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The article presents the results of developing an interactive information system for
fuzzy modeling of the integral efficiency of a user interface, which integrates methods
of fuzzy logic, adaptive visualization, and dynamic parameter adjustment. The proposed
system enables the definition of weighting coefficients and membership functions for
efficiency criteria — performance, cognitive load, usability, and adaptability of the in-
terface. Based on these parameters, an integral efficiency indicator (E) is calculated
and displayed in real time through graphical transformations. This approach allows
researchers or developers to analyze the impact of individual factors on the overall
evaluation, compare scenarios, and determine optimal ratios between criteria. The pa-
per provides three simulation examples — technical, pedagogical, and user-focused —
demonstrating the system s flexibility and its ability to model diverse priorities. The re-
sults confirm the effectiveness of fuzzy logic in accounting for subjective aspects of user
experience that cannot be captured through traditional quantitative methods. The inter-
active implementation of the system enhances the convenience of the analytical process,
ensures transparency of decision-making, and creates conditions for the development of
next-generation intelligent user interfaces. The obtained results have practical signifi-
cance for improving usability evaluation methods, optimizing educational and industrial
environments, and designing adaptive, cognitively friendly interfaces capable of self-ad-
justing to user needs.

Keywords: fuzzy logic, integral efficiency, user interface, interactive system, mode-
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Problem Statement. Evaluating the efficiency of user interfaces (Ul) in modern
software systems is a complex multi-criteria task, as it involves both objective perfor-
mance parameters and subjective indicators related to cognitive load, usability, and
interface adaptability. Traditional analysis methods based on fixed numerical criteria or
expert evaluations fail to account for the uncertainty inherent in human perception and
user behavior. As a result, there is often poor consistency between quantitative metrics
and the actual user experience.

This problem becomes especially relevant in the context of developing systems with
pedagogical or technical focus, where achieving a balance between performance and
cognitive comfort is crucial. In such cases, it is necessary to have a tool that allows
dynamic adjustment of the weights of criteria and the level of their fuzzy memberships,
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as well as real-time visualization of how these changes affect the integral efficiency
indicator.

The absence of interactive tools that combine fuzzy modeling, dynamic visuali-
zation, and real-time parameter adaptation complicates the decision-making process
related to Ul optimization. This creates the need for developing an interactive fuzzy
modeling information system that would enable researchers and interface designers to
experimentally determine optimal combinations of weighting coefficients and para-
meters, forming the basis for a scientifically grounded approach to evaluating the integral
efficiency of user interfaces.

Analysis of Recent Studies and Publications. Experts note that fuzzy logic and
fuzzy modeling have become among the most widespread methods for detecting errors
and failures in complex information systems [1]. This approach aligns with the interdis-
ciplinary trend of implementing innovative, adaptive, and user-oriented solutions [2].
Fuzzy logic enables the use of expert knowledge expressed through linguistic rules,
allowing systems to process imprecise data and uncertainty, thereby bringing machine
modeling closer to human reasoning [4]. Consequently, fuzzy logic serves as an ideal
tool for managing inexact information under real-world conditions [4].

In the field of user interfaces (UI), traditional interaction systems are based on rigid
binary logic and predefined scenarios that cannot fully capture the ambiguity of human
behavior or the dynamic nature of user contexts [7]. Integrating fuzzy logic into inter-
face design allows a system to interpret vague or ambiguous input data and respond in a
more flexible and human-centered manner [7]. The use of fuzzy rules enables adaptive
adjustment of the dialogue with the user, narrowing the gap between user intentions and
system responses. Studies on intelligent user interfaces demonstrate that in uncertain and
dynamic environments, the application of fuzzy logic and situational control is essential
for ensuring real-time interface operation [3]. Multi-agent IUI architectures have been
proposed, combining fuzzy inference, artificial intelligence methods, and knowledge
bases to dynamically adapt interfaces to user actions and environmental changes [3].
Such fuzzy-logic-based intelligent interfaces significantly improve the flexibility and
efficiency of human—machine interaction.

Adaptive visualizations and information dashboards also actively employ fuzzy
modeling to support decision-making. In [5], an interactive interface for water quality
monitoring based on fuzzy logic was presented, combining a standard water quality in-
dex with dynamic visualization tools (graphical indicators, membership diagrams, heat
maps, etc.). The fuzzy model provided smoother and more nuanced interpretation of
values near class boundaries compared to rigid threshold-based methods, reducing am-
biguities by more than 15% at class limits [5]. This approach improved trend tracking
and response time to water quality deterioration, confirming the effectiveness of fuzzy
interfaces for operational monitoring and data visualization [5].

