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Abstract

The article dwells upon the logical order of processing, transformation and synthesis of data
windows, their visualization and analysis for geo - economic distribution research of articles
authorship numerical characteristics, their citation, estimation, lack of linear and nonlinear
relationships between individual parameters of author and percentage of self-citation. The
work demonstrates the possibility of using new and classical methods of data visualization to
study patterns, relationships between numerical and nominal data as well as methods of using
conventional multilayer perceptrons to search for nonlinear relationships between multiple
parameters. Open source software designed to build the necessary representations of data and
models is the important part of the investigation.
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1. Introduction

General development of mankind and globalization has caused the fact that most modern advances
in various fields of human activity are spreading with incredible speed. The authorship, sale or
distribution of articles, books and works are made through a large number of different platforms that
are available to anyone. Such systems are the basis of virtuous exchange of knowledge.

Modern scientific works are always based on certain previous results and in accordance with the
generally accepted principles of the scientific world, the source of a certain result is always indicated.
Accordingly, each quality article has its own list of references, which from the point of view of the
author of these works, is his citation.

It is logical that many works cite many other works, forming complex graph-like connections. Using
numerical indicators or certain indices, they form ratings of the most influential, popular or most
productive authors in the world.

Since the position of the author can be increased by self-citation, there is a cluster of individuals
who abuses sit. That is why one of the tasks of this work is to check the relationship between different
author numerical and nominal characteristics with the level of his self-citation.

However, the development of the scientific world has different bases, including financial, which can
be extended to the geographical and economic distribution of scientific capacity, in the perspective of
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writing articles, citations, indices of authors and more. Thus, another task set in the paper is to study
the geographical distribution, as well as economic, by using certain economic and social indicators.

2. Related Works

The first researches and works related to the evaluation of authors citation are related to the
derivation of correct index or rating formula. Data set used in the work contains such two indices: h-
index, hm-index. First of all, the quality of the author citation represetation using the h-index is
debatable, because many scholars and publicists argue the low efficiency and incompetence of this
approach [1-4].Since this work aims to study self-citation and by comparing the h-indices of the authors
with and without self-citation, the question of study correctness has been emerged. Many papers dwells
upon direct citation analysis limited to a specific cluster of authors tied to publishing platforms. In the
result of the analysis, data about distribution of citations by person partners as a physical being, as well
as by their intellectual characteristics or areas such as education have been obtained [1,3].

The problem of self-citation research is quite popular [5-9]. It leads to the availability of many
sources of data related to it. The study of these data is limited to cluster, regression analysis. So this
paper describes experiments using neural networks to identify or refute the existence of nonlinear,
complex relationships between many possible parameters of the author and his level of self-citation, to
identify patterns or limited human resources in certain areas. However, when the issue of citation is
extended to authors nationalities, there is a gap in the availability of intelligence analysis of the number
of self-citations in parts of the world or countries, as most studies are unidirectional.

3. Methods and Materials

The study of relationships between different parameters, proving the presence or absence of these
relationships, as well as establishing their analytical form requires certain mathematical and algorithmic
apparatus, such as classical methods, correlation analysis, regression analysis, least squares method for
approximation [5], backpropagation algorithm as a method of learning neural networks (including
multilayer perceptrons) and Deep Learning method [10-13]. Some algorithms used in the work have a
high level of complexity and do not require additional changes or descriptions [14-21], because it does
not meet the objectives of this research. They are actuality for content analysis or web resources
monitoring based on machine learning [22-30], for example, citation and self-citation analysis in
scientific and technical articles for dataset formation [31-36]. Such algorithms include the Adam
method - a stochastic algorithm for finding the numerical value of the FBZ gradient. However, some
algorithms for generating the required type of data, their visualization or tokenization have been
supplemented or changed specifically for this research. Some of them are given as an example based
on algorithm supplemented algorithm for filling the correlation matrix and the corresponding heat map:

Step 1. Initiate a single matrix of the attribute’s numbers order. The value that are not on the main
diagonal equals to the special NaN value.

