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Abstract: The purpose of this study is to thoroughly examine the technical competen-
cies of university websites in Northern Cyprus, as well as the contributions of Learning
Management System (LMS) platforms integrated with these websites to user experience,
with a focus on efficiency and sustainability in online education. This study adopts a
“mixed-method” research model, which combines both quantitative and qualitative re-
search methods for data collection and analysis, with the results being evaluated together.
The participants of the research consist of the websites of universities in the Turkish Repub-
lic of Northern Cyprus (TRNC) and the IT department managers who will be consulted for
their opinions on these websites. A total of 15 university websites were analyzed within
the scope of the study, and interviews were conducted with the IT managers of these
universities. During this process, analysis tools such as SimilarWeb, Alexa, Ahrefs, Moz,
and SEMrush were utilized. For qualitative analysis, a semi-structured interview method
was chosen to gather the views of IT managers on the websites. The findings emphasize the
need for universities to optimize their digital strategies. Differences in website performance
directly affect the strength of universities’ digital presence, while technological infrastruc-
ture, user experience, and the integration of educational tools emerge as key factors in
improving this performance. Based on the results of this study, some universal solutions
are proposed to optimize the digital strategies of universities in Cyprus.

Keywords: website; new media; online education; efficiency in online education process

1. Introduction
Digital transformation in education contributes to environmental sustainability by

reducing the need for physical resources such as paper consumption. Online learning
applications are noted to lead to significant reductions in carbon footprints compared to
traditional methods [1]. Practices such as distance education diminish the need for travel
for both teachers and students, thereby lowering energy consumption and greenhouse
gas emissions [2]. However, for these contributions to occur, it is important that LMS
infrastructures are supported by energy-efficient servers and operated with renewable
energy sources [3].

Learning Management System (LMS) platforms also contribute to economic sustain-
ability by enabling long-term cost savings. The decline in expenses related to printing and
distributing materials in traditional learning methods supports efficient resource utiliza-
tion [4]. Furthermore, digital applications facilitate the updating and sharing of educational
content, allowing for even greater cost reductions [5].

Digital transformation in education offers compelling solutions for achieving the
United Nations’ Sustainable Development Goals, such as “Quality Education” and “Climate
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Action”. LMS platforms ensure universal access to quality education while reducing
negative environmental impacts, thereby supporting sustainable development [6].

The rapid advancement of the digital age has fundamentally transformed the methods
of accessing and sharing information [7]. Traditional methods of knowledge acquisition
have largely given way to online platforms, digital content, and internet-based learning
environments. This transformation presents significant opportunities, particularly for
higher education institutions, while also bringing various challenges [8]. Universities
have recognized that establishing a strong presence in the digital world not only facilitates
access to academic knowledge but also plays a crucial role in enhancing institutional brand
value and strengthening global competitiveness [9]. In this context, university websites
have evolved beyond mere information-providing platforms to become strategic tools
that represent the digital face of institutions and hold a critical place in the daily lives of
students and academics [10].

Modern higher education institutions use their university websites as their digital
entrance point for public communication [11]. The sites distribute extensive educational
content to academic staff as well as provide academic and management-function support
to students [12]. The effectiveness of websites depends on their usability together with
their speed and accessibility and their reliability [13]. Users’ satisfaction level during
site interaction directly relates to how well the technology functions and how the system
operates [12]. Organizations must make it essential to assess and optimize university
website designs based on user requirements [14].

The effectiveness of websites depends on various technical and user-centered factors.
Firstly, a website’s technical infrastructure must be robust, ensuring fast loading times, low
error rates, and secure data transmission [15]. Additionally, the mobile compatibility of
websites is crucial in today’s environment, where the use of mobile devices is increasingly
prevalent [16]. The widespread access to information through mobile devices necessitates
that websites function seamlessly across different devices [12]. For these reasons, university
websites must be continuously optimized and aligned with technological advancements to
meet the evolving needs of users [17].

Beyond websites, another critical component in higher education’s digital transfor-
mation is the Learning Management System (LMS), which has evolved from basic content
repositories to sophisticated platforms that support collaborative learning, personalized
feedback, and intelligent analytics [18,19]. Modern LMS platforms allow integration with
AI-driven tools, synchronous/asynchronous communication, gamified assessments, and ad-
vanced learning tracking, enhancing both faculty efficiency and student engagement [20,21].

The theoretical framework surrounding LMS use often draws from the Technology
Acceptance Model (TAM) and the Unified Theory of Acceptance and Use of Technology
(UTAUT), which explain how perceived usefulness and ease of use shape faculty and stu-
dent engagement with LMS platforms [22]. Empirical studies highlight that effective LMS
integration leads to greater instructional clarity, feedback responsiveness, and autonomous
learning behaviors among students [23,24].

Another crucial tool used by universities in the digital transformation process is digital
platforms known as Learning Management Systems (LMS) [25]. LMS platforms serve as
the venues for conducting various academic activities, such as online education, access to
course materials, exams, and assessment processes [26]. Particularly with the mandatory
shift to remote learning during the COVID-19 pandemic, LMS platforms have become
central to the educational processes of universities. This shift fundamentally changed how
instructional content was delivered, with live video, pre-recorded sessions, and hybrid
models becoming primary modes of engagement. Research indicates that different video
learning modes impact learner satisfaction, attention span, and continuation intention in
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distinct ways [27]. Moreover, recent studies employing advanced user-experience modeling
approaches—such as facial expression recognition and head pose estimation—provide
new insights into how students respond to digital learning environments [28]. These
findings reinforce the strategic importance of LMS platforms in adapting to post-pandemic
educational models.

LMS systems provide students with the opportunity to access course materials anytime
and anywhere, while also offering instructors the ability to organize educational content,
monitor student progress, and create interactive learning experiences [29]. In this context,
the effectiveness of LMS platforms has become a critical factor that directly influences the
success of universities’ educational processes [30].

A successful implementation of LMS platforms depends on multiple essential factors.
A secure technical infrastructure base provides fast processing power for data security
together with simultaneous support for multiple users [31]. The system ensures uninter-
rupted access together with the best possible user experience. A user-friendly interface
must be present because it needs to provide simple navigation and straightforward access
to resources and information [32]. The implementation of an intuitive design system makes
learning more efficient between students and their instructors. The incorporation of fo-
rums and discussion boards together with quizzes creates interactive features that enhance
student engagement with class materials and leads to better learning processes [25,31].

Digital education benefits significantly from LMS platforms when these platforms
connect directly to university websites. The system brings students all their academic
oversight tools to one place enabling smooth access to materials and messaging with ed-
ucators [30]. The feature enables universities to bring various services into one platform,
which leads to enhanced user experience and improved satisfaction among students [31].
Educational institutions today depend heavily on integrated systems because these sys-
tems enhance their digitalization efforts [33]. In light of this information, universities in
Cyprus are making significant investments in their digital platforms to enhance their global
competitiveness and improve their educational processes during the digitalization process.
However, research on the current status, technical competencies, and contributions of these
digital platforms to user experiences remains limited. Optimizing the digital infrastructure
of universities will not only increase their local competitiveness but also enable them to
attract a broader student base at both regional and global levels [34].

