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Abstract

The pandemic resulted in lockdown measures worldwide, which forced humanity
to seek online alternatives to almost every human activity, including the education
system. This research aims to develop a new integrated model to determine the
predictors of the quality of E-learning during the pandemic disruption. This paper
provides the development of the traditional approach based on Structural Equation
Modelling (SEM) into the prediction method based on the Artificial Neural Network
(ANN). This research was conducted on a sample comprising 1,254 students of the
University of Belgrade. The results show that Authority initiative had the most
important influence and significance in predicting the perception of the Quality of E-
learning during the pandemic. At the same time, the Information Security predictor
had the most negligible impact. The findings contribute to the raising the academic
community and policy-makers awareness to the necessity of dealing with quality in E-
education to a greater extent, especially in emergencies such as pandemics. The
suggested combination of constructs that predict the Quality of E-learning has never
been analysed in previous research by applying SEM-ANN methodology, which
represents the additional contribution of this study.
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HNEPHEIIIUJA KBAJIMTETA E-YYEIBA
Y BUCOKOM OBPA30OBABY: SEM-ANN IPUCTYIT

Ancrpakrt

Tannemuja je W3asBana Mepe 3ak/bydaBarba LIMPOM CBETa KOje Cy MpUMOpale
YOBEYAHCTBO J1a NPHOETHE OHJIAjH aJTepHATHBAMa y CKOPO CBAKOj JbY/ICKO] aKTHBHO-
cTH, WTO je OMo citydaj u ca 06pa3oBHUM cucTeMoM. OBO HCTpaXKMBAkE MMa 3a IUJb
Jla pa3Byje HOBM MHTEIPHCAHU MOJIEN 32 oJpeljiBambe NPeJUKTOpa KBaJUTETa e-yuekha
tokom COVID-19 nangemuje. OBaj pag 06e36ehyje pa3Boj TpaauHOHAIHOT IPUCTY-

* Corresponding author: Jelena Ruso, University of Belgrade, Faculty of Organizational
Sciences, Jove Ilica 154, 11010 Belgrade, Serbia, jelena.ruso@fon.bg.ac.rs

© 2024 by University of Nis, Serbia | Creative Commons License: CC BY-NC-ND



72 J. Ruso, A. Raki¢, S. Arsi¢, 1. MiloSevi¢

I1a 3aCHOBAHOT Ha MOJICNIMPamky CTPYKTYpHHX jenHadnHa (SEM) y merony npensuba-
1ha 3aCHOBaHY Ha BEIITAauyKoj HEYypoHCKO] Mpexxd (ANN). V oBOM HCTpaxuBamy je
yuectBoBasio 1.254 crynenara YHuBepsutera y beorpamy. Pesynrtatm mokasyjy nma
WHUIMjaTUBa ympaBe (akyiaTreTa MMa HajBOKHHUjU YTHIA] W 3Ha4aj y npernsubamy
Hepleniyje KBaJUTeTa eJIeKTPOHCKOT yUemha TOKOM maHaeMuje. McroBpemeHo, mpe-
IUKTOD ,,CUTYPHOCT HH(OpMaLija“ UMa HajMamke 3Ha4yajaH yTulaj. Pesynratu nomnpu-
HOCE TIO/IU3amky CBECTH aKaJeMCKe 3ajeJHUIIe M TBOpala MOJIUTHKA O MOTpedu 1a ce
BuIlle OaBe KBAJIMTETOM €-00pa3oBama, MOCEOHO Yy BaHPEIHUM CHUTYyalyjamMa Kao IITO
je mannemuja. [Ipemioxena koMOMHaNMja KOHCTpYKaTa Koju IpeaBruhajy KBAJIUTET e-
yuerma HUKaJa HHje aHaIM3UpaHa y NPEeTXOAHUM HCTpaKhBamKUMa npruMeHoM SEM-
ANN meTozonoruje, mTo npecTaBiba J0AaTHH JOIIPHHOC OBE CTYAH]E.

Kibyune peun: xBanuterT, E-yueme, nanaemuja, Bucoko obpasoBame, SEM-ANN.