Step 2. Choose the type of triangular matrix.

Step 3. Pass cyclic the cells of matrices with incremental parameters i, j

Step 3.1. If i #j belongs to the matrix

Step 3.1.1. If the upper triangular matrix is chosen and i>j (in cell i, j), then assign the value
of Pearson correlation coefficient [5] between the attributes of numbers i and j.

Step 3.1.2. If the lower triangular matrix is chosen and i<j (in cell), then assign the correlation
coefficient value between the attributes by numbers i and j (in the cell i and j).
Step 3.2. If i =, then skip step

Step 4. Choose two color nodes.

Step 5. Interpolate the color nodes values on the interval [-1, 1], for NaN values it is necessary to
return transparent color.

Step 6. Fill the matrix with the appropriate color values.

Step 7. Display the color table according to the values of the matrix cells

Another example is tokenization, which is used to convert some string fields of data windows into
corresponding numerical vectors. Fig. 1 shows the activity diagram describing this algorithm.
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Figure 1: UML diagram of activity and tokenization

4. Experiment

The study of selected parameters distribution is based on several datasets, including data about 160
thousand of unique authors [8], world GDP information in 2020, as well as dataset of the global
distribution of corruption indices - CPI, 2019.
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The first dataset about authors contains 46 fields and more than 161,441 lines. Each field has an
encrypted name, the description of which is given in Fig. 2. However, only some of them were actually
used in the study, namely: author country, number of author articles for the period 1960 - 2019, number
of author citations for 2019 (including and exclusively with self-citation - Fig. 3), author h-index for
2019 (including and exclusively with self-citation - Fig. 4), as well as the top category of the author
(from the categories of ScienceMetrix). For example, for general statistics within 12% of self-citation
- 160 thousand; with <1% - about 9700 authors; from> 12% - approximately 65400 people, and from>
30% - approximately 7500 (Fig. 6-7).
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Figure 3: Growth of self-citation in the same year
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Figure 4: H-index growth at the end of 2019
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Figure 5: Change of links for the same year
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Figure 6: Growth of self-citation in the same year

The next dataset is the data on GDP of countries according to the World Bank (Fig. 8) [6]. From this
dataset, two fields were used in the work - the 1ISO3 representation of the country name and the actual
value of GDP.
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Figure 7: Growth of self-citation in the same year

1 Gross domestic product 2020

2

3 (millions of

ﬂ' Ranking Economy US dollars)

6 |USA 1 United States 20 936 600

7 |CHN 2 China 14 722 731

8 |JPN 3 Japan 5064 873

9 |DEU 4 Germany 3 806 060

10 |GBR 5 United Kingdom 2707 744

11 (IND 6 India 2622984

12 [FRA 7 France 2603 004

13 [ITA 8 Italy 1886 445

14 |CAN 9 Canada 1643 408

15 |[KOR 10 Korea, Rep. 1630 525

16 |RUS il Russian Federation 1483498 =

17 |BRA 12 Brazil 1444 733

18 |AUS 13 Australia 1330 901

19 [ESP 14 Spain 1281199

20 |MEX 15 Mexico 1076 163

21 |IDN 16 Indonesia 1058 424

22 |NLD 17 Netherlands 912 242

23 |CHE 18 Switzerland 747 969

24 TUR 19 Turkey 720 101

25 |8AU 20 Saudi Arabia 700 118

26 |POL 21 Poland 594 165

27 |SWE 22 Sweden 537 610

28 BEL 23 Belgium 515 332

29 |THA 24 Thailand 501 795

30 |NGA 25 Nigeria 432 294

31 |AUT 26 Austria 428 965

32 |ARE 27 United Arab Emirates 421 142

33 |IRL 28 Ireland 418 622

34 ISR 29 Israel 401 954

35 |ARG 30 Argentina 383 067 &

36 |EGY 31 Egypt, Arab Rep. 363 069

37 |[NOR 32 Norway 362 009

38 |PHL 33 Philippines 361489

39 |DNK 34 Denmark 385 184

40 |HKG 35 Hong Kong SAR, China 346 586

41 |SGP 36 Singapore 339 998

GDP ®

Figure 8: Part of the data from the file

The third dataset (Fig. 9) is one used in the work, the information in which is obtained from
Transparency International — the international organization against corruption [2]. This dataset is
suitable for separate study, but in this paper is used as a source of information to test the hypothesis.