This research assesses the technical capabilities of Cypriot university websites along
with the impact of Learning Management System platforms that integrate with these
websites. Universities worldwide depend heavily on digital infrastructure to provide edu-
cation support and to improve the student learning experience and worldwide academic
performance. This research analyzes educational continuity as well as technological trans-
formation and user engagement through university digital platforms and selects Cyprus as
its primary example. Successful management of digital infrastructure serves dual purposes
by making higher education systems in local institutions competitive and preparing them
for future unified digital education frameworks. The research will offer useful guidance
which will enable universities to enhance their digital strategy effectiveness to demonstrate
digital transformation’s essential role in international higher education. By focusing on IT
professionals and institutional-level digital platforms rather than solely on pedagogical or
psychological constructs, this study contributes directly to practical digital transformation
strategies in higher education.

The purpose of this research is to evaluate the technical performance of university
websites and the role of Learning Management Systems (LMSs) in improving the user
experience in higher education institutions in Northern Cyprus. The research addresses the
following question: how do technical features of university websites and the integration of
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LMS platforms influence user engagement and educational accessibility? To answer this,
the study sets three main objectives: (1) to quantitatively assess key performance metrics
of university websites such as traffic, bounce rate, and visit duration; (2) to qualitatively
explore the perceptions of IT managers regarding usability, infrastructure, and LMS inte-
gration; and (3) to derive strategic insights that support digital transformation efforts in
higher education. These objectives guide both the design of the research and the analysis
of the findings.

2. Methodology
In this study, a “mixed-method” research model was adopted, wherein both quanti-

tative and qualitative research methods were employed together for data collection and
analysis, and the results were evaluated collectively [35]. The convergent parallel design,
one of the mixed-method designs, was selected as the framework. In the convergent paral-
lel design, qualitative and quantitative data are collected simultaneously, then analyzed
separately, and the compatibility of the findings with each other is examined [36].

The combination of quantitative and qualitative methods in this study is intended to
provide both statistical analysis and contextual interpretation of user experiences. Recent
studies on LMSs and institutional website performance have also adopted mixed-method
approaches to capture technical efficiency alongside stakeholder perspectives, confirming
the value of integrating multiple data sources for robust evaluation.

The quantitative part of the research utilized the survey model. The primary aim of the
survey model is to describe the current situation as it is and to make generalizations [37].

The qualitative part of the research was conducted in accordance with the case study
approach. A case study may involve a single case or multiple cases and is typically used to
understand complex social phenomena [38].

In this study, the concept of “university website” was operationally defined as the
official digital gateway of a higher education institution that combines technical features
(such as speed, security, device compatibility, and infrastructure reliability) with content-
based elements (such as the availability and structure of academic materials, navigation
quality, and accessibility of institutional services). This two-dimensional definition enables
the performance of websites to be systematically evaluated both from a technical and
user-oriented perspective [13,16].

Likewise, “user experience” was defined as the users’ overall perception during their
interaction with the university website. In this context, it includes four core dimensions:
(1) usability—ease of navigation and interface clarity; (2) accessibility—mobile responsive-
ness and cross-device compatibility; (3) interaction—ability to communicate with academic
services or engage with LMS features; and (4) satisfaction—subjective assessment gathered
via interviews and metrics such as visit duration and bounce rate [12,14,39].

2.1. Particiants

The participants of this research consist of the websites of universities in the Turkish
Republic of Northern Cyprus (TRNC) and the IT department managers who will be con-
sulted for their opinions on these websites. A total of 15 university websites were analyzed,
and interviews were conducted with the IT managers of these universities. According
to information obtained from the website of the TRNC Ministry of Education, Higher
Education and Foreign Affairs Department, there are a total of 23 active universities in
the TRNC [40]. The 15 universities selected for this study were chosen from among those
with the highest student populations in the TRNC. This selection was made to enhance the
generalizability of the study’s findings across higher education institutions in the TRNC.
Therefore, the data obtained from the IT departments of the universities included in this
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research allow us to make a general and reliable assessment of the performance of univer-
sity websites in the TRNC. In this context, “university websites” were operationalized as
official digital platforms of higher education institutions that provide access to academic
and administrative resources through both technical infrastructure (e.g., loading speed,
uptime, mobile compatibility, data security) and content-based features (e.g., availability of
academic materials, user interface design, and accessibility).

For the quantitative part of the research, the websites of the selected universities were
analyzed using programs such as SimilarWeb (6.12.6), Alexa (2.2.657773.0), Ahrefs (3.1.68),
Moz (4.1.1), and SEMrush (18.1.77), and the numerical data obtained were presented in
the findings section. The participants in the qualitative part of the research consisted of
managers from the IT departments of the relevant universities. Data were collected from
authorized individuals at each university, and a total of 15 interviews were conducted.
Among these participants, seven indicated that they had been working at their respective
universities for more than 5 years, while eight participants had been employed at their
universities for more than 3 years.

Additionally, in line with the study’s conceptual framework, user experience
was evaluated across four key dimensions—usability, accessibility, interaction, and
satisfaction—based on both web analytics and the qualitative insights of IT managers [14,39].

2.2. Data Collection Tools

To analyze the websites, access to the sites to be examined was first established,
and the necessary programs were procured. During this process, analysis tools such as
SimilarWeb(6.12.6), Alexa(2.2.657773.0, Ahrefs(3.1.68), Moz(4.1.1), and SEMrush(18.1.77)
were utilized. After obtaining these tools, they were installed on the computer, and
the required technical configurations were made during the installation process. Test
procedures were conducted to ensure that the programs were functioning effectively; in
these tests, various sample analyses were performed to verify that the programs were
collecting accurate data and that their analytical capabilities were at the desired level.
Additionally, the methods to be used in the data collection process were carefully selected,
and the analysis programs were customized according to these methods.

Each of these tools was selected for its unique capability to measure user behavior and
website performance across key dimensions of the user experience. For example, SEMrush
and SimilarWeb provided insights into page load time, bounce rate, and user flow—critical
indicators of usability and satisfaction. Ahrefs and Moz were utilized to assess content
accessibility, search engine optimization (SEO) structures, and link architecture, which are
part of the broader informational quality framework of university websites [12,31].

Before starting the analysis of the websites, comprehensive measures were taken to
ensure data security and privacy, and necessary adjustments were made on the programs
in line with these measures. To avoid any violations of ethical standards, each step of the
analysis process was carefully planned and executed. Continuous checks were conducted
to ensure the accuracy and consistency of the data obtained during the analysis, and regular
backups were performed to prevent data loss. After completing all these preparatory stages,
the quantitative analysis of the websites was systematically carried out according to the
established methods. Additionally, due to the need to protect the universities’ sensitive
information and adhere to ethical considerations, the evaluations were conducted without
mentioning the names of the universities.

As part of the qualitative analysis, a semi-structured interview method was chosen
to gather the opinions of IT managers regarding the websites. A four-question interview
form was prepared for these interviews (Appendix A). To ensure the appropriateness of the
interview questions, feedback was obtained from three experts in the field, and the form



Sustainability 2025, 17, 4166 6 of 25

was revised based on their suggestions. To test the validity of the interview form, pilot
interviews were initially conducted with three participants. During these pilot interviews,
the clarity of the questions and whether the responses aligned with expectations were
assessed. The data obtained from the pilot studies were analyzed, and in light of these
analyses, the interview form was finalized. The final version of the form was approved by
the researcher and the three field experts, making it ready for the main application.

