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ABSTRACT

The issue of usability and accessibility in scientific journals is of crucial importance for effective knowledge com-
munication, with a direct impact on user satisfaction. These aspects must be considered at every stage of website
development, from needs analysis and planning, through design and implementation, to testing, maintenance, and
further development. In the contemporary digital landscape, a discernible trend has emerged for websites to be
designed by the principles of Universal Design (UD). Furthermore, tools based on artificial intelligence (AI) are
playing an increasingly significant role in their development. The present study involved the execution of two
independent experiments with several people overlapping in both groups. In the first study, a comparative analy-
sis was conducted between the existing website of a scientific journal and a prototype manually developed by a
designer, adhering to the UD principles. In the second experiment, the existing website was compared with two
prototypes generated by different Al-based tools. The evaluation of usability, accessibility, and user satisfaction
was conducted utilising a combination of methodologies, including the eye-tracking technique, an author survey,
and automated tools designed to assess compliance with WCAG 2.1 AA guidelines.

Keywords: scientific journals portals, user interfaces, usability, accessibility, universal design, Al, eye tracking.

INTRODUCTION

In this era of digital transformation, websites
play a crucial role in scientific communication,
particularly in facilitating open access to knowl-
edge. Institutional scholarly journal websites are
not only repositories of publications, but also com-
prehensive environments that support the entire
editorial process, from article submission and re-
view to the publication and distribution of content.
The usability and accessibility of these websites
directly impact the effectiveness of collaboration
with authors, reviewers, and readers, thereby influ-
encing the prestige and operation of the journal [1].

Contemporary web design is increasingly
based on two complementary approaches. The first
is UD, which involves creating the interfaces that

cater for the broadest possible range of users, re-
gardless of their physical ability, age, or level of
digital competence [2]. Secondly, there is a grow-
ing trend in the use of Al tools in the interface gen-
eration process, particularly generative template
builders (e.g., Bolt.new), which have the capacity
to create entire layouts from textual prompts, as
opposed to adaptive ML-based systems that are fo-
cused on long-term personalisation [3, 4].

In the context of academic editorial websites,
the approaches above can be used in parallel or
alternatively. The popularity of Al-based tools is
growing [5, 6]. However, there is a limited num-
ber of studies that systematically examine and
compare the effectiveness of human-generated
interfaces with those generated by Al tools. Fur-
thermore, extant research on the usability and
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accessibility of websites in educational institu-
tions has principally concentrated on the homep-
ages of universities, academic libraries, or e-
learning platforms [7]. In order to evaluate their
usability and accessibility, different approaches
were applied, such as fuzzy processes [8], rank-
ing methods [9, 10], or eye tracking [11]. Con-
currently, academic journals, in their capacity as
standalone sites, despite their pivotal function in
knowledge dissemination, remain a relatively un-
der-researched domain in the context of UX (user
experience) and WCAG (Web Content Accessi-
bility Guidelines) compliance [12—-16].

In the contemporary context of user interface
design, two key aspects are of paramount impor-
tance: usability and accessibility. The term ‘us-
ability’ is employed to denote the ease with which
a system is able to be utilised by the end user,
the intuitiveness of the system, its efficiency, and
the level of enjoyment experienced by the user.
The five usability characteristics identified by
Nielsen: ease of learning, efficiency, memorabil-
ity, low error rate, and user satisfaction, are di-
rectly reflected in the elements of the SUS (Sys-
tem Usability Scale) questionnaire, which allows
for their practical and quantitative assessment in
this study. Conversely, the concept of accessibil-
ity entails the design of environments, systems,
and devices for individuals with diverse physical,
sensory, and cognitive limitations. The objective
is to ensure that individuals with diverse abilities
can access and utilise these environments, sys-
tems, and devices without impediments. Of par-
ticular pertinence in this context is WCAG, which
establishes standards for websites with regard to
digital accessibility. Conversely, the utilisation of
Al is proposed by these standards and concomi-
tantly facilitates the process of creating pages in
accordance with the guidelines.

This article sought to bridge this research
gap by performing two independent experimen-
tal studies that concentrated on the same site, the
Journal of Computer Sciences Institute (JCSI)
journal service. The research study juxtaposed
two approaches to designing scholarly journal in-
terfaces: manual design with UD and automatic
interface generation using Al tools, also using
UD. Both approaches were implemented in ac-
cordance with the UD principles. Both case stud-
ies constitute a complementary contribution to the
area of usability of academic editorial websites.

The first case study (case study I) com-
pared the current JCSI website with a prototype
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designed manually in accordance with universal
design principles. The alterations encompassed
the enhancement of visual contrast, the restruc-
turing of navigational elements, the implementa-
tion of semantic markup, and the improvement
of interface component readability. In the second
study (case study II), the current site was com-
pared with two versions generated by different
Al tools (Bolt.new and Lovable.dev), which were
given the same guidelines primarily related to im-
proving the usability and accessibility of the site.

The two studies employed a sophisticated re-
search methodology, integrating objective meth-
ods to measure user behaviour (e.g., eye-tracking
techniques), subjective user evaluations (e.g.,
questionnaires, including System Usability Scale
[17] and analytic hierarchy process (AHP) [18]),
and automatic accessibility validation in accor-
dance with WCAG 2.1 international standards.
This methodological approach facilitated the as-
sessment of two key areas: firstly, the behaviour
of users during specific tasks, and secondly, their
feelings towards the interfaces under study, as
well as their level of technical accessibility.

The objective of the present article was to
provide a comparative analysis of the effective-
ness and limitations of the two design approaches
in the context of scientific interfaces, from the
perspectives of usability and technology. The jux-
taposition of the research outcomes enables the
identification of not only the strengths of each ap-
proach but also its limitations and potential sce-
narios for coexistence.

Despite the growing interest in Al-based solu-
tions, there is a paucity of comprehensive studies
comparing the effectiveness of manually designed
websites with those generated by Al tools, espe-
cially in the context of scientific websites. Cur-
rently, there is a notable lack of scientific studies
that evaluate Al-generated websites using a com-
bination of objective measurement techniques,
such as eye tracking, and subjective user assess-
ments. The focus of research in this field has been
predominantly on the studies utilising Al tools in
the context of accessibility-oriented design and
the usability of websites, rather than on studies
focusing on webpages of scientific journals them-
selves. The present study aimed to bridge this re-
search gap by exploring the potential of integrat-
ing Al with eye-tracking methodologies. The data
gathered in the experiment are available at [19].

