLRQV QHHG WR@DIKGIRSW D PX
LQFOXGHV WHFKQRORJLFDO DGPISOQWHWWHRQOVGHYHORSI
XQGHUVWDQGLQJ OHJNO MHZRBNYD QKHDWILR QY AVKDW VW.
RQO\ SURIHVVLRQDOO\ SUHSDUHG EXW OWRRPHHXLSSHG
WKH G\QDPLFDOO\RAKWRHLQHAZQBIOIG #DRNOHWVLQJ ODERU

References

> @$QGUHZ HQQHOO 6RFLDO PHGLD UHFUXGWPHQW V
FRPSDQLHV DUH XVLQJ VRFLDO PHGLD WR ILQG MR
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\%

@5DQGVWDG +5 7UHQGYV 6XUYEOLQH
KWWSV ZZZ UDQGVMWDVG KOWXRRMNQRBKRMWRSLDF PLO\H
V W U D W\M Bl UD$K@H B D O O-D O DENHRN

@&DSDQQHOOL ( &BRPOQHDHWGY WR LQYHVW LQ H
RI WKH SRSXODWLRQ GRHV QRW(KPNKQDI) HOHPF
WUHEXLH V LQYHVWHDWHRQVORSBGOMDLLHH QX DUH R HG.
QLYHO HOHPHQWDU 2QO0LQH
KWWS ZZZ DJHUSUHV UR HFRQRPURIPDQLD FDSDQQ
W U HEX IOH H V-V H B FD-WAGH R S X-GPOWRH G X FDW L H
la- Q LYHHODH PHQ WD U

@6HFWRUXO ,7 GLQ &0XM GXS RFXO SDQUOWMRLHL %HV
RI D QHZ EXVLQOWYH RGHQYHQWDUH L ULVFXO XQ
EXVLQHVV2QOLQH KWWSV ZZZ UHYIWMIDXMQWH]D UF
G X-S/IR FXODQ G HRQM B H Q Y-$ Q W REHRIR XR G &8
EXVLQHVV

> @7RS FRXQWULHVY WR WUDYHO 2RQGQHZRUN
KWWSV ZZZ PRPRARGR WO @NUDYHO

> @KH :RUOG %DQN *'3- FRRDAIQDN 88 QJDUALQH
KWWSV GDWD ZRUOGEDQN RUJ LQGLFDWRU 1< *'3 0.
LRQV-652 VWDUW YLHZ FKDUW

> @KH :RUOG'HDFRMXMJUHQMRB®QLD +XQJDU\ (XURSHDQ 8
2Q0LQH KWWSV GDWD ZRUOGEDQN RUJ LQGLF
HQG ORFDWHBRQ® W WD UW YLHZ FKDUW

> @XUHV /DERXU PDUNHW LQIRUPDWQRRDQQHG 5RPDQL

KWWSV HF HXURSD HDXQERUMNVY GXEIDERIOLYLQJ
LQIRUP DW{ARIQU-B B ERXRDRARQ@LDBHQ

> @GPLQLVWUDWLYH GLYLVLRQV RPQOB@RDQLD
KWWSV HQ ZLNLSHGLD RUJ ZLNL $GPLQLVWUDWLYH]

> @- .DWRQD &OHDQ DQG 'LUW\ &RWHD&FRRUHKBQNGR
(YDOXDWLRQ XVLQJ *3 (\H 7UDFNHU VRIOND 3RO\WHF|
1R SS

> @- .DWRQD WRBDOGWDBGDELOLW\ RI /,2Z RIRFANH. XV LQJ D(
EDVHG (YDOXDWLRQ $FWDVR@O\WRHFKQLFDS®SXQJDULF

\%

\%

>7@. 1DJ\ = 6]&WROQIU 'HYHORSPHQW RSSRUWXQLWL
ODERU PDUNHW FRPSHWHQFHV LQ KLJKHU HGXFDWL
/ySH] ODUWtQH] , &DQGHO 7RUUHV H®X  &(5,
,QWHUQDWLRQDO &RQIHUHQFH RI (GXFDWLRQ 5
,QWHUQDWLRQDO $FDGHP\ Rl 7HFKQRORJ\ (GXFD\
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Opportunities for Improving the Quality of
Education and Pedagogical Teacher Training
within an International Context

Roman Hrmo

'7, 8QLYHUVLW\ 80 6O0OiGNRYLPpRYD D 'XEQLFD Q
KUPR#GWL VN

VWYiQ 6] N|O

7UQDNMversity LQ 7UQDKBP\VBOQi 7UQDYD 6ORYDNLD
LVWYDQ VIRNRO#WUXQL

IXFLD .ULAWRILDNRYI

'7, 8QLYHUVLW\N 80 6O0OiGNRYLPpRYD D 'XEQLFD Q
NULVWRILDNRYD#GWL VN

Abstract: In this paper, the authors point out the importance ofhkigality teacher
training, as well as some opportunities for its improvement in an internatiamext.

They deal with the current situation and present their views on the discussed field.
The paperalso presentsthe activities of the InternationaBociety for Engineering
Pedagogy IGIP. The authors deal with the issues of teacher training carriedtbirt thie
international Erasmus+ projedENTER - EngineerNg educdors pEdagogical Raining.

Based on the Standards issued by the Slovak Accreditation Agency, it can be stated, that for
teachers, it is necessary to develop their vocational, language, pedagogicaigatad

skills, as well asiny oftheir transferable competencids the paper, the outputs and other
planned intentsrelated to the realization of pedagogical teacher trainiage introduced.

In addition pre-service teachers’ opinions on the realized activities and the offeredesou

are presented, and recommendations for the teaching practice are formulated.

Keywords: teacher pedagogical teacher traing; IGIP; project ENTER
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1 Pedagogicall eacherTraining

$V 7XUMNLFN WHDFKHUV DUH DPRQJ WKH GHFLVLYH IDF\
SURFHVV ZKLFK ZDV DOVR FOHDUO\ GHFGDUHG E\ 8:
RUJDQL]DWLREXWU IUROOHWP RQR DUW LLILB HY © HFEMAKHQ KRR
ZHOO LQYHQWHG FDQ UHSODFH SHUYREB&DBWLMR QDD FI\E X
EHWZHHQ HGXFDWRUV DQG WKHLU P H@W HAHK\D UDE WHD O

LV SRVVLESOHUZRODOLW\ FDQ KDYH DQ LPSDFW RQ SHUV
GHWHUPLQDWLRQ 2QHYTV FKDUDFWHU FDQ RQO\ EH VKDS

7DEDN HWSRDQW RXW WKDW WHDFKHU WUDLQLQJ SURJUL
Rl LQFUHDVLQJ WKH TXDOLW\ DQG SURIHY¥YNLRQDO Gl
IUHTXHQWO\ EHHQ GLVFXVVHG 3URVSHFWHYGVWHDFKH!
DERXW WKH IXWXUH PD\ SURYLGH LPSRUWDR®@DOQIRUP
GHYHORSPHQW DV ZHOO DV WKH GHVLIYWIR@WYWDFKHU
UHJDUGLQJ KRZ WHDRKAHULY B UHHGORIHVILRE) BOIQ G WUDLQL(
KRZ WKH\ FUDRVGIDD SGRIHW LW *R U MeK]HP]V HDOQYG1V >
XOWLPDWHO\ KRZ WKH\ VWUXJJOtHR \8 BDW WD QN | HRUU W\KKHH.
VWXGHORWP >WKH EDVLV RI PDQ\ VWXGLHV IRFXVLQJ RQ
ILHOG ,Q WKH QHZ FHQWXU\ DQVZHUVKDUWNL @8XJKWHWR
UHTXLUHG IRU LQGLYLGXDOV WR WSHWHGFLAG WKIDAKK S
VKRXOG KDYH VR WKDW WKH\ FDQ WWMNX\GHQWVKHVH FI
> ]

‘H DJUHH ZLWK] ' WKRQ¥IDEPVY WKDW WHDFKHUV DUH DQC
WKH PRVW LPSRUWDQW GHWHUPLQDQWVSRUIWRKR HGXFELC
WKHLU LPSRUWDQW UROH RQO\ LI WKN\HIUHFWLSBBDOH F
QRW RQO\ WRZDUGV SURIHVVLRQDO EXW WKNVMBEHUVRQ
RIWHDFKHU UHTXLUHV KLJKIISRIROHWVWMXBOWIORQRQG SHGDJF

A FRQWLQXRXV LPSURYHPHQW LQ WKH TXDQ@MY\ Rl HGX]
TXOODQ EH FRQVLGHUHS UPSRUWDQW >

$W XQLYHUVLWLHV LQ P DWQUWRDWHIVR Q VZ KFHRP MAK MRH DD U H
SURIHVVLRQDOV ZKR KDYH QRW WDNHQ \3DWXD W DQRSHGD
PRWLYDWHVUKWONLRDWKRQ RI DFWLYLWLHV ZKLFK FDQ L
SHGDJRJLFDO WHDFKHU WUDLQLQJ
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2 SelectedApproachesFocusing onlmproving the
Quiality of Education andIncreasingUniversity
Teachers’Quality

,Q WKH IROORZLQJ SDUW Rl WKH SDSRDFEHVZDQG GHD
DFWLYLWLHY LQ WKH FRQWH[W RI XQQWGHUQYEWHN DMLQED W
XQLYHUVLW\ WHDFKHUVY TXDOLW\ :HRIRLRQ@FRXRV WKH [
 QWHUQDWLRQDO 6RFLHW)\ IR QGJWGEHHLA\PUYLMAHIM ED
ZLWKLQ WKBJESQRMHEW HGXFD7RUV S(GD(BRJIHFDO W5DL
DFWLYHO\ SDUWLFLSDWH LQ WKH DERNWHDEMQNLWLBY D
IRU XQLYHUVLW\ HGXFDWLRQ TXDOLW\ DVVXUDQFH ERW

2.1 International Society for Engineering Pedagogy IGIP

‘H DJUHH ZLWKZKRUHQDLPV WKDW LI WHDFKHUV ZDQW W/
HITHFWILWROAGXFDWH DQG WR GHYHORSWKKHNLRXVWXGHQ
SRVVHVV VXIILFLHQW NQRZOHGJH LQ WKBQGHIOIGIKKDYH .
JHQHUDO FXOWXUH 7KHAXDWKRWKOSURDH\HY KRQRO WUDLQ
SHGDJRJLFDO DQG JHQHUDO HGXFDWLRQ KRQVLGHULC
DFWLYLWLHY DQG WKH LPSRUWDQFH RLQOQMKHL@WHUQI
B3HGDJRJ\ ,*,3

The International Society for Engineering Pedagogy IGIP , QWHUQDWLRQDOH
*HVHOOVFKDIW 1U ,QJHQLHXUSIGDJRJLN QQ@QWHUQDWL!
BHGDJRJ\ ZDV IRXQGHG LQ DW WKH 8QLYHUVLW\ R
$GROI OHOH]JLQHN (VWDEOLVKLQJ DQ HQUG @HH WIKQDWS H G
WLPH HQJLQHHULQJ DQG SHGDJRJ\ KDGIQARYOHH¥Y HEBHQ OL
(YHQ LQ WKH VHYHHWMWIXWR(XWRIEHDQ LQWHJUDWLRQ D«
SURILOHYV IRU HGXFDWRUV ZHUH VHIXF DWLRRVWUBPEQUE
DQG OHPUQIQILQHHULQJ SHGDJRJ\ LV D IURQWLHU VFLH
WUDQVIRUPY SHGDJRJLFDO DQG SVV\FKRORJDBDO NQRZC(
VFLHQFHV ZLWK WKH DLP WR LQFUHDVH MEHFBDWGRBWLF
7KH VXEMHFW Rl HQJLQHHULQJ SHGDJRJ\ LV IRUPHG E!
UDWLRQDO WUDLQLQJ RI WHDFKHUV RIHWMRKUHDO V
HQJLQHHUV (GXFDWLRQ LV XQGHUVWRREOXKLYWMW\EURD
GHDO ZLWK GLGDFWLF TXHVWLRQV EXW. DO¥R SD\V D\
SURPRWHYVY VFLHQWLILF UHVHDUFIDWLRRDOL QQ WHIVDIVQ G H
DFWLYLWLHYVY LQ WKH ILHOG.RI HQJLQHHULQJ HGXFDWLRC

7KH ,QWHUQDWLRQDO 6RFLHW\ RI (QJLQBMULER@D GHGD.
UHJLVWHU RI HQJLQHHULG3S$H'G XE® WRIAK 5VHIQ MKV KK H T*
JXDUDQWHHV PLQLPXP VWDQGDUGV LQEDMMODFKFRHEGEDO H
FRPSHWHQFH SURILOH IRU HQJLQHHULDXDEGIXHBWRUYV
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HGXFDWRUV ZKR KDG JRQH WKURXJK DQ ,*,BGURWRW\S
DUH ,QWHUQDWLRQ D OD@G LKDHH XV B JBGEIK, FADBWHFOLH |, 1 *

7KH H[LVWHQFH RI WKH 5HJLVW3$Y' DV, ZIHD OHE\H WIK®! G H J |
KDYBRVLWLYH LPSDFW RQ WHFKQLFDO WN®MMF\EKWMHB FKI
,*)3 RSHUDWHV FXUUHQWO\ PRUH WKDQ EWBXQWULHYV
BWDWHY WKH GHJUHH PHDQV WKDWBFEIQU¥RQ VX EMKIDP
>] ,*,3 DFFUHGLWWQWRINQIQWHUQDWLRQDO (QJLQHHULC
ZKLFK FRQIRUPV WR ,*,3 V FXUULFXONXPQIRO RHY@®INIQHH UL
WKH ILUVW LQIRUPDWLRQ DERXW HQJLQHHULQJ SHGDJ
'X3DQ 'ULHQVN\ ZKR ZDV DSSRLQWHG WBGNKMRIQWHUQD
%RDUG LQ DQG LQ \HDU KH HVWD RUNMKHG WKH ¢
JURXSHUQWLYOOXDUHQWO\ WKH 60RYDN VHFWLRQ RI ,*
SQLYHUVLW\RQEKERLFD

2.2 The EngineeriNg educaTors pEdagogical tRainingrBject
—ENTER

The EngineeriNg educaTors pEdagogical tRaining ENTER project LV EHLQJ
VROYHG DV D @DUWXSWIRWMKINH\ DFWIRRIMHUDWLRQ IRU
LQQRYDWLRQ DQG WKH H[FKDQJH Rl JRRIG RUD WWKHFHV
VLWXDWLRMHDEKHQV RI HQJLQHHULQJ PDMRUV RIWHQ
H[SHUWLVH LQ WKHLU VXEMHFW ILHO®&8ORHWD @W ANRSWE B .
PRGHUQ OHDUQLQJ HQYLURQPHQW +LIJKNKRX®GDWLRC(
KDYH VXFK SHGDJRJLFDO FRPSHWHQFLHV ZKLFK HQDE
HGXFDWLRQDO D SS&HRDMEXKHY RI WKH

7KH PDLQ JRDO RI WKH SDRMHFMWOHYHWRPBEBEXEGDRSV\VV
SHGDJRJLFDO W-HW BKHRU MOYRBLO3(Q@J ZKLFK ZLOO EH EDVH
LOWHUQDWLRQDO FROODERUDWLRQ KKH \5 UDRNGHW WY NLHV | F
LOQWR DFFRXQW WKHLU QHHGVY ORZ FRVWHUFRQYHQLH
UHYLHZHG TXDOLW\ DVVXUDQFH FXVAV R/KIH DXIPEGU RLPV
HQIJLQHHULQJ HGXFDWRUV HQUROOHG LQ SHGDJRJLFD
SURJUDPV 7KLV ZLOO KDYH D SURIRXQGGXFFIPDNFIWVR RQ WK
LQ (17(5 PHPEHU KLJKHU HGXFDWLRQ HWWMMIMAX/WLLGR QWK HE
ZKROH (XURSHB@SBURRIBPFUHGLWDWLRQ LV DOVR RQH R
REMHFWLYHV

7KH (17(5 SURSRVHV D KLHUDUFK\ RI YWUXFWXUHG
HQIJLQHHULQJ HBEXFBWRUWOPWKH FRQWH[W RI WKH (’
4XDOLILFDWLRQV J)UDPHZRUN IRU /LIHORQJ /HDUQLQJ

fL3(7 6KRBWXVH&76-34XDOLILFDWLRQ '"HYHORSPHQW"™ &

fL3¢7 BURIHVVLRQDO (®*HWUDSQROD 3*+LIJKHU (GXFDWL
THDFKHU’
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fL3C7 ,QWHUQDWLRQDO(&H6FRJQEUFEI DOHDGLQJ WR
LQWHUQDWLRQDO DFFUHGLWDWLRQ DV 3*(QJLQHHULQ

7KH DLP RI WKH SURMHFW LV WR HQ@WXVYW DNKIDN G 9 (TRUPY
TXDOLW\ RI HGXFDWLRQ LQSHQJLQHHULQJ VWXG\ SURJUI

,Q WKH IROORZLQJ SDUW RI WKH SDSHU RIHWKHNVURGXF
LQWHUQDWLRQD OENUHERV-PXYJ LHRHMWEREPEGDJIRJILFDO
tRDLQLQJ DV ZHOO DV WKH SURSRVHG FRXUVHYV

3 Concretization of Outputs, I ntents andProposed
Courses within the ENTERProject

7KH (5%$6086 (1 HQILQNHHUVIGXFDEBDYVYR SRAOODL@ LQJ
SURMHFW ZDV VHW XS E\ D FRQVRUWINQ@FRHY (|IURMQG
(XURSH 5XVVLD DQG .DJDNKVWDQ 7KHWPDVY QVRGEHXOL BG W
WKH FDSDFLW\ RI HQJLQHHULQJ +(,V GXH.QVNR WKH V
HGXFDWRUVY SUHSDUDWLRQ ZLWK LQQRYDWLYH HQJLQ
SDUWLFXODU VRUW RI HGXFDWRU(YNVKPRQ KDYVQV WIRI K/ XF
LPSDFW RQ VFLHQWLILF SURJUHVYV DQG LIWQRMDWLYH G
LPSRUWDQW KRZ WKH WHDFKLQJ DQG OHDWQW®EH SURFH
FRQWHQW DQG WHDFKLQJ PHWKRGRORJ\D KXW &XIDKW\ D JU
Rl OHDUQLQJ RXWFRPHV RI IXWXUH HQJLOBIYWBLY DQG FF
HFRQRPLF GHYHORSPHQW -MKIHHU® G BYBRIVUIEEEWI R1 WKH
SURJUDPV PHHW WKH QHHGV RI WKH HQOIRGHHIQPMW)JI HGX
> .

ENTER &RQVRUWLXP FRQVLVWYV RI WKH IROORZLQJ LQVWL\
Project Coordinator
f QVWLWXWR 3ROLWHFQLFR GR 3RUWR 3RUWXJDO
European partners
f'7, 8QLYHUVLW\ 6ORYDNLD
f 7DOOLQQ 8QLYHUVLW\ RI THFKQRORJ\ (VWRQLD
5XVVLDQ DQG .DJDNK SDUWQHUYV
f I1DWLRQDO 5HVHDUFK 7RPVN 3RO\WWHFKQLF 8QLYHUVL\
f.D]DQ 1DWLRQDO 5HVHDUFK 7THFKQRORJLFDO 8QLYHUYV
f 7TDPERY 6WDWH 7HFKQLFDO 8QLYHUVLW\ 5XVVLDQ )HG
f ' RQ 6WDWH 7HFKQLFDO 8QLYHUVLW\ 5XVVLDQ )HGHUD
f S3VWRFLDWLRQ IRU (QJLQHHULQJ (GXFDWLRQ RI 5XVVL
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fA-)DUDEL .D]JDNK 1DWLRQDO 8QLYHUVLW\ .D]JDNKVWDQ
f $SFDGHPLFLDQ ( $ %XNHWRY .DUDJDQGD 6WDWH 8QLY
f .DIDNKVWDQ $VVRFLDWLRQ Rl (QJLQHHULQJ (GXFDWLF
f 9\DWND 6WDWH 8QLYHUVLW\ 5XVVLDQ JHGHUDWLRQ

f $VWRFLDWLRQ IRU ,QWHUQDWLRQDO (GXFDWLRQ 6XS
JHGHUBWLRQ

7KH SURSRVHG VWUXBWRUHBBRVNHNEBRERFRWULR QDB OXGLQJ L
PRGXOHV LV GLVSOD\HG LQ 7DEOH

7DEOH
6WUXFWXUH RI L3 URHGRPYWLRQDO
Program Course ECTS
L3e7 'QQRYDWLRQV LQ HQJLQHHU
(276 7LPH PDQDJHPHQW
(ITHFWLYH LQWHUDFWLRQ
(QKDQFHPHQW RI OHDUQLQJ
L3er 6\WWHP DQDO\VLY LQ HGXFD
(276 3HGDJRJILFDO SV\FKRORJ\ D
"QWHUDFWLRQ ZLWK VWDNH
6XVWDLQDEOH GHYHORSPHQ
"LJLWDO HGXFDWLRQ
3UREDVMG -EDRMBFI\Q Gridted
OHDUQLQJ
L3¢7 /HDUQLQJ RXWFRPHV+. DVVHV\
(&76 &RXUVH GHVLJQ
(QJLQHHULQJ LQQRYDWLRQ
)LQDO SURMHFW

1RWH 7KH PRGX DWW RIQEDXGIBQE WKRWVH DUH-LQFOXGHG LQ L3(7
6RXUFH 3URMHFW (QJLQHHULSIDLpERBE7RUV S(GDJRJILFDO W

TKURXJKRXW WKH SURFHVYVY RI SURMBBWFUND B V] DWDINRHQ
SOBDFBHHYHORSLQJ WKHDME(7/GHYHORSLQJ WKH TXDOLW\ |
VWDQGDUGY IRU WKH DERYHURVWGORSOD\HG LQ )LIXUH

7KH JRDO LV WR HQVXUHSWR DWWOHESAV WMIGKK HBEWRRBADQ TXD
VWDQGDUGYV IRU HGXFDWLRQ LQ HQJLQHHULQJ VWXGLHV

-114-



Acta Polytechnidangarica Vol.21, No3, 24

Quality Management
PET STANDARDS
PROGRAMME for iPET programme
assessment

| |
v

GRADUATES ENTER REGISTER

LIST OF PROFESSIOANAL
ENGINEERING
EDUCATORS

JLIXUH
'"HYHORSPHQW RIRWRBR IAAYHORSPHQW RI TXDOLWKKRD QIXFHPHQW VW
SURJUEDP

4 )YHHGE D Educ&i@n Quality and Teacher
Quality Assurance

JRU WKH SXUSRVHV RI UHVHDUFK DQG JOWKHWLRQ IHHG
DQG WHDFKHU TXDOLW\ D UDQJH RRXWRIRDVHRDNQL EQ XW F
SRLQW RXW VRPH YHULILHG H[DPSOHV RI JRRG SUDFWLF

BWXGHQWYV IRUP DQ LPSRUWDQW LQWHIRHMNHGKBDW W\
RSLQLRQV FDQ EH FRQVLGHUHG YHU\ LPSRUWRQW BWX
WKH VFKRRO HQYLURQPHQW DQG E\ ILQGLQRDRXW DERX
JDLQ LQIRUPDWLRQ QHFHVVDU\ IRU XQLYHEKUD\OLWA HG XFL
DVVXUDQFH

7KH VLIQLILFDQFH RI VWXGHQWVY REBW&HRIMVHVMPHQWF
Rl FRQIRUPLW\ EHWZHHQ WKH LQWH UANDPGD\WEW PRR | VDK X
LQWHUQD D QMM VWKR FULWHULD IRU WKH HYDOXDWLRQ |
SURJUDP

,Q FRPSOLDQFH ZLWK WKH 6WDQGDUG YV JHYKHIR E\ WKH
+LJKHU (GXFDWLRQ VWXGHQWYVY DUH SURYLWKB ZLWK D
TXDOLW\ RI VWXG\ SURJUDPV WKH TXDOVMU YRIFWWDFKH
DQG WKH TXDOLW\ RI WKH XQLYHUVLW Y DHOKH UIR@P HQ W
UHOHYDQW IHHGEDFN IURP DOO LRIWMHRIGIMMRIGL GBD D\@ GH
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HYDOXDWLQJ SURFSVRHYBPRX®HQWXGFDQ DOVR FRPPHOQ
TXDOLW\ RI WHDFKLQJ DQG WKH ZR UNWRO BDHDF KRHUPAH L
\HDU E\ PHDQV RI DQ DQRQ\PRXV TXHVWLRQQDLUH

,Q WKH FRQWH[W RI WKH DERYH FULWHUW®HFAHLEDYH J
DQRQ\PRXV VWXGHQW IHHGEDFN DIWHU HRFKD@QHPHVWH!
DQRQ\PRXV TXHVWLRQQDLUH XVLQJ WKH XQILQHUVLW\{V
RXU FDVH LW LV WKH ORGXODU $FDGHBPGF ZIgIIRQEDWLRQ
EHQHILFLDO 7KH DERYH H[DPSOH RI JRRG BWWFWLFH

VSHFLILHG LQ WKH IROORZLQJ SDUW RI WKH SDSHU

4.1 StudentFHHGEDFN LQ WKH ORGXODU $FDGHPLF
6\VWHP 0%$,6

$Q RSSRUWXQLW\ IRU IJDWKHULQJ VWXGHQW IHHGEDFI
TXHVWLRQQDLUH LV RITHUHG E\ XVLQJ WKH ORGXODU
0$,6 6WXGHQWYV FRPSOHWH WKH TXHVWRQQPHWH WZLI
7KH DQRQ\PRXV TXRVIMWHRWRHAOLRY VWHYHUDO ILHOGV ZL
IROORZLQJ LQIRUPDWLRQ DUH H[DPLQHG LQ GHWDLOYV

Part 1: Content of the subject and its implementation in the studprogram:

,Q WKLV SDUW ZH H[DPLQH s\ghifixaGdd Qf\th&/ V| X E SIIHFIVR QRUR Q
WKHLU SURILOS$URQ OwiRIHdivM\VthE Gubject LQ WKHLU VWXG\ SOD
D Qi@ interconnectednessE HWZHHQ V XE M H meétihg tReSgogld RQV R Q

the subject TURP WKH VWXGHQWYV Y cBriehtpiMheRdubjettHz R Q WKH
relation to their expectations VWXGHQWVY Ré&teloR®@achilgQ WKH
considering the number of credits, DQG VWXGHQWY HNMRBEOXDWLRQ F
distribution of lectures D Q G tiMekdidtribution of seminars.

Part 2: Organization of the educational process:

6WXGHQWVY tache@XaOhareriRe)to Rhle timetable, adherence to the

syllabus, WK HLU R SdufpleméniihgRe&aching time by consultations by

teachers DQG WKHLU RSLQLRQV UHODWhhpematigWKH FXUUHQ
learning in a particular subject DUH LQYHVWLJDWHG LQWR

Part 3: Performance assessment:

6WXGHQWYV LQGLF D WiHicignyHintoknied abdud the addddsment

criteria, Z KHW K thssesshieht by teachere V. REMHFWLYH WKH\ FRPPH
IRUPDWYVHVVPHQW RI NQRZOHGJHDQXUdAMFIrSWKH VHPHYV
approaches to students’ objections.

Part 4: Staffing of the subject:

,Q WKLV SDUW RI WKH DQRQ\PRXV TXHVYAh&KQQDLUH VW
expertise, RQ \atity and comprehensibility of lectures, the teacher’s
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creativity, KRZ W KH métiv@rdskardudevelops students’ activity during

lectures KRZ VWXGHQWY HYDOXDWH PRWLDQ@G WVDKHY W XGH:
RSLQLRQV Rface thHdxswidspisE\ WKH WHDFKHU DUH LQYHVW
DQG DQ RSSRUWXQ awd bpiighsis psovides V WK HL U

Part 5: Availability of resources:

,Q UHODWLRQ WR UHVRXUFHW A RU @ LIQQ WHRKNAYWKXIEE Q @
recommended literature corresponds with the content of the subjectZ KDW LV

the quality of study materials provided by teacherss KRZ VWXGHQWY HYDOXDW
availability of recommended literature DQG VWXGHQWY DUH DOVR DVN
availability of resources in the university library.

Part 6: Teaching- forms, methods:

6WXGHQWY H[SUHVV WKHLU &ersi§y bfRagpllednigthdc H LVV XHV |
of teaching systematicity— the logical continuity of the provided information

LQ D SDUWLFXOD lintevaxiiwity ldfFatfucato® —\stkddnts’ active

participation, demonstrations — using examples from practice and case

studies, application of a scientific approach- integration of modern scientific
NQRZOHGJH DQG UHVHDUFK L @GWRDWK&SshEYHFW FRQW
WKHRUHWLFDO NQRZOHDB QiactcAlityL-QH [ VHW HQBUHVRI D OLQN
EHWZHHQ WKH JDLQHG NQRZOHGJH DQG SUDFWLFH

Part 7: Spatial and technical equipment:

,Q WKLV SDUW ZH H[DPLQH GlasénabkGpre@idey fndRSLQLRQV
equipment, using audievisual devicesLQ WKH FRXUVH RI WKH HGXFDW.L
R1 D SDUWLFXO D Uapplichioh Kri_rqodlevi XiBitsl leBAMng devices

using professional softwareduring lessons DQG ZH ZHUH DOVR LQWHUHVYV
HY D O X Dntéin& @ccBSsE\ VWX GHQWYV

Part 8:

7KH ODVW SDUW RI WKH DQRQ\PRXV TXHWNLRWQDLUH
mentioning the most serious issues related to their studiesPDNLQJ SURSRVDOV
IRU LPSURDIOFRIBRHQWLQJ RQ ZKDW FRXOG LQFUHDVH
HGXFDWLRQ

,Q WKH DQRQ\PRXV TXHVWLRQQDLUH VWXGHQWYV LQGI
(IFHOOHIBIW\ ZHO@ - SXIILFLHQWXIILFLHQWO\

,Q WKH TXHVWLRQQDLUH WKH IROORZLQWHIARM®E®DWLR
VWXGHQWVY JHQGHU IRUP RI VWXG\ OHYHO RI VWXG\ \

7KH GDWD REWDLQHG IURP VWXGHQW IHHGEOFN DUH DF
WKH LQWHUQDO V\VWHP RI XQLYHUVLWOQBGKXKFB@WRQ TX
ZKLBKD JXDUDQWHH IRU FRQVLGHULQJ WKHP DQG IRU
SXUSRVHV RI TXDOLW\ DVVXUDQFH
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$ORQJIVLGH ZLWK WKDW ZH UHFRPPHQG ALR/ISWRKYHLGH W
REWDLQHG LQIRUPDWLRQ LQ RUGHUVWRMXV¥VMW WKHBBPLMWU
DVVXUDQFH LQ WKHLU GHSDUWPHQW

$OQORWKHU WRRO ZKLFK SURYHG LWVHOILY DIGQVDHEO®DW R
DXGLWYV

4.2 )YHHGE D F Nnteln& Rudits of Ongoing Processes at
the University

7KH JRDO RI LQWHUQDDV DR DA H XDV WKKIH VIFRK@IRRQ P L W\ O
WIS RFHVVHY DQG WKH GRFXPHQWDWLRQ RWMRKH LQWH L
TXDOLW\ DVVXUDQFH DQG WKH ,62 LWWBRRXNVHPHQ)
LQ DFFRUGDQFH ZALRVE WKW WRHPHIILFLHQBQRBI WKH LQ
WR LPSURYH WKH RQ®& HWQD G RAXRHPWMHER SUREHG X UH \
LQWHUQDO DXGLWYV DQ LPSRUWDQW WRRGHIRIHXQLYHU"
ILQG LW LPSRUWDQW WR PRQLWRU WHH QMWNYBWVHR LQ
QHZ WUHQSUWHVHQW WKH FXUUHQW UHVXOWXVDV ZHOO
SHULRGV VLQFH WKH LQWURGXFWLR Q\ R WWKHQMQ\R B U\ B
W Kétds.

4.2.1 TheTrend in the Process of Education according to th&®esults of
Internal Audits

7KH UHVXOWV Rl LQWHUQDO DXGLWV RG WK s WDRAH VYV
GLVSOD\HG LQ )LIJXUH

7UHQG OLQH HTXDWLRQ \

SHOLDELOLW\ HTXDWLRQ 5

Education y =-0.3697x +98.661

R?=0.527
% 100 97.78 97,69 97,5 97,78

98
os IR CCCCTUNETTURR
90
85
80
75
70

2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020

academic year

YJLIXUH
SHVXOWYV RI LQWHUQDO DXGLWV BH QUK IO ISUMRFHVV (GXFDWLRC
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4.2.2 Trend in the Process Employee Quality

7KH UHVXOWY RI LQWHUQDO DXGLWW RV KHK W IBRIRE HO/I\VQ £
DUH GLVSOD\HG LQ )LJXUH

7TUHQG OLQH HTXDWLRQ \ [

5HOLDELOLW\ HTXDWLRQ 5

. =4.3563x+74.258
Employee quality S
% 100 96,67 97 oo
% omm
90 88 ..........
85 83 ...........
> ST
75
70
2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020
academic year
) LIJXUH

5HVXOWY RI LOWHUQDO DXGLWVZRWWKRKHKEWRFHYE® CASXOR\HH 4XI

4.3 )HHGE D F NR&alzetMdeetings and theProposed
Courses within thelnternational Erasmus+ Project
ENTER

,Q WKH FRXUVH RI WKH UHDOL]DWLRQ RRQ WKH SURMH
8QLYHUVLW\ VWXGHQWVY SHUFHSWLRQWRID §PABCHNVD FW LY LW
WKHLU RSLQLRQV RQ WKH SURYLGNKGDRRYXWXBWY @QWW L} \b
VWX®\RIJUBPFKHU 7UDLQLQJ LQ 3UDFWLFDO 7UDLQLQJ

‘LWKLQ WKH LQYHVWLIJDWLRQ VWXGHOWV]HZE WU RMNA®
PHHWLQJV ZZBEQGWBYRWI SDUW 3URMHFW OHHWLQJV D
OLNHG DERNW HWH DOVR DVNHG WR VHOHFW WKUHH RX\
FRXUVHV EDVHG RQ WKHLU LPSRUWDQFH W®&BVH ZKLF}
FRPPHQW RQ ZK\ WKH\ ILQG WRBRLWEH PRRWDEPBRQWL
H[WHQW Rl WKH SDSHU ZH SUHVHQWLRGLRYWUYLHZ RI W

7KH VHOHFWLRQ RI PHHWL@GENVEE\SURMB AQWY LW KOO \W
7TDEOH

$QRWKHU RI VWXGHQWY FRPPHQWHGWR® ® HRHWLQJV
WKH PHHWLQJ
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7DEOH
6HOHFWLRQ RI PHHWLQJV E\ VWXGHQWYV ZLWKLQ WKH (17(-
ENTER project meeting Dates %
of students

.LERIl PHHWLQJ DQG 3UHSD| WKD QXD U\
BRUWR 3RUWXJDO WRI -DQXDU
6 -:RUNVKRS RQ (17(5 VW
RSHUDWLRQ WOD\
6 -:RUNVKRS IRU GHYHORBHUMWQODURXS
7DPERY 5XVVLDQ )HGHUDW
6 -:RUNVKRS RQ (17(5 406
SURFHGXUHYV WEHSWHPEHU
6 -:RUNVKRS RQ L3(7 FRXUVHE gHEXWHHORRESHRH QW
$OPDW\ .DJDNKVWDQ
6 -:RUNVKRS RQ L3(7 PRG nd April —
%UDWLVODYD 6ORYDNLD H d$SULO
75 -7UDLQLQJ RI PDQDJHPHQW VWIXOGRQ 406
5RVWRY RQ 'RQ 5XVVLDQ ) d.X0\

,Q 7TDEOH VWXGHQWVY UDQNLQJ RI WKHDSAFRISBUHG FR X
GLVSOD\HG VWXGHQWYVY ZHUH DVNHG WREDWOBFRQWK U F
WKHLU LPSRUWDQFH

7DEOH
6WXGHQWVY RSLQLRQV RQ WKH VLIQLILFDQFH RI FRXU\

%

Program Course
of students
L3¢7 ,QQRYDWLRQV LQ HQJLQ
(&76 7LPH PDQDJHPHQW
(ITHFWLYH LQWHUDFWLR
L3¢7 (QKDQFHPHQW RI OHDUQ
(&76 6\VWHP DQDO\VLV LQ HG

3HGDJRJLFDO SVI\FKRORJ\ DQG
FRPPXQLFDWLRQ

L, QWHUDFWLRQ ZLWK VW
6 XVWDLQDEOH GHYHORS

L3(7 'LILWDO HGXFDWLRQ

(&76 3UREDNRMG -EDRMBFDQG
RULHQWHG OHDUQLQJ

/HDUQLQJ RXWFRPHVe D\
&RXUVH GHVLJQ
(QILQHHULQJ LQQRYDWI
)LQDO SURMHFW
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RI VWXGHQWV GLG QRW VSHFLI\ WKH FRXUVHV .
7KH SDUWLFLSDWLQJ VWXGHQWYVY ZHUH RPRYWHMQWHUH
BHGDJRJLFDO SVV\FKRORJ\ DQG FRPHPHKWLY¥B WMLERWHUDFW

DQGIJLWDO HGXFDWLRQ

‘H DUH SOHDVHG E\ WKH IDFW WKDW H/AMYX GRGWAR X KRHE M C
GXULQJ WKH LQYHVWLIJDWLRQ DQG WKH\ FRPPHQWHG
,Q WKH XSFRPLQJ SHULRG ZH ZLOO FRQWWH @/ RHWHKHN K RW
SDQGHPLF VLWXDWLRQ WKH SURMHFW RHHRNG ZIDDOSUR
ILQLVK LQ 1RYHPEHU 2XU DPELWLRBVLVHOD WRIGWALR
LPSURYLQJ WKH TXDOLW\ RI HGXFDWLRRHDQGHWH® TXD
DIWHU WKH SURMHFW HQGYV

Conclusions

,Q WKH FRQFOXVLRQ RXU UHFRPPHQGDW L®ROW LIRQY WK H
LPSURYLQJ WKH TXDOLW\ RI HGXFDWLRQ DQGLWKH TXDO
DUH OLVWHG ,Q RUGHU WR PHHW WK ER YW HBANLID OV HDE
FRPSHWHQFLHY QHFHVVDU\ IRU WKH SURYUWDIERZ) DQG GF
WKH XQLYHUVLW\ VKRXOG KDYH HYLGHQRHJIRI LW LQ
FHUWLILFDWHYV

,Q WKH FRQWH[W RI WKH DERYH UHTXLURRNQMUWKHUI
PHHWLQIJHWEKRRUVHY DQG VHPLQDUYV 'H ZRXOG OLNH W
WKHP ZKLFK FDQ EH ZHOO DSSOLHG ERWK LQ 6ORYD
VLIQLILFDQW LQ UHODWLRQ WR XQLYHUXDWLWHGXFDW
DVVXUDQFH DQG ZKLFK DDHREVRUUHBGWHG SWRR MWHHMHA
DFWLYKWMHKBSWLRQV DUH

Courses developing university teachers’ pedagogical competenciesH
HQFRXUDJH XQLYHUVLW\ WHDFKHUV WR WDNH SDUYV
SHGDJRJLFDO FRPSHWHRQQUFRHYBBERFUGB/ILFXOPH®DIRJILFI
SV\FKRORJLFDO WUDLQLQJ IRU XQLYHUVLW\ WHDFK
UHTXLUHPHQWY RI WKH ,OQOWHUQDWLRQDO 6RFLHW\ IF
7KH JUDGXDWHYV RI VXFK FRXUVHV | RUUAHQ XYHH/WY MWNK\HW |
LQWHUQDWVBRQPB FIHUWLILFDWH

Joining the ING-PAED IGIP Register and earning the degreeof ING-

PAED IGIP: &RPSOHWLRQ RI SHGDJRJLFDO VWXGLHV DQG
,1*3%$(" ,*,3 LV D PHDQV RI LPSURYLQiEWIOH/RXOOLW\ R
XQLYHUVLW\ HGXFDWLRQ TXDOLW\ DVVXGHIYHH $0ORQJ
RI ,13%$(' ,*,3 KDV D SRVLWLYH LPSDFW RI@WKH VWDW X\

ENTER project courses 7KH (17(5 SURMXVFAW RQ GHYHORSLQJ D
PXOWLFXOWXUDO DQG LQWHUQPBIIDRIXDA DIKRFWRNDLFRKQ D
DQG SHGDJRJLFDO-WWHMHF K HAJ SWELBIRIOQAB@IL 7 (5

L3(7 SURMHFW LVORDUKQO@HG REXGRORJLHY DQG LWV
EHFRPH LQWHUQDWLRQDOO\ DFFUHGLWWMIGX FWXYHRBES RV
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HGXFDWILWRRIN®PY WHDFKHUV LQ WKH FRQWH[W RI
AXDOLILFDWLRQV )UDPHZRUNHIRHFR PPHRGI X € DYIU QLI
WHDFKHUVY SDUWLFLSDRIFPNRK HEARFDVEHRRHOBOR UW X C
IRU WKH GHYHORSPHQW RI WKHLU VNLOXWD QOIQGE FRP S
DQG DOVR WKH TXDOLW\ RI XQLYHUVLW\ HGXFDWLRQ

$FNQRZOHGJHPHQW

7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGIJMIWRHF\FRQWULE
RI WKH 60RYDN 5HSXEOLF XQGHUYU WKHQQ@RBYDWRAMHFW

OHDUQRRAE@X®®HYV IRU VDIHW\ LQ GXDO HGXFDWLRQ?® :H
VXSSRUW RI (UDVPXV - SQRIMHHYW LU (BGXFD7RUV S(GD.
W5DLQLQJ 3URMHFW(BHIHUHRFI3.$-&%+¢3
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Abstract: One of the main aims of educational institutioissto prepare children for
further education and successful integration into the workforce. To achievaghmsjch as
possible, it is necessary to meet the requirements and expectations setahyicdity
changing economic and social environments. Research has showeairarcentered
knowledge transfesind a constructive pedagogical approach have proven more effective in
achieving all possible learning outcomes ttemgnitivist learning theorytéachercentered
education. Therefore, pedagogical monitoring and evaluation procedures are necessary
and integral partsof the educational process, with the goal not only being performance
evaluation but also improving and supporting the learning procében again a sad
characteristic of the current system is that, on the one hand, it needs to suppaduidi
learning paths adequatelgnd on the other hand, the validity of measuring tools suffers
due tothe generation gap between teachers and children. Therefore, the development of
pedagogical monitoring and evaluation processsisould be an integral part of the
corstantimprovement of educational institutiorGonsequentlythe question arises: How

can the pedagogical monitoring and evaluation system be develspdtat individual
learning paths are supported and the validitymefasuementtools isoptimally ensured?

