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Abstract: As the functionality of modern digital societies is largely based on interactive
digital technology, educational technology has inevitably gone through a process of digitalization.
Studying information technology, computer science, or computer engineering in the post-digital era
makes it very hard for students to disjoin personal technology needs, learning necessities, and future
career demands, putting them at great risk for developing psychological disorders. The aim of this
international comparative study is to examine the effects of interactive digital technology exposure
on learning performance in computer graphics and simulations. To conduct a comparison of the
397 generation Z students from Greece and Serbia, a study was conducted evenly representing
various geographic, economic, and socio-cultural environments. The research was realized
between October 2021 and May 2022. The type of preferred gaming device was the most
important digital technology exposure predictor of learning performance factors gain both in
Greece and Serbia. Unexpectedly, digital gaming exposure and Internet gaming disorder were
not significant predictors of academic success. The resulting model dually provides teachers with
the opportunity to adapt their activities more efficiently and students with a self-diagnostic tool
helping them to improve learning performance in the field of computer graphics and simulations
more effectively.
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Introduction

Information technology (i.e., IT),
computer science (i.e.,, CS), and computer
engineering (i.e., CE) all are part of the key
foundation pillars of a modern society whose
pores are digitally saturated to the point that life
in the social community is no longer possible
without their use. One of the common
curriculum elements of the previously named
study programs of most faculties is computer
graphics and simulations, and for a good reason -
modern interactive digital technology, whether we
are talking about devices or software, relies
heavily on interactive graphics. This fact induced
our interest in studying the impact and relations
between technology exposure and learning about
it.

In the context of digital society to which
we all belong, educational technology has
inevitably = gone through a process of
digitalization, so functional learning in most
situations nowadays represents a mash of formal,
informal, and non-formal education almost
always supported by the digital technology. The
recent COVID-19 pandemic practically cemented
this framework and permanently affected
educational systems throughout the world. One
could argue that this digital shift was a necessity,
but in reality, it was an inevitability - the pandemic
just speeded things up. Having in mind the com-
plexity of the situation in which IT, CS, and CE
students find themselves - on the one hand
personally and socially every day surrounded by
digital technologies, and on the other in the
process of exploring and embracing the proficient
use of large part of it in education and future
professional practice, the importance of this
research is obvious. We have not forgotten the
teachers - they are and will be a key factor in
ensuring the directed, correct and measured use
of digital technologies in the educational process
(Bereczki, & Karpati, 2021; Cebi et al., 2022;
Rubach, & Lazarides, 2021; Starkey, 2019).
Even though many teachers in Greek and Serbian
primary, secondary and tertiary education have
shyly embraced techology-enhanced learning

(i.e., TEL) for years, in fact, the situation with
the pandemic has for the first time in modern
history forced practically all of them to ad hoc
adapt their pedagogies and methodical practice at
the same time, and find their way in the field of
applying digital technologies in education. If not
earlier, it is now clear that educational
institutions and stakeholders must create a
coherent strategy to quickly retrain teachers and
empower their digital competencies, so that
they can successfully meet new professional
demands and student expectations.

This study is an international comparison
of the impact of digital technology exposure on
the learning performance of undergraduate
students who are educated in the fields that are
key to digital technology itself. The focus was on
the population of older adolescents and young
adults in their early 20s often named Generation Z
(Seemiller, & Grace, 2017), as they grew
surrounded by portable digital devices, common
Internet access and a variety of online services that
most are in use today.

The rest of the paper is organized as
follows. The next section explores previous
referent research on digital technology exposure
effects on student personalities, learning
preferences, and performance. The research
methodology is described in the following
section. Descriptive and conceptual results are
then presented and discussed, followed by
concluding remarks.

Related research

The term Generation Z represents the
first generation born in the Internet era
(Bassiouni, & Hackley, 2014). This population of
students lives in an environment that has been
impregnated with easily accessible information,
rapid social networking, and a fast-paced
lifestyle from birth (Liu, & Chen, 2019), which
led developing advanced cognitive abilities and
imagination and more individualized and self-
centered personalities (Zhu et al., 2022). The
introduction of online learning manage-

2



The Impact of Interactive Digital Technology Exposure on Generation Z
Students Learning Performance in Computer Graphics and Simulations: A Comparative Study of Greece and Serbia

ment systems (i.e., LMS), social media (i.e.,
SM), and virtual learning environments (ie.,
VLE) additionally increased student digital
technology  exposure, which was already
substantial. Generation Z students are pragmatic
and most of the time interested in pursuing only
the competencies necessary for their future
careers (Isaacs et al, 2020). Generally, this
population prefers to learn independently/
autonomously (Anthonysamy, & Singh, 2023;
Livingstone, 2017; Oates, 2019), which should be
compensated by introducing more commu-
nication and collaboration teaching methods (e.g.,
flipped classroom, problem-based learning, etc.).
The extensive digital technology exposure most
often leads to underdeveloped interpersonal
communication and social skills as students
lack common face-to-face communication, which
can be a limiting factor for a successful career in
many professions, including IT, CS, and CE.
Researchers agree that digital technology is
overused by students in everyday activities to the
level of spending more than three hours a day
using digital devices (Cao et al., 2018; Collisson
et al, 2021; Maulina et al., 2020), thus placing
them at higher risk for developing mental health
issues. Javaeed et al. (2019) confirmed that internet
addiction  deteriorates student academic
performance. The constant exposure to fast
interactive digital graphics, video, and audio
content often combined with kinesthetic stimuli
can easily lead students to expect instant
gratification and develop attention deficits
(Ding et al., 2017). Due to the specifics of their
future careers, some of the before-mentioned
findings are favorable for IT, CS, or CE engineers.