The present study aimed to undertake a
comparative analysis of user interfaces for the
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scientific journal websites that have been de-
signed manually and those that have been gener-
ated automatically using Al tools. The novelty of
the study lies in the use of an approach combining
subjective user evaluation and objective analysis
methods, including eye-tracking and automatic
validation for WCAG 2.1 compliance, in the con-
text of evaluating Al-generated webpages. To the
best of the present author’s knowledge, similar
comparisons taking into account both ergonomic
and technical aspects of interfaces from the per-
spective of Al and UD solutions have so far been
missing in the literature. In view of the consid-
erations above, the following research questions
were posited by this study:

1. The main question guiding this study was: To
what extent the interfaces generated automati-
cally by Al tools differ in terms of usability and
accessibility from the designs created manually
in accordance with Universal Design principles?

2. What are the strengths and weaknesses of both
approaches, analysed from both a technical
perspective (compliance with WCAG) and a
subjective perspective (user preferences and
satisfaction)?

3. The following research question is proposed:
Can these approaches be used in a complemen-
tary manner?

BACKGROUND AND RELATED WORK

In the context of web design for scientific and
educational institutions, the concepts of usability
and accessibility are foundational to the quality
of user interface design. Adequate understand-
ing and implementation of these guidelines have
been demonstrated to enhance viewer comfort
and satisfaction, whilst concomitantly increasing
efficiency in tasks such as searching for articles,
downloading templates, and submitting articles.

Usability — definitions and evaluation
methods

One of the most widely accepted definitions
of usability was proposed by Jakob Nielsen [20],
who identified five key characteristics of a usable
system: ease of learning, efficiency, memorabil-
ity, low error rate, and user satisfaction. In prac-
tice, the evaluation of these characteristics can be
carried out using various methods. These include
quantitative methods, such as the measurement

of task completion time, and qualitative methods,
such as the administration of questionnaires and
the conduction of observations.

A number of survey tools have been devel-
oped for the evaluation of graphical user inter-
faces (GUIs), which rely on users’ subjective
opinions. Questionnaires are widely used in us-
ability, ergonomics, and UX research. The objec-
tive of this research was to capture the feelings,
preferences, and satisfaction levels of people us-
ing a given system. The research combined two
approaches: eye tracking, which is an objective
measurement, and heuristic analysis, which rep-
resents a subjective measure dependent on user
satisfaction. The most frequently employed in-
struments in this field are SUS and AHP methods.

SUS [21, 22] is a questionnaire consisting of
10 items that are designed to assess the overall
usability of a system. It is one of the most popular
tools in the field, and its effectiveness has been
repeatedly confirmed in comparative studies. The
popularity of the SUS is attributable to three key
factors: its simplicity, its low cost of implementa-
tion, and its ability to analyse results expeditious-
ly. It is also important to note the existence of ex-
tensions to this tool that facilitate a more precise
analysis of individual UX components, such as
aesthetics, efficiency, or interface predictability.

Meanwhile, AHP [19] is a multi-criteria deci-
sion-making method that finds application in UX
research. Users make a comparison of different
interface variants against a set of defined crite-
ria, such as intuitiveness, graphical consistency,
or element labelling. It is possible to determine
user preferences and to create a ranking of the
evaluated solutions based on the weights assigned
to each criterion and the results of the pairwise
comparisons. AHP facilitates not only the identi-
fication of the interface that is rated the highest,
but also the comprehension of the aspects of the
interface that determine this rating.

A secondary pivotal technique in the evalua-
tion of usability is eye tracking, which involves
the real-time monitoring of a user’s eye move-
ments. This methodology facilitates the acquisi-
tion of metrics such as the time to first fixation
(TTFF) and the number of fixations in designated
areas of the interface (Areas of Interest, AOI)
[23, 24]. This method is beneficial for compar-
ing alternative versions of an interface, as well as
for identifying the problem areas that users may
struggle to locate.
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Eye-tracking is widely applied in usability re-
search on digital solutions, yet participant groups
in such studies are relatively small and hetero-
geneous, ranging from 5 to 93 individuals [25].
Even with limited samples, combining eye-track-
ing with qualitative methods has been shown to
enhance diagnostic value [26]. Nielsen suggested
that five users can reveal up to 80% of usability
issues [27], while other authors [28, 29] recom-
mend slightly larger samples of around 10 (£2).
These differing views indicate that the optimal
sample size depends on system complexity, user
diversity, and study goals. Research practices
vary from small to medium groups—about 12—-20
participants [30—32], 30 participants [33, 34], or
40 participants [35] - with only a few studies ex-
tending to larger cohorts of 60 or more [36, 37].

Digital accessibility and WCAG guidelines

The term ‘accessibility’ is used to denote the
capacity of a website to be utilised efficiently by
the widest audience, encompassing individuals
with diverse disabilities, including visual, motor,
cognitive, and hearing impairments. The funda-
mental standard in this regard is the web content
accessibility guidelines — currently version 2.1.

In accordance with European Union and Pol-
ish legislation, all public institutions, including
universities and scientific journals, are obligated
to ensure adherence to these guidelines. WCAG
2.1 is predicated on four principles: perceivabil-
ity, functionality, understandability, and robust-
ness (POUR). These guidelines are supported by
ARIA (Accessible Rich Internet Applications)
attributes, which facilitate the comprehension of
the functions and structure of the interface for
screen reader users. ARIA elements are HTML
attributes that provide screen readers with impor-
tant information about the structure and function
of web content. A manual screen reader audit tests
whether these ARIA attributes are implemented
correctly and actually improve accessibility, so
the audit results directly reflect the effectiveness
of ARIA usage [38].

