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This article is devoted to the development and substantiation of a comprehensive
model for evaluating the quality of interface prototyping in software systems. The
relevance of the study is determined by the increasing complexity of modern interfaces
and the need to make well-founded design decisions prior to the software implementation
stage. The paper addresses the problem of formalizing the evaluation of prototype
quality while accounting for the multidimensional nature of evaluation criteria and the
significant proportion of subjective qualitative characteristics.

The proposed approach is based on a systematic integration of structural analysis
methods, hierarchical mathematical modeling, multicriteria optimization, and fuzzy logic
techniques. At the first stage, factors determining the quality of interface prototyping
are identified and classified based on a systematic analysis of scientific sources. The
identified factors are grouped according to accessibility and usability criteria, which
makes it possible to take into account both technical and cognitive characteristics of
human—machine interaction. At the second stage, structural and hierarchical modeling
is performed using graph theory, which ensures the identification of relationships
between factors, the elimination of redundancy, and the determination of their local and
global priorities. The third stage is devoted to multicriteria optimization of the model,
the purpose of which is to calculate normalized weighting coefficients of quality factors.
This enables the transition from relative expert priorities to quantitatively defined
weights that reflect the actual contribution of each factor to the formation of overall
prototype quality. At the fourth, predictive stage, fuzzy modeling is applied to process
subjective expert assessments. A fuzzy rule base is formed, input data are fuzzified, fuzzy
logical inference is performed, and the results are defuzzified. As a result, an integrated
predictive indicator of interface prototyping quality is obtained. The approach also
provides for the comparison of alternative prototyping options based on fuzzy preference
relations.
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The obtained results can be used as a methodological basis for the development of
an information technology for evaluating the quality of interface prototyping and can be
implemented in the practice of designing software systems of various purposes.

Keywords: prototyping, interface, graph theory, hierarchical mathematical mode-
ling, prioritization, factor, ranking, optimization, fuzzy logic, fuzzy set, alternative op-
tion, quality evaluation, information technology.

Problem Statement. Modern software products are characterized by increasing
interface complexity and high requirements for the quality of human—machine inte-
raction. The early design stage is particularly critical, as key decisions regarding the
structure, logic, and visual representation of the interface are established at this phase.
Insufficiently substantiated prototyping may lead to reduced accessibility and usability,
which subsequently has a negative impact on the effectiveness of software systems and
user satisfaction.

The evaluation of interface prototyping quality is complicated by the multidimensional
nature of the relevant criteria and a significant proportion of subjective characteristics.
Traditional deterministic evaluation methods do not provide sufficient accuracy in
accounting for these factors, thereby limiting the ability to make well-founded design
decisions. In this regard, the development of a formalized approach to evaluating the
quality of interface prototyping, which combines systematic structuring of factors, their
prioritization, and quantitative integration of qualitative assessments in the form of a
generalized quality indicator, remains a relevant research problem.

Analysis of Recent Research and Publications. In contemporary studies, the
issue of evaluating the quality of interface prototyping has attracted increasing atten-
tion from researchers, particularly with regard to the application of fuzzy modeling and
hierarchical approaches for processing subjective qualitative characteristics. In parti-
cular, study [1] presents a hierarchical model for evaluating the quality of web systems,
which includes the identification of key quality factors and their prioritization based
on pairwise comparisons. This makes it possible to rank criteria according to their
significance in the context of the design and development of digital educational systems.
In [2], a methodology for assessing the quality of multimedia publication design based
on fuzzy logic is proposed. In this work, linguistic variables and membership functions
are defined, and a multilevel fuzzy inference model is constructed to obtain an integrated
quality indicator that accounts for fuzzy subjective assessments of various design
characteristics. Study [3] demonstrates the application of the fuzzy analytic hierarchy
process to determine local and global weights of usability factors and to rank academic
websites according to these criteria. This emphasizes the importance of combining
fuzzy approaches with structured prioritization of interface quality factors. In addition,
in [4], the authors apply hierarchical fuzzy axiomatic design to form a usability index,
which provides a systematic evaluation of human—object interaction. This approach
is consistent with hierarchical modeling and fuzzy rule-based methods used in tasks
related to the evaluation of interface prototype quality, especially when it is necessary to
formalize fuzzy expert judgments.
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Thus, modern research demonstrates a clear trend toward integrating fuzzy logic with
hierarchical models and multicriteria evaluation methods to formalize qualitative cha-
racteristics of interfaces. However, insufficient attention has been paid to the direct eva-
luation of interface prototyping quality using a comprehensive model that combines factor
structuring, prioritization, and the synthesis of a generalized predictive quality indicator.