INTRODUCTION

The COVID-19 pandemic disruption has resulted in social distanc-
ing and lockdown measures which forced people worldwide to use elec-
tronic services for learning, work, and leisure (Favale et al., 2020).
Hence, information and communication technology has been used to
maintain organisations’ core business more than ever (Yallop & Ali-
asghar, 2020). Additionally, it has never been more necessary to set up
supplemental E-learning so rapidly (Tretter et al., 2020). In Europe, many
schools, faculties and universities diverted regular class meetings to
online meetings (Randjelovic et al., 2022). Non-traditional learning and
teaching forms became necessary, and the only way to maintain the
teaching process’ continuity (Stankovié¢, 2020). In, those days, E-learning
was becoming a mainstream teaching and communication tools (Das De
et al., 2020). In the circumstances caused by the pandemic, education sys-
tems in many countries underwent changes in regular functioning. In ear-
ly March 2020, all higher education institutions within the University of
Belgrade temporarily stopped their work and switched to various E-
learning platforms. The University of Belgrade also followed the gov-
ernment’s proposed measures, and faculties within the same university
had to undergo rapid changes. The faculties had the freedom to decide
how to hold their planned classes, and which platforms and applications
they would employ. Although distance and E-learning are not unknown at
these faculties, a small number of them wanted to transfer traditional to
virtual classes and obligations, which is corroborated by data that only
several faculties have accredited distance study programmes. On the other
hand, there is an area where E-learning is not an acceptable solution due
to practical exercises such as experiments and activities within faculties
of medicine, dentistry, pharmacy, sport, technology, etc. However, the
COVID-19 pandemic left educational institutions no choice, and this nec-
essary transformation could significantly affect students’ satisfaction, and
thus their expectations regarding the quality of E-learning.
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This study aims to integrate different models to examine the per-
ception of the quality of E-learning during the COVID-19 pandemic.
Therefore, the objectives of this study are twofold. In order to address the
existing literature gap concerning the pandemic’s impact on education, a
conceptual model was put forth. This model was then examined using
Structural Equation Modeling (SEM) to fulfil the first aim of exploring
the potential influence of simplicity of using and authority-driven initia-
tives on the quality of E-learning amid the coronavirus situation. Addi-
tionally, the impact of control variables information security and accura-
cy on the quality of E-learning was examined. The second aim is to de-
velop a new model that predicts the perception of the quality of E-
learning during the pandemic caused by COVID-19. For this purpose,
SEM model dimensions serve as inputs in ANN modelling.

THEORETICAL BACKGROUND AND HYPOTHESES

E-learning is an “application of IT that is widely used in the educa-
tional sector” (Pour et al., 2019, p. 116). Before the coronavirus, E-
learning was becoming more and more popular in high education due to
various teaching and learning opportunities for educational institutions
and students (Pham et al., 2019). E-learning is structurally different com-
pared to conventional learning (Jung, 2010), but it mainly provides stu-
dents with a personalised and flexible way to study and learn (Cidral et
al., 2018). Students want to study, work, and learn whenever and wherev-
er they want. Still, it is believed that E-courses are perceived as lower
quality courses due to limited interaction, particularly in presentations,
and lack of peer and teacher support (Uppal & Gulliver, 2017). On the
flip side, virtual activities reduce education costs and provide flexible ac-
cessibility of education without being hindered by place and time (Lar-
museau et al., 2019). Despite the popularity of the online learning envi-
ronment, delivering a quality E-service should still be an important goal
for universities to retain and attract students without losing their produc-
tivity. As Farid et al. (2018, p. 3) assert, “the future of E-learning depends
on the quality of E-learning systems”. Accordingly, the quality of E-
learning is an indicator of success that is not easy to build and manage
(Brosser & Vrabie, 2015). Agariya and Singh (2012) stated that E-
learning quality is the gap between students’ experience with the offered
E-services and their expectations. Further, given the large number of
stakeholders, their different ways of thinking, and the requirements that
need to be taken into account, E-learning’s quality is an extremely com-
plex issue (Brosser & Vrabie, 2015). Guided by the definition of Mar-
tinez-Caro et al. (2014), E-learning quality can be defined as the degree to
which educational authorities meet stakeholders’ needs or expectations.
Two angles of identifying the quality of E-learning have been observed in



74 J. Ruso, A. Raki¢, S. Arsi¢, 1. MiloSevi¢

literature. These are the quality of the software or platform for the realisa-
tion of education, and the quality of the education process itself (Nikoli¢
etal., 2018).

As stated above, it is important to emphasise the necessity to un-
derstand how to manage the quality of E-learning. Numerous studies have
shown that quality is the most significant factor for E-learning systems
(Misut & Pribilova, 2015). As discussed before, quality can be evaluated
by many indications and attributes which may have various influences on
quality, such as pedagogy, authority, institution, learning background, in-
structor, performance, simplicity, information security and accuracy, in-
teraction, learner, admin, etc. (Nikoli¢ et al., 2018). Similarly, various
models and approaches for quality assurance in E-learning can be found
in literature (Misut & Pribilova, 2015). Those authors believe that the
quality policies of successful learning with the support of information
technology are equal to those in the traditional approach. Finally, by em-
bracing E-learning as a relatively new approach to education, it should be
emphasised that well-composed elements will ensure success regardless
of applied technology (methods) (Misut & Pribilova, 2015).