As societies enter the post-digital era,
labor markets are constantly increasing demands
for the new workforce empowered with novel
digital competencies and skill sets that often did
not previously exist. This fact combined with the
inflation of education financial cost puts
additional pressure on school stakeholders and
educational systems in general, whether funded by
the state or private. Digital technology integration
into tertiary education reflected the trajectory of
technological advancement (Hernandez-Lara et al.,

2019). Hu et al. (2018) reported positive effects of
using digital technology on academic performance.
The use of digital technology surely leads to
informal learning (Knowles et al., 2015), whether
aware of it or not. Even though numerous digital
technology manifestations have been introduced
into the process of education with the idea of
being used as learning tools, there is limited
empirical proof that they help or improve
learning. This is because the technology is rarely
created with the educational context in mind. For
example, multitasking is one of the common char-
acteristics of digitalization, but it interferes with
cognitively demanding processes because it boosts
the number of memory errors and processing
time (Rubinstein et al., 2001). On other hand, self-
efficacy negatively influences multitasking (Zhang,
2015). As for learning preferences, researchers
emphasized that students were less interested in
creative assignments, and are keen on working
independently at their own pace (Knowles et al.,
2015; Smith, & Cawthon, 2017).

Methodology

The research problem is how interactive
digital technology exposure impact students
learning performance in the field of computer
graphics and simulations. The research aims to
explore the relations between the ways students
use digital devices and technologies, learning
performance, and ultimately their academic
success. As digital competencies presume the
adequate use of technology, we argue that
students often overestimate self-perceptive levels,
thus they can easily fall into the negative spiral of
behavioral and personality disorders. The results
may inform whether and which interactive digital
technologies should be perceived as valid tools in
education that positively affect the academic
performance of IT, CS, and CE Generation Z
students, or could lead developing personality
disorders.
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Two research questions guiding us through
the study were defined:

1. In what way does interactive digital tech-
nology preferences and habits affect I'T, CS,
and CE students learning performance and
Internet gaming disorder?

2. Are there differences between Greek and
Serbian students in terms of the effects of
interactive digital exposure and academic
success?

The research was realized between March
and May 2022 at the School of Informatics, Aristo-
tle University of Thessaloniki (Greece), and
between October 2021 and January 2022 at the
Faculty of Technical Sciences in Cacak, University
of Kragu-jevac (Serbia). Both universities educate
students in the fields of IT, CS, and CE. The
selection of students and universities from these
two states was made to evenly represent various
geographic, economic, and socio-cultural environ-
ments. Students first completed the questionnaire
anonymously at the school facilities in about 60
minutes and then performed a specific set of
practical activities in accordance with their group
affiliation lasting an additional 120 minutes. Two
identical survey questionnaires were used to col-
lect demographic and socioeconomic data - Greek
and Serbian translated versions. Students provided
their responses to three sets of questions. The first
set was used to gather basic socio-demographic
data, the second set of 21 questions was used to
assess students’ online technology exposure based
on their Internet preferences and habits including
the Internet Disorder Scale (IDS-15) (Pontes, &
Griffiths, 2017), and the third set of 29 questions
was used to assess digital gaming exposure pre-
ferences and habits including the Internet Gaming
Disorder Test (IGD-20) (Mestre-Bach et al., 2022;
Pontes et al.,, 2014). Key skills and competencies
identified as significant for future professional
engagement of IT, CS and CE students in the field
of computer graphics and simulations were
assessed by a series of short practical activities.
Since  students  studied one of the

three majors, key skills and competencies were tai-
lored to each of their three future professional di-
rections. In total, a series of 16 practical tasks, as-
signments, and tests in various areas of interest were
performed (e.g., programming, creative thinking,
3D modeling, digital design, project management,
focus, precision, and persistence while doing
repetitive tasks on computers, etc.). Tertiary
education grade point average (i.e., GPA) was
administratively obtained.

Following the theoretical-empirical nature
of the research, the participants were examined by
the descriptive-analytical non-experimental meth-
od using surveys and quantitative observation,
based on which the distribution of properties was
established and the relationships among variables
were analyzed. The data analysis was performed us-
ing IBM SPSS Statistics v22. The following meth-
ods were used: descriptive statistics (frequency, per-
centage, arithmetic mean, standard deviation, min-
imum, maximum, skewness, kurtosis), correlation
analysis, x* test, Independent samples t-test, Cron-
bach’s alpha internal consistency coefficient, Kaiser-
Meyer-Olkin (KMO) measure of sample adequacy,
Bartlett’s test, exploratory factor analysis, confirma-
tory factor analysis, analysis of variance (ANOVA),
multivariate analysis of variance (MANOVA), Tuk-
ey HSD test, Mann-Whitney test, and regression
analysis.

