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The article analyzes the factors that determine the quality of the stages of the book
layout process within the structure of prepress preparation. Layout is considered as a
multilevel technological system within which the functional, compositional, and aesthetic
integrity of a publication is formed, taking into account the multifactorial nature and
structural interdependence of parameters.

The study covers two key stages: the design of the initial publication parameters and
the typographic—compositional organization of the layout page. To determine the relative
weight of factors, the Analytic Hierarchy Process (AHP) was applied with a consistency
check of expert judgments (CR < 0.1). To objectify the distribution of influence, the
standardized Z-score method was used, enabling a transition to a metrically interpreted
dominance scale and the classification of factors by priority levels.

The results demonstrate an asymmetric structure of influence distribution: at the
design stage, a limited set of strategically significant factors was identified, whereas
at the typographic—compositional organization stage, a group of dominants forming
the artistic and technical quality of the layout was determined. It was established
that the concentration of significance within a limited number of parameters creates
preconditions for optimizing quality management by focusing resources on critically
important variables.

The quantitative interpretation of the results enables the integration of the ob-
tained weight coefficients into multilevel hierarchical evaluation models and the fur-
ther formation of an integral indicator of layout quality. This opens prospects for the
use of adaptive decision-making tools, particularly fuzzy logic models, to predict the
impact of structural changes on the overall quality level of a book publication. The
practical significance of the study lies in the possibility of applying the proposed me-
thodology in real editorial and publishing processes to enhance the validity of design
decisions.
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The proposed approach increases the objectivity of multicriteria analysis, ensu-
res formalized ranking of structurally interrelated factors, and can be used to const-
ruct integral quality indicators and further model the layout process using fuzzy logic
tools.

Keywords: book layout; publication quality; prepress preparation; design of ini-
tial parameters, typographic—compositional organization, layout page; structural inte-
raction of factors; Analytic Hierarchy Process (AHP), Z-score; standardization; multi-
criteria analysis, integral indicator; hierarchical model; fuzzy logic.

Problem Statement. Within the system of contemporary prepress preparation, the
process of book layout constitutes one of the most critical stages, as it is at this level
that the compositional structure of the page is formed, the coherence of textual and
illustrative elements is ensured, and the integrity of the artistic and technical design
is achieved. The quality of layout decisions directly affects the functional, aesthetic,
and ergonomic characteristics of a publication. At the same time, this process is cha-
racterized by multifactorial complexity, structural interdependence of parameters, and
varying intensity of their influence on the final outcome, which complicates the objective
identification of dominant factors.

In practice, the ranking of factors is predominantly carried out on the basis of expert
judgments or simplified approaches that do not provide sufficient statistical validity or
metric interpretability of the obtained results. Under conditions of a dense distribution
of weights, this leads to uncertainty in identifying strategically significant parameters
and complicates the construction of integral quality indicators and predictive models
for managing the layout process. Accordingly, there is a need to develop a formalized
methodological approach to identifying factors with priority influence on the quality
of layout stages through the application of multicriteria analysis tools and statistical
standardization.

Analysis of Recent Research and Publications. In contemporary studies on
multicriteria analysis, considerable attention is given to the formalized determination of
criteria weights, particularly through the Analytic Hierarchy Process (AHP) proposed
by T. Saaty. The method is widely used in engineering, quality management, and risk
management. In applied research, Chang employed AHP to align criteria for innovative
development; Sayed and co-authors integrated it with optimization methods to select
technical solutions; and Vitrano applied it to risk management tasks and supplier se-
lection. This confirms the versatility of AHP as a tool for structuring complex problems
and establishing factor priorities.

At the same time, applied statistics widely uses the Z-score method to standardize
heterogeneous indicators and to construct composite indices. Andrade described the
methodology for calculating and interpreting standardized scores, while Zhang applied
Z-scores to integrate a set of indicators into comprehensive assessments. Modern re-
search increasingly combines AHP with subsequent weight standardization, enabling a
transition to a metrically interpretable dominance scale and providing a foundation for
analyzing factor priority in complex systems, including the book layout process.
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Purpose of the Article. The purpose of this article is to develop and substantiate a
methodological approach to identifying factors with priority influence on the quality of
the stages of the book layout process, based on the integration of the Analytic Hierarchy
Process and statistical standardization using the Z-score method. The approach the
identification of relevant factors for the stages of designing the initial publication
parameters and the typographic—compositional organization of the layout page, the
determination of their weight coefficients with a consistency check of expert judgments,
and their subsequent classification according to priority levels.

