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SEMANTIC MODELS FOR WEB APPLICATION DESIGN

The development of web applications is often carried out within tight deadlines and under limited resources, which
complicates adherence to the principles of high-quality design. The design of modern web applications requires consideration of a
wide range of criteria that affect usability, accessibility, and the overall effectiveness of user interaction. Given the increasing
complexity of digital interfaces, there is a growing need for the development of a theoretically grounded approach to evaluating
design quality.

The aim of this study is to develop semantic models for formalizing the factors influencing the quality of web application
design. The application of formalized models makes it possible to systematize expert knowledge, enhance the objectivity of
decision-making, and ensure the reproducibility of results regardless of subjective factors.

This article identifies a set of factors that influence the quality of web application design. To achieve this, methods of
expert evaluation and semantic modeling are employed. For the quantitative analysis of criterion significance, the rating scale
method is applied, and indicators of variation and consistency of expert judgments are calculated. Three main categories of criteria
are defined: ergonomics and cognitive principles of interaction, accessibility and inclusivity, and information architecture and visual
design. Semantic models representing the relationships between factors within each category are constructed.

The proposed approach enables the formalization of expert knowledge and provides a foundation for the further
automated evaluation of web application design quality using fuzzy logic methods. The developed semantic models can also be
integrated into decision support systems for the design of digital products. Furthermore, they may serve as a basis for the
development of educational materials and tools for auditing web application design in accordance with contemporary standards.
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IIIX Ipuna

HarioHanbHuil yHiBepcuTeT «JIbBIBChKA MO TEXHIKaY

MEPEHUY KOmnian

HarioHanbHuil yHiBepcuTeT «JIbBIBChKA MO TEXHIKaY
Jlep>xaBHUIH BHIIMH HaBYAIBHAH 3aKIIaz « YKTOPOACHKUI HAIlIOHABHUHN YHIBEPCHTET»

CEMAHTHUYHI MOJAEJII TIPOEKTYBAHHA BEBIOJATKIB

Po3pobrieHHsi BE6AOAATKIB 4Yacto BiAOYBAETLCS y CTUC/ TEPMIHM Ta 3 OOMEXEHUMM PECYPCamMu, YO YCKIIGAHIOE
LOTPUMBHHS  [PUHLNITIB  SKICHOIO An3akHy. [IPOEKTYBAHHS CydYacHuX BEBGAOAATKIB MNOTPEOYE BpaxyBaHHS BE/MKOI Ki/IbKOCTI
PIBHOMAHITHUX KDUTEDIIB, LU0 BIVIMBAIOTL HA 3DYYHICTL, AOCTYIIHICTL Ta €QEKTUBHICTL B3AEMOAI 3 KOpUCTYyBaYeM. 3 or/isay Ha
BUCOKY CKNAAHICTb LM@POBUX IHTEPPENCIB 3DOCTAE NMOTPEGA B PO3POGIIEHHI TEOPETUYHO BUBAXEHOMO IMIAX0AY A0 OLIHIOBAHHS
AKOCTI  gu3aniHy. METow [OCTKEHHS € 06yA0Ba CEMaHTUYHUX Mogened A8 @opmarnizauli @akTopiB BrmMBy Ha SKICTb
MPOEKTYBAaHHS BEOAOAATKIB. 3aCTOCYBAHHS QOPMAII30BaHNX MOAENEN [AE 3MOry CUCTEMATU3YBATU EKCIIEPTHI 3HAHHS], MIABULYNTU
06 EKTUBHICTb PIlLIEHD | 336€3MeYnTy TOBTOPIOBAHICTL PE3Y/IbTATIB HE33/IEXHO Bif CYO EKTUBHUX YUHHUKIB.