Fuzzy models are also actively applied for the integral evaluation of user interface
efficiency by balancing multiple criteria. For instance, [6] proposed an intelligent decision-
support system using fuzzy multi-criteria optimization to balance two key indicators of
an advertising web interface — profitability (performance) and user comfort. The model



148 [TOJIITPA®IS I BUABHIMYA CITPABA / PRINTING AND PUBLISHING * 2025 / 2 (90)

accounts for uncertain parameters such as subjective intrusiveness of ads and temporal
dynamics of their effectiveness [6]. The simulation results revealed that excessive visual
intensity (bright animations, aggressive messages) beyond a certain threshold sharply
increases user irritation while yielding only marginal engagement gains [6]. Conversely,
moderate-impact strategies achieved a better compromise between user attention and
comfort through fuzzy modeling [6]. This demonstrates that fuzzy logic methods can
integrate diverse usability and efficiency criteria into a unified assessment, providing
design recommendations for more balanced interfaces.

Another direction involves the creation of intelligent information systems with
adaptive interfaces designed to simplify complex modeling tasks. Modern solutions
introduce interactive interfaces that guide users through each modeling step and auto-
matically execute time-consuming analytical operations [9]. In [9], an intelligent
system for simulation modeling of information objects was described, featuring an
adaptive interface and logic-linguistic models for automatic generation of analytical
descriptions and procedural models. The system generates optimal solutions based on
data structure analysis in a knowledge base and mathematical models for constructing
fuzzy relations, significantly improving modeling accuracy and speed [9]. Automating
model development and adaptation processes reduces user qualification requirements
and training time, ensuring high modeling efficiency even for complex systems [9].

To support these approaches, new software platforms and tools focused on flexible
and efficient fuzzy logic applications have emerged [8]. The FuzzyLogic.jl library
[8], for example, provides an open toolkit for fuzzy inference designed for developer
convenience and computational performance. It allows fuzzy systems to be described in
a compact declarative form, supports standard inference mechanisms (such as Mamdani
and Sugeno), and includes built-in visualization tools for interactive model tuning [8].
Modern implementations like FuzzyLogic.jl achieve high performance through code
optimization and modern programming language capabilities, simplifying the integration
of fuzzy models into real-world information systems [8]. Thus, the development of fuzzy
modeling toolkits promotes the expansion of adaptive and intelligent user interfaces
capable of effectively handling uncertainty and complexity in contemporary applications.

The purpose of the article. The purpose of the article is to develop and experi-
mentally validate an interactive information system for fuzzy modeling of the integral
efficiency of a user interface, which provides the ability to dynamically adjust the
weighting coefficients and fuzzy membership parameters of evaluation criteria, as well
as to visualize the impact of these changes on the aggregated efficiency indicator in order
to support decision-making in the interface design process.

Presentation of the Main Research Material. The developed system is based on
a fuzzy approach to evaluating the efficiency of a user interface using a set of criteria
that combine quantitative and qualitative indicators. To achieve this, the concept of
integral efficiency (E) was introduced, which is defined as the weighted sum of fuzzy
memberships across individual criteria:

E= ZW: “H; (x)v
i=1
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w, — the weighting coefficient of the ( i )-th criterion, 4 (x) — the membership function
of the value ( x ) for the corresponding linguistic variable (for example, “high usability,”
“low cognitive load”), (n) — the total number of criteria.

The model allows complex, interdisciplinary interface properties (such as ergonom-
ics, cognitive load, adaptability, etc.) to be represented as a fuzzy evaluation using trian-
gular or trapezoidal membership functions.

The interactive information system (Fig. 1) is implemented as a web-oriented soft-
ware product with the following main components:

Parameter Input Block: the user can define the values of criteria, their weights, and
the parameters of membership functions through a convenient graphical interface.

Fuzzy Inference Module: performs the transformation of input values into fuzzy
evaluations according to the defined membership functions.

Aggregation Module: calculates the integral efficiency according to the selected
scheme (Mamdani, Sugeno, etc.).

Visualization Module: displays in real time the graphs of membership functions, the
variation of the result (E) depending on input data, and the adaptation of weights.

The architecture ensures full interactivity: the user instantly observes the result of
parameter changes, allowing sensitivity analysis of the influence of each criterion on the
overall evaluation.

To demonstrate the functionality of the system, four main criteria for user interface
evaluation were selected:

1. Simplicity of Use (Simplicity)

2. Cognitive Load

3. Adaptability

4. Task Completion Time
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Each criterion is represented as a fuzzy linguistic variable with terms (e.g., low,
medium, high) described by triangular membership functions. The base ranges for each
criterion were determined based on prior empirical studies.