Presentation of the Main Research Material. Within the structure of contemporary
publication preparation technologies, particularly at the prepress stage, the page layout
process occupies one of the key positions in terms of complexity and responsibility. The
quality of the final book product largely depends on the correctness and consistency
of layout decisions. Layout is among the most technologically intensive stages of
publication preparation, since compliance with established typographic and technical
requirements ensures stylistic unity, compositional coherence, and the integrity of the
artistic concept—both at the level of an individual page or spread and across the publi-
cation as a whole [1].

In the context of this study, it is advisable to focus on two functionally interrelated
components of the layout process: the stage of designing the initial publication parameters
and the stage of typographic—compositional organization of the layout page.

The quality assurance system of the book layout process is characterized by
multifactorial complexity, structural interdependence of parameters, and heterogeneity
in the degree of their influence on the final outcome. At the stages of designing the initial
publication parameters and organizing the typographic—compositional structure of the
layout page, the foundations of the functional, aesthetic, and ergonomic quality of the
layout are established. In this regard, the key objective of the research is to identify
factors with priority influence and to formalize their weight characteristics.

An analysis of contemporary research in the field of printing and visual com-
munications indicates that factor ranking is traditionally performed using the Pareto
principle or expert-based ordering without subsequent mathematical verification [2—4].
However, when a significant number of factors have close weight values and form a dense
distribution interval, the application of the 80/20 rule does not allow for the accurate
identification of dominant variables. This necessitates a transition to a statistically groun-
ded standardization procedure.

To objectify the distribution of weights, the Z-score (standardized score) method
was applied, which is widely used in multicriteria analysis to determine the degree of
deviation of an individual parameter from the sample mean [5, 6].

The Z-score method is a fundamental tool of mathematical statistics employed to
transform heterogeneous numerical data into a unified dimensionless scale within mul-
ticriteria analysis frameworks [7]. Its primary purpose is to quantify the deviation of a
specific value from the average level of the sample, taking into account data variability.

The essence of the method lies in transforming each empirical value into an in-
dicator that reflects the number of standard deviations by which it differs from the
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arithmetic mean. Thus, the Z-score not only indicates whether a value is above or below
the mean, but also enables a quantitative assessment of the magnitude of this deviation
in standardized units [8].
Formally, the standardized score is defined as:
7 XizH

2

c
ne Xi — the empirical value of the i-th indicator; pL — the arithmetic mean of the sample;
o — the standard deviation of the sample.

Such an approach enables the transition from relative ranking to a metrically measu-
rable dominance scale, which constitutes a necessary stage in the construction of integral
indicators [9].

The initial numerical values of the factors were obtained through a procedure for
determining their relative priority using the Analytic Hierarchy Process (AHP) [10]. At
the first stage, a set of factors characterizing the design stage of the initial publication
parameters was formed (content and technological organization, reader interest, type
of publication, reader age group, publication volume, and layout design option).
Subsequently, expert pairwise comparisons were conducted to establish the intensity
of preference of each factor over the others, after which a reciprocal comparison matrix
was constructed.

Table 1
Matrix representation of the comparative significance of factors
in designing the initial publication parameters

T, T, T, T, T, T,
T, 1 3 4 5 6 7
T, 1/3 1 2 3 4 5
T, 1/4 172 1 2 3 4
T, 1/5 1/3 172 1 2 3
T, 1/6 1/4 1/3 1/2 1 2
T, 1/7 1/5 1/4 1/3 12 1

Based on the calculation of the principal eigenvector of the matrix and its nor-
malization, a vector of weight coefficients was obtained, reflecting the relative signifi-
cance of each factor. To ensure the convenience of further statistical processing, the nor-
malized weights were proportionally scaled without altering their relative structure. The
consistency check of expert judgments demonstrated an acceptable level of reliability
(CR <0.1), which complies with the requirements of the AHP methodology [11].

The principal eigenvector of the matrix is represented as follows:

t=1(3,689;2,221; 1,201; 0,765; 0,490; 0,325).

Normalization of the components is performed according to the formula:
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L

T
As a result, a local weight vector was obtained,:
t.=(0,424; 0,255; 0,138; 0,088; 0,056; 0,037)
for which the following condition holds:

6
D, =1

For further integration into the hielr;rchical model, the values were proportionally
scaled by a coefficient £:
1) = (424;255;138;88;56;37).
The maximum eigenvalue of the matrix is:

Aax = 6,18.
The Uniformity Index (U]) is calculated using the following formula:
A —n
IU — max
n—1
forn==6
1U=0,036.