Corruption Perckptions Index 2019: Global Scores

African
T ISO3 Region CPI score Rank standard Number of Lower Upper B e
2019 error sources Cl Cl
Bank CPIA
Denmark DNK WE/EU 87 1 2.54 8 82,83 9117
New Zealand NZL AP 87 1 2,29 8 83,25 90,75
Finland FIN  WE/EU 86 3 2,92 8 81,20 90,80
Singapore SGP AP 85 4 2,05 9 81,64 88,38
Sweden SWE WE/EU 85 4 1,98 8 81,76 88,24
Switzerland CHE WE/EU 85 4 1.58 7 82.41 87.59
Norway NOR WE/EU 84 7 1,65 7 81,30 86,70
Netherlands NLD WE/EU 82 8 2.25 8 78,31 85,69
Germany DEU WE/EU 80 9 3,31 8 74,57 8543
Luxembourg LUX WE/EU 80 9 1,95 7 76,79 83,21
Iceland ISL  WE/EU 78 11 4,63 7 70,41 85,59
Australia AUS AP 77 12 1,32 9 74,84 79,16
Austria AUT WE/EU 77 12 1.57 8 74.43 79.57
Canada CAN AME 77 12 2,80 8 72,41 81,59
United Kingdom GBR WE/EU 77 12 3,34 8 71,53 8247
Hong Kong HKG AP 76 16 3,15 8 70,83 8117
Belgium BEL WE/EU 75 17 1,09 7 73,20 76,80
Estonia EST WE/EU 74 18 1,21 10 72,02 75,98
Ireland IRL WE/EU 74 18 3,61 7 68,08 79,92
Japan JPN AP 73 20 3.51 9 67.24 78,76
United Arab Emirates ARE MENA 71 21 5,13 8 62,59 79.41
Uruguay URY AME 71 21 2.47 7 66,95 75,05
France FRA WE/EU 69 23 2.28 8 65,26 72,74
United States of America UsSA AME 69 23 4,12 9 62,25 75,75

CPI2019 changes 2018-2019 CPI Timeseries 2012 - 2019

Figure 9: Part of excel datasheet

@

In order to use, convert and process data from datasets using R the best is to translate the obtained
data into csv format. Since one of the investigation tasks is to study the percentage of self-citation
depending on other parameters, and in the initial data they are given as a tape value, it is necessary to
develop a program for converting a column of data, for example:

aut.df <- read.csv(file = "authors_dataset.csv", sep = ";", header = T, dec = ",")
aut.df %>% mutate(self.p = as.double(gsub("[,]", ".", gsub(".{1}$", "", self.)))) -> aut.df

When working with data approaches and technologies, the tidy verse group has been used. Since the
important work is the visualization and representation on graphs of many parameters simultaneously,
the basic principles of developing such graphs using ggplot2, ggridges and patchwork have been
considered. The main type of graphs is lollipop. The developed template looks like this:

# lollipop diagrams

th <- theme_light() + theme(
panel.grid.major.x = element_blank(),
panel.border = element_blank(),
axis.ticks.x = element_blank(),
axis.text.x = element_text(angle = 90, vjust = 0.5, hjust = 1),
axis.title.x = element_blank())

# F

1p.F.top6@ <- ggplot(cit.df, aes(x = cntry, y = F)) +
geom_segment(aes(x = cntry, xend = cntry, y = @,
geom_point(col = "orange", size = 3) + th

yend = F), color = "grey") +

Replacement of the variable F with any available in the data frame will allow to build different
graphs, for example from Fig. 10. Classic point graphs with a regression line also are used. There is an
example code to create:

