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Abstract

Web technologies present incredible opportunities for educational institutions. The academic
portal becomes a common environment for the presentation and promotion of the
universities educational and scientific competences. The educational portal provides a
solution for aggregating content, information systems and educational services of the
university for presentation to the end user in the required format. Evaluation of the
educational website quality is a prerequisite for its continuous improvement. The quality of
the website is quite important in generating customer satisfaction and loyalty. Hence,
modeling the educational web portal structure based on the analysis of user perceptions and
preferences becomes especially relevant. The aim of this study is to identify the main quality
characteristics of the educational website that determine the effective functioning of the
system. The problem of educational website quality assessment is presented as a decision-
making problem under conditions of uncertainty. The paper introduces a new approach to
the problem of educational portal quality evaluation by using fuzzy preference relations and
linguistic variables. The use of expert methods and fuzzy logic is proposed to assess the
quality of the educational website and the satisfaction of its users. The fuzzy logic technique
helps to integrate the effect of qualitative and quantitative indicators and assess user
expectations about website quality and how web system meets the user’s requirements.
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Introduction

Nowadays the web has become a pervasive
communication medium for all
organizations (Cocquebert et al, 2010).
The educational portal has become a key
tool for developing and promoting the
academic, scientific and educational
competences of universities (Caglar and
Mentes, 2010). The importance of
marketing communications for higher
education institutions also cannot be
overlooked.

The widespread introduction of
information technologies is one of the main
university’s development strategies that
provide a starting point for creating a
single information environment on the
basis of an educational portal. The
educational portal provides a solution for
aggregating content, information systems
and educational services of the university
for presentation to the end user in the
required format. The educational website
can also be an effective marketing tool to
attract consumers of educational services
and to form a positive University image.
This is crucial for all institutions in
conditions of high competition.

A high-quality website is one that meets its
owner’s and users’ requirements.
Determining the most important factors of
an educational website is crucial and helps
system designers focus on the factors with
the highest weight and identify the best
policy to improve website effectiveness
(Lin, 2010).

Web technologies on the base of
educational portals give universities new
tools for interaction with consumers of
educational services. The educational
portal becomes a single point of interaction
of the university with stakeholders: current
and future students, teachers and
employers.

As a result, there is a problem of the
effective  organization of educational
portals. Understanding and measuring
educational web portal quality, including
its dimensions, becomes crucial for the
development, management, and
continuous improvement of the website.
The quality of the website is quite
important in  generating  customer
satisfaction and loyalty.  Therefore,
modeling the educational web portal
structure, based on the analysis of user
perceptions and preferences, becomes
especially relevant.

The Problem of User-Perceived Website

Quality

Most of the quality models focus primarily
on the website usability characteristics not
considering other quality factors such as
content, performance and system quality.
Evaluating the quality of educational
websites needs to also take into account
the needs of all user groups: students,
professors, employees, and parents. Each
user group has their own specific
requirements and expectations from the
website.

There are numerous studies that have
primarily approached the problem of
website quality from the service quality
dimension on the SERVQUAL model.
Parasuraman, et al. (1988) developed a
research instrument SERVQUAL to capture
consumer expectations and perceptions of
the service along the five dimensions and
22 items, comprising tangibles, reliability,
responsiveness, assurance, and empathy to
represent service quality. Later on,
Parasuraman et al. (2005) developed the E-
S-QUAL, as a scale to measure online
service quality. E-S-QUAL, and later E-
RecS-Qual, were developed for assessing
the service quality of online B2C e-
commerce websites. E-S-Qual includes four
dimensions: efficiency, system availability,
privacy, and fulfillment. The E-RecS-QUAL
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scale contained three dimensions:
responsiveness, compensation, contact.

Aladwani and Palvia (2002) introduced
four dimensions of perceived website
quality, comprising technical adequacy,
specific content, content quality, and
appearance. Cristobal et al. (2007) focused
on website quality dimensions such as web
design, customer service, assurance and
order management. Lowry et al. (2008)
used the associative network model to
describe the brand knowledge and extend
information integration theory to explain
how branding alliances are able to increase
initial trust and transfer positive effects to
websites. According to Lowry et al. (2008),
the dimensions of Web quality are
responsiveness, competence, quality of
information, empathy, Web assistance and
callback systems.