In seeking the answer to this question, our research aims to develop a complex evaluatio
system supported by artificial intelligence (WTCAiWhen The Child Ask with Aljhat
suggestsuitableactionsfor monitoring and evaluatigrfor subject teachex.

Keywords: pedagogical monitoringevaluation individual learning paths validity;
learnercentered knowledge transfadevelopment of monitoring and evaluation systems
WTCAI itemy generation gapartificial intelligence machine learning
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1 Introduction

A school should be able to prepare students for adult life and sudcessf
integration into the labor market while maintaining the educational pra@tess
minimum level, taking into account the changes in the surrounding world, the
current economic and political situation, and all other circumstances thaterequi
an immediate and appropriate response. This is certainly not an easy taisls bu
not entirely impossiblg1]! Contemporary teachinigarning environment§27],

such as selfearning, experiential learning, free independent learning or even on
the job training, require new strates, i.e., tools, resources ansources and
tools that are ingtable to access new knowleddé].

One of the most important ingredients is thecatbed "learnetrcentered” approach

to knowledge transfer, in which, similar to the teaetemtered approach, the
leading educator determines the general parameters, goals, knowledge, and skills
to be acquired and evaluates them. The difference lies in the fact that, unlike
teachercenteredness, students are no longer merely passive recipients and
repeaters of information but assume much greater responsibility for their own
curriculum and learning. In this form, the instructor does not function as the
exclusive source of wisdom but rather as a coach or leader whose primary task is
to assist students in acquiringetdesired knowledge, competenédigital) [23]

[29], and skills for themselves. Today, the existence and developmeiditad
competences is becoming increasingly important, as described in several EU
frameworks [22, 24, 28]. They are also becoming increasingly important in
teacher educatiorf26]. Weimer's research has shown that leaossttered
education proved to be superior in achieving virtually every possible learning
outcome compared to teackmmtered teachg[2] [3].

The key indicator of the quality assurance system level in education and training is
provided by the process of monitoring and evaluation. Pedagogical evaluation is
an integral part of every educational procéssimportant part of the ICT tools is
knowledge assessment systems, which measure the cognitive performance of
students[14, 26, 29, 30]. The education and training system can only function
effectively if the teaching and learning process is constantly monitored, &dhlua

and reviewed. This illuminates the necessary intervention points clearly and
unambiguously. The timely, appropriate, and adequate intervention is a
fundamental pillar of a wellesigned and operated evaluation system.

Every educational institution must ensure proper planning and implementation of

the evaluation and assessment process. This assessment system must kensider t
various needs and abilities of the learners and support the learning prodess, wit

particular attention to individual learning paths. The purpose of evaluation and

assessment is not only to evaluate performance but also to imgmdvsupport

the learning process.
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2 Challenges of Pedagogical Evaluation

Children's first level of education and upbringing occurs in primarytutisins.
These institutions play a prominent role in the education system, as they not only
provide the basic knowledge and skills that form the foundation for further
education and career development but also focus on developing personality traits
that are most malleable at this age. As we have seen, monitoring and evaluation
are essential elements of the pedagogical process, contributing to effective and
quality education and training. Pedagogical evaluation permeates every level of
the teachingearning process, appearing in various forms such as oral, written,
and practical tasks, tests, and exams. Of course, teachers are free to exercise their
pedagogical autonomy, which obviously extends to monitoring and evaluation
processes. Within an institution, teachers who teach the sabjects ideally
develop item sets foperformanceassessmentésee professional workjroups
along a common line. In addition, various centrally designed topic closing
gquestionnaireqsee national core curriculunand framework are available for
each subject although not for alt which are often not used by instructors due to
suspicions of cheating, as anyone can obtain these through other means. From all
of this, it is apparent, visible, and experienced firsthand by many that pedagogica
evaluation, despite the best intentions of subject teachers,lefezs something
to be desired20] [21] [38]. Regarding the current system, we can certainly
highlight two significant findings

- The assessment and evaluation process needs to be-tantezed for

all students and uniformly support individual learning paths.

- When determining thperformanceissessment items, the subject teacher
thinks with their own 'adult head' due to their age, which fundamentally
shapes the entire process of monitoring and evaluation

2.1 The Characteristics of theEvaluation System

To fully understand the impact of these two factors on the entire pedagogical
evaluation process, we need to examine the characteristics of the evaluation
system itself. Evaluation is a highly complex process, as evidenced by the
numerous definitions that attempt to reflect the procedure's complexity.
The evaluation is fundamentally influenced by the goals to be achieved, but it is
also necessary to mention that new challenges have emerged in connection with
learning:

- The revaluation of the role of knowledge transfer in learning

- Preference for new skills and abilities in the world outside of school
- An educational environment that better suits individual needs

- Respect for individual development
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- The teacher as a learning support partner

- The responsibility of the learner for their own learning process
- Learning environments that challenge students

- The importance of usable knowledge and knowledge building
- The development and importance of competencies

- Lifelong learning

- Confirmation of students' strengths by theieyse [3][4] [30] [31]

At the same time, new challenges have also emerged for teachdssdparto
changes in the perception of children (heterogeneous groups of children;
sociocultural differences; equality, equal opportunities, and creatingtapjties)

and partly due to the explosion of information and the advent of cigtigg
technology (huge amounts of information; practical knowledge, new
competencies; modern comaunication tools]5] [39].

The educational direction that emerged as a result of these changes involves the
application of constructivist pedagogy and related teaching methods, where:

- The learner des not simply absorb knowledge
- Knowledge is not simply conveyed

- The learner creates knowledge on their owonstructs it within
themselves

- Learning is based on prior knowledge

- If new information does not fit or contradicts their existing knowledge
system, a conceptual shift occurs, leading to a certain degree of
transfamation of the knowledge systeidi

2.2 The Possibilities ofConstructivist Pedagogy

The emergence of online education has provided opportunities for the widespread
adoption of tools and methods that can significantly support constructivist
pedagogy. Examples include blended learning, the uséeafiging materials, and
platforms that offer complex services to support these approaches. With these
systems, learners can be provided with the opportunity to learn at their own pace,
practice certain aspects multiple times, and master the ma@nialof themost
significant features otonstrudlvist pedagogy is effective learningrganizing
method [16-18]. Feedback on progress and evaluation provide measfres
effectiveness and success. In evaluating performance, we always compare it to
something. The individual learning paths would be complete if the evaluation
were also conducted about these paths. Following the internal aspects of
education, the assessment would focus on the increase in knowledge during the
specific period.
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Let usexamine why and how the fact that only the "adult" mindset of the subject
teacher or teachers participates in creating the items needed for assessment affects
the entire process.

Assessment and evaluation play a critical role in helping individuals find their
place. Therefore, it is extremely important that evaluation is accurateeghabl
inclusive of changes! The goal of educational evaluation is personality
development, and the basis of evaluation is student performance. However,
student performance is constantly changing and determined by psychological,
educational, and social factors. Assessment and evaluation are necessary because,
on the one hand, the lack of feedback is detrimental, and on the other hand, it
shows the degree of success and the extent of falling behind, and it also improves
performance. However, the prerequisite is that the evaluation should be objective
and valid, among other things. Objective evaluation is a condition that must be
personal, developmental, and motivational. Validity is achieved when we measure
exactly what we intended to measure during the assessment. This can typically be
handled as a communication issue. A task often does not focus solely on the
targeted area. One of the most common problems in planning written assessment
and evaluation is that the student solving the task may interprefetedifly or

not understand it due to their reading comprehension skills. In this case, the
unauccessful solution of the givelask is caused not by a lack of subjsgecific
knowledge but by the misunderstomdk and communication problg6i8] [32].

Proper evaluation contributes to the development of different values, norms, and
behavior patterns, motivates learning, and provides a model. It objgctive
develops selifmage, strengthens, provides a model, and predicts. However, if we
do not measure what needs to be measured or do not measure it correctly, it will
push all of these evaluation functions in the wrong, negative direction and will not
trigger the appropriate personality development effect. The teacher's "adylt" w

of thinking can unintentionally contribute to this evaluation error by phrasing
differently or placing emphasis elsewhere due to generational differ¢d8es
[35-38] [40-42].

3 The Description of the Research

Educational institutions should consider the proper functioning and continuous
development of their monitoring and evaluation systems as a top priority for their
educators in order to ensure the effectiveness and success of the teaching and
learning process. It is particularly important, therefore, that not only the aod
methods of the educational process but also the pedagogical evaluation processes
necessary for measuring effectiveness are constantly evolving and adapting to
current expectations.
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3.1 The Aim of the Research

The main objective of our research is to increase the efficiency of pedagogical
evaluation processes implemented by educators in educational institutiondthroug
the development of a machine learnsypported complex evaluation system
(WTCAI - When The Child Ask with Al), which suggests adequate items for
control and evaluation to the subject teacher. During the process, students can
formulate and compile their own accountability questions relatetetdapic or
lesson content, from which the WTCAI system, using the possibilities of machine
learning and artificial intelligence based on the knowledge already acquirbd by t
age group, automatically compiles and suggests question sets for the subject
teacher for evaluation.

Additional objectives related to the ma@search area are

- Maintain the constructivist pedagogy approach, the system can support
individual learning paths by automatically generating personalized
questionnaires.

- Automatically generated questionnaires should be structurally and
grammatically accurate, requiring minimal human correction.

- Develop the children's ability to summarize and organize information.
- Improving the children's grammar skills.
- Enhanethe children's creativity and sedfvareness.

- Help the teacher understand and tune in to the "frequency" of the age
group.
- Providing feedback to the teacher about the level and depth of

understanding of the taught material, enabling them to adjust the teaching
process in a favorable direction based on feedback.

3.2 Brief Introduction of the Research

Our research aims to promote the comprehensive development of students through
the use of various teaching methods in the process of developing STEM skKills.
One of the methods applied in our discussions was the questiamiraxplaining
approach, which stimulated students to ask relevant questions in order to solve a
given problem. Transactive discussions in which the students operate
elaboratively on each other's metacognitive regulation sedra facilitative and
supportive [18]
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3.2.1 A Brief Overview of the ResearchProcess

During the educational process, teachers deliver lessons based on a previously
prepared curriculum, following the regulations outlined in educational documents.
To achieve the goals of a given lesson, teachers determine the most suitable tools
and methods beforehand. Periodic pedagogical control and evaluation occur
during the classes, following a predetermined curriculum to ensure students have
mastered the material. Evaluation involves analyzing collected data and
comparing it to a predetermined standard. Teachers use assessmentidoeds tai

to the evaluation's purpose, either creating them themselves or usergrally
prepared version. Regardless of which method the teacher chooses, one factor
remains constant: the age difference between the teacher and the students. Thi
age gap significantly affects communication efficiency and mutual undersgandin

As teachers' average age increases in Hungary and fewer newcomers enter the
profession, the generational gap widens, leading to communication difficulties.
“The discrepanciebetweengenerationsare often due and strengthened by the
different communication of two generations. As long as a generation is being
educated and served by the previous generation, this education will be responsible
for any issues with the new generatiofil’7] The generation gap also affects
young professionals who are starting their careers. Additionallymeorication
problems can arise if a teacher's communication skills are lower than necessary.

The evaluation and assessment processes provide feedback on the effectiveness of
teaching and learning processes. The results of a measurement can only be used to
regulate teaching and learning if the measuring tool (the measuremerg)theeet
requirements of objectivity, validity, and reliability. Communication
misunderstandings caused by the generational gap or inadequate coniorunicat
skills jeopardize the validity of measuring tools, and violating this endangers the
usability of the results! In order to avoid this, we must create a connection
between the children's and the teacher's way of thinking. From the child's
perspective, we currently have very little feedback in the area of measuring tools.
In many cases, it can be observed in classes that things that are clear to edults ar
approached by children from a completely different perspective.

Let's take a short illustrative example: one of the questions in a questionnaire
prepared for thirdgrade children aimed at understanding the Creative Commons
License and it wadVhat is the Creative Commons Liceng@? most thirdgrade
children, this question was simply incomprehensible, and many were even scared
of it. After a brief explanation by the teacher, relieved "ohh" sighs coulddrd,he

and they started answering the question. After that, we asked the children to
formulate a question that they expected the discussed ans\8er, tioey came up

with the following question: How does the Creative Commons License work? As
we can see, there is a relatively small difference, but from tlierehis
perspective, it means something entirely different. For them, eépérased
gquestion was the one they could answer without fear, and that covered the
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requested answer. Therefore, the original questidhat is the Creative
Commons License?eceived the answefWell, that's the Creative Commons
License."In contrast, the questiotfHow does the Creative Commons License
work?" describes what needs to happen.

Another example we can mention for illustrative purposes is when a primary
school student with mild autism, who is talented in programming, asked the
following question in Hungarian literature cla¥ghat is a poetic letter?he child

could not interpret the question because, for their generation, the firstagissoci

with the word "letter" is not the traditional literary form of a letter but a leaf. With
guidance, they eventually got to the email, which is closer to the traditional postal
letter, but we must note that for their generation, email is becoming an
increasingly outdated technology. Examining the psychological background of
this phenomenon could be the subject of separate research, which is not part of our
study. However, it can be inferred from the simple licensing example above that
although we, as adults, think the two questions are aimed at the same thing,
children make a significant big difference between the two.

3.2.2 The Start of the Research

We started the research by asking students to come up with five questions related
to the material covered in class that they would like to ask themselves in an exam
as if they were the teachers.

Data collection is ongoing, currently focusing on the topics of digital culture
curriculum in three institutions, but of course, it can be extended to any other
subject in the futureBased on the data and samples received, thbaséd
database model will be set Ugeanwhile there is no need for prior knowledge of
the data in alstering process. Unsupervised models can be trained solely using the
available data without any specific labels or guidance [13].

3.3.3 Short ResearchResults andExperiences

Through our brief research, we concluded that based on the availad)|et dsit
already possible to determine which are the most commonly asked questions on a
given topic. Our observations indicated that these questions were also tisé easie
to answer regarding the material, and as the popularity index of the questions
decreased, the tasks became increasingly difficult. Moreover, we found that
children, in general, do not avoid difficult questions, and depending on the interest
of the lesson, they are capable of putting together entirely relevant assignments.

Based on our experience, we have discovered that there are many inappropr
questions due to various aspects which need to be filtered out. Our goal is to
produce question sets that are differentiated and meet all the requirements of the
evaluation tool. We must ensure that the child has asked a questiamhether

they have instead given a taskvhether they formulated the question
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grammatically correctly, and fact that the children are very diverse in terms of
their personalities, so a fundamentally similar question can be formulateshiy
different ways. At the beginning of our experiments, we found that with a simple
cosine similaritycalculation, we could relatively easily limit the popular question
sets. In addition, by using various machine learning processes (nltk, numpy,
pandas, spacy, sklearn), we can access derived data, which can be in$ed to
various properties of the lesson plan. By expanding data collection, we can draw
further conclusions in this regard.

Our current research objective is to use artificial intelligence and machina¢garn

to create an algorithm that can sort the easy and difficult questions on a given
topic from the database we created and automatically compile a set of questions
containing the number of questions determined by the teacher, from the children's
questions, thereby reducing the cognitive differences that arise due to the
generation gap.

3.3.4 The Examination and Analysis of theData

The statistical analysis of available data is of paramount importance before
determining and training a machine learning model. Statistical analysis can
include a preprocessing phase that ensures the available data is properlyestructur
and formatted, as well as enfoee, to ensure that the machine learning model is
trained with the appropriate data, leading to more relevant results.

During statistical data analysis, the following procedures are employed:
- Normalization issues
- Outlier detection
- Data distribution
- Correlation analysis

Normalization is not always necessary, and it depends on the type of data being
worked with, the type of analysis being performed, and whether the chosen model
requires normalization. Typically, the following cases require normalizaifo
available data:

- Data is on different scales. For example, if one column has numbers
ranging from O to 100, while another column has numbers ranging from
0.01 to 10, normalization can helgdry the data to a common scale

- In cases of skewness, when the data distribution isnoomal, or if the
data range is too wide or too narrow, normalization can help in separating
the data and reducing skewness

- If the model requires normalized data, thearmalization may be
necessary
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During extreme value analysis, MMax analysis can become useful if we want

to place the data into the interval [0, 1] while maintaining the relative position of
the data, i.e., not changing the relationships between the attributes. Thithavay,
data becomes easily comparable. The-Mix analysis is a type of normalization
process that has the advantage of making the data easily interpretable and
comparable while retaining its usefulness, thus facilitating its interpretation.

The data distribution shows us how our data is distributed and what sthtistica
measures characterize it, such as the mean, median, variance, etc. It not only
facilitates data interpretation but also plays a crucial role in one of the most
important data preparation operations, problem identification.

Problem identification is one of the most critical steps in data preprocessing.
The following methods can be applied during data analysis to identify possible
problemsn:

- ldentifying missing data: Data should be checked for missing values.

- Data imputation: Various methods can be used to replace missing data,
such as using the mean, median, or mode.

- Data cleaning:During data cleaning, we remove data that is irrelevant or
erroneous.

- Identifying outliers: Outliers are values that deviate significantly from
the general data sample. Various methods are available to identify and
handle outliers, such as using boxplots-scares.

From the outcome of the data distribution, we can infer and filter out the issues
mentioned above from our dataset. With correlation analysis, we examine the
relationships between our data. The correlation between data means how one data
value changes when the other data value changes. In other words, we can
determine how strong or weak the relationships between the data are. Some
important notes regarding correlation analysis and the resulting correlation ma

are:

- The correlation range is betweeh and 1, where 1 represents perfect
positive correlation i.e., if one data increases, the other data will also
increase, andl represents perfect negative correlation, i.e., if one data
increases, the other data will decrease.

- The absence of correlation does not mean that there is no relationship,
and if the correlation is strong, it does not necessarily mean that one
causes the other. Further expert knowledge is required to make these
determinations.

Despite its intelligence, we should never forget that the final result geddrat

the chosen machine learning model needs to be examined and analyzed with
critical, expert eyes since the machine only learns from data and can produce
anything from it. If the formulation of the problem being examined is not
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appropriately done, the related algorithiand thus the chosen modehay not be
the most suitable for the problem. Therefore, in all cases, the results obtaded ne
to be evaluated and reviewed by expert human judgment.

In our research, the following examination tools and methods currently appear:
- Examination of Dice coefficient
- Examination of Jaccard distance
- Examination of Cosine similarity
The Dice coefficientis a text similarity measure that gives the ratio of common
elements in two sets relative to all elements.
2| word ; N word 5 |

- | word ;| + | word ; |

a.b
The result can take a value between 0 and 1, where one means that the two sets are
completely identical, while 0 means that the two sets have no common elements.
Jaccard distanceanalysis

The Jaccard distance measures the ratio of the intersection of two sets tothe uni
of those sets.

lword, N word,|

%2~ lword, U word,|

The result here, similar to the previous function, can take a value betwadrl( a
where one also means that the two sets are completely identickd, 0vmeans
that the two sets have no common elements.

Cosine similarityanalysis

Cosine similarity is the most popular method for comparing texts. It allows us to
measure the cosine of the angle between two vectors in the vector space formed
by the texts. The concept is that if two texts are very similar to each otheth¢hen
vectors formed by these texts point in a similar directtam.any two patterns, the
patterns are considered less similar as the Euclidean distance between them
increases, but they are considered more similar as the cositarigmtietween

them increases. [19]

| word, N word |

& ,‘,-"I word || word 5 |

The result can take values betwedn 0, and 1, where one means that the two
texts are entirely identicall means that the two texts are completely different,
and 0 means that no vectors are pointing in the same direction for the two texts.
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Code sample from the research material:

for sentence in sentences:

sentence = sentence.strip()

doc = nlp(sentence)

sentence_scores =[]

for other_sentence in sentences:
other_sentence = other_sentence.strip()
other_doc = nIp(other_sentence)
sentence_scores.append(doc.similarity(other_doc))

scores.append(sentence_scores)

mean_scores.append(np.mean(sentence_scores))

variances.append(np.var(sentence_scores))

The user interface for a possible solution for collecting questions.:

ird négy kérdést, amit szivesen latnal a dolgozatban

Figyelj, hogy helyesen irj! A kérdé mondat végén a megfelel irasjelet tedd k
Mi az a tabulator?
ElsG kérdés
Masodik kérdés

Harmadik kérdés

Negyedik kérdés

—_—

Figure 1
Al-aseduser interface

The machine learning model analyzes the question the child asks based on the
previously trained data and fills it with content related to the given topic. This
solution enables the expansion of the thesis with literature related to the topic and
can improve the quality of the thesis. In this test, for simplicity, we use siateci

tree algorithm.

A Decision Tree is a trelilke model in which each node refers to a particular

attribute, and the branches are linked to the values of the attributes. The algorithm
moves along the branches to estimate the values of the dependent variables,
making various decisions until it reaches the leaves, where the predictions are
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made. The advantage of the Decision Tree algorithm in our case is that it is easy t
understand, easy to apply, and does not require much preprocessing.

from sklearn.tree import DecisionTreeRegressor
model_dtr = DecisionTreeRegressor(random_state=42)
model_dtr = model_dtr.fit(X_train, y_train)

y_pred_dtr = model_dtr.predict(X_test)

Conclusions

Pedagogical evaluation is integral to any educational process, but it can okly wor
effectively, if the teachingearning process is constantly monitored, controlled,
and evaluated. The evaluation and measurement system should consider the
learners' different needs and abilities, support individual learning paths, and meet
the basic requirements for measurement. However, if we measure the wrong
things or in the wrong way, it can provide teachers with inaccurate data and cause
negative distortions in the child's séliage. The teacher's "adult" thinking can
unintentionally contribute to this process by formulating differently and
emphasizing different aspects due to generational differences. Our reseach aim
to use a framework we have developed to automatically generate a set of questions
that meets the requirements described in the study based on the data catidcted
processed according to the parameters provided by the teacher using our program
(WTCAI), reducing measurement errors caused by generational gaps, thus
increasing the efficiency of pedagogical evaluation proce$bestole of adaptive
learning systems is continuously increasing in education, leading to morehesear
and development for their application.

This research holds numerous possibilities, as the more extensive the data set
available, the more accurate research results we can obtain, and we will be able to
draw further conclusions about other pedagogical process properties.

The WTCAI system can contribute to the pedagogical evaluation of eohiati
institutions by providing data and insights that can inform the assessment process.
Here are some ways in which the system can support this evaluation:

Data collection and analysis:The WTCAI system can collect a wide range of
data on various aspects of the educational institution, such as student performance,
teacher effectiveness, curriculum coverage, and engagement levels. This
comprehensive data can be analyzed to provide a holistic view of the institution's
pedagogical practices.

Feedback and surveysThe system can facilitate the collection of feedback from
students, parents, and teachers through surveys or online platforms. This feedback
can provide valuable insights into the teaching and learning experiences within the
institution, helping identify areas of improvement.

Student performance tracking: The WTCAI system can integrate with existing
student performance evaluation systems and providetimeal updates on
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individual student progress. This information can help assess the effectiveness of
the institution's teaching methods and identify students who require additional
support.

Customized reports and dashboards:The system can generate customized
reports and dashboards that consolidate various evaluation metrics into a visually
appealing format. These reports can provide a comprehensive overview of the
institution's pedagogical strengths and weaknesses, facilitating evidasee
decisionmaking.

In summary, the WTCAIi system can be a valuable tool in supporting the
pedagogical evaluation of educational institutions. By providing comprehensive
data, facilitating feedback collection and enabling benchmarking and analysis, the
system can provide valuable insightfor informed decisiormaking and
continuous improvemesit
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Abstract: The present studgxamins the opportunities of VR in the context of humanities
and arts and- within their frameworks-in that, of history. Its novelty clearly lies in the fact
that in this field’ cyberspace is not used either by public ly higher education.
The inclusion of infeommunication tool$or history teachingdoes not really follow the
current trajectory of development. Educators usually work according to methatdsave
become the most common and familibhis research clearly revealed that studento
regularly use the VR spade a History course of teacher trainingonsider it experiential,
userfriendly, simple, probleroriented and thuseasier to visualize historical facts.
The regular and widespread usevit software could greatlgnd easilyhelp to praressthe
historical curriculumspace

Keywords: VRMaxWhere history teachingvisualisation Moodle

1 Introduction

In conformity with the objectives set out in its development straiege years

from 2016 to 202listvanSzéchenyUniversity carried outa project aiming at the
modernisation of education content. The project focused on proper development of
the subjects meeting the requirements of digital, methodology and market needs.
The project was granted assistance by the European (d@ntification number
EFOR3.4.316-201600016).

More than 210 subjects wanpdatedr developed within the framework of Moodle
edearning used by the university arid the 3D virtual educatiospacefacilitating
educational activitiesas well as student emperation more effectively. Lecturers
from all the 9 university departments participated in the prajeeaning thatthe
programhad agreatimpact on the whole institutional educatigystem
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As a result of the projecteveloping lecturers had the chance tohiek or revise
the content of their subje¢ctuch as core curriculum or additional contémtrevise
the structure of the contentss well as to modernise their methodological culture
in a way particularly characteristic of digital educatif2v]. As a consequence of
the COVID-19 epidemic, such developments played a vital fiaiehe successful
realizationof distance education last year.

The aim of our study is to first of atlefine the concept oflearningand thento

give a general picturédbased on a previous researdof the usability of the
electronic learning materials developed by Széchenyi Istvan University in Moodle
and on the MaxWhere 3D platforn@onsequentlywe will show herein, how
effectivethe VR interface cabhe,whenused forhistory teaching

2 Preliminaries

E-learning contents ofstvan SzéchenyiUniversity can be found irMoodle e
learningsystem from which educational contents carvisaalized in MaxWhere
3D VR application with the help of links.

Though it does not havenaunanimously accepted conceptual definition, the
simplest way theoncept of'e-learning”can beinterpreted as a kind of education
being realised through the application of digital solutions appearing on the
compuer, the Internet as well as on a wide range of infocommunication
technologies, which support learning and the mepment of learning performance
[4,9, 16, 26].

Various advantages can be gained from the developmeii¢afréng programes,
such as[2, 3, 16, 17]
X Bridging geographical distances and fighting obstacles or hurdles resulting
from locality
x Offering the possibility of individual learning paths, eas. a kind of

support of the advancement of students’ different individual learning
rhythms

Ensuring the development of lecturers’ digital skills and abilities

Improving the quality and efficacy of educatighrough the latest
educational methods

2.1 The Role MoodlePlays in Content Development

Moodle containing developed curriculis an elearning system of open source
code free of charggein which, apart from following up the activity and progress of
those participating in the education itself, ialsopossible to compile, construct

and store course content (curricula).
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Created electronitearningenvironmentmeans one wheieols of both electronic
information technology and communication technology play a decisive role in
establishing the conditionalities of teaching and learf#r8j and one that can have
virtual dimensions as wdlP8].

2.2 Virtu al Spaces andeducation

Though there have been several attempts to give an exact definNBnrio single
definition ha successfully been set out \@tl]. HungarianOllé [14] tries to
interpret virtual environmeras a 3D, artificial spacapn-existentin reality, where
both us and others can coexist in a 3D form, space and time whitgj e all
the same from their own points of view.

Lopreiatofinds thatVR environmenmeansawide rangeof computer applications
generally associated with extremely visual, fascinating 3D characteristits th
enable participant® look around and navigate in anpapently real or physical
world [20-22].

Accordirg to the US Ministry of DefenceVR means the usage of computing to
create an interactive 3D world in which spatial presence is sensed by objects as well
as bothvirtual environment and virtuaborld are synonyms fovirtual reality[21,

23

A considerable characteristics of such spaces is that they can be connected through
computer based, coomtive and technical instrumerjtsd, 18. Therefore virtual

reality is a simulated environment intending to describe and simulate the psocesse
of the real worldwith the help of computer models. It is partly a comprstrared
spacewhere various users can be present at the same time

As a consequence, events, activities do happen in real time, providing for direct
communication and cooperative work through intebreted applications.

Users can produce, create or develop contmisconstruct common documents
[10, 12,13

A great advantage &R environment ighatit is accessile from space and time, it

is costeffective and easy to usgD VR student environment helps the processes of
obtaining filtering, admitting, processing and usimformation throughparallel
and arranged presentationtbe visualisationof information[7, 10, 11.

2.3 Maxwhere 3D VR Platform

When entering deliberately designed and equipped virtual education spaces during
the activity (i.e. teaching) in 3D virtual spacttgyse interestefteachers/lecturers

and studentsgan gather information essential for studying. Equipped spaces not
only make activities more spectacular in the digital environment, but makes
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information gathering faster and cooperativévitees easier to realise, td8, 9,
15, 19.

Nowadays Hungarian developmentm also be foundmong the available virtual
spaces, such adaxWhere the development of which is being carried out with the
help ofthe University. MaxWherecan be used in the fields of education, project
management, presentations as well iasinteractive 3D presentations, too.
In additionto the Moodle system, Széchenyi Universaguseson the MaxWhere
platform when developing course contents (curriculédxWheres a softwarghat

is easy to manage and free to access, which can be fowmghatmaxwhere.com

Using MaxWheremay speed uprorkflows, therefore its application in the field of
education is of particular importance. Well equipped space a priors affearning

path considered effective beside which only contents previously filtered by a
formulator, meaning that users can wasing authentic sourselt does make the
usage of various (teaching) applications in VR space possible.

So-called smartboards can be fouldxWherespacesvhere digital materials to be
visualised or presented can be loaded to. Each smartboard is confideesth
individual or separatémonitor” or “screen” where- apart fromvariousfile types

(texts, images, videos, voice, eteyebsites and applications can also be presented
and used.Today MaxWhere grants a cloud computing (CC) service as well,
therefore it is needless to send files because everything becomes immediately
available when entering the given VR spadeving in ace takes place with the

help of a mousendthe scrollers and keyboards help precise movemientshich
suggested routes can be set to reach course contents

2.4 Comparison ofClassical, elearning and MaxWhere VR-
based Learning Frameworks[8]

In the following, we begin by outlining the 3 most common techniques used for

sharing digital workflows. We then compare those techniques based on the
conceptual framework outlined IHDUOLHU VHFWLR QX base®® ODVVLFDO
message This technique consists of sending digital elements and digital content to

a group of recipients as attachments to alb@sed message, or as web links inside

a textbased message (e.g. sent vigad or any kind of messenger applicaiio

1) & O DV VIX¥based messageThis technique consists of sending digital
elements and digital content to a group of recipients as attachments to a text
based message, or as web links inside a textbased message (e.g. seailvia e
or any kind of messenger application). Because otdkibased medium it
uses, the classical techniqgue can be regarded as an example of Digital
Comprehension of the 1st order. In the case of digital workflows conveyed
through text, the associated digital elements cannot be integrated into the text
(althoudh links to webbased content can).
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2) Online interfaces such as MoodleThis technique consists of helping users
access and / or download digital elements and digital content through an on
line webbased interface. In the simplest of cases, the approach of using online
interfaces can be equivalent to the classical approaith tfve added quality
of being webbased), suclthat the task to be carried out is described using
text, and the required digital elements are listed in some order at the end of the
text. At the same time, an important advantage of online interfaces is that links
embedded into the text canimged to share not only digital elements that have
a webbased url, but more generally any kind of digital format (EDE). Thus,
the digitalelements can be ordered inside the text as required by the digital
workflow, and sequential DGs can be conveyed without a problem, as long as
the digital elements are ordered and users are able to move between them using
a scrolling operation or a speciftombination of keys (e.g. page up and page
dn). Online interfaces are not amenable to the presentation of digit@regem
in a 2D process diagram. Thus, even if a digital workflow is presented through
an image or a diagram, this solution can be regarded as only partial in view of
the requirements of 2nd order DCs.

3) The MaxWhere Operating System From an IT perspective, the MaxWhere
OS contains no digital elements. Instead, it gives users access to a single (pack
or bundle) file, which can be loaded and which contains references to all of
the digital elements that are in turn loaded recursively. All digital content and
elements thereof are displayed in thematic groups in 3D. Digital elements are
displayed in smartboards, or opened using browser technology integrated into
smartboards, hence the representation of the elements is of type EDE.
In contrast, to texbased descriptions, the entire process underlying the
workflow is in this case represented spatially, through digital elements¢hat ar
laid out and opened in space.

2.5 Experimental Evaluation of User Effectivenes$8]

2.5.1 Digital Workflow

The key to solving the digital workflow effectively was the appropriate orgamiza

of the digital elements. Thus, users had to make sure that theyarmwier the
questions on the first three tests based on the information contained in the
PowerPoint file, the PDF file and the video file, respectively; and that they could
answer the questions on the final test based on all 4 webpages provided to them in
the context of that test. Since the task could be carried out by considering thle digit
elements in sequential order, the DW can be regarded as being of the 1st order.
Naturally, the fact that in specific cases users could decide to go back to the previous
digital elements for clarification does not mean that they are required to do so, and
does not increase the order of the DW.
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2.5.2 Sharing of the Digital Workflow

Classic: one group of users received the DW based on the classical approach,
through email. The body of the email contained a textual description of the
workflow, and the digital elements required for the workflow were attachee to th
e-malil. Finally, the webpageand tests were included as links at the end of the body
of the email. The naming of the attachments and links were chosen to reflect the
identity of the digital elements well. B. Lampert et MaxWhere VRLearning
Improves Effectiveness ov@iassicalTools of elearning— 138—

Online Interface: A second group of users received the DW on through the Moodle
platform. Similar to the classic approach, the description of the workflasvtext

based in this case as well. However, a simple form of digital guidance was also
available to users in this ®a, given that each step within the description of the
workflow included an embedded reference to the digital elements required for that
step. As a result, users were able to perform the workflow step hyirstegad of

first having to obtain a holistioverview of the workflow. In effect, the users’ ability

to scroll through the steps guaranteed a DG of type S in this case.

MaxWhere: Regardless of whether this group of users received the workflow on
an online surface or through the classical approach, they could import the digital
elements into MaxWhere, which then provided a spatial arrangement of EDES in
smartboards. In the case of the PowerPoint file, each slide was added t@agesepar
smartboard. The tests were loaded in smartboards that were closest tdtéthe dig
elements related to them. The MaxWhere Operating System also hath built
functionalities for S and R type DG, whicbutd be made use of by the test subjects.

2.5.3 Results of the Experiment8]

The rumber of students tested using the classigcab# with attached content and
with linked contenf online platform and MaxWhetgased approach werd83, 77,
97 and 90 respectively.

Figuresl, 2 and 3 show the results of the test. The horizontal axes represent the
time required to complete the test. The vertical axes reprédsepercentagef
users corresponding to the given number of minutes.

The average and standard deviation of the time required to complete ttilwwork
in each of the cases were:

E-mail with attachment: average6:42  standard deviation: 3:02
E-mail w/ Google Drive links:  average5:54  standard deviation: 1:39
Moodle: average6:42  standard deviation: 3:03

MaxWhere average: 3:11 standard deviation: 0:46
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Figure 1 Figure 2
Test in which files were sent vianeail Test in which digital content was sent through
attachment Google Drive links via enail

e-Learning Moodle 3D VR MaxWhere

Percent of subjects
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% =72 0950% 0% 0% 0% 0% 0% 0% 0%
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Figure 3 Figure 4
Test in which the digital workflow and digital ~ Test in which the digital workflow and digital
content was shared through the Mocelle content was shared through the MaxWhere 3D
learning framework environment

The resultsthe MaxWhere VR environment could complete digital workflows in
considerably less time (i.e., 50% faster) than using the more tradit®nail(

based and content management system based) approaches. It is also remarkable that
the standard deviations obmpletion times are considerably smaller in the case
where the MaxWherbased approach was used. Although the reasons behind this
observation may need to be clarified through further investigations, it nevesthele
points to the conclusion that the whole process of comprehension is rendered clearer
than usual in 3D environments capable of representing 4th order digital workflows
with automatic guidig, as pointed out in the pag8t.

2.6 Methodological ksues ofl eachingHistory

Educational methods are the set of procedures, activities, organizatichabdme

and techniques that are consciously planned and applied, with the help of which the
set educational goal is achieved. The term is derived from the Greek/Latin word
‘methodus; which means the path to the goal. The main featuréiseofeaching
methods are that they

X Are repeated regularly
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x Allow Teachersas the controllers of teachiiearning to consciously plan
and apply

X Let Learners spontaneously aror consciously learn and apply them as
subjectsin the learning process

x Are goas$ (contentand aid dependent
X Interact with each othgio form combinations of methods

The specific methods and teaching strategies of the individual pedagogieassuch
history pedagogy, are influenced by the cognitive techniques and processes which
are characteristic of the subject. The conscious purposeful choimethbds is
influenced above all by the aims of teaching, the peculiarities and content of
historical cognition.

Those who teach history undertake to assist their students professionally in the
process of cognition of history. They direct students’ attention to the past and help
them learn about, understand, reconstruct, and interpret the past. The éétbey t

is called upon to play an active role in shaping thealted 'narrative competence’

of the students. In the course of learning history, students learn facts, data,
knowledge and interrelation that form the basis of their general historicaltexuc
However, their acquired historical knowledge and knowledge of specific data will
only become relevant and useful knowledge for themselves and society if they are
able to flexibly adapt the constructions, schemes and concepts offered bydlistoric
science to thie understanding of the past and the present.

This requires not only historical knowledge, but also an intellectual ability (tritica
analysis, readiness to debate, adaptive, proBlgming thinking, etc.) to handle

and process historical problems, use the acquired knowledge anditajapthe
present. Thus, learning history means not oAly DQG QRW SedrhiRgD UL O\
historical knowledge. Historical learning means, above all, historical thintieg,

ability of the learner to think in the three dimensions of the-piestentfuture, to

know and apply the most important components of historical research presed
according to their age characteristics and level of development.

The historical literacy material learned in school can no longer be a closed,
extremely canonized set of knowledge. If we start from the fact that life prespect
of today's studentsBQ EH SUHGLFW HG yeéRsafeVeo@pieing heir A
schooling, then orientation knowledge for the future must be open, expandable, and
self-improving. This condition is only guaranteed if there is a conscious and well
practiced methodological competence. Future generatiorst tharefore have
historical knowledge based on a cognitive content base that is adapted to the
receptivity of students, both in terms of science and history, and of methodblogica
competence that contributes to the development of their own historical
consciousness. The historical knowledge and the methodological knowledge
intended for their processing are in close interaction, it can also be said that the
specific way of thinking of the subject of history is verified in and through the
methods.
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The main goal of teaching history is to develop a conscious, enlightened, teflecte
view of history in students, which enables them to understand the possibilities and
limitations of people and human communities in the past, the motives of their
actions, eferring the historical problems to the present and orient them in the future
[24]. The question is. What modern “info-communicatioh tools and
methodological innovationsan be used to achieve it?

2.7 Challenges of History Teaching in the 21Century

There have been spectacular changes in classroom practice since 2005.
The diversification of tools, the regular, daily routine use of textbookstasid
collections, the conscious and professional use of different forms of group
organization, the frequent activities of students, the reflective applicafion
knowledge acquisition procedures, and the monitoring of student performance can
all be considered encouraging signs. However, lear@etred, cooperative
classroom management strategies, projects, controversial andpersfiective
approaches are still lacking or they are present to an insignificant extent, and what
is more, political and event history still prevails. In addition, the use of info
communication tools and aids also leaves something more to be desired.

This is also supported by a study based on transcripts of 48 lessons (6 schools,
including 4" and & grade grammar schools, different age groups from 5 to 12
grades) and the observations of teacher candidates. On the lessons, which the study
is based on, the teacher candidates observed the use of the following tools and media
(in order of their frequengyblackboard, map (wall map and student atlas), teacher
worksheet, overhead projector, textbook, workbook, instructional and art film,
projector. As for the board, it can be said that it is almost exclusively a tool for
creating a teacher’s outline, but it is strange that it is also used only in arfrafctio

the lessons. The same can be said for almost any device. All history teaelders us
some kind of tool (on average one or two per lesson), however, this affects a
relatively narrow range of tools and we found a partial or complete lack of important
tools. (For example, the map did not appear in one of the history lessons examined,
where the teacher exi@d ancient folk movements.) In none of the lessons
examined were computers, Internet, interactive tools or student preserdation t
used.

Worksheets prepared by teachers have once more become a popular tool, used partly
for practice but mostly for measurement and evaluation. In alalbsases, the
workbooks were used to draw the students' attention: during the oral presentation,
the students in the class were to solve exercises in the workbook individually and
then checked the solution together. Thus, the solution of the exercises is Bxtreme
formalized, it is not built in the content structure of the lesson almost anyyvelnere

it does not principally serve the purposes of development, but a disciplinary tool
and a tool for preparing for the exam.
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Regarding the forms of group organization, the frontal class, théeesc
presentation (presentation, explanation) and the method of expressing the question
are still popular, but teachers no longer use individual problem solving and plenary
discussion (although based on the minutes, we can conclude that the conversation
involves teacher questions and student responses) as well as pair and group work.
(In 3 and 3 history lessons of the 50 examined). There was also individual collecting
activity, drama pealgogical and rolplaying tasks.

In terms of content, the guideline for most of the lessons has remainedetaizd

topics. Problems were raised in two or three lessons, and contemporary problems
were discussed in connection with historical phenomena (e.g., a discussion of
ancient anccontemporary slavery). On some occasions, students were also given
the opportunity to ask questions. Students' knowledge was tested in a significant
part of the examined classes. The most important forms of eataon are oral
response and written dissertation, which are usually followed by srakl as
written (graded) assessment. We did not find any examples of student self
assessment or portfolio building.