Results and Discussion

A total of 397 students participated in the re-
search. The valid sample of N= 368 students consist-
ed of N, = 264 (71.7 %) males and N, = 104 (28.3
%) females. The students were within the age range
of 19-35 with an average age of M =21.0 (SD = 1.77)
years. In total, N, = 218 (59.2 %) of students were
living in urban areas and N, = 150 (40.8 %) were

living in rural areas.

The focus of researchers exploring the rela-
tionships between Internet use and learning perfor-
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mance is generally on the time spent online and
use frequency (Cao et al., 2018; Feng et al., 2019;
Sahithi, 2020). Estimated weekly average hours
were not self-evaluated by students but calculated
by com-bining daily time with the information on
which days of the week and what part of the day
students usually used digital technology (Aleksi¢ &
Ivanovi¢, 2017). This method is far more reliable
and precise as it activates autobiographical memo-
ry (Hippler et al., 2012). The responses concerning
interactive digital technology exposure time,
Internet disorder factors (i.e., ID), and gaming
disorder factors (i.e., GD) are presented in Table 1.
We observed the differences between Greek
and Serbian students’ interactive digital technology
exposure related to their use of online services and
gaming habits. A one-way multivariate analysis of
variance (MANOVA) identified a statistically
significant differences in average interactive digital
technology exposure time, [F (4, 363) =
3.54, p = .008, Wilk’s A = .962, partial n* = .038].
Students from Greece spent significantly more
daily average minutes online, [F (1, 366) = 7.47, p
= .007, partial n* = .020)], weekly average hours
online, [F (1, 366) = 8.12, p = .005, partial
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n* = .022)], and weekly average hours gaming,

[F (1, 366) = 7.28,p = .007, partial n* = .020)].
Students from Greece and Serbia reported

different  preferences and habits regarding

interactive digital technology use, as presented in
Table 2.

A chi-square test of independence showed that
there was significant association between students’
country and preferred devices used to go online,
playing games, and Internet use habits, y* (4, 368) =
12.2, p =.010, x* (5, 368) = 19.8, p = .001, y* (5, 368) =
38.4, p< .001, respectively. The type of preferred
devices students used to go online and the weekly
average hours spent gaming had the greatest effect on
developing Internet gaming disorder. We detected a
significant difference between Greek and Serbian
students in Gaming disorder factors, [F (6, 361) =
4.60, p < .001, Wilk’s A = .929, partial n* = .071]. All
other digital technology exposure factors also
significantly predicted the disorder. These findings
are consistent with Gentile et al. (2017) research.

The impact of excessive Internet use on
academic  performance is  extensively re-
searched (Chowdhury et al, 2020; Javaeed

Table 1.Interactive digital technology exposure time, ID factor, and GD factor

Time Greece Serbia Mean
M SD M SD difference

Daily average minutes online 273.0 46.7 216.7 18.4 20.3
Weekly average hours online 20.2 3.9 18.4 5.3 1.8"
ID: Escapism and dysfunctional emotional coping 39.8 19.6 324 20.4 74"
ID: Withdrawal symptoms 40.4 214 35.3 19.9 5.1
ID: Impairments and dysfunctional self-regulation 327 20.7 28.7 215 4.0
ID: Dysfunctional Internet-related self-control 29.7 23.7 24.3 21.5 5.4
Daily average minutes of gaming 101.6 92.2 81.0 87.4 20.6
Weekly average hours of gaming 6.9 8.3 4.4 6.7 24"
GD: Salience 22.8 29.1 15.1 20.7 7.7"
GD: Mood modification 36.0 27.7 23.6 28.8 12.47
GD: Tolerance 22.8 27.0 10.9 18.3 11.9™
GD: Withdrawal symptoms 10.7 212 5.4 12.8 5.3"
GD: Conflict 21.4 24.2 13.2 18.9 8.2"
GD: Relapse 18.4 24.3 9.9 17.0 8.5"

'p<.05,"p< .01, "' p<.001
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Table 2. Online and gameplay preferences and habits

Interactive digital devices exposure Greece Serbia Total
N % N % N %
Online device
Faculty/university computer 0 0.0 2 0.7 2 0.5
Home computer (desktop) 29 36.3 53 184 82 22.3
Laptop 9 11.3 58 20.1 67 18.2
Tablet 0 0.0 1 0.3 1 0.2
Smartphone 42 52.5 174 60.4 216 58.7
Internet use
Search/browsing 18 22,5 49 17.0 67 18.2
Music 18 22.5 56 194 74 20.1
Video 21 26.3 41 14.2 62 16.8
Social networks 8 10.0 85 29.5 93 25.3
Messaging, chat, forums, etc. 15 18.8 45 15.6 60 16.3
Download 0 0.0 12 42 12 3.3
Gaming device