The interview questions were designed to elicit responses related to four core com-
ponents of user experience: usability, accessibility, interaction, and user satisfaction. This
structure enabled the alignment of qualitative data with the analytical metrics obtained
from the software tools, ensuring consistency between methodological strands and improv-
ing the construct validity of the study design [39,41].

2.3. Data Gathering

In the quantitative part of the study, advanced analysis tools were used to evaluate
the technical competencies of university websites. These tools provide the ability to
collect detailed data across various metrics to assess website performance. During the
analysis process, key performance indicators, such as the number of visitors to each
website, bounce rates, and the average time users spend on the site, were examined.
The data obtained were systematically reported to provide comprehensive insights into
user engagement, content quality, and overall technical performance of the websites. Each
metric was meticulously analyzed, yielding valuable insights that can guide universities in
optimizing their digital presence.

These indicators were selected based on their relevance to the operational dimensions
of “user experience” defined in the study. For example, bounce rate and average session
duration are commonly used proxies for usability and satisfaction, while total visit counts
and user flow reflect aspects of engagement and accessibility [12,13]. Together, these
analytics provide a robust basis for interpreting the relationship between website structure
and user behavior.

In the qualitative part of the study, face-to-face interviews were conducted using
a “Semi-Structured Interview Form” to gain an in-depth understanding of IT managers’
perspectives on the websites. The semi-structured interview technique is a commonly
used method in qualitative research, allowing the researcher to collect rich and in-depth
information from participants [41]. During this process, the selected participants were
contacted to schedule a suitable interview time, with each interview lasting approximately
15 min. During the interviews, participants were encouraged to freely express their own
experiences and opinions, ensuring that the data collected were natural and authentic,
without any guidance or influence from the researcher.

The research was conducted between January and March 2024. During this period,
both the web analytics and the interviews were carried out through a structured process
involving the preparation of tools, data collection, and the integration of results. These
qualitative data were taken into account during the analysis process, contributing to the
enrichment of the overall findings of the study.

All participants were informed about the purpose of the research and voluntarily
agreed to participate in the interviews. No personal identifiers were collected, and the
anonymity and confidentiality of their responses were strictly maintained throughout the
research process in compliance with standard research ethics guidelines.

Interview questions were aligned with the four conceptual pillars of user
experience—usability, accessibility, interaction, and satisfaction—enabling structured cod-
ing and later comparison with quantitative web analytics. This approach enhanced the
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construct validity of the qualitative phase by ensuring consistency in the domains being
explored [39,41].

2.4. Data Analysis

University website technical performance evaluation happened through quantita-
tive data collection from analytics tools. The evaluation of user experience together
with technical competence used three essential performance metrics that tracked web-
site visitor numbers and visit rates alongside user website duration. The findings were
systematically documented.

These metrics were analyzed in direct relation to the user experience dimensions
defined in the conceptual framework. Visitor numbers served as a proxy for engagement
and visibility, visit rates reflected retention and usability, while session duration was
interpreted as an indicator of satisfaction and effective content delivery [13,14]. These
analytics allowed researchers to compare institutions on quantifiable UX parameters.

While the study primarily assessed LMS impact through web analytics (such as ses-
sion duration and visit depth), it did not directly measure platform-specific indicators
like student engagement rates, course completion statistics, or user satisfaction scores.
These metrics are frequently used in LMS evaluations to capture effectiveness from a
learning outcomes perspective [42,43]. Future research could enhance this analysis by
integrating such indicators—either through LMS-generated learning analytics or post-
use student surveys—to evaluate how specific features (e.g., assignment systems, video
lectures, mobile access) influence actual learning performance and satisfaction. Estab-
lishing such direct metrics would provide a more objective and actionable basis for LMS
platform improvement.

IT managers and staff participated in semi-structured interviews to identify their
views regarding university websites. Nvivo 12 software processed the recorded interview
transcripts after transcription. The researchers established main themes from the data
and organized responses for frequency calculation of common answers. The methodology
enhanced the data organization of qualitative findings which in turn enhanced the validity
of the complete study findings.

Qualitative coding was structured around the four UX domains—usability, accessibil-
ity, interaction, and satisfaction. Themes that emerged from the interviews were matched
with these domains, allowing triangulation with the web analytics results and enhancing
the depth of interpretation. This approach not only improved thematic clarity but also
strengthened internal validity by ensuring consistency between qualitative and quantitative
constructs [39,41].

2.5. Validity and Reliability

The validity and reliability of the tools used in the analysis of quantitative data were
supported by the fact that these tools are widely recognized and trusted within the industry.
Furthermore, the accuracy of the data obtained from these tools is corroborated by studies
in the literature. The detailed documentation and explanation of the steps in the analysis
process enhance the validity and reliability of the research. This approach underscores the
accurate and reliable interpretation of the results obtained.

In particular, the indicators used to assess user experience—such as bounce rate,
session duration, and traffic flow—are considered standard metrics in usability research
and have been validated across multiple empirical studies in the field of web interac-
tion and user-centered design [12,39]. The use of multiple analytics tools (e.g., Simi-
larWeb, SEMrush, Ahrefs) also supports the criterion validity of the data by providing
convergent measurements.
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In qualitative research, validity is concerned with evaluating whether the methods
used are appropriate for the research questions. In this study, to enhance the validity, strong
relationships were established with participants, in-depth interviews were conducted, and
feedback was obtained to ensure the accuracy of the data collected [44]. Additionally,
expert opinions were utilized in the preparation of the semi-structured interview form and
during the content analysis to ensure validity. The results obtained were presented in a
holistic manner.

The alignment of qualitative codes with the operational dimensions of user experience
further strengthens construct validity. For example, themes such as “navigation difficulty”
or “responsiveness of content” directly map to the categories of usability and accessibility
as defined in the study’s framework [13,41].

Reliability refers to the repeatability and consistency of the research. In this study, to
ensure reliability, the research process was meticulously documented, and the steps were
explained transparently. Additionally, the data obtained were presented to the participants
for their review and approval, thus confirming the accuracy of the data. The consistency of
code generation during qualitative analysis was ensured through intercoder checks and
iterative theme validation, while the use of standardized analytics tools across all university
websites ensured reliability in quantitative measurements.

3. Results
The status of the university websites according to certain statistics (total number of vis-

its, bounce rate, visits per page, average visit duration, global ranking) is presented below.

3.1. Statistical Analysis of Websites

The data in Table 1 provide a comprehensive evaluation of the performance of univer-
sity websites in Cyprus. When examining the number of visitors, significant differences
are observed among the universities. Some universities attract millions of visitors, demon-
strating a strong online presence, while others have relatively lower visitor numbers. This
discrepancy reflects the differences in the universities’ digital reach and online visibility.

Table 1. Statistical analysis of websites.

University No. Total Number
of Visits Bounce Rate Visits Per Page Average Visit

Duration Global Ranking

University 1 18.5 K 63.99% 0.37 85 s 4,711,918

University 2 103.6 K 45.15% 3.57 193 s 461,290

University 3 48.8 K 35.52% 0.66 244 s 1,329,784

University 4 273.3 K 32.26% 6.62 376 s 150,703

University 5 463.3 K 34.01% 10.07 314 s 92,293

University 6 198.7 K 27.12% 6.92 294 s 198,785

University 7 533.3 K 37.96% 7.42 340 s 78,995

University 8 166.1 K 51.06% 7.99 164 s 220,158

University 9 207.3 K 84.48% 1.45 30 s 332,765

University 10 39.4 K 38% 0.51 140 s 4,379,314

University 11 88 K 29.13% 5.42 414 s 410,244

University 12 48.3 K 36.85% 4.37 346 s 421,167

University 13 45.2 K 45.89% 3.04 270 s 1,583,359
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Table 1. Cont.