Authority Initiative

Students’ perception of the professor as an authority influences the
education system (Gil-Madrona et al., 2020). The big challenges of au-
thorities (faculties, universities, or teachers) in the distance learning pro-
cess are innovative and structural changes, and their support to students in
becoming E-learners (Levinsen, 2007). The significance of computer lit-
eracy skills should first run from the institutional level (Cvetkovi¢ et al.,
2021; Biskupic et al., 2015). Although there are no national recommenda-
tions for quality in E-learning, universities should engage lectur-
ers/professors who have adequate references to ensure E-learning quality
(Delva et al., 2019). A competent authority is characterised by the crea-
tion of learning conditions where warmth, truth, loyalty, and faith in stu-
dents’ potential have precedence (Gil-Madrona et al., 2020), particularly
during the pandemic period. Research within higher education institutions
in South Korea showed that staff support is the most powerful influencer,
which explained about 80% of the variance in the quality of E-learning
(Jung, 2010). Biskupic et al. (2015) pointed out that students” motivation
is closely correlated with professors’ contribution to the E-class and using
technology overall. Therefore, the role of authority in students’ guidance
is essential, and without authority initiative and support in the integration
of ICTs in education, the quality of E-service is nigh impossible. There-
fore, the following hypothesis is set: H1 — authority initiative had a posi-
tive impact on the quality of E-learning during the pandemic period.
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Simplicity

Some research has shown that effort and time management are the
most important and positive predictors of academic quality performance
(Neroni et al., 2019). Student engagement is the force and effort students
invest in their E-learning environment (Bond et al., 2020). It is formed by
various fundamental and internal factors, including the combined
interaction of relations, learning processes, and learning conditions (Bond
et al., 2020). Additionally, the degree to which students believe that using
digital tools would be free of any effort is defined as simplicity of use
(Mohammadi, 2015). It also refers to the ease of use (Ameen et al., 2019),
or expected effort (MiloSevi¢ et al., 2015a).

Educators proficient in using digital tools can design engaging and
interactive online courses, making the learning process more simple,
effective and enjoyable for students (Basar et al., 2021). Authorities can
encourage the creation of high-quality, organised, and easily navigable
digital content for E-learning. When educational materials are well-
structured and readily available, students can more effectively engage
with the content, leading to better learning outcomes (Samat et al., 2020).
Furthermore, students sense self-confidence when some established prac-
tices ensure a friendly environment and when professors deal with proce-
dures to overcome disruptive situation issues (Gil-Madrona et al., 2020).
Mahdizadeh et al. (2008) and Sgrebg et al. (2009) acknowledge that the
professors’ behaviour, motivation, and willingness to use E-learning are
important facilitators and initiators of the students’ utilisation of E-
learning. In other words, without top-down initiative in the context of E-
learning, the down-top reaction cannot be expected. Hence, the following
hypothesis was formulated: H2 — authority initiative positively affected the
simplicity of use in the E-learning process during the pandemic period.

Previous investigation has proved that perceived ease of use
positively impacts the students’ tendency to accept modern technology
and has an important influence on perceived usefulness (Sabah, 2016). If
learning applications and platforms are essentially easy to use, students
will be more enthusiastic about examining their characteristics and per-
manently intending to use them (Hamid et al., 2016). According to Mi-
losevi¢ et al. (2015b), simplicity of use can improve communication with
students and professors, expand discussion, simplify post information
about lectures and exams, and other university activities, thus improving
the quality of the educational process. Accordingly, the next hypothesis
is: H3 — simplicity of use in E-learning positively influenced the quality of
the E-learning process during the pandemic period.
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Information Accuracy and Security