At friend’s or at the Internet café 0 0.0 3 1.0 3 0.8
Home computer (desktop) 41 51.3 104 36.1 145 394
Laptop 14 17.5 89 30.9 103 28.0
Gaming console 12 15.0 10 3.5 22 6.0
Smartphone or tablet 8 10.0 10 3.5 18 4.9
Don't play games 5 6.3 72 25.0 77 20.9

et al., 2019; Sengupta et al., 2017). In our case, 17
students from Greece (21.3 % of the sample group)
and 31 students from Serbia (10.7 % of the sample
group) were identified with the Internet gaming
disorder. Multinomial logistic regression was
performed to ascertain the effects of interactive
digital technology exposure on the likelihood that
students develop Internet gaming disorder. The
logistic ~regression model was statistically
significant, y* (7) = 47.54, p< .001. The model
explained 22.4 % (Nagelkerke R?) of the variance in
Internet gaming disorder and correctly classified
88.0 % of cases. However, a Mann-Whitney test
indicated that the difference in tertiary education
GPA between students regarding having Internet
gaming disorder was not statistically significant, U
(N, =320, N, = 48) = 7159.5, z= -.799, p = .425.
These findings are not consistent with (Hawi et al.,
2018; Javaeed et al., 2019; Rehbein et al., 2016).

The learning performance construct factor
analysis validity was initially tested by the Kaiser-
Meyer-Olkin (KMO) measure of sample adequacy
and Bartlett’s test. As the value of the KMO meas-
ure of sampling adequacy .869 was satisfactory and
Bartlett’s test result was statistically significant y?
(120) =492.9, p< .001, it was confirmed that the fac-
tor analysis can be performed and that the sample is
adequate. The exploratory factor analysis was per-
formed using the maximum likelihood method on
the initial 16 variables using Promax rotation, which
was further reduced to 7 following the analysis re-
sults. The Promax rotation with Kaiser Normaliza-
tion converged in 5 iterations. One-factor solution
explained 51.6 % of the variance. The established
solution was checked by confirmatory factor analy-
sis (i.e., CFA) with the maximum likelihood meth-
od. Indicator values y*/df = 5.66, p< .001, RMSEA =
.013, SRMR = .078, CFI = .940, GFI = .902 were sat-
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isfactory. The learning performance construct was
found to be of excellent overall reliability (16 items,
a =.903). The inter-item correlation matrix for each
of the 16 factors show the existence of significant
correlations that confirmed the validity of the con-
struct. The average inter-item correlation mean was
.347 confirming the internal consistency. The differ-
ences in learning performance construct factors are
presented in Table 3.

A one-way multivariate analysis of variance
(MANOVA) identified a significant difference be-
tween students from Greece and Serbia in learn-
ing performance [F (16, 351) = 53.3, p <.001, WilK’s
A = 292, partial n* = .708]. Students from Serbia
achieved better results than students from Greece in
all activities except the Test of focus, precision, and
persistence while doing repetitive tasks on a com-
puter.

A Pearson correlation coefficient was com-
puted to assess the relationship between digital tech-
nology exposure time and learning performance
construct factors. There were weak negative cor-
relations between daily average minutes spent on-

line, weekly average hours spent online, and tech-
nical literacy score, r(307) = -.147, p = .010,
r(307) = -.157, p = .006, respectively. Increases in
time spent online correlated with decreases in the
level of technical literacy skills. There also were
weak negative correlations between daily average
minutes spent online, weekly average hours
spent online, and 2D Computer drawing score,
r(307) = -.179, p = .002, r(307) = -.186, p = .001,
respectively. Increases in time spent online corre-
lated with decreases in the level of 2D Computer
drawing skills. Negative correlations were also de-
tected between daily average minutes spent on-
line, weekly average hours spent online, and the
level of teamwork/communication competence,
r(307) = -.137, p = .016, r(307) = -.149, p = .009,
respectively. Increases in time spent online cor-
related with decreases in teamwork/communica-
tion competence. These before-mentioned find-
ings are consistent with (Feng et al., 2019). Cao et
al. (2018) also pointed that increased cognitive
preoccupation led to adverse psychological prob-
lems and indicated the presence of addiction dis-
order. Their research revealed that negative con-
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sequences (e.g., life invasion, techno-exhaustion,
privacy invasion) exerted a negative influence on
students’ academic performance. This negative
relationship could also be interpreted as the con-
sequence of cognitive and/or emotional techno-
logical preoccupation, as regular craving for
interaction with digital devices surely lead
developing obsession, social overload and
exhaustion, ultimately causing downward spiral of
academic success.

A one-way multivariate analysis of variance
(MANOVA) was conducted to examine whether
there was a significant difference between online
device  students preferred and learning
performance construct factors. There was a
statistically significant difference between preferred
online devices in learning performance [F (16, 351)
=53.3, p <.001, Wilk’s A = .292, partial n* =.708].
Post hoc comparisons using the Tukey HSD test
indicated that the level of 3D Computer modeling
skills was significantly higher for students who
preferred using laptops compared to students who
preferred using a desktop computer (p = .019).
There also was a significant effect of online habits
on object-oriented programming skills, F(5, 362) =
2.17, p = .049, n* = .029. Tukey HSD test indicated
that the level of object-oriented programming skills
was significantly higher for students that mostly
used the Internet for search/browsing compared to
students who mostly used the Internet for
watching videos (p = .033).