The WCAG compliance of websites is ana-
lysed using automatic accessibility assessment
tools such as Web Accessibility Evaluation Tool
(WAVE) [39], axe DevTools, TAW, or AChecker
[40]. Despite the demonstrable efficacy of these
methods in identifying fundamental errors, nu-
merous studies advocate their integration with
expert evaluation and manual testing.
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Universal design

Universal design (UD) can be defined as an
approach to the creation of products, services,
and environments that are usable and accessible
to all people, to the greatest extent possible, with-
out the need for adaptation [41]. In the context
of websites, this means, for example, the use of
contrasting colours, unambiguous labels, respon-
sive layout, or clear typography. Research has
demonstrated that the integration of UD results in
enhanced accessibility and usability metrics.

The Principles of Universal Design constitute
a comprehensive framework intended to guide the
development of environments, products, and com-
munication systems that are accessible and usable
by all individuals, to the greatest extent possible,
without the need for adaptation or specialised so-
lutions [42, 43]. These principles encompass equi-
table use, which ensures that designs are functional
and marketable to individuals with diverse abilities
while avoiding any form of stigmatisation. Flexi-
bility in use accommodates a broad spectrum of in-
dividual preferences and abilities, whereas simple
and intuitive use guarantees that the design is easily
comprehensible, irrespective of the user’s experi-
ence, knowledge, language proficiency, or cogni-
tive capacity. The principle of perceptible informa-
tion ensures that essential information is commu-
nicated effectively, regardless of the user’s sensory
abilities or environmental context. Tolerance for
error aims to minimise hazards and the adverse
consequences of accidental or unintended actions,
while low physical effort ensures that a design can
be used comfortably, efficiently, and with minimal
fatigue. Finally, the principle of size and space for
approach and use addresses the need for accessible
physical dimensions that accommodate individuals
of varying body sizes, postures, and mobility lev-
els. Collectively, these principles foster inclusivity,
usability, and functional equity in the design pro-
cess, benefiting a diverse range of users.

Design using artificial intelligence

Recent years have seen an increased utilisation
of Al tools within the domain of interface design
[12, 44, 45]. For instance, platforms such as Bolt.
new or Lovable.dev facilitate the automated gen-
eration of website templates in their entirety, based
on text descriptions or imported data. Whilst these
tools have been demonstrated to reduce design
time and improve WCAG compliance through
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predefined components, concerns have been raised
about subjective perception and the suitability of
these tools for specific user groups.

It has been demonstrated by several stud-
ies that there is a discrepancy between objec-
tive measurements (e.g. eye tracking) and user
preferences. Despite the greater effectiveness of
Al-generated interfaces, users are more likely to
prefer manually designed solutions (Case Study
I1). Conversely, the merits of Al are particularly
evident at the technical layer, as evidenced by its
capacity to ensure WCAG compliance and en-
hance operational efficiency.

RESEARCH METHODOLOGY

General approach

The objective of this study was to make a
comparison between different approaches to the
design of user interfaces of scientific journal web-
sites, with a focus on aspects of usability, acces-
sibility, and subjective user satisfaction. To this
end, two independent comparison experiments
were conducted — each based on the same Journal
of Computer Sciences Institute editorial website,
but using different design approaches to create a
comparison version.

Table 1 presents a summary of the two case
studies used in this research. In case study I
(CS1), the current version of the site was evalu-
ated against a manually designed prototype, con-
structed under the UD principles. In Case Study II
(CS2), a current website was compared with two
alternative versions. These versions were gener-
ated automatically using artificial intelligence
tools, namely Bolt.new and Lovable.dev, based
on a prompt designed to enhance usability and

Table 1. Summary of both case studies

accessibility. The exact content has been provided

in the supplementary materials.

The study group consisted of 76 computer
science students, with males representing 80%
of the cohort. The limitations arising from the
composition of the study groups, namely their
high homogeneity and uneven distribution of par-
ticipants, are addressed in the Limitations of the
study section. In both cases, a consistent and mul-
tifaceted evaluation methodology was employed,
incorporating the following elements:

e The objective of this study was to analyse the
effectiveness and intuitiveness of the interface
in the context of performing specific tasks.
This was achieved through an objective study
using eye tracking.

e The present study employs a subjective ap-
proach, utilising the SUS and AHP to evaluate
user impressions and preferences.

e Automated technical analysis of accessibility
was employed, utilising the tools that are com-
pliant with the WCAG 2.1 standard.

e The following evaluation criteria were adopt-
ed for the interface comparisons:

e The efficiency of a given process is determined
by the time it takes to complete the task, as
well as the ease with which the elements re-
quired are located on the page.

e Intuitiveness is characterised by the number
of fixations, the quality of scanning paths, and
how the interface is explored visually.

e The present study aimed to assess the compli-
ance of WCAG 2.1, with a particular focus on
the number of errors detected, contrast, and
semantic structure.

e The level of user satisfaction and usability is
measured using the SUS questionnaire, while
the AHP ranking determines the preference.

Comparison element

Case study | (CS1) — Manual design (UD)

Case study Il (CS2) — Al-Generated design

Type of interface Universal Design principles

Manually designed prototype based on

Automatically generated interfaces using Al tools

Reference version | Current JCSI website

Current JCSI website

Compared variants | One prototype version

Two Al-generated versions

Study group 18 computer science students

58 computer science students

Evaluation methods analysis (WAVE, axe)

Eye tracking, SUS questionnaire, WCAG

Eye tracking, AHP survey, WCAG analysis (WAVE,
TAW, AChecker)

Scope of comparison accessibility

Efficiency, intuitiveness, satisfaction, and

Efficiency, intuitiveness, preferences, and
accessibility

Al tools used -

Bolt.new, Lovable.dev

Key difference a human designer

Complete control over layout and structure by

Interfaces generated from text prompts using Al tools
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The employment of data triangulation meth-
ods (a combination of quantitative and qualitative
data) permitted the assessment of the effective-
ness of the interfaces, in addition to the compre-
hension of users’ motivations and sentiments to-
wards diverse design approaches.

Both case studies were preceded by pilot stud-
ies aimed at evaluating the difficulty level of each
task. Subsequently, expert assessments were con-
ducted to ensure comparability of task difficulty,
thereby facilitating a reliable analysis of the results.