Y cTarTi BUOKpemieHo MHOXVHY QaKTopiB, L0 BIUIMBAIOTE Ha SKICTb MPOEKTYBAHHS Ta AU3aKiHy BEGAOAATKIB. [19 Uboro
BUKOPUCTaHO METOAM EKCIIEPTHOIO OLIIHIOBAHHS Ta CEMAHTUYHOIO MOAE/IIOBAHHA. LISl KiJIbKICHOrO aHasiizy 3HaqyLoCTi KpUTEpIiB
3aCTOCOBAHO METOA LIKAJIbHUX OUIHOK, & TaKOX pPO3PaXOBaHO [10Ka3HUKU Bapiauii 1a y3ro)KeHOCTI EKCIIEPTHUX CY/IDKEHS.
BU3Ha4YeHo Tpu OCHOBHI KaTeropii KPUTEDIIB: EProHOMIKa Ta KOIHITWBHI MPUHUMIM B3aEMOLN, AOCTYIIHICTb Ta IHK/IIO3UBHICTS,
IH@opMaLiviHa apxiTekTypa | Bi3yasbHui an3adH. [106yA0BaHO CeMaHTU4Hi MOJE/ 3BS3KIB MDK DaKTOPaMu KOXHOI Kateropii,
3anporioHoBaHmi 1iAxia J03BONISE QOPMasi3yBaTi 3HaHHS @axiByiB Ta CTBOPUTU OCHOBY V1S I1048/IbLUIOIO aBTOMATH30BaHOIO
OLJiHIOBaHHSI SKOCTI Au3aiiHy BEGAOAATKIB [3 3aCTOCYBaHHSM METOLIB HEYITKOI s1oriku., [106yA0BaHi CEMaHTUYHI MOJET TaKoxX
MOXYTb ByTU IHTEMPOBaHI B CUCTEMU ITIATPUMKU MIPMIHSTTS PILLEHD 114 Yac MPOEKTYBAHHS LM@POBUX MPoayKTis. KpimM Toro, BoHu
MOXYTb C/IYryBat¥ OCHOBOK [U151 CTBOPEHHS HAaBYa/IbHUX MATEpIa/iB, a TAKOX [HCTDYMEHTIB ayAuTy Au3aliHy BEBAOAATKIB Ha
BiAINOBIAHICTb CyYacHUM CTarAapTaM.

Kito4oBi cr10Ba.; Be6AN3aViH, BEGAOAATOK, QaKTOP, CEMaHTUYHAa MEPEXE, EKCITIEDTHE OLIHIOBAHHS.

Introduction

The key success criteria for any web application include an innovative approach, the ability to attract
investment, flexibility in decision-making, effective team management, and a clear market entry strategy. According
to [1], there are approximately 1.1 billion websites on the Internet; however, only 17% are actively maintained and
regularly updated. This is due to the continuously increasing interest in web resources as drivers of overall progress.
Nevertheless, because of high competition and rapid changes in the technological environment, a significant
proportion of projects fails during the early stages of development [2, 3]. Despite these challenges, web applications
have become fundamental tools in many spheres of human activity, including education, scientific research,
medicine, social communication, and e-commerce.

The rapid advancement of technology, increasing competition, and growing user demands accelerate the
development and digitalization of the educational process [4]. Educational web applications — comprehensive
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information products that integrate textual, graphical, audio, and video content into a unified structure — gain
increasing popularity by providing interactivity and multimodal information delivery. In this context, websites can
be viewed as an innovative form of traditional print media, adapted to modern technologies and the needs of the
digital society [5, 6]. This contributes to the accessibility of educational platforms and the development of academic
programs.

Websites have also become essential tools for the dissemination of scientific knowledge. Increasing
demands for the public availability of research results and the need to justify science and innovation funding foster
the growth of diverse digital practices. Academic and research-oriented web resources play a key role in knowledge
dissemination, collaboration among scholars, and public engagement, indicating a transformation in scientific
communication. Project-related scientific websites serve not only as informational platforms but also as tools for
constructing scientific argumentation and promoting the values of contemporary science. At the same time, content
analysis of web resources reveals only partial adaptation to the digital environment and limited use of its technical
capabilities [7].

With the development of Web 3.0 technologies, the number of websites providing online healthcare
services is increasing, contributing to a reduction in pressure on medical resources. Online medical services offer
such advantages as 24/7 availability, elimination of geographical barriers, reduced financial costs, and faster access
to medical care. However, to fully realize the potential of this technology, it is essential to establish user trust in
online healthcare services [8]. Websites featuring physician ratings gain significant popularity, playing an important
role in providing information that helps patients choose the appropriate healthcare provider [9].