Researchers exploring the influence of time
spent playing digital games on learning perfor-
mance are generally split into three camps by their
observed positive, negative, or non-existent detect-
ed relation (Adzi¢ et al., 2021; Blanco-Herrera et
al., 2019; Buiza-Aguado et al., 2018; Dindar, 2018).
A one-way between subjects ANOVA was condu-
cted to compare the effect of preferred gaming
device on learning performance construct. There
was a significant effect of type of gaming device on
computer architecture competence, F(5, 362) =
2.43, p =.035, n* = .032, technical literacy, F(5, 362)
= 3.11, p = .009, n* = .041, 2D Computer drawing,
F(5,362) = 3.82, p = .002, n2 = .049, 3D Computer

modeling, F(5, 362) = 2.49, p = .031, n* = .033,
computer animation, F(5, 362) = 2.31, p = .044, n?
= .031, digital video editing, F(5, 362) = 3.14,
p =.009, n* = .041, and team-work/communication
competence, F(5, 362) = 3.74, p = .003, n* = .049.
Tukey HSD test indicated that the level of computer
architecture competence was significantly higher at
students that preferred playing on desktop
computers, laptops or didn't play games
compared to students that preferred gaming
consoles, p =.025, p=.029, p = .014, respectively. The
level of technical literacy skills was significantly
higher at students that preferred playing on laptop,
or didn’t play games compared to students that pre-
ferred gaming consoles, p = .047, p = .038, respec-
tively. The level of 2D Computer drawing skills was
significantly higher at students that preferred play-

ing on laptop, or didn't play games compared to stu-

dents that preferred gaming consoles, p = .009, p =

.030, respectively. Similarly, the levels of 3D Com-

puter modeling and computer animation skills were

significantly higher at students that preferred play-

ing on laptop compared to students that preferred

gaming consoles, p = .009, p=.022, respectively. The

level of digital video editing skills was significantly

higher at students that preferred playing on desktop

computers, laptops or didn't play games compared

to students that preferred gaming consoles, p = .028,

p=.005, p = .003, respectively. The teamwork/com-

munication competence was significantly lower at

students that preferred playing on gaming consoles

compared to students that preferred laptops (p =

.014) or didn’t play games (p=.003).

In order to predict the impact of interac-
tive digital technology exposure on learning per-
formance construct more accurately, we developed
an Artificial Neural Network (i.e., ANN) model us-
ing seven predictor variables: daily average minutes
online, weekly average hours online, online device,
Internet use, daily average minutes gaming, week-
ly average minutes gaming, and gaming device. A
multiplayer perception (i.e., MLP) class of ANN was
used to build the model and test its accuracy. The
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data were randomly assigned to training (70%) and
testing (30%) subsets. All covariates were normal-
ized before the training. The scaled conjugate gra-
dient method was used for the batch training of the
ANN.MLP class of ANN identified N = 366 valid
cases for processing, out of which N = 268 (73.2 %)
was used for training, and N= 98 (26.8 %) was used
for testing. The neural network identified 2 nodes in
the hidden layer. The output layer used the SoftMax
function. Cross entropy error for the training sam-
ple was 77.9 with 11.3 % of incorrect predictions.
Cross entropy error for the testing sample was 24.5
with 8.7 % of incorrect predictions. The small value
of error indicates the power of the predictive model.
The MLP network correctly classified 235 students
in the training sample, and 94 students in the testing
sample. Overall, 88.7 % of the training cases were
correctly classified. The identified predictors sorted
by importance were: type of preferred gaming de-
vice (B = .26), type of preferred online device (B =
.15), average weekly hours online (B = .14), average
weekly hours gaming (B = .13), average daily min-
utes online (B = .12), Internet use habit (B = .11),
and average daily minutes gaming (B = .10).

Researchers generally agree that academic
success positively corelates with student learning
performance (Putwain et al., 2012; York et al., 2015;
Zhang, & Aasheim, 2011), and that the prolonged
use of digital technology negatively reflects on aca-
demic success (Aaron, & Lipton, 2017; Flanigan, &
Babchuk, 2022; Will et al., 2020). Our research show
that the average tertiary education GPA of IT, CS,
and CE students was M = 7.68 (SD = .905). An in-
dependent samples t-test was conducted to exam-
ine whether there was a significant difference be-
tween Greek and Serbian students concerning their
GPA, and revealed a significant difference between
groups #(366) = -4.10, p< .001. Students from Ser-
bia achieved significantly higher tertiary education
GPA M=7.78 (SD= .880) than students from Greece
M =7.32 (SD = .907). A one-way between-subjects
ANOVA showed that there was a significant effect
of the type of online device on students’ academic

success, F(4, 363) = 2.51, p = .042, n* = .027. Tukey
HSD test indicated that the GPA was significantly
higher for students that preferred laptops compared
to students that preferred smartphones, p = .034. A
Pearson correlation coefficient was computed to as-
sess the relationship between academic success and
interactive digital technology exposure time. There
were weak positive correlations between tertiary ed-
ucation GPA, average daily minutes online, r (362)
=.107, p = .040, and average weekly hours online,
r (362) = .110, p = .035. The increase in time spent
online correlated with the GPA increase. When we
compared the samples from Greece and Serbia, we
detected weak positive correlations between GPA,
average weekly, and daily online time only in the
population of students from Serbia, r (282) = .136,
p =.021; r (282) = .131, p = .027. Also, a significant
effect of type of online device on GPA was detect-
ed only on Serbian population, F(4, 283) = 2.89, p
=.022, n* = .039. The GPA was significantly higher
at students from Serbia that preferred laptops com-
pared to smartphones, p = .019.

