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Abstract

Data visualization in infographics is a rather interesting and yet little-studied process that
requires comprehensive research. In the study, an analysis of the factors identified by an
expert survey and divided by importance, which affect the visualization of data in
infographics, is carried out. The analytic hierarchy process and the ranking method were used
for the research. These methods show good calculation results when studying processes in
which factors cannot be described using mathematical data. But, in the vast majority, the
results obtained by these two methods give different results. Therefore, to verify the precision
of the obtained results, the researchers recommend using the calculation of integral indicators
of the quality of the considered process based on fuzzy logic.

To calculate the integral quality indicators, it is required to establish a universal set of terms
of values of isolated linguistic variables. As a result, this solution lies in the description of
linguistic variables with the assignment of their designations, determination of recommended
limits of values of universal fuzzy sets, and linguistic terms for the comparative process,
construction, and calculation of functions belonging to linguistic variables.
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1. Introduction

It is a well-known fact that the key way of obtaining information about the world is through vision.
On average, this number is 90%. Perceived information allows to memorize information faster and,
accordingly, to increase labor productivity. Information presented in the form of pictures, diagrams,
or in any other presentation of infographics, is even better perceived and memorized. This is due to
the fact that the information presented in the form of infographics allows to better visualize certain
details and draw attention to specific information better than text.

Usually, data visualization covers large amounts of information and condenses it. Another purpose
of visualization is that it makes the perception of complex information more accessible and allows
you to create parities in the comparison of quantities.

A crucial task of visualization is its persuasiveness. Therefore, distortion of the presented
information should be avoided. Correctly presented information does not interfere with the perception
of details.

That is why, when creating a visualization, it is important to consider the effectiveness of the data
presented, what is worth sharing, and presenting it in a way that engages the user. The next step of
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this process is choosing the method of creating the visualization itself, which will convey specific
information. Therefore, the study of various visualization techniques today is quite an essential issue
and deserves the attention of researchers.

2. Related works

There is a sufficient number of publications and discussions regarding the research of data
visualization processes and the use of infographics in general in practice. This, in our opinion,
indicates that this topic is quite relevant.

Among the publications that reveal research on this topic, we would like to draw attention to the
following. One of the main ways of using infographics, especially for scientists and teachers, is in the
field of education. Among the publications that reveal research on this topic, we would like to draw
attention to the following. One of the main ways of using infographics, especially for scientists and
teachers, is in the field of education. It is necessary to provide the essential information concisely and
clearly so that in a short time, it is possible to present a maximum of information and it is
understandable for everyone. Thus, in study [1], the author considers the structure issue of the
presentation of information visualization elements. In this work, the author notes that the study of the
information visualization process is quite a significant topic for teachers, as they try to understand and
help students gain new knowledge with the help of modern literature and practices. The author
highlighted the following elements of visualization: text, images, data, and the interaction between
them, noting and exploring their impact on the audience.

In research [2], the authors reveal another field of data visualization — the military. The authors
indicate how it is necessary to correctly create a visualization of the required data so that they can be
quickly comprehended, perceived, and an accurate decision could be made. In this study, the most
modern data transmission methods, and the main tasks of visualization are considered. As a result of
the research, the authors proposed a concept demonstrator for visualizing collaborative effort
modeling.

Important research in the field of data visualization or information in general is the work of
authors [3], which focuses on the suitability of specific color combination types. The work
distinguishes seven types: harmonious colors, opposite colors, highly saturated colors, low saturated
colors, high-brightness, low-brightness colors, and disharmonious colors. Evaluation of these studies
focused on color visibility. Studies have shown that preference is still given to harmonious colors,
contradicting previous claims that disharmonious colors can be beneficial.

Another vital field of data visualization is management. The authors proposed options and
technology for processing the text array and visualization of it in the study [4With the help of the
proposed technology, it will be possible to highlight valuable information hidden in a dense abstract
form of text and transform it into simple and intuitive information. This, in turn, will enable managers
to quickly understand and make more valuable decisions. As the questionnaire regarding this
technology showed, the proposed technology facilitates quick and informative access to key
information, which will ultimately reduce the workload and time needed to realize the status of their
projects.