The obtained value satisfies the normative admissibility condition, indicating an
acceptable level of internal consistency of expert judgments. The consistency ratio
equals 0.029, which does not exceed the threshold value of 0.1.

Taking these results into account, a discretized priority vector was formed:

7,"") =(40,10,30,20,20,10).

The aggregation of the normalized and discretized values is presented in generalized

form.

Table 2
Variants of weight values of factors for designing
the initial publication parameters
i 1 2 3 4 5 6
t 0,424 0,255 0,138 0,088 0,056 0,037
¢ 424 255 138 88 56 37

As a result, an empirical set of quantitative indicators was formed, reflecting the
integral significance of the factors at the studied stage and used for the subsequent
standardization procedure.

For the stage of designing the initial publication parameters, the empirical sample
is represented as follows:

X = {424,255, 138, 88, 56, 37}.
Let us calculate the arithmetic mean value for the given sample:

1 n
u n; i,
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ne M —the arithmetic mean of the distribution; X7 — the empirical value of the i-th factor;
n — the number of factors in the sample;
For our sample of factors, the arithmetic mean is calculated as: £ = 998/6=166,33.
The standard deviation O is determined by the formula:

o= /%Zn:(Xi—y)z.

For our sample of factors O = 135,5.
Table 3 presents the calculated values and priority levels of the factors at the stage
of designing the initial publication parameters.

Table 3
Calculated Z-score Values and Priority Levels of Factors
Factor X—p Z-score Priority Level
1 +257,67 +1,90 High
2 +88,67 +0,65 Medium
3 —28,33 -0,21 Low
4 —78,33 —0,58 Low
5 —110,33 —-0,81 Low
6 —129,33 —0,95 Low

The obtained Z-score values demonstrate a markedly asymmetric distribution struc-
ture: one factor has a value of Z= 1,90 (pronounced dominance), the second — Z = 0,65
(moderate influence), while the remaining factors have negative values, indicating their
secondary role.

_ 1 2 - .
05

Factors

Fig. 1. Z-score values of factors at the stage of designing initial publication parameters

The interpretation is carried out according to the following scale:
— Z> 1— high priority;
— 0<Z<1— medium priority;
— Z<0 — low priority.
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Thus, within the first subsystem, only two factors can be classified as strategically
significant for further modeling.

An analogous procedure was carried out for the stage of typographic—compositional
organization of the layout page. Based on the chopmoBanuii list of factors—page
format of the publication, layout page format, number of columns, implementation of
typographic design, processing of illustrative design, proportion of book page compo-
nents, text complexity group, illustration complexity group, text composition rules, text
placement rules, illustration placement rules, and layout modeling—a corresponding
pairwise comparison structure was developed for subsequent weight determination and
standardization.

Table 4
Matrix representation of the comparative significance of factors
in the typographic—compositional organization of the layout page
L1 Lz L3 L4 Ls LG L7 Ls L9 L10 L11 Lzz

L, 1 3 5 3 4 2 4 4 5 6 6 2
L, 1/3 1 3 2 3 1 3 3 4 5 5 2
L, 1/5 1/3 1 1 1 1/2 2 2 3 3 3 1
L, 1/3 1/2 1 1 2 1 2 2 2 3 3 1
L, 1/4 1/3 1 1/2 1 1 2 2 2 2 3 1
L, 1/2 1 2 1 1 1 2 2 2 3 3 1
L 1/4 1/3 1/2 1/2 1/2 1/2 1 2 2 2 2 1
L, 1/4 1/3 1/2 1/2 1/2 1/2 1/2 1 2 2 2 1
L, 1/5 1/4 1/3 1/2 1/2 1/2 1/2 1/2 1 2 2 1
L, 1/6 1/5 1/3 1/3 12 1/3 1/2 12 1/2 1 2 1
L, 1/6 1/5 1/3 1/3 1/3 1/3 1/2 12 1/2 1/2 1 1
L, 1/2 1/2 1 1 1 1 1 1 1 1 1 1

As a result of determining the principal eigenvector of the matrix, the following
vector was obtained:
[=(3,360;2,168;1,113;1,303;1,059;1,428;0,813;0,724;0,598;0,481;0,414;0,891).
Normalization of the components is performed according to the formula:

[,

1

L=
Zk:llk
which made it possible to form a vector of local weights:
[ =(0,232;0,149; 0,077; 0,090; 0,073; 0,099; 0,056; 0,050; 0,041;
0,034; 0,029; 0,062)
for which the following condition holds
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For the purpose of further use in comparative analysis, the weight values were
proportionally scaled by a coefficient £:

L") =(234;151;78;91,74;99;57;50;42;34;29;62).
The maximum eigenvalue of the matrix is:

Aax =12,565.
The consistency index is determined using the standard formula:
A —n
IU — max
n—1
forn=12
U =0,051.