A Pearson correlation coefficient was com-
puted to assess the relationship between learning
performance construct factors and academic suc-
cess, as presented in Table 4. The findings are con-
sistent with York et al. (2015).

When we compared the results from Greece
and Serbia, we detected weak and strong positive
correlations in the sample from Greece between
tertiary education GPA, object-oriented program-
ming, r (62) = .356, p = .001, and focus, precision
and persistence while doing repetitive tasks on
computer, r (62) = .789, p< .001. Weak positive
correlations were also detected in the sample from
Serbia, where GPA correlated with procedural
programing skills, r (47) = .311, p = .012, computer
architecture competence, r (47) = .255, p = .041,
technical literacy, r (209) = .241, p< .001, 2D
Computer drawing skills, r (209) = .149, p = .025,
3D Computer modeling, r (209) = .265, p< .001,
computer animation, r (209) = .281, p< .001, digital
video editing, r (209) = .304, p< .001, teamwork/
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Table 4. Correlations between learning performance factors and academic success

PP OOP CA DSP TL 2D 3D ANI DVE T/C CI DL DD PM SD FPP
PP -
OOP .35 -
CA 15 13 -
DSP 34" 18 47" -
TL 22" 13 42" 2% -
2D 19 .09 447 477 427 -
3D .18 .04 607 557 44" 597 -
ANI .15 .07 .52" 58" 367 52" 63" -
DVE 20 .14 337 40" 517 48" 497 64" -
T/C 20 .00 46" 49" 527 717 727 74" .69 -
CT 227 21 317 34" 317 397 29" 43" 377 327 -
DL .15 .17 40" .19 597 397 42" 36" 447 457 557 -
DD 32" .08 49" 577 377 58" 557 627 587 .65 477 517 -
PM .16 .06 417 347 477 427 43" 44" 537 537 33" 50" 617 -
SD 30" .21 53" 447 52" 557 667 717 .64 757 417 477 557 457 -
FPP 29" .08 .02 .10 .16° .04 .01 00 .01 -04 .08 -07 -19° -03 -.10 -
GPA 32" 24" .07 .09 28" 177 257 24" 26" .23" 247 247 200 .22° 37" 277

p<.05"p<.01

Note: PP - Procedural programming; OOP - Object-oriented programming; CA - Computer architecture; DSP - Digital signal
processing; TL - Technical literacy; 2D - 2D Computer drawing; 3D - 3D Computer modeling; ANI - Computer animation;
DVE - Digital video editing; T/C - Teamwork/Communication; CT - Creative thinking; DL - Digital literacy; DD - Digital design;
PM - Project management; SD - Software development; FPP - Focus, precision, and persistence; GPA - Academic success (tertiary

education GPA)

communication competence, r (209) = .332,
p< .001, creative thinking skills, r (30) = .355, p
= .013, project management, r (30) = .327, p = .023,
and focus, precision and persistence while doing
repetitive tasks on computer, r (270) = .250,
p< .001. The level of object-oriented programming
skills was significantly higher among students that
mostly used the Internet for search/browsing com-
pared to students who mostly used it for watching
videos, which is consistent with Chowdhury et al.
(2020). Comparing the results from Greece and Ser-
bia, neither group detected significant difference in
relation to Internet gaming disorder or GPA.

The levels of teamwork/communication com-

petence, computer architecture competence, tech-
nical literacy, 2D Computer drawing, 3D Comput-

er modeling, computer animation, and digital vid-
eo editing skills were significantly lower among stu-
dents that preferred playing on gaming consoles
compared to students that preferred desktop com-
puters or laptops. The type of preferred gaming de-
vice was the most important digital gaming expo-
sure predictor of learning performance. To the best
of our knowledge, no other studies compared the ef-
fects of various gaming devices on student academic
performance and success.

No significant correlations were detected be-
tween time spent gaming and learning performance
construct factors or GPA. These findings are consist-
ent with (Adzi¢ et al., 2021; Dindar, 2018).
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Limitations

The research was realized with certain limi-
tations. Even though the sample was adequate in
structure and size, and the psychometric instru-
ments were reliable and valid, the conclusions
about the identified causal relationship between
interactive digital technology exposure, learning
performance construct factors, and academic
success was impossible to confirm due to the
correlation nature of the research, so the focus of
these relations should be clarified by longitudinal
research  which would add the dynamic
dimension. Further research is needed in other
countries to examine our proposed learning
performance conceptual model. We also did not
examine demographic  differences  between
students from Greece and Serbia. Despite these
limitations, this research supports the importance
of fostering digital technology in education, taking
into account all its advantages, but risks of also.