The rise of social media influences corporate marketing strategies, altering the interaction between brands
and consumers by giving the latter a more active role [10, 11]. However, studies indicate that consumer expectations
may differ from the marketing strategies employed by companies. While clients seek quick and accessible
communication, companies tend to focus on controlling information flows [10, 12]. Another important aspect is the
role of social media in employment. Platforms such as LinkedIn serve as primary tools for recruitment, allowing
employers to attract both active and passive candidates [10, 13].

According to [14, 15], website elements such as visual appeal, accessibility, and ease of use affect
consumer characteristics, including normative evaluation, instant gratification, and impulsiveness. Other studies
[16—18] confirm the positive influence of website quality on consumer behavior. For example, [16] highlights that
usefulness, simplicity, and content interactivity encourage impulsive purchases. Thus, a well-designed website
increases the likelihood of spontaneous buying behavior. In [17], it is emphasized that in order to strengthen
customer engagement, internet marketers should improve the quality of web resources. Similarly, [18] confirms that
well-developed web application elements significantly influence online sales.

It is worth noting that the initial impact on information perception and user engagement is determined by
the quality of web application design. Specifically, interface ergonomics, intuitive navigation, and adaptability of
web applications across different devices contribute to increased effectiveness of their use. Based on the
aforementioned considerations, the importance of web application design quality across various sectors of public life
can be concluded, highlighting the relevance of this research. The aim of the study is to develop semantic models of
the factors that influence the quality of web application design. To achieve this goal, the following tasks must be
addressed: conducting expert evaluation of generalized quality criteria, identifying a set of the most significant
factors, and developing semantic networks of relationships between these factors.

Methods for the expert assessment of factors

The objective of the expert evaluation is to identify a set of criteria (factors) that influence the design and
development of web applications from the proposed set of web application quality criteria. The application of this
method is grounded in the competence of the selected specialists, their professional experience, and their ability to
perform a well-reasoned analysis of the problem. The methodology of expert evaluation encompasses both the
organizational aspects of expert involvement and the formal approaches to analyzing the obtained data. One of the
most widely used methods of expert evaluation is the rating scale method [19]. Quantitative assessment of the
relative significance of the factors is performed by assigning numerical values within a fixed scale, typically a 100-
point scale. This system involves assigning each factor a value ranging from 0 to 100, where 0 indicates no
influence, and 100 corresponds to the maximum level of significance. If multiple factors are deemed equally
important, identical scores may be assigned.

To systematically represent the expert scores, a table is constructed (Table 1), which includes the number
of experts, the number of evaluated criteria, and the scores assigned by each expert to each factor.

The total score for each factor is calculated using the following formula:

m

S, =YX,

14

M
where ~ 7 is the score assigned to the i- th factor by the j-th expert, /” is the total number of experts.
The arithmetic mean score of each factor is defined as follows: X, =8,/m .
MDKHAPOJIHA HAYKOBUI XKYPHAJI 21

«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES», 2025, Ne 2



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Table 1
Factor Weight Evaluation Matrix
Experts
Factors 1 2 3 J m
G, X Xi2 X3 Xy Xim
G, Xoi Xo2 Xos X5 Xon
Gs Xz X2 X3 ... X;i . Xom
i Xi Xi Xis Xii Xim
G, Xt Xz X3 ... Xoj .. Xom

When a significant number of experts are involved in the evaluation process, differences in expert
judgments inevitably arise. The key factor is the degree of these discrepancies, as it determines the level of
consistency of the obtained results. The reliability of collective evaluation can only be ensured under the condition
of a high level of agreement among expert judgments.

To assess the degree of variability and mutual consistency of expert opinions, quantitative indicators

characterizing the statistical dispersion of values are used: range of variation L, standard deviation G, and

coefficient of variation ¥ . The application of these parameters makes it possible to objectively evaluate the level of
consistency within group expertise and to determine its reliability. A high level of concordance in evaluations
indicates the stability of the expert conclusion, while significant deviations may signal the need to clarify the
evaluation criteria or involve additional experts to increase the accuracy of the analysis.