Purpose of the Article. The purpose of this article is to develop and substantiate
a model for evaluating the quality of interface prototyping that provides systematic
hierarchical identification, prioritization, and integration of accessibility and usability
factors, followed by the formation of a generalized predictive quality indicator for inter-
face solutions.

Presentation of the Main Research Material. Ensuring a high level of human—
machine interaction quality at the early stages of design requires the development of
a comprehensive strategy for prototype evaluation. The proposed principles are based
on a systems approach that integrates methods of structural analysis, decision-making
theory, and fuzzy set theory. The evaluation logic proceeds from the decomposition of
influencing factors to the synthesis of an integral predictive indicator of interface proto-
typing quality [5].

The first stage involves structuring the set of factors that determine the quality of
the future software product. Since the concept of interface quality is multidimensional,
it is reasonable to divide the overall set of criteria into two key subgroups: accessibility
factors and usability factors. This approach enables a more detailed specification of
prototype requirements, taking into account both the technical features of information
perception and the cognitive principles of interaction [6, 7].

To identify dependencies among components within each group, graph theory
is applied [8]. The construction of topological models in the form of graphs makes it
possible to visualize the architecture of mutual influence by determining which factors are
basic (input) and which are derivative. This allows the avoidance of criterion duplication
and the identification of parameters whose improvement produces a systemic effect on
the entire group. The next step after graph construction is the determination of factor
priorities within each group. For this purpose, the analytic hierarchy process is employed.
The essence of this method lies in decomposing the problem into simpler components
and forming a matrix that quantitatively reflects the presence of relationships between
them. By analyzing the hierarchical arrangement of vertices in the graph and the nature
of their interconnections, the priority level of each factor within its group is determined.
The outcome of this stage is a ranked list of factors, where each element has a defined
degree of influence on the local objective (ensuring accessibility or usability) [9].

The subsequent step is the synthesis of a generalized model. From both groups, factors
that have received the highest priority according to the results of the previous modeling
are selected. On this basis, a generalized graph of interface prototyping quality factors is
constructed, integrating the most significant accessibility and usability requirements into
a unified system. For this combined structure, the hierarchical mathematical modeling me-
thod is reapplied, which makes it possible to recalculate priorities in a global context and to
determine the final contribution of each key factor to the overall prototype quality [9, 10].
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During hierarchical analysis, situations often arise in which several heterogeneous
factors receive close or identical priority values. Such equivalence complicates the de-
cision-making process, as it does not provide a clear indication of which parameter
should be prioritized in resource allocation. Moreover, hierarchical modeling does not
determine exact weighting coefficients. To address this issue, a stage of multicriteria
optimization of the model is introduced. The purpose of this stage is to transition from
relative priorities to precise weight values that account not only for the importance
of a factor but also for its contribution to the overall system utility. A comparison is
performed to assess the extent to which one criterion outweighs another in terms of
achieving the local objective (maximizing accessibility or usability). The result of the
multicriteria optimization is the formation of a final vector of weighting coefficients
for the generalized factor model. The sum of these coefficients is normalized to unity,
ensuring the mathematical correctness of subsequent calculations. Based on the obtained
data, a model is constructed that reflects the dominance of the analyzed factors [11].

