ISSN 0554-4866 113
UDC 655.5+004.8

AN APPROACH TO ASSESSING THE QUALITY OF DIGITAL
PUBLICATIONS USING COMPUTATIONAL INTELLIGENCE

S. V. Kovalenko', T. Ye. Aleksandrova?, S. M. Kovalenko?, N. A. Marchenko*

1. National Technical University «Kharkiv Polytechnic Institute», 2 Kyrpychova St.,
Kharkiv, 61002, Ukraine https://orcid.org/0000-0001-8763-0862  e-mail: serhii.
kovalenko@khpi.edu.ua

2. National Technical University «Kharkiv Polytechnic Institute», 2 Kyrpychova St.,
Kharkiv, 61002, Ukraine https://orcid.org/0000-0001-9596-0669  e-mail: tetiana.
aleksandrova@khpi.edu.ua

3. National Technical University «Kharkiv Polytechnic Institutey, 2 Kyrpychova St.,
Kharkiv, 61002, Ukraine https://orcid.org/0000-0001-6770-6778  e-mail: svitlana.
kovalenko@khpi.edu.ua

4. National Technical University «Kharkiv Polytechnic Institute», 2 Kyrpychova St.,
Kharkiv, 61002, Ukraine https://orcid.org/0000-0001-9889-3713  e-mail: natalia.

marchenko@khpi.edu.ua

An approach to the comprehensive assessment of the quality of digital publications
based on the use of fuzzy logic methods is proposed. The quality of a digital publication
is considered as an integral characteristic that reflects compliance with informational,
structural, visual, technical, ergonomic, and multimedia requirements. A mathematical
model for quality assessment is developed, which includes the normalization of partial
indicators, their interpretation as fuzzy variables, the construction of a fuzzy rule base,
and the implementation of fuzzification, aggregation, accumulation, and defuzzification
procedures using the Mamdani inference algorithm. The developed approach can
serve as a foundation for intelligent systems for auto-mated analysis, comparative
evaluation, and improvement recommendations for digital publications. Further
research is aimed at integrating machine learning and computer vision methods to
automatically adjust the parameters of the fuzzy model and enhance the objectivity of
quality assessment.
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Problem statement. The assessment of the quality of a digital publication is
neces-sary to increase the informative value, ease of use and competitiveness of digital
publica-tions, as well as to develop and implement intelligent systems for automated
analysis of multimedia content [1]. The process of evaluating a publication is a necessary
stage of its design, implementation and further operation, since it provides an objective
determination of the level of compliance of the publication with functional, informational
and user re-quirements. In modern conditions of rapid growth in the volume of digital
content, the issue of quality becomes particularly relevant, because a high-quality digital
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publication in itself determines the effectiveness of communication between the author
and the user [2].

First, quality assessment allows you to identify shortcomings in the structure, con-
tent, and visual design of a digital publication. Analysis of the logical organization of
the material, readability, design consistency, and technical stability allows you to timely
correct errors, increase the convenience of navigation, and improve the user’s perception
of information.

Secondly, quality assessment is a tool for ensuring that a digital publication meets
established standards and requirements. This applies to both educational and scientific
resources and commercial multimedia products, for which the correct presentation of
information, accessibility on different devices, and compliance with digital publishing
requirements are important.

Third, systematic quality assessment creates a basis for comparative analysis of digi-
tal publications. Integral quality indicators allow for ranking, reasonably choosing the
most effective solutions, and making management decisions regarding the modernization
or replacement of digital products.

Fourth, quality assessment is important for automating content control and recom-
mendation processes. Combined with artificial intelligence methods, it makes it possible
to build intelligent systems that automatically analyze digital publications, predict their
level of user perception, and generate recommendations for improving their structure
and design.

Finally, from a scientific point of view, the assessment of the quality of digital publi-
cations is the basis for studying the effectiveness of computer vision and fuzzy logic
methods. It allows you to formalize subjective quality criteria, reduce the influence of
the human factor and increase the reproducibility of research results. The use of fuzzy
logic methods is appropriate, since many quality indicators are subjective, linguistic or
vaguely formalized in nature.