Cognitive forms of the human interaction process with visualization are considered in work [5].
The authors discovered when there is a cognitive understanding between the type of problem being
solved and the information, the task load index is lower, compared with the case when there is no
cognitive fit. The research data confirm the relevance of the study of the data visualization process
and its effectiveness. Also, the research data are crucial because they provide greater validity to
cognitive theory and assessment of cognitive load, as well as effort in general.

Every day, the amount of data that needs to be stored and processed increases. Accordingly, the
need for tools that can provide the correct visualization of data has increased, which, in turn, has led
to the development of various programming software for data visualization. But the use of these
software tools requires users to develop visualization from scratch. An alternative is to create
interactive visualization design environments. Interesting examples of such systems are NarVis [6],
TechSpectogram [7], and VisComposer [8]. These systems allow users to create a variety of
visualizations with the possibility of previewing and optimizing the data in real-time. In work [9], the



authors considered the issue of automated generation of visualization, tools, and documents of
recommendations for network graphs usage. This study is also important in terms of the challenges
and promising directions for further research in the field of automated infographics and visualization
recommendations.

In conclusion, it is important to note the study [10] of authors who consider the principles of
effective data visualization. The paper states that researchers do not always present information
correctly or use incorrect data visualization practices. The authors provide ten principles that serve to
improve data visualization, including technical aspects and, for example, the combination of colors.
All these principles and proposals are designed for the most effective presentation of specific data.

3. The methodology of using fuzzy logic in researching the process of data
visualization in infographics

With the help of previous research [11], using the analysis of expert judgments, we established a
certain list of factors that affect the process of data visualization in infographics. From this list, six of
the most significant in this process were chosen, namely: text (T), numerical data (ND), graphs and
charts (GC), flowcharts (FC), image (IM), and icons (IC). The next question that was considered in
this paper is how these factors influence each other. A dependency graph of the relationships between
factors was also constructed. In work [12], we investigated which factor is more important in the
process of data visualization. For this, the analytic hierarchy process was used. As a result of the
research, we obtained an optimized model of influencing factors in the data visualization process in
infographics. The factors were divided into 5 levels. From this model, we can conclude that the most
important factor in the data visualization process was the use of icons. Our next step was a study [13],
namely a comparison of different methods of determining the priority or importance of a specific
factor with others. A study of the priority of influencing factors in the data visualization process was
conducted using two methods analytic hierarchy process and the ranking method. As research has
shown — the ranking method appeared to be the best in this case. It showed the distribution of factors
in 6 priority levels. This method is more comprehensive since it takes into account indirect
dependencies that prefer one factor over another.

Since the data visualization process is described by factors that are difficult to represent in the
form of specific mathematical units, it is advisable to use fuzzy logic to clarify the accuracy of the
results. It became necessary to use a mathematical tool with the help of which ambiguous expert
statements would be translated into the language of clear mathematical formulas. As research shows,
the usage of fuzzy logic is a good solution as it provides an opportunity to operate the fuzzy input
data. In general, fuzzy logic uses linguistic variables with the help of explicit rules.

Fuzzification is the basis of the use of fuzzy logic. Its task is to transform the initial data into a set
that would correspond to the terms of the linguistic variable. These data can be described by one or
several terms. The degree of their correspondence to the term is given as the degree of membership on
a fuzzy set. As it follows from using the theory of fuzzy logic, fuzzification is the base for evaluating
the quality of the process under research. For calculations, fuzzy logical equations and a knowledge
base are used. The knowledge base is built according to expert data that are based on fuzzy linguistic
rules with the condition — "if-then." Accordingly, the operation that involves mapping the obtained
numerical results of the calculation is called defuzzification. Moreover, these numerical results may
have different units of measurement.