Concluding remarks

To investigate relations between inter-
active digital technology exposure, learning per-
formance in the field of computer graphics and si-
mulations, Internet gaming disorder, and the
Generation Z Greek and Serbian IT, CS, and CE
students’ academic success we developed a conce-
ptual model with three main constructs: digital on-
line exposure, digital gaming exposure, and lear-
ning performance. Our theoretical contribution to
the literature is the proposal of an integrated theo-
retical model that includes defined constructs
and combined Internet gaming addiction factor
as predictors of academic success. The examina-
tion was performed on a sample of 397 students
from two state universities in Greece and Serbia.
The results showed that students from Greece
spent significantly more time online and more
time gaming compared to students from Serbia.
However, no significant difference between these
two populations was detected for the occurrence
of Internet gaming disorder. Students from

Serbia achieved better results in all learning
performance activities except the test of focus,
precision, and persistence while doing repetitive
tasks on a computer. Comparing the results, in
neither group a significant correlation was
detected concerning Internet gaming disorder and
GPA.

The conceptual learning performance
construct in the field of computer graphics and
simulations was found to be valid and of
excellent overall reliability. The types of preferred
gaming and online devices were the most
important digital exposure predictors of learning
performance factors. Contrary to online exposure,
digital gaming exposure was not related to
academic success. To our surprise, Internet gaming
disorder also was not a significant predictor of
academic success. Research results contribute to a
deeper understanding of the extremely complex
relationships ~ between  the  digital  social
environment, students’ preferences and habits,
and learning performance factors that are
specific for the field of computer graphics and
simulations. It has been proven that students’
daily activities have a great impact on their learning
performance. Learning performance construct can
be utilized in two ways: (1) as a diagnostic tool with
which teachers/instructors adjust their activities
and effectively improve teaching practice; (2) as an
indicator that help students self-diagnose and
correct behavior in order to improve learning
performance and consequently academic success.

Even though students from Greece and
Serbia have different preferences and habits using
digital technology, the comparative analysis of its
relations and effects on learning performance and
academic success presented similar results and
conclusions confirming our initial expectations.

Future research will include
experimental ~measurement points to better
reflect the complex spectrum of digital

technology exposure. Based on the presented
findings, the conceptual model proposed in this
article will be adapted for future research.
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Bebko B. Arexcuh
Yuueepsuinein y Kpaiyjesuy, Qaxynitieinl iexHuuxux Hayxa y dauxy,
Yauax, Cpéuja

Huonucuoc B. Ilomntic
Apuciniotiienos ynusepsuteiti y Conyny, Jleiapiiman 3a uHgopmamuxy,
Conyn, Ipuxa

YTUDAJ U3TOKEHOCTU MHTEPAKTMBHO] IUTUTATHOJ] TEXHOJIOTUJU
HA ITEP®OPMAHCE YUYEIbA PAYYHAPCKE IT'PA®UKE I CUMYTAIUJE CTYJEHATA
TEHEPAIIUJE 3: KOMITAPATBHO MUCTPAJKVIBAILE ISMEBY I'PUKE 1 CPBUJE

C od3upom Ha o ga je PYHKUUOHATHOCTL cA8peMeHUX GUTUTHATTHUX gPYWIiaea UPUMAPHO
3aCHOBAHA HA UHTHEPAKTHUBHO] gUTUTHLANHO] TlexHONoTUju, 06pa3oeHa hexHonoIUuja je Heu3derHo
upowina kpos upouec guiuimianusayuje. Citiyguje uHPOPpMaUUOHUX HieXHONOTUjA, PAUYHAPCKUX HA-
YKQ UNIU PA4yHAPCKOT UHMCerbepcitiea y UoCgul uillannoj epu citiygeHiuuma 3HauajHo oiiexasajy
pasgsajarve nuuHux toiipeda 3a texHonoiujom, ioipeda 3a yuerem u 3axitiesa dygyhe kapujepe,
gosogehu ux y eenuku pusuk og paseoja icuxuukux iopemehaja. Poxyc Hawiei UCTUPAIUEAtLA je
HA TOUyNauUjU CIUAPUjUX agonecueHaila u MAagux y paHum geagecetimium 10guHama, 4ecitio Has-
6aHux ieHepayuja 3, jep cy ogpacnu y okpyxiery dpeHocusux guiuimiannux ypehaja, yoduuajero
1106€3aHUX HA UHITlEPHETHl, U PA3HOBPCHUX OHIAjH-CepBUCA KOju ce 8eRUHOM U gaHac Kopucilie.

Hum uciupasxcusarea je uctiuiiusaroe Yuluuaja u3noieHoCciiu UHILepaKimiueHoj guiuiianmoj
flexHonoTuju Ha pe3yniniaiiie y usyuasary pauyHapcke ipaguxe u cumynayuja. Vciuitiame cy pe-
navuje usmehy HauuHa Ha Koje clllygeHIliu Kopucitie guiuimiante ypehaje u wexronoiuje, uepgop-
MaHcu yuerba U wuxoeol akagemckoi yciiexa. bygyhu ga guiuilianne xomiieilienyuje iogpasyme-
8ajy agekeaiino kopuuiherve iliexHonoiuje, WMEPGUMO ga CllygeHTlU Heciilo Upeuervyjy colciiiéeHu
HUB0 KoMilellieHyuja, tile ga ocneguuHo naxko moly yhu y neiamiusHy ciuupany uopemehaja iiona-
wara u 1u4HOCIU.