University No. Total Number
of Visits Bounce Rate Visits Per Page Average Visit

Duration Global Ranking

University 14 * 306 K 98.58% 1 - -

University 15 57.5 K 31.81% 5.79 165 s 644,372

* The average visit duration and global ranking for the university could not be retrieved.

For instance, University 7 stands out with over half a million visits, while University
1 and University 10 record fewer than 40,000 visits. These disparities may stem from
institutional marketing strategies, website optimization for search engines, or even mobile-
friendliness, all of which influence discoverability [12].

The bounce rate data indicate how quickly users leave the website. High bounce rates
suggest that the website is struggling to retain users and that the content or user experience
may not be meeting expectations. A particularly high bounce rate of 98.58% indicates that
the site is failing to meet user needs or capture their interest. Conversely, lower bounce
rates suggest that users are more engaged with the site and tend to stay longer.

University 6 shows a bounce rate of just 27.12%, significantly lower than the majority,
suggesting a well-structured interface and possibly better internal linking or navigation
flow. In contrast, University 14’s extreme bounce rate (98.58%) likely reflects serious
usability or accessibility issues—potentially an outdated design, broken links, or non-
responsive layout.

The number of visits per page measures the level of user engagement on a website. A
low number of visits per page indicates that users typically view only a single page before
leaving the site. This may suggest that the site’s content is limited or that users are having
difficulty finding the information they are looking for. On the other hand, a high number
of visits per page indicates that the site is successful in guiding users to various content
and capturing their interest.

University 5 and University 6 both exceed 6 page views per visit, suggesting that
their content hierarchy and menu systems successfully direct users deeper into the site. In
contrast, University 1 (0.37) and University 10 (0.51) perform poorly, which may indicate
that users leave due to ineffective homepage layouts or lack of compelling content.

The average visit duration indicates the amount of time users spend on the site.
Short visit durations suggest that the site may not be engaging enough for users or that
they are unable to quickly find the information they are looking for. In contrast, longer
visit durations indicate that users find the site useful and are willing to spend more time
exploring its content.

University 11 recorded the longest visit duration (414 s), suggesting a deeper level of
interaction, possibly due to integrated tools such as LMS portals, student dashboards, or
well-structured academic content. Meanwhile, University 9’s session duration of just 30 s is
notably poor and may be associated with high bounce rates, confusing layout, or technical
issues like slow load time [13].

The research data demonstrates substantial performance disparities among Cypriot
university website operations. Each university requires improvement of their digital
outreach and needs to enhance the experience for users online. The results function as a
beneficial guide that helps both universities in Cyprus and higher education institutions
which work towards digital transformation.

This comparative perspective reveals how core aspects of user experience—such as
usability, accessibility, and content relevance—vary significantly across institutions. Such
differences highlight the necessity for individualized improvement strategies tailored to
each university’s technological and content-specific deficiencies [14].
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3.2. Analysis of LMS According to Responsible Personnel on Websites
3.2.1. Technological Infrastructure of the Website in Terms of Educational Activities

The data obtained from the participants were subjected to content analysis. The theme,
sub-theme, and categories obtained from the analysis are shown in Table 2. Additionally,
the participants’ responses to the question of how effective their university’s website’s
technological infrastructure is in supporting educational activities are exemplified with
direct quotes under the relevant categories.

Table 2. Views on the technological infrastructure of the website in supporting educational activities.

Theme Sub-Theme Categories Frequency

Technological Infrastructure of
the Website in Terms of
Educational Activities

Effectiveness and Efficiency

Content Presentation and Ease of Access 12

Use of Current Technology 9

Interactive Learning and Communication Ease 5

Development and
Improvement

Identification of Infrastructure Deficiencies 7

Development and Renewal 4

Ease of Use

User-Friendly Interface 9

Customizability According to User Needs 4

Providing Effective Help and Support 3

Table 2 reveals that the Technological Infrastructure of the Website in Terms of Educa-
tional Activities theme includes three sub-themes: effectiveness and efficiency, development
and improvement, and ease of use.

Effectiveness and Efficiency:
Participants primarily evaluated the university website’s role in supporting educa-

tional activities in terms of effectiveness and efficiency, with three key categories emerging:

• Content Presentation and Ease of Access:

Participants emphasized that the accessibility of educational content on the website
plays a crucial role in supporting learning activities.

“Students can access all the content they want as they wish. The website is user-friendly
and they can access all content without difficulty.” (P2)

“. . .in this regard, the usability of the website is very important. Students and visitors need
to easily access content without getting bored or spending too much time. I constantly
receive feedback for this.” (P4)

• Use of Current Technology: The use of up-to-date technology was seen as essential for
ensuring the continuity of educational activities.

“The university website and student portal applications are continuously secured with
the latest technological updates. As we know, nowadays all transactions are carried out
via computers and the internet, so this is essential for us. We especially cannot afford
errors. There are thousands of students, and it is important to use up-to-date technologies
to provide uninterrupted service to them.” (P15)

“. . .we need to stay up-to-date continuously. Just as professors need to keep themselves
updated, we need to keep the system updated continuously and respond to students’
expectations with current applications. We are doing this as well.” (P11)

• Interactive Learning and Communication Ease:

Participants highlighted that the website facilitates interactive learning and enhances
communication, contributing to the overall learning experience.



Sustainability 2025, 17, 4166 11 of 25

“Especially on our website, content made with current web tools is effective on students’
learning. Some professors can upload interactive course materials to the system or
communicate with responsible persons through the website if there is a problem.” (P14)

Development and Improvement:
Participants highlighted development and improvement as key aspects of the univer-

sity website’s technological infrastructure in supporting educational activities. Two main
categories emerged under this sub-theme:

• Identification of Infrastructure Deficiencies:

Participants emphasized the importance of identifying and addressing infrastructure
deficiencies to enhance educational support.

“Updating the necessary infrastructure to support students in education and constantly
monitoring this is important. Some deficiencies exist and I think this negatively affects
education.” (P5)

“. . .some programs are very expensive to integrate into the website and need to be procured.
Or a limited version is used. This negatively affects education to some extent because not
all features can be used effectively. Sometimes education is disrupted due to the lack of
necessary infrastructure.” (P6)

• Development and Renewal:

Participants stressed that continuous development and renewal of the website are
necessary to improve educational activities.

“It is necessary to identify deficiencies that are insufficient for new systems and allocate
a budget for this. The website is the face of a university to the world. It is necessary to
act with this awareness. The automation system needs to be improved and new systems
should be established. In its current state, both we and the students are experiencing
problems. This negatively affects education.” (P9)

Ease of Use:
Participants also highlighted ease of use as an essential factor in ensuring that the

university website effectively supports educational activities. Three key categories emerged
under this sub-theme:

• User-Friendly Interface:

A user-friendly interface was emphasized as critical for facilitating access to educa-
tional resources.

