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Abstract. The paper analyzes scientific activities of university professors based on open
sources. Two directions are proposed: a visual analysis of the processing of natural language
texts (wordcloud) and codification of scientific work in directions (UDC). The task of
classifying big data allows expanding the capabilities of visual analysis.

1. Introduction
The paradigm of the modern education system is the transition from the “Soviet” to the “Bologna”
structure of the educational process organization. The importance is given to the scientific activity of
scientific and pedagogical workers of universities. Over the past few years, increased requirements for
the quality of writing articles by teachers of the university. As a result, a large array of articles
appeared, which is difficult to structure, analyze, and organize a joint scientific activity. In
departments where there are many employees, often scientific and pedagogical workers do not know
what kind of scientific activity their colleagues conduct.

In this paper, it is proposed to develop an algorithm for representing the general direction of the
scientific and pedagogical worker based on visual analysis. Next, to carry out the task of classifying
the scientific interests of workers in selected directions for the organization of joint scientific activity.

2. Visual analysis of scientific works based on "wordcloud"

In the language of visual design, a tag cloud (or word cloud) is a type of “weighted list”; it is usually
used on geographical maps to display the relative size of cities using font size [1, 2]. One of the first
examples of a weighted list of English keywords is the list of “subconscious computer files” in
Douglas Copeland's novel «Microsoft Slaves» (1995). A list of German words appeared in 1992 [3]. A
word cloud (tag cloud, or a weighted list presented visually) is a visual representation of a list of
categories (or tags, also called tags, labels, keywords, etc.). “Tags” are usually separate words, and the
importance of each tag is shown in font size or color [4].

The first tag clouds on well-known websites appeared on the website of the Flickr digital photo
storage and distribution service [5]. Around the same time, the distribution of the tag cloud was
facilitated by the sites Delicious and Technorati [6]. The oversaturation of the tag cloud method and
the ambivalence of its usefulness as a web navigation tool have led to a marked decrease in usage
among these early followers.

A data cloud is a data display that uses font size and/or color to indicate numerical values [7], it
looks like a tag cloud [8], but instead of counting words it displays data such as population or stock
market prices.
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A text cloud or word cloud is a visualization of the frequency of words in a given text as a form of
a weighted list [9]. This method has recently been widely used to visualize the thematic content of
political speeches [10]. The word cloud has also found its application in pedagogy for visualization
and consolidation of material [11].

This work is devoted to the analysis of the scientific work of the staff of the Department of
Mathematics and History of a Technical University (Ufa State Petroleum Technical University). As
the data, open sources presented in the e-library [12] will be used. Based on the received textual data,
visualization (wordcloud) and a comparative analysis of scientific interests take place.

The analysis was taken four teachers of the same faculty. For each of them, a word cloud is
constructed for all of their articles (article title, keywords, abstract). These data are taken from the
open-source elibrary.ru. Manually collecting all the data takes considerable time. To reduce the time
spent, a program has been created that automates the routine work of collecting and presenting the
information.

The ELibraryparser user interface is shown in figure 1. The figure following the interface are
indicated:

1. File selection button (Excel files|*.xIsx*). — Program input data. Table with full name on which

employees need to collect data;

2. Directory selection button. - The program output (files *.txt);

3. Button "Start™ - when pressed, the program starts work;

4. Dialog box - used as a console.

6 elibraryParser / - o X
I ] /
Selectfle wih name / Selectolderfor resuts
— -

Figure 1. User interface eLibraryparser.

The eLibraryparser program is developed in C # [13]. The following libraries were used:

- A set of libraries Selenium WebDriver. Selenium WebDriver - a tool for automating the actions
of a web browser. It was used to administer the site and obtain data from the investigated source.

- Microsoft excel object library — used to work with excel tables.

The block diagram of the eLibraryparser algorithm is shown in figure 2. The algorithm step by step
processes each name that came from INPUT. For each author, the algorithm finds and opens pages
with the description of the article and copies the information (UDC / title, keywords, abstract) to
OUTPUT (a separate .txt file for each name).

As a result of the program’s work, a .txt format file is created containing an array of annotation
words, titles, and article tags of this author (figure 3). Further, the normalization of words occurs:
nouns are translated into the nominative case, verbs into the infinitive. The necessary encoding is
selected for the correct operation in RStudio.