The system implements a mechanism for dynamic adjustment of weighting coef-
ficients (w;), which enables modeling of various priority scenarios — for example, when
adaptability is more important than speed, or vice versa.

An important feature of the system is the graphical visualization of all calculation
stages. After changing the values of criteria or their weights, the user immediately sees:

Changes in membership functions and their current values;

Current results of fuzzy aggregation;

The integral efficiency indicator (for example, as a color scale or pie chart).

This enables rapid analysis of which indicators have the greatest influence on overall
efficiency and allows the user to adjust parameters as needed.

Figure 2 shows a fragment of the interface of the implemented fuzzy modeling
system, which consists of two functional panels — Criterion Weights and Current Fuzzy
Memberships.
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Fig. 2. Interface of the Fuzzy Modeling System with a Technical Focus
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The user specifies the weight values for each of the four criteria included in the for-
mula for integral efficiency. In the given example, the following weights are set: wl =
0.30, w2 =0.25, w3 = 0.25, w4 = 0.20.

The sum of weights equals 1.00, ensuring the correctness of the normalized compu-
tation of the integral indicator.

The value of each criterion is specified within the range from 0 to 1 as a result of
evaluation or simulation. In the example: p(C1l) = 0.56, u(C2) = 0.88, p(C3) = 0.41,
u(C4)=0.11.

The modeling result indicates a relatively low overall efficiency of the interface.
Despite a high value of cognitive comfort u(C2) = 0.88, the critically low level of adapt-
ability u(C4) = 0.11 and moderate values of the other criteria significantly reduce the
integral score. This example demonstrates the sensitivity of the model to the combina-
tion of criteria and clearly illustrates the potential of the system for rapid identification
of optimal parameter configurations in interface design.

The graph (Figure 3) illustrates the overall dynamics of efficiency variation — it can
be observed that the total integral efficiency has a low value, indicating a critical need to
improve performance and adaptability while maintaining the current level of cognitive
load.
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This example demonstrates the capability of modeling scenarios with pedagogical
prioritization, where the primary objective is to reduce the user’s mental load. At the
same time, it illustrates the importance of a balanced approach across all criteria — even
high efficiency in one aspect cannot ensure overall success without adequate perfor-
mance, adaptability, and usability.

The integral efficiency graph (Figure 4) shows a sharp increase at the final stage
of the simulation — this outcome is primarily influenced by the criterion u(C3). This
confirms the significance of usability as a decisive factor in the overall evaluation when
applying an appropriate weighting model.
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Fig. 4. Modeling Scenario with a Focus on Usability

Such a scenario is particularly relevant for adaptive systems designed for a wide
range of users (including users with disabilities), where intuitiveness and interaction
comfort are the top priorities.

Summarizing the results of the three conducted modeling scenarios (Figures 2—4),
it can be concluded that the proposed interactive information system for fuzzy modeling
of the integral efficiency of a user interface enables flexible analysis of the influence
of weighting coefficients and fuzzy membership values on the aggregated efficiency
indicator (E).
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The shift in focus from technical to pedagogical and user-oriented modes demonst-
rates the sensitivity of the system to the priorities of individual criteria and confirms
the adequacy of the mathematical model in reflecting real patterns of user—interface
interaction. At the same time, the low (E) values observed in cases of criterion imbalance
indicate the necessity of achieving an optimal balance between performance, cognitive
load, usability, and adaptability.

Thus, the proposed system provides not only a quantitative evaluation of UI effi-
ciency but also functions as an intelligent decision-support tool aimed at improving the
quality, ergonomics, and inclusiveness of user interfaces..

Conclusion. As a result of the conducted research, an interactive information sys-
tem for fuzzy modeling of the integral efficiency of a user interface was developed and
tested. The system combines methods of fuzzy logic, adaptive visualization, and in-
teractive parameter control. The proposed solution provides the ability to dynamically
adjust the weighting coefficients and fuzzy membership values of the criteria, as well as
to instantly visualize the impact of these changes on the integral efficiency indicator E.

The modeling confirmed that the developed approach enables a formalized evalua-
tion of qualitative characteristics of user experience — performance, cognitive load,
usability, and adaptability — by representing them as fuzzy sets and subsequently com-
puting a generalized efficiency indicator. The interactive implementation enhances the
flexibility and clarity of analysis, allowing users to modify model parameters in real time
and observe how these adjustments affect system behavior.