# point charts

(ggplot(data.df) +
geom_point(aes(x = h, y = cit19, colour = self.p), size = 3.5, alpha = 0.8) +
labs(title = "citation - h.index") + theme_light()) -> h.cit.plot
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Figure 10: Example of lollipop chart

Another important type of displaying the relationship between data is the thermal map, the algorithm

of which was described in the previous section, in particular, the supplemented algorithm can be
performed as follows:

# lower-triangular, transposed thermal map of the correlation matrix
data.df %>% cor() %>% melt() %>%
arrange(Varl) %>%
group_by(Varl) %>%
filter(row_number() <= which(varl == Var2)) %>%
ggplot(aes(x = varl, y = Var2, fill = value)) + geom_tile(color = "white") +
scale_fill _gradient2(low = "#040@35", high = "#c50000", mid = "#fffebb",
midpoint = ©, limit = c(-1,1), space = "Lab", name="Cor coef") +
labs(x = "", y = "") + geom_text(aes(label = round(value, 3))) +
theme_bw() -> heat.map

Relatively new type of many samples’ properties representation, their distribution or relationship

are the so-called joyplot or ridgeline. In this paper it is performed using point gradient by the following
code:



data.df %>%
melt() %>% # "Melting" to convert to a key-value data window
gegplot(aes(x = sqrt(value), y = variable, fill = sgrt(..x..), xmin = @, xmax = 1)) +
geom_density_ridges_gradient() + # ridgeline 3 ggridges
scale_fill gradient2(low = "#220061", high = "#ff9100", mid = "#e87059",
midpoint = ©6.65, limit = c(@, 1), space = "Lab", name ="Norm.values(sqrt scale)") +
theme_ridges() +
theme(axis.title.x = element_blank(),axis.title.y = element_blank(),) -> plot.rid

The results of this graph type are shown in Fig.13.

After describing features of building data graphical representation, construction of some algorithms
for data processing has been demonstrated. First of all, the method of data conversion of the authors
dataset has been considered. It is necessary to combine all records by country and then convert the
grouped fields into new ones, for example, the number of published articles by authors of one country
should be summed, the level of self-citation should be turned into the average one, and the h-index of
country authors should be generalized.

# greeting of the original dataset
aut.df <- read.csv(file = "authors_dataset.csv", sep = ";", header = T, dec = ",")
aut.df %>% mutate(self.p = as.double(gsub("[,]",".",gsub(".{1}$", "", self.)))) -> aut.df
# h-index calculation function
h.index <- function(x) {
X <- sort(x, decreasing = T)
sum(x >= seq_along(x)) %>% return

}

# field sampling, grouping and transformation

aut.df[c("cntry"”, "np6019", "nc1919..ns.", "nc1919", "self.p", "h19..ns.", "h19")] %>%
group_by(cntry) %>% summarise(sum(np6019), sum(ncl919..ns.), sum(ncl919), mean(self.p),
h.index(h19..ns.), h.index(h19)) %>%

data.frame() -> countr.df

# rename fields

names(countr.df) <- c("cntry"”, "paper", "citl19.ns", "cit19", "self.p", "h.ns", "h")
countr.df %>% arrange(desc(h)) %>%

mutate(cntry=factor(cntry, levels=cntry)) -> countr.df

write.csv(countr.df, "citation.csv", row.names = F, quote = F)

After creating the new data window, it is possible to merge it with two others that have a common
field - country names. For croquet combination without forming NA values, firstly, it is needed to find
the intersection of three sets of existing countries in each dataset and then select only those countries
that are part of the new set:

# read three datasets

gdp.df <- read.csv("gdp.csv", dec = ",", sep = ";")

cit.df <- read.csv("citation.csv")

cpi.df <- read.csv("cpil9.csv", dec = ",", sep = ";")

# intersection of sets of countries by iso3

intersect(cit.df$cntry, gdp.df$cntry) %>% intersect(tolower(cpi.df$IS03)) -> cntrs
gdp.df[gdp.df$cntry %in% cntrs,] %>% arrange(cntry) -> gdp.df

cit.df[cit.df$cntry %in% cntrs,] %>% arrange(cntry) -> cit.df
cpi.df[tolower(cpi.df$IS03) %in% cntrs,] %>% arrange(ISO3) -> cpi.df

# pasting a new data window
cbind(cit.df, gdp.df, cpi.df) %>% data.frame() -> data.df

In the part of the work responsible for the study of the considered properties geo-economic
distribution properties, the deviation to the exponential regression has been performed. If to use the
built-in function Im and compose the formula as y ~ exp (X), then there will be a problem that the best
parameters for the regression function f (x) = ¢ + exp (x) will be selected.