The range of variation L is calculated as the difference between the maximum and minimum scores
assigned to a factor:

L=X_ -X_,
max min (2)

where X is the maximum score assigned to the factor, and Koin _ is the minimum score assigned to the
factor.
The standard deviation K is obtained using the following expression:

3

The coefficient of variation ¥ is determined as follows:

V= £-100%.
X )

The number of experts involved in the expert evaluation process depends on the complexity of the problem,
the level of expertise of the specialists, the required reliability of the assessment, and the acceptable degree of
divergence in expert opinions. The recommended number of experts can be determined using the following formula:

N:O,S-(§+5)
b

where © denotes the acceptable margin of error in the expert evaluation results, 0<b<l,

To represent the relationships between web application design factors, the theory of semantic networks is
applied. Semantic networks are among the most widely used forms of knowledge representation in artificial
intelligence and natural language processing. They are based on the conceptualization of a subject domain through
nodes (concepts) and edges (relationships between them). The idea of semantic networks was originally proposed as
a method for modeling human associative memory. In their modern form, semantic networks are significantly
modified and enhanced, and they play a key role in decision support systems.

The primary purpose of a semantic network is to represent real-world objects in the form of a graph, where
each node corresponds to a concept, and the edges between nodes represent semantic relationships characterized by
specific semantic meaning [20, 21].

6))

Experiments
If the confidence level is set at 0.8, the margin of estimation error does not exceed 0.2. As a result of the
calculation using formula (5), it is determined that the minimum acceptable number of experts in the group required
to ensure the necessary accuracy of conclusions is 10 individuals.
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Based on the results of expert evaluation, the set of factors influencing the quality of web application
design includes several factors with significantly higher scores. Factors with substantially lower ratings are
excluded. As an example, the results of expert evaluation for the five highest-rated factors are presented in Table 2.

Table 2
Fragment of the factor weight evaluation matrix

Experts “ |>‘<j e v | B

@ g g Sg| T | B¢

€ 8 S 8.8 €S| 58

g |1 2 3 4 5 6 7 8 9 10 - z g S SE | £8

3 g Mg A5 | 8BS

&= = A e)

G, 80 70 80 100 90 100 100 100 80 70 870 87 30 12,52 14,39%
G, 80 80 70 90 80 90 100 90 90 70 840 84 30 9,66 11,50%
G;s 70 80 70 80 100 90 90 90 70 80 820 82 30 10,33 12,60%
Gy 90 70 60 80 70 80 80 80 70 60 740 74 30 9,66 13,06%
Gs 80 70 60 70 60 60 80 80 60 60 680 68 20 9,19 13,51%

As observed in Table 2, the measures of dispersion are minor, which indicates a low variability in expert
assessments and an adequate level of consistency.

For the purposes of further research, the factors identified by experts as influencing the design and
development of web applications are analyzed and classified into three main categories. Accordingly, the factor
categories are defined as follows: £ — ergonomics and cognitive principles of interaction; £ — accessibility and
inclusivity; / — information architecture and visual design. Criteria with similar functional purposes are

generalized.
A set of factors influencing the design and development of web applications is obtained:

G={E;D;I}, ©)

E:{E19E29E3’E4’E5’E6} JE—

with the following subordinate subsets: the set of factors related to

D={D,,D,,D,,D,,D;}

ergonomics and cognitive principles of interaction; — the set of factors related to

. .. D=i{1,1,,1,,1,,1 . . .
accessibility and inclusivity; Ul Lo Loy the set of factors related to the quality of information
architecture and visual design.

The distribution of factors influencing web application design across the three main categories is shown in

Figure 1.

‘ Web Application Design J

A

[nformation Architccture and

Ergonomics and Cognitive
Visual Design

Principles of Interaction

Accessibility and Tnclusivity ]

[y
Predictability of System Polymodal Content Iierarchy of Visual
Behavior Representation Llements
Consistency of Design Personalization of’ Color Schemes and
Models Parameters Contrast
Alternative Navigatio -
Interface Modality erative ,‘_”5' ron Readability
7 Mechanisms
5 - Reduction of Sensory .
4[ Scalability ] 4[ Stimuli ] 4[ Spatial Balance }
_— Verification ol Layout Composition and
Cognitive Load Compliance with Rhythm
Accessibility Standards

Feedback

Fig. 1. Factors influencing the quality of web application design

The next stage of the study involves the development of semantic networks for the subordinate sets of
factors influencing the quality of web application design (Figures 2—4). The primary purpose of a semantic network
is to represent real-world objects in the form of a graph, where each node corresponds to a concept and the edges
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between nodes represent semantic relationships with defined semantic loads [20, 21].
The factors influencing ergonomics and cognitive principles of interface interaction determine the
convenience, predictability, and effectiveness of user interaction with the interface: system behavior predictability (