Analysis of recent research and publications. The assessment of the quality of
printed products is well developed in publications [3-5]. But digital publications have
significant differences from printed products, therefore [1, 2, 6] provides criteria for as-
sessing the quality of this type of publication. Fuzzy logic is widely used to assess the
quality of objects and processes of various natures [7-12]. The application of fuzzy logic
methods to assess the quality of digital publications is considered in [13, 14]. At the
same time, insufficient attention is paid to the factors that should be taken into account
in a comprehensive quality indicator.

Purpose of the article is focused on the formalized representation of the relation-
ships between the factors influencing the quality of digital publications through the use
of fuzzy logic mechanisms, which serves as a prerequisite for the synthesis of an integral
quality assessment model that determines the priority influence of content, structural, visual,
technical, ergonomic, and multimedia factors on the overall quality of a digital publication.

Presentation of the main research material. The quality of a digital publication
is an integral characteristic that reflects the degree of compliance of a digital publication
with informational, functional, technical and user requirements, taking into account the
conditions of its perception, use and distribution in the digital environment.
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From a scientific and applied point of view, the quality of a digital publication is de-
termined by its ability to effectively transmit information, provide convenient interaction
with the user, and function stably on various software and hardware platforms.

An integral assessment of the quality of a digital publication includes the following

key aspects (fig. 1):
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1) content quality, which characterizes the completeness, reliability, relevance and
logical consistency of the information content. High content quality ensures that the ma-
terial corresponds to the target audience and the purpose of the publication;

2) structural quality, reflecting the organization of the material, the presence of a
clear hierarchy of sections, convenient navigation, and logical connection between con-
tent elements;

3) visual quality, which is determined by readability, harmony of design, correct use
of colors, fonts and graphic elements. It directly affects the perception of information
and the comfort of using the publication;

4) technical quality, which includes stability of operation, loading speed, correct
display of content on different devices and in different browsers, as well as compliance
with digital publishing formats and standards;

5) ergonomics and user experience, which characterize the convenience of interac-
tion with the interface, the accessibility of control elements, and the adaptability of the
publication to user needs.

6) the level of multimedia and interactivity, which determines the appropriateness
and quality of using images, videos, animations, hyperlinks and interactive elements.

It is advisable to assess the quality of a digital publication using fuzzy logic, since
the category of “quality” itself is complex, multidimensional, and predominantly sub-
jective in nature and cannot be adequately described only by rigid, deterministic rules,
since most indicators of the quality of a digital publication do not have clear boundar-
ies. Characteristics such as “convenient navigation”, “high readability”, “harmonious
design” or “sufficient level of multimedia” cannot be unambiguously attributed to the
states of “good” or “bad”. Fuzzy logic allows us to describe these properties in the form
of linguistic variables (“low”, “medium”, “high quality”) and take into account smooth
transitions between them. On the other hand, indicators of the quality of a digital pub-
lication are often heterogeneous (non-uniform): some of them have a quantitative form
(loading speed, number of multimedia elements), and some of them are qualitative (aes-
thetics of design, ease of navigation).

In addition, the assessment of the quality of digital publications is largely based on
expert judgments, which are fuzzy in nature. Fuzzy logic allows us to formalize expert
knowledge in the form of IF-THEN rules, while maintaining the interpretability of the
model and the transparency of the decision-making process.

The fuzzy inference system consists of the following stages (Fig. 2):

1. Formation of a database of fuzzy logical rules that reflect expert knowledge
about the properties of the object under study. A fuzzy rule is a formalized description of
cause-and-effect relationships and has the form:

R:"IF xe A,THEN ye B"| ()
where the statement x € 4 is a prerequisite of the rule and describes the membership

of the input variable in a certain fuzzy set, and y € B — the conclusion of the rule that
determines the fuzzy characteristic of the output variable.
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Fig. 2. Block diagram of the fuzzy logic inference system

2. Fuzzification of input variables, i.e., the transformation of clear values of input
variables into their fuzzy representation. At this stage, a correspondence is established
between a specific numerical value of the input variable and the degrees of its mem-
bership in the terms of the corresponding linguistic variable by using membership
functions.

3. Aggregation of subconditions in fuzzy rules — if the premise of a fuzzy rule con-
tains several subconditions, they are combined using fuzzy logic logical operations (for
example, conjunction operations). As a result, the overall degree of truth of the condition
of each rule is determined. Only active rules for which the degree of truth of the premise
is greater than zero are taken into account for further processing.