When evaluating the practice of teaching history, although we see massivalsurv

of previous frontal methods, we need to see more frequent and conscious use of
other methods considered desirable in content regulators (including tool use,
learning organiation procedures, and various forms of teadchedent
interactions), the organization and awareness of the chosen methods and contents.

It is worth briefly considering the aspects and attitudes of the protocol writers.
The choice of observation criteria selected by the teacher colleagsasdents
majoring in teaching (teacher questions, disciplinary methods, the logic of the
teacher's explanation, the observation of the use of tools) is very specific. These
aspects ofobservation allow us to conclude that although university students
majoring in history have become acquainted with many modern methods and tools
during their university history teaching studies, their approach to modern methods
beside their curiosity abbuhem is largely based on their own grammar school
experiences and unconditional trust in a conservative methodological culture
(understand: teacher and knowledmgmtred, descriptivexplanatory, static), hence

it can be characterized by some distrusittitude towards forareaking, learner

and problerroriented methods.

Thus, it can be stated that the methodological and content renewal of history
teaching has started on the basis of the above mentioned experiences in the
curriculum documentations, the output regulation of the graduation exam and the
teaching practice of deicating teachers, but the achieved reso#te still be
considered partidR5].

However, as the above results show, the inclusion ofdafomunication tools in
history teaching does not really follow the current trajectory of development.
Educators usually work according to the methods that have become the most
common and familiar. And this can clearly pave the way for VR in teaching history,
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which can open up a whole new perspective in it, making history curriculum lively
and easy to handle.

3 The Thesis

Humanities and Arts is the least affected areRfcontent developmentt is a
method used more and more frequently in technical, information and, among others,
social sciences as a consequence of which it canr@eperspectivein teachimy
history as wellAt the Apaczai Csere Janos Faculty of Humanities, Education and
Social Scienceshe chosen literacy field of Man and Society presented a great
opportunity to adapt History couriansmitting thecore curriculum to MaxWhere

as well as to develop its curricula. This course is genearaihpletedn thischosen
literacy field by 5 to 10 students per yeafrwo lectures and two seminars are
included in the course on a weekly basis meaning considerable amount of
workshops apart from teacher lecturdscording to our hypothesis, those who have
already encountered it regularly use the VR curriculum belonging to the already
completed History course due to its versatility, simplicity, spectacle and easie
visualization of historical events.

4 Method

The aim of our empirical research is to examine how easy and accessible-the one
semester material of the History course can be found in the Moodle system and
through this access point on the MaxWhere 3D platform. For the research, we
created an online qu@snnaire using Google Form. The questionnaire contained 19
items. Of the questions, 6 were closed questions, 8-epéed questions and one
assessment scale question. The respondents were participants of the cotaitse, a to
of 6 people. They were all3grade students with an average age of 21.5 years.
The questionnaire was completed at the last seminar of the course.

5 Discussion

Be it either public or higher education, history in Hungary has been taught mainly
through traditimal methods in 2023 within this, frontal classwork has been the
most frequent form of teachinghough modern electronic learning materiate
already available for students both at primary and secondary schualsg
visualisation of history materials much better and easier to understandenitélph

of smart tablets and other infocommunication tools available at the institutichs, su
materials aretill rarely used by the teacherseasons for this vary.
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Teaching history is a rather complex process that has to present not only the facts,
concepts andorrelationsof greater importance, but it also has to affect students’
completepersonalities, too, whilthuman shaping”, emotional education and that

of will also form part of it. Teaching history rests on the three fundamental
methodology pillars of) story, ii) history andiii) student activity. These three
pillars help us reach the essence of history. Students get to know the elements
building up history through stories told. The story itself is the phenomenon, history
is the essence which requide analysiof both learning materials and sources,
and it alsdrains us to think and make others thjhk

Based upon the above we can say that teaching history, independent of its level, can
indeed be adapted to VR spaces by leaving the old methodology. Integration of e
learning materials becoming increasingly availaibleMaxWhereimply a new
perspective on fulfilling its aims and mission.

Another reason why piloting the curriculum or learning material of the course
transmitting the core curriculum was so important in the case of the chesaoylit
field of Man and Society was to provideudents withdeas and innovative tools
for the methodology of teaching history

One of the most importardspectsduring the preparation of the 14 module
curriculum was familiarising with the software itself. One of the aims for students
was toimproveand increase management and usage of the programme, unknown
until then. The other aim was to make their historical approach change as well as
sense of both space and time develop andake them see historicadrrelations
clearly.(Figure5)
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W Maxwhere 5.17 - SZE Otk Lecture Space - a8 x

Figure 6

As far as curriculum is concerned it was of great relevance that students be able to
process the given amount of knowledge in admissible, well visualised way, even
individually (alone), with the help of the least explanation or guide available.

From the ancient Eastern culture to modern times, each unit contains a draft
elaborated by the lecturer, which are updated versions of former PPTs.

The mainideahereg too, was hat the slidegjave a kind of sketchand focus on
qualitative history teaching in the most simple way possible and emphasizing
nodes/junctions-i.e. not focusing on years and dates (this way avoiding one of the
mistakes and difficulties of old times’ history teaching), but starting fstaries

and concentrating aczbnnection®y mounting them on a chronological thread. This
inevitably  requires  thorough  visualisation of the topic, and
introduction/presentation of various imagnd bothmaterialand written sources.

The nextdeawas to make indispensabigaterialand written sources immediately
available(apart from thePDF drafts appearing in VR spagdor students in the
givenspacgmostly in Ottlik Lecture Spacen further boardqFigure6)

In the previous one even thez&@ipyramidscan be examined with the help of a
documentary film available on the Internet looking for thi&n contemporary
importance and connections resting in the sami@ngementas well as the size
andconstructiorof the tombs(Figure7)
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Figure 7

Just herg in another“window” hieroglyph texts can be presented through a
translation programme with the help of which students have the possibility to
decodethe given texts and, as part of tledowing exercise, they will be able to
transcribe Hungarian expression$iteroglyphletters. Working in a common space
makes everyone’s creativigs well as the extent to which students understood the
given task carasilybe checked and verified

These kinds of exercises perfectly fit workshops where students can da,forme
usually ady and boring source analysis kind of together in the virtual space. Besides,
scientific literaturaelevant in terms of the lectuamd available on the Internet can
also be presented, making students’ work easier. A kintimoi library” of
indispensable andompulsoryspecial or scientifiditeraturecan also bereatedn

the VR space.

As far as curriculum/learning materials are concerned,tbsition in the historical
space is also of great importance. It requires the common study and aofatyajzs
presenting the given age or era guided by lecturers.

VR space make thasualisationof numerous maps possibtbe best ones of which

are picked by the lecturer. It is also necessary tdlas& mapstoo, in order to
develop students’ topographic knowledge and orientation. In this respect, dgee usa

of the common educational space is considered as novelty, because students can do
their tasks in a digital way instead of papebased materials the orrection and
common control of whick even at home is also made much easier.

This way the two competences most difficult to develop, that idetir@ing or
masteryandextensiorof the senseof historical space and timean be broadened

with a kind of help never seen before through VR. Finally, students can present and
visualise the topics chosen through a beatds way making them understandable
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for everyone while the given learning material becomes easiifiable and
evaluable for lecturergFigure8)

0 Maxwhere 5.1.7 - SZE Otk Lecture Space - b x

Figure8

The new methodology has, without a doubt, increased students’ motivation in
getting to know history. During education in the virtual space it alss a great
advantage that, especially in times of the pandemic, it was possible to join the
courses online in their real time and that units uploaded are also available.

The nextaspectwas simplicity. Following a little practice everyone is able to
manage and use MaxWheire a selfconfident way perfectly orientatein it, to
quickly find everything or can even develop, complete and upload their tasks.

As a consequence, the usage of the software is highly recommended in the case of
different courses of history, too. It can be extremely useful when givingnest

history didacticsand, later on, it could also be applied either in teaching history at
public or secondary schools.

The only difficulty it has is its high hardware need on behalf ofsthdents who
may not always be able tuarantedt from home either.

5.1 StudentEvaluation of the Moodle elearning System
After evaluating the questionnaires, the following results were obtained:

A significant humber of students (83%) have been using the Moelglardng
framework for 13 years in various courses. Based on their answers to the open
ended question, they are generally satisfied with Moodle. Their justificattbatis
they can accesa lot of learning materials on it, they can easily navigate the
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interface, they can practice for tests related to exams. One of them alschibéghlig
that the interface is constantly evolving.

What they are particularly satisfied with is that they can find all the learning
materials in one place, completih a bibliography. The interface is simple, clean,
easy to understand. However, two students complained that the interface was not
spectacular, while two students emphasized the slowness of opening and
downloading materials.

The development proposals are also related to this. They would make the énterfac
more colorful and spectacular (2 people), simplify and speed up the opening of
uploaded files (2 people). A student would be happy if it could be used offline.

5.2 MaxWhere 3D VR Student Rating

67% of students (4 people) first encountered the MaxWhere 3D VR interface in a
course, 1 person used it in the previous semester, and one person declared that they
have been using it for-3 years.

The general opinion about the 3D VR interface is that the interface is much more
colorful and spectacular than Moodle. Meanwhile, it is also relatively easy to use.
There were (1 person) who perceived it faster than Moodle. Two students
emphasized that le@ing materials (text and image files) load quickly into the space,
and you don't have to open multiple windows at once like in a traditional browser,
because everything is in one space. "We can see several things at once.”

Three people emphasize easier learning in 3D space, e.g. "In a 3D environment, a
person can connect the given material to space.” or "You can build a learning line."
This is especially important because the student realized that the leaatargain

in the space are not random, but the instructor consciously placed them behind each
other (learing path).

Compared to Moodle, they can open materials in space with fewer clicks.

Itis also considered an advantage of the 3D VR interface that communication with
peers and instructors can be realized within the space, there is no needdthepen
surfaces or use a separate smartphone. "It is possible to communicate viaNideo ¢
without leaving the space."

Navigating in space can be highlighted as a difficulty from the research, but this
was also evaluated by the student as having to be practiced at the beginning and
easy afterwards. So, you have to get used to the new system, but one student
suggested that there should be a separate course just to learn how to use MaxWhere.
After that, they can easily use it in the other courses. Another development proposal
was the "optimization of software", by which the student meant to be able to run
stably even on a machine with weaker hardware.
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Already while using it, students found it faster to open materials in MaxWhere than
in Moodle. We checked this intuition in the next task, where they had to open the
same curriculum in Moodle and MaxWhere while counting how many clicks they

managed to soé/

In the case of Moodle, everyone (n=6) needed 12 clicks, while in Maxd\Mher
people (67%) managed to open the curriculum with 3 clicks and 2 people (33%)
with 4 clicks. This means that 67% of students needed a third as many clicks to open
the curriculum.

In the final stage of the questionnaire, students had to evaluate 5 statemers, wher
1 reported "strongly disagree" and 5 reported "fully agr@egure 9.)

How much do you agree with the following statements?
(1. strongly disagree, 2. disagree, 3. can't decide, 4. agreey5. full
agree)

4.4
4.2
4
3.8
3.6
34 I
3.2

MaxWhere MaxWhere | navigate in MaxWhere By arranging
makes it easienakes learning MaxWhere motivates youthe MaxWhere
to review the activities  easier than in more when space, you can
content related  faster. Moodle. learning. see the learning
to the topic. path better.

Figure 9
What students think about MaxWhe(e=6)

What students agree on more significantly is:that

x "MaxWhere makes it easier to review the content related to the topic."
Avg. 4.33 (n=6).

x By arranging the MAxWhere space, you can see the learning path better.
Avg. 4.167 (n=6)

X MaxWhere makes learning activities faster.
Avg.: 4 (n=6)

And what they no longer clearly agree on &tth

x | navigate in MaxWhere easier than in Moodle

Avg. 3.67 (n=6)

X MaxWhere motivates you more when learning
Avg. 3.83 (n=6)
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Conclusiors

All'in all, it can be stated that VR does provide numerousuaigliepossibilities

for Arts and Humanities and, within this field, for teaching history. Though this
kind of curriculum development has only been realisedhancase of history
courses, the advantagesteéching and learning in VR can alreduiynoticed. It
made each others’ availability and the accessibility of learning materiath mu
easierfor both lecturers and studenrtgspecially during the pandemias well as

it resulted in a new approach to the pedagogy of history as a sulijioe same
time, they pointed out the shortcomings of today's history didactics, which could be
flexibly healed by them. Resulting in an experiential, probteanted, illustrative,
stimulating for selteaching and muHperspective history teachinglowever,a
more thorough examination is neediadrder to be able to make further statements
and conclusions.

The empirical researchevealed that most of the students only encountered
MaxWhere's 3D interface for the first time in the History course. Howetar,

that, those who also use Moddle regularly also worked with VR. The reasaisfor t

is mostly its simplicity, clarity, spegtle, richness of content, easier communication
with the instructor and easier visualization of historical events, so our hypothesis
was confirmed, and the students even presented other advantages. The research also
confirmed that the same content can be accessed with a lower click rate compared
to Moodle. The difficulty was navigating the software, which would be greatly
facilitated by wider use. The optimization of the program was indicated as a
development proposal. Therefore, it can be concluded that both software programs
can greatly help the processing of the content of the History course, and the regular
use of MaxWhere can open up new horizons for students and motivate them better.
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Security Implications of Computer Botnets
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Abstract: With the explosive growth in popularity obmputer networks, scalled botnets
appeared. Theseontainmanyinfected smart devices thtite owner can control remotely

The members of the botretn carry out— usually illegal— tasks in a coordinated manner,
which can cause significant damage to the targeted infrastructure. In addition to spam
campaigns, Distributed Denial of Service attacks and other usual proceduremsacti
aimed at influencing public opinion are becomingreasingly popular, which can cause
damagebeyond IT environments. Popular social platforms have become targets for
propaganda and other social engineering campaigns executed with the help of botnets.
Another threat will be the growing use of artificial intelligence by attacketsch can
significantly increase the effectivess ofthe offensive activity of a botnen this article, |

have tried to provide a comprehensive overview of the current andfuteae risks to
society posed by botnets and increasingly widespread artificial intelligence.

Keywords: malware botnet Al; LLM; DDoS; attacks; IT security

1 Introduction

With the help of computer networks, not only the classic, “traditional” computers
can communicate with each other. By rmgvto the digital world, various
electronic deices have‘“intelligent” control, so tocdy, many smart technologies
use such networks for communication purpoS€asnectinglevices with different
capabilities and rather heterogeneous technological backgroundscaaises
serious risks.Many modern devices contaia — sometimes unnecessanh
computer inside. Every computer applicationpgram orfunction library can
contain errors, aatural part of complex IT systems. However, the interconnection
of devices sometimes allows such programming flaws to be exploited remotely
over a network. Iflte error isso serioughat the attacksrcaninstall amalicious
program code on the target devitieey can gain control This means thegan
download and execute applications to retietir desiredgoal The popular name

for such malicious program codiestalled on avictim computer is‘malwaré, a
combination of' malicious softwaré
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These malicious programs run on the attacked dewindthus have access to its
entire set of resource®.{. processor, memory, storage, network data transfer
capacity). Since thegancommunicatewith each otheria computemetworks —

Local Area Networks or the global interneit is, therefore possible to make a
distributed system out of them, that is, to make them take coordinated action with
the kelp of central contd. Such ‘hacked devices are calledombies,robots, or

bots for short; the network formed from them is usually cédlkextnet. The most
important elements of botnedse

X C2 (command & control) serverHowever there are peeto-peer
solutions where anlgotnet membecan act aa server.

x “Herder” which is the controller of the botnet, who assigns tdeks
members. Alspknown as “botmaster”.

x Members who form the botneUsually, infected computers or other
smart devices.

This article is based on personaxperiencesand extensive research using
information fromindustrial sources.

1.1 Usages of Btnets

The size of botnets can vary greatly, depending on how successful the malware's
infection activity was. Mosmalwaretries to replicateitself, but the malware
detection systems can identify and destroy the threat and the established botnet
after some timeThe strength of a et mainly lies in its sizahe more devices it
contains the greater its computing capacity and the greater the network data
traffic it can generate. Due to itisstributednature, a botnet can be used for tasks
that can be effectively parallelizexhd divided into independent subtaskihis
meansthe botnet membersan be assigned t@ partial task, which they can
perform independentlyand the result can be forwarded to a specific location.
Some of the more popular application areas:

1.1.1 PasswordCracking

Nowadaysthe secalled “cloud” servicehave becomsignificant. Most of these
systems usauthentication, somform of user registratin The populamethod

uses usernamgassword pairs to identify and authenticaters creatinglarge
databases of registered users' data. Such dasawdsieh contain at least email
addresseand passworg are popular targetfor attackers. If the protéion of a

web system is inadequate, stored user data can be leaked, usually in some form of
database formatfFortunatdy, systems where the passwords are stored in an
unencrypted- plain text— formatis now rare Usually, oneway encryption is

used, and no simple method is available for decrypting these stored pass$words
doing so, the password provided by the user during registration is proceszed by
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so-called “hash algorithriy, which produces aertainnumberof bits — usually a

fixed lengthof data.The algorithmis specifically designed to scramble original
bits thatthe original data cannot be restotadusing puely the result During the

hash processpecificactions are performed that cannot be revelssthusebit
lossesand overwriteoccur.When logging in, thesamepassword entered by the
user is run through the same algorithm, so the same result should be obtained.
If the generatedit sequence differs from the valoeeatedduring registration, th
wrong passworthasbeen entered, so theer's authenticity cannot be established.
Decrypting passwords stored with this methddas the algorithm cannot be
reversed Acannot be solvedigorithmically. Bruteforce probing isthe only
possiblesolution During this,different passwords must be genated— randomly

or based on a dictionaryandrun through the same algorithm used by the target
system, and then check whether the obtained result can be found in the gtored lis
The correct passwordor an guivalent sequence of characters foundif so.
Otherwisg the attempt must be continued.

This tak can be perfectly parallelizedhe list of possible passwds can be
distributed among the botnet members so thapassword cracking timean be
drastically reduced.

These decrypted passwords can be used for hijacking accounts in different web
applications,as unfortunately many peoplaisethe same password on different
sites. On the black marketmany password lists are available gathered from
different data breaches.

gyanyi.sandor@kvk.uni-obuda.hu

Oh no — pwned!

Pwned in 1 data breach and found no pastes (subscribe to search sensitive breaches)

€18 B B Donate

Breaches you were pwned in

A "breach"” is an incident where data has been unintentionally exposed to the public. Using the 1Password password
manager helps you ensure all your passwords are strong and unique such that a breach of one service doesn't put your other
services at risk.

Verifications.io: In February 2019, the email address validation service verifications.io suffered a data
breach. Discovered by Bob Diachenko and Vinny Troia, the breach was due to the data being stored
in a MongoDB instance left publicly facing without a password and resulted in 763 million unique email
addresses being exposed. Many records within the data also included additional personal attributes
such as names, phone numbers, IP addresses, dates of birth and genders. No passwords were
included in the data. The Verifications.io website went offline during the disclosure process, although
an archived copy remains viewable.

Compromised data: Dates of birth, Email addresses, Employers, Genders, Geographic locations, IP
addresses, Job titles, Names, Phone numbers, Physical addresses

Figure 1
Data breacteheck on https://haveibeenpwned.com/
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1.1.2 SpamEmail Sending

Everyone who uses email has come across unsolicited mailtyjpaeof these
messages can be different:

X Marketing offers. The subject of these messages can be very diverse
They typically advertise prducts that cannot be advertised through
traditional marketing channels (like medications, fake products).

X Malware. Somenalwaretriesto infect others by sending emails to email
addresses found in the addresskoofovictim computer.

x Phishing. They try tdake advantage of the credulity of users, usually
impersonating an existing, authentic service provider. They tryréotd
the target person to the attacker's website and obtain their login or
personal data

*SYSTEM GENERATED EMAIL, DO NOT REPLY*

Ref: sanyi@webgame.hu

The Honkong & shanghai banking Corp. has processed a payment to your account.

Details of the Pl settled are included in the above remittance advice.

8/17/2023 8:52:07 a.m.

Xpan

> [ 1 melléklet: sanyi Payment Receipt 17082023 - sanyi@webgame.hu.shtml 501 KB

Figure2
Phishing email

-
w [ )] invaice_Payment
o |Copy.pdf

‘Confirm dantity 1o prove you are not &
ronol!

| sanyicawebgame b

Figure3
Phishingform
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1.1.3 DoS and DDoSAttacks

In the classic data security threat triadiolation of Confidentiality, Integrity and
Availability — the forced limitation of availability is a serious threat. Limiting
availability is most easily achieved by causing overloadhe targeted system

If the target is forced to perfortno manytasks, the execution time can increase
so much that it appears inoperable to users.rmany tasks meathe target lacks
the resources to complete these requests in time. This waputage can be
caused even if the target system is unkndavthe attacker. Such attacks can be
performed in several ways:

X By exploiting a known or newly discovered vulnerability of the target.

X By vastly overloading theommunication channel used by the tarfpat,
example by sending large amounts of unwanted data.

X By sending requests thatakethe target performaxcessiveasks.

The usual name of these attatk®enial of Service (DoS) or Distributed Denial
of Service (DDoS) when the attackesesa large numler of hostsA significant
advantage of botnets is the ability to carry out DDoS attacks. Since they contain a
large number of infected machindise resources of these bots are adding ujs |
very difficult to defend against themas there is no wellefined profile for
implementing defense. They are geographically disperaed many different
networks could be involwk so network filtering based on the source address is
impossible

Events summary [ About Firewall Events

Total ® Block Challenge @ Managed Challenge Jschallenge

8.65M 5.25M 2.06M 1.31M 33.85k

|
o I

500k I\
A\ —\

" \ P .
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
Time (local)

Number of Events
2

=

Events by service

Access rules: Browser integrity
® Firewall rules HTTP DDoS Country security level Access rules: ASN check

4.45M 3.96M 200.26k 38.54k 1.23k 701

WAF
120

Figured
A DDoS attack timeline
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As Figure 4shows, the attacker csal an irrationally high request number in a
very narrow time periodviost systemsare scaled to the average, expected traffic.
Depending on their size, botnets can carry out very largealted volumetric
attaks, which oftenexceed the resources available to the average target. On
February 11 and 12, 2023 the weekend of the American Super Bowl
Cloudflare, a servicgrovider specializing irprotectingagainst DDoS attacks,
prevented a recofldreaking attack. The attacker botnet generat&dmillion
requests per second. [1]

1.1.4 Crypto Mining

The basic principle of cryptocurrencies is that they do not contain a central
registry, but the authenticity checking is performed by endpoints operating in the
system. Duringthe verification of authenticity, it is wessary to makenany
mathematical operations, which require serious computing resodymeésarily
provided by the computer's central processing unit (CPU) or the Graphics
Processing Unit (GPU) located on the video card. The computation also needs
significant electrical power consumption, whicbuld costa lot of money for the
device’s ownerlf abotnet— more preciselymembers of the botnetperform the
crypto-mining tasks, then th@ecessargcomputingpowerbecanes“free’ to the
owner of the botnet, and unsuspecting owners of the dewiligmy the price To

put this issue into perspectiviae"Clipminer" botnet ownergarned at least $1.7
million from crypto mining. [2]

1.1.5 Influencing Social M edia

The use of social media has become ex¢hgmopular more and more people use

it to get information fromthere but it can cause serious problem$here are
specific processes and legal regulations to ensure the credibility of traditional
media— newspapers, televigio radio or news websites. Still, the case of social
media, these regulations and processes work widry limited efficiency.

The primary goalof these sociaplatforms is not to check the authenticity of the
information published byts users but to increase the activity (engagement), as
this can maximize revenues. The ma@mmitted andactive a user is, the more
pageviewsand more additional content like commentsand “likes” — will be
generategwhich can puslother userso engage. The more usetigity, the more

ads can be displayed them Thus, more advertisement revenue goes to the
platform

A proven — although not too ethicat methodfor increasing user activity is
determining interests of the useas thoroughly as possible and to display
corresponding contenfit for these Some wald say this behavior is plain
espionage, but the platfo terms of service clearly describe and clarify these data
usage conditions. How could the platfoitentify what users are interestedit

The most widely used proce$sr content selection is thexamination of the
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reactions taa given content: the more people react te tomments positive or
negative rating, number of likes and so-ethe more valuable the content seems
to the machine algorithmwhich controlling theusers'news feed This meas
content that gets a lot of reactiondll most likely be seen by many other users.
Using a suitable large enougtbotnet, the botmaster can increase the reach of
targetedcontent— post, photoor video — whenthe botnet memberseact to it in
sufficient numbers Of course the owners of social media platfornase also
familiar with these practices and try to fight against them. Onleeoffniost serious
social media competiterof traditional media is the platform called Twitter
many journalists and otheeliable expertalso publish on TwitterMany people
get informatiorfrom there though one of thenainproblems with Twitter is that it
has a lot of‘bots’ that actively try to influence the reach of certaimtent. [3]

In 2022, Elon Musk acquired T#er — and since renamed it “X* and softened
the user validating methods. [4]

Another bigissueof social media is the advertising mod€&he pivotal point of
online advertising is the effectivenessanfs and itcan be significantly increased
by appropiate targetingSuppose someone is interested in ai@aer topic, such
as searching for a washing machine on various websites. In thattteaseare
likely to respond more to a relevant ad than if it were only shown to random users.
Because of the increased effectiveness, these properly taagperhn be sold
more expensively to advertisers. On the other hand, incr¢éasgetingrequires
data from user activities, interests and behavior which could be problenoatic fr
a data privacy point of view. Some platformslike Facebook and Google
Analytics — provide free services to third partiebut in return, theytrack the
activities of their users arabllectdata from their online presengg]

Interestbasedcontentpositioningcan be extremely dangersfor society.Public
opinion could be manipulated efficiently if it is used to deliver a political ngessa
instead of advertising a commercial product or sengial platforms usually
have a direct connection interface the APl or Application Progamming
Interface— for largerbusinesgartners usuallyadvertisersThe main purpose of
these interfaceis to provide useful targeting information to the partneraking
them more profitable. Using this, tharmer can select ttgroupimportant tothe
advertiser businessesnd display targetedontent One of the biggest such
scandals erupted 2018 after a whistleblower revealed tiiae British company
Cambridge Analyticaharvested data from 50 million Facebook usardl this
datawasused for préiling these users. [6]hese profiles were used to indince
the 2016 Trump campaign apdobablythe Brexit referendum. Using data mining
procedures, thegould produce lists from the retrieved dadad targetads for
these userbased ortheir politicalviews Although the ethics of the procedure is
guestionable, according to the investigation, no violation of the law was
committed, andhte available tools were used] [7
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1.1.6 Spreading andValidating Propaganda

The World Wide Web containsnuch information anflacts, and the total opposite
claims can alsde found For the average readeit is almost impossible to
distinguish between the news and fake informatem] sometimes alternative
narratives areavailable forthe same even#s the geopolitical situan in the
world deterioratedmany armiestarted using psyops (Psychological Operations)
to interfere withpublic opinion in “norfriendly” countries. Many propaganda
organizations put publications on questionable authen@citismaller websites

but their reachis very low andtheir effectivenesextremelypoor. However,with

a sufficiently large botnet and the involvement of the “influencer” users, it i
possible to share and promote the content on socidiamessultingin a drastic
increase in theumber of readers. As mentioned before, a broad readership also
means more shares and likes, which mehescontent can readmany more
readers indirectly. In addition, due to this indirect sharing meamanibe
credibility of the post will increase asore and more users share or use the false
information Whenthe informaton from theuntrustworthyoriginal source reaches
the appropriatelevel of credibility, the originator organizatiorinterested in
spreadinghe propaganda begin to refer tinidifferent information channels

The effect of spreading propaganda on pulslicial media channels can be
extremely dangerous. Between 2016 and 2017, the Myanmar military took
advantage of the popularity of Facebook to conduct a targeted campaign against
thelocal Muslim Rohingya minority, which resulted in genociéle [

1.2 Internet of Things (IoT) Problems

As microelectronicsdevelop more computing power cafit smaller, cheaper
devices. More computing power allows aoemication between these devices
using computer networks, forming the-called Internet of Things. The rise of

IoT devices seems unstoppable. Accordingestimate the number of “smart”
devices connected to the Internet reached 14.3 billion at the end of 2022 and will
reach 16.6 billion within gear.

These devices have relatively limited capaciétyd their operating systems are
very different Many of them may contain security holes. If such a device is
vulnerable the entire network iat risk. As aresult of a successful attack, an 10T
device can be a target, but it can also be a tool in DDoS or other attacks.

1.2.1 Mirai Botnet
The Mirai botnet consists of smart devices infected with malware running on ARC

(Argonaut RISC Core) processors. These infected machines can be brought under
central contrb and therefore can coordinateactions. In September 2016, the
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authors of the malware launched a DDoS attack against the website of a well
known security expert, and a week latdrey made the source code pabli
Openirg the source code of malware caroyide a way to modify the original
code more easily, ardktectingthese modifications will be much more difficult.

A serious mistake allowed the Mirai to infect devices automaticallgst
manufacturers use the same stripdedn Linux operating systenoif the ARC
processorwhich had a default usernarpassword pair fotheroot (administrator
in Linux) user. If the password has yet todimanged by the manufacturer or the
owner, Mirai malware could log in remady and infect the system.

Infected device can be baby monitors, vehicles, network switches, agricultural
machinery, medical devices, meteorological devices, household appliances, video
recorders, cameras, practically anything.

After the initial attack, the Mirai botnet disabled DynDNSing appoximately
100,000 infected IoT deviceld.0]

Because of th@pensourcecode, the Mirai botnelhas beermutated. The most
recent version of Mirai can infect Andreizhsed setop-boxes and perform DDoS
attacks vith various methods. [11]

1.2.2 MQTT Attack

MQ Tedemetry Transport (MQTT) is an application layer protocol used by remote
monitoring and other data collection systems. Since 201Bast becomehe
reference standard for communication in Internet of Things (loViy@ments.

Since more and more peopleaising it, its operational continuity is becoming
more and more important. The protocol uses a publish/subscribe ;ntbeel
central element is a server (broker), and clients can subscribe to it and will receive
data autmatically when it is available. Ehprotocol was prepared toandle
unreliable network connection$f the channel is broken, the broker stores the
messages.

The Slow DoS against Internet of Things Environments (SlowlTe) attack is based
on the fact that the broker, prepared for slow, liabk connections, is
sufficiently “patient” with clients and does not disconnect from clients even when
they are slow. The problem is exacerbated by the fact that MQTT uses TCP
(Transmission Control Protocol) for commaaiion.

The attacker initiates th@nnection with the CONNECT package, andliheker

is obliged to maintain the connection for at least 60 seconds by defatkndte

these connections, the server must use some resources. Too many connections
could cause critical overuse of these reses Therefore,the number of
connectionsis limited. By creating the necessary number of connections, the
attacker can prevent the creation of new connections while commugiegith

the broker as slowly as pmble, ttus prolonging the busy state as long as
possible.
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2 Artificial Intelligence and Botnets

In the last few years, Atrtificial Intelligendeas beerdeveloped significantlyand
GenerativeAl can generate even photorealistie images, videos and humdéike

texts. Generative Al is a collective term of different machine learning models and
algorithms that can create new works similgrbiot somehow different from the
input data- basicallymanimade content on which they were trained.

Using Long Language Models, the generated text contentgasngly similar to
humanmade works; therefore, Al applications can drastically improve the
efficiency of normal botnet activitiehe following chapters will describe some
new opportunities for this new technique

2.1 Commentor ReviewGeneration

Commentsand reviews becanmieportant factors irpublic opinion about specific
products or serviced.he secalled “review bombing™ whena large number of
users leave negative commentsnethod can cause significant dagaato any
systemwhere users are allowed teave comments or reviews too easilhis
phenomenonforced multiple websites to harden the review algorithms. [12]
Generative Alswith the help ofLLMs, can generate humdike text very fast

A botnet operator could ughis superb texieneration cagbility to create fake
reviews, commentsr other engagement postsavoid the protective mthods and
algorithms

2.1.1 Automated SocialEngineering Attacks

LLMs can generate conteatvare highly convincing textThis capabilityallows

the attacker to crafhighly targeted “spearphishing email or other social
engineering attacks. A botnet could use LLMs to create personalized massages
large volumeghat are more likely to trick users intdicking on dangeroubnks

or other malicious contenost spamand malware filter applications use simple
statistical analysis or pattebased lookup filtering to detect malicious content
Therefore personalized messages can deceive the defense system

Another method coulte an LLMcapable chatbot. It can interagith the victims

on different platforms- like social media or instant messaging systefrend
behave like a human peer to extract sensitive information, spread propaganda or
deliver malicioussoftwarepayloads

2.1.2 AdvancedPhishing Attacks

An LLM -assistedbotnet can create and delivehighly sophisticated phishing
campaignslt can generateonvindng emails orothermessages and deliver them
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to a forged — seemingly trusted- sender making it difficult for users to
distinguish between genuine and fakessags Phishing attacks are very popular
today, but most of the timéhe phishing messaggnot convincing enough. Many

of them contain spelling erro@nd poor wordings caused by poor translation.
With the help of Al, these phishing emails can contain personal information of the
victim, increasing the probability of a successful attack.

2.1.3 Disinformation and Manipulation

LLMs can generate fake news articles or social media f@astisets could employ
Al to createlarge amounts of false information, contribito more complex
disinformation campaignsAlso, the false information can be amplified by a
botnetlarge enough

2.1.4 PersonalizedScam

Nowadaysmany scammaeaitry to deceive innocent victims by spam emuiith a
special method calledNigerianscam” or “419scam’. This scarris based on the
gullibility of people, it tries to convince the victim thkarge inheritance is
available, but other transactions must be made before receivingrhiese
transactions usually imlve moneytransferredto the scammer's banaccount.
Most of these scams apgetty dumb because all targets receive the same letter,
and the content does not éveryone. But if the attacker uses LLM, every target
can receive a personalized letter with fitting data.

2.1.5 Fakelmages andvideos

An Artificial Intelligence system can be trained on images witlh the help of
advanced algoritihs can generate photorealistic or artistic images. Multiple
systems are available today: Midjourney, Leonardo.Al. By generating convincing
images and amplifying by botnet, disinformation can spread quickly. With the
current rate of development, separating fake and real pictures could be ingpossibl
which can causprofoundproblems in society.
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Figure 5
Fake picture generated by Midjourney. Source: Christpe@Twitter

Conclusions

The dangers posed by botnetse significant today and the threat willbe
increasing in the future. In addition to th&aditional areas of use- DDoS
attacks sending spamnew attempts tanfluence the functioning of society are
becoming more and mogggnificant

The spread of artificial intelligence is also a separate source of ddigshing

emails will become less and less recognizable as different language models, such
as GPT3 and GPT4, can producenvincing, personalizedmessage almost
instantly Besides the text conterimagegeneratingsystemscan produce nre

and more believable fakes, so fake news is also becoming more and more
believable.New problemshave also emerged. MarAl systemsare trained on

data fetched &m internet without the permission of the original author, and the
copyright issues also work on the opposite side: who is the copyright owner of the
generated content?

With the broadly usedartificial intelligenceapplications more and moreontent
that contains nothing new based on previously existing information will be
created Finding factual accurateinformation or honest opinionwvill become
more and more compleandthe Al-generatedriois€ will overshaow them

These problems will generate sifigant social changes for which everyone
should be prepared.
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Abstract: The NAO robot has been widely used in various settings, from education and
healthcare to entertainment and research. The effectiveness of the robot tlegehds on

its abiity to interact with humans in a meaningful and engaging way. This paper explores
the role of humaimobot interaction in the effectiveness of the NAO robot. We review the
literature on humaobot interaction and highlight the key factors that contribute to
successful humarobot interactions. Themve discuss the specific features of the NAO
robot that facilitate or hinder effective humaobot interactions. Finallywe present some
recent studies that have investigated the impact of huptzot interaction on the
effectiveness of the robot in different settings. Overall, our analysis sugigastsfective
humanrobot interaction is essential for the successful implementation of the N#d@D, ro
and that further research is needed to better understand the dynamics of-fabuotn
interaction and its impact on the effectiveness of the robot.

Keywords: social robatNAO; humanrobot interaction education HRI

1 Introduction

Over the past few decades, the field of robotics has made sign#ideancesn

the development ofrobots that can interact with humansa variety of contexts.
One such robot is the NAO rob(figure 1), a humanoid robot developed by the
French robotics company Aldebaran Robotics (now part of Softbank Robotics).
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The NAO robot has been used in various settings, from education and healthcare
to entertainment and research. However, the effectiveness of the NAO robot
largely depends on its ability to interact with humans in a meaningful and
engaging way. In this paper, we explore the role of hurobaot interaction in the
effectiveness of the NAO robotHumanRobot Interaction (HRI) is an
interdisciplinary research field that aims to develop a deep unddisg of the
communication, cooperation and relationships between humans and robots.
In recent years, HRI research has made significant progress, includimgesiia
perception, cognition, navigation and communication technologies that have
facilitated more effective humamobot collaboration [IL[2]. One of the main
goals of humaimobot interaction is to enable humans and robots to work together
effectively to perform various tasks. HRI research focuses on several agas, s
as social interactions, collaboration, learning and adaptation [3]. Ressansbea
variety of methods to study HRI, such as laboratory experiments, user evaluations
and simulation modelling [4].

2 RelatedWork

Humanrobot interaction (HRI) is a multidisciplinary field that encompasses
various aspects of humawbot communication, collaboration, and social
interaction. The success of HRI depends on a range of factors, including the
robot's physical design, its sensing and perception capabilities, its commamicati
and interaction modalities, and the context of interaction. Some of the keysfact
that contribute to successful HRI include robot expressivity, anthropbisaorp

social presence, and adaptivity. These factors have been studied extensively in the
literature, and there is growing evidence that they play a cria@lin shaping
human perceptions and attitudes towards robots, as well as the effectiveness of
HRI in different domains.

NAO robot features: The NAO robot is a highly expressive and interactieg, rob
with a range of features that make it suitable for a variety of applicatiorse &f

the key features of the NAO robot include its humanoid form factor, ilisyab
recognize and respond to human speech, its facial and gestural expressivity, an
its programmability and customizability. These features have been instrutnental
the NAO robot's success in various settings, but they also pose some challenges
for effective HRI. For example, the anthropomorphic design of the NAO robot
may lead to unrealistic expectations of its abilities and limitations, while its
limited sensing and perception capabilities may hinder its ability to understand
and respond appropriately to human cues.

This humanoid robot created by SoftBank Robotics, has been gaining attention in
the field of education due to its potential to enhance student engagement and
promote active learning. However, there are also several challenges that need to
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be addressed when it comes to using NAO robot in edud&foriere are some
of them:

Cost: The NAO robot is an expensive technology, which can limit its
accessibility to many educational institutions. The cost of the robot itself is
only part of the equation, as schools may also need to purchase additional
software and equipment to make the most of the robot's capabilities.

Technical challenges:Using NAO robot requires technical expertise, which
may be beyond the capabilities of some teachers and educators. The robot's
programming language and software can be complex, and it may take some
time for educators to learn how to use the robot effectively.

/ILPLWHG | XQMNile RAMrotothas a wide range of capabilities, its
functionality is still somewhat limited compared to other educational
technologies. For example, the robot's mobility is limited, which may restrict
its ability to interact with students in certain ways.

Ethical concerns: As with any technology that collects data, there are ethical
concerns associated with using NAO robot in education. Some educators may
be hesitant to use the robot if they are unsure how student data will be used,
stored, and protected.

Limited research: While there is growing interest in using NAO robot in
education, there is still relatively little research on its effectiveness as a
teaching tool. As a result, it can be difficult for educators to determinéharhet
the investment in the robot is worth the cost and effort.

Despite these challengdbe NAO robot has the potential to revolutionize the way
that students learn and engage with technology. With further rbsead
development, it is possible that many of these challenges can be overcome,
making NAO robot a valuable tool for educators in the years to come.

Ld
;’Wf y

S"‘)“ : 2

. -
Figure 1
NAO robot

Several recent studies have investigated the impact of htobahinteraction on
the effectiveness of social robots in different settings.
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For example, a study by Kollar and Vanya found that hurohot interaction
cannot be just pessimistic, negative, or only optimistic, maximally acceptohg a
supportive. Robots are constantly appearing in different areas of social lifie, suc
as work, private life, public places, offices, the defence. Their cdanldiseom
empirical research is that in the next1® years, a generation will emerge that
will socialise with robots, making humanbot interaction increasingly close and
emotionally meaningfu[5]. As the mobile phone becomes part of everyday life
robots will become more and more like human comparigjns

Another study by Tasevsldt al. shows the importance of talking for therapy
robots and the need for recordings of childrebot interactions to validate this
requiremen{6]. Not NAO, but also a social robot MARK@®igure2) can talk to
people by itself, which is important for making children like the robot and use it
for therapy. To prove that talking is important for therapy robbesy recorded
interactions between children with movement problems and MARKO iniatiea
therapy setting. A/humancontrolled MARKO and made it talk in a therapeutic
way in their research process. Their results has been found that the children
responded well to MARKO and were motivated to do therapy exercises.
MARKO's positive effects go beyond just social interaction, as it also helps
children with therapyelevant nonverbal actior8].

y 2 DOFs neck

3 DOFs shoulder
1 DOF elbow
2 DOFs hip

B I DOF knee

I DOF ankle

4 DOF eyes
mechanism
with integrated
cameras

Microphone array

Maobile
platform with
differential
drive

Figure 2
The Humarike robot MARKOt

Sungjin Lee et al. foundh their studythat robots can be effective tutors for

learning English as a foreign language, particularly in improving pronunciation
and speaking skills. In their study, the authors investigated the effectivengss of
robotassisted language learning activity using the robot in improving the
pronunciation of English as a foreign language among Korean elementary
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students. They found that the rofastsisted activity led to significant
improvements in the children's pronunciation and speaking BKills

Another study by Cabibihan et.gh 2013 found that NAO robots can help
children with autism to understand classroom instructions and improve their
engagement in learning activitifs.