HUcitipancusare je ciiposegeno usmehy oximiodpa 2021. u maja 2022. Togune Ha [etiapii-
mauy 3a uxgopmamiuky Apucitioiienosol ynueepsuitieitia y Conyny (Ipuka) u na Dakynitietily
wexHuukux Hayka y Yauky Yuueepsuitiemia y Kpaiyjesuy (Cpduja). Yzopax uciipaxusara ca-
uurwasano je ykyiro 397 ciiygenaiia us Ipuke u Cpduje, ogadpanux tiaxo ga pasHomepHo peg-
ciiasmwajy pasnuquitie ieoipagcke, ekoHoMcke U couuokyniiypre cpegure. Citiygeniiu cy Hajipe
BPUUNU CAMOUPOUeHY gUIUTUATHUX HABUKA, CKTIOHOCTUU U 8eUTHUHA Uy lieM YUUTUHUKA, a HOUWIOM
U peanu3osany ckyi UpaKimiudHux 3agamiaxa u aKkimiueHoCciliu koje cy duse oyervusane. Y cknagy
ca Meopujcko-eMuuUPUjckom apupogom UCTPAaNcueared, yuecHUyU ¢y uchuiniueanu kopuuheroem
JeCKPpUUiiuBHO-aHanuiiuyKke HeekcilepumeHiliante meiioge peanu3osare yiiem ankeiia U K8aH-
MUHATUEHOT HOCMATlparba, Ha 0CHOBY KOJUX je ycloCTilasmbeHa guctupudyyuja cé0jcitiasa u aHa-
nusupanu cy ogHocu mehy eapujadnama.

Citiygeniniu u3 Ipuxe cy Gposogunu UpoceuHo 3HA4AjHO éuule epemeHa y kopuuiheroy oH-
naju-cepsuca u uipajyhu guiutianue uipe. Bpcitia guiuiiannux ypehaja koje cy ciliygeniiu Ko-
puciiuny 3a UpUctiLyil uiiepHeilly u ipoceuan HegeroHu Opoj caitiu iposegeHux y uipary gu-
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Tuilianiux uiapa UManu cy Haj3HavajHuju yimuyaj Ha topemehaje tionawara y eéugy passoja
3asucHociliu og uipara guiuilianriux uiapa na uniiepreiiy. Ciiygeniniu uz Cpduje cy vocmuinu
dome pesyniniaiiie 0g ciliygeraiia u3 Ipuke y c6um UpakimiuyHum aKitiueHOCIAUMA OCUM Y TeCTiio-
suma Poxyca, UpeuusHOCTU U yiopHoCiiiu Upu 06asmwarey peieiliuitiu6HUX 3agaliaka Ha pauyHa-
py. Iloseharwe epemena tiposegeHoi oHnAjH HeIATUBHO je KOPeNUPAno ca UupoyerbeHum HUBoUMa
sewiiiuna fexHuuke ducmerociiiu, 2/ upimiara Ha pavyHapy u KomieileHiHowhy 3a WUMcKU
pag u komynuxayujy. Osa HelaitiueHa 6e3a je uHilepiipeiiupana Kao ocriequua KoiHutiueHe u/
UnU eMoyuoOHaHe UpeoKyiayuje wwexHonoiujom, dygyhu ga pegosra xema 3a uHiliepaxyujom ca
guiummannum ypehajuma moxce gosecitiu go passeujarea oticecuje, upeotiitiepehierva gpyuitieeHum
Mmpexama u ucypiveHouwhy, witio ciliygeHiiia Ha Kpajy y8ogu y ciupany iaga akagemckoi yciexa.
Bpcitia omumenux ypehaja 3a uiparwe guiuitianiux uiapa Suna je HajéaxHuju Upequkimiop usnoxe-
HOCTHU qUIUTHAHO] THexHONOTUju y tioineqy iodomuiara akiiopa yuera, kaxo y Ipuxoj, waxo u
y Cpbuju. Vsnenahyjyhe, usnoxcenociti guiuitianHum uipama u 3a8UcHOC 0g Uiparea gUIUTHATHUX
uiapa Ha uHillepHely HUcy Sumu 3Ha4ajHu UpequKkitiopu akagemckol yciexa.

Pesyniniaitiu ucitipaxuearea goupuxoce gydmem pasymesarby U3Y3eMiHO C/OHEHUX 6e3a
usmelhy guiutlanHol couujanHoi oxpyxiceroa, guiUAnHUX UpedepeHuu U HABUKA CllygeHalia U
daxkitiopa yuerwa Koju cy ciieyuduunu 3a 0dnactii usy4asara pauyHapcke ipaguke u cumynayuja.
Citioia mogen tipouere u tipequkyuje ipegciliasver y 060mM pagy gyanHo Upyia HACasHUUUMA
molyhHocti ga epukacHuje tpunaioge céoje aKUHOCIU, A CHLYgeHTTAUMA ANAtll 3a camogujai-
HOCTHUKY Koju um mosxce omohu ga iioSomuiajy pesyniniaitie y4ueroa.

Kmwyune peuu: odpasosna iliexronoiuja, pauynapcka ipaguxa, pauynapcke cumynauuje,
yuere