“We try to design the website so that everyone can easily access content without wasting
time. We are constantly trying to make updates, but we need more staff for this.” (P13)

“. . .it is important to easily access online courses and training. For this, we try to design
it in an extremely simple and practical way.” (P2)

• Customizability According to User Needs:

Participants highlighted that customization options enhance user experience and
support educational activities.

“. . .especially on their portals, they can configure according to their personal needs. They
can also ask for help from us for this. This allows them to reach the content they want
more quickly.” (P2)

• Providing Effective Help and Support:

Participants stressed the importance of prompt support services to ensure uninter-
rupted access to educational resources.
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“. . .students can have many problems. Password issues or not being able to access
applications, etc. It is important to provide support and help them with these. We need to
provide quick feedback to ensure their education is not disrupted.” (P4)

3.2.2. Features or Technological Tools Used for Educational Purposes on the
University Website

Table 3 presents the categories and sub-themes derived from participants’ statements
regarding the features and technological tools used for educational purposes on their
university’s website.

Table 3. Views on the features and technological tools used for educational purposes on the
university website.

Theme Sub-Theme Categories Frequency

Features or Technological
Tools Used for Educational
Purposes on the University

Website

Development Phase
Process Ongoing 4

Researching New Technological Tools 2

Features and Tools

Course Content and Management System 14

Live Lesson Tools 10

Assignment Submission System 9

Educational Videos and Lecture Recordings 7

Mobile Applications 4

When Table 3 is examined, under the theme of features or technological tools used for
educational purposes on the university website, the sub-themes of development phase and
used features and tools have been obtained. The categories related to these sub-themes and
the participants’ views on these categories are presented below.

Development Phase: Participants highlighted the continuous development and im-
provement of technological tools on university websites. Two key categories emerged
under this sub-theme:

• Process Ongoing: Participants emphasized that the development process for educa-
tional tools is ongoing, with efforts to enhance their effectiveness.

“We are carrying out the necessary work using current technologies and infrastructure.
We are currently developing a new system, and we believe it will be effective. Our efforts
to make education more effective are ongoing.” (P13)

“We are constantly trying to improve ourselves because this is our profession. We aim to
create a more user-friendly automation system and make it available. We plan to use it in
the upcoming period.” (P4)

• Researching New Technological Tools: Participants indicated that they are actively
researching and assessing new technological tools to enhance their university’s
digital infrastructure.

“We are constantly in the research and examination phase to integrate some features for
educational purposes into our website. The R&D process is an important process for
us. We need to continuously follow beneficial features and conduct feasibility studies to
convey them to relevant units. We are working with this awareness.” (P3)

Features and Tools: Participants identified several essential features and tools that
support educational activities on university websites. The following categories highlight
their perspectives:
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• Course Content and Management System: The course content and management
system was the most frequently mentioned feature, enabling efficient content access
for students and instructors.

“Students can access the content, slides, and supplementary resources related to their
courses through the system and can always access these resources.” (P14)

“The necessary course files are available in the system. Professors upload these files to the
students’ system before the course starts. Additionally, when assignments are given, they
can be assigned to the system. Students can upload their assignments to the system after
completing them. This system provides convenience for both students and professors.”
(P11)

• Live Lesson Tools: Live lesson tools play a crucial role in ensuring uninterrupted
education, particularly in remote learning situations.

“In some cases, online lessons may need to be conducted. Our infrastructure is ready to
ensure that education is not disrupted. Additionally, online seminars and activities can
be organized, allowing many participants to join.” (P7)

“As we saw during the pandemic, students could not come to school. We need to be
prepared for such situations. All measures are ready to ensure that education is not
disrupted. The use of live lesson systems provides advantages for both students and
professors.” (P8)

• Assignment Submission System: The assignment submission system was identified as
an essential tool for managing coursework efficiently.

“Assignments can be uploaded to the system. Students log into the system to see if they
have assignments. Information such as the submission deadline is available in the system.
They can complete their assignments and upload them to the system before the deadline.”
(P14)

• Educational Videos and Lecture Recordings: Recorded lectures and educational videos
enhance learning flexibility by allowing students to revisit course materials.

“Classes held in the classroom are recorded. Everything the professor does on the board is
recorded. Students can access these recordings and listen to the lectures repeatedly later.
This way, they can review the parts they did not understand.” (P2)

• Mobile Applications: Participants emphasized the importance of mobile applications
in ensuring accessibility to university services and educational resources.

“Our website has a mobile application. Professors and students can access it anytime
via their phones. They can perform all their transactions through the mobile application.
They can log into their portals and carry out their transactions.” (P15)

3.2.3. Website Development and Improvement of Student Experience

Table 4 presents the categories and sub-themes derived from participants’ responses
regarding the steps taken to enhance interactive features and content on the university
website to improve the student experience.

When examining Table 4, the themes under “Web Site Development and Improving
Student Experience” include “technological investments”, “content development”, and
“user training and support”. The categories and participant views related to these sub-
themes are presented below.
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Table 4. Steps to enhance the university website to support students’ learning process.

Theme Sub-Theme Categories Frequency

Website Development and
Improvement of Student

Experience

Technological Investments

Infrastructure Updates 12

Software Developments 9

Hardware Investments 7

Security and Privacy Investments 4

Content Development

Course Materials 10

Content for Student Engagement 8

Customized Content 6

Interactive Learning Tools 3

User Training and Support

Educational Materials and Guides 9

Technical Support and Help Desk 8

Training Sessions and Seminars 7

User Feedback and Improvement 4

Technological Investments: Participants emphasized various technological invest-
ments aimed at improving university websites. The following categories highlight
their perspectives:

• Infrastructure Updates: Participants noted ongoing infrastructure updates to enhance
website performance and student experience.

“There have been visible improvements in the performance of the university website. The
process is ongoing. We are working to make pages load faster and experience fewer
interruptions. . .” (P4)

“. . .Recent infrastructure updates have made the website interface more user-friendly.
Students can access information more easily, reducing unnecessary browsing time. This
update process is ongoing, with continuous feedback and requests guiding our work.”
(P1)

• Software Developments: Software enhancements were seen as essential for improving
website functionality and accessibility.

“. . .With software improvements on the website, compatibility has increased. It works
more seamlessly with various browsers and devices, making it easier for students to access
course materials and reducing error rates.” (P11)

“. . .Software updates for interactive course materials have made this section more user-
friendly. Especially regarding interactive tests and assignments, it’s now easier and faster
to receive feedback. The process continues based on feedback and needs.” (P12)

• Hardware Investments: Participants highlighted hardware investments aimed at
supporting both website infrastructure and educational environments:

“. . .Hardware investments are being made to enhance both the website and the educational
process. Orders have been placed for smart boards or new projectors for classrooms, and
new investments have been made in web networks. . .” (P7)

• Security and Privacy Investments: Enhanced security and privacy measures were
implemented to protect sensitive student data.

“Recent security investments have ensured better protection of sensitive information on
the website. Now, stronger encryption and authentication methods keep personal data
more secure.” (P2)
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Content Development: Participants identified content development as a crucial aspect
of improving university websites. The following categories illustrate their insights:

• Course Materials: Updates to course materials were emphasized to ensure diverse
and effective learning resources.