Interaction between children and robots in education has been found to enhance
both cognitive and affective learning processes, however, there remain some
issues that require further investigation. One such challenge is the problem of
interaction disorders between children and robot tutors, as the current user
interface is mainly based on visual touchscreens. This model is designed to be
used for children aged-B3 years, but cognitive development of children is
different and follows a sequential pattern, as described by Piaget's theory of
cognitive development. Children progress through four different stages of
development, from the sensorimotor stage (Pears) to the formal operational
stage (14up). Therefore, a single Ul model cannot be used for all ages, especially
for preoperational stage. In the field of Hum&omputer Interaction (HCI)
research, it is recommended that the Ul design must be adjosthd stage of
children's cognitive development. The challenge ahead is to develop a Ul design
that can be adjusted to the cognitive development of children, to enable optimal
child-robot interaction in education, with various roles of robots in education, such
as tutors, peers, and tools. Various Ul developments in CRI caevissved to
adjust the Ul according to the child's age or cognitive development, such as
multimodal Ul design which has the potential to develop Ul for CRI in education,
such as perceptual user interface or attentive user interface yyngpyparious

input modalities, such as detection of facial expressions, movementsspbject

so that the condition or behaviour of the child can be naturally detected without
being limited to touchscreen Ul input or tangible user interf@ke

Last but not least, and without claiming to be exhaustive,would like to
highlight the research of Taisuke Nagae and Jaeryoung Lee et al. They write that
the advent of new technologies has led to the emergence of supportivesoboti
aimed at helping children with developmental disabilities achieve greater
independence. Traditionally, research on robot therapy involved conducting
experiments with the robot out of sight from the subjects. However, a hew system
has been developed that enables the robot to autonomously recognize the emotions
of children with developmental disabilities and provide feedback. Thisraysts
designed to quantitatively measure emotional changes in children using skin
conductance (EDA) during robot therapy. Results demonstrated that the NAO
robot was able to recognize emotions on its own and provide feedback to the
subjects. Additionally, a quantitative evaluation was conducted using EDA. By
analysing symptoms associated with developmental disorders, there is patential t
improve the recognition rate and customize therapy based on individual symptoms
[10].
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These studies highlight the importance of effective HRI. Drawing on a wide
repertoire of literature on HRI, and gathering previous rekeamd conclusions
from it, we thought it worthwhile to carry out a SWOT analysis on the sudiect
effectiveness of humarobot interaction by NAO robot

3 The Applied Oethod

SWOT analysis is a widely known strategic planning tool. It helps to understand
and identify the application's strengths, weaknesses, opportunities and threats in a
given situation.The analysis helps you to look at a given situation from both
internal and external perspectives. The internal aspects are strengths and
weaknesses, which we can usually influence directly. On the other hand,
opportunities and threatise., external factors, are often outside our confrothe
following, we will attempt to map the use of the NAO robot as a tool for human
robot interaction through a SWOT analydis].

It is one of the most popular and useful methods for evaluating the goals of a
project or application and helping to plan its development. The purpose of the
analysis is to help you design a strategy that can realistically assess ritsapote
and identify its strengths and weaknesses. This type of evaluation is also able to
objectively see the specificities of the interfaces between the service, in our case
the human and the NAO robot, and helps to identify the areas where you can get
the most out of the use of the robot with the least risk.

In general, it is worth starting the analysis when the service is about to undergo a
major transformation, when a new opportunity is emerging, when you want to
introduce a new technological innovation or when the social environment has
changed. A SWOT analysis is therefore a versatile method of analysis that may be
worth repeating at any stage of a development. For NAO -redeited activities,

these are the justifications

A "SWOT' analysis is built up from a matrix of four elements. Each letter
represents an internal or external area of the company to be examined

X  Strengths focus on the internal, positive attributes afrganization
X Weaknesses identify processes and elements that can be improved.

x  Opportunitiessummarizeactors over which a firm has no control but
can benefit.

x Threats list the elements that can be barriers to success.
A SWOT analysis of using the NAO robot as a tool for hundoot interaction:
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Strengths:

x NAO robot is highly interactive and can be programmed to perform a wide
range of tasks and activities, making it a versatile tool for henolaot
interaction.

x NAO robot is highly customizable and can be adapted to meet the needs of
a variety of different users and applications.

x NAO robot is equipped with advanced sensors, such as cameras and
microphones, which enable it to perceive and respond to its environment
and users.

X NAO robot has a humanoid form, which can make it more approachable
and engaging for some users than other types of robots.

Weaknesses:

x NAO robot is relatively expensive, which can limit its accessibility to some
users and organizations.

x NAO robot has limited mobility and can only move on flat surfaces, which
can limit its use in certain environments.

X NAO robot's battery life is relatively short, which can limit its use in longer
interactions or activities.

x NAO robot is limited by its hardware capabilities, which may not be
sufficient for more complex tasks or applications.

Opportunities:

x NAO robot can be used in a variety of settings, including education,
healthcare, and entertainment, among others.

x NAO robot can be used to assist people with disabilities or special needs,
such as autism or cerebral palsy.

X NAO robot can be used to collect data on hwradot interactions, which
can be used to improve the design and development of future robots.

x NAO robot can be integrated with other technologies, such as virtual and
augmented reality, to enhance the user experience.

Threats:

x NAO robot may face competition from other types of robots and
technologies, such as virtual assistants and chatbots.

x NAO robot may face regulatory and ethical challenges related to privacy,
security, and the potential for misuse.

x NAO robot may face social acceptance issues, as some people may feel

uncomfortable interacting with robots or view them as a replaceroent f
human interaction.
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x NAO robot may face technical limitations and challenges related to
software development, maintenance, and updates.

4 Human-Robot | nteractions in Learning Processes

Technology has played an increasingly important role in education in recent years
One of the most significant developments is the integration of hunaahine
interaction into the learning processMH refers to the interaction between
humans and machines, which can take many forms, including chatbots, virtual
assistants, educational software, online forums and robots. By applying the
elements listed in the SWOT analysis to the NAO rehgtported learning
processes, we examihthe role of NAOrobotin learning processg4].

One of the main advantages oMHin the learning process is that it provides
learners with access to a wealth of information and resources. Online fordms an
robots, for example, allow students to ask questions and get answers from experts
and other students around the world. This can help deepen their understanding of
complex topics and give them new perspectives on the material. In addition,
educational softwarand/or robotscan be tailored to the specific needs and
learning style of each student, providing them withpersonalizedlearning
experience.

Another benefit of IRl in the learning process is that it can increase student
engagement and motivation. Interactive software and gangeammed in robot

can make learning more fun and engaging, while chatbotsodotscan provide
immediate feedback and encouragement to learners. This can help keep students
motivated and focused, leading to better learning outcomes.

However, HRI and also HMIhas potential drawbacks in the learning process. One
concern is that it can lead to a lack of human interactiorsaoilization While

online forums and chatbots can provide access to a global community of learners
students may miss out on the benefits of fimeface interactions, such as building
relationships with classmates and teachers. In addition, somentstuday have
problems with the lack of personal attention and support they receive in a
traditional classroom environmejit3-15].

5 Results andConclusions

Interpreting the strengths of the NAO robot, it can be programmed to do many
different things and, thanks to its design, interact with peopleanyndifferent
ways. This makes it a flexible tool that people can use in many situations where
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they need the help of a robot. To meet the specific needs of different users or
applications, the NAO robot can bmistomized This means that people can
modify the robot's software or hardware to make it work better in a given
situation. It is equipped with advanced sensors, such as cameras and microphones
that allow it to sense its environment and react to events around it. This helps it to
be more responsive and interactive with humans. In terms of focusing onehe rol
of humanrobot interactions, the NAO's outstanding strength is that it has a
humanlike form, which can help some people feel more comfortable with it and
engage more with it than with other types of robots. Because it has a familiar
shape, people can more easily identify with it and understand what it is doing.

The SWOT analysis identifies not only strengths but also weaknesses. In our case,
we can highlight the high cost of the robot, which means that it is not available to
all users ororganizationsdue to cost constraints. In addition, since it can only
move on horizontal, flat terrain, the NAO robot has limitedneuverability

which makes it less useful in environments that are not flat or where it has to
climb or navigate through obstacles. In terms of its hardware limitations, it is
notable for its relatively short battery life, which may limit the amount of time it
can be used in continuous interactions or activities before it needs to be@eechar
These limitations and weaknesses may prevent it from performing more complex
tasks or applications that require advanced capabilities beyond those provided by
the robot.

The NAO robot is versatile and can be used in a variety of fields, including
education, healthcare and entertainment. These possibilities mean or imply that
the robot can assist in different applications and industries. It can help people with
disabilities or special needs, such as people with autism or cerebral Paits

means that the robot can provide additional support to individuals who need extra
help with everyday activities. More generally, the NAO robot can collect data on
how people interact with robots, which can be used to improve the design and
development of future robots. This means that researchers can use the data
collected from the NAO robot to improve the design and functionality of other
robots. This can be done by integrating NAO with other technologies such as
virtual and augmented reality to enhance the user experience. This means that the
robot can be used with other technologies to provide a more engaging and
immersive experience for users.

Interpreting the threat claims, it can be concluded that the NAO robot may face
competition from other types of robots and technologies, such as virtualrassista
and chatbots. This means that the robot will face challenges in termsiatma
competition and may need to differentiate itself from other similar techieslog

In other respects, the NAO robot may face regulatory and ethical challenges
related to privacy, security and the potential for abuse. This means thatoggula
and ethical considerations will need to be taken into account in the future to
ensure the safe and responsible use of the robot. It may alsedoéates] with
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social acceptance problems, as some may feel uncomfortable interacting with
robots or see them as a substitute for human interaction. This means that there
may be resistance from some individuals or groups who are reluctant to accept
robots as part of their daily lives.

From a technical perspective, the NAO robot may face technical limitations and
challenges in terms of software development, maintenance and upgrades. This
means that the robot may require ongoing technical support and updates to ensure
that it continues to function properly and meet user needs. Incaddibftware
development of the robot can be challenging and may require continuous
investment in research and developni&mgjure 3).

(@ B
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Figure 3
SWOT of effectiveness by NAO

6 6XPPDU\ (ptipis for the Future

The NAO robot is designed to interact with humans in various contexts, including
educational settings, research environments, and public spaces. The robot is
equipped with sensors, cameras, and microphones that enable it éwveened
respond to human actions and speech.

Several studies have examined the hunodnot interaction aspect of the NAO
robot, and the findings suggest that the robot is effective in engaging with humans
and eliciting social responsg].
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For example, a study conducted in a primary school in Italy found that the NAO
robot was able to elicit social and emotional responses from young students, such
as laughter, smiles, and positive facial expressions. Similarly, a study tethituc

a retirement home in the Netherlands found that the NAO robot was able to
engage with elderly residents and stimulate social interactions, which indum le
improved wellbeing.

However, the humarobot interaction aspect of the NAO robot is not without
challenges. For example, some studies have found that the robot's speech
recognition and natural language processing capabilities can be limited, which can
affect the quality of interactions with humda§][17].

Overall, the humamobot interaction aspect of the NAO robot has shown promise
in enhancing social interactions and wlading in various contexts, but further
research is needed to address the challenges and improve the robot's eagabiliti
this ared18][19].

In summary, HRI has the potential to revolutionize the learning process by
providing students with access to a wealth of information and resources,
increasing engagement and motivation, and providing a personalized learning
experience. Potential disadvantages of HRI, including the lack of human
interaction[20-22] and socialization, as well as the costs of implementing and

maintaining these tools, must be considered. Ultimately, the key to successful
HRI-based learning is finding the right balance between technology and people.

The importance of humambot interfaces will become increasingly important in

the world of work and education as a result difjitalization processes.

The efficiency of the humarobot interface can be further developed in the
present and in the future on the basis of artificial intelligence, for which the
technical conditions are already in place. Learning, thedesaifiing, and finally
Al-based robots will help to set future trends, the exploitation of which for
educational purposes will also become increasingly importém.is particularly

true in education in STEM field®3-25] Some researchers have already begun
studies in which humanoid robots are used to help students learn healthy lifestyles
and basic skills[26-27].

As a continuation of the empirical research work that has been started, future
experiments will also explore arahalyzethe limitations of the NAO robot and
the current shortcomings of the technology.
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Playing Computer Games andPlaying Sports in
the Light of Personal Background Variables

Zsolt NamesztovszKi, Dragana Glusaé, Lenke Major?, Beata
Grabovac! and Gyorgy Molnar?

1+ XQJDULDQ /DQJXDJH 7HDBEIQHY HHRNDILRY.Q EDGF X O W\
6XERWLFD B6WURVPDMHURYD -PDLO B6XERWLFD 6HUELD
]JVROW QDPHV]WRYV]NLEPBMRWWHQNH¥AP DFLUWHU XQV DF
EHDWD JUDERYDF#PDJLVWHU XQV DF UV

.DQGyY .iOPRXOW\ Rl (OHFW U iEP0GD (QLDNEDEWY W
+XQJDHPDLRROQDU J\RRIB XM K X

STHFKQLFDO IDFXOW\ *0LKDBOQRYRIIWYLQBGHQMDQLQ
=UHQMDQLQ X EFEHDNIRIILEOUDJIDQD JOXVDF#WI]U UV

Abstract:The eighties of the last centusaw significanainacceleration in the development
and improvement of computer games. In this study, the sports habits of the peopdd,sampl
were examined, to see whether these habits are related to their attitudes todeodgame

use. The extent to which time spent playing active saifexts the amount of time spent
playing video games, was also analyzed. During all three hypothesis tests,thevafre,
possible to establishthat based on personal background variables, differences can be
observedregarding sports habits and time spent playing video games. At the saméhie

time spent on video gameles not come at the expense of playing sports. Those who play
morevideogames do nadlo less sport, neither in terms of gender, age groupvenplace

of residence.

Keywords: sports computer gamegpersonalbackground variables

1 Introduction

7KH HLJKWLHV RI WKH ODVW FHQWEKH\GHYZH Q[RISPLH DMD Q /¢
LPSURYHPHQW RI FRPSXWHU JDPHV 7KLV GHNHODRSPHQW
ZH FDOO H6SRUWV ,Q DGGVWRR® W RZK& VW WKHULRQ D W
VSRVRUV D ODUJH QXPEHU RI LQWHUQDWL RGBIOHFRFSHW
RI FRXUVH DQRWKHU W\SH RI YLGHR JDPHG® WKDW SULF
7KH-GMIJXODWLRQ RI WKH EURDGFDVWLQJ VHFWRU KD
GHYHORSPHQW DQG SRSXODUIJDWAKRL® R IHEG A URPHI RXGBR
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DOO\ LQ VWUHDO PLQAELWLRQ WR H[LVWLQJ VRFLDO PHGL
VKDULQJ SODWIRUPV VWUHDPLQIWSHDWBDWMWHRBURPR DWSSHDDV

7KH ZRUOGZLGH FRURQDYLUXV SDQGHPLF RLIJQLILFDQV
WUDGLWLRQDO H6SRUWYV HYHQWV KRZHRBUQHEKH SRS
XQEURNHQ 7KHVH IDFWV DUH ZHOO RJXWER URNDHUGS ED UMK |
SULPDULO\ YWMTHR. FEBGARU[IRIQOLQH JDPHYV

W LV LPSRUWDQW WR KLIJKOLJKW WKDWHFREPRREQYHWDLHYV E
UHDO VXEFXOWXUH ZKLFK LV GLYIHFKBDQWFWRB LWKG EPA\DW!
HVVHQWLDO WKLQJV YHUEDO H[SUHVYLRGEPLIXKWLWXDO
ODQJXDJH DVVRFLDWHG ZLWK HDFK JD@PMHHIQWSARPOGL O\
ZKHUH WKH JDPH WDNHV SODFH EXWRIWVD®WXM® VKIDR/Q VW'
WDFWLFV DQG VWUDWHJI\ DQG YDULRXV FRPPDQGYV

,Q WKH FDVH RI RQOLQH JDPHV ZH FDBVGMKEBHPRBVQOKPE!
SRSXODU RI ZKLFK DUH 0XOWLSOD\HRIQ 2 QKR RW H% DIMQNEO H
5HDO 7LPH 6WUDWHJ\ ,Q JHQHUD D WIVR @D BRRIS FMDD\G LW
FUHDWLNZRWNWHIG FKRRVLQJ WKH ULJKW VWUDWHJI\ DS
EHFDXVH HDFK SOD\HU KDV WKHLU RZQRQURPUHRXVE®KLQ V
GHYHORS ZKLOH WKH\ DOVR WU\ WR JHDW LRXWR DWLW X I
SRVVLEOH WRZMX® DWMHBR WKH GHYHORSPHQW RI WKHLU

37KH SK\WLFDO HOHPHQW DQG VRFLDORIYWEKHMRR@ IRJIRWSR
LQ FDVH ODZ DQG DFDGHPLF GHEDWHV NUHNDMOXHYDQW \

D VSRU@I

W LV QRW GLIILFXOW WR REVHUYH WISRUWWWHDQOWHUPL
WUDGLWLRQDO VSRUWY VXFK DV S®DWRK WDRMQMH WH
GHIHQVH SUDFWLFH VNLOO DQG RWEKRUNRWKDW DU
SFRPSHWLWLYHUYLGWRUMIPNR GHPRQVWUDWH WKH VDPEL
WUDGLWLRQDO>V®@RUWY DWKOHWHV’

'KHQ LW FRPHY WR FRPSXWHU JDPSDVSHRS0Q & UIHODYLE
DFWLYLW\ ZKLFK JUHDWO\ FRQWWH BXYWWFHRY QVRHW KIHV | D FU
VSRUW &RQWUDU\ WR SRSXODU RSLQLR® VWHKKUELW H)
VIQV WKDW FRXOG EH FRQ Va3 G,HU HEDISKOV L.AMDMH W [BIQ®/ L R
-RUJHQWB®H WKDW *DEVROXWH LQWHQVLWRIFADQ DOVR E
LQGLYLGXDOYTV EDWH O0 PHWIDWRERPOIUF HTXLYDOHQW ~

$OWKRXJK WKH SOD\HUV GR QRW SHUIRUPLIJ\ VSHFWD
RQOLQH JDPHV WKH PRYHPHQWV RI WKH lUBJHUV RQ
VLIJQLILFDQW 1RZDGD\V HYHU\RQH FDRRXVH RQDRNWH WR
WKH\ FDQ GR LQ D PLQXWH RU D VHFHRWQGNKQVWKHRFHVM
GRHV QRW FRQVLVW RQO\ RI FOLFNLQFWLRQW\D QGPHG
FRPPDQGY VR WKH PHFKDQLFDO IXQFWLRQRQNUH FRPSC
DV ZHOO 7KH XQLW IRO® RNDAXAUQIPE SAWVROWL 3HU 0LQ X\
H[DPSOH D SUHSDUHG SOD\HUO SAKLIRK PWVK B URXIEE VW #
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PHDVXUHG LV ZKLFK LV PRUH WRHERQABREPIDQGV LV
NH\ERDUG DQG PRXSRLQ@WRHRXWWD WKDW WKH ZKROH SURF|
VLQFH SOD\HUV XVH ERWK KDQGV NH\ERQWGSDBRBRXVH Z
RI WKH EUDLQ DUH DFWLYH 7KHVH YDOXHY MRRHQRVHYHUD!
DYHUDJH SHRSOH EXW KRXH\WKWHHYDOXRVKRIKHOLWH DW
H[DPSOH WKHVH YDOXHV DUH KLJKWHQVHKINVNQSWRRWVWH/REZRI
KDYH WKH KLUIKMWKWREFRRHNGLQDWLRQ

7KH *HUPDQ 6SRUWYV 8QLYHUVLW\ WAMWR QV & H REGXFHH@V LR
WKH SOD\HUV ERGLHV DQG KDV IRXQG WKDWXWKB\DPR.
WKH VDPH DV WKDW RI D UDFH FD W BWW YHHJW HQL & GRG WW DR
1 ZKLFK LV WKH VDPH DV WKH KHDUW WIROY IPGHBDYIXQ@H G
WKHVH HPSLULFDO GDWD LW FD@E&ERWWHHV VIDL @ RWVK BI\\S RN
WKH VDPH HIITHFWV DNIMMUBGLWLRQDO DWKOHWHYV

‘H DUH ZLWQHVVLQJ WKH WUDQVIRVRDW L@ LRI JDL @ MIR) IDI
VHULRXV LQGXVWU\ FKDUDFWHUL]JHG EV SWH]BPWVRQH\
UHIHUHHV OLYH VWUHDPV DQG KXJH \DBKRORJLFIDPRXU
HITHFWV UZKBEK D ULO\ H{S R UDWWKQIFHHE HEA

3HUKDSV WKH PRVW UHPDUNDEOH Rl WKK YHRPUB WKH E
SK\WVLRORJLFDO SRLQW Rl YLHZ WDNLQJ SROUWKHQ VSRU
KHDUW DQG FLUFXODWRU\ VIVWHP EORRE KHBDUMOV EH
PXVFOHV EHFRPH PRUH VWDEOH DQG WKM EHDUW UD
DEVRUSWLRQ FDSDFLW\ RI WKH UHVSEFRRWEBUQ VMW\RIQP |
LPSURYHV ZKLOH VSRUWY DOVR KDYN\DVEH® BIQE L\DRHH |
LPPXQH V\VWHP DV Z\HO O FIK\ KHO ®IQ@IE PDLQWDLQ DQ DS
ZHLJKW ZKLFK RUHVRB PRWRWP HP $RBIWDQW EHQHILWYV

JURP D SV\FKRORJLFDO SHUV S+DR2B U HW Y H | RQ F W HIP\SHD
PRWLYDWLRQ HQGXUDQFH D@8 QLIGMQBH DAEK D LUM\G XORN
IHHOLQJV RI DQ[LHW\ DQG WHQVLRQ D QG WIXW LIRS DR Y¥H |
ZRUWKLEKWHK®@J $W WKH VDPH WLPH LW DORHKHOSV LQ
LPSURYHVY WKH TXDOLW\ REHMMMHH D @@ ® HWXRGIW B A @ HO OH
DQG IHHOLQJ3[R® VXFFHVV

,Q WHUP-WRDOMIDOWLRQ LW FDQ EH VDLG WKODW\WKH DWK
XWLOL]JH WKH H[SHULHQFHV JDLQW® DU DOQUHVBR ZW® Q. Q6!
DFWLYLWLHY FRQWULEXWH WR W K HQGMNKHHIMR KR HRY VWV R H M
KHDOWK WKH GHYHORSPHQW RI WKHHLW VS R\Q/G FCOON BVEHLLDY
DV ZHOO DV WR D PHDQLQJIXO DG SURGXFWLYH XVH RI

ODKRQH\ EHOLHYHG WKDW WKH UROH RD Q\8 RULONW H.QP FK L
Rl WKHLU SHUVRQDOLW\ GHYHORSPHQW FEHBOXVH WK
FRPSHWHQFH DUH SDUWLFXODUO\ FUL\VQIFFD PKILQ /KIDS LOY
D \RXQJ DJH PRQLWRU WKHLU RZQ SHUIRU® DRFXVDQG FF
[][13] 5HVHDUFK KDV HVWDEOLVKHG WKDW SK\VHBDOO\ D
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DQG VPRNH OHVV ZDWFK OHVV 79 XOB8HQ G QMK WIKWH LU HUHL
Rl EHFRPLQJ RYHUZHL[BKW] DOVR GHFUHDVHYV

W FDQ EH FRQFOX&EHL QUKIDW DWKRLEHZHWWOWOU DQG DQ LP
ILWQHVY DQG KHDOWK FDQ EH VHHQRGWKIUR QW VWO Y BIUS. R
FDQ DOVR EH SDUDOOHOHG ZLWK DOBHWWR UWNX DO HWD ARV
PRUHNWNVDILHG ZLWK WKHLU OLYHV DQG UMWINRUWKGHZHU C
WRZDUGYV YDOXHYVY FDQ DOVR GLIIHU EHWZAKR GRLOGUH(
QRW DGROHVFHQWY ZKR UHJXODU @\ 8Q BADWSLIRRONVF/HIWWKR
(HIVHDFFHSWDQFH EHORQJLQJ WR D JURXS VHQVH RI F
ZKLOH \RXQJ SHRSOH ZLWK ORZ DFWLYLMWQWHYHRY YD
PHWKRGWVLQDQFLDO VXFFHVV J8RG ORMRH VY HYH®XIW B MUR (
KDYH DOUHDG\ VWDUWHG VWXGLHV XVLQEHKXPWRRLG UR

OLIH\MYO @V

2 The Aim of the Research

&RPSXWHU JDPHV DQG VSRUWYV DUH ERMWXWSSIHWY RQ DG W |
EDFNJURXQG YDULDEOHY DQG LQGLYLGXDWKHLSWUHIHUH:
LQGLYLGXDO SUHIHUHQFHV LQWHUHMWY WRIMHOWK\DQG
EDFNJURXQG YDULDEOHV WKDW PD\ DIIHFWDWIGH SURSH:!
VSRUWV ([DPSOHV LQFOXGH LQWH UHEWD\L VD\Q G< FSIBIWHKU F
FRPPXQLW\ DQG SHHU UHODWLRQVKLSY RU JRDOV DQG

,Q WKLV VWXG\ WKH VSRUWY KDELWYDRL QWKGE SHRSEH L
ZKHWKHU WKHVH KDELWYV DUH UHODWBGBPMWRKWHKHLU D
7KH HIWHQW WR ZKLFK WLPH VSHQWPRXOD\WQR | DWFMPLH H \
VSHQW SOD\LQJ YLGHR JDPHV ZDV DOVR DQDO\]JHG

'XULQJ WKH GDWD DQDO\WLY WKH JH@E&HUS MDUW LFQ & DI)ON
ZDV DOVR WDNHQ LQWR DFFRXQW H[DPHRRQYWKBWKIGU
ZLWK UHJDUG WR WKH SHUVRQDO EDV¥SRBRURXQIGFMDJIEYALRVULW
RUODELWY UHODWHG WR YLGHR JDPHYV

2.1 Hypotheses

H1: 7KH LQWHQVLWSRUWODVLRQQYHUVHO\ SURSRUWLRQDC
WLPH VSHQW SOD\LQJ FRPSXWHU JDPHV

H2: $ GLVWLRPY LRHQ PDGH LQ WKH VDPSOH RQ WKH EDV
EDFNJURXWI@PEOHY LQ WHUPV RI ZKHWKHU WKH H[D
DFWLYH VSRUWYV RU YLGHR JDPHV DV D IUHH WLPH D

AL94 A



Acta Polytechnidangarica Vol.21, No3, 24

H2/a: :RPHQ/SHQG VLJQLILFDQWO\ PRUH WLPH SOD\L
FRPSDUHG WR PHQ ZKR SUHIHU WR VSHQG PRUH

H2/b: $PRQVKRXQJHU DJH JURXS LW LV PRUH FRPPRQ \
WLPH ZLWK RQOLQH YLGHR JDPHV LQ FRQWUDVW
FKRRVH DFWLYH VSRUWY PRUH RIWHQ

H2/c: %HLQJ LQ D FLW\ SURYLGHV PRUH RSSRUWXQLYV
OLYLQJ LQ WKH FLW\ VSHQG PRUH WLPH SOD\LQ
WR SHRSOH OLYLQJ LQ WKH FRXQWU\VLGH ZKR ¢
FRPSXWHU JDPHV

3 Method

7TKH TXDQWLWDWLYH TXHVWLRQQDLUH VXUYH\ UHFHLY
UHVSRQVHYVY 6LPSOH UDQGRP VDPSOLQJ ZDWKHHG WR U
VQRZEDOO PHWKRG 7KH VXUYH\ ZDV FRQGBFWHKIKS XVLQJ
TXHVWLRQQDLUHY ZHUH SXEOLVKHG RQOUWHR@KH TXHV)
Rl ZKLFK UHODWHG WR WKH SHUVRQ DG LESDFQNW V RIXD &/ K KD
VXUYH\ H[DPLQLQJ WKH FRPSRWVUWLR@QGDFC® R EIE IRQ JUWRL S

$QRWKHU TXHVWLRQV DVNHG DERXW VSRMWWG VKR ELWYV
YLGHR JDPHVY DQG RQOLQH JDPHV

3.1 Smple of Research

$ WRWDO RI SHRSOH SDUWLFLSDWHG N®\WKH UHVI
SDUWLFLSDQWY DUH PDOH 1 D@8 7 KBUBY HHPDIHH !
DJH RI WKH VXUYH\ SDUWLFLSDQWYV YVGHGHDQWRRW&®UBB
JURXSVY EDVHG RQ WKHLU DJH 7DEOH

7TDEOH
'LVWULEXWLRQ RI WKH DJH JURXSYV

N %

<RXQJHU WKDOQ

15 \HDUV ROG 185 38

20GHU WKDQ \H

Total 485 100
&RXQWU\ 7KH YDVW PDMRULW\ RI UHVSRGGHEHQIV
$OQORWKHU 1LQ +®RQYBAVLGHQFH 5HPXIQGEQRSDVOKMULURI
RULJLQ 1 RI WKH VDPSOH FRPH IDRA FUR/R.HYV DC
YLOODJHYV
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4 Results

4.1 Correlations between Time Spent Playing Sportand
Playing Online Video Games

RI WKH VDPSOBIQVZHUHG WKDW WKH\ GR VSRUWYV UH/J

LOQOWHQVLWLHY 2QO\ Rl WKH VDPSOHSDUWDINMWHGL®DWH
VSRUWY DW DOO 5HJDUGLQJ WKH LQWHIRIVWWH RI SOD
SDUWLFLSDQWYV UWV REQMRB\DL®R EDVLYV IRU DW OHI
1 H[HUFLVH IRU OHVV WKDQ DQ KRXU BHWKWDAN DQG
WKDQ KRXU HYHU\ GD\ 7DEOH
7TDEOH
JUHTXHGRLRIRUWYV
N %
Dono VSRUWYV 85 18
DR VSRUWYVY OHVV WKDQ 137
DR VSRUWYV KRXU D GD\ 33
Do VSRUWYV PRUH WKDQ
Total 485 100

7KH WLPH VSHQW E\ WKH VDPSOH SDUWRFIBPBWY SOD\
VKRZV WKH IROORZLQJ WKH PDMRULW)\ RIGRKEBRMVSRQC
SOD\ RQOLQH JDPHY SRIDWRRPWKO\ DQG 1 SOD\
ZHHNO\ EDVLV 7KH UHPDLQLQJ UHVSR @®R®HWE MWV R W KRIIUW K
KDQG SOD\ RQOLQH RU RIIOLQH YLGHR JDPHV RQ D GDL

7DEOH
7LPH VSHQW SOD\LQJ YLGHR JDPHYV

N %
DR QRWYEGBR JDPHV 189 39
30D\V RQ D PRQWKO\ ED
30D\V RQ D ZHHNO\ EDV 88 18
30D\V RQ D GDLO\ EDVL
Total 485 100
ORVW RI WKH SDUWLFLSDQWY LQ WKH VWXG\ ZKR SOD\
1 KDYH BHH@J SIHJ X O D\HOWU WU RI WKH UHVSRQG
1 KDYH EHHQ SOD\LQJ YLGHR JDPHV IRWKDHNYV WKDQ

EHHQ SOD\LQJ IRU PRUH WKDQ \HDUV 7DEOH

6SRUWYV KDELWY ZHUH DOVR FRPSDUH®\ZQW KY MKHHRIUHT .
JDPHV T7DEOH
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7TDEOH
+RZ ORQJ KDYH \RX EHHQ SOD\LQJ YLGHR JDPHV"

N %
/HVV WAKHDQ DJR 89
1- \HDUV DJR
ORUH WKDQ \HDUV DJR
Total 277 100
7KH GDWD VKRZ WKDW FRQWUDU\ WR DNVKBHHOWWGRIWNLDKW DVV.
DWKOHWHYV 1 GR QRW UHJXOOLWYOS WBROPR UL GRH® 1RD
DWKOHWHYV LV 1 ZKLFK RQ WKHRBWKHY KDRK®S LV
7KH SURSRUWMRKORWBRBRZKR SOD\ GDLO\ LV 1 ZK
WKSIWRSRUWLRQ LV URXJKO\ WKH VDPH 1

7TDEOH VKRZV WKH DPRXQW RI WLPH VSEQ® @GROQ\LQJ Y|
DWK@KWHWKH WRWDO VDPSOH DWKOHWHY DFFRXQWHG
WKH\ SOD\ PRUH WKDQ RQH KRXU RI¥WROWWHM ZBDA 7KF
ZKR SOD\ OHVV WKDQ RQH KRXU RI VSRUW SHU GD\

7DEOH
7LPH VSHQW SOD\LQJ YLGHR JDPAWKDPR@GIV DWKOHWHY DQG C
Athlete Not an athlete
N %
DR QRW SOD\
30D\V RQ D PR( 17 7 8
30D\V RQ D ZHH 18
30D\V RQ D GDJ
Total 137 100 85 100

&RPSDULQJ WKH GDWD LW FDQ EH REXHHQ MK W IGIDWV BV K |
IRU DWKOHWWYX ODHWHYRWHIDUGLQJ WKH WLPH VSHQW RQ

Plays on a dally basis |
plays ona weekly basis _
plays on a monthly basis I

do ot play

video games non-athletes = video games athletes

JLIXUH
7LPH VSHQW SOD\LQJ YLG & DIWKHOHBHYWKOHWHY DQG
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SAODGCGCGLWMWRETED @DV FRQG XPWDHPE WHWIVD JZK WEKRDOVR VXSSHF
WKH DERYH UHVXOWY DFFRUGLQJ WR@KHFEKHWZAKHHH L\
DWKOHWHDWHKOGHWRQLQ WHUPV RI WLPH VSHQW SOD\L
S

$FFRUGLQMWDRVIMRAKHAXW DWHG LQ WKH ILUVW K\SRWKHVLV
LV LQYHUVHO\ SURSRUWLRQDO WR WKH IWPHVXHQF\ RI \
7KH DFTXLUHG UHVXOWYV ZHUH FRPSDUH®/HXYW.QJ WK
7KH REWDLQHG YDOXHV VKRZ WKDW2RKHUHL D¥ MHKFR BEXM/C
WKH\ DUH GLUHFWO\ SURSRUWLRQDO WRIHDFFIX\IRWKHU |
VSRUWY LQFUHDVHY RU GHFUHDVHB\ZRW K MGHRIUBIFXWY Q|
$WKW VDPH WLPH WKH YDOXH RI WKHSFRUUHDIBMWIKRQ FRH
LQGLFDWHYVY D QHJOLJLEOH UHODWLRQVKLS EHWZHHQ WK

%DVHG RQ WKH UHVXOWY REWDLQHG® FIOX GWKG KD WHK R |
K\SRWKHVLYVY LV WR EH UHMHFWHG

4.2 SportsHabits and Video Gamingin The Light of Personal
Background Variables

4.2.1 Gender Characteristicsof Time Spent Playing Active Sportsand
Playing Video Games

,Q WKLV VWXCGR| WKPHDP&HXQW E\ PHQ DQG ZRPHQ SOD\LQ
YLGHR JDPHV ZDV FRPSDUHG DV ZHOOXBM WIKR QA@LQOHQ V|
YLGHR JDPHV %DVHG RQ WKH UHVXOWW DN H RIQWKSR B WY
IRU DW OHDVW RQH KRXU D GD\ WKDOHW K HR | VARRHI) [D/Q \

KRXU D GD\ GRLQJ VSRUWYV DFWLYLWLHRH VSEHQW R Q7K
non VSRUWYVY VKRZV D VLIJQLILFDQW GLIIHWID@SIOHEDMWHG RC
WHVW W 8KH GDWD VXSSRUWYV WKH LGHD WKDW PHQ
WLPH GRLQJ VSRUWV WKDQ ZRPHQ 7KERREWRWLDHSS R H WX
WKH + D K\SRWKHVLV

7DEOH
+RZ PXFK WLPH GR \RX VSHQG GRLQJ VSRUWV" E\ JHQGH
Men Women

N % N %
DR QRW GRLQJ VS 31 13
/JHVV WKDQ KRX{ 51 33

KRXU SHU GD\ 71 89

ORUH WKDQ KRX 71
Total 224 100 261 100
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,Q WHUPV RI WLPH VSHQW XVLQJ YLGHRSFHFOIPWMIVR @D RALJ
ZRPHQ GR QRW SOD\ YLGHR JDPHVY DW KX®O FRPSDU
GR QRW SOD\ YLGHR JDPHV 2QO0O\ Rl ZRPHQ SOD\ PRULE

RI PHQ EHORQJ WR WKH VDPH FDWHJRU\RIFDEOH 5
SOD\LQJ YLGHR JDPHV WKHUH LV D VIQ® ZIRFBQWDGVIRHU
EDVHG RQ WKH U-KNDPGW/M VNV WWKH W SR $FFRUGLQJ W
ZRPM VSHQG VLJQLILFDQWO\ OHVV WLPH SXO®W QRIQYLGHR
WKH RWKHU KDQG VXSSRUWV WKH VWDWHPHQW FRQWDI

7DEOH

+RZ PXFK WLPH GR \RX VSHQG SODWQJ YLGHR JDPHV" E\ JH

Men

Women

%

%

DR QRW SOD\

31

158

/HVV WKDQ

KR X

35

KRXU SHU GD\

3

ORUH WKDQ

KR X

13

1

Total

224

100

261

100

([DPLQLQJ WKH GDWD IURP WK HVE&HUWI\HXOWL Y-H QG IDRIAWIHU
DWKOHWHY DUH DFPRUH RRORPHRWR DJH JURXSV $ VLJIQLIL
SURSRUWLRQ RI WKRVH \RXQDHUY WK®RXQS W DNHG SHDKIW L Q
UHJXODUO\ RU PRUH KRXUV D GD\ WEPQOQHWKRVH ROGH

7DEBEXOH
&KDUDFWHULVWLFV RI WKH WLPH VSHRMVARL YWHYBRWRWWER G G FoPR\Q
JURXSV

Under 15 years| Between 1520 Over 21 years of

of Age

Years

Age

N

%

N

%

N

%

DR QRW SOD\

13

17

/JHVV WKDQ K 3g

51

33

KRXU SHU GO 57

37

51

35

ORUH WKDQ
GD\

38

15

Total

154

100

185

100

146

100

7KH REWDLQHG UHVXOWV -ZBUI$1RKKH FMHBWZ LWKHDY R Q K H
ZKFK ) S VKRZ WKDW WKH DJH JURXS ROGHU W
VLIJQLILFDQWO\ OHVV WKDQ WKH \RXQJHHDRQ@V >\RXQJ
I SRYHU \HDUV ROG@ 7KHVH UHVXQWN BEDLWY WKBW
WK GHU DJH JURXS VSHQGY PRUH WLPH RQ DFWLYH VSH
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Between -
15-20 years

Under 21 -
years of age

Under 15 . """"""""" |

years of age

= do not play ® less than 1 hour per day
1 hour per day more than 1 hour per day
JLIXUH

6SRUWY KDELWYVY E\ DJH JURXS

5HIJDUGLQJ WKH IUHTXHQF\ RI WLPH VSHQWWAKHNK YLGH
\RXQJHVW DJH JURXS DSSHDUV WR EH WBH ROPHHY KR VSH
7TDEOH 7TKRVH \RXQJHU WKDQ VSHQG DQ DYHUDJH
YLGHR JDPHV WKRVH EHWZHHQ DQG SAOD\ KRXUYV
KRXUV D GD\ 7KH REWDLQHG UHVX2BAV$DRIH DMOHARNV XS S
) S EDVHG RQ WKH YDOXHV RIKZISLFBQVEKIH IRO
GHWHUPLQHG LQ HIQW RQVYWEHRLPHPHY >XQGHU \HD U\
15> \HDUV ROG@! >7KRVH RYHU @

7DEOH
+RZ PXFK WLPH GR \RXLGIFEREBVSOBP\LBIH JURXS

Under 15 years | Between 1520 Between 1520
of age years years
N % N % N %
DR QRW SOD\ 37 81 55
/HVV WKDQ KRXU SHU GD\
KRXU SHU GD 18 13 19 13
ORUH WKDQ KIRXU |SHE GD\17 9 3
Total 154 100 185 100 146 100

7KH REWDLQHG UHVXOWYVVWOSNHRRAQ W SRQWD RO HVMEKHQ
K\SRWKHVLVY DFFRUGLQJ WR ZKLFK LW LVUPRUIHRGRPPRQ
WR VSHQG WKHLU I[UHH WLPH ZLWK RQOLQH YLGHR JDPH
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4.2.2 Characteristics of Time Spent Playing Active Sportsand Playing
Video Gamesin Terms of Placeof Residence

TKHWXG\ HI[DPLQHG ZKHWKHU SDUWLFLSD@RVV SRYWJ LQ
DFWLYLWLHV PRUH RIWHQ 7KH DVVXPSRUWRRYQZ DAL HWK DRA
VSRUWYV LQ WKSHHREWHHYVL WMIRRWMHKHUH VSHQG PRVW RI WK
LQ VRPH NLQG RI VSRUWY DFWLYLW\ LSDQMWV PRQWLRH GO®
WKH FLW\ HIHUFLVH IRU DW OHDVW R®H KR PR DHGWK DQ
RQH KRXU $PRQJ WKH SHRSOH OLYLQJ LQ YLROWDJIHYV

DW OHDVW RQH KRXU D GD\ DQG BDWKHMHDEGR VR IRU
7KH GLIIHUHQFHYV ZHUH D OWR P/SABHE RWWEDGY HEG R IQH WWKAR \
JURXSV W S ODWLYHRIODAVOWKLQI LQ FLWLHV VSH
PRUH WLPH SOD\LQJ VSRUWYV WKDQ SHROHIPYWLRHE LQ
VWDWHPHQW FRQWDLQHG LQ WKH + F K\SRWKHVLV

7DEOH
+RZ PXFK WLPH GR \RX VSHR\GS®OPH ®J VSRUBNQFH

City Village
N % N %
DR QRW GR VSRUYV 38
/HVV WKDQ KRXU SH¥ GP\ 35
KRXU SHU GD\ 35
ORUH WKDQ KR X 15
Total 300 100 185 100

,Q WHUPV RI WLPH VSHQW SOD\LQJ YSIGGGHREDD/RHRQH RI1
KRXU D GD\ DQG SOD\ PRUH WKDQ RQH KRXQG SOD\
GR QRW SOD\ DW DOO Rl WKH SHEKRXHW OLEGD®J LQ
ZKLOH RI WKHP SOD\ PRUH WKDQ RQH KRXQG SOD\ O
GR QRW SOD\ YLGHR JDPHV DW DOHDUDIDERHWKH/RRMX(

REWDLQHG FLW\ GZHOOHUV VSHQG KRXUWRD GD\ SOC
YLOODJH UHVLGHQWY ZKR VSHQG KRXUWIWPHGD\ SOD\
UHV RO WYX-H W2/ W W S WKLV GLIIHUHQFH FD

VLIQLILFDQW 7KHVH UHVXOWY UHD®FR UG SQU W R IZ WIKRK
SHRSOH OLYLQJ LQ YLOODJHYVY VSHQG PRUH WLPH RQ FRF

7D EI@H
+RZ PXFK WLPH GR \RX VSHRIBVSOB\LSXIDFIHGRRUHVLGHQFH

Men Women
N % N %
DR QRW SOD\ 35
/HVV WKDQ KR XU 37
KRXU SHU GD\
ORUH WKDQ KR X 7
Total 300 100 185 100
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Conclusions

7KH IKUSRPAW KHVLVY VWDWHG WKDW WKH LQWHWRLW\ RI V!
WKH IUHTXHQF\ RI WLPH VSHQW RQ FRPPFRXUWWHW DWRIRWY 7|
EHWZHHQ WKH WRRHYMULVHEHOBYUHFW FRUUHODWLRQ LQV
WKH IUHTXHQF\ RI SOD\LQJ VSRUWYV TRHQHDRHWRRHGHF
VSHQW SOD\LQJ YLGHR JDPHVY 7KHUHIRUH WKH REWDI
VWDWHPHQW FRQWDLQHG LQ WKH + K\SRWKHVLV

%DVHGORQ YEBGKMWMIUJRXQG YDULDEOHYVY WKH VDPSOH ZDV
SDUWLFLSDQWY SUHIHU VSRUWY RU YLGHR JDPHV DV [UF

%DVHG RQ WKH UHVXOWYV RI WKH JH/@GEIQG WXUQHN W M
PRUH WLPH SOD\LQJ VSRUWYV WKDQ IZRIPW®& H2Z\KW B KV & P HXQW
LQFOXGHG LQ WKH + D K\SRWKHVLV $WSWEE VDPH V
VLIQLILGBDQYQWW®\LPH XVLQJ YLGHR JDPHV WKDQ PHQ ZKLF
Rl WKH K\SRWKHVLYV

7KH WHVWYV FDUULHG RXW EDVHG RQSDUNW JRIRWEWY BOER
K\SRWKHVLVY DFFRUGLQJ WR ZKLFK LW LVUPRMUIHRGRPPRQ
WR VSHQG WKHLU IUHH WLPH ZLWK RIQOD LR YSQGHRHWDWH
EXW DOVWRVGRSRUWY DFWLYLWLHYV WKDQ \RXQJ SHRSOH

$FFRUGLQJ WR WKH VWXG\ EDVHG RQ SDWEHVRY SHYE&GH
VLIQLILFDQWO\ PRUH WLPH SOD\LQJ VRRHWNUNVKBWQLSHR:
DOVR WKRVH OJLAKR 50Q \WHKIE HFERVWRRY PRUH

'XULQJ DOO WKUHH K\SRWKHVLV WRVAMNVLEOZDN WKKDHN If
RQ SHUVRQDO EDFNJURXQG YDULDEOHV GLMHUHQFHV
KDELWV DQG WLPH VSHQW SOD\LQJ YWGPR VBRRBW B@ W
YLGHR ,JDFPHHW QRW FRPH DW WKH H[SHQVH RI SOD\LQJ VS
JDPHV GR QRW SOD\ OHVV VSRUWV QIRELSWOHRILQ WHUP
UHVLGHQFH
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Theoretical and Practical Issues ot.earning
Support, in Teacher Training

Viktéria Kovecses * V L

$SIF]DL &VHU Hity,i@RVKIDGIQ SQLYHUVLW\
/LVIW )HAPHRF *\ U +XQJDU\ JRVL YLNWRULD#V]H KX

Abstract: Lifelong learning is a basic requirement all areas in our rapidly changing
world. One of thenmostimportant pillars of lifelong learnings the teaching of learning by
transferring basic knowledge of learning methodology, developing learning and thinking
skills, through “selfknowledge discoveries"that are associated with learning and by
developing selfegulated learning. In this procesan important role is played by those
methods, techniques and digital applicaticthat result in effective and successful learning
by adjusting to the learning style, habits and strategies of students.