Tools and techniques

In both experiments, a professional Gazepoint
GP3 HD eye tracker, operating at a sampling rate
of 150 Hz and an accuracy of 0.5-1°, was utilised
to analyse users’ visual behaviour. The calibration
of the equipment was conducted in accordance
with the standard 9-point procedure, and the ex-
perimental procedure itself was carried out in a
specially designated laboratory at Lublin Universi-
ty of Technology. The laboratory provides optimal
conditions for conducting a controlled experiment,
including appropriately selected artificial lighting
and acoustic insulation from external noise.

The data were collected and processed using
iMotions 9.1 software [46], which facilitated the
experimental setup, data acquisition, and visu-
alisation of results (heat maps, scan paths, TTFF
plots). In each session, the subjects performed a
series of tasks on two versions of the same page.
These tasks included searching for articles, locat-
ing buttons, downloading files, and identifying
contact information. The randomisation of the or-
der in which the versions were presented, coupled
with the interleaving of their presentation, was
implemented to minimise the learning effect.

CS1 employed the SUS, a 10-question scale
with a 5-point Likert scale, to ascertain the over-
all perception of interface usability. In CS2, the
analytic hierarchy process method was utilised to
compare users’ subjective preferences in relation to
several evaluation criteria, including aesthetics, in-
tuitiveness, consistency, and marking of elements.

In both cases, evaluations were made imme-
diately after the tasks were completed, and partic-
ipants were able to view the interfaces simultane-
ously. This eliminated the need for memory-based
comparison of views and increased the reliability
of responses.

Aset of four widely utilised tools was employed
to evaluate adherence to WCAG 2.1 standards:

38

e WAVE [40] is a software application designed
to detect structural errors, contrast errors, and
ARIA (Accessible Rich Internet Applications)
[47] semantic deficiencies.

e Axe DevTools [47] are to be utilised in con-
junction with an error classification system
based on the level of significance. The clas-
sification system comprises the following cat-
egories: critical, serious, moderate, and minor.

e TAW is used for verifying semantic layers and
WCAG-compliant interface components.

o AChecker [48] is a verification tool that is
based on a selected profile (e.g. WCAG 2.1
AA). It produces a full error report.

Cohen’s effect sizes (d) were employed to veri-
fy practical differences between particular pages in
both case studies. This method had been previously
applied in measuring differences between trials in
eye-tracking studies [49]. Effect sizes were classi-
fied as small, moderate, and large using thresholds
0f 0.2, 0.5, and 0.8, respectively [50].

The analysis was conducted for the same five
sub-pages of the interface in each version, thus fa-
cilitating a fair comparison of the number of errors
and semantic compliance. The result of this meth-
odology was a substantial body of research mate-
rial, which facilitated both a quantitative compari-
son of the page versions and a qualitative interpre-
tation of the results from an end-user perspective.
The ensuing chapters will present the detailed re-
sults and analysis of both cases. Additional sample
results from the automatic WCAG analysis and the
prompt used to generate the Al pages have been
included in the supplementary materials.

CASE STUDY I: UNIVERSAL DESIGN
VS.TRADITIONAL WEBSITE

Study setup

The initial case study (CS1) sought to evalu-
ate the impact of UD principles on the user inter-
face quality of a scientific journal website. The
Journal of Computer Sciences Institute website
was utilised as a working exemplar, which was
then juxtaposed with a newly designed prototype.
This prototype was handcrafted by a designer in
accordance with the UD and Web Content Acces-
sibility Guidelines 2.1 guidelines.

An identical set of five key sub-pages was
present in both versions of the site, including:
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e the present issue of the periodical contains a
compendium of articles;

e the issue archive is the repository for all docu-
mentation relating to the issue;

e the present text concerns an article search
engine;

e the following communication is directed to-
wards the editorial team;

e adesignated section has been allocated for au-
thors, in which templates and guidelines have
been made available for their convenience.

The initial version of the prototype was de-
veloped utilising the Bootstrap 5.3.3 framework.
The principal alterations made to the prototype
were as follows:

e it is recommended that the contrast between
text and background be increased, in accor-
dance with WCAG 2.1 AA guidelines;

e the unification of the header hierarchy was
achieved through the introduction of larger
fonts and increased inter-element spacing.
These modifications were made to enhance the
quality of typography;

e the addition of ARIA attributes for screen
reader usage;

e the redesign of the navigation system in-
volved the introduction of additional access
pathways, with concomitant improvements in
menu readability.

A total of 18 students enrolled in the Com-
puter Science programme (16 male, 2 female)
between the ages of 20 and 23 participated in
the study. The participants had no prior experi-
ence with the JCSI web service, thus avoiding
the influence of interface familiarity effects. The
study was conducted within a laboratory setting,
employing a Gazepoint GP3 HD eye tracker. The
data were collected based on the version of the
JSCI webpage from November 2024.

Results

One of the key performance indicators of the
interface under investigation was the time to first
fixation, i.e. the time that elapses from the initia-
tion of the task until the user looks at the correct el-
ement of the page. As demonstrated in Figure 1, for
the majority of tasks (particularly tasks 1, 2, and
6), TTFF was considerably reduced for the version
designed in accordance with the UD principles.

The boxes in the box plots represent the dis-
tribution of values among the participants. The
prototype version facilitated the expeditious iden-
tification of crucial information by users.

A further metric that was the focus of the
investigation was the number of fixations in the
target areas. A higher number may be indica-
tive of greater engagement, but also of potential

E Current $ Prototype

Time to First Fixation (s)

Ll

6
Task

Figure 1. Time to first fixation in areas of interest for the two interface versions (current and prototype) across
all tasks (CS1)
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difficulty in interpreting the item. As demonstrat-
ed in Figure 2, for specific tasks (e.g. tasks 3 and
5), the current version of the page necessitated a
higher number of fixations, which may suggest a
less intuitive layout.

In the context of the tasks that demand rapid
identification of interface functions, the users of
the prototype version exhibited a reduced need for
visual corrections. A thorough analysis of the heat
maps yielded even more definitive conclusions,

which can be seen in Figure 3. For instance, in task
6, which involved locating a button to download
an article template, the users of the current version
of the website exhibited a high degree of disorien-
tation. The areas of fixation were dispersed, and
attention was distracted by the elements unrelated
to the purpose of the task.