“The updated course materials offer a variety of content that caters to different learning
styles, enriching the learning experience. For example, we can now provide a wider range
of visual and auditory learning materials to students.” (P6)

“Course instructors update their materials and resources at the beginning of each term,
ensuring students have access to current resources for their studies. . .” (P9)

• Content for Student Engagement: Participants stressed the importance of engaging
content that promotes active learning.

“. . .Especially on the website, virtual labs and experiments are being implemented for
the new term. This is to provide students with new experiences and interactive learning
opportunities. . .” (P15)

“Content is continuously updated to make the learning experience more personalized.
Students can now select content according to their learning pace and preferences, making
the learning process more effective.” (P11)

• Customized Content: Customization was highlighted as a key factor in improving the
personalization of learning experiences.

“Customized content is being created for students. Each student can access these contents
through their portal, offering a broader learning experience by selecting content that fits
their interests and learning styles.” (P10)

• Interactive Learning Tools: The use of interactive tools was seen as a way to make
learning more engaging and effective.

“Interactive learning tools give students the chance to learn course materials in a more
engaging and interesting way. Interactive videos and visual stories, in particular, capture
students’ attention and can increase their learning motivation.” (P12)

User Training and Support: Participants emphasized user education and technical
support as essential elements for improving the student experience.

• Educational Materials and Guides: Guides and instructional materials were developed
to assist both students and instructors in effectively using the website.

“Educational materials and guides that support the use of the website ensure that both
students and instructors use the website correctly, making the learning process more or-
derly. Particularly, explanatory guides and step-by-step instructions help guide students
and instructors, simplifying the learning process.” (P4)

“Training videos and guides on how to access certain content and use specific applications
have been prepared on the website. These help users utilize the website more efficiently.”
(P1)

• Technical Support and Help Desk: The establishment of technical support services
was seen as crucial in ensuring uninterrupted access to educational resources.

“More technical support is provided for students and instructors. Additionally, a help
desk available during working hours is planned to offer immediate assistance, ensuring
students always have accessible support. This will help quickly resolve any issues related
to the website.” (P14)
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“Our number of technical support staff is currently low. We aim to increase the number
of personnel to provide faster solutions to all problems. This way, we can offer quicker
support to students and instructors facing issues.” (P8)

• Training Sessions and Seminars: Training programs were introduced to help users
navigate the website efficiently.

“. . .Training sessions and seminars on using the website are organized for students and
instructors, particularly at the beginning of the term. These seminars offer practical
experiences and help users utilize the website more effectively.” (P5)

• User Feedback and Improvement: Participants highlighted the importance of user
feedback in shaping ongoing improvements.

“User feedback plays a crucial role in the ongoing development of the university website.
Improvements made based on student feedback ensure the website is user-friendly and
meets students’ needs. We continue our work in this direction.” (P1)

3.2.4. The Role and Effectiveness of the Website During the Pandemic

Table 5 presents the categories and sub-themes derived from participants’ views on
the role and effectiveness of the university website in ensuring continuity of education
during the pandemic.

Table 5. Participants’ views on the contribution of the university website to the continuity of education
during the pandemic.

Theme Sub-Theme Categories Frequency

The Role and
Effectiveness of the
Website During the

Pandemic

Continuity of
Education

Online Lessons 15

Course Materials 10

Exams and Assessments 9

Communication and
Interaction

Student–Teacher
Communication 10

Student–Student Interaction 7

Feedback 5

Table 5 reveals that under the theme of the role and effectiveness of the website during
the pandemic period, two sub-themes were identified: “continuity of education” and
“communication and interaction”. The categories and participant views related to these
sub-themes are presented below.

Continuity of Education: Participants emphasized the website’s role in maintaining
education during the pandemic. The following categories illustrate their insights:

• Online Lessons: The website played a crucial role in facilitating online lessons and
ensuring uninterrupted learning.

“Online lessons conducted through the website helped us maintain the continuity of
classes, even if they couldn’t fully replicate the in-person interaction. This allowed
education to continue without interruption. Although the website wasn’t initially ready
for online lessons, it was quickly adapted.” (K11)

“Online lessons were regularly held, which had some advantages. The recordings of online
lessons conducted through the website provided a significant advantage for students who
missed classes. They could access these recordings anytime.” (K7)

• Course Materials: The availability of course materials on the website significantly
supported students’ learning during the pandemic.
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“During the pandemic, the course materials shared by the instructors through the website
allowed students to study without feeling the lack of face-to-face education. All notes and
presentations were regularly uploaded to the website.” (K3)

“In addition to the regular lecture slides or documents, video materials were also added to
the website. This helped students benefit from these concrete materials, leading to more
permanent learning. In other words, various materials were used to support the lessons.”
(K12)

• Exams and Assessments: The website provided various assessment methods that
facilitated remote exams and evaluations.

“The exams conducted through the website during the pandemic allowed students to
showcase their skills through various assessment methods. Methods such as online
quizzes, open-ended questions, and project-based assessments were used.” (K4)

“Online exams conducted through the website were easy to evaluate. This saved time
and reduced workload. I think announcing the exam results quickly through the website
provided significant convenience for students in receiving feedback.” (K15)

Communication and Interaction: Participants highlighted the website’s role in
facilitating communication and interaction between students and instructors during
the pandemic.

• Student–Teacher Communication: The website enabled direct interaction between
students and instructors, supporting continuous engagement.

“During the pandemic, maintaining constant and regular communication between teach-
ers and students increased students’ motivation and interest in classes. The website
served as an effective platform for this communication.” (K1)

“The messaging and forum features on the website allowed students to easily reach out
to their teachers and ask questions. This facilitated effective communication despite
the physical distance imposed by the pandemic. Additionally, students who couldn’t
attend in-person classes could participate in online lessons and communicate with their
teachers.” (K9)

• Student–Student Interaction: The website helped students stay socially connected and
collaborate on academic and extracurricular activities.

“The social media integrations and student club pages on the website enabled students to
interact socially and organize virtual events during the pandemic.” (K10)

“The forums and discussion boards on the website allowed students to discuss course-
related topics and help each other. This helped maintain social interaction during the
pandemic.” (K6)

• Feedback: The website facilitated feedback mechanisms, helping instructors under-
stand students’ needs.

“Surveys conducted on educational materials and course content helped us understand
students’ needs and expectations. This allowed us to better shape course content and
methods.” (K4)

4. Conclusions, Discussion, and Recommendations
4.1. Conclusions

The compliance of university websites with accessibility standards, as examined in
this study, contributes significantly to social sustainability. Adherence to these standards
strengthens the role of digital education in promoting social sustainability. Features such
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as subtitles, screen readers, and keyboard navigation are considered crucial in creating
inclusive learning environments, as they greatly facilitate access to education for visually
and hearing-impaired students through LMS platforms [45]. However, as highlighted
by Van Dijk [46], challenges faced by low-income students in accessing the internet and
obtaining necessary devices—exemplified by the case of Northern Cyprus—may exacerbate
the digital divide.

On the other hand, the increased energy consumption and electronic waste generated
by digital transformation present notable concerns. Within the framework of sustainable
development goals, particularly the objective of “responsible consumption and production”,
universities must prioritize “green computing” policies [47].