Olsina and Rossi (2002) designed an
instrument WebQEM, which they used to
evaluate websites in several domains,
including academic websites. The authors
considered website characteristics and
attributes from a general visitor view point.
They rather focused on the user-
perceptible website features such as
navigation, interface, and reliability. The
evaluation process in WebQEM includes
specification and aggregation of
nonfunctional requirements subjectively
based on human expertise and objectively
measurable attributes such as broken links,
orphan pages, and quickly access pages. Liu
and Arnett (2000) considered the factors
critical to website success with consumers
as the quality of information, service
quality, system use, playfulness, and design
of the website. Loiacono, Watson, and
Goodhue (Loiacono et al,, 2002; Loiacono
and Deshpande, 2014; Loiacono et. al,
2007) designed an instrument WebQual™,
later named as eQual 4.0, to evaluate the
retail website quality. The instrument
includes three dimensions: usability,
information quality, and service
interaction. The authors have used the
instrument to assess the quality of a
number of different types of websites.

Harold Webb and Webb (2004) developed
an instrument named SiteQual to assess e-
commerce website quality. The use of
website quality factors for measurement of
consumer expectations and perceptions
was suggested. The instrument includes
four dimensions: aesthetic design, ease of
use, processing speed, and security. A
factor analysis was conducted for these
purposes. Barnes and Vidgen (2001)
identified five dimensions: usability,
design, information quality, trust, and
empathy, based on exploratory factor
analysis. Wolfinbarger and Gilly (2003)
developed instrument eTailQ to assess the
quality of retail electronic commerce. The
instrument includes four dimensions for
the measurement of online quality: website
design, fulfillment/reliability,
privacy/security, and customer service.
The analysis suggests that these factors are
strongly predictive of customer judgments
of quality and satisfaction, customer
loyalty, and attitudes toward the website.

Mich et al. developed the 2QCV3Q model to
help site owners and developers evaluate
website quality and implement these
findings into website design. They
identified seven quality dimensions: who
(Identity), what (Content), why (Services),
when (Management), how (Usability),
where (Location) and resources
(Feasibility) (Mich et al., 2003; Mich et al.
2003).

Educational websites were studied from
different perspectives (Chapleo, 2010;
Chapleo et al, 2011; Caglar and Mentes,
2012; Lin, 2010; Huang and Huang, 2010).
There were several numbers of works
related to specific characteristics of an
educational website like usability and
accessibility. For example, Selim, in his
work, focuses on the ease of use and the
usefulness of course websites (Selim,
2003). However, the website should also
uphold sufficient security levels in
communications and meet data protection
requirements regarding the privacy.

Previous studies carried out to evaluate the
general quality of academic websites are
quite a few. The work in (Olsina, 1999)
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presented some characteristics of the
website like usability, functionality,
reliability, and efficiency, in the form of the
quality tree model. These factors were
further divided into subfactors and
attributes forming a quality tree, consisting
of a total of more than 121 factors.

Models and Methods of Assessment and
Improvement of Educational Portal

Quality

Educational @~ Web  Portal Quality
Evaluation Model

Some models for evaluating the website
quality determine the website quality
requirements with a hierarchical structure.
A multicriteria decision-making approach
has been proposed to evaluate the
influences of these factors (Saaty, 1986;
Kostoglou, 2004; Chou and Cheng, 2012).
The Analytic Hierarchy Process (AHP)
(Saaty, 1986) is one of the most popular
decision-making methods that have been
widely used for web quality assessment
(Yu et al,, 2011; Rekik et al,, 2016). There
are several methods in MCDM techniques,
such as ANP (Hsu et al, 2012), TOPSIS
(Kabir et al,, 2012), DEMATEL (Chen and
Chen, 2010), Delphi method (Cebi, 2013)
that have been used for website quality
evaluation (Rekik et al., 2016; Chou and
Cheng, 2012; Kabir et al,, 2012; Chen and
Chen, 2010). The latter studies consider the
problem of evaluating the quality of
websites from the fuzzy perspective
(Huang and Huang, 2010).