El) — the degree to which interface responses align with user expectations; consistency of design models (EZ) —
the uniformity of stylistic and functional solutions across all system elements; interface modality (E3 ) — controlled
use of modal windows, dialogues, and state transitions; scalability (E4) — the flexibility of design to efficiently
adapt to changes in content and functionality; cognitive load ( E5) — the level of effort required to understand and

use the interface; feedback (E") — informing the user about the outcomes of their actions through visual, auditory,
and tactile signals.

Predictability of
System Behavior (E;)

Consistency of Design
Modcls (F5)

Feedback (£5)

Cognitive Load (£5)

E;— Es—’

E,—E;

Interface Modality (£5)

E;— Es

- E,—E
E-E Scalabilily (Ey) &
Fig. 2. Semantic model of relationships between the factors influencing ergonomics and cognitive principles of interaction with a web
application interface

The set of factors influencing the accessibility and inclusivity of web applications includes those that
ensure the adaptation of the interface for users with diverse abilities and needs: polymodal content representation (

D, ) — duplication of information in various sensory formats (text, sound, haptic feedback, etc.); personalization of
parameters (DZ) — the ability to adjust color schemes, font sizes, animation speed, and other display settings;
alternative navigation mechanisms (D3) — support for keyboard control, voice commands, and screen readers;
reduction of sensory stimuli (D4 ) — minimization of flickering, abrupt animations, and audio effects that may cause

discomfort; verification of compliance with accessibility standards ( D5) — adherence to WCAG, ISO/IEC 29138-
1:2018, and related standards.

Polymodal Content

{ D)~ Dr—
Representation (D;) e

D,-D;

Verification of

Ds-D.
Compliance with h Personalization of
Acccsslhl:gyflandards Ds-Dy Parameters (D)
5

Ds-D,

Reduction of Sensory
Stimuli (D)

Allernative Navigation
Mechanisms (D;)

D;— Dy

Ds- Dy

Fig. 3. Semantic model of relationships between factors influencing the accessibility and inclusivity of a web application
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The set of factors influencing information architecture and content organization includes the following:
hierarchy of visual elements (11 ) — the logical organization of interface components according to their significance;
color schemes and contrast (]2) — the alignment of the color palette with perceptual principles and accessibility
standards; readability (I3 ) — the selection of fonts, line spacing, and line length to ensure optimal text legibility;
spatial balance ([4) — the use of white space to distribute content harmoniously and reduce cognitive load; layout

composition and rhythm (15) — the application of grids, modular systems, and proportional ratios to achieve a
structured design.

Hicrarchy of Visual
Elements (Z;)

Color Schemes and
Contrast (/-)

Layout Composition
and Rhythm (/5)

Spatial Balance (/) Readability ({7}

1, — 13

Fig. 4. Semantic model of relationships between factors influencing the information architecture and visual design of a web application

The developed semantic models serve as a basis for determining the prioritization of factors influencing the
quality of web application design and for predictive quality assessment using fuzzy logic methods and tools.

Conclusions

An analysis of the factors influencing the quality of web application design is conducted. A set of relevant
criteria is established to characterize aspects of ergonomics, accessibility, information architecture, and visual
design. To determine the significance of each criterion, the rating scale method is applied. The expert data obtained
are analyzed using statistical indicators, including variation measures and consistency coefficients of expert
judgments. Based on the categorization of criteria, semantic models are constructed to represent the structural
relationships among the factors. These models enable the formalization of knowledge in the field of web interface
design and provide a foundation for their further integration into automated evaluation systems.

The conducted study has certain limitations. In particular, some of the criteria possess a subjective nature,
which complicates their unambiguous formalization. The semantic models describe only the static structure of
interrelationships and do not take into account the dynamic aspects of user interaction with the interface.

Future research should aim at expanding the base of expert assessments and refining the structure of the
criteria. The application of fuzzy logic methods appears promising for addressing uncertainty in expert judgments.
Another potential direction for development is the creation of a software tool to support the evaluation processes of
web application design quality, based on the developed models.
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