This study reveals significant disparities in the digital performance of university
websites in Cyprus, highlighting varying levels of online communication, visitor retention,
and user engagement. While universities with a strong digital presence and intuitive
navigation retain visitors longer, those with higher bounce rates and lower engagement
struggle to maintain user interest. The quality of digital strategies, website content, and
ease of navigation play a fundamental role in ensuring a positive user experience. This
conclusion is supported by statistical findings, particularly the contrast between University
5 and University 1, where significantly different session durations and bounce rates reflected
the impact of platform quality and navigation design. Given that students primarily
conduct academic activities through digital platforms, optimal website design is essential
for improving accessibility, engagement, and overall usability. These findings provide
valuable insights for universities undergoing digital transformation, emphasizing the need
for continuous improvements in web-based services to enhance their online presence. This
is aligned with existing literature on digital platform usability, which emphasizes that
perceived ease of use and system quality are strong predictors of user satisfaction and
learning outcomes [42,48].

The study further demonstrates that the technological infrastructure of university
websites significantly impacts their effectiveness in supporting educational activities. Key
factors such as Content Presentation and Ease of Access, Use of Current Technology, and
Interactive Learning and Communication Ease enhance the learning experience. However,
Infrastructure Deficiencies and the need for Development and Renewal present major chal-
lenges, highlighting the necessity for continuous technological improvements. Additionally,
a User-Friendly Interface, Customizability According to User Needs, and Effective Help
and Support are crucial for ensuring seamless access to educational resources. These aspects
align with the ISO 9241-210 framework, which identifies system usability, accessibility,
and learnability as central components of effective user experience design [39]. These find-
ings underscore the importance of prioritizing infrastructure enhancements and usability
improvements to create efficient and student-centered digital learning environments.

The role of Features or Technological Tools Used for Educational Purposes on the
University Website was also identified as a critical factor in enhancing digital learning
experiences. The ongoing development of new technological tools ensures that university
websites remain adaptable and effective. Participants emphasized the importance of Course
Content and Management Systems, Live Lesson Tools, Assignment Submission Systems,
Educational Videos and Lecture Recordings, and Mobile Applications in enriching stu-
dents’ academic experiences. The integration of these tools enables seamless content access,
improved communication, and uninterrupted learning processes, particularly in remote ed-
ucation settings. This observation is consistent with studies showing that LMS integration,
particularly when combined with asynchronous video content and mobile app support,
increases student satisfaction and engagement in hybrid and remote settings [49,50]. There-
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fore, universities must prioritize continuous technological advancements to optimize digital
learning platforms and improve educational accessibility.

The findings also highlight the importance of website development in enhancing
the student experience. Technological investments, such as infrastructure updates, soft-
ware developments, hardware investments, and security and privacy investments, are
essential for improving website performance and accessibility. Additionally, content
development—through course materials, student engagement content, customized con-
tent, and interactive learning tools—plays a crucial role in making digital education more
effective and engaging. Furthermore, user training and support, including educational
guides, technical support, training sessions, and user feedback mechanisms, enhances the
usability of digital platforms. These findings mirror global practices in UX-driven platform
design, where continuous feedback loops and support structures have been shown to
increase learning efficiency and reduce user drop-off [51]. These results underscore the
necessity for universities to continuously invest in their website infrastructure and develop
user-centered support systems to create an interactive and efficient learning environment.

Lastly, the study highlights the crucial role university websites played in ensuring
educational continuity during the pandemic. Online lessons, course materials, and exams
and assessments facilitated remote learning, allowing students to access resources and
complete evaluations without disruption. Additionally, communication and interaction,
particularly through student–teacher communication, student–student interaction, and
feedback mechanisms, ensured ongoing engagement and reduced the negative effects of
physical distance. These outcomes are directly observable in the performance of institu-
tions with well-integrated LMS platforms, such as University 6 and University 7, where
low bounce rates and long session durations suggest effective student engagement dur-
ing remote delivery. These results indicate that universities must continue strengthening
their digital platforms to provide flexible, resilient, and adaptable learning environments,
ensuring uninterrupted education in future crises. Beyond digital performance indica-
tors, the proposed strategies carry clear educational benefits that align with the broader
goals of higher education. Enhanced digital access reduces learning barriers for geo-
graphically distant or time-constrained students, thereby promoting equitable access to
knowledge [52]. Personalized learning is supported through modular content delivery,
progress tracking dashboards, and mobile-compatible platforms, enabling students to learn
at their own pace and revisit materials as needed. Furthermore, integrated communication
tools such as forums, real-time messaging, and feedback systems enhance student–teacher
and peer-to-peer interaction—factors shown to positively influence academic motivation
and engagement [32]. These features collectively illustrate how optimized digital strate-
gies go beyond efficiency and directly contribute to improved educational quality and
student success.

Despite the valuable findings, this study faced several limitations. The sample was
restricted to 15 universities in Northern Cyprus, which may affect the generalizability of
the results. In the quantitative phase, web analytics tools relied on publicly available data,
which varied in accuracy across institutions. In the qualitative phase, scheduling interviews
with IT managers was logistically challenging, and some participants expressed reserva-
tions about sharing institutional processes due to confidentiality concerns. Acknowledging
these limitations helps contextualize the findings and guide future research efforts.

In conclusion, the effectiveness of university websites in digital education depends on
their technological infrastructure, user-friendly design, and ability to integrate advanced
educational tools. The study underscores the necessity for continuous technological im-
provements, usability enhancements, and content development to create an engaging,
accessible, and efficient digital learning experience. By prioritizing these elements, uni-
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versities can strengthen their online presence, enhance student engagement, and ensure
long-term success in digital education.

4.2. Discussion

Web portals of universities perform as critical digital frameworks which directly mod-
ify user participation levels, website accessibility, and student learning quality. University
websites with natural navigation and relevant content supported by interactive elements
succeed in retaining visitors better than those that experience high bounce rates which indi-
cate unsuccessful user interaction. Research shows that universities having an organized
digital service platform obtain stronger institutional standing with better student retention
ratios and increased accessibility for users [50,53]. Academic activities shifting toward
digital platforms highlights the essential task for universities to enhance their web-based
services for developing strong online competitiveness and engagement [54].

The relationship between infrastructure quality and user experience is grounded in
widely recognized models such as the Technology Acceptance Model (TAM) and ISO
9241-210. According to these frameworks, a user-friendly and fast-loading platform in-
creases perceived ease of use and satisfaction, which in turn improves engagement and
loyalty [39,48]. Improvements in load speed, mobile compatibility, and interface simplicity
positively affect bounce rate and average session duration, two critical indicators used in
this research.

Educational activities depend heavily on technological infrastructure for the effective-
ness of university websites. Institutions that unify learning management systems (LMS)
with real-time collaboration tools and adaptative digital resources obtain better outcomes
through inclusive learning [50]. The ability to achieve digital learning depends on restoring
outdated technology and fixing infrastructure gaps, and this requires ongoing investments
in infrastructure renewal along with new technology adoption [55]. Research shows uni-
versities need to put their focus on digital learning environment improvement through
usability enhancements, mobile-friendly design, and adjustable digital resources [2]. The
research shows that successful content management systems (CMSs) serve as fundamen-
tal tools for organizing online learning spaces through which educational contents are
distributed and collaborative learning resources become accessible [54].

However, findings from this study revealed notable differences between Cypriot
universities in terms of session duration and page interaction levels. These discrepancies
may be attributed to differences in platform structure, integration of academic services, and
the presence or absence of features like single sign-on (SSO), LMS syncing, or multilingual
support. Such elements contribute to usability and perceived usefulness—core constructs
in user acceptance theory [56].