The backbone of each E-learning process is information (Farid et
al., 2018). One of the most important challenges students face in virtual
education is the reliability and accuracy of released or published infor-
mation (Dehghani et al., 2019). Accuracy of information exchange is a
very significant quality dimension to raise students’ understanding within
the E-learning environment (Alla & Faryadi, 2013). In this context, the
accuracy of information includes all information received from the au-
thorities (professors and faculties), such as e-class schedules, deadlines,
teaching material, assignments, or grades. Seddon and Kiew (1994) found
a positive relationship between user satisfaction and information quality,
and the accuracy of information is seen as one of the information quality
constructs. During information sharing on learning platforms, students
want to ensure that only those to whom the information is intended can
see it (Siemens et al., 2017). It is not only a matter of personal infor-
mation (hame, surname, and grades) but also a matter of the students’
personal views, opinions, and assignments. According to SO
27000:2018, information security is defined as “preservation of confiden-
tiality integrity and availability of information”. Jerman-Blazi¢ and
Klobucar (2004) highlight that private risk may take different concerns in
the online environment than those found in its physical counterpart, espe-
cially if professors use non-university-based learning platforms that the
university/faculty cannot operate. According to the theory of communica-
tion, based on the IS success model, E-learning’s quality also encom-
passes the accuracy, security, and efficiency of the information system
(Lee & Lee, 2008). Hence, it is assumed that: H4 — students who value
the accuracy of information more valued the quality of E-learning in the
pandemic period equally; and H5 — students who value information secu-
rity more valued the quality of E-learning in the pandemic period equally.

According to the developed hypotheses, the conceptual model is il-
lustrated in Figure 1.
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Figure 1. The Conceptual Model
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RESEARCH METHODOLOGY

In this research, a two-step multi-analytical approach is employed
to investigate if authority initiative and simplicity of using impact the
quality of E-learning and predict the perception of the quality of E-
learning during the pandemic period caused by COVID-19. According to
previous research (Sharma, 2017; Asadi et al., 2019; Sohaib et al., 2020),
this approach includes integrating SEM and ANN analyses (Zabukovsek
et al., 2018). The first step of research is related to SEM, which contains
two parts: a measurement model for validation of theory and modelling
relationships among variables, and a structural model for testing three hy-
potheses. For the other two hypotheses, an analysis of variance (ANO-
VA) was additionally employed. In the second step, all SEM model sig-
nificant variables served as input parameters for the ANN model. ANN is
utilised to accurately predict significant factors for the perception of the
quality of E-learning during the pandemic period. Although SEM meth-
odology has been employed to test and verify hypothetical relationships,
there is little research about its integration into other artificial intelligence
algorithms (Xu et al., 2019). Moreover, there is less research that applies
this integrated methodology in the field of the quality of E-learning. Thus,
the literature gap is overcome. Because of its ‘Black Box’ operations,
ANN does not provide testing of statistical hypotheses for their input var-
iables, but it has some advantages compared with SEM and multiple re-
gression analysis. For solving the proposed research problem, the ANN
method can disclose both linear and non-linear relationships (Xu et al.,
2019), enabling the prediction of the perception of the quality of E-
learning during the pandemic period.

Sampling and Data Collection

To practically explore the extent to which the students of the Uni-
versity of Belgrade apply E-learning systems and which factors influ-
enced the quality of E-learning during the pandemic period, a quantitative
research method was used. For research purposes during a state of emer-
gency, the authors modified and adapted the initial questionnaire based on
previous studies, shown in the Appendix (Ahmad & Love, 2013; Mi-
loSevi¢ et al., 2015a). In the authors’ opinion, the selected constructs —
authority initiatives, simplicity, security and accuracy in E-learning are
vital for maintaining and enhancing the quality of education provided in
online environments. Through resource allocation, standardisation, acces-
sibility, professional development, quality assurance, and innovation, ed-
ucational authorities can foster an environment that supports effective and
meaningful learning experiences for students, regardless of their location
or circumstances. Furthermore, simplicity in E-learning is a key factor in
determining the success of E-learning initiatives. By prioritising user-
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friendly design and implementation, educational institutions can enhance
the overall quality of E-learning, create positive learning experiences, and
foster a more inclusive and effective learning environment for all stu-
dents. Regarding security, it is seen as an appropriate element for the
quality of E-learning because investing in robust security measures
demonstrates a commitment to the safety and well-being of students and
educators, contributing to a successful and effective E-learning experi-
ence. Also, accuracy in E-learning is a crucial element that underpins the
quality of the entire learning experience because it affects the learners’
trust, engagement, outcomes, and ability to apply knowledge effectively.

The data was gathered by distributing the questionnaire as an
online survey to students who use distance learning systems at the Uni-
versity of Belgrade. The students filled out the questionnaire during the
first months of the COVID-19 pandemic period in 2020. The oldest and
the biggest university students in Serbia (the University of Belgrade)
were selected with random sampling. The survey included 1,254 respond-
ents who correctly completed the questionnaire. After closing the survey,
we conducted the data analysis process. To test the hypotheses and pre-
dict the model constructs, SPSS and AMOS v.22.0 statistical software
were used.