The dispersed distribution of users’ gaze in-
dicates a lack of awareness regarding the appro-
priate location for particular Ul elements. The

$ Current . Prototype

Number of fixations

Task

Figure 2. Number of fixations in areas of interest for the two interface versions (current and prototype) across all

tasks (CS1)

Hotre Lsmissions
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Figure 3. User gaze heat map for the current website during Task 6: locating the element to download
the article template
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location of the ‘submit article’ button was not op-
timised for user comprehension.

In contrast, in the prototype version, the
download button was clearly labelled and placed
in a logical location, resulting in focused and short
fixations (Figure 4).

The areas of focus are indicative of intuitive
placement of elements and enhanced navigation.
As is demonstrated by the gaze scan paths il-
lustrated in Figures 5 and 6, analogous conclu-
sions can be deduced. In the current version of
the interface, the researcher made as many as
52 fixations before locating the correct element.
In the UD version, only 18. With regard to the

number of fixations in selected areas of interest,
presented in Figure 2, it should be noted that
although the number of fixations may indicate
both difficulty and engagement, in this case, the
eye-tracking patterns clearly suggest searching,
rather than in-depth exploration, which supports
the interpretation in terms of the lower intuitive-
ness of the current interface. Similar observa-
tions apply to tasks 2 and 5, where longer scan-
ning paths with a greater number of fixations
can be observed, resulting from difficulties in
finding the desired element in the current inter-
face. The extensive and disorderly visual trajec-
tory signifies the illegibility of the page layout.
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The orderly and concise nature of the shorter
path indicates a superior arrangement of the in-
formation. Following the eye-tracking session,
the participants were invited to evaluate both
versions of the interface using the System Us-
ability Scale questionnaire (Figure 7). The re-
sults were unequivocal:

e the mean average score for the current version
was 63 points, which falls below the accept-
able threshold of 68 points;

e the mean value for the UD prototype is as fol-
lows: The 85-point scale indicates a high level
of usability.
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The UD version received a higher rating from
all respondents. The lowest individual score of
the prototype (72 points) exceeded the average
score of the current version.

A further element of the analysis was an au-
tomated assessment of digital accessibility, per-
formed using WAVE and axe DevTools, which
can be seen in Figure 8. The same five sub-pages
were analysed in both versions.

In the UD version, no errors or contrast-re-
lated issues were detected, whereas the current
version of the site yielded an average of 3.2 er-
rors and up to 10.4 contrast errors per subpage.
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Figure 6. Scan path for the UD version during Task 5
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Furthermore, accessibility alerts occur consider-
ably more frequently in the current version. In the
Features category, the present interface incorpo-
rates a slightly higher number of elements (7.6)
compared to the prototype (5.6). In comparison,
in the category of Structural elements, the proto-
type demonstrates a greater number of elements
(24.2). With regard to ARIA elements, which cor-
respond to the results of manual screen-reader au-
dit, the prototype contains an average of 24 ele-
ments, in contrast to 12.8 identified in the current
version of the site.

The prototype demonstrated superior perfor-
mance in all evaluation metrics, including errors,
contrast, structure, and features.

Furthermore, the axe DevTools analysis re-
vealed an average of 29.6 (£ 6.2) accessibility er-
rors per subpage in the current version. It is note-
worthy that the prototype version is error-free.

The substantial numerical discrepancy sub-
stantiates the adherence of the prototype to
WCAG 2.1 guidelines.

Table 2 presents Cohen’s effect sizes (d),
showing the practical differences between the cur-
rent and prototype versions, calculated from the

averaged results of two metrics: TTFF and NGR.

A large effect was found for the TTFF metric.
CS1 analysis showed a clear advantage of the

hand-designed interface over the current version

in each of the categories analysed:

e higher efficiency in task completion (TTFF,
number of fixations);

e greater intuitiveness and predictability of the
layout (heatmaps, scan paths);

e significantly higher level of user satisfaction
(SUS);

e full compliance with the WCAG 2.1 accessi-
bility requirements.

CASE STUDY II: AI-GENERATED
INTERFACES VS. TRADITIONAL WEBSITE

Study setup

The second case study (CS2) aimed to assess
the usability and accessibility of the user inter-
faces generated automatically by artificial intel-
ligence tools. The present study analysed two ver-
sions of the Journal of Computer Science Institute

Table 2. Pairwise effect sizes (Cohen’s d) for eye-tracking features between interfaces

Feature Interface comparison SDpooled d Effect size
TTFF Current vs prototype 2370.34 1.10 large
NGR Current vs prototype 4.27 -0.06 small
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website. One version was generated by the Bolt.

new tool and the other by Lovable.dev. In both

cases, the reference point was the current version

of the JCSI site. The following guidelines were

provided to each tool:

e it is imperative that layout and content be
preserved;

e this paper sets out the methodology for improv-
ing accessibility in accordance with WCAG 2.1;

e the enhancement of visual clarity and the fa-
cilitation of intuitive navigation are of para-
mount importance.

The study involved 58 students of computer
science (13 female, 45 male) between the ages of
20 and 23, approximately half of whom had pre-
viously been exposed to the current site. The ex-
periment was conducted under controlled condi-
tions using a Gazepoint GP3 HD eye tracker and
iMotions 9.x software. Subsequent to the comple-
tion of the research tasks, a subjective evaluation
was conducted employing the AHP method, and
each version of the website was automatically an-
alysed for WCAG compliance using three inde-
pendent tools: WAVE, TAW, and AChecker. The
data were collected based on the version of the
JSCI webpage from November 2024,

B Jcsi

Time to First Fixation (s)
(=]