Based on data from eLibraryparser, a word cloud is formed. To create a word cloud, the RStudio
program was used [14]. RStudio is a free open source software development environment for the R
programming language, which is designed for statistical data processing and graphics. In this
environment, the R code was written. R is a programming language for statistical data processing and
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graphics. [14, 15]. To create a word cloud, use the wordcloud library. Word clouds by employees are

shown in figure 4.

workSheet = (Open excel file).(Open first sheet)

v

| Open URL https://elibrary.ru/ |

v

| Authorize |

workSheet.Cellsfk + 1, 1] == "

name = workSheet.Celis[k + 1, 1]

)

| Open URL https://elibrary.ru/authors.asp |

)

‘ Find author by name ‘

Open " list of publications of this author in RSCI"

1
¥E

articles = Find all buttons to go to the article page

No
articles(i] == Last article in the page

Yes
Last page?
| Create or open file name.txt |
No ¢
Print in name.txt required
information
| Go to the next page I ¢
[ Close arcticle[i] |
Figure 2. ELibraryparser algorithm block diagram.
] ) ixt
,ﬂ,’,a?”l Mpaeka ®opmar Bua Cﬁngang@i o o
mﬂEﬂMPOBAHME KATAMTUMECKOM PEAKLMM MPW MOMOWM NEPCENTPOHA ~

NEPCENTPOH, HEMPOCETb, MATEMATUYECKOE MOAENMPOBAHME, 3AKOH AEACTBYIOWMX MACC, CAOR

NposefeHO MOAENMPOBAHME KaTaNUTUYECKOW Peakuuu B3aUMOACHCTBMA CMMPTOB C AMMETMAKAPEOHATaMM Ha OCHOBE 3aKOHa AEHCTBYWWMX M
CO3[AHVE BUPTYANLHON KOMMYHUKATUBHOM CPEAH MPEMOJABATENEA W CTYAEHTOB

HAMUCAHUE W 3AIMTA HAYYHO-WMCCNEQOBATENLCKUX PABOT CTYAEHTOB (HWPC), “CBA3W", MPUNOKEHME, A3biKU MPOrPAMMMPOBAHWA, BA3A JAH

B cTaTbe MOAHWMAETCA BOMPOC ONTHMM3AUMK O6Pa30BATE/LHOTO MPOUECCa C MOMOWbI Pa3paboTKN MPOTPaMMHOTO ObecneyMBaHuA, KOTope
MULTIOBJECTIVE OPTIMIZATION OF TEMPERATURE MODE IN REACTOR UNIT OF CATALYTIC REFORMING OF GASOLINE BASED ON THE KINETIC MOC

Based on the previously developed kinetic model of catalytic reforming gasoline, the temperature regimes of catalytic ref
MATHEMATICAL MODELING OF THE SYNTHESIS REACTION BENZYL BUTYL ETHER

On the basis of experimental data, the mathematical model for the synthesis of benzyl butyl ether by intermolecular dehyd
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NEPCENTPOH, HEWPOCETb, MATEMATWUMECKOE MOAENMPOBAHME, 3AKOH AEMCTBYHUMX MACC, CNOi

NposeneHo MOAENMPOBAHME KAaTaNMTHYECKOH PeaKuuu B3aUMONEACTBMA CMMPTOB C AMMETMAKApEOHAaTaMu Ha OCHOBE 3aKOHa AEACTBYIWMX M
CO3IAHVE BUPTYANbHOW KOMMYHUKATMBHOM CPEAM MPEMOJABATENEA W CTYAEHTOB

HAMUCAHUE W 3AUMTA HAYYHO-MCCNEAOBATENLCKUX PABOT CTYAEHTOB (HWPC), "CBA3MU", MPUNOXEHWE, A3bKW NPOrPAMMUPOBAHWA, BA3A JAK
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MULTIOBJECTIVE OPTIMIZATION OF TEMPERATURE MODE IN REACTOR UNIT OF CATALYTIC REFORMING OF GASOLINE BASED ON THE KINETIC MOC

Based on the previously developed kinetic model of catalytic reforming gasoline, the temperature regimes of catalytic ref
MATHEMATICAL MODELING OF THE SYNTHESIS REACTION BENZYL BUTYL ETHER

On the basis of experimental data, the mathematical model for the synthesis of benzyl butyl ether by intermolecular dehyd
ALGORITHMS FOR OPTIMIZING CONDITIONS COMPLEX CATALYTIC REACTIONS

The paper developed a method for studying complex catalytic reactions using optimization algorithms. At the first stage,
CONSTRUCTION OF A CATALYTIC REACTION MATHEMATICAL MODEL USING A PERCEPTRON WITH ONE HIDDEN LAYER