The Measurement Model

The measurement model aims to determine the measurement in-
struments’ internal reliability, discriminant, and convergent validity.
Nunnally (1978) considers that internal consistency is confirmed if the
value of Cronbach’s Alpha is more than 0.6. The results depicted in Table
1 indicate that the analysed model’s internal consistency values are ac-
ceptable. Average Variance Extracted (AVE) was applied to evaluate
convergent validity. The value of AVE should be high than 0.5 (Fornell
& Larcker, 1981). The results of convergent validity (Table 1) are also
acceptable in this study. Besides, discriminate validity was also obtained.
That indicates that the calculated values of the AVE’s square root for
each construct are higher than correlations between two specific con-
structs (Fornell & Larcker, 1981; Anderson & Gerbing, 1988). The dis-
criminate validity values are displayed in Table 1 with bold numbers on
the diagonal. Confirmatory factor analysis (CFA) was conducted in this
study to assess the validity of the variables. The value of standardised
item loading for each metric is more than 0.5, with p-values less than
0.001. This also confirmed the validity of the instrument. The relative
chi-square value for the defined measuring model is 2.87, which is below
the required limit of 3, indicating that this model has an acceptable fit.
Several different model indices of fit were evaluated, including the
RMSEA, where excellent model fit was suggested by values less than or
equal to 0.06. The value of RMSEA, in this case, is 0.06, which further
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suggests that the model fit is adequate. The obtained values of NFI-0.93;
RFI1-0.91; IFI1-0.95; TLI-0.95; CFI-0.95 indicate a good model fit, which
is in accordance with Hooper et al. (2008), where accepted values are be-
tween 0.90 and 0.95. Therefore, construct validity and reliability in the
measurement model are achieved, and structural model analysis is pre-
sented in the following section of the paper.

Table 1. The reliability and validity of the defined model
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A3. 0.700

Simplicity (S)

S1. 0.707
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The Structural Equation Model

In the next step, SEM was employed to test the hypotheses. This
technique is utilised to analyse the structural relationship among con-
structs (latent and observed) (Sheykhfard & Haghighi, 2020). A good-
ness-of-fit model was achieved (y2/ df-2.42; RMSEA-0.067; NFI-0.94;
RFI-0.92; IFI-0.97; TLI-0.95; CFI-0.96), and all fit indices in the struc-
tural model are satisfactory and fit well. To test relationships between the
constructs, Figure 2 depicts factor loadings and standardised coefficients
evaluated in the SEM. Standardised path coefficients were calculated to
verify each construct’s significance in the path model and presented in
Table 2. To assess the linear dependencies between the dependent and in-
dependent variables, the analysis of variance (ANOVA) method was per-
formed. Variables such as Information Accuracy and Information Securi-
ty were used as independent variables. The dependent variable presents
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the calculated average values of the answers of the group of questions
within Quality of E-learning. The main parameters of which ANOVA
consist are: the sum of squares of parameters, degree of freedom (df),
mean of squares, F-ratio of parameters and statistical significance (p-
value) (Arsi¢ et al., 2019; Ozakin & Kaya, 2020). Table 3 shows that In-
formation accuracy and Information security have linear relationships
with the quality of E-learning.
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Figure 2. The results of the Structural Equation Model

Table 2. The results of SEM

Standardized

Hypothesis weights B Estimate SE t-value  Conclusion
H1:A—=Q 0.494 0.371 0.072 5.181" Accepted
H2:A—=S 0.640 0.601 0.073 8.215™ Accepted
H3:S=0Q 0.293 0.234 0.060 3.296™ Accepted

"*p-value<0.001
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Table 3. The results of ANOVA

Sum of f Mean F-test p-value

Squares Square
Accuracy- Between Combined 222352 4 55588 87.261 0.000
Quality  Groups Linearity 95.623 1 95.623 150.107 0.000
Deviation  16.227 3 5409 8.491 0.000
of linearity
Within Groups 795.654 1250 0.627
Security- Between Combined 100.612 4 25.153 34.245 0.000
Quality  Groups Linearity 76.209 1 76.209 10.756 0.000
Deviation ~ 17.153 3 5718 7.785 0.000
of linearity
Within Groups 917.394 1250 0.735
ANN Modelling

The Artificial Neural Network (ANN) was developed by Haykin
(1994) and defined as “a massively parallel and distributed processor
composed of simple processing units* (Xu et al., 2019, p. 4), which have
a neural propensity to accumulate data and knowledge from the experi-
ment, making it available for use. The most important ANN algorithm el-
ement is a multi-process information processing system that employs
simple processing elements with a high level of mutual connection (Bayar
et al., 2009). These processing elements, commonly called neurons, work
in line with solving certain problems. A Multilayer Perceptron (MLP)
back propagation feed forward method is employed in this study. The
MLP is the most utilised and popular ANN method (Sohaib et al., 2020;
Yakubu et al., 2020), which was developed in the defined model by using
the software SPSS 22.0.