Fuzzy sets and linguistic variables are the basis of any fuzzy logic, which, in turn, are based on
membership functions constructed using a set of terms and linguistic terms of the factors under study.

The main values of a linguistic variable are words and phrases in natural or formal expression. Of
course, the data presented in the form of numbers is more precise than the data presented in words,
regarding with which the linguistic variable describes the phenomena approximately, because they are
complex and cannot be described in quantitative terms. It can be stated that the purpose of fuzzy logic
is the same as words or phrases in living language. When comparing linguistics and fuzzy variables, it
can be noted that linguistic variable are of a higher order. Linguistic variables include a number of
rules that make up the majority of the description of its structure, namely syntactic: can be set
grammatically; can specify an algorithmic procedure for calculating the meaning of the values.



Conducting calculations using the theory of fuzzy logic involves performing some operations
divided into certain stages and, accordingly, calculations presented below.

A. The model of forming an integral indicator of process quality

In order to better understand the complex process, the method of fuzzy logic is recommended to
divide into certain sub-processes, which could be better described [14]. The data visualization design
process in infographics, which is considered in the research, will be denoted by, for example, the
function G, which in turn can be divided into two subprocesses: the argument Q, which determines
the quality of the artistic presentation of information, and the argument V, which defines the technical
features quality of this process. The arguments of the functions are factors. In our calculations, these
are linguistic variables obtained and described in previous studies [12]. The values of the separated
functions form integral quality indicators, which are determined, in turn, by partial quality indicators
of linguistic variables, which are divided into groups according to their functional purpose.

Thus, using the theory of fuzzy logic, some function G determines the quality of data visualization
in infographics, meaning:

G =F;(QV). (1)
Accordingly, the arguments of this function can be described:
e argument Q, which determines the quality of the first subprocess:
Q = Fq(qll qz, q3)' (2)

where q; — linguistic variables of the argument Q.

e argument V, which determines the quality of the second subprocess:

V= E}(vll V2, US)' (3)
where v; — linguistic variables of the argument V.

For further research, we need to establish a universal set of terms of values of separated linguistic
variables, so it, in turn, corresponds to the limits of the existence of linguistic variables. As a result,
this solution is in the form of a table with linguistic variables, specifying their designations, and
determining the recommended limits of values of universal sets of terms and linguistic terms for the
comparative research process of data visualization in infographics.

Based on the data obtained by this method, we can start building a multi-level model for the
formation of integral process quality indicators.

The use of a multi-level model of fuzzy logical derivation contributes to the consistent
establishment of a forecast of the implementation quality of the publication structuring process by
accumulating knowledge from the lowest to the highest of its levels.

B. Construction and calculation of membership functions of linguistic variables

The next stage of solving the given task according to the theory of fuzzy logic is the construction
and calculation of the membership functions of linguistic variables [15]. The membership function is
the main characteristic of the formation level of the process quality, which in turn is given by
linguistic terms, such as N and G.

In the calculations, it is assumed that the original database is a universal fuzzy set, for example, B,
which should be divided into certain parts (quanta). At these points of division, we set the separated
linguistic variables and ranks, with the help of which linguistic terms can be identified. Let's set our
universal fuzzy set as B = {bs, b,, ..., b}, and also set the corresponding ranks ry(b;) — for the study of
platforms for the implementation of distance learning and r;(b;) — visualization of data in infographics
intherangesof b; (i =1, ..., n).

Then, taking into account the above assumptions, the linguistic term for our researched process,
which we will call Y, can be represented in the form of a certain fuzzy set:

.uy(bl) .Uy(bz) .uy(bB) (4)
b, ' b, ' by V
where YecB; u,(bi) — degree of mentorship to the set Y of the element b;e B.

The membership functions, or the membership degree, which are specified as the value uy(b;),
become the basis of logical expressions for the numerical expression of the linguistic term Y. The
distribution of which is given in the form:

fi_te_  _Hn (5)
r B r - T
where u; = u,(b;) — degree of mentorship; r; = r,(b;) — corresponding ranks forall i =1, ..., n.