Although the current research focuses exclusively on universities in Cyprus, compara-
tive findings from international studies suggest that the identified success
factors—technological infrastructure, LMS integration, and user-centric design—are simi-
larly associated with digital performance in other higher education contexts. For example, a
cross-university analysis by [57] comparing institutions in Germany, the UK, and the Nether-
lands found that responsive LMS platforms with mobile access, real-time communication
tools, and personalized content delivery significantly increased student engagement and
learning outcomes. Likewise, an extensive study in the United States by [58] emphasized
that high-performing university websites typically integrate LMS platforms that support
blended learning, feedback mechanisms, and seamless navigation. These similarities lend
credence to the generalizability of our findings, though future research should empirically
compare Cypriot universities with institutions abroad to better assess contextual differences
and identify best practices for global adoption.
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The implementation of educational tools within university websites generates transfor-
mative effects on the academic achievements of students. Enhanced learning engagement
results from interactive content in courses together with live lesson tools alongside mobile
applications and digital assessment systems; these features particularly benefit remote
and hybrid education students. The research shows that student academic performance
and motivation rise when they develop technical adaptability along with digital learning
tools as suggested by Wu [50]. Supporting engaging digital education practices heavily
depends on the ability to customize content management and deploy interactive learning
approaches [55].

While the integration of advanced LMS platforms and user-centric digital tools clearly
enhances engagement, flexibility, and centralized learning experiences, these advancements
also present notable challenges. High licensing fees, infrastructure demands, and ongoing
technical support requirements can create financial and operational burdens, especially
for institutions with limited resources. Furthermore, integration issues, staff resistance
to change, and the need for ongoing training may hinder successful adoption. To ensure
sustainable implementation, universities must evaluate both the pedagogical potential and
the organizational readiness for such technologies [42].

In our study, universities that offered integrated LMS platforms with features such as
real-time quizzes, asynchronous video lectures, and direct messaging between students
and instructors showed markedly higher engagement metrics. For example, University 5,
with one of the highest visit durations and page depth, demonstrated a strong correlation
between LMS accessibility and user retention. These real-life examples confirm prior
findings that well-integrated LMS tools directly enhance perceived learning effectiveness
and digital satisfaction [42].

While the integration of advanced LMS platforms and personalized digital tools
presents clear educational and operational advantages—such as improved engagement,
flexibility, and centralized learning management—these innovations are not without chal-
lenges. Financial constraints, especially for smaller institutions, may limit the adoption of
cutting-edge platforms due to high licensing and maintenance costs. Additionally, technical
barriers such as system compatibility, server capacity, and user training requirements can
create friction in implementation. Therefore, while digital transformation is necessary,
universities must evaluate scalability, sustainability, and institutional readiness before
widespread deployment of such technologies [33].

Widespread technological improvement along with extensive user assistance must
be present for a website to function effectively as a university portal. Reliable scalable
digital education platforms require infrastructure upgrades with software development and
security expenditure [53]. Digital learning environments become more usable when user
training programs and technical assistance work with structured feedback mechanisms to
help students and faculty achieve maximum results from available educational technologies
according to Mahadalkar [59].

Moreover, the presence of adaptive dashboards and personalization features has
emerged as a critical differentiator in user satisfaction. Universities that incorporate mod-
ular design, language switching, and mobile-optimized UX report fewer drop-offs and
higher student return rates. These findings echo global research on LMS design and digital
learning retention [51].

Throughout the COVID-19 pandemic, university websites emerged as critical tools for
sustaining educational operations. The online learning platforms provided students with
transparent access to educational resources and distant assessment tools and communica-
tion channels which resolved issues from physical separation. The quick transition to digital
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education by universities proves the necessity of developing robust flexible educational
systems which can continue regular education when faced with future emergencies [55].

The rapid LMS scaling during the pandemic further highlighted the importance of
prior infrastructure investments. While this study confirms that infrastructure quality
and user experience are central to digital performance, it does not directly assess their
impact on educational outcomes such as student retention, academic achievement, or
course completion. However, existing research strongly supports these links. For instance,
refs. [42,60] found that higher usability and system quality significantly correlate with
learning effectiveness and user satisfaction in LMS environments. Future studies should
expand on this work by incorporating academic performance metrics to more precisely
determine the educational value of digital infrastructure investments. Institutions that
had pre-existing LMS integrations adapted more effectively to remote learning, while
those lacking such tools experienced student disengagement and logistical breakdowns.
This underscores the strategic role of LMSs as resilience mechanisms in higher education
systems [49].

As universities increasingly rely on LMS platforms and website analytics to improve
digital learning environments, ethical and privacy concerns become critical. The collection
and processing of user data—such as location, browsing behavior, and academic activity—
pose potential risks if not managed with strict data protection policies. Institutions must
establish transparent practices regarding data usage, ensure student consent where ap-
propriate, and implement secure systems to prevent breaches. Including a discussion on
data governance, especially within the framework of international privacy standards, is
essential for responsible digital education management.

4.3. Recommendations

To further enhance the effectiveness of digital education strategies, universities should
prioritize the integration of artificial intelligence (AI) systems that enable personalized learn-
ing. These systems can support student success by identifying learning patterns, predicting
potential risks, and tailoring academic content based on individual performance. Alongside
AI, blockchain technologies should be adopted for securely managing academic records,
issuing verifiable certificates, and maintaining permanent records of micro-credentials.

Cloud-based infrastructure must be expanded to allow seamless access across plat-
forms, while edge computing should be used to reduce system latency and improve
real-time responsiveness. Augmented reality (AR) and virtual reality (VR) technologies
should be utilized not only for interactive simulations but also for replicating laboratory
environments, enabling practical training in virtual formats.

To promote inclusivity, integrated LMS platforms should be equipped with AI-
powered tutoring assistants, voice control, and gesture recognition technologies to support
students with disabilities. The implementation of 5G networks will also be essential in
enhancing real-time services such as AI-based transcription and translation, facilitating
uninterrupted global access to education.

Furthermore, universities should explore the use of holographic simulations and
intelligent virtual assistants to improve course planning, performance monitoring, and
group collaboration. While adopting these technologies, ethical considerations and data
security must be carefully evaluated to prevent bias and ensure student privacy. Finally,
institutions should investigate scalable strategies to implement AI, blockchain, and immer-
sive technologies across multiple academic disciplines, ensuring equitable benefits for all
students.

In addition, future research should examine how the use of emerging
technologies—particularly AI and blockchain—can further improve the effectiveness and
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scalability of LMS platforms. Another valuable direction would be to explore the long-term
impact of digital strategies on underrepresented student groups, including those with dis-
abilities, learners from rural areas, or students facing digital accessibility challenges. These
areas of inquiry will support more inclusive and evidence-based digital transformation in
higher education.
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Appendix A
The questions in the semi-structured interview form prepared are as follows:
How effective is the technological infrastructure of your university’s website in sup-

porting your educational activities?
What features or technological tools are used for educational purposes on your uni-

versity’s website?
What steps are being taken to enhance the interactive features and content on your

website to support students’ learning processes?
What are your thoughts on the role and effectiveness of the website in ensuring the

continuity of education during the pandemic?
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