However, in the general case, the exponential function has the form of a * b ~ x, which is why the
formula In (y) ~ x is chosen to perform the correct regression analysis, which is equivalent to the



function In (f (X)) = c1 + ¢2x, which is equal to f (x) = exp (c1) exp (c2x), where a = exp (cl),and b =
exp (c2):

# exponential regression model
h_cit19.model <- 1lm(log(data.df$citl9) ~ data.df$h)

# using the model to calculate the approximation f-tion
exp(predict(h_citl19.model, newdata = list(data.df$h)))

The last important part of the experiments descriptions is the neural networks development. The
paper represents four different in architecture and set of activation functions, single and multilayer
perceptrons, i.e. fully connected networks (Fig. 11).
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Figure 11: Topology of four perceptron models

4

TensorFlow was used as a library for python to build perceptrons and the model itself was built
using the Functional API:

def get_model(type: int, shape: int) -» tf.keras.Model:
inputs = tf.keras.Input(shape = (shape))

if type ==
output
return
if type ==
x = tf

output
return
if type ==

x = tf.

output
return
if type ==

x = tf.

= tf.keras.layers.Dense(1, activation="sigmoid")(inputs)
tf.keras.Model(inputs, output)
1:

.keras.layers.Dense(21, activation="sigmoid")(inputs)
x = tf.

keras.layers.Dense(64, activation="sigmoid")(x)

= tf.keras.layers.Dense(1l, activation="sigmoid")(x)
tf.keras.Model(inputs, output)

2:

keras.layers.Dense(8, activation="relu")(inputs)

= tf.keras.layers.Dense(l, activation="sigmoid")(x)
tf.keras.Model(inputs, output)

3:

keras.layers.Dense(32, activation="selu",

kernel initializer='lecun_normal’)(inputs)

x = tf.

output
return

self_models =
for 1 in range(4):

self_models.append(get_model(i, 36))

self models[i].compile(optimizer = tf.keras.optimizers.Adam(),

for

for

loss =

keras.layers.Dense(16, activation="relu")(x)
= tf.keras.layers.Dense(1l, activation="sigmoid")(x)
tf.keras.Model(inputs, output)

[]

"mse"”, metrics = ["accuracy'] )

i in range(4):

print(i)

self models[i].fit(train_ds, epochs=3)
i in range(4):

print(i)

self models[i].evaluate(test ds)

To build a dataset for learning and testing models from the initial worksheet about the authors
developed code:



library(dplyr)

aut.df <- read.csv(file = "authors_dataset.csv"”, sep = ";", header = T, dec = ",")

aut.df %>% mutate(self.p = as.double(gsub("[,]", ".", gsub(".{1}$", "", self.)))) -> aut.df
# removal of NA-local columns

aut.df[, <(-1, -7, -21, -22, -39, -41, -43, -44, -45, -46)] -> aut.df

# tokenization
1 <- unique(aut.df$inst_name)
aut.df$inst _name <- as.numeric(factor(aut.df$inst name, levels=1))

1 <- unique(aut.df$cntry)
aut.df$cntry <- as.numeric(factor(aut.df$cntry, levels=1))

1 <- unique(aut.df$sm.subfield.1)
aut.df$sm.subfield.1l <- as.numeric(factor(aut.df$sm.subfield.1, levels=1))

1 <- unique(aut.df$sm.subfield.2)
aut.df$sm.subfield.2 <- as.numeric(factor(aut.df$sm.subfield.2, levels=1l))