4. Activation of sub-conclusions of fuzzy rules — the degree of truth of the conclu-
sions of active fuzzy rules is determined. This is achieved by applying activation meth-
ods, in particular, minimum cutoff or scalar multiplication, which allow to match the
degree of truth of the conclusion with the degree of activation of the rule’s precondition.

5. Accumulation of fuzzy rule outputs, which consists in combining fuzzy sets
corresponding to the outputs of all active rules into a single resulting fuzzy set for each
output variable. Typically, this is done using the maximum operation, which allows
taking into account the contribution of each rule to the formation of the final result.

6. Defuzzification of the output variables, which involves transforming the re-
sulting fuzzy set into a clear numerical value of the output variable. The most com-
mon defuzzification methods are the center of gravity (center of area) method, which
provides an integral estimate taking into account the entire form of the aggregated
fuzzy set.

So, let’s formalize the task of evaluating a digital publication as follows:

Let the digital publication be considered as a complex information object consisting
of a set of pages, visual and structural elements. Let us define it as a set

E={B,P,..P}, @)

where B, — k -the page or screen representation of the publication, N — total number
of pages.
A vector of partial quality indicators is formed for each page

X = (X Xpges X ) o 3)



118 [TOJIITPA®IS I BUABHIMYA CITPABA / PRINTING AND PUBLISHING * 2026 / 1 (91)

where x,, — value 7 -th quality indicator (content, structural, visual, technical, ergonom-
ic, etc.), obtained on the basis of automated analysis or expert assessment. All indicators

are pre-normalized: X, € [0,1], i=1,..,m.
The aggregate vector of quality indicators of a digital publication is defined as the
aggregated score across all pages:

L (4)
X=—>Xx
N,Zf ‘
Each indicator x, interpreted as a fuzzy variable
£ =(X.T.u), (5)

where X, =[0,100] — universe i-th quality indicator, 7, = {til,tl.z,. t } — a set of lin-

~olip

guistic terms, 4, : X, —[0,100] — membership functions.
The overall quality of a digital publication is described by a fuzzy variable

0=(0.T,.1,) (6)
where Q=[O,100] — the wuniverse of integrated quality assessment,
T, = {low, medium, high} — linguistic levels of general quality, u, — corresponding
membership functions.

According to fuzzy set theory, the relationship between partial indicators and the
integral quality assessment is given by a fuzzy rule base of the form

R, :IFx €t Ax, €L, A AX, EL, (7)

where k =1,...,K —rule number.
Fuzzy inference is performed using the Mamdani algorithm [12]. The activation
degree of the kth rule is defined as

@, = min My, (xi)7 (8)

i=l,..,n

and the resulting membership function for the output variable is formed according to the
aggregation rule

ty(q) =k{r}a>§{min(ak,ugk (). 9)

,,,,,,

To obtain a clear numerical value of the integral quality of a digital publication,
defuzzification is performed, for example, using the center of gravity method:

. :IQﬂ;(q)dq (105
[ #5(q)dq
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The Harrington desirability scale (table 1) [15] can be applied to the obtained value
for better interpretation of the evaluation results.

Table 1
Correspondence of standard values on the desirability scale to quality scores
Value of the desirability function Quality assessment
1.00-0.80 Very good
0.80-0.63 Fine
0.63-0.37 Satisfactory
0.37-0.20 Poor
0.20-0.00 Very bad

Membership functions will be defined in the classes of triangular and trapezoidal
functions, since they are the most common in expert assessment tasks. These functions
have a simple mathematical form, are easily interpreted and allow us to clearly specify
the areas of confidence and uncertainty between quality levels. For the quality criteria
of digital publications, which do not have sharp boundaries between the states “low”,
“medium” and “high”, such functions are most adequate.

Trapezoidal functions were used for extreme linguistic terms (“low” and “high” qual-
ity), since they reflect a situation where a certain interval of values is unambiguously inter-
preted by experts as a clearly low or clearly high level of quality. For example, very slow
loading or, conversely, stable and fast operation of the publication almost does not raise
doubts in the classification, so the degree of membership in these intervals is equal to one.