YF=




The normalization condition must also be fulfilled for the membership functions, namely their sum
must be equal to 1:
py+ iy + oty =1, (6)
To determine the ranks of factors established by experts or calculated using ranking methods or the

analytic hierarchy process, their numerical values can be obtained using the following ratios:
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For a better visual perception of linguistic terms and their high-quality graphic display, the range
of values of linguistic variables specified in the relevant tables discussed above is presented in the
form of three points. As a result, we will get a square inverse symmetric matrix X = x;;, where x;; = r; /
rjfori, j=1, 2, 3, and the estimates of the ranks of linguistic terms should also be considered.

The result of our task to obtain an integral indicator of the quality level of the process researched is
presented as follows:

Gr = F(jy,vo) > max,x =1,3;e = 1,3

Jx >0, v, >0, . (8)

uy(b;) » max,b; € B,GpcB,i =13

The goal of the research, according to formula (8), is to achieve the maximum value of the

functions that characterize the level of quality of the considered process. And the next steps of
calculations according to this method are the construction of a matrix of pairwise comparisons for all
linguistic terms, using the scale of the relative importance of objects. In this case, the components of
the eigenvector of the matrix will be the ranks of the linguistic terms, which in turn are used to
calculate the values of the membership functions u; for each of the terms Therefore, the final
numerical values of the membership functions at the determined ranks of the linguistic terms at the
three points of division of the universal set (b, b, ..., b,) will be obtained as a result of the matrix
calculation:
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C. Designing a fuzzy knowledge base and a system of fuzzy logic equations

For the next studies, namely the study of the relationships between the separated factors of
influence on the relevant processes, a fuzzy knowledge base should be involved. It represents a set of
fuzzy rules of the "if-then" type and makes it possible to link information between the input and
output object researched. This implementation is possible when using fuzzy sets and linguistic
variables [16]. This combination allows obtaining dependencies between physically separated
processes, as already mentioned above.

To determine the procedure for obtaining the degree of the membership of functions to a set of
linguistic terms of the quality indicator of the researched processes, an established fuzzy knowledge
base is used in the form of a system of fuzzy logic equations.

The basis for considering a fuzzy knowledge base is expert judgment of the impact of factors on
the considered processes. Also, this base implements an algorithm, with the help of which the
forecasting of the quality of processes is formed, taking into account the obtained combinations of the
values of the relevant linguistic terms.

At this stage, there is a need to build a fuzzy knowledge base, as well as to calculate an integral
indicator of the quality of the process of data visualization in infographics as a function of the highest
level and defined by the linguistic variable G with its linguistic terms "low," "medium,” and "high."

(9)



And the functions of the lower level are sets of linguistic variables Q and V, which in turn are also
represented by the linguistic terms "low," "medium," and "high."

According to the fuzzy knowledge base, taking into account equality (1) and based on the obtained
model, we receive the following general form:

IF (Q = low) I (Q = medium) I (Q = high)
I(V=low) I(V=medium)I(V = high)
THEN (G = low) I (G = medium ) I (G = high)

Based on the above information, we construct the linguistic variable G table of the knowledge
matrix.

Our next step should be to obtain the membership function values for our sets of terms. We can
solve this task by forming fuzzy logic equations based on the obtained knowledge matrices G. In this
way, we will be able to obtain an integral indicator of the quality of the process researched.
Accordingly, we obtain the following equalities of the membership function of the linguistic variable
G:

o  for the term "low," the following is received

Hiow (G) = ,Ulow(Q) A ,ulow(v) V Uiow (Q) A ,umedium(v);
o  forthe term "medium," the following is received
,Umedium(G) = ,Umedium(Q) A ,Ulow(V) v ,Umedium(Q) A ,Umediumv);
e  for the term "high," the following is received
nigh (G) = ttnigh (Q) A tmedium(V) V ttnigh (Q) A pnign(V).