The obtained indicator does not exceed the permissible normative threshold, which
indicates satisfactory internal consistency of expert judgments. The consistency ratio
equals 0.033, confirming the acceptability of the results.

Based on the normalized values, a discrete weight vector was formed:

L,") = (100;70;30;40;30;40;20; 20;20;20;10;30).

The comparison of the normalized and discretized representations is presented in

the summary table.

Table 5
Comparative characteristics of weight coefficients for factors
in the typographic—compositional organization of the layout page
i 1 2 3 4 5 6
I 0,232 0,149 0,077 0,090 0,073 0,099
L% 234 151 78 91 74 99
Continuation of table 5
Comparative characteristics of weight coefficients for factors
in the typographic—compositional organization of the layout page
i 7 8 9 10 11 12
[ 0,056 0,050 0,041 0,034 0,029 0,062
L% 57 50 42 34 29 62

For this stage:

H =999/12=83,25

O =53,17

If the stage of typographic—compositional organization of the layout page is analy-
zed, the corresponding priority values shown in Table 1.6 are obtained.
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Table 6
Calculated Z-score values and priority of factor influence at the stage
of typographic—compositional organization of the layout page

Factor X-u Z-score Priority Level
1 148,75 +2,79 High
2 65,75 +1,24 High
3 15,75 +0,3 Medium
4 6,75 +0,13 Medium
5 —6,25 -0,12 Low
6 -10,25 -0,19 Low
7 -21,25 -0,4 Low
8 -27,25 0,51 Low
9 —33,25 —-0,62 Low
10 —42,25 -0,8 Low
11 —42,25 -0,8 Low
12 —54,25 -1,02 Low

Thus, for the stage of typographic—compositional organization of the layout page,
the factors with values 232, 149, 99, and 90 are identified as key according to the Z-score
method and represent the most significant variables within the artistic and technical de-
sign stage.

L1}

- -
SRR LN |

.5

Factors

Fig. 2. Z-score values of factors at the stage
of typographic—compositional organization of the layout page

The priority factors identified at the two stages of the book layout process will
serve as the basis for constructing predictive models using fuzzy logic tools within a
multicriteria decision-making framework [12].
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Conclusions. As a result of the conducted research, a methodological approach
to identifying factors with priority influence on the quality of the stages of the book
layout process was developed and tested. The approach is based on the integration of
the Analytic Hierarchy Process and statistical standardization using the Z-score method.
The application of AHP made it possible to formalize the procedure for determining
factor weight coefficients and to ensure the consistency verification of expert judgments,
while the use of Z-score enabled the transition from relative ranking to a metrically
interpretable dominance scale and their classification according to priority levels.

It was established that the structure of factor influence at the studied stages has
a pronounced asymmetric character: at the stage of designing the initial publication
parameters, a limited set of strategically significant factors dominates, whereas at the
stage of typographic—compositional organization of the layout page, a group of key
parameters forming the artistic and technical quality of the layout was identified. The
obtained results create a foundation for constructing integral indicators of layout quality
and for further developing predictive models using fuzzy logic tools, thereby enhancing
the validity of managerial and design decisions in the publishing process.
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Y cmammi 30iticneno ananiz gaxmopis, wo eusHauarmy AKiCms emanie npoyecy
6EPCMAHHSA KHUJICKOBUX GUOAHb Y CIMPYKIYPI 000pYKapcbKoi niocomosku. Bepcmannsa
PO32NAHYMO AK 0a2amopieHedy MexXHON02IUHY CUCMEMY, V MeHCax AKoi opmyemvcs
yHKYIOHANbHA, KOMRO3UYITIHA MA eCMemu4Ha YLTICHICMb 8UOAHHS, 3 YPAXY8AHHAM Oa-
2amoghakmopHoCcmi ma cmpyKmypHOi 63A€MO3ANEHCHOCE NAPaAMEmpIe.