The artificial neural network consists of three layers of neurons,
such as the input, hidden, and output layers, including the number of neu-
rons to process separately for each layer. Neurons of the input layer rep-
resent information about the input parameters such as the Simplicity of E-
learning, the Authority initiative, the Information Accuracy, and the In-
formation Security, which in the ANN model represents independent (ex-
ogenous) variables. Four neurons represent the hidden layer, while the
only neuron in the output layer produces the output information presented
in the model as an indicator of the Quality of E-learning, as a dependent
(endogenous) variable (Figure 3).

In this study, ten iterations were performed to cross-validate the
model (Table 4) until the error between the measured output (Quality of
E-learning) and the calculated value was minimised and remained con-
stant, according to the recommendation of different authors (Hammer-
strom, 1993; Goh, 1995). Hence, model training was performed with
72.7%, while 27.3% was used for model testing. The synaptic weights of
the input neuron on the hidden and output neuron are shown in Figure 3.
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Exactness can be measured by the root mean square error (RMSE),
where the ANN was validated by calculating RMSE in both the training
and testing datasets (Sharma et al., 2017). The RMSE is computed using
equations (1) and (2), where SSE is ,,the sum of squared error and MSE is
the mean squared prediction error” (Sohaib et al., 2020, p. 13143).

MSE = 1/n * SSE (1)
RMSE = VMSE (2)

The obtained values of RMSE in ten iterations of the training and
testing model are depicted in Table 4. Additionally, the mean of the train-
ing model is 0.047, and the mean of the testing model is 0.074. The mod-
el with a vast number of neurons in the higher layer and with the strong-
est influences which predicts quality perception, was obtained in the tenth
iteration (Figure 3).

Table 4. Results of Artificial Neural Network Model (SEE and RMSE)

Artificial Training Testing
Neural  (72.7% of data sample 1254) N=912 (27.3% of data sample 1254) N=342
Network SSE RMSE SSE RMSE
ANN1 0.611 0.046 0.762 0.076
ANN2 0.644 0.046 0.654 0.075
ANN3 0.661 0.048 0.797 0.077
ANN4 0.609 0.047 0.682 0.070
ANNS5 0.655 0.048 0.646 0.071
ANNG6 0.645 0.046 0.723 0.079
ANN7 0.612 0.046 0.730 0.075
ANN8 0.620 0.046 0.745 0.078
ANN9 0.689 0.048 0.610 0.070
ANN10 0.656 0.046 0.593 0.072
Mean 0.047 Mean 0.074
Bias
Simplicity

Authority Quality

Accuracy

Security

——— Synaptic Weight >0

Synaptic Weight <0

Figure 3. The model of Proposed Artificial Neural Network
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Table 5 depicts sensitivity analysis performance. Sensitivity analy-
sis is an important approach for explaining the connection and impact of
each input parameter on the research model’s outputs (Nourani & Fard,
2012). Sensitivity analysis was computed by averaging the mean signifi-
cance of the independent variables that can help predict the dependent
variable (Chong, 2013). The sensitivity analysis results showed that Au-
thority initiative was the most influential independent variable in predict-
ing Quality of E-learning perception during the pandemic period. The
other important variables that help predict the same construct were the
Simplicity of E-learning, Information Accuracy, and Information Security.

Table 5. Independent variables’ importance

Constructs Importance Normalised Importance
Authority 0.474 100.0%
Simplicity 0.303 63.9%
Accuracy 0.155 32.7%
Security 0.069 14.6%