Using the same technique, we obtain fuzzy knowledge bases and linguistic equations for the lower
level of the corresponding linguistic variables, for example, Q — Y(Q1, 02, 0s) and V — Y(vy, Vy, V3),
which belong to the process under study.

Based on the obtained generalized variants of the logical expression of linguistic variables Q and
V, let's build knowledge matrices.

Based on the obtained knowledge matrices and using a system of logical equations, the
membership functions for our linguistic variables Q and V are obtained. Accordingly, the membership
functions for the linguistic variable Q can be represented as follows:

e  for the term "low"

,UIOW(Q) = ,Usimple(ql) A ,Ucomplicated(qz) A ,Usimple(q3)
\ ,Ucomplicated(QI) A ,Usimple(qz) A ,Usimple(q3)
o for the term "medium®
,umedium(Q) = ﬂsimple(ql) A ,Usimple(qz) A ,ucomplicated(q3)
\ ﬂcomplicated(Ql) A ,ucomplicated(qz) A ,Usimple(q3)

e  for the term "high"

,Uhigh(Q) = ,Ucomplex(ql) A ,ucomplex(qZ) A ﬂcomplicated(QS)

v ﬂcomplicated(Ql) A /ucomplicated(qZ) A ,ucomplex(qS)-
Accordingly, the membership functions for the linguistic variable V can be represented as follows:

e  for the term "low"
ulow(v) = Msimple(vl) A “smaII(VZ) A “simple(VB)
v usimple(vl) A Hmedium (VZ) A usimple(V3)
e  for the term "medium"
,umedium(v) = usimple(vl) A usmaII(VZ) A “complex(v.?)
v usimple(vl) A usmaII(VZ) A ucomplicated(v3)
e  for the term "high"
.uh/'gh(v) = ,ucomplex(vl) A “Iarge(VZ) A ucomplicated(v3)
v ucomplex(vl) A Umediumvz) A l»lsimple(VS)-
Based on the obtained equalities, we form fuzzy sets of linguistic variables Q and V with
corresponding membership functions for the accepted terms "low,” "medium," and "high" in the form
of some fuzzy set:

G(Q,V) = tow(G) tmeaium(G) .uhigh(G) (10)
] - n, ] n, ) ns )

where ng, ny, Nz — quantitative values of the linguistic variable G regarding the defined terms.



The defuzzification is performed based on the expert knowledge base and using the knowledge
matrices of the linguistic variable G. In reference sources, defuzzification is understood as a certain
procedure of transforming a fuzzy set into a clear number by the degree of membership. Its purpose is
to obtain the usual guantitative value of each of the initial variables, external concerning the fuzzy
inference system, by using the results of the accumulation of all the initial linguistic variables. For
this, the pre-numbered values of the membership functions at the three points of division of the
selected universal set A for all linguistic variables are presented.

To obtain the real weightings of the membership functions of the linguistic variables Q and V, the
values of the defined terms "low,"” "medium,"” and "high" should be substituted into fuzzy logic
equations. It should be noted that the membership functions of the linguistic variables are calculated
based on the initial values of the linguistic variables presented by the experts. After obtaining the
values of the membership functions of the lower-level linguistic variables and taking the above
formulas as a basis, the membership function of the highest-level linguistic variable G is calculated
according to the accepted terms "low", "medium", and "high".

In the final stage of calculations according to this method, namely, using the defuzzification of
fuzzy sets and the center of the mass method, the indicators of the level of the predicted quality of
process implementation are calculated. According to this, we receive:

i [g - 1)%] (6

?:1 ui(G)
where G, G — minimum and maximum values of quality level indicators; n is the number of specified
fuzzy terms (in our case, 3).