Results

The eye-tracking analysis of individual tasks
(Figure 9) reveals varying results in terms of TTFF
for three website versions (JCSI, Bolt, Lovable).
For Tasks 1 and 3, the JCSI website demonstrated
the highest performance, while Lovable achieved
the best results for Tasks 2 and 5. The average
TTFF for the JCSI website (current) across all
tasks was the shortest among the three solutions,
at 2.06 seconds. Among the Al-generated ser-
vices, Lovable performed better, with an average
TTFF of 2.11 seconds, compared to Bolt, which
averaged 2.35 seconds. The second metric related
to interface performance considered in the study
was the number of gaze revisits (NGR). The av-
erage number of revisits for all subpages of the
three analysed web services for each task is pre-
sented in Figure 10. For tasks 4 and 5, the lowest
average number of revisits was observed for the
Lovable service. In contrast, for tasks 1, 2, and 3,
the average values were at a similar level across
all three evaluated web services. Considering the
averages across all tasks, the Lovable service ex-
hibited the lowest number of revisits (2.01), while
the values for JCSI and Bolt were 2.29 and 2.27,
respectively.
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X
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X
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Figure 9. Mean time to first fixation in areas of interest for three website versions (JCSI, Bolt, Lovable) across
all tasks (CS2)
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Figure 10. Mean number of gaze revisits to areas of interest for three interface versions (JCSI, Bolt, Lovable)
across all tasks (CS2)

The Lovable.dev version consistently
achieved the shortest time to first fixation and the
fewest gaze revisits to the AOlIs, indicating that
its layout is highly intuitive. The Bolt.new ver-
sion exhibited the longest TTFF values and the
highest NGR, a phenomenon that may be attrib-
uted to the visual complexity of its webpages and
indicates potential issues in the efficient retrieval
of crucial information.

Figure 11 shows the mean duration of sac-
cades for the three website versions across all
tasks. The longest saccade durations for the cur-
rent JCSI interfaces were observed during tasks 1
and 5. Considering the average saccade durations
across all tasks, Bolt had an average of 24.42 ms,
Lovable 25.89 ms, and JCSI 26.51 ms. The longer
saccades in the current JCSI website may indicate
greater cognitive effort required to locate the nec-
essary information.

Table 3 presents Cohen’s effect sizes (d),
showing the practical differences between JCSI
and Bolt interfaces, and between Lovable and
JCSI interfaces, calculated from the averaged
results of two metrics: TTFF and NGR. A small
effect size was observed for the TTFF metric for
the Lovable and JCSI interfaces, as well as for

the JCSI and Bolt interfaces. Moreover, a medi-
um effect was found for the TTFF metric for both
JCSI and Bolt interfaces. A large effect size was
observed for the NGR feature in the case of the
Lovable and JCSI interfaces.

After the task section, respondents were in-
vited to provide a rating for each version of the
website in four categories:

e the intuitive nature of the interface is a key
consideration;

o the visual aesthetics of the subject under discus-
sion are of particular relevance in this context;

e the uniformity of graphic elements is of para-
mount importance;

e the legibility and labelling of components is of
paramount importance.

e The evaluation was conducted using the AHP

method, as shown in Figure 12.

Among Al-generated interfaces, the Lovable.
dev version demonstrated superior performance
in three categories: intuitiveness, aesthetics, and
consistency. An assessment was conducted to de-
termine the degree to which each version com-
plied with WCAG 2.1 standards. This assessment
utilised the WAVE, TAW, and AChecker tools as
the primary instruments for evaluation. The Al
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Figure 11. Mean duration of saccades during interface exploration for the three interface versions (JCSI, Bolt,
Lovable) across all tasks (CS2)

Table 3. Pairwise effect sizes (Cohen’s d) for eye-tracking features between interfaces

Feature Interface comparison SDpooled d Effect size
TTFF JCSI Bolt 635.75 -0.45 medium
Lovable JCSI 775.10 0.06 small
NGR JCSI Bolt 0.24 0.12 small
Lovable JCSI 0.20 -1.48 large

[ Lovable [ Bolt [ JCSI
100%

75%

50%

25%

0%
Intuitive user User interface User interface Clearly labeled Global
interface consistency color and buttons and links
aesthetics

Figure 12. Standardised AHP preferences for four interface evaluation criteria
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versions demonstrated a marked performance
improvement when compared to the current site,
with Lovable.dev achieving the most optimal re-
sults in all three tools. The Lovable.dev version
was found to generate the lowest number of er-
rors across all tools, particularly in the contrast
and document structure categories. The following
errors were identified in the current version:
e thepresence of low colour contrastis indicated;
e the absence of labelling on buttons and links is
a notable issue;
e it is evident that the header structure is not
accurate.

Conversely, the Al versions encountered mi-

nor issues with (Table 4):

e the process of generating copies of identi-
fiers (IDs) is referred to as ‘duplication of
identifiers’;

e it is evident that the provided description of
the links and landmarks is inaccurate.

In addition, ARIA elements were analysed to
validate the results of the manual screen-reader
audit. It was found that JCSI contained an aver-
age of 14.4 elements, in contrast to Bolt and Lov-
able, which had 8.6 and 5.2 identified elements,
respectively. CS2 demonstrated that when uti-
lised effectively, Al tools can facilitate the gen-
eration of interfaces:

e it has been determined that the aforementioned
option is more intuitive (Lovable.dev);

e the visual aspect has been rendered cleaner
and consistent;

e it has been demonstrated that the subject of this
study is significantly more WCAG 2.1 compli-
ant than manually created versions that do not
have the support of accessibility experts.

Concurrently, the study demonstrated that el-
evated technical efficiency and compliance do not
invariably translate into increased user preferenc-
es, with the current interface being regarded as
more satisfactory as compared to the Al-generat-
ed interfaces. This phenomenon may be attributed
to several factors, including the user’s familiar-
ity with the website, its visual design, or the trust
placed in the website’s structure.

DISCUSSION

The experiment presented in the paper is
composed of two experiments (CS1 and CS2),

and a comparative analysis of the results obtained
for the interfaces designed manually (in accor-
dance with the Universal Design principles) and
the interfaces generated automatically using Al
tools is presented. The juxtaposition of these ap-
proaches enables the identification of strengths
and weaknesses of each approach, both in terms
of objective (measurement) and subjective (feel-
ing) dimensions. Several aspects were analysed
in order to ensure consistency and completeness
of the research goals.