Keywords: selfregulated learning learning methodologyonline applications effective
learning

1 The Role ofLearning Support in the Development
of Self-regulated L earning

“If there is a lack of interest, curiosity, activity joy in learning, if purposeful efforts
do not increase performance day by day, if the student does not feel that they are
taking over the world more and more this way, the school will become a compulsive
institution in which neither the student, nor the teacher can feel good.

(3pWHU 2URY]OiQ\

$FFRUGLQJ WR (QGUPQp SIMREH VW KBIV HIS XFROPBIORIQ L QW
SURFIHYRMOXGHVY QRW RQO\ WKH SURFHVV Rl WHDFKLQJ D¢
RI EXLOGLQJ DQG GHYHO-RSLIYD RW LFRRY (DLAVA- YPR W HYOD W L
UHJXODWLRQ ,Q WKLV SURFHVV QRW YR DF KK N LDFIMRLYY |
RI WKH FXUULFXOXP FXOWXUDO JRR GRW MKLRXIOHS/ VRD NWK 8
WHDFKHW V@G HDKWH EXW [DELR WMWK HWARW X I BIGRVHIVIW R Q R P |
FRIQLWLYHJINGDWLRQ -D@IGHANKHI XIOLDWLRFQHR U QL Q J

PRWLYDAVRZRIQWU DOO WHKKM WHDFHKQQILPDWHULDO LQ W
SURFHVV LV PHGLDWHG LQ D SHGDJRJIJHFP@@WNMEYWLILHC
WKH UHJXODULWILGWRRIDOAFRXOQMWQHQVXULQJ FRQWLQXR
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PRWLYDWLRQ ZLWK WKH DFWLYH BBUWK FLS/DHMIL RADL RIH V/ \
WHDFKHU WDNWX H R R SIRAVARXIGRUH RLIQWE K M LFEOCDVOY F K D U D F W
RI WKH VWXGHQWY WKHLU OHYHO RI GHSHORIS©@RBW W
WKH QDWXUH RI WKH FXUULFXOXP DQGWWHRMWLU RZQ P
$FFRUGLQJ WR (QAMH FQ® 5 VAU B EXRCIMDMIEROLIQJ ZKHQ D
SHUVRQ PRWLYDWHYV KLPVHOI DQG SOBQV OHDWQRVDR U H
DFWLYLWLHQWQWUEHEHBOSR Q¥ @OWKH GHYHORSPHQW RI W
RQO\ WKH FRQVFLRXV DQG GR UIHUHGIMWDRGP!IGGXE D YQRQ.
SURFHVV SOD\V D FHQWUDO UROH EXW IVOER WIKIP FAQHND F
RI WKH EDVLFV Rl OHDUQLQJ PHWKRGRORJ\

$00 WKHVH ZRXOG EH LQFUHDVLQJO\ QK HIPBKDWL VEXW X
LV SXW RQ WKHP LQ WKH SUDFWLFH RI HGXFDWLRQ WRG

8QIRUWXQDWHO\ WKH WKRSXEWNVRHEGUSIG /D SISQ @WVF k
H[SODLQV WKDW D VLJQLIX®DRUW X R DW HRO \WGKRH Q/RWK G [ W
OHDUQ DUH VWLOO YDOLG WRGD\ 7KBIQUVW\SUFD® LFK\D L
ERWK LQ OHDUQLQJ DQG LQ UHFDOO LLQWVWMIY®RHVI MK HV
GR QRW NQRZ WKH LPSRUWDQFH RI OHDUQUBJILWMFKQLT X
DQG WKH\ GR QRW HYHQ VHHN WR OHDUQUDLQ® DS 8D\ WK
WKHFM WKDW WKH\ GR QRW GLIIHUHQW LIDMUH BWWZ®HQ C
H[FHVVLYH H[WRQ W R MDGD B M\B MR G RRV KDHAY I D \BP IH@QH U Y D \
LV WKDW OHDUQLQJ KDELWV DQG PHWKRGV @GIRQQRW FKD
IDLOXUHV JUDGXDOO\ OHDG WR @& EH ODBBNWX HOHDR@QQ B Q
RI RXU SUHVHQW WLPH WR WKL W RPIS H\DRE @RENVRG\L K HVWADKOD V!
JHQHUDWLRQ DUH YHU\ GLIIHUHQW 'HVSISWRSWKH RQOL
OHDYLQJ KLJK VFKRROV XVH YDULRYSO IGADWWRQV RBISR!
PRGHVWO\ WR IDFLOLWDWH WKHLU RAM@HDUQLQJ DFFF

1.1 The Most Important Phases of BachingL earning

$FFRUGLQJ WRIWREHKHMOQPRVW LPSRUWDQW SKDVHV RI W
L Q F @eftidgHo know the individual learning methods of studeiidsussing and

developing together the correct individual learning methodsXSSRUWLQJ DQG
KHOSLQJ WKH FRQVFLRXVY UHWKLQNLQJ RIRUIQKALIKLGXDOO
LPSRUWKGIFBEOVR HPRQKRNU] &Y Nurpdse bMntroducing

various learning styles, techniques, strategies and wayshisit®© S WKH VWXGHQWYV |
WKH PRVW HIIHF WHn¥ufindgRtehbsyEhblogd Kdiditions of learning

LV RI JUHDW WRSERWRNY® B HPHQW MH SDHHDRDQQILHQAW SODF!
OHDUQLQJ WKH RSWLPDO RUGHU RI WKWKWRXQBEVWKR O
PRVW GLIILFXOWWKR WYXH RDFXBWILSOH VHQVRU\ FKDQQI
HJ UHDBSOQHVHQWIMMIOR@J WHOOLQJ GLVFXVVLQJ W
EUHDMOWHUQDWLRQ RI OHDUQLQJ DFWLYSWREOHRVKH 3EU
VROYLQJ RI WKLQJVY WR OHDUQ WKWMRXWVHWRKIDWL GF S MGKH
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OHDUQLQJ WKH DSSOLFDWLRQ RI-PKHHOMILOH HRIURPYUDD
WHOOLQJ VWKMDHYMHXQIFH H[SODQDW-LURHY RU G BDIZ\RHIG V
VXFFHVVIXOO\ FRPSOHWLQJ D[2?RUH GLIILFXOW OHDUQLC

$ SUHUHTXLVLWH RI HIIHFWLYH OHD HQRRVW. \H IWHKDML YD F
VXEMHHPMQGHQW OHDUQLQJ WHFK Q12T XHD FOKHA W D DF/NRRV ||
KDYH DQ LPSRUWDQW UROH LQ WHDFKLQJ WKDUQLQJ

GLIIHUHQWLD®/WES DQISGZWOONY DV ZHOO DV SURYLGLCG
RSSRUWXQLWLHYV DR VOKIHDW QALY N D L AR QUHOFAHRVUVERU) D W
LQGLYLGXDO FRUUMMRNDBG S URFMHGKEMNYH VXSSOHPHQ
FRPSHQVDWRU\ S SR FHEKNOWLO® DJH Rl GLILWDO FXOW
SURFHVVHV PXVW EH FRPSOHWHG ZGWKRDOWH D WO PQR | VGAL\X
DQG OHDUQUEPR \@NKHDWHDUH VHYHUDO JRRG SUDFWLFHV
GLIIHUHQW DSSGXFDWLRQ@Y HOQWKHU UHOEWMEBGWR DXJ
OHDUQLQJ RU LQ UHODWL[B-Q1] [@6R[29]9291 B FDWLRQ VSDFHYV

1.2 Learning Support in TeacherTraining

,Q FDVH RI VWXGHQWY HQWHULQJ IGIHKSHIUNHGW K B WD RWY W
WKHUH DUH PDQ\ UHVRXUFHV DQG KHRWOGYDGBDEHEH WR
IUDPHZRUNV DQG DSSOLFDWLRQV WKDW BPRRRIVH RQOI
UHVXOW LQ PRUH HIIHFWLYHQDRIG]KHIM RI\®XFHW DRIQ URW
FDPSDLJQV WU\ WR KHOS \RXQJ SHRSOH GXULQJ ZKLF
PHWKRGVRIQ 0B QURPWOHPY QLQJ LW ZRXOG EH LPSRUWDQV
SPHQXJLYHQ WKHLU OHDUQLQ-J WRXRMHW \DIG G O WPLHIMWVH J\L
YDULRXV FKDOOHQJHV ,Q WHDFKHUWRUWKELWRSZH S/M\QE
SURVSHFWLYH WHDFKHUV QHHG WR EHWEUBIHBSOIUMHGU WR V
HQWUXVWH® AW MUKHPDVHG RQ RXU H[SHUWHGPH WKLV
ZKLFK UHTXLUHV D KNIXRZG®HGBH MIVIVEAR OWDW L W& H

WHFKQLTXHYV, WE® W HWRREDNH WKHLU RZQ OHDUQLQJ DF

2 Research intoLearning in TeacherTraining

7KH SDSHU SUHVHQWY WKH LQLWLDK SKDN B UFIKDZ D ¥ WHR
PDS ZKHWKHU WKH SHG D JRUGRKO VVWXGG HSQMR UBDPW R IOIDE C
ZLWK OHDUQLQJ PHWKRGRORJ\ GXULQJ WKMIWJ VWXGLF
OHDUQLQJ DQG WHDFKLQJ DV IXWXUH WHIQWYXWWRM +RZ
OHDUQLQJ : KADHD PRIMXP'SWLRQV GR WK HL KIDSYHHU DIEGRKRV W K
WULHV WR R@WHY SUHOD\WBDRQ WR RQOLQH HGXFDWLRQ
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2.1 Analysis and Method

7KH GDWD FROOHFWLRQ E\ PHDQV RI TXHVWLRQQDLUH \
A WRWDO RYHDWKOYRH VWXGHQWY WHDFKHU RI VSHFLD
SURJUDP VWXGHQWY WHDFKHU WUDLQRBUD®WXG\
SHGDJRJ\ VMOQEHDRWY WKH RQOLQH TXHY¥WQREHQDLUH

GLYLGHG LQWRVRRUMUYDWWWYRXS RI TXHVWLRQV UHFRU
OHDUQLQJ WHDFKLQJ DQG NQRZOHGJHU BIVSHUQE @PH T X
ZLWK OHDUQLQWRPHWKREBRGRIVRXS Rl TXHVWLRQV LQYH
RQ HIIHFWLYH OHBD@L®WXHQDH\HWR BAIIHFWLYH OHDUQLQJ
PRWLYDWHVY WKHP WKH PRVW LQ OHIROM Q0 W WHZ\D M [DFOK\H
LV VHHQ WKH PRVWKLH QMKW JESRKBHR YV T XHSMFLRIQRVY FRQF
UHPDUNV DERXW WHDFKLQJ HIIHFWLYH PAPMWK®GY DQG
7KH ILQDO TXHVWLRQV RI WKH TXHVW LHREADLW IHR Q HLYQH D ¢
WKH SDQGHP - B UTHAXRVG L @ EHOORBY WKH GLIILFXOWLHYV

7KH SUHVHQW SDSHU KLJKOLJKWYV VREBLPUEDWRIBMKL)
HIKDXVWLYH

2.1 Hypotheses

Hypothesisl: 6WXGHQWYV R@UROOX®\J SWORIJUDPYV SDUWLFLSD\
HIWHQW LQ OHDUQLQJ PHWKRGRORJ\ FODVVH
VWXGLHV

Hypothesis2: 7KH XVH RI GLIIHUHQW GLILWDO®OG$R\HMAELOLWL
DV WKH NQRZOHGJH RI WKHLU UROH LQ OHEC
GHYHORSPHQW

Hypothesis3: 6 WXGHQWYVY FDQ YHU\ ZHOO GHOLQHDWH WKH
HITHFWLYHQHVYV ZLWK WKHLU ODLFDO SHGDJRJ

2.2 Results of theQuestionnaire Survey

‘LWK UHJDUG WR WKH TXHVWLRQV LI WBW\DKDIESWDW B @/IHH C
VXEMHFW GXULQJ WKHLU SULPDU\ DQG WMKBBGWY\ VFK
DQVZHUHG QR UHIHUULQJ WR SULPDU\ VFKRBO GLG
\HBHIHUULQJ WR VHFRQGDU\ VFKRRO BRQMQIIH VWXGF
PHWKRGRORJ\ LQ D VHSDUDWH VXEMHFW G LGLG QRW

VXFK D OHVVRQ $OWKRXJK LQ VHFRQGDU\ BWFKRRO WKH}
VXSSRUW LQ OHPUQEQHDYHEK WKIRUQXPEHQ RV VWLOO Y
RSLQLRQ PXFK PRUH HPDKBIGLW KNKRXDEHBH SW KDV D

UHGXFLQJ GURSRXW UDWHV VWUHQJWKH@LW IOHDUQLG
OHDUQLQJ VHKDBHEP MPGBOMABILRQ GHILQLQJ OHDUQLC
VXFFHVVIXOO\ QDYLJDWLQJ WKH SDWK WR UHDFK WKH J|
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'LWK UHJDUG W Rvite kbivrrtxetbwardsRhat first come to your mind
about learning. )LJXUH , PRVWO\ IRXQG SRVLWLYH DSSURDF

YJLIXUH
'RUG FORXERDERSWY WKDW FRPH WR WHCHUQH® S RRTGG G RN Y LROLDYVGL B DF

7KH PRVW IUHTXHQWO\ PHQWLRQHGWWUHUPVEDY NRORORZHGE
E\ SHUVHYHUDQFH WKHQ GLOLJHQFH DQG \GRIKHGXOLQJ
DFTXLVLWLRQ GHYHORSPHQW ZHUH KLJKIOLVKRQNG ORV\
ZHUH PHQWLRQHG KRZHYHU VRPH PRURQ®MIDWLYH RC
WLULQJ VAWUH WW IDXQ[LO H MDIOQARH PSISHHIDWLIHREA VY ZHUH DV VR
ZLWK SHUVRQDO TXDOLWLHV VXFK DV SDWRWQFWHW\ F
GLVFLSOLQH 7HUPV OLNH IXWXUH R DSFRIMOHUL WY FOXEG V
$PRQJ WKH DQVZHUV VHYHUDO FRQFHS®WYV ZE@GH UHOL
WHFKQLTXHV -WERKRDNLQRWHIXUHV FRIOBO DFRINEQ® L Q

UHYLVLQJ VZRWWLQJ ,W LV D YHU\ DRRVGL WKGHYWZ MUKHD
UHIOHFWHG LQ WKH UHVSRQVHV RI WKH WHDFKHU FDQGL

5HIJDUGLQJ WWhatTHoes Faming@ean to me?”YHU\ H[FLWLQJ DQVZH!I
ZHUH JLYHQ 7KH PDMRULW\ RI WKHP ZHUKM\UHIOIDGNHG V
SRVLWLYH LPSUHVVLRQV ZKLFK FDQ PHQ@LQRR&GVVIMD UW |
LOOXVWUDWLRQ KHUH DUH VRd®ahdibgouZiAddiedgeR WKLV TX
openness to the world, broadening our perspective in several areas”; “It means

spiritual fulfilment, a positive thing for me.”; “I like learning new things in a way

that | can recall them ker.”; “It means a kind of challenge that | want to fulfil.”.
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2l FRXUVH PRUH QHJDWLYH DSSURDFKadMingHddH DOVR IR X
always meant something mandatory that, as much as | can remember, | have never

enjoyed, or have never thought it would teach me good, pleasant, or overly useful

things”. 2XU LPSRUWDQW DLP FRXOG EH WRDRIGDWOX SISWKMVH |
SRVLWLYH OHDUQLQJ H[SHULHQFH

YJLIXUH
'RUG FORXG DERXW FRQFHSWV WKQW®E B/RIRHNWREDY KR PSH ODRARKO W V |

'LWK UHJDUG W Rvite éivnrtetbwardsRhat first come to your mind
about teaching. )LJXUH VLPLODU FRQFHSWV ZHUH PHQWLR
OHDUQLQJ

7KH PRVW IUHTXHQWO\ PHQWLRQHG H[SUHGYHRQV DERX
WUDQ@KIHHVHFRQG PRVW IUHTXHQWO\ PHQWLRHQHG WHUP .
FRQFHSWV RI SURIHVVLRQ NQRZOHGINLWWHVCEBRYQNLELC
FKDOOHQJHFPQW HRRHK®BBHANWUH IROORZHG E\ WKH FRQFFH
SOD\V\IXOQHVY ZLVGRP GLIILFXOW\ H[SIHQLMW®RHVYHUVE
DQG XSEULQJLQJ 7KH RWKHU WHUPV PHQWGRQHG ZHU
PHWKRGY DV ZHOO DV WR DVVHVVPHQW PHWKRGV DQG |

'LWK UHJDUG W RWNeKi$it ThAtHh®IW lyduQearn effectively?” W K H
GLITHUHQW OHDUQLQJ VW\OHV RI WIXHWMRW X GUHHONDW HHSU W R
GLITHUHQW OHBU®RQHRFNMQOWHWLOHQFHD 6HHHYD OP XO/VLF W
PHWKRGYVY DQG WHEFE GIUMHHM PEPWBNLOG UHYLVLQJ H[SODC
GUDIWLQJ ILIXUHV KEHKGLPKWWQRRQEBGRORU
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,Q WKH UHVHDUFK , DOVR VRXJKW IQU \DWDXI®QINW WKL &
DERXW HIIHFWLYH PHWKRGV ZLWK WKHLW)XWLFDO St
H[SHULHQFH

YJLIXUH
:KDW DUH WKH PRVW HIIHFWLYH W H IRK IHJ $ HPUHIVIQREGIVVIRDNDHUIG R Q \F

JLIXUHOOXVWUDWHY WKH VWXGHQWVY DQVZHUV LQ JUR
HQGHGIVWLRQ ZHUH FDWHJRUL]JHG ZLWK WKRX®DUJHVW
Z R UlNteractive, group tasks as you can effectively gain experience from others.”

7KH QH[W ODUJH JURXS RI DQVZHUV RBVXYHODIWHP® WR G
ERDUGY 7KH WKLUG ODUJH JURXS FRRORMBRWWBHGHRGI DQV
ILJXUHV YLVXDO HOHPHQWYV ZHUH KLJK@QMKHWWHG $QRV
KLIKOLJKWHG L QWD bifFSEDplL 3"\ BEBAWEBEBP@HDUQLQJ 7KH Q
ODUJH JURXS FRQVLVWHG RI OHFW-XHOW FHUWHHGE @ IDWWD VDIOR
WKH XVH RI SLFWXUHVY DQG YLGHRYV

6RPH FRPELQHG GLIITHUHQW PHWKRGRORJLFDO HOHPHQV

“The exact draft dictation of the teacher, and then the gathgyiof the
students into small groups where they discuss the alreadyatfict draft
together.”

“Playful, experiencebased curriculum elaboration. Practice by repeated
revising. Joint elaboration of a given problem with the peers. Practical
tasks related to everyday life.”
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“Using electronic boards, making presentations, the play@&lhboration of
the curriculum, teamwork.”

“The teacher should not only give the curriculum orally to the students,
but also should project the outline of the issues on the board and should
help students learn by illustrating pictures. It is easier to learn the
curriculum if we use more senses dag learning.”

“This includes the countless options provided by the Internetluding
videosharing interfaces and sites.”

“For me, experiential learning or having as many examples as possible to
explain the given topic, and a visual or musical approach helped me learn
faster.”

“Combining subjects and study them as a whole is also an excellent
method.”

7KHUH ZDV D UHNBRBRGWHEWGCGZLZRERRUWDQFH RI WKH WHDFK
H[SHULHQFH RZQ H[DPSOHV DQG ZD\ RI VHHLQJ WKLQJV

W FDQ EH VHHQ IURP WKH UHVSRQWHKM\RIDW KHDGQH HW DI®
JURXS ZRUN SURMHFWYV -EQWH®DOGWDRYR L QH[SW K DMWQ A/E
FROODERUDWLRQ EHWZHHQ VWXGHQWY DQG WHDFKHUV

,Q WKLV FRQWH[W WKHLU H[SHULHQ¥H ZLMKWER B ®S/HIGD W

How often did you do group work during your high school years?

9.4% ‘
50.0%

YJLIXUH
JUHTXHQF\ Rl JURXS ZRUN GXULQJ KLJK VFKRRO \HDUV

m A few times a month

At least once a week

m At least once a day

m Other

$QVZHUV JLYHQ WHRw\WierHdid yotd do\yrouR @orkuduring your high

schoolyears?()LIXUNKRZ WKDW RI WKH VWXGHQWY GLG VR
RI WKHP GLG VR DW OHDVW RQFH 6 YRHNIHZKWWLRHYV

D PRQWK 1RERG\ PDUNHG WKH7 BIQWHE HAD Wih Q/ KIRF KZ KODHW \

SHUFHLYH DW WKH EHJLQQLQJ RI WKHLUVMMXBEHQWAMNG XFD

KDYH YHU\ OLWWOH H[SHULHQFH LRQIWKXSIDRXS DVKHHG
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DV LQGLYLGXDO UHVSRQVLELOLWLHWEK® PV KH LW RBXH IR L
QHHGV WR EH GHYHORSHG LQ KLJKHUDRGXEBMWLRD UWLQ I

NH\ FRPSHW HODORPRDWN MW H

,Q WKH UHVW RI WKH TXHVWLRQQDLUHQTXHYM/LRQV L
IRUPXODWHG :LWK U HWBDdlvaswhk hatiédt thing fonydulirRi@

time of online educatior ORW RI VWXGHQWV PHQWLRQHG WKH ODF
WKH WHDFKHU LQ FRQQHFWLRQ ZLWBQW K\ DBk NUR/I \OHHQ/W
WDVNV PDWHULDOV WR EH SURNHYE HIG AW YIIGRKDROWDW 1
WKH UHVSRQGHQWY UHSRUWHG WKH GDHMNFXOMFRI WLP
WROFH LQWHUDFWLRQVY 7KH ODFN RI \DWWH QOMICRIOV B RG |
WLPH VSHQW LQ IURQW RI WKH PRQIWRU HANMBRQ@QEHVRVY
DOVR ODFNHG pWDQ QLEC@H)H SUDBW RBMNMIXMNAMHQLF X O W\
GHULYLQJLIQWRIJWRMWLRQ RI SULYDWH DQG SURIHVVLRQD(

Being at home itself means that online education has ruined the concept 6f home

'LWK UHJDUG W Rowwotld ouH&seyiheR/Qur own online learning in

three words?” , WURUWID @R FRQFHSWYV LQWR FDWHJRULHV
VXFFHHG LQ GRLQJ VR EHFDXVH LW ZHDNRUPBR\WBO\EWDE W
RQ WKH DQVZHYWUWKHQHVY LW LV LQIRUPDWLYH WKDW
DQG RQO\ DUH SRV LPAHQWM LG N & XROIWMWFKRECQRWWX ML H
PRQRWRQH WLULQJ LPSHUVRQDO ZHUH ®WVYRVRHQWLR
DQ[LHW\ ORQHURWHWDW XR)EG HQ G ON MIMRARKHY B HDOO5V RUR PV
DPRQJ WKH BRVEWQRYHWVRQFHSWY PHQWLRQHG ZHUH DV
D VHQVH RI IUHHGRP SXUSRVHIX0O SRKHDSIOMHII L@ U O HIHDK
VXFFHVVIX\ODY WP H D RAXIWDIM. HH G FRQVFLHQWLRXYV 2Q
KLJKOLJKWisl &peréshBlivéddeaven for peoplevho prefer hiding :H

KDYH YHU\ PLI[HG H[SHULHQFH ZLWK RQOLQHWERXODWLR(
EH VDLG WKDW WKHUH LV IOHBGHRWRRSURYHPHQW LQ W

YJLIXUH
JRUPV RI FRPPXGIHELWIR® WRXFK ZLWK WHDFKHUV

AR13A



V. KovecseS VL Theoretical afdacticalssues dfearningupportin Teachefraining

JLIXUMOXVWUDWHY WKH D Q VW&lrhtbppdruitieQuéteRssdKH TXHV W
to communicate/keep in touch with your teachers in the spring semgsté&cH PRV W
SRSXODU IRUPV RI FRPPXQLFDWLRQ ZHUH *RRJOH &ODYV

HPDLO =RRP .UpWD ONM\GHRRIJGHLVYHFRWG ZHUH PHQWLRC
RWKHUV

YJLIXUH
$SSOLFDWLRQV LQ RQOLQH HGXFDWLRQ

7KH PRVW FRPPRQO\ XVHG DSSOLFDWLRQV DPIGIXUH LQ
AXL]OHWW VRPH VWXGHQWY KDYH DOMRRHUGRMXQWHUHG
DSSOLFDWWRQGWQWY GLG QRW XVH DQ\ DSSOLFDWLRQ VX
RQOLQH OHDUQLQJ SHULRG 7KLV LYGIGLWMOVWRROV K HR

\RXQJ SHRISDUWYVQJ DFWLYLWLHY HQDEOLQJ WKHP WR KI
DQG SUDFWLFH

,Q DQVZHULQJ W RWhitKdd youx tHinkWateRtlie benefits of online

education?] VWXGHQWY PRVW IUHTXHQWO\ KLJKOLJKWHG
PDQDJHPHQW DQG FRPIRUWDEOH HQYLURKDPHQWRDQG W
WUD¥KHD VDZ WHKWHIPH PO DIHFPHQWDWHU IUHHGRP WKH
HYHWWKY DYDLODEOH RQ W&KHY HIMDG B & W VD VWDH.KEQ\W KLDAW
D JRRG RSWLRQ QRW FMDRVEHRIOBOQVLEPBROHY® LRQG WKDW
VROXWLRQ LQW WHK BWWRHRRILH B H®R S\CWDRQIOW ZFORG IRU

EHLQJ D WHPSRUDU\ VROXWLRQ ©6HY HUDROWUWN IS RMQKGH Q W
EHQHILW

,Q DQVZHULQJ W WhaY #oH/ol Xidkv/are ltHe Qisagivantages of online
education? VWXGHQWY PHQWLRQHG VHYHUDO IDFWRUYV

7KH ELJIJHVW GLVDGYDQWDJH PHQWLRQHG EOWKH UHVS
FROQWDFWY LOQWHUDFWLRQV DQG GLQMAWUKIIE®S WUHFRGP VWKK
ODFN RI H[HUFLVH KHDOWK KD]DUGNRQYSLWBPRKQGLNRU G
SUREOHPVY WKH ORVV RI PRWLYDW L RGH DE) GV WX\E H Q M\WYW
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“Live human relationships are no substitute for online contact. Thus, the
motivating effect of the community ceases. Less stimuli. There is no dagn
between ‘school’ and free/home time. It is unhealthy to spend so much time i
front of a screen.

“Not everyone has enough independence, not everyone has the infrastructure, a
supportive environment.

5HVSRQVHV LQFOXGHG ODFN RI PRWLYDRALRUDFLQD W@ H
IDWLJIXH

3 SomeApplications Supporting Learning

3.1 Systematization, PocessPlanning with Sutori

YLIXUH
3URFHVVLQJ WKH WRSLF Rl XWRSH UDWRUYID O HOARD EQ P ZILAVKWA R Q
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, WU\ WR LQFRUSRUDWH WKH SRVVLEL@RWNH % XSAWARIL G H (
JLIXUH LV D PRUH DQG PRUH SRSXODUVSURUUDP DPI
HIIHFWLYH DV ZH FDQ SODQ WKH OHVVHRQUKRPRFHVV L
DWWXQHPHQW DQG PRWLYDWLRQ WKURXJMWERQUNLRXOXP
UHIOHFWLRQ DQG HYDOXDWLRQ 6HYHUDO W\SHV RI ¢
DSSOLFDWLRQV FDQ EH EXLOW LQWR WRBWIRRRHVV Z
7KH WDVNV SODFHG LQ WKH ZLQGRZV FDQFBE& BBVLO\ GF
EXLOW RQ D BREBG ORIREDMLR XV FNODERD@BGPLRQVW

EXW QRW OHDVW LW UHVSRQGV WRWLKRH YEMXBO XQWH G
VWXGHQWYV KLJKOLJKW H GWRKID®/L Y. WD IQ\G VKRG DEW B 01T
VWXGHQWV UHSRUWHG WKDW LW ZDV JRR® WR BH DEO
SURFHVV' DQG WKDW 3WKH VXUIDFH Z®NFMDM UN\R KKHPQ G (
ZDV WKDQFO®XWHG D ZLGH YDULHW\ HRY DQIGNV-WHKRXDRW R
SURYRNLQIWDVNV ~

JLIXUH
,O00XVWUDW LR\ W B BDWREADMIM@D LQIRJUDSKLFY RZQ FRPSLODWLF

JURP WKH YLHZSRLQW RI OHDUQLQJ RBWHKHRIEFRMRHU VLWKI
LOOXVWUDWHY WKH HVVHQFH Rl ZKDWKAH K® YOHG & RWLRQ
WR HITHFWMD'MLQRWHFKQLT-RIBDW BQYAG MHFARU ®OVR EH X\
HODHRQ@B X F X WUEXWOX®V R HM RL V WXV KR HWY X RIKIPV HO O\
SURJUWOPWS HOWVHBQKDMWSY DSS JHQUD/ODOVURBRGEKERDL
RSSRUWXQLW\ IRU VWXGHQWY WR OHDUQHYWKXDOBURSRU
LQIRUPDWLRQ DQG WKH BPGI@VWEHRU GRUINNDNHDEFREKVFD
FDQ FKRRVH [IJIRPKSRKRVWHYGWNVKWPAHVVIRU WKH VXEMHFW
DFFRUGLQVKWRHMKH LODUGHYRDWRIBR QJ FHWDMDIADLSVY LV '
(2zZzZ GHVLJQFDS FRP
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3.2 Creating a Word Cloud with Wordart P rogram

YLIXUH
'"RUG FORKEWRIP IWKIH WORSLF Rl FRRBHQDAVRIPYSH @MW URQ Q J

7KHUH DUH VHYHUDO GArZIZRBGDDMDERDEI®D FRP

ZZZ WDIJPZGRZRUG QHWIHWKH KHOS RI ZKLFK ZH FDQ FUHDYV
JLIXUHW LV DOVR DQ DSSOLFDWLRQ WKDW \FRQ EH LQWF
WKH WHDHOWILQIT ISHRIFHBVWRIUDPYV SURYLGH D YHU\ JRF
WRXPPDDR]® KLIKOLJKW WKH NH\ZRUGV RI D WRSLF :H F
LQWR YDULRXV VKDBRIOCREKMH WRKOWHQWKHOO LQFUHDVH W
RI OHDUQLQJ

3.3 Learning Definitions Playfully with Quizlet Program

,Q UHFHQW \HDUV DV D XQLYHUVLW\HOMFMKXWYHW L R & ORvIH
EDVLF GHILQLWLRQV RI GLGDFWLFV Z®DBK XIDJ W KL EDV
EHFRPLQJ LQFUHDVLQJO\ GLIILFXOW IRULWKDWKRQ FDQ
IRXQG4MKBHWXUKHZZZ TXL]OHWS FBPRLWIKRDKLFK ZH FDQ

SURYLGH OHDUQLQJ PHWKRGRORJLFDO VX®IRUW WR RX
IUHH ZHE DQG PRELOH DSSOLFDWGRJIL WIDFWRZR RXW RI
VLGHG OHDU®L@J7RBUGD Q GHIL DW WH IR QWRIBOONGY HUD O

HYHQ/W WKHLU NQRZOHGJH DW WKH HQG RI WKHLU OHDL

R17A
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YLIXUH
OHPRULGHILQLWLRQV ZLWK 4XL]OHW JDPH RZQ FRPSLODWL

3.4 Playful Learning with Quizzeshttps://quizizz.com,
https://kahoot.com/schoolsd/

7KH TXRDNLQJ SURJUDPV DOVR VXSSRUW SOD\IXO OHDU
JLIXUH WBUHXBERSXODU DPRQJ WHDFKHU FDQGLGDW
SOD\IXO DSSHDUDQFH DQG VWUXFWXUIRDENDH MK HRE) H[FL
SRSXODU > @

YLIXUH
Quizziz RZQ FRPSLODWLRQ

A18A



ActaPolytechniddungarica Vol.21, No3, 24

3.5 Joint Project work on Padlet|nterface (www.padlet.com
and Application of M essageBoards (http://linoit.com)

7KH GLJLWDO IRUP Rl FRUNERDUGV R O\CKBR B@DWHHVW Z
A QXPEHU RI JRDOV FDQ EH DFKLHYHG EKHW® MAKFD XN H R
ZDOOYGLZIYWK VH EDFNJURXQG DQG D ZLGH UDQJH RI OD\F
IRU FRPPXQLFDWLRQ SURMHFW ZRUN DQG G R\RRS MKBIW L Y
LQWHUIDFH FDQ ZULWH FRPPHQWYV WROR W®R SILFI HUH B WH(
WDVN VROXWHFSMWLHDPH WHDFKHU FDQGLGDWHVY DUH

appOLFDWLRQ

yLJI K@
7KH 3DGOHW LQWHUIDFH RI +XQJDULDIOWERPLQJ 3URMHFW :HHN

2Q WKLV LQWHUIDFH ZH FDQ SODFHNVWHK H RVAW XLAPVB R LIRW IRC
SLHFHV RI LQIRUPDWLRQ SODQV ¥WKH DIEF DNDVDIWVH BQ @ K
LQWHUIDFH LV WKDW LW LV HDV\ W\B KXY H DR ZLHG & OYDOFUHLGH
LW DQG LW LV HDV\ WR UHYLHZ

3.5 Offline Project with Online Support with MaxWhere 3D
VR Background

$W 6]pFKHQ\L ,VW Vi)Y FXDYOHEXIOW\ KDY H WHRFSHBNIOQ EHHQ
OD[:KHUH ' 95 [2gD/AKHV VSDFHV DUH SHUIHFWO\ DGDSWH(¢
FKDUDEMMHBLWYXH GLJLWID G IJHBHUDAN ULREWR UV KLIKOLJIK
\HDU VW)XOGMEWNYO VW URPX®HDWRIDRIHG AXQUG LYFAXUONKPD O

HGXFDWLRQDO VSDFHV WKDW PHHW WKHNKN20YDQVSDUHQF
7KH HIITHFWLYHQHVV Rl OD[:KHUH ' YLUWXDYHWBOFHV K
VWXGLHV LQ R4RAQWUWQPHNY SHGDJRIJLFDO SUDFWLFH

SURMHFW UHODWHG WR HQYLURQPHQWDROVMG SBDWLRIQ D
ZKLFK ZH GHDOW ZLWK WKH W RSILED IO WIDK MDRRWAL VWV F
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ZRUNHG ZLWK DQ RQOLQH LQWHUIDFH KH WMWNGHDPDNYSD |
UHFHLYHG WKH EDVLF GRFEXPHQWYV |PCPWHPHGWDW LRHY
Rl WKH SURMHFW LQ D VSDFH FRPSLOMIGR B\ lPIGDW B VINWU
ZKLFK SXUSRVHIXOO\ KHOSHG WKH HODERUDRWLRQ RI WK
IXUWKHU UHVHDUFK |, FKRYDFW KR U THOLR/ FSEKRIESHRW/H

'LITHUHQW VSDFHV KDYH GLIITHUHQW OD\RYDMMHBQG WK
'"HSHQGLQJ RQ ZKHWKHU \RX ZDQW WR BRHFW HRWXUH L
RU FRRSHUDWLYH JURXS ZRUN RU MXVWIDR¥FKMHMSOHU SUL
VSDFHV ‘H FDQ LQVHUW 3GI GRFXPHQMWMWM GAK WK DBW RFDUD
EHXVHG HIIHFWLYHO\ LQ HGXFDWLRQ .DKRRW 4XL]O
LHDU@IDSSY 6XWRUL LRWR WKH VPDUWERDUGYV

7KH W HOAQCHUH QWD U MRIAD@JILQ D VSDFHDQRQ ZKLFK
SODFH LPSRUWDQW EDFNJURXQG LQIRUP DWKHRW RBSQGE WD
DFFRUGLQJ WR D JLYHQ ORZDV XKD RQDWEHMHUWERQYE HAR K
VXSSRUW WKH FRPSOHWLRQ RI SURNMHFHG VO/HLDQBHQ W W
VWXGHQB®YHDWR FUHDWH VS DFHD UIRARRIUGR DO W R/ X\BKSHOLH.F
ZLWK DSSOLFDWLRQ\DMDKDQW QWX BERIWWL & KHHRRUGDQFH Z
OHDUQLQJKDWLOWY DQG

yLJ K3
H7HDP PHPEMKKUH ' 95 VSDFH RZQ FRPSLODWLRQ

%\HODERDQ®IGQNVNSOD\LQJ SHGDJRIE ALE® BW RMEHFOLHYE W
ZH FDQ VRBORRYO\ LQGLYLGXDO OHDUQRRIIKDWKYV EXW
PDNHV WKH DUUDQJHPHQW D Q GWIHEHRRHH DVILQHRI VW RSREBP L
PRUH HIILFLHQW DQG WUDQVSDUH@W WXGIGWRISH FP [ Q & Dt
H[SDQVLRQ MRS SRLIW B DWQHHMD E IR B D W KRIQ FDRMEIHF D
PRWLYDWLRQ IRU WKH VWXGHQWY DV ZHOO > @
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Conclusions

,Q WKH FRXUVH RI P\ UHVHDUFK P\ \DWPD DWW B HWVXK\RY Z
VWDUWYLBDFKMU , KEXYFDWER®W OHDUQLQJ DQG WHDFKLC
FRQVHGHIFWLYHOWMBDPKRIIPHWKRGY BOWKRRGK WKHUF
DSSOLFDWLRQVS URW RWKEMR ORKWWXGHQWY KLIJKOLJKW!I
EHQHILWV Rl RQOLQH H GIXFDOLFRRYY FRER B WFHBRAMRIYUHD P V