The values of other variables present in expression (9) are taken as follows: u1(G) = wiow(G); u2(G)
= Umedium(G); 13(G) = wnign(G); values of the lower and higher limits for the linguistic variable G and
are taken as equal, respectively — G = 5%, G = 100%. It is recommended to calculate indicators of the
predicted quality level of the process at three points of the interval from 5 to 100%. The predicted
quality should be greater than 50%. Then it is considered that the conducted research is accurate.

e (11)

4. Research results

Taking this method as a basis, let's calculate the indicator of the predicted level of the data
visualization process quality in infographics. The process of designing data visualization in
infographics will be denoted by function G. The arguments of the functions are factors of linguistic
variables. Integral quality indicators are formed by function values and are determined by partial
quality indicators of linguistic variables, divided into groups according to their functional purpose.
This process of designing data visualization in infographics will be divided into two sub-processes,
namely: Q, which determines the quality of the artistic presentation of information, and V, which
determines the quality of technical features in this process.

Taking expressions (2) and (3) into account, we will describe the linguistic variables for these
attributes.

e for the Q argument: g; — "data visualization type;" g, — "color gamut of visualization;" gz —

"special effects;"

o for the V argument: v; — "labels in visualization;" v, — "scale of elements in visualization;"

v3 — "'presenting data in visualization."

We establish a universal set of terms of values of isolated linguistic variables so that it, in turn,
corresponds to the limits of the existence of linguistic variables. As a result, this solution is shown in
Table 1 with linguistic variables, specifying their designations and determining the recommended
limits of values of a universal set of terms and linguistic terms for the comparative research process of
data visualization in infographics.



Table 1
Set of terms of linguistic variables values

Variable Linguistic e§sence of the Universal set of Linguistic terms (st B)
variable values (set A)
ql type of dat.a V|suaI|zaTt|on (1-9) CU Simple, complicated,
(types of infographics) complex
g2 color gamut of visualization (1-3)cu RGB, CMYK, HSB
a3 special effects (1-9)cu Simple, complicated,
complex
. o S Simple, complicated,
vl inscriptions in visualization (1-9)cu
complex
scale of elements in the .
v2 S (10-95) % Small, medium, large
visualization
V3 data presgntz?tion in (1-9) CU Simple, complicated,
visualization complex

In this table, the linguistic variable "type of data visualization" is presented as a variety of
infographics; the linguistic variable "data presentation in visualization" identifies the complexity of
the presentation; linguistic variable "scale of elements in the visualization” — the geometric
dimensions in percentage. For universal sets of values, where it is impossible to give a numerical
explanation, the scale of relative importance of objects, according to which there are 9 importance
ratings, is taken into account.

Due to this, their conditional values for qi, gs, vi and v are taken to be equal to (1-9) CU
(Conventional Units), and for g, equal to (1-3) CU.

Taking the obtained data as a basis, we begin to build a multi-level model of the formation of
integral indicators of the data visualization quality in infographics (Fig. 1).

The use of a multi-level model of fuzzy logical derivation contributes to the consistent
establishment of a forecast of the implementation of the publication structuring process quality by
accumulating knowledge from the lowest to the highest of its levels. This multi-level model includes
subordinate models: a model of the quality of artistic presentation of information, a model of the
guality of technical features.

Quality of data visualization in infographics

/ \

The quality of artistic presentation The quality of technical features
of information

A A
P q type of data | v Inscriptions
N 1 . . . N 1 . . . .
visualization in visualization
P color gamut P scale of elements in
l q2 . . . « V2 . . .
of visualization the visualization
. data presentation in
Js special effects V3 ; P o
visualization

Figure 1: A multi-level model of the formation of integral indicators of the data visualization quality
in infographics



The resulting model reflects the logic of forming the quality of the data visualization process in
infographics with the linguistic variables identified in the survey process, according to expressions (1,
2, 3), which become a source for calculating integral quality indicators.

Let's calculate the membership functions to the linguistic quality variables of the data visualization
process in infographics. The resulting model (Fig. 1) reflects the logic of forming the quality of the
data visualization process in infographics with the linguistic variables identified during the survey.