We designed the new framework for
educational portal quality evaluation. A set
of factors critical to educational website
success was examined with the help of
designers and consumers to assess the
educational portal quality. We propose
some general criteria for evaluating the
quality of educational websites with 3-
dimensions. The dimensions of the criteria
are Content Requirements, System Quality
Requirements, and Service Quality
Requirements.

1. Content Requirements for the
educational website includes relevance of

information to user’s queries,
completeness and subject specialization
(the focus of information materials for the
target audience), the uniqueness of
educational information, utility and
structuredness of content, currency,
reliability, accuracy and correctness of the
information available on the portal.

2. Website System Quality that includes:
accessibility, security, privacy, navigability,
response time (download speed), structure
(including information structure, site map,
page size), usability (including design, ease
of use and convenience of navigational
tools, aesthetic qualities, etc.), availability,
the ability to be used in all browsers and
devices. Educational website design
requirements are the website enriched
multimedia presentation, brand-driven
web page design, etc.

3. Service Quality Requirements that
include: reliability, search, responsiveness
and feedback, adaptability and
customization, SEO (semantic markup of
HTML pages with microdata, Schema.org,
tools of Web Analytics, log file analysis).

The website performance analysis was
carried out to obtain data for assessing
website system and service quality. The
following educational website performance
indicators were analyzed:

1. Performance indicators related to user
behavior before the acquisition of
educational services (the time the user has
spent on each page of the site; the time the
user spent searching for information; the
number of user clicks; the number of pages
per visit, etc.).

2.  Website performance indicators
(website traffic, the number of site errors
from a behavioral perspective; boot time,
response time, number of failures, speed,
etc.).

3. Linguistic aspects of the website quality
(how the menu item names and field
names meet the user's expectations; the
ability to input accurate data; the relevance
and usefulness of website content, etc.).
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4. User interface quality indicators (the
location of various components of the site's
screen, the color and styling of the site, the
effectiveness of the site structure, the
search efficiency, the amount of text and
graphics on the page, the organization of
the dialogue with the user; the presence of
the sitemap of the educational site, etc.)

5. Target indicators that assess whether the
elements on the page are targeted to the
user. These indicators are defined with the
help of questionnaires, mailings, or expert
assessments of the site.

As a result of performance analysis, a
hierarchical structure of the Educational
Portal Quality Model has been developed
(see figure 1):

53543
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e e

Fig. 1: Hierarchical structure of the Educational Portal Quality Model

Source: authors’ contributions

The following notations are used in Figure
1: FO - The integral website quality
indicator; F1- System Quality; F11-
Accessibility; F12- Security, Privacy; F13 -
Navigability; F14 - Response Time; F15 -
Website Structure; F151 - Information
Structure; F152 - Website Map; F153 -
Page Size; F16 - Usability; F161 - Design;
F162 - Convenience &Ease of Navigational
Tools; F163 - Aesthetic Qualities; F17 -
Availability; F2 - Service Quality; F21 -
Reliability; F22 - Search; F23 -
Responsiveness & Feedback; F24 -
Adaptability, Customization; F25 - SEO;
F251 - Microdata & Schema.org; F252 -
Web Analytics; F3 - Information Quality
(Content); F31 - Relevance; F32 -
Completeness; F33 - Accuracy; F34 -
Uniqueness; F35 - Utility of Content; F36 -
Subject Specialization.

The following techniques were used to
evaluate the educational portal
performance indicators:

e Analysis of web data statistics, using
web analytics systems like Yandex Metrics,
Google Analytics.

. Organization of feedback through
surveys, questionnaires, and user forms in
order to obtain the information about
customer satisfaction with their visit
experiences.

¢ Examining the ergonomics and usability
of the site with the help of Google Website
Optimizer, Yandex Webmaster.

¢ Analysis of the user behavior on the site
from the log files.

A technical audit of several university
websites was carried out to assess their
performance. The following features of the
competitors' websites have been analyzed:
traffic sources panel; most popular
searches and pages; bounce rate;
characteristics of the target audience;
keyword frequency; website indexing;
website positions in search engines; the
page speed insights; the presence of
microdata markup like Schema.org or Open
Graph; the presence of web counters on the
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site (Google Analytics, Yandex Metric, Open
Stat, Live Internet, etc.); social media
presence index (SMPI); the presence of a
mobile version of the site; relevance; latent
semantic indexing of keywords (LSI), level
of trust (authority, citation) of the website
in search engines (TrustRank or Web of
Trust (WOT), etc.).