OHDUQRFRODNVYURRP HGXFDWLRQ , EHOLHYHWRRON LW L\
DQG WR PDNH VWXGH QY GD DOJFW K R PKKHHIL H GHRFDHV L R Q

'XULQJ P\ UHVHDUFK P\ ILUVW K\SRWKHVIAKBURYHG W
HQUROOHG LQ RXGLGNX@GEDIMHERSDDRVWR D VPDOOHU H[WF
PHWKRGRORJ\ FODVVHV GXULQJ WKHLU RUM¥YQRWHYW X G
QRPSKDWIQREBIK LQ HGXFDWLRQ 0\ VHFRQG K\SRWKHVL\
WKH XVH Rl GLIIHUHQW GLJLWDO RSSRUWXQUMHIHY DQG
UROH LQ VXSSRUWLQJ OHDUQLQJ UHTXHHRASK®NYMORSPH
RQ WKLV GXULQJ WKH WUDLQLQJ LQ DGGLWOQRQ WR W|
PHWKRGV

7KH H[DPLQDWLRQ RI P\ WKLUG K\SRWKHFNHWBB2HG WK
SRVLWLYH DWWLWXGH WRZDUGY OHDUGL@QRW @& WHMHMIDG KL
DERXW RQOLQH HGXFDWLRQ W FRXOG EWROVIRHVHHQ
TXHVWWKQW WKH\ FRXOG YHU\ ZHOO GHOLQHDWH WK
HITHFWLZIHQK WKHLU ODLFDO SHGDJRJLFDO H[SHULHQFH

References

[1] 2URV]OiQ\ GHWHKRGYV RI| COH\DWERI PeHWpWL 7iUVDVild
%XGDSHVW

2] 5pWEKAGUEQKFDWLRQMO SURBFHWYG XV HE&iQ S
220241

> @(IITHFVRUYIBD QLVDWLRQHDIUWQH QB KEQ BPWK Y HQHEGILHQR U
(GXFDWLR 9%XG D SHVW

> @/DSSLQWVHIUBQGQJ S&RMHI@UXYV %W 3pFV

> @* JK ( 5DFVNR 5 . HRBULHQFHIRIFBROIVHDUQLQJ
DPRQJ 9RFDWLRQDO 6HFRQGBBEWD6FXKRRW HEW R GHI
+XQJDULFD S®1-119

[6) .RYDUL3RWVLELOLWLHV RI DSSO\LQJ SURMHFW HGXF|
9, ,QWHUQDWLRQR®RRFRQVHWHEFAHBPH DQG (GXFDW
S 247251

> @3HWIERUSHLGHU ~P)VHWR LPSURYH WKH WHDFKLQJ RI
LQ WHDFKHU HGXFDWLRQ LQ WKH FRQWW[W RI FXUL
(GXFDWRU UHHY SRIQMHMEURWSHQGUHD  6]pFKHQ\L ,VW
(J\HWHPFFB®ELE &VHUH -iQRV .DI553 U

A221A



V. KovecseS VL Theoretical afdacticalssues dfearningupportin Teachefraining

\%

\%

@* %XMGRVy ( -iV] =0 &ViV]iuU $ )DUVDQJ - .DS»

THSHWLRHWXDO 5HDOLWN LQ WHDFKLQJ JHRJUDSK\ 3U
&RQIHUHQFWK WKY H P Eid. 859665

@7 3ULHYDUDEHQKMMK U\ WHDFKHU" %XGDSHVW 1HWHG:

@ 3RORQ\L . $EDUL 3 Q&REPWIBY LQ (GXFDWLRQ
2ULROG pV 7iUVD

@ .[YHFVHVQp * VL 36XSSRUWLQJ WKH OHDUQLQJ R
GLJLWDO WRROV' -RXUQDO RI $SSOLMG 7HFKQLFDO
SS - KWWSV GRL RUJ MDWHV Y L

@uU OROQIU *\|UJ\ &RQWULEXWLQJ WR WKH SUHVH
SHGDJRJ\ UHVXOWYV DQG %92¥8IQF V&XYHM F X 0 KPP
'"HYHORSPHQW 5HVHDUFK *URXS 3XEOLFDWLRQV

@ .|YHFVMM KH SHGDJRJLFDO 3URMHFW RI (GXFDWLI

'HYHORSPHQW LQ ' ¥LUWXQ®HUSDIFMLRQQO &RQIHUF
&RJIQLWLYH ,QIRFRP PK.GIBEBWLRQV

@IQWKD3IRGR®\L 'TJQ@&HO QDWLYEW DIQVD OFERROQL QJ
DQG WHBBKIRARQ\L 7°QGH pV $EDUL .iOPiQ 'HEUHFH

@DQFV *{ERUWKH RQOLQHWBXFPOWRILRQ %XGDSHVW
@HI\WWHUQHNE7MURRONLW 9% XGHSIHAD W L R

@LIPHVIWRYV]NDRGQRODW\|RYIFV &DOWRLD /HQNH
. XOFViU 6DURDWHQGY RSSRUWXQLWLHYV DQG FRQV
HGXFDWLRQ LQ WKH LQIRUPDWLROQO\SBFEHW\ &,9,/ 6=

@ROQiU *\|UJ\ 6LN 'DYLG 6PDUW GHYLWHV VPDU\
VWXGHQWHWY LHZ RQ HGXFDWLRQDO RSSRUWXQLWLHYV
UHDOLW)\ OHDUQLQJ HQYLURQPHQWY R®LFYVWLWXW
(QILQHHUV " HG( ,QWHUQDWLRQDO &RQIHUHQFH R
,QIRFRPPXQLFDWLRQV &I RFRP

@ROQiIU *§ROODERUDWLYH WHFKQRORJLFDO DSSOLFI
RQ ,&7 EDVHG QHWZRUNHG DQG PRELOH VROXWLRQ\
21 ,1)250%$7,21 6&,(1&( $1' $33/,&$7,21SS -

281

@ROQIYUJ\&KDOOHQJHY DQG 2SSRUWXQLWLHV LQ 9L
/JHDUQLQJ (QYLURQPHQWY ,Q 6]DNiO BQGNYy HG
,QIRUPDWLFV 6,6<"™ QWHU{QDWLRQDO 6\PSRVLXP RQ
,QWHUQDWLRQDO 6\PSRVLXP RQ ,QWHOOLJHQW 6
SURFHHGLQJV ,((( +XQJDU\-804FWLRQ SSs

@HiIWD 2URV] &LQWLD .RYiFWUJILRODQIDHQM®HYXRYLF
ODMRULRY 9DBEWVQ=FRRWW 1iPHUJWNRDPOINGXFDWLRQ

A22 A



ActaPolytechniddungarica Vol.21, No3, 24

LQ GLJLWDO FRRSHUDWLYH HQYLURQPHI@TWY -RXUQ
(GXFDWLRQDO 6FLERFAV

> @RUYiIWNKy WIEKDYLRUV RI 6WXBHQ@W W IWMHUQDWLRQDO
&RQIHUHQFH RQ &RJQLWLYH&RU,RFARBRROLFDWLRQV
2FWREHU  SS -498

23] +RUYiWK ,0GLNy $Q $QDO\VLV RI 3HUVRQDOL]HG /HI
95 JURQWLHUV LQ &RPSXWHU B6FLHQFH '2, IF
(,' -V - 2021

> @&VDSy EGiP $5VDIWVOD OHGLXP Rl &RPPXQLFDWLRQ )U
3DODFHV WR &RPSUHKHQVLYH ,qHPRUWHDQDWHRBQ W
&RQIHUHQFH RQ &RJQLWLYH ,QIRFRPPXQLFDWLRQ\
3URFHHGLQJV -394 SS

> @DPSHUW HAWiOLQWKHWHOHKDBPUQLQJ LPSURYHV HIIHFWLY |
FODVLFFDOOWRBOQNQRI BHFWD 3RO\WHIBKIRBFD +XQJDUL
2018 S 925147

[26@ &KPLHOHZVND .DWDU]\Q{V HW VDIDG SRWEXWWUQJ OHW
(GXFDWLRQQ " ,((( ,QWHUQDWLRQDO &RQIHUHQFH ¥
,QIRFRPPXQ LSAFIWQ FRE\R P 248 S

[27] 6KLOSL <DGDY HW DO $Q (PSLULFDO 6WXG\ RQ $G
BWXGHQWYV LQ +LJKHU (GXFDWIQRQDO ,(@VWLWXWL]I
,QWHUQDWLRQDO &RQIHUHQFH RQ ,QQRYDWLYH 3L
ODQDJHPHQW ,&,370 S |

[28] &LQWKLD 9LY3IM@MMFERMDW DO 7HDFKLQJ &RQWURO 7K
RI OHWKRGRORJ\ %DVHG RQ /HDUQ2ZRQRDBW\OHV
0012 -17

29 1DVFLYHUD 1LFROH HW DO 9LUWXDMOPSBIMXLWKH D
LQ 3V\FKRWKHWS((( ,QWHUQDWLRQDO &RQIHUHQFH
,QIRFRPPXQLFDWLRQV &R5,QIR&RP SS

[30] +DUXND ODQDEH HW DO 'HVLJQLQJ D QHZ RQOLQH F
Q12" ((( ,QWHUQDWLRQDO &RQIHUHQFH R
,QIRFRPPXQLFDWLRQV &RJ3R&RP Ss

A223A



Acta Polytechnidangarica Vol.21 No3, 24

Estimating Battery Life in TDMA Mesh -based
Wireless Sensor Networksfor Merged Data
Collection Method

Gergely Sebestyérmand J6zsef Kopjak

Kandé Kalman Faculty of Electrical Engineering, @awniversity,
Bécsiut 96/b, 1034 Budapest, Hungary
sebestyen.gergely@kvk.uabuda.hyukopjak.jozsef@kvk.unobuda.hu

Abstract: This paper provides a comprehensive description of battery life estimation and
energy consumption in TDMA wireless mesh sensor networks. Specifically, werfabas
merged data collecting (MDC) method that utilizes lithium thionyl chloride battéfies
present detailed timing, energy consumption, and battery life estimatiotsrestiie MDC
method in TDMA mesh sensor networks that use flooding routing. Our battery life
estimation is based on actual energy consumption measurenoéritee sensor nodes
during various communication phases, using a realistic battery model. We alsoideterm
low-level constraints based on energy consumption measurements during different
operational phases. To demonstrate the applicability of our model, we applied it to a test
sensor network designed for temperature monitoring.

Keywords: wireless network energy consumptidfSN; battery life estimationmerged
data collecting MDC; IQRF, FRC, TDMA; flooding routing

1 Introduction

Wireless sensor networks are increasingly being used in food manufgdioiri
process monitoring and quality assurance. In compliance with HACCP
requirements that mandate daily temperature recording in manufadigilities
and storage spaces. In such facilities, sensor networks are detigagimate
temperature recording without disrupting the manufacturing process gatiege
dust. As a result, wireless sensors with battery powapli®s are often the best
option. However, accurate battery life estimation is iatudor planning
maintenance periods in field applications. Energy consumption redustone of
the biggest challenges in battgggwered wireless sensor networks.
This paper proposes a battery life estimation method MA meshbased
wireless sensor networks (WSNSs) utilizing merged data collet@mique.
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TDMA-based wireless mesh sensor networks are widely utilized in industrial
fields due to their deterministic media access. Popular network tegie®such

as WirelessHART or ISA00 utilize graph routing for efficient po#t-point
routing [17-20]. Various studies have discussed energy consumption estimation
for these networkg34-37].

The IQRF network technology relies on flooding routing to send broadcast
messages across other networks. Although flooding routing is not the most
efficient method for pointo-point messaging, it is a reliable and efficient
technique for sensor data collection in wireless sensor networks (WSNs
especially when using the merged data collection method. In previoussstuwei

have highlighted the benefits of merged data collection in TDMA W&Nand
introduced a deep sleep algorithm that reduces the energy consumgimsof
nodeq?2].

The optimal network topology for a specific use case depends on the BB (Ra
Frequency) range of the wireless technology being used. The star topology is the
simplest wireless topology and is suitable for pomttipoint networks, as long

as the RF range of the gateway can cover the entire f46ilify] [22]. However,

in cases where sensors are located in a cold storage built from metabinathe

RF range of lowpower wireless devices may not cover the entire facility. In such
cases, mesh or tree network topologies enable nodes to route communication
messages throughout the network, thereby extending the RF range ofithe ent
network. In a mesh or tree network topology, nodes retransmit rdcpaakets
through the routing procedure, and the number of message retransmissions is
measured in hops, where each hop represents one retransiiisgidvulti-hop
wireless mesh communication technology can efficiently cover dhntire
manufacturing area.

Figure lillustrates a sensor network application installed in a ufsanturing
facility. The objective of this sensor network is to autdcadly collect data from
sensor nodes in compliance with HACCP requirements, which mandateilthe da
recording of temperature. However, some companies may need ovengpfopli
quality assurance purposes every hour or even every 15 midlitde IQRF
networks, the discovery process assigns a Virtual Routing Number (VRN) to
nodes within the network. A breadlfinst search algorithm is used during the
discovery process to lease VRN addresses. The VRN addressésdihe routing
distance from the network coordinator and defines the dedicated timeoslot f
nodes during the routing procedyi®] [22]. Figure 2displays the network graph
for the test network, along with the logical addresses andsvRN
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Figure 1
Installed test sensor network

Temperature values can be recorded in a wireless sensor network byingpllect
data from the sensor nodes. The data collection can be initiated either by the
sensor nodes themselves or by the network coordinator. If the sensats data
transmission, it is asynchronous with the rest of the network. Thideeal to
collisions in TDMA networks due to possible time slot overlapping. éi@s,
collisions can be avoided through synchronization.

Figure 2
Wireless mesh sensor network graph with logical addresses (top) and VRNs bottom)

There are several ways to implement synchronization in a sensor netvmark. O
option is to use super frames, similar to WirelessHARTvorts [17]. Another
approach is to use a requessponse pattern where the data collection is
centralized and the wireless network coordinator alwaiistes communication.
With this approach, the sensor nodes don't require additional synchimmioat
network initialization. Centralized data collection siifiet the process and
eliminates the possibility of synchronization issues
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2 Merged Data Collection Methods for Wireless
Sensor Networks

Flooding routing can be a slow but robust and reliable routing mechanism,
especially in dense routing networks. In a previous p@pgrwe compared
different data collection methods in IQHike networks. Our test sensor network
demonstrated the usefulness of simultaneous data collection, and we @bmpare
centralized data collection methods like polling, synchronized broadsgsinse,

and merged data collection. We evaluated these methods based on the duration
and number of transmissions per node.

The merged data collection method leverages flooding routing in TDMghme
networks. The concept is to send measured sensor values in one response packet
as a broadcast request to the entire network. This method watksten a small
amount of data is collected from each node. The message paideatbpends on

the number of nodes collecting sensor data. For temperature sensor data, thi
method only collects one byte from each node. In IQRF, the payload $iZe is
bytes, which can collect merged data from a maximum of 64 rfbdes

The merged data collection method begins with a request broadcast péc&et.
the last node receives this packet, it transmits its rsgpm its time slot. Other
nodes continue to transmit sensor data in their desijrieie slots, similar to
flooding routing. Each node merges the received packet payloads ansl their
own measured value into the appropriate byte in the payload basedautuibss.
When the coordinator receives the final packet and merges it, the sdtasusor
data is available at the designated byte in the packet payload.

IQRF's implementation of the Fast Response Command (FRC)dextlea data
merging algorithm by including an additional Amuting packet transmission.
Before the response is routed through the network, each node sends its own data
as a beacon message. This transmission allows all neighboring noéesit@ r

the sensor data of the node. The -nouting packet is intended to support non
routing devices that lack a VRN number and is sent in a siotebased on the
logical addresses of the nodes. In a fully discovered network, thigsrésul
duplicated transmission of responses, which enhanasreiiability of data
collection[15] [22-24]. The duration of merged data collection varies depending

on the network size:

1:MDC N (treq 1:MDCresp) tproc (1)

where fiocresp IS the time slot of the response packets. As per the IQRF
specification[15], the larger packet size causes a longer time slot due to the
increased propagation time. Therefore, the merged data collection methad ha

time complexity of O(N), where N represents the number of nodbég network.
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Compared to merged data collection, the Fast Response Command (FRC) with
additional data transmission has a longer duration. Thatido of FRC data
collection in a fully discovered network[&5] [16]:

tFRC N ~treq tFRC:resp( N 2) t proc throc (2)

As depicted irFigure 3 the merged data collection method is significantlyefas
than polling or synchronized response in larger networks.

Figure 3
Duration of data collecting methods based on the/6R timings[16]

3 Sensor Node Energy Consumption in Wireless
Sensor Networks Using Merged Data Collection
Methods

In order to estimate the battery life of sensor nodes, werfgeded to define their
energy consumption when using Merged Data Collection (MDC) methods. For
this purpose, we used the Fast Response Command (FRC) method, which we
found to be more reliable in field applications, as we have previouslyiluEsan

[1]. Furthermore, the energy consumption of MDC can be reduced by removing
the nonrouting beacon sending phase. To simplify the energy consumption
estimation, we replaced lelgvel constraints, such as hardware and driver
limitations, with actual measured energy costs. In &% Sensor Networks
(WSNs), highlevel constraints, such as network communication, have a
significant impact on energy consumption. The communication cycle of sensor
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nodes can be divided into welkfined phases, as shown in the current diagram of
two sensor nodes in Figure 2. The phases are:

x Deep sleep

Idle

Request Broadcast Message Routing
Processing: reading sensor values
Sending nofrouting beacon packets

X X X X X

Response message routing

Figure 4
Measured current of TR6D modules divided into phasd$] of nodes 1 and 4 during FRC data
collecting method

Nodes in the idle state are capable of receiving incoming messages. Upo
receiving a request message, each node repeats it in itsnogvaldit as defined by
flooding routing. Once the packet transmission is complete, the node digables i
transceiver module to avoid receiving anything until the end of the routing. This
ensures that each node in the network receives the messagenénttpeocessing
phase, the nodes can process the incoming request, acquire sensor datgstand
complete this task within a predefined time.

The total energy consumption of a sensor using synchronizecldepp

Etotal r-lr EFRC Edsleep (3)

The total energy consumption of the FRC merged data collecting methdmk can
calculated as the sum of the energy consumption in each phase:

Errc Eae E E = E

request proc beacon response (4)
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Table 1
Variables used in the energy consumption model described in this paper

Variable Description

Etotal Energy consumption of the node

Errc Energy consumption of FRC data collecting cycle
Eidle Energy consumption in idle mode

Erequest Energy consumption of the request broadcast routing
Eproc Energy consumption of message processing and sensor acquis
Ebeacon Energy consumption of the beacon sending

Eresponse Energy consumption of the response routing

Edsleep Energy consumption of deep sleep mode

U System voltage

Irx Current of RF receive mode

I7x Current of RF transmission mode (at max output power)
ILp Current of idle LP mode

N Number of network nodes without the coordinator

N Number of requests per data collecting cycle

treq Timeslot for request message

tresp Timeslot of response message

tp Duration of synchronization preamble

toroc Message processing time

tdsleep Duration of deep sleep mode

tgsleep Sleep quantum (2.097s at IQREEep sleep

tperiod Periodic request interval

trrc Total duration of FRC data collecting

tidle Duration of idle mode before FRC request

toc Duration of beacon nerouting

tocw Pause after beacon sending

We make the assumption that the power supply circuit is shared amompsioe s
components, and the system voltage level is dependent on both the discharge
characteristics of the lithium thionyl chloride battsriend the voltage regulator
applied in the sensor node, as described in refer¢bsER6].

Deep SleepMode

In a previous papej2], we described the synchronized deep sleep mode as a
technique for extending battery life in sensor networks that use lczedraata
collection. This mode reduces energy consumption by disabling the transceiver
module and putting the sensor nodes into deep sleep mode until the next data
collection period. As depicted ifigure 2 the deep sleep mode is activated
simultaneously in all nodes after the FRC data ctflacis completed.

The duration of the deep sleep period is determined by the system'smesnts

and is typically optimized for energy savings. Theep sleep time is:
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t tperiod tFRC (5)

dsleep

To ensure stable communication, it is crucial for sensor nodes to swoith fr
active to idle mode before receiving requests in the datet collection cycle. If a
sensor misses a request, it remains in idle mode untiheéle one, leading to
increased energy consumption. Moreover, it is essential to ensure thateihe sle
time is shorter than the period tinféigure 5illustrates the proper and improper
operations of the synchronized deep sleep algorithm. In case a node aisses
request, it cannot route the packet, leading to networkmunication failures.
Therefore, it is vital to minimize the occurrence of rmésequests and optimize
the sleep time to ensure efficient and reliable communication.

Figure 5
Expected and improper operation of deep sleep mode

To ensure that all sensor nodes are in the idle state before the next request is
transmitted from the network coordinator, it is necessary to calculate a depp sl
time that is shorter than the period time. This is because all nodes muosgtbe i

idle state before the request is sent.

The deep sleep time calculation is based on the wass wakeaip times of the
sensor nodes. To determine the deep sleep time, we measured thansesapdt
identified the maximum differences between the wajrdimes of the nodes. We
then used these maximum values to fit a linear regression, as shéiguia 5
Using this regression, we can calculate the deep sleep time of the sensdnnodes
seconds, as follows:

t tere) 0.002197t tere) 2.7062€ ©)

dsleep (t period period

where feriodiS the time until the next data collecting periol &rc is the duration

of the data collecting communication. To ensure proper synchronization using the
deep sleep method, it is important to calculate the inacgwfathe internal clock

of the radio modules.

Idle Mode

The IQRF technology incorporates a method known as Low Power Receive (LP
RX) mode, which aims to minimize power consumption by periodically diggbli
the receive mode and shutting down the transceiver module. SpecifiballyR

RX mode defines a period of 47 milliseconds for IQRF devices, durrichwhe
radio module attempts to detect incoming RF packets.
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Figure 6
Expected and improper operation of deep sleep mode of IQRF modules

To signal the start of a packet, the sender node transrbiismallisecondlong
preamble that can be detected by the receiver nodes. Once the preamble is
detected, the receiver stays in receiver mode to receive the rest of tleknetw
packet. Compared to the standard receiving mode, the LP idle mode power
consumption in a noistee RF environment is only about two percent, which can
lead to significant energy savings for battpowered devices.

However, even in LIRX mode, the RF circuitry may still consume some power
due to synchronization needs or other factors. Therefore, the use of synetironi
deep sleep mode can further reduce the energy consumption of the sensor nodes,
especially in cases where the request periods are ldngeontrast, the normal

RF receive mode keeps the RF circuitry on all the time, which can leaghter hi
energy consumption and shorter battery life. Overall, th&kKRmode is a useful
feature of IQRF technology that enables efficient and bigliwommunication

while minimizing power usagj.5] [16].

In the test nodes, the IQRF RF modules utilize a watchdogy tin conjunction

with a low power oscillator to control the timing of tdeep sleep mode. This
timer covers a wide range of sleep intervals, allowing IQ&REdfine the deep
sleep quantum as tgsleep=2.097 which is based on the properties of the
microcontroller being used [13]. During this deep sleep mode, the device is in an
idle state and is able to conserve power by shutting dowsessential functions.

The duration of the idle state can vary based on the specific application gad usa
scenario:

tidle tperiod tFRC t-(Hsleep/tqsleep vésleep (7)

where tseep IS the deep sleep time of the sensor nodes taking into account
oscillator inaccuracies. The energy consumption of the idle state can be
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determined using the average current for low power (LP) mode, eapeesby
ILP, as follows:

Ege U lpliae (8)
where |pis the average current for LP mode by IQRF.

RequestBroadcastM essagdrouting

The FRC (Fast Response Communication) method begihsawequest broadcast
message, which is sent out to all nodes in the network. Each node thedn tiepea
packet in their own designated time slot and subsequently disables their
transceiver module, as they do not need to receive any more pacietseuend

of the routing process. By repeating the packet in this way, each notle in t
network is able to receive the message, ensuring that it is deliverednizadad
recipients. This approach can be an efficient way to quickly disseminate
information throughout a network, as it allows for the simultaneous trasismi

of data to multiple nodes without requiring individual requests or
acknowledgments. Overall, the FRC method is a useful toa@rfabling fast and
reliable communication within a network. The energy requirement ofetipeest
phase is:

Erequeﬁzu ( I Rx(tp+treq)+(N i 2){| idle(tp+treq)+ ITx(tp+treq)) (9)
Processing

Once the request message is received by all network nodes, they begiripgoces
the acquired sensor data and preparing it for collection. In the test netherk, t
sensor nodes utilize a lepower digital temperature sensor which consumes less
energy than the idle mode energy consumption of the RF circuits. This helps
conserve energy while ensuring efficient data collection. The energy regairem

of the request phase is:

Eproc: U ( I idlet proc)+ Esensor (]_O)
Non-Routing BeaconPackets

During the upcoming phase of the FRC, each node will tririsnsensor data to
neighboring nodes during designated time slots. To receive data flom al
neighbors, each node must remain in receive mode until all other nodes have
transmitted their packets. Once the packets are recehedodes will merge the
payload data based on their respective network addresses and includavthei
measured values. The energy consumption of the beacon phase is:

Epeacon =U (I (N T D)t + It Higietpow) (12)

To ensure proper communication, each node must remain in receive modé for N
time slots to receive data from other nodes, and then ddfigamal time slot to
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transmit data to its neighbors. Following the beacors@hthe nodes will wait a
short tew time slot before proceeding with data transmission.

Response Mssagdrouting

The response message routing phase begins with the node haviightst VRN
number transmitting the merged payload. The network nodes will then route the
response message payload towards the data concentrator by repeating it in
decreasing order of VRN numbers. Each node will merge the payloads before
routing the packet. As a result, when the data concentrator redeviest packet

and merges it, all measured data from all sensor nodes can be found at the
appropriate location within the response message payload. The energy
consumption associated with the beacon response message routéss [B0C

Ere@onQZU (I thr&sp( N i 1)+|Txtrem) (12)

To receive incoming messages, nodes must remain in receive model fomi
slots, as is the case during the beacon phase. After receigsgages, nodes need
to transmit their own message in a single time slot

4 Estimated Battery Life of the Sensor Nodes

The lifetime of the network is determined by the first ndw# becomes unable to
communicateg[28] [32] [34]. Typically, the network's lifetime is defined as the
moment when the first sensor becomes inoperable due to low battery. This is a
commonly accepted definition of network lifetime.

To estimate the battery lifetime of a sensor node based endtgy consumption,
the following steps can be taken:

x Calculate the total energy consumptiono4ft of the node by using a
suitable model and determining the average current to define the
appropriate discharge characteristic of the battery.

x Determine the maximum number of data collecting cycles that can be
served from the battery capacity, using the proper battery discharge
characteristic.

X Calculate the estimated battery lifetime from the maximumber of
data collecting cycles and request period.

The total energy consumption of the node depends on several factors, including
the number of nodes in the network, data collecting period fendumber of data
collecting requests in each period.
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Figure 7
The total energy consumption, ) of a node for one data request per period

Figure § illustrates the total energy consumption of a sensor node in the case of
one data request per period, based on the parameters of-F@DTiRodulg16].

Figure 8
The total energy consumption,{f) of a node for one data request per period

To estimate the battery lifetime, we need to determine the maximum number of
data collecting cycles that can be supported by the battery's capacity. While
lithium thionyl chloride (Li/SOGJ) batteries have high capacity, high energy
density, and low selfischarge rates, their output current capability is lichite
Additionally, the battery's capacity varies significantly dependintherdischarge

rate. Despite these limitations, Li/'SQ®htteries are still an ideal choice for leng
term running application80].
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Figure 9
Discharge characteristic of Li/SO{attery[26]

The capacity of a battery depends on the average energy consumptiom déed ca
determined by analyzing the battery's discharge characteristics whilderors
its maximum pulse current capabilityrigure 9 illustrates the discharge
characteristics of a Li/fSOgbattery at different loads. Additionally, the battery's
selfdischarge characteristics are affected by the load and can impact its éxpecte
lifetime. After 10 years of discharging to 90% t&f nominal capacity, a Li/SOCI2
battery typically retains a capacity that reflects its discharge charticseris
Notably, the selfdischarge rate of a Li/SOCbattery is extremg low, less than
SHU \HDU DW ¢ ZKLFK HQDEOHV ORKY) D VMRRIDJIHNRHU L
20 yearf9].

One of the primary challenges with this type of battery is that when it corees i
contact with SOCI2, the lithia rapidly reacts to form a passivization layer that
can slow down further corrosion reactions. This affette battery's lifetime,
which depends on various factors, including the storage time and environmental
conditions between manufacturing and the battery's use in sensorso fhes t
complexity of the factors that influence the Li/S@Ghttery's selflischarge rate,

it is challenging to establish an accurate mathemati@abpliediction model for

this type of battef80]. Despite these challenges, the maximum number of data
collection cycles that can be supported by the battery's capacityg its lifetime

is:

(13

where Q, represents the battery's capacity, which is determined based on the
discharge characteristics at the end of the badtéfy.
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Figurel10
Maximum number of data collecting cycles that can be served from the battery capacity

Figure 10illustrates the nominal battery capacity, which can be used to determine
the maximum number of data collection cycles that the battery can support
calculating the maximum number of data collection cyoles,can estimate the
battery's lifetime:

tIife = Cr’r’axt period (14)

Figurell
Estimated battery lifetime at up to 4 request per cycle

Based on the parameters of the-T6D module, Figure 11 depicts the estimated
battery lifetime for up to four requests per data collection cycle and anmaxi
lifetime of 10 years. The diagrams demonstrate that aserg the number of
nodes in the network or collecting data more frequently can significanthcee
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the battery's lifetime. However, increasing the number of igdthe network can
be offset by decreasing the data collection interval.

To validate the model, we conducted skertm testing using a test sensor
network. Additionally, we initiated a loAggrm test using six sensor nodes, which
will span over five years. However, the letegm test may yield different results
due to the Li/SOGIbattery's capacity characteristics. In the test sensor network
used for model validation during shaetrm testing, we employed:

x 3 sensor nodes (IQ Home-§102)[27]
X XL-060F batteries from the same baf26]

x 1 minute data collecting period with 2 requgstr perioditemperature +
status)

X Estimated battery life by the model: 207 days

As previously defined, the lifetime of the sensor network isrd@hed by the first
inoperable sensor node. However, in our test networks, we wanted teeotise
battery life of all sensor nodes, not just thetfinse to fail. To achieve this, we set

up the sensor network with each sensor node having a direct link to the
coordinator. This design ensures that network communication is not intermpted i
the event of any node ceasing to function. By observing the battery lifé of a
sensor nodes in the network, we can gain a more comprehensive understanding of
the overall performance and durability of the sensor network.

Figure12
Temperature values until the end of battery life in sterrh test network

Figure 12 shows the temperature values collected during the -Bfront test
network. The test lasted 245 days until the last sensor node's leitarmme low.
Table 2 presents the results of the battery life test. prfimary objective was to
validate the estimated battery life of each sensor node, andhedetworked until

the estimated time. However, the significant difference between the resultse
attributed to the Li/SOGlbatteries used, even though they were from the same

—239-



G.Sebestnet al. Estimating Battery Life in TDMAWdest Wireless Sersetworks
for Merged Data Collection Method

batch and order, and stored under similar conditions. This variamgkasizes the
importance of testing and validating battery life tsue accurate and reliable
sensor network performance.

Table 2
Results of theshorttermbattery life estimation test

Node Estimated battery life (days) Battery life (days) Error
1(green) 207 216 +4.35%

2(red) 207 208 +0.48%
3(grey) 207 245 +18.36%

5 Energy Consumption Distribution in the Network

The energy consumption distribution of a wireless network depends on the
specific architecture and data collection methods employe@2R9Assuming a
homogeneous network with identical sensor and battery types, vasiatienergy
consumption can be attributed solely to the communicatimsts of the data
collection method. Therefore, it is crucial to understand the energumqmion
distribution as it directly impacts the network's lifeéimAny node with higher
communication energy costs than the others may become inoperable sooner,
potentially causing communication issues. This is because the kistlifetime is
determined by the first nodkatbecomsinoperable.

Figure13
The distribution of number of transmissions at different data collecting metho@gincalenetwork
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In TDMA wireless mesh sensor networks that utilize flooding routiregynberged

data collection (MDC) method results in uniform communication energys cost
across all nodes, regardless of their location in the network. iFhigecause
routing nodes must transmit messages to the same number of nodesesegzrdl
their location, when using MDC methods. Figure 13 illustrates the nuniber o
transmissions required by different data collectiorthmds in a network with 64
nodes. The energy consumption model of sensor nodes using MDC methods
depends only on the total humber of nodes in the network, and not on their
location.

Conclusions

This paper presents an energy consumption estimation méhageénsor nodes in
TDMA wireless mesh sensor networklat utilize FRC merged data collecting
methods and lithium thionyl chloride batteries. We dbscra battery life
estimation method, which we validated through shenmn testing using a test
sensor network. The battery life of a sensor node in a homogeneous network
depends on three factors: the number of nodes in the network, the dataocollect
period, and the number of data collection requests in each perioccBsading

the data collection interval, the battery life estimatmethod can compensate for

the increasing number of nodes in the network. We also demonstrate that the
communication energy cost of nodes using merged data collecting methods in
TDMA wireless mesh sensor networksased on flooding routings uniform
across all nodes, regardless of their locatithin the network.
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Abstract: The changes of recent decades in the context of the rapid development of
technology also necessitate the transformation of the learamdronment andligital
changs. This sitch, as a result ofCovid19, has meant a suddemove from saalled
“digital education” worldwide overnight, affecting the structural, planning and
implementation process alikin order to achieve successful learning, it is neaeg to
monitor the effeis on students and instructors, and to look baekonine education vth

the success of the next school year in midde side of this is the student side, the
experiences and feedback, the importance of which V8 e@een more appciated.
The research idooking for an answer to how the students edqrared the unusual,
completely online learning, what their opinion is about the solutions provigethe
university and the lecturers, how they evaluate the role aepgapation of heir teaclers.
The main gestion is how mucthey consider purely onlinkessons, lecture® be a big
challenge, what they think is successful and why, how thethaeae of their teachers
The implementation of methodological solutions and variety is also stigueKnowing
the results, based orstudent opinions and ownxmeriences, the study formulates
suggestions for increasing future efficiency not only for Covid19 or similar pebod$or
digital and online education in generaha for the longerm.

Keywords: online and digital education teacher and learnercenteed methods auto-
etnography teachets role/attitude

1 Introduction

1.1 BasicConcepts

First of all, it is advisable to clarify the related basic concepts

x Distance edcation "Distance edud#n is a form oftraining based on
guided independent learninthat replaces the regular personal contact
between the instructor and the student for most of the learning time with
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various learning tools (distance education textbapkides, multimalia
learning materials,etc.).” [1] The trairnng time is divided, mosl self
study, but the student participates in the consultatioms teacher takes on
a helping and supporting role, which is not a negligible motivatiandl
successdctor,that is, the sumess of learninglso depends on thedcher's
attitude. The traning time is shared, mostly sedfudy, but the student
participates in the consultatioriEhe teacher is helpful and supportive, i.e.
the success of learning also dege on the teacher'siaide.

x Digital-based learning:edf-learning activity takes pkte for which some
kind of computing device is usedhe source of learning can be a
multimedia tool, simulation, interactive task.

X elLearning: independent learning takglace in the fornof training based
on a webbasedIT netwak. In a broader sense,ishincludes all training
that uses some kind of IT tool to support learnifge teacher and the
students communicate electronically, typically there is no personal
teading.

x Blended lerning: similar to eLeming, but h practi@ there is an example
of persmal consultation taking place at most a few times according to the
student's needs, requests or the teacher's determination.

X mLearning: learning using mobile devicé&nowledge or starting sources
for leaning are uploaded tdhe devices with the helpf various
applicationslt is actually a mobile device extension of eLearning

x Digital learning or digital distance learning: a simplified form of the
previous ones ®dized in disancelearning, online Multimedia devices,
eledronic educational packagenavadays several cloud services can be
connected to it, the access is wider, from anywhere, even from mobile
devices, via telephong?]

X Online education: implementah of virtual and Internebased educein,
application of everal technological solighs - computer, sm@phone,
virtual classroom, use of digital collaboratiof@3]

It deserves a special mention that digital and online education appear as synonyms
for each other and isome cases under the name of digital pedagogy, as Gyoérgy
Molnar cals it, and perhaps this term sums up the complex interpretation
approach most relendy. [4]

1.2 The Online Education in Hungarian Education

In Hungary, digital education was introduced overnight (from Thursdayireyen

to Mondaymorning), first in primaryandsecondary schoolshe transformation

of public education into distance education caught Hungarian teachers
unexpectedly and unprepared, just like their colleagues aroumebthee Until the
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spring of 2020, disne learningwas primarily more importantni higher
education and vocational training, but the majorityeafcheravorking there also
faced a serioushallenge Even themore experienced ICT users had to deal with
the change brought about blget different learning environment, different teiach
conditions, different learning and teaching tools and methods, and especially wit
the need to teach differentlyit was questionable whethahe proven and
successful methods full-time education will also work idistancesducation and

if so, how, not to mention theeacherstudent relationship, while thgarticipants
are the sameA Dutch research recalls a similar situatioog@ding to which the
8-week school closure ithe spring has such a harmful conseqeenehich &
similar in strength, as if thstudets were almost completely absent from
education[5]

Another complicating factor is the lack of time, not to mention the fact that school
activities and the learningpachingworkflow cannot be transferred exactly etoe

one to the digital wde schedule. However, the circumstances forced the
participants of the education to do so, which essentially resultdteifact that
online education did not actually take plaeg least for a while), rather we can
discusdnternetsupported individudearning at home.

For at least partial realization, an opening and a turning towardséabieets is
necessary, i.e. the role of attitude is decisiMee OECD PISA researatesllts
show that digital education is nohly a matter of material anassetconditions,
but requires preparation, knowledge, and skills on the part of both stuadehts
teachers|6, 7]

According to the author's field observations, one of the many exarmples
solutions was the involvement of gicbworkers in several settlements other

cases the eachers or pedagogical assistants themselves organized and took the
packages and weekly worksheets compiled by class and subject to the cultural
community placs of the settlement (cultural centerg.gt

1.3 The Online Education in Higher Education

Higher education has a little more time, one week left for the transiionline
education Similar difficulties occurred here as well, mainly among students
studyng in the correspondence work schedule, batrmgority of the problems
were of adifferent natureRather, it is of a methodological and personal nature,
and the first difficulty is that the students had to use several platforms, lsaree t
was not alwgs a uniformly defined platform withinhé training within an
educational istitution, or time to quickly coordinate the platfornfig}

Higher education generally continued use the existing and previously
problematic Learning Management System (LMS)astructureWith the help of
applicatians, they nainly made video confereas posible, following the classic
educational styleHowever, the limits of the systems prevented optimal operation,
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the necessary conditions for education were incompletelyzeealiAs a result,

fully integrated sygmsand tleir associated methodologyuld not be created,
although new combinations of existing solutions undoubtedly created new
opportunities: [8]

The digital model was therefore able to be realized in the ¢haséhe learning

and teaching activitee were caied out relying on the bernet and online
interface, optimally with the help of software applications available toyewmer
Planning and implementation and the meeting and relationship between students
and instructors have been transferredatdigital space, where the boundarief

the university classroom and subjectivity, the home, have been placed in the same
space.New status, new positions were created, new points of identification,
interactions andolutions had to be found on a differ@@mmuniation channel.

The culturd software phenomenon formulated by Balkin, which interprets social
processes and communication between peopler innaisual but feasible space,
seems to be coming fifilled and fruition. [9]

In this approach, we cdnterpretit so that the individualparicipating in online
education are present as "cultural software" and in this social andwtoation
environment they convey cultural information, knowledge, and opiniomsdh
other. Thus there will be value bodaries, disagreements and agreement
The auhor believes that this is also a new space and opportunity for cultural
diversity and joint learning and cooperatioAlthough Barkin mentions the
problems of understandj dfferent views as the remnants ofdelr problens, in

the author's praaté the possibility of moving in the direction of positive change is
more prominent.

1.4 The Online Education at Obuda University

The digital form of education was not newUtiversity of Obuda, as a technical
university, progams were already used wariows interfacesThe use of Neptun
is basically in the subject and student register and it is the evaluatofade, and
the Moodle framework is the place to complete coursgeials, instructor
presentations anassignmerst What has changed in tinewly created situation is
the platform for communication with students, which has been maoweedthe
largely faceto-face education to the Microsoft TEAMS interfackh the
beginnirg, this was not uniform, several people didt keep theirlessons,
lectures others try to continue teaching on different platforms, such as skype,
discord, or- like myself at the request of studentthey recorded it with repeat
students via ZoomlLater, Moodle's Big Blue Button was alsadded tothe
options.The universiy leaders had to make quick decisioffhe communication
interface was also unified, and ensuringtawity required the patience and quick
action of both the instructors and tfestaff.
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In general, we can state that a very close codparatas formedn order to
maintain education, and it is thanks to this that the transition to digstainde
education was able to be realized in a few ddpdlowing the immediate actions

of the rector and dean, deadlines anddbik response of ¢hinstructorsSo the
launch was successfulhe first problem was that the necessary tools for the
realization of digital education were not available everywhere, neither on the
teacher's sidear on the student's sid&he universityalso hado solve this, which
someimes dd not go smoothlyAn example can be mentioned asking the teachers
about the necessary tools, which they could not provide quickly in all, @ses
this certainly has an emomic and organizational side

The prepeation tok place in the following teps

X Selection of a suitable educational platform, which at first could bé/ free
chosen by théecturers, but recommendations were sent, and there was also
a platform chosen bag@nstudent suggestions.

x According tothe centrbtrend and the rector'sistrudions, the use of
specific platforms has become institutionally defined in a uniform manner.

X The provision of digital tools for teachers has started, the needs and tools
alreadyavailable from all teachers have been codldct

X Preparation of writte andvideo information for the use of the software
centrally, with the involvement of the ITadt.

x Organization of webinars to prepare the use of different platfofims.
was paticularly useful for the majority, butmany foundit difficult to
engageor therewas too much information to learn at onttewas easier to
use with the written instructions.