RESULTS AND DISCUSSION

This paper highlights the extension of the traditional approach
based on SEM methodology by integrating it into the ANN prediction
method. Our hypotheses were tested using SEM methodology, and the re-
sults indicate that all hypotheses can be accepted (H1, H2, H3, H4, and
H5). The regression coefficients (B-path coefficients) have positive values
within the considered hypotheses. For the analysed hypotheses in the de-
fined model, the following results were obtained. With hypothesis H1, it
was assumed that Authority initiative significantly and positively influ-
enced Quality of E-learning during the pandemic period. The results pre-
sented in Figure 2 and Table 2 indicate that the construct of Authority ini-
tiative has a statistically significant influence on the Quality of E-learning
(Ba-0=0.494; SE=0.072; t=5.181; p-value<0.001). These findings confirm
that hypothesis H1 is accepted. These results are in line with the findings
of Jung (2010) and Delva et al. (2019). The analysis of the association be-
tween Authority initiative and Simplicity of E-learning during the pan-
demic period shows that hypothesis H2 is accepted (Ba-s=0.640; SE=0.073;
t=8.215; p-value<0.001). This result correlates with previous claims by
Mahdizadeh et al. (2008) and Sgrebg et al. (2009). Hypothesis H3
(Simplicity in E-learning positively influenced the Quality of E-learning
during the pandemic period) is also supported because a significant
association was obtained between the considered constructs (Bs.g=0.293;
SE=0.060; t=3.296; p-value<0.001). Tan et al. (2014) point out that ease
of use in E-learning can significantly improve the quality of interaction
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between students and professors. Hypotheses H4 and H5 were tested to
determine whether the students who paid more attention to control
parameters such as Information Accuracy and Security afforded a higher
value to the Quality of E-learning. Based on the results obtained by using
the ANOVA method (Table 3), the positive influence of the linear
dependence between Information Accuracy and the Quality of E-learning
(H4) with statistical significance was confirmed (F-test=87.261 and p-
value <0.000). Finally, a statistical significance in the relationship
between Information Security and the Quality of E-learning was also no-
ticed (F-test=34.245 and p-value<0.000). Based on this, hypothesis H5 is
also accepted. The obtained results are statistically significant in both
cases, which means the model explains that a higher level of the students’
perception of accuracy and security of information has implications for
the higher level of perception of the Quality of E-learning. A similar con-
clusion about the impact of information quality on service delivery quali-
ty is found in the research of Alsabawy et al. (2016).

The value of the coefficient of determination R? represents the per-
centage of variance in the dependent variable explained by other variables
directly related to it (Authority Initiative and Simplicity of E-learning).
The results point out that the construct Authority Initiative explains 64%
of the variance of the construct Simplicity of E-learning, while the overall
model explains 51.5% of the variance in the Quality of E-learning during
the pandemic period. A similar result is noted in Alla and Faryadi (2013),
and Siemens et al. (2017).

The strength of each input predictor (Authority initiative, Simplici-
ty of E-learning, Accuracy and Security of information) on the output
predictor such as the Quality of E-learning is rated employing ANN sen-
sitivity analysis to confirm the SEM results. The ANN findings usually
verify the SEM results, which is also the case in this research. The ANN
model results depict that Authority initiative is the most influential predic-
tor of the Quality of E-learning. The same result is presented in the SEM
analysis. In contrast, the ANN results show that the Security of infor-
mation predictor is the least influential predictor of the Quality of E-
learning. The findings indicate that the University of Belgrade ensured
student trust and showed an ability to protect privacy before the pandem-
ic. Consequently, the security of information was de facto recognised as
the least valuable quality dimension. On the other hand, Jung (2010)
points out that professors and other teaching staff are the most powerful
influencers of E-learning quality. Their initiatives and activities affect
students’ academic development in ordinary circumstances (Sutherland &
Hall, 2018). Hence, it indicates that the perception in a position of author-
ity remains a significant predictor because competent authorities during
the pandemic had to put in additional effort to ensure the continuity and
the quality of the teaching process. This integrated SEM-ANN method of-
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fers better in-depth findings concerning the relative importance of the in-
put constructs, thus presenting valuable information about the perception
of the quality of E-learning during the pandemic period.

CONCLUSION

Although some professors are not inclined to use new digital tech-
nologies in a learning environment and offer resistance to their applica-
tion, pandemic disruptions caused by COVID-19 forced teaching staff to
adapt and accept the only available way of E-learning at that moment.
One of the most important ways of determining the quality of E-learning
is the student perspective. Hence, by integrating methods and techniques,
this study intends to identify and predict the factors that affect the percep-
tion of the quality of E-learning during pandemics, and to clarify their in-
terrelationships through the perspective of the students of the University
of Belgrade. The results showed that Authority and Simplicity significant-
ly and directly affect the Quality of E-learning. A significant and direct
impact is also found between control variables Authority and Simplicity.
Nonetheless, mutual dependence is established between Information Ac-
curacy and Quality of E-learning, and between Information Security and
Quality of E-learning.