A Fuzzy Linguistic Method For
Educational Portal Quality Assessment

The typical approach to website evaluation
process assumes that the human experts
express their evaluation judgments by
means of numerical values. Sometimes, an
expert cannot express his judgments with
an exact numerical value. Then, a more
realistic approach may be used to express
the expert evaluations with the help of
linguistic estimates (Herrera-Viedma et al.,
2003).

We propose a new approach to the
problem of educational portal quality
evaluation, which we did in terms of fuzzy

preference  relations and linguistic
assessment variables (Khubaev et al,
2017).

The educational website quality can be
formalized as follows:

FMG = <G,L,P,A>,

where G is a graph, where each vertex Fj (j
= 0, .., Np) is associated with linguistic
variable xij € L; that describes a specific
website quality indicator; L={L; (j = O, ..,
Np)}is a set of linguistic values that variable
xij € L;j takes; P is a fuzzy preference
relation; A is an aggregation operator.

When using ternary fuzzy classifier on the
scale [0,1] values L; should be as follows:

{Low level (L), Middle level (M), High level
(H)}.

Fuzzy preference relations are defined as
follows:

P = {Fi(p)Ej|p € (>, )},

where > denotes strict preferences, =
denotes indifference.

To obtain an integrated linguistic
assessment of the website quality, we use
the aggregation operator for every non-
terminal vertex of the graph. The

aggregator uses the assessment of the
quality indicators represented as child
nodes in the tree. The ordered weighted
averaging  operator (Yager's OWA
operator) (Yager, 1988) and Fishburn
coefficients (Adelson and Fishburn, 1971),
as an associated collection of weights, are
used for aggregation. The Fishburn
coefficients are defined as follows:

pi="
i N ’
/ijlrj

where i = ﬁ and N is a number of child
vertices of the graph involved in the
aggregation; ri is defined on the basis of the
preference relations.

If for each indicator (Fky..., Frn) on the
selected graph level k linguistic values L =

(Lka, ..., Lkn) and weighting coefficients pk =
(pk1, .. , prn) are determined, then the
aggregation operator represents the
linguistic assessment of the membership
function, determined for 01-classifier:
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N
B = D piCOpy, i =13
i=1

The evaluation of trapezoidal membership
function puk(x) can be performed as
operation with vertices of the graph as
functions pki(x). Function uk(x) is used to
assess the linguistic value of Fk - indicator.
For ternary fuzzy O01-classifier, it is
necessary to define the minimum distance
between uk(x) and p;(x), i = 1,3 on the
basis of minimum distance pr between a
fuzzy set defined by the membership
function pk(x), and each of fuzzy sets
corresponding to membership functions

u;(x), i =13.

To estimate the distance between fuzzy set
A and set B absolute or relative Hamming
distance as well as squared Euclidean
distance can be used. For the indicator Fi
that is defined by trapezoidal membership
function with parameters (af,a¥,a%,ak)
and membership functions p;(x), i = 1,3
that are also trapezoidal with parameters
(b}, bi, bi, b)), the distance between fuzzy
sets is calculated as follows:

P = max{|af — bf|,|a¥ — bi|,|a% — bi|,|ak — bi|}.

The matching value Fr of a specific
linguistic level of the ternary scale on 01-
classifier is defined as min (py;).

The procedure of quality factors
aggregation is to be performed for each
not-end vertices down up to obtain the
linguistic value of website quality. The
formation of the integral website quality
indicator Fo for graph G is the aggregation
of factors for each of the non-terminal
graph vertices from the leaves to the top.
The algorithm for integrated quality
assessment of the educational website is as
follows.

1. Form a graph G of the website quality
indicators with vertices Fj (j = 0, ..., Nb).

2. Form a system of preference relations P

={Fi (¢) F; | ¢ € (>, =)} between graph
vertices on the basis of human expert
assessments.

F1>F2>F3

Noutks wbh R

F251 > F252.

3. For each of the end vertices in the graph,
form a set of linguistic values of factor
levels.

4. For non-end vertices in the graph, apply
the aggregation operator to compute their
linguistic values.

As a result, we obtain a linguistic
evaluation Fp for the root vertex of the
graph, which characterizes the integral
educational website quality, and for
intermediate non-end vertices - the quality
characteristics of the site concerning a
certain group of indicators, for example, its
service quality.