X Preparation of a digital education plan in a uniform templatethe form
of central and individual instructors.

x Preparatiorof digital curriculun sctedulesby teachers in a few days.

x Elaboration of assessment forms by the teachers broken dpwstbject
and writing precise instructions and information for them in a few days.

x Prepration of digital teaching materil revisim of previous teachg
matrialsor elaboration of new ones.

x Start of online education at the times according to the ofigimatable:
creation of TEAMS groups, natifications, information to students and
acess to the given course group.

X Holding onlinelessonsand lectures, cking he semester and exam results,
mid-semester grades.

In the first days, due to the increddead, testing of educational platforms began.
Information exchange between studerdrd instructors began, groups were
formed and th sharilg of knowledge desopedrapidly, and the groups and study
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material banks of each subject became availalile. use of the platforms was
assisted by the technical and IT support with descriptions and videos, and the
students presented #e with tle help & each other andif necessary, the
instructor.Not only the teachers participated in the creation of the studsgriada
banks, they also asked for and received help in many cases.

The semester gtaéd and continued, and the next academgar cotinuedin a
similar way, emainirg online, including school practicefOur pedagogical
practice, led by the author, was strongly developed fortfafzce education, and
due to lack of time, we did not gare the rethought, reworked concept for
distance educain beforehand The new 1stsemester students starting their
pedagogic practice and the university instrugiactiioner, as well as the
relevant school departments and their teaghiolleagues, were far away from
each other in space atiche. The primaly purpose of the pfessigmal practice at
school is to establish the professional development of the candidatetethe
first encounter with one's own role as a teachgrarticularly importangoalis to
develop competencies that ¢obute tobecomng a teacher and @waremss of
one's own identity as a teach@éfithout real situations, students, and a real stho
this task becomes almost elusive, so it is not an easy taskragersity inguctor

to help them experience the cdenty of teacheroles

As a teachr of palaghgic subjects and as a teacher in practice, | g had
difficulties with the transfer to the online spaée. support and encouragement, |
brought forward the relart parts of certain pedagogical sutife (e.g.didactics),

as well as adtdonal knowledge not included in the curriculum, and | made
concesions regarding the number of hours of participation and the duration and
content of the individual lessons. Thexercises were successful, the initial
difficultie s were replaceby trust and a comonexchange of opinions, which the
students later thankeith separate lettersThis way my idea of online cultural
diversity and learning together/from each other has adrk

2 The Research

2.1 Objectives

The poblem is arrently one of the mostiportantissues in education, so all
information and experience can be useful and ford@okling. The research seeks
an answerto how the teacher candidates experienced onlinands learning,
what difficulties they hd to face what help they receivednd wha they lack in
order to successfully complete the requirements and exams.
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The main question is how much of a challenge the participants, instructors and
students considatigital tools and purely online classes to be, what they think are
advantage and disadvantages, what they consider successful andtughglso a
question of the training and digital competences ofitlsuctors, the methods
used, their effectivenessnd popularity. The research affects theupport
provided/received in onlineducatim, the amount and difficulty of the tasks, as
well as in which areas momipport is needed he research seeks answers and
formulates proposals for increasing efficienicy the future, not only for the
durationof Covid-19, but also for the lonterm

2.2 Hypotheses

1) Thanks to their digital competence, the engineers, engineemty
technical teachestudents were easily involved in online education.

2) The digital competenseofteachers/lecturers were weaker tistudents.

3) The methods used by ingttors aregeachercentered, primarily based on
presentation and explanation, and are less interactive.

4) The evaluation method is primarily quantitative anchsative

5) Students in online education received less support and more tasks than in
faceto-face ediwcation aml the learningexperience was not as strong and
effective as classroom education.

2.3 The Circumstances of theResearch and thd nformants

The research begins in the 2019/20 academic year and continues in the 2020/21
academic yearThe participants are sierts of varios years ofdbuda University
Kandé Kalman Faculty of Electrical Engineering, Agoston Trefoenter for
Engineering Education engineering, engineering teacher and technical teacher
training, as well & engineeringtudents noparticipating in teacherraining, who
choose pedagogy subjects as optional subjects to fulfill their mandatory credits
Some of the students started their studies before Covid in the context-¢d-face
face education, but contied and condpted them ofline, in thecurrent semestr

or, in many cases, latdt.is a relatively small population that had to cope with
situatiors such as teaching practice or learning optional subjects, without any
significant prior knowledge and ptiége. Data clection wasdone quantiatively

and quétatively. The questionnaire intended for students was filled out by 324
respondentsThe majoity of students tiee part in correspondence courseseral
already have teaching experientmwever, anther part ofthe studentshave no
teading experience, are beginners in the teaching profession, or have not yet
decided definitively to become a teer in addition to the engineering career.
However, they may have important professional experience émn Highds, sah &

IT.
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The awrage ageof the interviewed students is 37.93 yeaBd.7% of the
respondents are already practicing teachers, andob 3¢ entire sample works in
vocational trainingDespite the fact that the average age of the respandent
almost 49 years (andmost of thembelong to the40-49 age group), 26.6% have

one year of teaching experience or less, and 39.7% have taught for up to.5 years
(Table 1)

Table 1
Students educational experiences

Years of teaching Respondets (%)

experience

0 266

1-5 39,7
6-10 20,1
11-15 4,4
16-20 2,3
21-25 1,8
26-30 51

Most of the students therefore have little pedagogical knowledge, they see
education from the student's point of view, but there are colleagues who have been
working at the school for a Igntime. In the latter casethe majority is from an

older age group, generally the younger ones The questions, conclusions, and
suggestions formulated here canuseful in general and for specific cases, or for

a national survey, but also fire analysiof eduational plaforms. The research

is currently continuing by interviewing several students, planning to involve other
institutions. In this study, we highlight the results that affect the practice of
university education and contributepiractical éacter taining.

2.4 The Quantitative ResearchSide

The fastest way to approach students was tdheeswn groupsopinion | used a
selfedited Google Forms questionnaire due to ease of availability and fitlirag.
small group, mainly studlyg computeiscience, thatuders compldeda trial test
commented on the questionnainghich was then distributed in which the
students also helped (forwarding, sharing on Facebook, Btis)method seemed

to be faster than contacting teaching colleagues through the univarsityhus

we can expect® get alayer that is perhaps smaller in number, but more reliable in
its answers, which provides the sample.

The questionnaire is divided into several units. Most of the questien®ne
guestion measement scalesanging from1-5 or 14 betveen the twoextreme
values After the demographic data, the first part asks about the rate and method of
participation in online education: keeping classes, digital teaching materials,
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assigments The second part of the questhaire focuss on the stude-teacher
relationsip: the forms, frequency and quality of contact, what the teachers could
(or couldn't) help with due to the peculiarities of distance learinghe third
part, you cantalk about general experiences, loak for answers to how the
students experienced learning, school pedagogicaitige, in which areas they
felt successful, and in what they experienced faillinere is also the opportunity
to answer opeended questits, which is justifiedlue to the exaordinary mture

of compleely onlinelearning It seems that the subjective "data" is telling and it is
important to supplement the objective data with these, it is regessd
worthwhile to find out about the sulsjgve feelings of the tadents in dl
situationsput especiallyin extraordinary situation&ome of the results this are
also mentioned

2.5 The Qualitative ResearchSide

The qualitative side of the data collection is observation, continuous
communication with thestudents,and the use of the auéthnography metbd
combined with reflections on mobile phones or other platforms, forums.
The specific method of cultural anthropology, the experience of participant
observation, provided the qualitative basis, which tiicad several timesuding
fieldwork in Africa. Its relevancehere is that it helps create the crmogsof
distance frames and the realization of seeing ftieenother sideAn important
aspect here is what kind of relationships you can establish witthheéhgbersof a
particuer communitycoming from ouwside. In this case, this community is the
student group[10, 11]

The novelty of auteethnography lies in the fact that it views all research as having
a biographical nature (from a methodological point of view)}thenother handts
pecularity is thatthe researchecan involve others through his oweelings,
experences, and stories, and make others smgak more broadlyfo find
systemic connection§l2] The method also helps to reflect on one's own rbis, i
like analyzing an inersubjective cmmunication diuation. In light of this, it
becomes easier to charthe activity, the processing method, continue and change
tasks and explanations during educatidminking about the success of the
method experienced in the previous faadace classesl also appkd it during

the online education anshared my own thoughts and experiences to inspire the
students to make observationEhis is how | managed to encourage them to
consciously observe their own exjgerces and leaing. According to all ofthis, |
interpret the online education spaas a cultural evolution, in the lessons held in
TEAMS groups, using the forum, chat and curriculum placement and assignment
functions provided by Moodlé.developed theoncept of a ng space forcultural
diversity and joint learning and cooperation, wihicincludes the further
development of social skills and softilslkelements.Based on this, | planned,
organized and coordinated my university lectures and classes anddfdhe
relationship withthe students.
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3 Results

3.1 The Digital Competences oftudents andTeachers

ICT knowledge, material conditions, and internet access show a changing picture,
which can partly affect the success of online learniigwever, onlya small
proporton of the students haveopr IT skills, the majority are at least well or
definitely familiar with the use of digital opportunitie@igure 1)

Figure 1
Students [T proficiency

Most of the students are familiar with one or two or mfimans of digitd
learning.Mostly elearning coursesPreviously, and during online education, they
used the dearning system often weekly (45.2%), but at least monthly (32.3%),
and according to #@ir statements, they learned from the slides and presentat
materials pepared bythe teachers inaddition to completing extra tasks.
Hypothesis 1was thus proven to be realist{€igure 2)

Figure2
Frequency oe-earning earlier

Another indicator of satisfaction is the general digital preparedness and
communication of thdecture-teaches. The mgority of students, 89%, thought
this weak, and only a few percent marked it as good or excelldért almost
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unanimous opinion may be reldt¢o the results collected in a qualitative way,
that some of the insictors did not keep all their lessons and at the beginning of
the attendance education, thdid not infom the students about how they would
continue learning,on what platforms, when the lectures would be held, or
incompletewas the communication and thven information(Figure 3)

89

—g
1 9 0

Very weak Weak Medium Appropriate Excellent

. Figure3 = |
Digital preparedness and gommumcatcd teacherdecturers

67% of students are not satisfied with the availability of instructors and the
quantity and quality of contact and communication with studértsy beieve

that the istructors are not helpful and attentive enough, they just dieg t
lectures and expect the students to premdome even in the more difficult
subjectsThus,Hypothesis 2was also confirmed

3.2 Evaluation of Online SemestersGeneraly

A significant number of students do not think the quality of online education is
adequate overall, and consider it wotisan faceto-face educationOn a scale of
1-5, where 1 is the worst, 54.5% would give a 2 rating, 15.7%ndi only 5.3
would givea 4 on a Hoint scale(Figure 4)

Expressed in one word, the feelings tethto online education partially refletie
previous 13 out of 24 statements refer to a negative opiniohwe see a slight
morenuanced picturen this issue during the qualitative resean@hgure 5 Word
cloud)
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Figure4
Evaluating the ontie education

Figure5
Evaluating the ontie elucationusing auteethnography

During the autoethnographic conversation, the students formulated and wrote
down in a word cloud the wds thatexpresstheir emotions and opinions using
association exercises and reflection surfadés created a group wordoud from

the phrases that occur most often in each word cleigdire 5 summarizes this
Another indicatorof satisfaction wth educ#ion andinstrudors is the availability

of instructors and contact and commuation with students67% of the students

are not satisfied, many consider the biggest shortcoming to be that the contact was
limited to the availabity of the course material and tkeepingof classes
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3.3 TeachingMethods, Evaluation and the Involvement and
Activity of Students

The involvement of students is one of the biggest challenges, and it is determined
by the role and attitude of both partiaiggs For the majority othe students, th
learning experience is that the lecturers did not know omndidstrivetwo-way
communication, ah those teachers who did the same during attendance teaching
were able to mobilize them

Of course, there mape a lack of tools in théackground, buthe qualitative
research shows that many students felt this neay of interactivity in
communicdéing with the teacher to be unusual and sometimes unple&sreral
people expressed that it was uncomfortable to speak in front of the group and they
were epecidly frustrated that the lessons were mostly audio andovigcorded

For those who find it difficult to communicate tweay anyway, their frustration
increased even more, because the personal absence and influence of #re teach
andpeers gave mommom for uncertaintyThe teacher's tone and communication
werementioned seeral times One of the stdents described the general feelings

of loneliness and frustration as follows: "We are left to our own dewndswve

are expected to &n things thathte teaher tells us in advance that 80% of the
group will fail. We don't eva get a word of encouragement, they don't even know
who | am, what I'm like, they don't believe that I'm learninigtaHere, in this

class, I like to get involetbecause hereaim not just a Neptuoode®

The research results show that Hagiety of teaching methods has decreased, and
teachers have been less creatiMee instructors preferred to stick to traditional,
faceto-face teabing methods in the digitspace, even durg online educatian
They preferred the most classical methdiswhich theywere probably educated
themselves, and which are most prevalent in university educ&ioly a few
used the new type of methods, which better induce studéwitygchoth durirg

the faceto-face and online semeste(Big. 6)

Teaching methods and solutions have decreased, and students encousitdadone
teachercentered, lect@rbased methods imlmost every class Lecturers gave
presentations most ofteand the preferrethethod was explanatipmvhich was
known and encountered during distance education in almost 100% of cases
Common methods includeluktration, which the sthts said in the glitative
research @&s part of the presentatioits most case The next is the individual
work, which mainly means homework and various assignments to be submitted by
deadlines, readings, and home processirayprt of the curriculum
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Homework
Cooperative methods (small groups)

Project method

Teacher questions

Discussion

Illustration

Student presentation/performance

Explanation
Video presentation/explanation

Presentation/lecture
0 20 40 60 80 100 120

Every lessonm Often mRare HNever

Figure6
Frequency ofiseof cettain teaching methods

Project tasks sumpting the students' joint work took place the leasiyperéive
learning insmall groupswere encontered only in a negligible proportioVith

the help of qualitativenethods, it turns out that there are examples of the use of
interadive methods in agw subjects and even fewer instructors, pradyidhle
sameteachers use the same methods contidyolts becomes clear that the
majority of respondents are dissatsfi with the teacher's ossided
communicabn and miss exploratofgiscovery, researchasedearning

The students also relate the learning atmesplo this, theyexpress that it was
difficult to keep their attention during the several hours oiherlectures, they felt
even more monotonousath classroom lectures. Theajority of teaches did not

try to involve them in their own learning and did not ensure more active
participation. Intheir opinion, this is a lack of preparation and a question of
determination, which should be changlgpothesis 3, supported by thesesults,

was alsaconfirmed

From the point of view of the evaluation, it is worth noting that online testing is
perceived as better than amam, but in many cases they think tirae frame
given is insufficient and feedbacknsissing. Relatedb this,according to 87%fo

the respondents, the vast majority of evaluation methods arsidett and
summative, meaning that even withettonline background, the traditional
classification and numerical evaluation form remained. Other forms of evatuati
occuronly in the case adomeinstructors. (Figure 7)
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Methods type %

4

N\

= Classifying, numerical assessmarfEorms of quality assessment

Mixed assessent forms

Figure7
Proportiors of assessment method types

Forms of classification and numerical avation were pimt-percentage tests and
tasks, similarytpe ofcloseddoor papers with closed questions, and shagigver
questions and tasks typically defined in exam questibims practical tasks were
also largely aimed at repeating eway, templateddarned knowlege elements,
and the students found thdess & a creative opportunityQualitative forms 6
assesment, such as text assessment or-foetided, organized sedfssessm
and peer assessment (group work assessment), hardly occur, anahtireation
of different forms of assessment is alsoawlprgoortion The evaluation meod
was therefore primarily quantitative and summative, which confs the 4th
hypothesis

3.4 StudentWorkload and Support

Most of the responses, 72%, confirm that the transition to online education
significantly influenced thdearning processThis meas difficulties in time
planning andscheduling, an increase in study time (67% spent more time on it) in
parallel with the increase in tasks (92% consider the tasks given too many).
(Figure 8)
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Figure8
Changes in the ratio of tasks and indiddwork at home

Multiple loads,sometimes 31 times, have been reportéthe students found the
written or video course materials and the tasks to be completed too Tinang

was a subject from which a larger ammt of assignments had be sent to the
teacherevery weekThe studentsvere given auxiliary materials, case studies, and
technical articles as homework, which they were also able to process in a longer
time than average and with more investment ofreffo other subjects, ivas just

the oppoge, the instructohardly keptin touch, heor shecalledthe studentsnly

to the exams

The studats also mentinedthe deadline of the assignments as a stress fdstor
the Moodle framework, for example, theadline for availabilityand completion
can be set, for which notificatins are received, so this practical setting option
becomes a tensierausing factar

The students' participation in class also changed, it became a higher proportion
according to their own admission and alsam the perspédive of the instrudr.

They wereless likely to be absent from video conferences, group discussidns a
assignmentshan before in classroom setting$iey have not exited thaterface
before, which is common, and even more common if &meyin a hurryo anoher

class orocation Thebackground of this may be the phenomenon of confinement,
or the transformation of time management and the omission of other activities,
such as work, entertainment, individual prams Connecting from homes also
straightfaward in many cass Perhapstte controversial statement applies to this
situation: "Information ca be found on a computer, but the transmission of
knowledge between generations can only be ensured by coataeten peoplé.

[13]
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67% of the students coitker the difficulties of ime planning and scheduling and

the increase in study time to be problematic and too much. During the qualitative
research, they say that it is almost 4edfning and that more timis needed for
effective larning At the sametime, the respondents fintthe increase in the
amount of tasks very problematR2% consider the tasks to bengaleted during

the semester to be too many compared to the previous Tnieds attributed to

the fact that the instictors want to ensure ctinuous learningand ensug that the
students are not wasting their tinfEigure 9

B Time spent studying ® Ratio of tasks

92
67
27
. [

More than in normal Same as in normal Less than in normal
education education education
Figure9

The ratio of study time to task

According to the students' statements, several teaidsersd the assignment,tbu
did not send feeditk or merit evimation The assessment involved entering the
grades, but no individualized feedback was givé&ecording to 89%, the
deficiencies in thediding of classes and the deficiencies in the onlimgamation

of the instuctars are weakOverall more tasks were assigned to the students, for
which they received little suppoithis supports hypothesis 4

The results of somstudiesare similar in the sense that the students already had
digital skills and that the instructor's teaching style hasotivational effect
However, there are differences, such as the positive effect of Covid awareness on
institutional/faculty preparedness and students' willingness to particijpté, is
important to prepare both sides for participation in onlinecation [14] Alea et

al. similarly recommend that educational institutions review their approaches to e
learningpolicies during the pandemic and in genelb] Some research points to

the impact of the positive experience and quality of online learning on student
satisfaction[16, 17] According to another study, the personal perception-of e
learning influences the intention to participate ile&ning We agree with many
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others that one of the biggest challenges is the methodological and tool use
readinss ofteachers, that thold models do not adapt to changes and that in the
future the factors that motivateudents and teachers must be examined and
prepared for a similar situatiofiL8, 19, 2Q0

Conclusionand Suggestions

The purpose of the study is not comprehensely analyze the experiences of
online education worldwide, but it tries to contribute to the successful
implementation of the practic@he suggestions should also be considered in
general, not only durin@ pandemic, but for agting to digital educatio in
general They affectthe whole of education, and in general, teacher training and
the interpretation of the teacher's rol&ey should definitely be considered when
preparing 6r an emergency situatioifhe results of the research showt ttigital
education is not only a m&ar of material conditionsbut requires preparation,
knowledge, and skills on the part of both students and teathensiny cases, the
material conditions are incomplete, butithexistence alone doesot ensure
suaessful imfementation without the ber side In light of this the creation of

the following conditions is necessary and recommended for changes

X Material and environmental conditions: knodde and regulardaily use
of digital tools is essential for the implematibn of digital educatian
Where students or higheducation students and teachers do not routinely
use the devices, digital education is hindedédcertain skills, such as
flexible switching,adaptatiorto the use of new platforms, or inpeetation
and understanding are incqiete, learning becomesosler. At the same
time, the availability of tools and the skills and frequency of use are
related, obviously skills cannot be deed in the afence of dols, and
replacement is difficult even if thedbis provided Tool and sipporting
preparatios aretherefore necessary

x Personal conditions: the basis of successful learning is ensuring the unity of
the external and internal environmeihe immediate mvironment ofthe
individual is the miroenvironnent, which, if it is not gpportive of
learning, wil lack the atmosphere in which the individual's independent
learning developd.earning to learn therefore requires microenvirontale
conditions, a supptive atmosphere that can create time, space, and a calm
location The attitde and receptiveness of smaller groups, such as school
and university groups and teachers, is decisive, and in this the instructor
has as important a role as the group matesorder to fundamsally
change the teacHs attitug, teachers should receibasic pedagogical and
psychological preparation and master the supporting facilitator role instead
of the traditional chaicentered role interpretation

X Learning organization ananethodological knowledge: since students do
not have the same skills, theqeress must be supportadrh several sides
According to the principles of constructivist didactics, teaching also means
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shapng learning environmentét the center of the learninprocess is the
process of knowledgeconstructim, the construction of one's own
knowledge It is the task of the teacher to create the learning environment,
which means a system that integrates afiantant influencing factorg21,

22] Although everyonecreates their own mental model inder to
undestand their experiencesné new information, the &eher's
involvement is essential, which should appear precisely at those points
whenthe process gets stuckhis requires proper contact and continuous
interaction during learnindrhe knowledecenteredearning environment

is not conducive to the mobilization of existing knowledge and the
development of metacognitiohe constructivist methodology therefore
prefers a variety of leaing sources, independeand collective ways of
thinking in the spiritof variety. The various types of information anceth
collection can be most effectively realized through cooperation, pair or
group work, so that each student can find different points of view, develop
ther own knowledge and, at the same time, conttadividualized
research ad other tasks, projettssed learning, student presentations, and
the teacher's questigxplaining method ab maintain learning
motivation They can only equire the knowledge défed in the goals with
various formsof work and methods, and only in thigy can they acquire

the skills necessary for social activitigSor this, it is necessary to prepare
the supporting methodology of the instructors, to update the knowledge and
pradical elements

In conclusion, we have to agree that "if we want to change something, we depend
to a large extent on (prospective) teachers changing their thinking therefore
our thinking as teacher educatof@3]

In summary, in the words of Gyodrgy Molnar, "we must emplasthat the
transformatio of the teachindearning process is much more important and
significant than educatidn It is, therefore necessary to make the framework
flexible, reinterpet the teaching profession and role, renew the methodology and
develop dgital knowledge [24]
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Industry 5.0: Generalized Definition, Key
Applications, Opportunities and Threats

Attila Kovari

,QVWLWXWH RI 'LJLWDO 7THFKQRORJ\ .JDROOW\ Rl ,QIRUP
&DWKROLF 8QLYHUVLW\ (VIWHUKi]\ WpOD#XQL(JHU +XQ.
HVIWHUKD]\ KX

.DQGy .iOPiQ )DFXOW\ Rl (OHFWULFDO EQUEWVHHULQJ TEX

% %XGDSHVW +XQJD{REXNKRY KXL DWWLOD#XQL
'"HSDUWPHQW RI 1DWXUDO 6FLHQFHVLWOQRWLWXWH RI (QJ
'XQDXMYiURV 7iQFVLFV 0 X $ 'XQDXMYiURV +XQJ

NRYDUL#XQLGXQD KX

*$0) )DFXOW\ Rl (QJLQHHULQJ DQG &RPSXWHU 6FLHQFH
8QLYHUVLW\ [JVIiNL X .HEVNHPpPpKAX +XQJDU\ NRYDL

Abstract: Collaboration between humans and machines is the main focus of the latest
industrial revolution dubbed 'Industry 5.0'. This piece aims to highlight¥eeall concept,

as well as the key applications, opportunities and threats of Industry&i@u¥ deinitions

of Industry 5.0 are presented, with a focus on the significance of hiohahcooperation

and the priority placed on people and dcendliness in industrial processes. This article
showcases the distinct and inventive customer experiencdadhbatry 5.0 provides, while

also generating value for industrial companies. Additionally, a SWOT asalgsres into

the strengths, weaknesses, opportunities and threats brought about by Industry 5.0.
Achieving sustainable development goals and gainiognapetitive edge are both possible

for companies embracing Industry 5.0. Despite the benefits, however, obstaales.abo
Issues like integrating human resources into production processes and tackliygasafet
ethical concerns require attention.

Keywords: Industry 5.0 Industry 4.0 humanmachine cooperatignsustainability SWOT
analysis sustainable development gaadsfety issuesethical issueshuman resources

1 Introduction

$ VHULHV RI LQGXVWULDO UHYROXWLRGWKDVYQIEDREIKW
SURGXFWLRQ 7KH WHUP ,QGXVWU\ ZDV BXH®@LFO\ LQ\
> @ ZKLFK GHYHORSHG-3WKMLFRQFHYWHPIV&\EHU LQ
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&\E+8K\VLFDO 3URGXFWLRQ@6\ZQHPR/I WE36 NH\ LQLWLDYV
,QGXVWU\ LV 6@D U@V DKW RUD>RI ,QGXVWU\ SURGX
WKH IRUP RI &336 FDQ PDNH LQWH\OL®PIHI AR AP & B EEDUWRRYD
DQG FROODERUDWLRQ EHWZHHQ@ PHQXEDEWXULQH[LEE
PDQXIDFWXULTXID GBIHKVRQDOLVHG SURGXFWA@ ZLWK PDV
,Q ,QGXVWU\ WKH PDLQ SULRULBA WN GXR LOQXIWKRFPIDVQH
LQWHUYHQWLRQ LQ WKH PDQXIDFWXURQ@P SSURFHWV > @
PDVV SURGXFWLRQ FD®IG] ISWM D OR.Y PEUMILIRG @ QG BKQRORJLH\
LQFUHDVH WKH HIILFLHQF\ DQG IOH[URE®VWR QR V [ BJIRIXX F
DQG VXVWDLQDELOLW)\ SULQFLSOHYV

7KH ILIWK LQGXVWULDO UHYROXWLRQWWSXNB/HWFEHVVRY
, QG XVWU\ ZKLFK ZzDV FHQWHUHG DURXWG DXWRPDWL
LV D UHYROXWLRQ WKDW UHFRJQLVHVOMQORRWIUVIMGBEL
JURZWK SXWWLQJ SHRSOH DW W KHOFRHEWWHI R I WAKIHO SU R
SODFH PRUH HPSKDVLV RQ WKH KXPDQWDPWRAD UAXYMARP L
DQG WKH LQWHJUDWLRQ RI QHZ WHFKQRORJLHV WKDQ
7TKH LOWURGXFWLRQ RI ,QGXVWU\ LYREXVHE QBVWKH
RQ VRFLDO DQG VXVWDLQDELOLW\ SULGRIHSOHNWRGG PR
IOH[LELOLW\ RI @URGXFWLRRPDUL]HY WKH LQGXVWULDO
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, QG XVWU\ V IRFXV OLHV LQ HQKDQFLQJ WKH FROOTL
PDFKLQHYV ,WV JRDO LV WR LPSURYH DRGNERRWW VDI
SURGXFWLYLW\ E\ REDWFIKRIQHQUONEHREOF WRRELQDWLRQ RI
FUHDWLYH KXPDQ LQSXW DQG VPDUW WHRFWQ@RIODRIXGHILC
IRU ZRUNHUV WR QRW RQO\ SDUWLFLSDWHNHQ WKH SLU
LPSRUWDQW GHFLVLRQV DQG DGDSWLWR VRUINLIQQJLREL UF
FROQMXQFWLRQ ZLWK HDFK RWKHU LQVWMHEGVRVIUEHLQJ UH
KDUPRQLRXVO\ EULQJ IRUWK RSWLPDO UHARPBOQNV IRU PD
PDFKLQH FROODERUDWLRQ VXVWDLQDELPDHQW Y RE W ¥XEH
QHZ LQGXVWULDO UHYROXWLRQ

7KLY SDSHU VXPPDUL]JHV WKH GHILQLWLRO@DML]JRIG, QGXVYV
FRQFHSW IRU ,QGXVWADVHGDRQOD MDYWKREAVLIHG DQDO\V
WKH NH\ DSSOLFDWLRQV RI ,QGXVWU\ QDAWKVWKPGKHO:
KLIKOLJKWYV WKH PDLQ RSSHUMWXQILQUEEKNROR ® ORIQU HD WV

2 GeneralizedDefinition of Industry 5.0

,QGXVWU\ LV VWLOO FRQVWDQW O \VGIWRHPORISILBU HQRV H
SHUVSHFWLYHV KDYH JLYHQ GLIIHUHQWL G & X\ WLLIRAD V

UHYROKIWDIFRQWKH FRQFHSW Rl ,QGXVWU\ SRPKDV QRW \F
JHQHUDO DQG PRUH VSHFLILF GHILQLWLRQV DUH VXPPDL

- 'HI“7KH UHYROXWLRQ RI LQGXVWU\ PHDQV WKDW
ZRUNLQJ WRJHWKHU LPSURYLQJ WKH HIDIFLHQF\ RI
ZRUNHUV DQG XQLYHUVDO URERWV DUH ERRVWLC
PDQXIDFWXULGESPQ GOH@U \

- 'HI “,QGXVWU\ FDQ EH FRQVLGHUHGIAMKW HUD RI
IDFWRU\ LQ ZKLFK FRERWV FRQYHUVHRAUNAMK SHRSO
ZLOO EH XVHG E\ 6RFLDO 6PDUW )DFWMPWLIRQY HQDEC
EHWZHHQ KXPDQ DQG &336 FRPSRQHQWY 7KH RYHU
RI ,QGXVWU\ EULQJY WKH KXPDQ WRXHXLEMFN WR
WKH LQFRUSRUDWLRQHBEDWLRQWRNVRXHPOIDREH PDQ V
7KH FRUH RI ,QGXVWU\ LV WKH KDUPRRV RI PDFKL

DQG ILQDOO\ NQRZOHGJH DQG VNLOOV ZK
SHUVRQDOL]HG LQGLYLGXDOL]JHG SUR&@XIFWYV DV ZHC
> @

- 'HI 37KH $JH Rl $XJPHQWDWIZRQ@O,BEXNRWXYVHG RQ W
FRRSHUDWLRQ EHWZHHQ KXPDQ LQWHOOLJHQFH DQ
WUHDWLQJ DXWRPDWLRQ DV D IXUWKHRDBQKDQFHP
VHQVRULDO DQG FRJQLWLYH FDSDELORWSHV %\ SX
,QGXVWU\ SURIRXQGO\ UHVWUXFWXUHV KXPDQ

A269 A



A.Kovari

Industry 5.@eneralize@onceptikey Application§pportunities afireats

PDQXIDFWXULQJ LQ ZD\V WKDW EHQHIQOH® KHRZRUN |
VKLIW IURP PDQXDO WR FRJQLWL&GHGDERYNW RQS !
SURGXFWLR Q—XQ & KN 8 HDFEWHDRIRMUYGEGH DQ DXWRQRP
ZRUNIRUFH L H FROODEREBWLHWFHEERWN DMXE® W @
DERXW KXPDQ LQWHQWLRQ DQG GWRQUR " 3D\G)RNDIMFR \
DQG BWHYHQ @PEUHOOR

'HlI *7KLV DSSURDFK SURYLGHV D YLVRQ RI LQGXYV
HIILFLHQF\ DQG SURGXFWLYLW\ DV WKEBQ®R WHKHKHRDOV
FRQWULEXWLRQ RI LQGXVWU\ WR VRFRWNHU ,BMWSODF
WKH FHQWUH Rl WKH SURGXFWLRQ SURHRK\W DQG X\
SURVSHULW\ EH\RQG MREV DQG JURZWK RKLOH UHVS
WKH SODQHW ,W FRPSOHPHQWY WKH H[LVWLQJ
VSHFLILFDOO\ SXWWLQJ UHVHD UFKHDW GBLIRIRWERW LR ¢
D VXVWDLQEIFEHIHN KIXPDQG UHVLOLHQW (XURSHDQ LQ
&RPPLVVLRQ > @

'H 3,1'8675< LV IXWXUH EXW DOUHRGM SHQHWUL
SURFHVVHV GLUHFWLQJ WRZDUGV FORVHU FRRSHUD
DQG V\WWHPDWLF SUHYHQWLRQ RI ZDV®/H DQG ZDV\
83&<&/,1* ,1'8675< SULRULMWLALH QW OAWZLIROLN HRI F H
PDFKLQHVY DQG SHRSOH LQ V\QHUJ\ HQYLURQPHQW
HQYLURQPHQW WRFUBBO BRGD £\@

'H6 % ULQJLQJ EDFN KXPDQ ZRUNHUV WR WKH IDF
,QGXVWULDO 5HYROXWLRQ ZLOO SDLU KBX®QDQ DQG P
EUDLQSRZHU DQG FUHDWLYLW\ WR LQFQHDVH SURF
ZRUNIORZV ZLWK LQWHOOLJHRQ VRVW HRY , QIGLXO/HW WK
LV DERXW DXWRPDWLRQ ,QGXVWU\ ZLOO EH D V
DXWRQRPRXV PDFKLQHYV ~ E\ 6DHLG 1DKDYDQGL > @

'HI ,Q@ RWKHU ZRUGV DW LWV KHDUWRP, QGIREW Y\ |
RQ HFRQRPLF YDOXH WR D IRFXV RQ VRIPLHWDO YD
ZHOIDUH WR EKNWEHQ QUDBLMHQEULQN

'HI “7KH WK ,QGXVWULDO 5HYROXWLRQ ZKLFK VWL
IRVWHULQJ FRRSHUDWLRQ EHWZHHQ KXPDQV PDFKL
WKH VWDELOLW\ WKH ZRUNIRUFH DQG DQ XQGHUVWLE
E\ 020(17% @

'HI PKH SUHYLRXV WLHU ,QGXVWU\ HPHUJHG
DXWRPDWLRQ WHFKQRORJLHYV ,R7 DQGWKKH VPDUW
QH[W VWHS ZKLFK LQYROYHV OHYHUDMIQUIJWKH FRO
SRZHUIXO DQG DFFXUDWHXMDFKHQMWUWLY B (B3R WHKGIWXLDIC
KXPDQ EHLQJ ~ E\ $H[XV ,QWHJUD

"HI 37KH WHUP ,QGXVWU\ UHIHUV WRGBGHEHRSOH ZR
VPDUW PDFKLQHV ,W{fV DERXW URERWNUKHYOSLQJ KX
OHYHUDJLQJ DGYDQFHG WHFKQRORJLHMVEIOLNH WKH ,
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GDWD ,W DGGV D SHUVRQDO KXPDDMWRRPR WHFRRQYKH
DQG HIILFLKIKB\DLULQJ Rl KXPDQ DQG PDFKLQH ZRUN
WR FRXQWOHVV RSSRUWXQLWLHV LQ PROXIDFWXUL
,QGXVWU\ DUH VWLOO LQ WKHLWKRXO@BWEMH LQI
DFWLYHO\ VWUDWHJIL]LQJ ZD\VLWR FRWMHUDW B RX/BD
WR PD[LPL]H WKH XQLTXH EHQHILWY WKDW FDQ E}
FRQWLQXHV WR RHNR DAHEA. @M

"HI 37KH )LIWK ,QGXVWULDO 5HYROXWIRQ DOVR N
QHZ SKDVH RI LOQGXVWULDOLVDWLRQ ZKHUHE\ KXPL
WHFKQRORJ{ISRZHUHEGE $SYRERWYV WR HQKDQFH SURFFL
ZRUNSOBWVBDULQD 5 X@ILHUL

"HI “,QGXVWU\ DOVR NQRZQ DV WKH )LIWK ,QGXV\
DQG HPHUJLQJ SKDVH RI LOGXVWULDOUVD®WHRQ WKD
DGYDQFHG WHFKQRRPARHU HIQ ® RE RW X R WNRS GIKHD Q FH
SURFHVVHV 7KLV LV FRXSGHQWUMK IRFRR UMV KZHPIDC
LQFUHDVHG UHVLOLHQFH DQG DQ LEARSUR¥H® IRFXV R

%DVHG RQ WKH SUH VLW ¥ HBHJHWGD@IL RQERYUDRIG X VW U\

Industry 5.0 focuses on effective humeamwork with machines to increase
flexibility and sustainability by relying on smart machines.

Industry 5.0 builds on the achievements of Industry 4.0, but rather than replacing
humans, it aims to exploit the potential of hunmatelligence in humamachine
interaction more than ever before. This will allow people to use twnitive
abilities and rapid adaptabilityto improvewithout sacrificing the accuracy and
consistency offered by intelligent machinesthis way, Industry 5.0 focuses on
economic, environmental and social impact to make sustainable choices.

JLIXUH
,QGXVWU\ IURP WHOHP-B-BIQWEHFANCLLYQHER L O L W \
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3 Key Application Areas of Industry 5.0

7KH IROORZLQJ NH\ DSSOLFDWLRQ DUHDWKB Q@ BW H\GW Q
LQGXVWULDO IIRFXRRWRROQ NWNBFRUMDWLQJ ZLWK VPDUW WHE
SURGXFWLRQ HIILFLHQF\ DQG LPSURYH WKH ZRUNSODT
KXPDQ FUHDWLYLW\ ZLWK PDFKLQHV ,QGXWWRQYV KDV E
DQG GLIITHUHQFHYVY FRPSDUHG WR SUHYLRXV LQGXVWULD

- +XPBOPFKLQH &ROODERUDWLRQ DW WKH KHDUW RI
PDFKLQH FROODERUDWLRQ :KLOH ,QGXVWU\ IRF X
DXWRQRPRXV VIVWHPV ,QGXVWU\ DLPV WR FRPE
PDFKLQH HIILFLHQF\

- 7DLORUHG 3URGXFWLRQ ,QGXVWU\ RLBW DOORZ |
FXVWRPLVHG WR LQGLYLGXDO QHHGV HKWW PHDQV \
SURGXFH XQLTXH SURGXFWYV LQ KLJK YROXPHV ZLWK

- (QYLURQPHQWDOO\ FRQVFLRXV 7KH QHZ LQGXVWUL
HPSKDVLVY RQ VXVWDLQDELOLW\ DQG HQYLURQPHQW
WR RSHUDWH QRW RQO\ PRUH HIILFLHQWO\ EXW D¢
IULHQGO\ zZD\

- 'LJLWDO 7ZLQV DQG $XJPHQWHG 5HDOLWA 7KHVH W
PRGHOOLQJ DQG RSWLPLVDWLRQ RI SURGXFWLRQ SU

- ,QWHOOLJHQW 6\WVWHPV 7KLV PHDQVPVNKD@GV\VWHP)
VROYH WKHP EHIRUH WKH\ EHFRPH VHULRXV SUREOH

- &\EHUVHFEXULW\ $V V\VWHPV EHFRPH PRUH FRPSO
VHFEXULW\ ULVNV ZLOO LQFUHDVH DQG RPSDQLHV
F\EHUVHFXULW\

3XWWLQJ KXPDQ FUHDWLYLW\ DQG L QW HIOW WKHQ QHIWH F K C
LQGXVWULDO UHYROPWERQQIR SOVLPQ HRUNVRD® 7KLV UHYR
DPDOJDP SURGXFWLRQ HIILFLHQF\ DQG ZRERSQ@WFH HQY
WKHVH GHYHORSPHQW WUHQGV WKH IRQORZE @LWHK\ DS
UHJDUG WR ,QGXVWU\

- &ROODERUDWLYH URERWV &RERWV 7KHVH URERWYV
SURGXFWLRQ OLQH DQG DUH DE®RUWR UDH DSRE RWRP
DUH DEOH WR LGHQWLI\ DQG DGDSW HDRXMKH DFWL"
FUHDWLQJ D VDIHQWW @& PR U@ VI URFQ PH QW

- &RJQLWLYH URERWLFV &RJIJQLWLYH URERMM DUH DI
HQYLURBMDPWRM LOWHOOLJHQW EHKDYLRU RI URERWYV
PDNH GHFLVLRQV LQGHSHQGHQWO\ DQG FROODERUL
SURFHVVHYV
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- 'LJLWDO 7ZLQV 'LJLWDO WZLQV DUH WUWFRRDBFRSLH
UHWOPH GDWD DQG SHUIRUP DQDO\WLFVR$KHVH WZL
DQG RSWLPL]JH SURGXFWLRQ SURFHVVHY DQG SUHGL

- $XIJPHQWHG 5HDOLW\ $5 DQG 9LUWXD&RGRDIOHW)\ 95
DOORZ ZRUNHUV WR LQWHUDFWLYHO\WHRINMLHQEW ZLW I
SURGXFWLYLW\ DQG HIILFLHQF\ ,Q DOWGIGVLREY WKH
WUDLQLQJ DQG HGXFDWLRQDO SXUSRVHYV

- ,QWHOOLJHQW PDQXIDFWXULQJ V\VWHR\DWAKH JRDO
LQWHOOLJHQW PDQXIDFWXULQJ V\VWBFEW XWKIDQN FDQ
SUREOHPVY DQG DFKLHYH PD[LPXP HIILFLHQF\ DQG |
KXPDQ FRJQLWLYH DELOLWLHV ZLWK PDFKLQH SUHFL

- ,QWHOOLJHQW KkBQOWIGADUKE XDOO\ PRQLWRU WKH SO
SURYLGH SHUVRQDOL]HG WUHDWPHQWOASLWK WKH Kt
FRERWY GRFWRUV FDQ SHUIRUP VXURKWIHYHLQ FRF
PHGLFDO WDVNV FDQ DOVR EH SHUIRV RHGPRUFRER W
FRPSOH[ WDVNYV

- &XVWRPL]JHG SURGXFWLRQ , QG XVWU\ HQDEOHYV
FXVWRPLIJHG SURGXFWY DFFRUGLQJ WR FXVWRPHU C
RI KXPDQV DQG VPDUW PDQXIDFWXULQJ 7KLV LQFOX
PRGLI\LQJ PDQXIDFWXULQJ SURFHVYVWVDW®BREXVWRP
FRPSDQLHV WR SURGXFH XQLTXHO\ FXVWRPL]HG S
SURGXFWLRQ :LWK WKLV PHWKRG FRPSRQLHV ZLOO
PDUNHW FKDQJHV DQG FXVWRPHU QHHGYV

- 'DW®ULYHQ BERNLQURQ@KH FRQFHSW RI ,QGXVWU\ DC
EDVHG GHBFNVORQ:LWK WKH KHOS RI VPDUW VHQVRUYV
KXPDQV FRPSDQLHV DUH DEOH WR FROGHOHFW DQG
GHFLVLRQV DERXW PDQXIDFWXULQJ SURFHVVHYV

- (GXFDWLRQ 7KH FRPELQDWLRQ RI VPDUW PDFKL
SURIHVVLRQDOV UHVXOWYV LQ HIILFR® Q V) GWX WD L Q [
LQWURGXFHV WKH UROH RI /HDG 5RERMWDMHV 7KLV
RSHUDWRU LQWHUDFWLRQ NMN®BKKDVY HRERW.IHQFB Q®
(GXFDWLRQ PXVW UHIOHFW WKLV ZKQHQQMHHDMLQJ IX

,QQRYDWLRQ LQ ,QGXVWU\ LV EULGJLQJ KXPDQ LQYR
SURGXFWLRQ ([FLWLQJ QHZ DSSOLFDW LGRRHW WBIWXOWLQ
KDYH WKH SRWHQWLDO WR UHYROXWH RIJDPS OH\H RIQ G X
SRWHQWLDO DSSOLFDWLRQV VKRZQ KHUGIGXYM WMXVW D
RITHUV
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4 Examination of Opportunities and Threats using
SWOT Analysis

7KH H[DPLQDWLRQ RI
D 6:27 DQDO\VLYV

KHOS RI

, QG XVWU\ RS SRW WX

QIKWWIKY DQ

JRU WKH DMKH BVOLWL VL W | 2K/ HV

DXWKRUV FKDUDFWHUL]JDWLRQV UHG®GDRE @ WRQ MXKEGXWLVF

RYHUYLHZ RI
DQDO\WVLY FDQ EH FODVVLILHG LQWR WKH

PDQ\

- JHQHUDO RYBU@EHBV > @
- LQGX\VDWGBGLPBGLFDO DSSOLFD&*RQV@ @G @HVHDUFK
- PDQDJHPEQRYDWLRQ HFRQRP\> @ > @ > @

- VRFLR DQG KXPDQ FHQWULFSSH®@HFWAYHV > @ >

7TDEOWKRZW WKMD ULHNG&OWYV RI

WKH OLWHUDWXUH UHYLHZHG

7DEOH
6:27 DQDO\VLV RIWEEKQRQRILHV

SWOT

Content

Strengths

1. Human and Machine Collaboration (PSKDVL]HV WK
EHWZHHQ KXPDQV DQG PDFKLQHV SUR
HQYLURPHEIVMPHY KXPDQ FUHDWLYLW\
HQKDQFH SURGXFWLYLW\ DQG LPSURY
2.Human-Centric Approach 3XWV KXPDQ QHHGYV
WKH FHQWHU Rl WKH SURGXFWLRQ S©
EHLQJ RI LQGXVWULDO ZRUNHUV HPS
SURGXFWLRQ SURFHVV

3. Customized Production (QDEOHV WDLORULQJ
SURFHVVHVY WR LQGLYLGXDO QHHGYV

4. Organizational Resilience ,QG XV WU\ IRFXVH
DOORZLQJ LQGXVWULHYVY WR DGDSW D(
5. Environmentally Conscious 3ODFHV D VWURQJ H
VXVWDLQDELOLW\ DQG HQYLURQPHQW
6. Digital Twins and Augmented Reality ,QWURGXFHV
DQG DXJPHQWHG UHDOLW\ WHFKQROR]J
7. Technological Advancements 7KH LQWHJUDWLRG({
WHFKQRORJLHV VXFK DV ,R7I1CH [ LEQG
HIILFLHQW SURGXFWLRQ V\VWHPV

8. Sustainable Manufacturing ODQXIDFWXULQJ PX

,QGXVWIS\DS HEB B0 SIPEKVO URU WKH
IROORZLQJ JU

D 6:27 DQDO\VLY EDVHG R!