1 <- unique(aut.df$sm.field)
aut.df$sm.field <- as.numeric(factor(aut.df$sm.field, levels=1l))

write.csv(aut.df, "self citation/self_data.csv", row.names = F)

5. Results

The general relationship between the parameters is the first step in considering the data. It was
carried out with the help of class correlation analysis, by constructing thermal map of the correlation
matrix (Fig. 12).
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Figure 12: Thermal map of the correlation matrix



The first important aspect which should be highlighted is the second sub-diagonal presence with a
correlation coefficient is closed to 1. This linear data cloud is a correlation between citation parameters
(number, h-index, hm-index, etc.) with and without self-citation. The presence of such correlation
means that in the general case, self-citation does not have a strong impact on the performance of authors
and therefore is not used as self-plagiarism or as a source of increasing the author rating. The next
important aspect is the self-citation percentage correlation to other parameters. The last column of the
map from Fig. 7 is almost all painted according to zero correlation. This means that at least there is no
linear relationship between self-citation and parameters presented in the dataset. Proving of the
hypothesis that there is no connection between the parameters available in the data set and self-citation
will be done by building neural networks and analyzing of their results.

The next stage of data review is the distribution of citation parameters and articles publication by
countries. At the beginning, it is necessary to create a data window according to the algorithm described
in the previous paragraph of this paper. Firstly, the statistical distributions of the fields selected from
the dataset are considered, in particular, they are built as joyplot. Because the ranges and data intervals
between these articles, h-index, self-citation percentage and citations are very different, all column data
values have been normalized. The diagram in Fig. 13 shows a certain similarity in the distribution of
these parameters, in particular, all have positive asymmetry and are higher than normal excess.

self citation %

h-index (no self)

Norm. values (sqrt scale)
1.00

075
0.50
0.25
0.00

total citation (no self)

# of papers(1960-2019)

0.00 0.25 0.50 0.75 1.00

Figure 13: Joyplot chart

It is important to notice that the correlation coefficient between the average percentage of self-
citations from the dataset, as well as the calculated percentage grouped according to the data is 0.95
respectively and can be considered as a correct calculation of the average percentage. The next stage is
to consider individual distributions of parameters relative to the country. In Fig. 14. the top 60 (unsorted
values) and 23 countries are shown in terms of the total number of articles. Part of the chart with the
top 23 countries shows that the top is occupied by economically developed countries or large
economies, in particular, this observation suggests the existence of correlation between economic
development and the number of articles. GDP was chosen as an indicator of economic development. In
contrast to GDP, an indicator of corruption in the states was added to obtain information on the
dependence of the level of corruption, in particular in the educational and scientific spheres, on the
abuse of self-citation among authors. The next considered parameter is the total number of the country
authors citation. The graph in Fig. 15 shows the top 60, top 23 and the position of Ukraine. Each lollipop
has two labels, the larger one is responsible for quoting with self-citation and without the smaller one.
This graph already shows the presence of high correlation between these parameters.
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Figure 14: Lollipop diagram of the article distribution methods published for the period 1960 - 2019
by countries

Ukraine ranks 49th in the number of articles, which is equal to 10029, such a small number is due
to the incompleteness of the dataset, because it includes only the most popular authors in the world.
Again, the first place is behind the United States, second - China, third - Great Britain and so on. Ukraine
ranks 65th along with Hungary and Peru. The distribution of the percentage of self-citations by countries
is given below, the graphical representation of the data is shown in Fig. 15. Unfortunately, according
to this parameter, Ukraine is in the top five, ranking fourth, with approximately equal self-citation of
34%. The smallest number of self-citations are in small countries in the Caribbean, such as Barbados
and Santa Lucia. In particular, the lack of visual link between self-citation and the economic
development of the state suggests that there is no correlation between GDP and the percentage of self-
citation. The most interesting approach to considering of selected primers for countries is developed for
the h-index. Since the h-index data is on the controversial boundary between nominal and relative data
types, it is incorrect to estimate the country by the average value, so it was decided to calculate the h-

index of authors h-indices in a particular country. The algorithm for constructing such a parameter is
described in the previous section.
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Figure 15: Lollipop chart of the authors citations number distribution for 2019 by countries

The first graph from Fig. 16 is sorted by the number of citations for 2019, and it can be seen that for
the first 60 countries there is a correlation between these fields. Again, the United States ranks first,
with an h-index of 55. Ukraine ranks 68th, with an index of 16, along with a number of other countries.