Triangular functions were applied to the term “medium quality” because it is tran-
sitional and the most uncertain. The maximum of the function corresponds to the typical
or “representative” value of the indicator, while the edges of the triangle reflect a gradual
decrease in confidence in belonging to the medium level.

The overlap of the membership functions was set deliberately. It reflects the real
situation when the same indicator value can simultaneously partially belong, for exam-
ple, to “medium” and “high” quality. It is this overlap that ensures the smoothness of the
fuzzy inference and prevents sharp jumps in the integral estimate.

The parameters of the membership functions were selected taking into account
the normalized rating scale and typical expert opinions. The centers of the triangular
functions correspond to the medium values of the indicators, and the boundaries of the
trapezoids correspond to the threshold values at which the quality is unambiguously
perceived as low or high.

We will announce the following quality indicators: x, — content quality; x, — visual
quality; x, — structural quality; x, — technical quality; x, —ergonomics; x, — multimedia.
For each quality indicator, the values range from 0 to 100, i.e. we will use a pre-nor-

malized scale: x, € [0, 100], i=1..n.

For each quality indicator, we will introduce linguistic terms: 7" = {low, medium, high} .
We will create the membership function of the term “low quality” in the class of
trapezoidal membership functions:
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1, 0<x<20,
(1) =] S, 20 < x <80, (1)
0, x > 80.

We will create the membership function of the term “medium quality” in the class
of triangular functions
0, 0<x<20

*=20 Hh<x <50,
30

Iumedium (x) = _ (12)
80X 50<x <80,

0, x 2 80.

We will create the membership function of the term “high quality” as for the term
“low quality” in the class of trapezoidal membership functions:

0, 0<x<20,
,Uhigh(x)z X—20’20<x<80, (13)
1, x > 80.

We will use the same membership functions for all quality components. For ex-
ample, consider the form of membership functions for the linguistic variable “visual
quality” (Fig. 3.)

Visual quality

Membership
o
IS

0.2 1

0.0

0 20 40 60 80 100
Values

Fig. 3. Membership functions of the terms “low”, “high”, “medium”
of the indicator “visual quality”
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For the term “low quality”, the membership function has the form:
30—x

,0<x <30, 14
:ulow (x): ( )
0, x=>30.

We will create the membership function of the term “medium quality” in the class
of triangular functions.

/umedium (X) = _ (15)
80-x 50« x<80,

0, x 2 80.

The term “high quality” has the following membership function:
0, 0<x<70,

:uhigh(x)z x—70’ 70 < x <100. (16)
30

The appearance of the membership functions of the terms of the variable “integral
quality” is given in Fig. 4.

The next step is to create a fuzzy rule base. The fuzzy rule base is formed taking
into account the priority of the quality criteria of the digital publication (table 2). Critical
values of content, technical, structural, visual quality, ergonomics and multimedia lead
to a decrease in the integral assessment regardless of other indicators, which corresponds
to the expert logic of evaluating digital publications.

Integral assessment

1.0 1

0.8 /\
o
ﬁ 0.6 — low
é —— medium
S04 —— high
=

0.2

0.0 -

80 100
Values

2

Fig. 4. Membership functions of the terms “low”, “high”, “medium
of the indicator “integral quality”
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Let us consider only the “critical” rules, because in systems it is not necessary to
have a rule for each possible combination, because each rule is activated partially, and
the result is formed as an aggregation of all activated rules.

Formal rule R, can be written as

IF x, € high A x, € high A x, € high A x, € high A (17)
x5 € high A x, € high, THEN Q € high,

where A — a fuzzy conjunction implemented using t-norms and used to combine multi-
ple fuzzy conditions in fuzzy inference rules.

Table 2
Fuzzy rules

No. X, X, X, X, X X, 0
R, |high any any any any any any
R, |any high any any any any any
R, |any any high any any any any
R, |any any any high any any any
R, |any any any any high any any
R, |any any any any any high any
R, |any any any any any any high
R, |low any any any any any any
R, |any low any any any any any
R, |any any low any any any any
R, |any any any low any any any
R, |any any any any low any any
R,, |any any any any any low any
R,, |any any any any any any low

The most common t-norm is the minimum operator, which interprets the truth of a
conjunction as the minimum degree of membership among all conditions:

AnB=min(p,, ). (18)

Thus, the degree of activation of the rule is calculated as a minimum among the
membership functions

o =min (g, gl g ). (19)
and aggregation of rules as

4y (q)zm?xmin(ak,,ugk (q)) (20)

The final stage of fuzzy logic inference is defuzzification — aggregated fuzzy set trans-

formation process Q into a clear scalar value Q*.
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The proposed evaluation system uses the center of gravity method (centroid meth-
od) (10), because it: takes into account the entire form of the aggregated set provides
smooth and stable estimation is the most common in quality problems.