The efficiency and intuitiveness of the
exploration process

In both case studies, an eye-tracking tech-
nique was utilised to measure users’ visual behav-
iour. As indicated by the most significant metrics
(time to first fixation, number of fixations, and
saccade length), the interfaces were consistently
found to be both intuitive and straightforward.

In CS1, the prototype designed according
to UD principles achieved a shorter TTFF and
fewer diffuse fixations than the current version.
Heatmap analysis further confirmed that respon-
dents were less visually disoriented and were
faster at locating key elements in the prototype
version. These results suggest that the changes
introduced in the prototype positively impacted
the intuitiveness of the interface, particularly in
terms of navigation and user orientation within
the task space. In CS2, the results are diversified.
The JCSI obtained better results in the TTFF
metric, whereas in the case of NGR and dura-
tion of saccades the Al-generated interfaces per-
formed better. The overall findings indicate that
manual creation using UD produces more reli-
able and effective outcomes than those generated
through Al-based methods. Both UD and Al pos-
sess the capacity to generate the interfaces that
exhibit high cognitive efficiency; however, this
potential is only realised when the structure is
meticulously designed and consistent

Usability and satisfaction assessment

The subjective feelings of users were mea-
sured using different methods. In CS1, the Sys-
tem Usability Scale questionnaire was utilised,
whereas in CS2, the analytic hierarchy process
method was utilised.

In CS1, the results of the SUS survey revealed
that the prototype version of the website, designed
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according to universal design principles, scored 29
percent higher than the existing website. This dif-
ference indicates an improvement in the perception
of the website among respondents. The UD proto-
type achieved an average SUS score of 85, in con-
trast to the current version, which gained 63 points,
which is below the average SUS score of 68 from
normative studies. This result suggests a moderate,
or even unsatisfactory, user experience. The UD-
compliant manual design proved to be a particu-
larly effective solution, resulting in a significant
enhancement of the user experience. This assertion
is substantiated by the findings of the eye-tracking
analysis, which revealed a reduction in the time
to first fixation and the optimisation of scanning
paths. This study demonstrates that the synergy be-
tween Al and eye tracking can serve as the founda-
tion for modern UX evaluation standards [3].

In contrast, the CS2 study revealed that the
Al-generated interfaces, especially the version
created with Lovable.dev, exhibited high intu-
itiveness, as indicated by eye-tracking indicators.
However, in their subjective evaluation, users
demonstrated a preference for the traditional in-
terface over Al-generated interfaces.

Additionally, results did not reveal the influ-
ence of prior knowledge of the current journal
site, as respondents claiming familiarity with
the original version of the interface made simi-
lar choices to those with no prior contact with the
original site interface.

Compliance with the WCAG 2.1 guidelines

Accessibility analysis revealed the most sig-
nificant disparities between the approaches. In the
case of CS1, the prototype version demonstrated
a flawless execution across all tools (WAVE, axe),
underscoring the efficacy of integrating manual
design principles with accessibility consider-
ations. In the case of CS2, Lovable.dev achieved
the most optimal results among the Al versions,
with a total of merely 2—4 errors in the various
validators. This demonstrates that contemporary
Al tools possess the capability to automatically

generate the interfaces that are highly WCAG-
compliant. The current version demonstrated the
least compliance, generating between several and
dozens of contrast, structure, and label errors in
both cases. Both experiments — the one based on
manual design (CS1) and the one using Al tools
(CS2) — provided unambiguous data indicating
that alternative versions of the website (whether
manually designed or automatically generated)
outperformed the current interface in terms of
WCAG 2.1 compliance.

Table 5 presents the comparison that has been
made of WCAG 2.1 compliance between CSI
and CS2, with the average number of errors be-
ing calculated for each website. It is evident that
both methods — manual design with UD and Al
generation — have the potential to result in high
WCAG compliance. The efficacy of the Al sys-
tem is comparable to that of the human designer,
provided that the appropriate input parameters are
established and final validation is conducted.

General comparison

Table 6 presents a summary comparison of
both case studies. General outcomes are pre-
sented in the context of such measures as eye-
tracking metrics, user satisfaction, accessibility,
and WCAG compliance, including ARIA ele-
ments and errors. Moreover, aspects such as aes-
thetic and modern appearance, deployment speed
& scalability, as well as the effect size (Cohen’s
d), were analysed. Results are presented for the
best interfaces of each case study. Eye-tracking
metrics, such as TTFFE, NGR, and the number of
fixations, were grouped and analysed in the con-
text of users’ effort and efficiency. Both the JCSI
prototype for the CS1 and Al-based Lovable.dev
for the CS2 proved to be less effort-consuming
and more efficient compared to other interfaces.
User satisfaction and acceptance were measured
using SUS and AHP methods. Results show that
the JCSI prototype in CS1 and the JCSI version in
CS2 reached the highest user rates.

Table 5. WCAG 2.1 compliance comparison of current, prototype, and Al-generated interfaces

Interface version Avg. number of errors Comment
JCSI (CS1 & CS2) 13-21 Numerous contrast issues, missing labels, poor HTML structure
Manual prototype (UD) 0 Fully WCAG-compliant, carefully designed structure
Al — Lovable.dev 2-4 Minimal issues, very high compliance
Al — Bolt.new 5-8 Acceptable structure, but less consistent accessibility
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In the case of accessibility, WCAG 2.1 com-
pliance was analysed with particular emphasis
on ARIA elements and the number of errors.
WCAG 2.1 compliance was found to be better
for the JCSI prototype for the CS1 and Al-based
Lovable.dev for the CS2. These findings are con-
firmed by the number of errors, where the JCSI
prototype for the CS1 was error-free, whereas Al-
based Lovable.dev obtained the fewest number of
errors (2—4) for the CS2. However, the number
of ARIA elements, corresponding to the manual
screen-reader audit, was higher in the case of the
prototype in CS1 and the JCSI version in CS2.

In terms of aesthetic and modern appearance,
the Al-based interface Lovable.dev shows an ad-
vantage, while the JCSI prototype is not consid-
ered to have an aesthetic and modern appearance.
What is more, both Al-based interfaces demon-
strate better deployment speed and scalability in
comparison to the JCSI prototype.