The following example illustrates the
proposed fuzzy linguistic approach for
educational website quality assessment.
Here we consider the hierarchy of the
website quality indicators, that you can see
in figure 1. The subject matter experts were
asked to rank the website quality
indicators. As a result, we have obtained
the following system of preferences:

F11=F12=F17 > F16 > F13=F14 > F15
F21=F25>F22 >F23 >F24

F31=F34 >F32 >F33=F35>F36

F151 > F152 > F153

F161 > F162 > F163
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For the selected factors, experts have

variables that define the website quality, as
you can see in table 1:

assigned

the following values to linguistic

Table 1: linguistic variables for the educational website quality indicators

F1s1 F1s2 F1s3 F161 F162 F163 F2s1 F2s2 F11 F12 F13 F14
H M L M H L M H H H L L
F17 F21 F22 F23 F24 F31 F32 F33 F34 Fss F3e

M H M M H H M M H H H

Experts have used the following set of
three labels to provide their preferences:

S={L=Low, M=Medium, H=High}.The results
of fuzzy modelling are shown in table 2.

Linguistic variable values High (H), Medium
(M) and Low (L) are given by trapezoidal
membership function.

Table 2: the results of modelling

Criterion Name of indicator Linguistic Trapezoidal number
variables
values
Fo ghtaelfi;':; lindicato‘ll'VEbSlte 3,98 584 7,84 8,76
F1 System Quality M 2,13 3,33 5,33 6,87
F2 Service Quality H 4,43 6,43 8,43 9,21
F3 Information Quality H 4,29 6,29 8,29 9,14
Fis Structure M 1,67 2,67 4,67 6,33
Fis Usability M 2,33 3,33 5,33 6,67
F2s SEO H 4,67 6,67 8,67 9,33

Source: authors’ calculations

It can be seen that the integral website
quality indicator, Service Quality and
Information Quality indicators of the
educational website can be assessed, as "H
- High", while the level of System Quality
indicator, as "M - Medium". Thus, the
analysis of website quality shows an
insufficient level of quality of educational
web portal structure and usability.

Discussion

This example illustrates the possibility of
using a fuzzy approach for assessment of
the educational web portal that allows
developers to improve its architecture and

services. Analysis, testing, and
performance evaluation help to improve
the educational web portal in accordance
with the selected indicators.

The problem of educational website quality
assessment is presented as a decision-
making problem under conditions of
uncertainty. We proposed a fuzzy logic
approach for evaluation of educational
website quality with qualitative and
quantitative indicators. Fuzzy logic models,
on the one hand, help to integrate the effect
of qualitative and quantitative indicators.
On the other hand, they operate with
linguistic variables (“low”, “medium”,
“high”) that help to assess user
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expectations about website quality and
how web system meets the user’s
requirements (Shpolianskaya et al., 2017).
This approach is suitable for complex,
poorly  formalized  systems  under
conditions of uncertainty, which is typical
for the website development and
improvement problem.

The proposed models of website quality
assessment, when implemented as a
software, will be integrated into decision-
making support system for the design of
the educational portal structure. The
practical implementation of fuzzy models
of website quality assessment allows
generating data for further adaptation of
the model by tuning the type and
parameters of membership functions.

Conclusion

The goal of this study was to define the
principles for evaluating the educational
portal quality, using a fuzzy logic approach.
The problem of assessing the website
quality by taking into account the user and
system requirements and based on the
evaluation of website performance was
presented.

We have shown that educational website
quality assessment should be based on the
integrated quality index. This integrated
quality index includes a set of indicators
related to system requirements, as well as
the website user satisfaction indicators.

The proposed framework can be used to
compare the quality of educational
websites, to identify priorities for website
improvement, and to provide a guideline
for designers and developers when
creating new websites. The new approach
for assessment and improvement of
education portals provides an easy and
convenient tool based on the processing of
expert assessment of quality indicators
concerning website performance and user
satisfaction with the portal. Regular
performance evaluation and continuous
improvement of the educational website
would help higher education institutions to

adapt to changing education markets and
consumer preferences.
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