The specificity of the interface prototyping domain lies in the fact that most evaluation
criteria are subjective and qualitative in nature (e.g., “convenient,” “understandable,”
“aesthetic”). Classical deterministic methods are unable to adequately process such
data, as they require clear binary assessments, whereas human perception is inherently
fuzzy.

To overcome this limitation, fuzzy set theory is applied. It enables the formalization
of uncertainty in expert judgments and brings computer modeling closer to the logic of
human thinking by operating not only with numerical values but also with linguistic
variables [12, 13]. The fuzzy modeling process begins with the fuzzification stage. Input
numerical data are transformed into linguistic terms. For each quality factor, a term set is
formed that describes its possible states, for example, “low,” “medium,” and “high.” The
correspondence of a specific numerical value to a given term is determined through a
membership function, which can be graphically represented as a triangular, trapezoidal,
or bell-shaped curve [12, 14].

Membership functions for each factor are defined using triangular and trapezoidal
forms, with parameters determined based on expert evaluations or statistical analysis of
prior projects. The fuzzy rule base is constructed by generalizing expert knowledge and
establishes a mapping between combinations of linguistic factor assessments and the
integrated quality indicator.

The core of the predictive model is the fuzzy rule base. The rules are logical “if—
then” constructs that link the states of individual factors to an integral quality assessment.
At the aggregation (fuzzy inference) stage, all active rules are processed and a resulting
fuzzy set is formed. This set represents a comprehensive quality evaluation. The final
step of the algorithm is defuzzification, which converts the resulting fuzzy set into a crisp
numerical value. The obtained value is a predictive indicator of interface prototyping
quality.

It is interpreted as an integral index that enables a substantiated decision regarding
the feasibility of proceeding to the software implementation stage or the need for further
refinement of the prototype [2, 12].
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Figure 1 presents the developed structural model for evaluating the quality of interface
prototyping. In subsequent research, it will serve as the basis for the development of an
information technology for interface prototyping quality assessment.

In summary, the study begins with an information-analytical stage, during which the
basic accessibility and usability factors are identified and classified through a systematic
review. At the second stage, the obtained data undergo structural-hierarchical modeling
using graph theory to determine influence priorities. This is followed by a parametric
optimization stage aimed at calculating precise weighting coefficients. The process
concludes with a predictive stage, in which an integral quality indicator is formed based
on fuzzy logic methods, allowing the quantitative verification of the effectiveness of
design decisions. The optimal interface prototyping option is selected based on fuzzy
preference relations.

Based on the conducted research, an information technology for evaluating the
quality of interface prototyping is developed.

Conclusions. A structural model for evaluating the quality of interface prototyping
has been developed. The model formalizes the logic of transition from the identification
and prioritization of factors to the synthesis of a generalized predictive quality indicator,
ensuring the quantitative incorporation of subjective qualitative characteristics of in-
terfaces.
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Cmammio npucesiyenHo pospobienHio ma O0OTPYHMYSAHHIO KOMWIAEKCHOI Moode-
Ji OYIHIOBAHHA SIKOCMI NPOMOMUNYEAHHS THMepghelicie npoepamuux cucmem. Axmya-
JILHICMb QOCTIONCEHHST 3YMOBILEHA 3POCHAIY0I0 CKAAOHICIIO CYYACHUX THmepgeticie
ma HeoOXiOHicmio nputiHaAmms 0OIPYHMOBAHUX NPOEKMHUX PilleHb uje 00 emany npo-
epamuoi peanizayii. ¥ pobomi posensinymo npoonemy opmanizayii oyinoeanns aKocmi
NPOMOMUNI8 3 YPAXye8anHaM 0A2amosuMipHocmi Kpumepiie i 3HauHoi uacmku cyo 'ex-
TMUBHUX AKICHUX XAPAKMEPUCTNUK.