For our case, we will use the approximate formula for calculating the centroid

o~ 28 #o(4) 1)
2 Ho(4,)

Experiment. Suppose that when evaluating a digital publication, experts assessed
individual components of the integral assessment as shown in table 3.

Table 3
The meaning of the components of an integrated quality assessment
Definition Variable Value
Content quality X, 92
Visual quality X, 80
Structural quality X, 75
Technical quality X, 90
Ergonomics X; 71
Multimedia richness X 70

6

The application of the above methodology was implemented using the Python pro-
gramming language with the skfuzzy, numpy, and matplotlib libraries.

For the input variables given in Table 3, the integral score value Q=72.16 was ob-
tained (Fig. 5). Using the Harrington desirability scale (Table 1) to obtain a verbal score,
it can be concluded that the evaluated digital publication has fine overall quality.

1.0

0.8

Membership
o
o

1

e
S
1

0.2 4
— low
—— medium
— high
0.0 T T T 1
0 40 60 80 100
quality

Fig. 5. Aggregated fuzzy set of the output variable and the result of defuzzification
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Conclusions: The task of comprehensive assessment of the quality of digital pub-
lications is considered as a problem that combines quantitative and qualitative charac-
teristics. It is shown that traditional deterministic approaches do not provide adequate
consideration of subjective factors inherent in such concepts as usability, readability,
design aesthetics, and the level of multimedia.

An approach to assessing the quality of a digital publication is proposed based on
the fuzzy logic apparatus and the Mamdani algorithm, which allows for the formaliza-
tion of expert knowledge in the form of linguistic variables and a base of fuzzy rules of
the “IF-THEN” type. The research identifies key components of an integrated quality
assessment, namely, content, structural, visual, technical quality, ergonomics, and the
level of multimedia, which provides a comprehensive analysis of a digital publication.

A mathematical evaluation model has been developed, which includes the normal-
ization of partial indicators, their interpretation as fuzzy variables, the formation of a rule
base and the procedures of fuzzification, aggregation, accumulation and defuzzification.
The choice of triangular and trapezoidal membership functions, which adequately reflect
expert ideas about smooth transitions between quality levels and ensure the stability of
fuzzy inference results, has been justified.

The formed base of fuzzy rules takes into account the priority of individual quality
criteria and allows to correctly respond to critical values of individual indicators, which
corresponds to the real practice of expert evaluation of digital publications. It is shown
that for the effective operation of the fuzzy system it is not necessary to completely
search through all possible combinations of conditions, since the result is formed as an
aggregated contribution of partially activated rules.

The practical applicability of the proposed approach is confirmed by an experimental ex-
ample implemented using the Python programming language using the skfuzzy, numpy, and
matplotlib libraries. The obtained value of the integral quality assessment and its interpreta-
tion using the Harrington desirability scale demonstrate the clarity of the proposed method.