According to the literature review, and to the best of the authors’
knowledge, this paper’s main contribution is the fact that little research
has been done on the same or similar topic during the COVID-19 pan-
demic. This study developed a model by integrating input predictors to
the output construct Quality of E-learning that enabled the proposed
model’s predictions. The suggested combination of constructs that predict
the Quality of E-learning has never been analysed in previous research by
applying this methodology, which represents an additional contribution of
this study. The obtained findings can also contribute to raising the aware-
ness of the academic community and policy-makers to the necessity of
dealing with quality in E-education to a greater extent, especially in
emergencies such as pandemics. Furthermore, virtual universities in de-
veloping countries such as Serbia may benefit from these findings in rais-
ing the quality level of their E-learning during the pandemic and in gen-
eral. This research has significant implications for higher education insti-
tutions’ quality assurance of the E-learning system. The study’s findings
offer important recommendations to decision-makers, service providers,
developers, and designers in higher education institutions on evaluating
and improving the quality of E-learning. In response to emergencies, it is
crucial for decision-makers in the educational system to provide adequate
financial and technological resources to support distance-learning pro-
jects. Taught by experience in the pandemic, it can be recommended that
each university have a quality assurance division to control and improve
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the quality of the E-learning process continually, given that changes are
expected in our world.

Exploring the perception of quality in the age of COVID-19 was
indeed a challenge for this paper’s researchers. It should be highlighted
that the research findings are relevant in times of duress. Although the da-
ta collection period was short due to the event’s topicality, the sample
size can still be observed as a limitation of the study. The limitation in
terms of questions pertaining to the defined constructs and the constructs
themselves is also a recommendation for future directions of research. For
example, in defining the simplicity of E-learning during the coronavirus,
technical issues faced by professors and students were not considered.
Furthermore, research on the relationship between student satisfaction
and service quality, and whether they impact student behaviour and intent
after the COVID-19 pandemic can be the next step in future investiga-
tions. The conceptual model can also be upgraded with new constructs
such as quality information, IT infrastructure services, or system quality
(technical issue) within the framework of emergency disorders. Compar-
ing the perceptions of teaching staff and students at the time of the pan-
demic would also be interesting for further consideration. In the end, sev-
eral issues arise as part of the broader picture. One of them is whether
Simplicity in E-learning, by inertia, tends to the minimal investment of
students’ further work efforts. This cognition would potentially influence
E-learning quality in the academic communities’ future activities.
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HEPHEIIIMJA KBAJIMTETA E-YUEIBA
Y BUCOKOM OBPA30OBAIY: SEM-ANN ITPUCTYII

Jenena Pyco', Ana Pakuh?, Canena Apcuh?, Ucnnopa Munomesuh?
'Vuusepsurer y Beorpaty, ®akynTeT opraHu3aMoHuX Hayka, beorpan, Cpouja
2Vuusepsurer y beorpany, Texunuku pakyarer y bopy, bop, Cpouja

Pe3ume

Ilepron mannemuje n3a3Bao je Mepe 3aKkjbydaBama IIUPOM CBETa KOje Cy MPUMO-
pajie YOBEUaHCTBO HA OHJIAjH KOMIICH3alMjy Y oOpa3oBHOM cucteMy. Kao pesyunrar,
e-ydeme je MOCTaJo IIaBHO CPEACTBO HAacTaBe U KOMyHHMKaluje, 1 OyayhHocT enek-
TPOHCKOT y4€Ha 3aBUCH O]l KBaJIUTETa CHCTEMa 3a e-yueme. OBa CTyauja uMa 3a Lb
Jla NASHTU(UKYje ¥ MPeABUAN (aKTope KOjH yTUUY Ha MEepleniyjy KBaIUTeTa e-yde-
Ba TOKOM TaHAeMHja MpuMeHOM HoBo-uHTerpucasor SEM-ANN mozena. Pesynratu
MOKa3yjy a WHUIMjaTHBa ympaBe (pakylnTeTa MMa HajBRXHHUJH YTHIA] U 3HAYaj] y
npeaBubamy KBAIUTETA EICKTPOHCKOT yueHmha TOKOM MaHAeMHja, 0K HajMambH yTHUIIA]
uMa MPEAUKTOp ,,CUTYpHOCT mHPopManmja“. OBO UCTpaXHBAKE MMa 3HAYAJHE UM-
IUIMKalje Ha BUCOKOIIKOJICKE yCTaHOBe y o0e30ehiBamy KBaluTeTa CHCTeMa e-yde-
wa. Jlobujenu pesynTaTu Takohe MOy JONPUHETH MOAU3ABY CBECTH aKaJeMCcKe 3a-
jeIHHIe W TBOpAIla MOJHUTHKE J]a ce BHIIE 0aBe KBAIUTETOM OHJIAjH 00pa3oBama, I10-
ceOHO y BaHPEIHUM CHUTyallljaMa Kao IITO Cy HaHaeMHuje. BupTyenHn yHUBep3uTeTH
3eMajba y Pa3Bojy MOTY UMaTH KOPHUCTH OJf OBOT MCTPa)KMBamba Y CMUCIY HOIH3arha
KBaJIUTETA €-yYeHha TOKOM IaHAEMHUja 1 YOIILITE.