3anpononosanuii nioxio 6a3yemvcsa HA CUCMEMHOMY NOEOHAHHI Memoodie CMpYK-
MYPHO2O AHANIZY, MAMEMAMUYHO20 MOOETO8ANHA €papXil, OacamoxpumepianbHol
onmumizayii ma anapamy ueyimxoi nociku. Ha nepuwomy emani 30ilicHIOEMbCA BUOK-
pemienns ma Kiacugixayiss axkmopie, wjo 6uHauaiomsb AKICMb IPOMOMUNYGAHHS
iHmepdeticis, Ha OCHOBI CUCMEMAMUYHOZO AHANI3Y HAYKOBUX Odcepel. Busnauewi
Gaxkmopu 32pynogano 3a 03Haxamu OOCMYNHOCMI ma 3pyyHocmi kopucmyeanus. Lle
00360/15€ 8PAXYBAMU K MEXHIUHI, MAK [ KOCHIMUBHI XAPAKMEPUCTNUKYU THOUHO-MA-
wunHoi 83aemolii. Ha Opyeomy emani GUKOHYEmMbCsA CMPYKMYpHO-IEpapxiune mo-
0en06anHs 3 BUKOPUCMAHHAM anapamy meopii epaghis. Lle 3abesneuye usasnenms
83A€MO036 AI3KI8 MIdIC (hakmopamu, YCYHeHHs OVOII08ANHA A 6USHAYEHHS X TOKATbHOT
i enobanvroi npiopumemuocmi. Tpemiti eman npucesyeHo 6A2amoKpumepiaibHit on-
mumizayii Mooeni, Memow SKoi € PO3PAXYHOK HOPMOBAHUX 8A208UX Koeqhiyienmis
¢axmopie sikocmi. Lle 0o360s€ nepeiimu 8i0 BIOHOCHUX eKCNEPMHUX NPiopumenis 0o
KIIbKICHO GU3HAYEHUX 8d2, WO GI00OPANCAIOMb PeANbHUL 6HECOK KONCHO20 (hakmopa y
Gopmyeanns saeanvroi skocmi npomomuny. Ha uemeepmomy, npocHocmuunomy emant,
3ACMOCOBYEMBCA HeyimKe MOOeNt08aHHs 0 00poOKU YO €EKMUBHUX eKCNePMHUX
oyinok. @opmyemvcsi 6asa Hewimkux npasui, 30IUCHIOEMbCS Gazugikayis 6xXiOHUX
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O0aHux, Heuimke Jlo2iune gueedentss ma oegpazuixayia pezynomamis. Yuacuioox yvoeo
OMpUMYEMbCA  THMESPATIbHUN NPOSHOCIUYHUL NOKAZHUK SAKOCMI RPOMOMUNY6AHHSL
inmepdeticy. Taxooic nepeddauene 30iticCHeHHS NOPIGHAHHA AIbIMEPHATNUGHUX 8APIAHMIE
NPOMOMUNYBAHHSL HA OCHOGI HeUTMKUX GI0HOWEeHb nepesae. Ompumani pe3yimamu mo-
JHCYyMb Oymu BUKOPUCTNAHT SIK MEMOOONI02TUHA OCHOBA OJis pO3pOOILeHHs IHGhopmayitiHoT
MexXHON02iT OYIHIBAHHS SKOCMI NPOMOMUNYBAHHS IHMepdelcie ma 6npo8adiCeHi y
NPAKMUKy NPOEKMYBAHHS NPOSPAMHUX CUCTNEM PIZHO20 NPUSHAYUECHHS.

Knwuogi cnosa: npomomunysanns, inmepgeiic, meopis epaghis, mamemamuyte
MOOeNo8ants iepapxitl, npiopumemuicms, (aKmop, PAHICYBAHHI, ONMUMI3AYIA, He-
YimKa 102iKa, HewimKka MHOJICUHA, ATbIMEPHAMUBHULL 8apianm, OYiHIOBAHHS AKOCMI, iH-
dopmayitina mexnonoeis.
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