To display the global picture of the geographical distribution of these parameters, a graph is
constructed Fig. 17.Deciphering graph values is quite intuitive, countries are sorted by number of
articles, the number is indicated by the color of lolipop, the value of lolipop consists of two parts, most
of them are responsible for the h-index of the country on the h-index of authors including self-citation,
the size of the lolipop indicates the percentage of self-citation. Some interesting points can be seen from
the graph: Russia is in the top 23 countries, but the percentage of self-citation of this country clearly
stands out among others, and it falls out of the picture and the h-index, because it is quite low compared
to neighboring countries.
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Figure 16: Top countries by h-index of authors h-indices (excluding self-citation)

After conducting graphical intelligence analysis, the values of GDP and CPI of countries were added
to the data. The first step is correlation analysis. Fig. 18 shows thermal map of the correlation matrix.
This map shows the presence of linear relationship between the h-indices of countries, which confirms
one of the previous assumptions. The correlation matrix also confirms a fairly obvious relationship
between the number of articles and citations (with and without self-citation). All correlation coefficients
with self-citation are negative. In particular, the largest modulus correlation is between self-citation and
the corruption rate, which allows a weak linear relationship between them, the higher the CPI (i.e. the
more transparent the various spheres of government are) the lower the level of self-citation abuse is,
but it is impossible to insist on the straight relationship.



log(paper)
40 . 16

15
14
13

= . o . - 12
. . ° .
o 0%0070 °®
20 11 ! self.p
@® 10
®

usa
chn
gbr
deu
can
jpn
aus
ita
fra
nid
esp
che
kor
ind
swe
bel
dnk
hkg
isr
aut
sgp
fin
rus
irn
bra
nor
pol
grc
nzl
prt
irl
zaf
sau
tur
mys

20

self.p
® 10
15 [ ] ® o - . ®

< ' paper

30000

20000

5 . 10000

k- 2 I
3 @ ]

isl

i 3 £ 2 3 3 £ § ¢ e
a @& € «© 2 © 7 © a )

svk
Ibn
geo
nga
bgd
lux

E
c
>

Figure 17: General representation by countries parameters

Another assumption concerns the country GDP and the number of articles. The map shows that there
is a linear relationship between GDP and the number of citations. However, a little deeper analysis was
done to confirm the connection. Thus, scatter plots, i.e. correlation fields, were constructed between the
value of GDP and the country authors citation numbers for different countries quantities, in particular
for 40, 90 and all available ones. Figure 19 shows that with a smaller sample, the correlation coefficient
decreases significantly and only with the inclusion of countries such as the United States, China and
the United Kingdom, the coefficient increases to the value obtained from the matrix. The fourth graph
from Fig. 18 deals with the study of self-citation relationships between different parameters, and is a
correlation field between the value of self-citation percentage and GDP. It shows the chaos and lack of
specific dependence. Additionally, a study of extraordinary results of the weak linear relationship
between the h-index and GDP and CPIl. Comparison of correlation fields are shown in Fig. 20. First
three graphs in Fig. 19 show a regression line constructed by using the Im-function. Similar additions
to the graph are made for scatter charts from Fig. 20.
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Figure 20: Comparison of correlation fields between the h-index of the country and GDP, CPI

The last mini-study based on the results of the correlation matrix is regression analysis of the
relationship between the number of citations and the country h-index. Fig. 21-22 presents a bar chart.
It shows that the approximation function must have the form of an exponent. The construction of this

model was described in the previous section.
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Before describing the results of neural networks the another observation about the distribution of
self-citation has been given but this time through the prism of the field to which the author belongs (top
sphere from the dataset). |t is similar to the creation of data window with data about countries, performed
by grouping data records by category and country. After that, three-dimensional histogram was
constructed (Fig. 23), where the third dimension describes the percentage of self-citation and is
determined by color. Since the global view of the histogram is not the most comfortable for visual
analysis, a subset of countries for which a separate chart is built. Fig.24 shows that the highest level of
self-citation is in the field of mathematics and statistics in Mexico, however, if considering Fig. 23, it
is clear that the largest number of self-citations predominates in the field of physics and information
technology.