Using matrix (9) as a basis, we construct matrix Y. For the linguistic variable q; "type of
visualization," the universal set of values is equal to A (q;) = [1; 9] CU, and the set of terms of values
for it is equal to B (g;) = < simple, complicated, complex >. According to expert judgments and
according to the data in Table 1, the universal set has the following values at the points of division:
a1=1; a, = 5; a3 = 9. The appearance of the matrices for the corresponding terms "simple,"
"complicated," and "complex" will have the following form:

7 Lo 7o
| 9 9| 1 1 [ 1 |

Ysimple(‘h) = 2 1 lrycomplicated(ch) = 6 1 6 chomplex (q1) = Z ; 7
7 7 191 - -1
9 7 1 9 9

The last line of the term "simple" is determined by an expert method and the rank of the variable
decreases. Using the values of the matrix and relation (9), as well as using the program for calculating
the method of binary comparisons, we obtain the values of the membership functions for the terms
"simple," "complicated," and "complex"":

,Usimple(al) =0,53; ,Ucomplicated(al) =0,09; ,Ucomplex(al) =0,059;
,usimple(a2) =0,412 /lcomplicated(az) =0,82; ,ucomplex(QZ) =0, 412;
,usimple(as) =0,059; /lcomplicated(a3) =0,09; #complex(as) =0,53.

The next step is to perform the normalization of the values of the membership functions, taking
into account the established linguistic terms relative to the unit, and obtain the normalization
coefficient according to the formula:

. (12)
" maxp, (ai)'(l =123
where n—terms of the corresponding linguistic variable; u,(ai) = Kyxu.(a;).
Let's normalize the values of the membership functions of the linguistic variable
"communication tools," taking into account the above expression:
,Usimplej(al) =1,00; ,Ucomplicatedj(al) =0,11; ,Ucomplexj(al) =0,11;
ﬂsimplej(a2) =0,77; ,ucomplicatedj(aZ) =1,00; ,ucomplexj(a2) =0,77;
/lsimplej(a3) =0,11, ,ucomplicatedj(a3) =0,11; ,ucomplexj(as) =1,00;

In order to display linguistic terms in fuzzy sets, it is necessary to use the normalized values of the

membership functions of the linguistic variable "type of visualization" (types of infographics) and

equality (4). Accordingly, we receive:
simple types of infographics {3 ﬂ,%}

11 1

5’

complicated types of infographics = {T OT} CuU;

complex types of infographics = {0—111 %,%} Cu.

The data obtained in the calculation process of the membership functions of linguistic variables
become the basis for constructing a fuzzy knowledge base and a system of fuzzy logical equations.
On their basis, the design and calculation of the integral indicator of the quality level of research
processes of platforms for the implementation of distance learning and data visualization in
infographics are carried out.

The next stage of the considered process in the research is the need to build a fuzzy knowledge
base, as well as to calculate an integral indicator of the quality of the data visualization process in
infographics as a function of the highest level and defined by the linguistic variable G — "data
visualization quality in infographics™ and its linguistic terms "low", "medium”, and "high." As well as

the functions of the lower level — the set of linguistic variables Q — "quality of artistic presentation”



and V — "quality of technical presentation”, that in turn are also represented by the linguistic terms
"low", "medium”, and "high".

According to the theory of the fuzzy knowledge base, taking into account equality (1) and based
on the obtained model from (Fig. 1), the following general view is obtained for data visualization in
infographics "if - then" is presented on page 6.

Based on the above information, let's start building the linguistic variable G Table 2 of the
knowledge matrix:

Table 2
Table of the knowledge matrix of the linguistic variable G
The quality of artistic The quality of technical The quality of data
representation representation visualization in infographics
Q) (V) (G)
low low
. low
low medium
medium low .
. . medium
medium medium
high medium .
high high high

Using the same technique, we obtain fuzzy knowledge bases and linguistic equations for the lower
level of the corresponding linguistic variables Q — Y(q1, 02, 0s), V — Y(vy, V2, V3), Which refer to the
process of data visualization in infographics.