The comparison of the three scenarios — technical, pedagogical, and user-centered
(usability-focused) — demonstrated that the integral efficiency strongly depends on the
distribution of weights among the criteria. The maximum values of E are achieved in
balanced models, where no single criterion dominates excessively, confirming the im-
portance of a harmonious combination of performance, cognitive comfort, usability, and
adaptability in interface design.

The developed system can serve as an intelligent decision-support tool in software
development, particularly in the fields of education, inclusive technologies, and adaptive
digital environments. The results of the study demonstrate that the use of fuzzy logic
makes it possible to account for subjective aspects of user experience that are difficult to
formalize using traditional methods, while also increasing the accuracy of Ul efficiency
evaluation under ambiguous or multi-factor conditions.

Future research should focus on expanding the set of evaluation criteria, employing
neuro-fuzzy algorithms for automatic tuning of weighting coefficients, and integrating
the system with analytical modules for real-time user behavior tracking. The proposed
approach forms a scientifically grounded foundation for creating inclusive, cognitively
friendly, and adaptive user interfaces capable of enhancing the overall effectiveness of
human—software interaction.
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Y cmammi npedcmaeneno pezynemamu po3poonenns inmepaxmueHoi ingopma-
YitiHOI cucmemu HedimKo20 MOoOeo8aHHs IHMeSPANbHOT eekmUsHOCII KOPUCHY8alb-
K020 iHmepdhelicy, uwo noeoHye mMemoou Hedimkoi 102iKu, adanmueHoi izyanizayii ma
OUHAMIYUHO20 HANAUIMYBAHHS NAPAMEMPIs. 3anponoHO8ana cucmema 3a0e3nevye Modic-
ausicms 3adasamu 6a206i Koeiyicnmu ma QyHKyii HanexcHocmi Ons Kpumepiie eghex-
MUBHOCMI — NPOOYKMUBHOCT, KOSHIMUBHO20 HABAHMAIICEHHS, 3PVUHOCMI ma adan-
muerocmi inmepcpeticy. Ha ocnosi yux napamempie obOuucioemvcs iHmespaibHull
nokasuuk egpexmusrocmi (E), axuil 6i0obpaxcaemuvcs y peaivHomy 4aci y eueisioi epa-
Giunux 3min. Taxuil nioxio 0036015i€ OOCHIOHUKY aOO PO3POOHUKY AHANIZYEAMU GNIUG
OKpeMUX YUHHUKIE HA 342albHY OYIHKY, NPOBOOUMU NOPIGHAHHS CYeHapiie i GU3Haua-
MU ONMUMAILHI CNIBGIOHOWEHHS. Midc Kpumepiamu. Y pobomi HagedeHo mpu Npux-
na0U  cumMynaAyilli. — MexXHIuUHUL, neoazoiunull i Kopucmysayvbkuil (Qokycu, sxi Oe-
MOHCMPYIOMb SHYUYKICMb cucmemMu ma 30amHicmb MOOenosamy pisHi npiopumenu.
Pezynomamu niomeepounu egpexmuericms GUKOPUCMAHHSL HEYIMKOI 102IKU Ol 6paxy-
BAHHS CYO EKMUBHUX (PAKMOPI6 KOPUCMYBAYLKO20 00CEI0Y, WO He Nid0armvcs mpaou-
YIUHIT KITbKICHIU Oyinyi. InmepakmusHa peanizayis cucmemu ni08UYE 3PYYHIiCMb aHa-
JIMUYH020 npoyecy, 3abesneyye npo3opicms NPUUHAMMSA PiueHb i CMEopIoc YMOGU OJsl
no6Y008U IHMENEKMY AIbHUX KOPUCTTY8AYLKUX iTHmMepgheticis H08020 NoKONiHHS. Ompumari
pe3yibmamu Maoms npakmuyHe 3HAueHHs. Osl YOOCKOHALEHHS Memooi6 OyinIO6aHHS
103a0inimi, onmumizayii HABUATLHUX | GUPOOHUYUX CePedo8ULY, A MAKONC PO3POOIEHHS
A0ANMUBHUX, KOSHIMUBHO OPYICHIX THmMep@eticie, 30amHux 00 camoniorauny8aHHs nio
nompeou Kopucnyeaua.

Knwouosi cnosa: neuimxa nozika, inmezpansHa eqoexmugHicms, KOPUCY8AYbKUL iH-
mepeitic, iHmepaKxmuera cucmema, MoOeIO8AHHS, KOCHIMUBHE HABAHMANCCHHS, A0an-
MUBHICMb, 3PYYHICINb KOPUCTIYBAHHS, GI3YANI3AYIA, IHMENEKMYalbHI MEeXHON02II.
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