PRWLQJ D FR
ZLWK PDFKLC
H ZRUNSODF|
DQG LQWHUH
RFHVV ,QGX!
DVL]LQJ WKI

Rl PDQXIDFW

vV RQ UHVLOL
G WKULYH L«

PSKDVLV RQ
DO SURWHFW

GLILWDO WZI
LHV LOWR PL

RI DGYDQFF
DREBERWLFV Wi

W UHVSHFW

SODQHWDU\ ERXQGDULHWH DLQG XX\HVUX VP BI MQD ¥ B IHL H

GHPDQGV ZKLOH UHVSHFWLQJ SODQHW

Weaknesses

1. ComplexTechnologies ,QWURGXFWLRQ DQG L

WHFKQRORJLHVY FDQ SRVH FRPSOHJ[ FK
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2. Training Requirement :RUNHUV QHHG WR DFT
WKH HITHFWLYH XVH RI QHZ WHFKQROR
3. Social Heterogeneity 7TKHUH FDQ EH VRFLHWD
DQG DFFHSWDQFH

4. Transition Challenges ORYLQJ IURP ,QGXVWU
SRVH FKDOOHQJHV HVSHFLDOO\ IRU L
IRUPHU

5. Data Security and Interoperabilty & RQFHUQV UHO
HQVXULQJ GDWD VHFXULW\ DQG LQWHU\
6. Potential Resistance 7TUDGLWLRQDO LQGXVWU
FKDQJH GXH WR WKH FRVWY DQG FRPS
7. Lack of Clear Definiton % HLQJ D WRSLF LQ GH
QR SUHFLVH FRQVHQVXVY RQ LWV GHIL
DQG PLVLQWHUSUHWDWLRQ

JLHV
O GLIITHUHQF

WR PL
DGXVWULHV

DWHG WR

RSHUDELOLYV
LHV PLIKW L
OH[LWLHV L
IYHORSPHQW
DLWLRQ ZKL

Opportunities

1. Competitive Advantage & RPSDQLHV WKDW V XH
,QGXVWU\

2.Sustainable Growth (QYLURQPHQWDOO\ FRQ
SURFHVVHY DOORZ FRPSDQLHV WR DF
UuxaQ

3.Resilience 0ODQXIDFWXULQJ PXVW EH FDS
GLVUXSWLRQV DQG HQVXULQJ FULWLF

4. Meeting Societal Demands ,Q G XV W U\ RIITHUV
UHDOLJQ LQGXVWULHV ZLWK VRFLHWD|
PDUNHWY DQG DYHQXHV IRU JURZWK

5. Innovation and Entrepreneurship 7KH HPSKDVLV R
HQYLURQPHQW FRQGXFLYH WR LQQRY
LGHDV SURGXFWV DQG VHUYLFHYV

6. Strengthening Partnerships 7KHUH V DQ RSSRU
VWUHQIJWKHQ FROODERUDWLRQV EHW
OHDGLQJ WR VKDUHG JURZWK DQG GH
7. Addressing GlobalChallenges 7KH DELOLW\ WR [
JOREDO FKDOOHQJHV VXFK DV FOLPDW
UHQHZDEOH UHVRXUFHV HQYLURQHMFHQ

WHFKQRORJLHV FDQ JDLQ

D FRPSHWL

VFELRXV PDQ X
LHYH VXVWL

DEOH RI GHIF
DO LQIUDVW.L
WKH FKDQFFE
O QHHGV SR

Q FUHDWLQJ
DWLRQ FDQ C

NXQLW\ WR
’HHQ WKH SX
YHORSPHQW

GGUHVV VLJ
H FKDQJH U]

Threats

1. Cybersecurity Risks $V VA\VWHPV EHFRPH PR
LQWHUFRQQHFWHG VHFXULW\ ULVNV L
2.High Initial Investment ,QWURGXFWLRQ RI ,Q(
WHFKQRORJLHYV PD\ UHTXLUH VLJQLILH
3. Productivity Challenges 6 LJQLILFDQW LQYHVW
ZKLOH DOVR H[SHFWLRGXEG W Q¥ILWD VH
4. Rapid Technological Changes 7TKH SDFH RI WHFK
DGYDQFHPHQW PLJKW RXWVWULS WKR
SRWHQWLDO LQHIILFLHQFLHV

5. Environmental and Social Challenges ,VVXHV OLNH

FKDQJH HQYLURQPHQWDO SROOXWLR
VLIQLILFDQW FKDOOHQJHV WR WKH\VX

QFUHDVH

5X VW U\

DQW LQLWLE
PHQWY DUH
LQ
QRORJLFDO
LQGXVWU\ V

COLPDWH
D DQG VRFLI
FFHVVIXO LF

R75A



A.Kovari Industry 5.@eneralize@onceptikey Application§pportunities afireats

6. Potential Overshadowing by Industry 4.0 7KH H[LVWL
SURPLQHQFH DQG PRPHQWXP RI ,QGXVWU\ PLJK)
QHZHU SDUDGLJP VORZLQJ GRZQ LWV|DGRSWLRQ
7. Global Conflicts (YHQWY OLNSNWBHQXVRQDOLFW FDQ
HOHYDWH FRPSOH[LWLHV LQ WKH JORE

5 Insights into Practical Applications and Future
Directions of Industry 5.0

$W WKH EULQN RI WKH QHZ LQGXVWULDDWURY®YRBIXWLRC
FXWWGQH WHFKQRORJIJEHYWHYUGEH KXPRDMKRGY WKDW ZLOC
VLIQLILFDQW FKDQJHVY WR VHYHUDO LQGXVDVWULHV ,Q
WHFKQRORJLFDO DGYDQFHPHQW EXW DQE R WDRZIMWMKDRSIL JP
EXVLQHVVHYV 2XU VFUXWLQ\ ZLOO H[ORUHXVWGXY WU\
SURVSHFWV VFUXWLQLILQJ LWV B RDFQW RDF W XWUILERXIOAKX
H[DPLQLQJ IXWXUH WHFKQRORJ\ SURJUHVVIL\RDV ZRUN|
GHPDQGV 2XU LQYHVWLIJDWLRQ WDUJHRWE RDUAWRFREWHKHQ
DQG REVWDFOHV ,QGXVWU\ ZLOO SWIHVHQW LQ WKLV I

, QG XVWU\ LV VHW WR UHYROXWLRQL]HI LYDLBHIORXY VHF
VXVWDLQDEOH DQG FXVWRPL]JHG DSSURQWRHNQ BKH I XW
URERWLFVY ,R7 DQG GDWD BRIDFRK\MJH W RQE&DEAU QW LKRXP
HYROXWLURQ GOARHQWDOO\ DOWHU WKH MRE ODQGVFDSH
HGXFDWLRQ DQG VNLOOV GHYHORSPHOQRW [REXDNM QUHW K
WR UHPDLQ FRPSHWLWLYH DQG VXVWDIIHFDEO HRIUD 8 KH U

5.1 Manufacturing

,QWURGXFLQJ D SDUDGLJP VKLIW LQ WKH VPDQXIDFW X
WUDQVIRUPLQJ SURGXFWLRQ SURFHVVHQREOWR DRBHWK
FXVWRPL]HG 7KLV HQYHORSPHQW LV FKPDQ@FMGIUL]HG
WHFKQRORJLHV VXFK DV $, URERWLFV IXX®DR7 DOOR:
FUHDWLYLW)\ FDO\G @HEIDWRIQU WKDQ MXVW DXWRPDWLQJ
WR HQKDQPBRKLRIMQFROODERUDWLRQ UHVXOWLQJ LQ D¢
PHHWV LQGLYLGXDOL]JHG FXVWRPHU QHMERXWHGXFHV
HIILFLHQF\ &RQVHTXHQWO\ WKLV V\QADSHOMIDIBW MWR D
PRUH UHVSRQVLYH DQG UHVSRQVLEOH WD QD BHOZMNK W
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5.2 Healthcare

,Q KHDOWKFDUH ,QGXVWU\ V SR W HRRMDLCDOCE R ¥ DWMLLY ®
URERWV FRERWV DQG $, LQ VXUJHULHYFDQW®W SDWLF
DGYDQFHPHQW &RERWV GHVLJQHG WR ZRUNWORQJVLG
LQ FRPSOHPBVRBHIGPOUHY RIIHULQJ SUHFLVLRQ DQG FRQ
FDSDELOLWLHV $, DOJRULWKPV FDQ WDRMPHWGVL QXDYQY D
GLDJQRVLY DQG SHUVRQDOL]HG WUHDWRHQW GRDQV 71
WKH TXDOLW\ RI FDBIUW RE R /NDIOR/HRDOWRPADUH PRUH DFFHV
DVVLVW LQ RYHUFRPLQJ KXPDQ UHVRXUFH FRQVWUDLQMW

5.3 Agriculture

,QDIULFXOWXUH ,QGXVWU\ WHFKQRORIQHMWBCRO\ D SL
SUHFLVLRQ IDUPLQJ 7KLV DSSURDFK GHY\VHU D DH\W \WT PAF
WR PDNH IDUPLQJ SUDFWLFHYVY PRUHARUIRWRHE UG VRWH
JXLGUQLIDWEBQLWRQ$ SHVW FRQWURO VROXWLRQV WKI
EHWWHU UHVRXUFH PDQDJHPHQW KLJKHWDFRUJRBSDHAWGYV
BUHFLVLRQ IDUPLQJ HSLWRPL]JHV WRH HQIEXVYWQFK\ Z LHWKK |
VXVWDLQDELOLW\

5.4 Al and Robaotics

/IRRNLQJ DKHDG IXUWKHU DGYDQFHPHQWHKXPD®, DQG UR
PDFKLQH FROODERUBDWOAWODRQHWRXOG RIITHU PRUH LQW:
OHDUQLQJ FDSDELOLWLHY DOLJQLQJ FORWHHO\ ZLWK KX
5RERWLFV PLIJKW HYROYH WR EH HYHQ PRWHDWLNHEOH I
WDVNV EOXUULQJ WKH OLQHV EHWZHHLQY WO\WRKXPWQDGLW
RU PDFKLQH GRPDLQ

5.5 IoT and Data Analytics

7KH DGYDQFHPHQWYV LQ ,R7 DQG GDWDLO®OOWWLBY KH
SURFHVVHV DUH QRW RQO\ PRUH HIILFIGFQMe ERK™ DOVR
FRQQHFWLYLW\ ZLOO OHDG W R WLAPIMU\G B W D DIFQVIRQ\MHLVF V ;
RSWLPL]H HQIMBXPHXERZQWLPH DQG SUHGLFW PDLQWHQLE
RI RSHUDWLRQDO LQWHOOLJHQFH SDYHNDWKHWADMLIRU L
SURGXFWLYLW\ EXW DOVR VLJQLILFDQWO\ ORZHU WKHLLU
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6 Discussion

,QGXVWU\ WKLV QRYHO FRQFHSW KLQX GHRKIOWH WK H

DQG VXVWDLQDELOLW\ LQ LQGXVWULPHZ SSIRFNLVIHPY OF
HPSKDVL]HV WKH FUXFLDO UROH RI LRQGXWREHN® ZRU
QXUWXULQJ FROODERUDWLRQ DQG FRRUGLQBWLRQ EHW
LQWHJUDWLRQ JLYHV ULVH WR WKH ®R\GVVHEUXILWM R IRIQQ ¢
D PDVVLYH VFDOH SURYLGLQJ XQSDUDO®@HWGBING DQG L
&RQVHTXHQWO\ WKLV FUHDWHYV YDOXR W QGGKVWIDE O DV
HQWHUS@HQIBL.QJ WHFKQRORJ\ ZLWK LQQRYDWLYH WD
IUDPHZRUNV LV NH\ 7KH VWUXFWXUH RIXIQFDM RRQ Q R K X
FRUSRUDWLRQV PXVW KDUPRQL]H ZLWK VRFLHWDO G
LQDXJXUDWH D FXOWXUH RI FUHDWL EIOM\ @A B R @ PO QW
LV LPSHUDWLYH &UDIWLQJ D VNLO QHG VARWHNOBWKH QLQY
SXEQUEYDWH VHFWRU FROODERIKYMPRQ W XRIW E Y WSJLLRIE
GHYHORSPHQW JRDOV LV SRVVLEOH RROOWI LQ®\W D WH
KXPDQ YDOXHV ZLWK WHFKQRORJ\ DQG HQVXUH VXV\
SURGXFWLYLW\ PXVW EH ZHLJKHG DJDLQRRJVPRLG JRDOV
DGYDQFHPHQWY WKDW DFFRPSDQ\ WKH QHZ LQGXVWULD

3HR-FOIMWHUHGQHVYV DQG VXVWDLQDELOLW\ DUH WKH
SURPSWLQJ D SDUDGLJP VKLIW LQ WKHQHMHHBWWQIGDO Vi
LQWHUHVWY DW WKH FRUH RI WHHH GWRGHKE WL RRU BD R
HPSKDVL]JHV WKH VLJQLILFDQFH RI WK HDKQFPH@WRXFK R
$GGLWLRQDOO\ WKLV DSSURDFK EULQJVWERXWKHHVK
YDOXH SHUFHSWLRQ VKLIWV IURP YLHZIKMHP VDR'HP DV |
LQYHVWPHQWYV

,Q ,QGXVWU\ WKH IRFXV LV RQ SHRIS OHHB RGRWVRRLNH W
7R DGDSW WR WKH GLYHUVH QHHGV RIJ LLGCRMWIL\D)XOV AR U
WHFKQRORJ\ WKDW FDWHUV WR WKRFLURGPIRDD WYX DW
SULRHMWP][SORBIHH. QHOIOQFOXGLQJ WKHLU SK\WLFDO DQG
DSSURDFK SXWV HPSKDVLV RQ SURWHFWL®N ZRUNHUYV
DXWRQRP\ KXPDQ GLJQLW\ DQG GDWD SURWHFWLRQ

JRU D PRUH EDODQFPQGZRBSBURYHG FDUHHU RSWLRQV L
PXVW FRQVWDQWO\ WUDL® BQ® GHYGIORISRY B B PV H @KW
SULRULWL]HV VXVWDLQDEOH PDQXIDFMW XXIVODDQBEKW®FF
DQG UHVSHFWIXO RI WKH SODQHW V QVPEWPWHRWLVQ 2 Q
FLUFXODU SURFHVVHV WKDW UHSXWRKWH HVY H K\F\W HP D 9/
OHDGLQJ WR DQ HIILFLHQW DQG VXVWZIDL\QDHE CCHY G LU F X
HQYLURQPHQWDO LPSDFW

,QGXVWULDO SURGXFWLRQ LQ ,QGXVWU\D FUMWUWHDXOLUH
VWUHQJWK 7KLV UHVLOLHQFH LV QHRMWHBW\FWRFEBB®E

AR78A



Acta Polytechnidangarica Vol.21, No3, 24

LQIUDVWUXFWXUH 7KH LQGXVWU\ RIGDIKHVINMWXRLHH @ W\NOV
WR -JHROLWLFDO WUDQVIRUPDWLRQV DQG XQIRUHVHHQ (

7KH &29,'FULVLV KDV LQ SDUWLFXODU PDXISDB\SDUHQW
FKDLQV DQG UHLQIRUFHG WKH QHFHXWXW\HIRGUNE BWWE U |
KRVW RFHXIHWEFKQRORJILHY OLNH WKH ,QWHUQHW RI
OWHVW * QHWZRUNV ,QGXVW-BFKDQEBY HAHWHMS UDV IDQJ
SRZHU Rl GLJLWDO WZLQV FROODERUDWLYBHURERWYV
SURGXFWLRQ SURFHVV FDQ EH PRQLWRUM® ®®G FRQW!
VXSHULRU TXDOLW\ 7KDQNV WR ' PRGHOLEHDQG VLPX
SHUIHFWHG DQG VWRUHG GLJLWDOOWGEH IRROUINHL @ H WVQKIHP D
VWRUDJH RI ODUJH TXDQWLWLHV Rl | LD KEHG GILRG X F
GRZQ WKH FRVWV RI HQWHQWRU\ PDQDJHP

, QG XVWU\ DOORZV IRU PDVV FXVWRER]HDWILURREG XRW ¥ K F
FDQ EH FUHDWHG EDVHG RQ FXVWRPHUVY QRN IMHWIHR)F HV
HOQOKDQFHVY SURGXFWLRQ HIILFLHQF\ DQG XRRNOLWDWH)
PRQLWRULQJ SURFHVV EHWZHHQ KXPDQV DQG PDFKLQ
DFWLYLWLHV LV VKDUHG UHVXOWLQJ LQ LQFUHDVHG 10}

,GHOQWLI\LQJ DOWHUQDWH URXWHV LDWEPRNXAM RQ GL
, QG XVWU\ 6XFK UHVLOLHQF\ FDQ ROWDCEMW PR&VHIYPIG
PHWKRGKLQN VLPXODWLRQV DQGVIDBW DRDFRH & HBL J R RGLHYOHM
IDFWRUVOQWNHFRMN ORJLVWLFVY DQG VXEVWLWXWLRQ

7KH DSSOLFDWLRQ RI ,QGXVWU\ LV AW G UWEKRDMN VW \
'"HVSLWH LWV QXPHURXV EHQHILWYV RREB HIW\P D7TK\H UV X
H[LVWV D YDVW GLYHUVLW\ Rl YDOXHR 6 RIGHWRIEQ D/DKE RU
DFFHSWDQFH RI QHZ WHFKQRORJLHV DQGSRNWKFRGYV &RC
FRQVLGHUDEOH FKDOOHQJH LQ WKH DGRPWLRRMRI ,QG X\
GLIIHUHQW EDFNJURXQGVY DQG KROG GLVWLWFW YLHZ
SHUVSHFWLYHV

,Q ,QGXVWU\ WKH LQWHJUDWLRQ KXUREOGHBRVHYV C
FXVWRPHUV WR 60(V &RSLQJ ZLWK WHFKQRIDRIFRKDGYDQF
DQG GHYHORSPHQW PRUH FRPSOH[ JLYHGWBR®GQWHU
LQWULFDWHSWOIYWHR¥RIUBRUDWLQJ LQQRYDWLRQ SROLF
HFRV\WVWHP SRVHV LWV RZQ VHW BL®GQVIVRKXDWLICHVF JKPD
QHFHVVLWDWHYV -BBILIOWH @ QOGS SUHRDFKWMY ZKLFK SUHVHQ
FKDOOHQJH 7KH DGRSWLRQ RI DGDSWDEOH DQG IOH
PHWKRGRQRKIHBINPEBBH DWLYH 7R WKULYH LQ ,QGXVWU\

ERRVW SURGXFWLYLW\ WKURXJK VLJQLIVFDUHV HFQW VW D O
FKDOOHQJHV IRU WKRVH ZLWK OLPLWHG UHRRSOIFIHHN %
PXVW WKRURXJKO\ ZHLJK WKH UHZDUGV RGGHWD]DUGV R

7KH FRQQHFWLRQ EHWZHHQ ,QGXVWU\ KH DREWHWK VW D F
ERWK DUHDV BDRBWLW.KDCPDQQWHOOLJHQFH FRRSHUDWL
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HIILFLHQF\ Rl ZRDRGSBRRHEWHMXQGDPHQWDO HOHPHQW
PDQXIDFWXULQJ DQG WHFKQRORJLFDO HQYLRDRQPHQW ('
DOVR EH XVHG GXULQJ WKH H[DPLQDWLR® BV FRPSOH]
SURJUDPRL@ ZLWK WKH VXSSRUMQRY RKMFKHWSKUR FIHINLW F
EH LPSURYHG DQG H[SDQGHG XVLQJ DBBWAII@ LUD/O LQWH
WKHUHWRRSDWLEOH ZLWK WKH SULQFLSOHV RI ,QGXVWL
FROODERUDWLRQ EHWZHHQVSHRPS/O H. @REH D QMO0 CLHH @ \
LQQRYDWLRQ LQ SURGXFWLRQ DQG ZRUN SURFHVVHYV

'LILWDOL]DWLRQ DQG ,R7 GHYLFHV SRVYWNHFRPDIMRWU SURI
7KH XVH RI KHWHURJHQHRXYVY GDWD PDQDWKHI QWREAG FO
DV WKH QXPEHU RI YXOQHUDELOLWIM B BUXHWVDA WK SM Kk M
, QG XVWU\ ZKHUH PXWXDO WUXVW DPRQGEHNDULRXYV
PDFKL@HV FRPPXQLFDWLRQ QRGHV LV HVWDEOLVKHG Wt
LQWHJULW\ LV DOVR YLWDO DV FRQWWRW KRRPRIKQW KLDGC
SDUW\ QHWZRUNVYV 6\VWWHP SHUIRUPDQFHLRXMWN WQIRW EH
HQIRUFHPHQW 3ULYDF\ DQG GDWD SURWMFWLRQ DUH N
7KH DGYDQFHG FRJQLWLYH FDSDELOLWLHWRI VPO XIDF)
SRWHQWLDO IRU KLJKO\ FXVWRPL]HG &l UWMHN BRE V
FKDOOHQJHV LQ VDIHIXGD®IDQB RRUANPWLRBYAULQ

,Q RUGHU WR UHLQWHJUDWH KXPDQ WHHFWRLYWHF W\ D QLR ¥
LV UHTXLUHG IRU ERWK KXPDQV DQG PDFKDQBW QWA VXFF
OLHV LQ VFDOLQJ XVHUV DQG SUR GXfD\OLFR Q | SKIXRPFHY VH V
URERW FROODERUDWLRQ 7KLV FDQ SW DK WWRH BMKD SK X
EHWZHHQ KXPDQ LQWHOOLJHQFH DQG PODRKWQHM $,1V
GLVUHJDUGHG (YHU\ DSSOLFDWLRQ [RG YD A\ D DHN RQQ BV
VRFLDO LPSOLFD®W LRHSH UMK/ VLRQV DOVR WDNH D FULW
)LQDOO\ HWKLFDO PDWWHUV DUH WKH ODQMV FRSILHFH R
HQYLURQPHQWDO DQG VRFLDO YDOXHVNWKNPDLGW\DSL WE U
LWV JRDO Rl FUHDWLQJ VXFK YDOXHV WRUH RiU ULDF@LAD W L |
RI WKHLU VXVWDLQDELOLW)\ LQLWRBWVYWIM WKULNTXUHWM!
PRUH VNLOOHG MREV DQG WKHVH DUH PDIZIRWK IRFXVHG
VWURQJ HPSKDVLV RQ LQFUHDYLQG¥XWWR P HUMKHWR.IV VIR
RI WKH SURGXFWLRQ SURFHVV ZLO\LFAVSO® FEHH DXG DI
IURP PDFKLQHV ZLOO SURYLGH WKH RSSROWBQLW\ WR
SURIHVWL@Q@HPYRWKHU NH\ EHQHILW RI ,QGXVWU\ FR
JUHHQHU VROXWLRQV WKURXJRSBRSBHEGXRHMRIDI WRJ
PDQXIDFWXULQDVSBBBERVWIBVWR SXBHQW B DR XIPF&XWXIURQV

Conclusions

,QGXVWU\ UHOLHV RQ VPDUW PDFKELQXWWDKQWER DLW
ZKLOH OHYHUPDRKLENPPROODERUDWLRQ :KLOH ,QGXV\
WHFKQRORJLHV VXFK DV WKH ,QWHUQHW RV RKLQJV RU
KXPDQ HQYLURQPHQWDO DQG VRPNDO D VFSRFFSAO\H P, I QWKL
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WKH DFKLHYHPHQWYV RI ,QGXVWU\ DQG GRWV QRW Q
SURPRWHYPIKKRPIDDQH FROODERUDWLRQ 7KLV ZLOO DOORZ
QRW RQ SHUIRUPLQJ SDUWV RI WKH FROOW WKQQEXQYIWR
DQG DGDSWDELOLW\ ZKLOH VWLOO WDMNW®Q & LDOGY\D QRN D J |
PDFKLQHYV

THFKQRORJLFDO GHYHORSPHQW LV QR ORQIRXY WKH VRO
SULRULWL]HY VRFLDO YDOXHV DQG KXPDRKLA@H ROYHP
FROODERUDWLRQ WKH SURGXFWLRQ SURRHDWIHMGDQ Et
FXVWRPHU H[SHULHQFHV :LWK DQ HPSKD@GVVRGE@LUD®YLUR
LPSURYHPHQW ,QGXVWU\ SLRQHHUV D SDUDGLJP VKL

,QGXVWU\ V DSSOLFDWLRQ Rl WHFKQR@RRMIDWG LQQR
FXVWRPHUV GLVWLQFWLYH GHPDQGV ZKNLOD¥LBIEOMXVWLQ
HYROYLQJ 7UDQVIRUPLQJ WKH ZRUN DWPRVSKHUH LV DI
LQGLYLGWKBIVWQBRZWK 2QJRLQJ OHDUQLQJ DQG WUDLC
LQ ZRUNIRUFH GHYHORSPHQW DQG FXOWXUH

, QG XVWU\ KDUQHVVHVY WKH XQLTXH HUHBWHQWW\ RI K
VPDUWO\ DQG DFFXUDWHO\ ZLWK PDFKLQAWMDW Q\ WHF
, QG XVWU\ ZLOO EULQJ EDFN KXPDQVERWEHUDNRQ®@WLRC

DFFXUDWH PDFKH@EHM WLWBKO FRJIQLWLYH WKLQNLQJ RI K
LPSURYH WKH TXDOLW\ RI SURGXFWLRQ E\ DWRLJQLQJ U
URERWY PDFKLQHY DQG FULWLFDO WKLQNLQJ WDVNV WRK

,QGXVWU\ SRVHV PDQ\ REVWDFOHV LQFOXGLQJ W]
WHFKQRORJ\ PDQDJLQJ PRUDO GLOHPPDNVR @Q@E PDLQWI
EHWZHHQ PDQ DQG PDFKLQH 7R RY HUFRP HQGKKHNHUK KV G
FROODERUDWHOWPFRUHG FIGRYHO UHVRXUFHV LQWR [XU\
GHYHORSPHQW 7KH IXWXUH RI LQGXVWU\ LV VHW WF
WHFKQRORJLFDO LQQRYDWLRQ W-F HRUMHDWHEG VDQGKYIWQLD
SURFHVVHV WKURXJK ,QGXVWU\ 7KLV ZH D@ SDYH WK
VXVWDLQDEOH VRFLHW\ ZKHUH D GHOLBRWH EPD@®QFH F
YDOXHV LV DFKLHYHG
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	1 Introduction
	COVID-19 has a serious negative impact on the economy as a whole and on the labor market. The situation has improved recently, but it is useful to map the changes in the labor market and current future trends. Many have lost their jobs due to the cris...
	There have been a number of studies of the global labor market situation. One important finding is that today, 79% of job seekers use social media in their job search and this is even higher, among younger job seekers, at 86% [1]. 40 million people se...
	In the technology industry, recruitment is increasing before or during the pandemic at a level beyond that [3]. The most IT jobs in 2022: database administrator and architect, information security analyst, software developer, network and computer syst...
	The article [4], summarizes the most in-demand jobs in 2021: artificial intelligence (AI) specialists, strategy-minded software developers and managers, business-focused data scientists, data engineers, AIOps analysts, engineers, and architects, cyber...
	These global labor market findings raise the question of the characteristics of the Eastern European IT labor market. In this article, the job opportunities of the authors' countries, Romania and Hungary, are compared in order to determine in which IT...
	1.1 Situation in Hungary

	Despite the adverse effects of the pandemic on most areas of the economy, the IT market has been characterized by new investment and rising wages. According to forecasts, the Hungarian IT market is expected to grow, and companies are undergoing digita...
	In recent years, the role of customer-centric web development has further intensified, with more and more companies recognizing and focusing on UX / UI Designer activities, as the user interface has a strong impact on website traffic.  The importance ...
	IT professionals (41%), manufacturing employees (29%) and manual workers (35%) are most affected by recruitment [7]. Company executives said the epidemic did not have a significant impact on their wage payments projected for 2021. 83% of companies use...
	With regard to engineering jobs, there were already difficulties in Hungary last year, which was mostly caused by the downturn in the automotive industry [6]. 2020 has not brought about a significant change in wages or skills demand in the manufacturi...
	Overall, the past labor shortage has only persisted in some parts of the country due to declining demand, with well-educated, highly skilled job seekers providing a number of good job opportunities. Demand for quality assurance professionals has decli...
	1.2 Situation in Romania

	In Romania, according to data provided by the National Institute of Statistics, 19.3 million inhabitants were registered at the beginning of January 2021. According to the Labor Register, of this number at national level, 44% represent the active civi...
	On the recommendation of the World Bank's country director for Romania, Elisabetta Capannelli, who said in 2014 that Romania must invest in education, given that, although there are some areas of excellence, 15-20% of the population is below the level...
	The COVID-19 pandemic crisis severely affected Romania’s economic activities, such as hotels and restaurants, population services (e.g., transport, cultural activities). The measures taken to support the companies and employees affected (in particular...
	In September 2020, more than 146,000 people applied for a job, of which 30,000 were new candidates who either did not have an eJobs account or had not been active in recent years. In fact, this was the monthly average of the last period - between 25,0...
	In 2021, construction has continued to develop favorably in recent years, but at a slower pace. The tertiary sector will also support this growth, especially through the development of modern services (IT, business services). As for the industry, it h...
	Romania is divided into eight administrative regions: North-West, Center, North-East, South-East, South-Muntenia, Bucharest-Ilfov, South-West Oltenia and West [14]. Each region has certain specific features in terms of its economic structure, which is...
	At the end of March 2021, the highest rates of registered unemployment were in the South-West region (5.3%) and the North-East region (4.9%). The lowest registered unemployment rates were registered in Bucharest (0.9%) and the West region (2.3%) [13].
	The COVID-19 crisis did not bypass the IT field either, with a clear impact in terms of the number of customers, contracts, reorganization of the activity, etc. but the sector was less affected than other sectors whose activity was directly affected b...
	Since the beginning of the pandemic, a series of measures have been established in many IT companies in Romania, mainly in Cluj-Napoca, Bucharest, Iasi and Brasov: from technical unemployment and dismissals, to postponing salary increases, reducing me...
	At several companies, there were teams that completely dislocated and, temporarily, went into technical unemployment during the state of emergency. Other companies have faced freezing, but also project delays, but so far the management has not resorte...
	The COVID-19 pandemic has changed the way we work, making remote work a more popular option among employees around the world. In addition, the combination of work and travel is now a growing trend, with many looking for jobs away from home. And Romani...
	Romania ranks third due to low living costs, good prices for car and hotel rentals, as well as low costs for long-term apartment rentals. The excellent speed of the internet and the English-speaking population were also considered advantages.
	The ranking [10] analyzed 111 countries, classified according to 22 factors divided into six categories: accessibility and travel costs; local prices; security and health; remote work facilities; social life; and the weather. The state continues to he...
	2 Materials and Methods
	As a first phase, the economic situation of Romania and Hungary will be raised from 2000 onwards in terms of GDP and unemployment. The required data were queried from The World Bank and Eurostat databases.
	As a second phase, to compare open jobs, the number of job positions, available from multiple job search portals, was compared to select which job search portal data to analyze in detail. For data analysis, it is advisable to choose a portal that cont...
	- bestjobs.eu
	- ejobs.ro
	- bestjobs.ro
	- profession.hu
	- jobinfo.hu
	- LinkedIn.com
	The portal with the most searchable job announcements, providing a uniform search option for Romania and Hungary, was selected for further analysis of the data.
	Due to COVID-19, more and more companies are providing opportunities for remote jobs, which is also the subject of the analysis. Therefore, a job search portal has been selected, the search engine of which also provides an opportunity to search for re...
	As a third phase, the number of job announcements in the selected job search portal was compared across several disciplines, but primarily for IT and Engineering jobs. The number of full-time and part-time jobs was collected during the search for whic...
	3 Results and Discussion
	In the following, the results of the 3 phases of the research and the related conclusions are summarized.
	In the first phase, the economic situations of Romania and Hungary from 2000 onwards were compared in terms of GDP and unemployment. The results are shown in Figures 1-3.
	Figure 1
	GDP in USD: Romania and Hungary [11]
	Figure 2
	GDP in USD: EU [12]
	The graphs show the extent to which GDP fell across Europe as a result of the post-2008 economic crisis, including, of course, Romania and Hungary. Compared to the low point in 2015, a steady increase can be observed in Romania and Hungary in 2016-201...
	A comparison of GDP between Romania and Hungary since the 2000s shows that Romania has grown at a much higher rate, almost twice as much as in Hungary, but more than three times as much as the EU. However, Hungary's GDP growth also exceeded that of th...
	Figure 3 shows the unemployment rate measures the number of people actively looking for a job as a percentage of the labor force from 2016. As it can be seen in the graph, the GDP growth after 2015 also had a positive effect on the unemployment rate. ...
	Figure 3
	Unemployment rate (%): Romania, Hungary and EU (Source of data: Eurostat)
	Overall, the current and expected future situation will have a positive impact on labor market developments. Based on this, it is worth examining which job opportunities are available, taking into account the number of open jobs.
	In the second phase of the research, the number of job opportunities offered by popular job posting portals, was reviewed. The results are summarized in Table 1.
	Table 1
	Total jobs in Romania/Hungary
	Based on the data, it is clear that the LinkedIn portal is the most popular in terms of the number of open job announcements. LinkedIn is one of the largest professional networks on the Internet. LinkedIn can be used to find the right job or internshi...
	In order to draw further correct conclusions regarding open job announcements, it is worth comparing that the use of the LinkedIn portal is equally popular in Romania and Hungary. The data in Table 2 can provide an answer to this.
	Table 2
	Total jobs in Romania and Hungary
	Romania population: 19034669, Hungary population: 9621547, population rate=1.98
	As can be seen in Table 2, the total number of open job announcements and relation to the population also were compared for different fields. Some jobs appear in more than one category, so the sum of the numbers in each field is more than the total nu...
	3.1 Jobs based on LinkedIn

	In the third phase of the research the number of open jobs are analyzed, based on the database of the LinkedIn portal. So, the following is a comparison of the number of open job positions on the LinkedIn portal for Romania and Hungary. Considering th...
	Table 3
	Full-time jobs in Romania and Hungary
	Romania (normalized): numbers divided by population rate 1.98 and rounded
	Table 4
	Part-time jobs in Romania and Hungary
	Romania (normalized): numbers divided by population rate 1.98 and rounded
	The total number of full-time job opportunities is 4.5% higher in Romania and the remote full-time jobs are 75% higher. Some jobs may appear in more than one category, so the sum of the numbers in each field is more than the total number of open jobs.
	The total numbers of IT Services and IT Consulting full-time jobs are 18% more in Romania but the remote jobs are 131%, hybrid 8% more. There are much more, 67% more Software Development jobs in Romania. Software Development jobs are 72% more for one-...
	There are slightly more job opportunities in Hungary, in the Telecommunications sector, in this case there are more opportunities for remote work in Hungary.
	There are much more job opportunities in Hungary in the Appliances, Electrical, and Electronics Manufacturing sector. The total number of jobs is 181% more in Hungary than Romania, remote and hybrid work are similar.
	The open positions in Motor Vehicle Manufacturing is more in Hungary, than in Romania, with 49%, but there are more remote work opportunities in Romania, while the hybrid is a little bit higher in Hungary.
	The number of part-time job open positions is negligible compared to full-time job opportunities. The part-time jobs are 74% higher in Hungary. Hungary has much more Telecommunications and IT Services and IT Consulting open part-time jobs.
	3.2 IT Software Jobs based on LinkedIn

	The open IT software jobs are summarized in Table 5 for full-time jobs and Table 6 for part-time jobs.
	The total number of full-time IT job opportunities is 59% higher in Romania and the remote full-time jobs are 98% higher. Some jobs may appear in more than one category, so the sum of the numbers in each field is more than the total number of open job...
	Table 5
	Full-time IT software jobs in Romania and Hungary
	Romania (normalized): numbers divided by population rate 1.98 and rounded
	Table 6
	Part-time IT jobs in Romania and Hungary
	Romania (normalized): numbers divided by population rate 1.98 and rounded
	The number of part-time job open positions is negligible compared to full-time job opportunities. The part-time IT software jobs are 121% higher in Hungary. Hungary has many more Software Engineer part-time open IT software jobs.
	4 New Perspectives and Observations
	Looking more broadly, there are regional distinctions to consider when comparing these two nations. Public funding and infrastructure improvements can have a profound effect on economic growth and job markets. This is where distinct variations between...
	Teleworking is becoming increasingly popular in both Romania and Hungary, but disparities in company culture and attitudes may affect this trend. Our investigation into job opportunities using LinkedIn revealed a considerable gap in IT and engineering...
	Job-specific differences can also have an impact on education and training.  In Romania, it may be worth strengthening IT training, and in Hungary, electrical and electronics engineering programs. In both countries, such a development could help fill ...
	The benefits of digitization are obvious, but there are also risks. Human resources specialists, together with the company's management, must redesign their strategy, roles, activities, and structure so that employees do not feel the absence of direct...
	Employers also need to implement clearly defined internal systems, procedures, and internal policies regarding remote work to prevent legal or organizational discrepancies in the work schedule of employees.
	Many new subfields of software engineering have been identified in the process of research and data collection, such as: business process automation, data analytics, machine learning, cloud engineering, which involves in addition to knowing a programm...
	In conclusion, the future of Human Resources (HR), will be shaped by digital transformation and, given the changing structure of the workforce, digitization and automation are becoming key components in managing labor relations. But to ensure full suc...
	The digital transformation and the development of labor market competences in higher education is not only the responsibility of educational institutions, but also requires alignment with current industry trends and future projections. Just as human r...
	1 Pedagogical Teacher Training
	2 Selected Approaches Focusing on Improving the Quality of Education and Increasing University Teachers’ Quality
	2.1 International Society for Engineering Pedagogy IGIP
	2.2 The EngineeriNg educaTors pEdagogical tRaining Project – ENTER

	3 Concretization of Outputs, Intents and Proposed Courses within the ENTER Project
	4 Feedback on Education Quality and Teacher Quality Assurance
	4.1 Student Feedback in the Modular Academic Information System MAIS
	4.2 Feedback from Internal Audits of Ongoing Processes at the University
	4.2.1 The Trend in the Process of Education according to the Results of Internal Audits
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