Hocniosicennsn oxonmoe 08a KAOUOBI emanu. NPOEKMYBAHHS BUXIOHUX napame-
mpie 8UOAHHA MA MUNOSPAPIUHO-KOMNOZUYINIHY OPeaHi3ayito noiocu CKiadauHs. J{us
BUBHAYEHHS BIOHOCHOI 8A20MOCTT (haKMOPI8 3ACMOCOBAHO MEMOO AHATMUYHOT IEPapXii
(AHP) 3 nepegipkoro y3eodacenocmi excnepmuux oyinox (CR < 0,1), a ons 06 ekmuegi-
3ayii po3noodiny 6naueie — mMemoo cmaHoapmu308aHux OYiHoK Z-score, Wo 00360u-
JI0 nepeumu 00 MEMPUYHO THMEPNPEMOBAHOT WKATU OOMIHYBAHH MA KAacugiKyeamu
Gaxmopu 3a pigHaMU NPIOPUMEMHOCTI.

Pesynomamu 3aceiouunu acumempuyny cmpykmypy po3nooiny eniueie: Ha emani
NPOEKMYBAHHS GUOKDEMILEHO 00MediceHe KOO CIMpame2ivio 3Ha4yuux axmopie, mooi
AK HA emani munoepagivHo-KoOMRO3UYitiHOI OpeaHizayii 6USHAYEHO 2pYyny OOMIHAHM,
Wo popmyoms Xy00dCHbO-MEXHIYHY AKICMb Makema. Bcmanogneno, wo xonyenmpayis
8A20MOCTI Y MeANCax 0OMedHCeHOl KibKOCMI napamempie cimeopioe nepeoymosu 0s on-
MUMI3ayii ynpaeiints AKicmo uisxom (OKYCY8aHHSA pecypCieé Ha KPUMUYHO 3HAYYUJUX
SMIHHUX.

Kinvkicha inmepnpemayis pe3yivmamis 3a0e3neyye Moxciugicms inmespayii om-
PUMAHUX 8a208UX KoeiyieHmie y bacamopisHesi iepapXiuti Mooeni OYiHIBAHHS Md No-
0anvbuio20 GOpmMysants iHmezpanrbHo20 NOKA3HUKa AKocmi eepcmanns. Lle ioxpusae
nepcnexmusU UKOPUCIMAHHS A0ANTNUGHUX THCIPYMEHMI8 NPUUHAMMA piuletb, 30Kpema
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Mooeneu Hewimkoi 102iKu, /i NPOSHO3YEAHHS NUGY CIPYKNTYPHUX 3MIH HA 3A2ANbHUL
pisens akocmi KHUNICK08020 sudanus. [lpaxmuyna 3uauywicms 00CHioNCen s NOA2A€ Y
MOHCIUBOCIT 3ACMOCY8ANHSA 3ANPONOHOBAHOT MEMOOUKU 8 PEANbHUX YMOBAX PEOaKyili-
HO-8UOABHUY020 Npoyecy OJis NIOBUWeHHS 0OTPYHMOBAHOCMI NPOEKMHUX PIlUeHb.

3anpononosanuii nioxio nioguwye 06 ekmMusHicms 6a2amoKpumepiaIbHO20 AHAi-
3y, 3abe3neuye popmanizosane pamdiCy8anHs CMpyKmypHo 63aEMON08 A3aHux hakmopia
i Modice Oymu suxopucmanuil 01 no6y008U IHMeSPAIbHUX NOKA3HUKIE AKOCMI ma no-
0anbULI020 MOOENIOBAHHS NPOYECY BEPCHIAHHS 3ACODAMU HEYIMKOT T02IKU.

Knrwouogi cnoea: eepcmanisn KHUICKOBUX 8UOAHL, AKICMb 8UOAHHS, 000PYKAPCHKA
ni020MOBKA, NPOEKMYBAHHS GUXIOHUX napamempis, munocpagiuno-KoMno3uyitiHa op-
2aHI3aYis; NOI0CA CKIAOAHHS, CIMPYKMYPHA 83A€EMO0I (hakmopie; Memoo anaiimuyHol
iepapxii (AHP); Z-score; cmandapmuzayis;, OaeamokpumepiaibHull AHaniz; inmezpaib-
HULL NOKA3HUK, IEPAPXIYHA MOOEIb, HeYimKa 102IKA.
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