The last point of the research is the construction of neural networks to study the existence of
nonlinear connections between those available in the first dataset about the world authors and their self-
citation. As it was described in the previous section, four different simple single- and multilayer
perceptrons were created with different activation functions and randomization distribution of filling
the initial values of weights and displacements. After tokenization of the fields denoting the country,
institute and three different categories of the author, a new .csv file with a training and test sample has
been created (Fig. 25).The resulting file contains 37 columns, respectively 36 properties, and 161,441
records. When forming the training and test sample, the ratio 80/20 was chosen.
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During training, the number of repetitions according to the data is equal to 3, and only accuracy is
selected as a metric. After starting the training the following results have been obtained:

7]
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Figure 26: History of perceptron training

The following results were obtained when testing the networks:
e
323/323 [============================== 1s 1ms/step - loss: 411.4339 - accuracy: 3.4067e-04
1
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p Y

Figure 27: Testing results

Figures 26-27 show that no network has any level of accuracy in determining the level of the author
self-citation on the available parameters, so it can be argued that these properties have no significant
relationship with the level of self-citation.

6. Discussions

The comprehensive research, which was aimed to test a number of assumptions about the
relationship between the numerical characteristics of the world authors activity on the level of their self-
citation has been made. The study did not reveal any patterns, relationships between the investigated
properties. Such results lead to certain assumptions about the individualization of characteristics,



motives, level of intellectual and moral development of authors, as well as general trends in science,
existing problems of society, etc. to the level of self-citation. Psychological analysis may show a link
between self-citation abuse and its use as it is a need.

Further research requires to expand the subject area by finding other possible sources of data.

On the other hand, the other part of the study that is the geo-economic distribution of certain
parameters has more positive results. The analysis has confirmed a number of hypotheses, including
the connection between the economic development of the country and its ability to create scientific
papers, articles with sufficient quality as there is a link between authors citation and the country GDP.

The following analysis can be carried out with in-depth division of the components of GDP, possibly
with the expansion of geographical areas, which authors are grouped by.

There may be a number of other indicators that have an impact on the characteristic of the state in
terms of scientific articles authors views. The paper considers the level of corruption in countries as an
example of possible indices / parameters. In particular, data on the level of education, research costs
and the availability of private research and art centers are suitable for analysis.

So, the analysis of the geo - economic distribution of parameters in a specific sample of countries -
Ukraine, Poland, Georgia, Slovakia and Romania has been made.
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Figure28: Lolliplot distribution of articles

The graph in Fig. 28 shows that the largest number of articles was published in Poland, with Ukraine
in third place. The following graphs from Fig. 29 show that Poland ranks first in all rankings, except
for self-citation, where the championship, unfortunately, belongs to Ukraine.
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From the last graph in Fig. 30 it can be concluded that the existing dataset has ten Ukrainian authors
with a minimum h-index equal to 10. The generalized picture is shown in Fig. 31. Additionally, graph

for the distribution of these countries self-citations percentage by categories of authors has been
created. The corresponding histogram is shown in Fig. 32.
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7. Conclusions

In the result of the research, the study on the presence, analytical view or lack of links between the
geo-economic distribution of human resources that produce certain scientific papers and articles has
been conducted. The paper presents and uses possible approaches to estimate the country, for example,
with a double overlap of the h-index. In a comprehensive study of the parameters and generalized
characteristics of the world the authors give examples of using classical and modern mathematical
information apparatus to find and prove the presence of patterns in data including the use of graphical
data representation and small neural networks combination.
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