The proposed model of fuzzy quality assessment of digital publications can be used as a
basis for building intelligent systems for automated analysis of digital content, comparative
evaluation of digital publications and formation of recommendations for their improvement.
Further research should be directed towards the integration of machine learning and comput-
er vision methods for automatic adjustment of the parameters of the fuzzy model.
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(yughposux) euoanv Ha OCHOBI 3ACMOCYS8AHHL MemoOdié Heuimkoi no2iku. Axmyans-
HiCMb Q0CTIONCEHHS 3YMOBIEHA CMPIMKUM 3POCAHHAM 00CA2I8 YUPPOB8020 KOHMEH-
my ma HeoOXIOHICMIO BUKOPUCMAHHS 00 EKMUBHUX, (YOPMATIZ08AHUX THCMPYMEHMIE
07151 OYIHIOBAHHSA AKOCMI BUOANb 13 YPAXYBAHHAM CVO EKMUGHUX YUHHUKIG, MAKUX 5K
3pYUHICMb GUKOPUCMANHS, YUMAOENbHICMb, eCmemuKa Ou3aty ma pigeHs MYyabmu-
mediunoi inmeepayii. Ilokazano, wo mpaouyiini 0emepminO8aHi Memoou OYiHIOBAH-
Hsl € HeOOCTNAMHIMU 01 A0EeK8AMHO20 ONUCY 3A3HAYEHUX XAPAKMEPUCTUK Yepe3 ixX
JiHegicmuyny ma crabrogopmanizosany npupoody. Axicms enexmponnozo 6uoaHmus
PO32T10AEMbCS SIK [HMeZPANIbHA XAPAKMEPUCMUKA, WO 8i000padicae 8iON0GIOHICMb
iHopmayiiinum, CMPYKMYPHUM, GI3VATbHUM, MEXHIYHUM, ePSOHOMIYHUM Md MYTbMU-
MeOItHUM UMO2AM.

Po3spobneno mamemamuuny Mooens OYiHIO8aHHs AKOCMI, KA nepe0daiac Hopmai-
3aYir YACMKOBUX NOKA3HUKIB, IX IHMepnpemayiio K HewimKux 3MiHHUX, n00y008y basu
HeuimKux npasui, a maxodic peanizayiro npoyedyp gaszupikayii, acpeeayii, axymyis-
yii’ ma degpazughikayii 3 GUKOPUCMAHHAM AJI2OPUMMY HeUimKo2o eusedents Mamoani.
OOTpyHMOBAHO OOYINLHICMb GUKOPUCMAHHS MPUKYMHUX | MPAneyienodionux yHkyii
HAneAHCHOCmI 071 8I000PAICEHHS NAAGHUX Nepex00ié MIdC PIGHAMU SKOCMI. 3anpono-
HoBaHa 0a3a HeYimKUx Npasul 6paxo8ye NPIOPUMemHiCmsb i KpUMUYHICIb OKPeMUx
Kpumepiie saxocmi, 3a6e3neyyiodu a0ek8ammuy peaxyito Ha HU3bKi 3HAYeHHs KII0YOBUX
NOKA3HUKIB HE3ANIEHCHO 810 THULUX NAPAMEMPIE.

Hpaxmuuny 3acmocognicms nioxo0y npooemMoHCmMpOBAHO HA eKCHEPUMEHMATbHO-
MY NPUKIAoi, peanizo8aHomy MO8OK npozpamyearts Python i3 euxopucmanmnsm 6ioni-
omex skfuzzy, numpy ma matplotlib. Ompumane 3nauenns inmeeparbHoi OYIHKU AKOCTI
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iHmepnpemosaro 3a wKanow baxcarnocmi I appinemona, wo niomeepod’cye HAOUHICMb
ma IHmMepnpemosanicims pe3yabmamie OYiHIOGAHHA.

Pospobnenuii nioxio mosce 6ymu suxopucmanuti 5K 0CHO8a 0Jis N0OYO08U iHmMe-
JIeKMYAIbHUX CUCeM A8MOMAMU306AHO20 AHANIZY, NOPIEHANbHO20 OUIHIOBAHHA M
dopmysanna pexomenoayiti w000 B0O0CKOHANICHHS eleKMPOHHUX udans. [lodanvuui
00Cai0JHCeHHs 6YOYMb CAPAMYBAMU HA IHMe2payito Memooie MAuUHHO20 HAGYAHHS Md
KOMN T0MepHO20 30py OJisl A8MOMAMUYHO20 HANAWMYBAHNS NAPAMEMpPI6 HewimKoi Mo-
Oeii ma nidsuuents 00 EKMUBHOCMI OYIHIOBAHHS SIKOCMI.

Kntouoei cnoea: enekmponui 8U0anHs, OYIHIOBAHHA AKOCMI, HEUIMKa 102iKd, Cu-
cmema Hewimkozo eusedenHs, aneopumm Mamoani, inmeepanrbHuil NOKAZHUK SKOCHI,
JUH2GICMUYHT 3MIHHI, (DYHKYIL NPUHANLENHCHOCMI, MYTbMUMEOTUHUL KOHMeHM, [HmeleK-
MyanvbHi CUCmeMmu.
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