Based on the obtained equalities, let's form fuzzy sets of linguistic variables Q and V with
corresponding membership functions for the accepted terms "low,” "medium," and "high" in the form
of some fuzzy set (10).

The defuzzification is performed based on the expert knowledge base and using the knowledge
matrices of the linguistic variable G given in table (2) and the given fuzzy sets (10). Its purpose is to
obtain the usual quantitative value of each of the initial variables, external concerning the fuzzy
inference system, by using the results of the accumulation of all the initial linguistic variables. For
this, the pre-numbered values of the membership functions at the three points of division of the
selected universal set A for all linguistic variables are presented.

To obtain the real weightings of the membership functions of the linguistic variables Q "quality of
artistic presentation" and V "quality of technical presentation," the values of the defined terms "low,"
"medium," and "high" should be substituted into fuzzy logic equations. It should be noted that the
membership functions of the linguistic variables are calculated based on the initial values of the
linguistic variables presented by the experts.

To calculate the linguistic variables Q, the values of the corresponding terms should be taken
from the earlier calculations into fuzzy logic equations, and we will receive:

e  for the term "low"

Wow(Q) = 0,777M170,55 vV 170,7770,55 = 0,55
e  forthe term "medium"

Unmedium(Q) = 0,7770,7781VININ0,55 = 0,77
e  forthe term "high"

Unign(Q) = 0,7770,66"1 VIN1N0,66 = 0,66.
Accordingly, the membership functions for the linguistic variable V can be represented as follows:
o  forthe term "low"

WowlV) = 0,7710,7770,66 V0,777 110,66 = 0,66
o  forthe term "medium"

Umedium(V) = 0,7770,7710,55 V0,77M0,77M1 = 0,77
e  for the term "high"

Unign(V) = 0,3310,4581V0,33M 110,66 = 0,45.



By obtaining the values of the membership functions of the lower-level linguistic variables
and using the above formulas as a basis, let's proceed to calculate the membership function of the
highest-level linguistic variable G "data visualization quality in infographics" according to the
accepted terms "low," "medium," "high."

Thus, the following values are received:

o  for the term "low"

Uow(G) = 0,5570,66Y 0,55"0,77 = 0,55

o  for the term "medium”

Umedium(G) = 0,7770,66V 0,77°0,77 = 0,77

e  for the term "high"

Hnign(G) = 0,6670,77V 0,66"0,45 = 0,66.

In the final stage of calculations according to this method, namely, using the defuzzification of
fuzzy sets (10) and the center of the mass method, we calculate the indicators of the level of the
predicted quality of the implementation of the data visualization process in infographics according to
expression (11). The calculation of the indicator of the predicted level of the data visualization
process quality in the infographics is carried out at three points of the interval — 5, 55, and 100%, and

the following numerical value is received:
_ 5x%x0,554+55%x0,77 4+ 100 x 0,66

0,55+ 0,77 + 0,66

=52,5%

5. Conclusions

From the material described above, it is clear that the data visualization process is described by
factors that are difficult to represent in the form of certain mathematical units. Therefore, to clarify the
accuracy of the results of expert judgment, it is advisable to use such methods as the theory of fuzzy
logic. When analyzing the previous results, namely using the analytic hierarchy process and the
ranking method, it became necessary to use a mathematical tool with the help of which the ambiguous
statements of experts would be translated into the language of clear mathematical formulas. As
research shows, the usage of fuzzy logic is a convenient solution. It provides an opportunity to operate
the fuzzy input data.

Based on the calculations, using the theory of fuzzy logic, an indicator of the predicted level of
quality of the data visualization process in infographics was established. As the results showed, it was
52.5%, which is greater than the value of 50%, which means that our assumptions and calculations
were correct.

Therefore, using the theory of fuzzy logic helps to provide a qualitative assessment of the process
researched based on the calculation of the indicator of its level of predicted quality.
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