The effect size (Cohen’s d) for the TTFF eye-
tracking measure in comparisons of the two inter-
faces was generalised for Lovable.dev and Bolt.
new. The JCSI prototype for CS1 demonstrated
the larger practical differences in contrast to the
Al-based interfaces.

The use of eye tracking and automated acces-
sibility analysis tools enabled the acquisition of
profound, objective data concerning users’ interac-
tions with the interface. The number of fixations
in key areas and the quality of scan paths were
found to be significant in detecting subtle differ-
ences in the perception of interface elements. In
contrast, the WAVE, axe DevTools, TAW, and
AChecker tools revealed a large number of errors
in the current page (mainly related to contrast, in-
correct semantics, and missing labels) that were
absent from the prototypes. In particular, the inter-
face created according to UD, although not auto-
matically generated, was consciously designed in a

Table 6. Summary comparison of CS1 (UD) and CS2 (Al)

WCAG-compliant manner, and it was free of criti-
cal errors.

It is important to note that websites, includ-
ing scientific journal portals, are utilised by a di-
verse range of users, encompassing individuals
with developmental disabilities, as well as those
with intellectual, sensory or social disabilities.
The manner in which information is presented,
the intuitiveness of the interface, and the visual
structure must be meticulously tailored to ensure
optimal user comfort [51].

In this context, the use of a combination of
artificial intelligence and eye-tracking technology
as tools to support the design of accessible and
tailored interfaces appears to be a highly promis-
ing approach. The capacity of Al to analyse the
data collected from users with specific impair-
ments, and consequently generate versions of
web pages that are better suited to their percep-
tion and interaction style, is a noteworthy devel-
opment. Conversely, eye-tracking facilitates the
precise analysis of how individuals with special
needs navigate content on a screen, thereby un-
veiling the challenges that may not be discernible
in conventional UX assessments.

LIMITATIONS OF THE STUDY

It is important to note several limitations com-
mon to both studies. The sample of the joint research
groups comprised 76 computer science students.
Nonetheless, the case studies undertaken within
this research varied in the size of their participant
groups. The research group was characterised by a
high degree of homogeneity, with the majority of
participants being male computer science students.
Such a lack of diversity within the sample may have
restricted the heterogeneity of perspectives and,
consequently, may limit the generalisability of the

Evaluation criterion

Better in CS1 (Prototype)

Better in CS2 (Al)

Effort (Eye-tracking efficiency) v v (Lovable.dev only)
User Satisfaction and Acceptance v X
Accessibility (WCAG 2.1 compliance) v V (Lovable.dev)
ARIA elements v X

Number of errors v V (Lovable.dev)
Aesthetic and modern appearance X v (Lovable.dev)
Deployment speed & scalability X v

Cohen’s d (TTFF) large medium
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findings to broader populations. Sociodemographic
characteristics—such as sexual orientation, gender,
ethnicity, urbanicity, or cultural background [52]
— are inherently complex factors that were not ac-
counted for in the current study; however, it would
be beneficial to incorporate these variables in future
research designs. Future studies should therefore
aim to expand the case study sample by including
participants from a broader range of academic dis-
ciplines, social and cultural backgrounds, as well as
levels of professional or educational experience, in
order to enhance both diversity and representative-
ness. Moreover, there is a discrepancy in the sample
sizes between the two case studies. Although each
case study was analysed separately, future works
will cover more balanced participant groups to en-
able more extended statistical analysis and reach
better generalisability.

In addition, although accessibility formed
part of the research discourse, no empirical test-
ing was conducted with disabled participants.
Similarly, no manual validation of accessibility
was carried out; instead, the study relied exclu-
sively on automated tools for assessment. Within
case study 2 (CS2), a notable discrepancy was
identified between the outcomes generated by
different Al-based tools. This inconsistency high-
lights the need to establish a standardised process
for both the generation and evaluation of results,
ensuring the reliability and comparability of fu-
ture research outputs.

CONCLUSIONS

The present study set out to conduct an inte-
grated analysis of two approaches to user inter-
face design for scientific journal websites. The
first approach was manual design following UD
principles (CS1), and the second was automatic
interface generation using Al-based tools (CS2),
also with UD standards. A comparative analysis
of the two approaches leads to several key con-
clusions. Firstly, the application of manual design
in accordance with UD principles has been dem-
onstrated to facilitate an enhanced subjective per-
ception of the interface, with respect to UX and
satisfaction. However, it should be noted that this
approach requires more time, resources and high-
er design competence. Secondly, interfaces gener-
ated by artificial intelligence have been shown to
exhibit acceptable results in terms of intuitiveness
and visual structure, while demonstrating a high
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degree of compliance with the technical require-
ments of the WCAG standard. Concurrently, the
approach is distinguished by its limited adaptabil-
ity and less nuanced aesthetic and stylistic char-
acteristics. It has been demonstrated that, despite
the high technical quality, this does not invariably
translate into elevated levels of user satisfaction.

It is concluded that both artificial intelligence
and user-centred design can fulfil complementary
roles in the system design process. The former
can function as a tool for the rapid generation
of a standards-compliant interface framework,
while the latter can be utilised for the refinement
of details as well as the infusion of authenticity
and distinctiveness into the design of a website.
The integration of Al and eye-tracking technol-
ogy has the potential to yield novel insights and
applications in various domains, including web
interface design and the evaluation of Al model
quality. The value of this approach is especially
evident in the environments where efficiency and
compliance with usability as well as accessibility
standards are paramount.

A critical evaluation of both technologies
reveals their respective advantages. Universal
design confers comprehensive design authority,
facilitates personalisation, fosters profound user
comprehension, and ensures context sensitivity.
Al tools offer rapid generation of ready-made
components, automatic adherence to standards,
but limit creativity and customisation. The most
promising direction for further research is the
combination of the two approaches: the rapid
generation of interfaces by artificial intelligence,
followed by the manual refinement of these in-
terfaces by a UX/UI specialist. This combination
of approaches is intended to ensure consistency,
cultural compatibility, and aesthetic authenticity.
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