Mathematical models were developed for homogeneous catalytic reaction between alcohols with dimethyl carbonate by least s
MULTI-OBJECTIVE OPTIMIZATION OF CHEMICAL REACTION CONDITIONS BASED ON A KINETIC MODEL
KUHETUKA M MEXAHM3M CMHTE3A BEH3UNBYTWIOBOIO 30MPA B NPUCYTCTBMM MEABCOAEPXAWMX KATANM3ATOPOB

BEH3MNBYTUNOBLIA 30MP, BEH3MNOBbLIA CNUPT, H-BYTAHON, BPOMMA MEAM (II), OBPATHAA 3AJAYA XMMMYECKOA KMHETMKM, OYHKLMOHAN MUHY
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Figure 3. Example of the received file for the teacher from department of mathematics (employee 1).
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Figure 4. "Wordcloud" by employees: a) employee 1 (department of mathematics); b) employee 2
(department of mathematics); ¢) employee 3 (department of mathematics); d) employee 4 (department
of history).

According to the results of visual presentation (wordcloud) can analyze the research and teaching
staff. The font-size determines the frequency of use of a particular word (tag). For employees 1, for
example, it can be concluded that he is engaged in mathematical modeling of chemical reactions and
conditions for carrying out a chemical experiment. The employee works at the department of
mathematics, not chemistry. But with an additional study of other sources, it becomes known that the
teacher is a candidate of physical and mathematical sciences in the specialty 02.00.04 - Physical
chemistry. The big advantage of analysis based on "wordcloud" is that there is no need to research the
specialty (often there is no possibility), sciences, departments. Visual analysis reveals these patterns. If
similar scientific activities (2 employee) can collaborate, to participate in joint grants, writing articles,
and more.

Employee 3 also works in the department of mathematics. The visual analysis says that the sphere
of interest of a scientific and pedagogical worker is an electronic distance format in education. The
organization of joint scientific activity between the first, second and employee number 3 is unlikely.
But if necessary, you can contact this employee for the necessary advice on organizing a remote
format for providing data (creating MOOC, conducting webinars, etc.). Employee 4 is a history
teacher, as confirmed by his wordcloud. His direction of interest is history. It will be correct to say that
first identified the employee with similar interests, and then, if necessary, conducted additional
research on the place of work, thesis and other merits of the object.

With all the advantages of visual analysis of the sphere of interests based on the wordcloud, it is
not necessary to study all the scientific works of the object of study (most have limited access to
reading), the absence of informal connections, etc. With a significant increase in the number of
research objects, for example, a university, where employees are located geographically far from each
other (branches in different cities), where there are a significant number of scientific and pedagogical
workers, it is not possible to conduct this analysis. You need to analyze hundreds and thousands of
wordclouds to find the right employee. Here it is necessary to connect the "bigdata" toolkit [16].
Classification and data clustering operations are required.
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3. The task of classifying scientific interests
The classification problem [17] of scientific interests is implemented on the basis of the universal
decimal classification (UDC) [18]. UDC data was also obtained from the open-source eLibrary after
some refinement of the eLibraryparser program. Teachers will be compared based on the UDC of their
scientific work.

In figure 5 shows an example of the data obtained. The data are presented in the form of a .txt file
with all the UDC of this scientist.

Ml Fes s smsmae bt — Broxor

®aiin lpaeka ®opmar Bua Cnpaska
519.683 ~
51-37

544.431 : 519.876.5
517.977.58, 004.9, 66.09
517.977.5

517.977.5

517.977.5

517.977.5

517.977.5

519.683

004.9:608(875.8)
519.245:678.7
519.245:678.7
519.245:678.7

544.4

517.977.5

544.431 : 519.876.5
519.245:678.7

51-74

519.245:678.7

904.942
544.431:519.876.5
519.62, 519.876.5
519.62, 519.876.5
519.876.5

Figure 5. Presentation of the research activities of an employee 1 by UDC.

To solve the classification problem, a program was written. The program interface is shown in
figure 6.

L

/
2 / Select the folder with UDC

\© Table of the first kind

3 T————0 Table of the second type

/ To simplify the UDC

4 Create excel file

5
Figure 6. UDCA program interface (UDC Analyzer).

The following sections of the interface are presented:

1. Button to select a directory in which all files from the UDC of scientists that need to be classified
are stored.

2. When this button is pressed, the program will create a table of the first form: First row of the full
name column, the next lines of its UDC.

3. When this button is pressed, the program will create a table of the second type.

4. The first column is all the UDC of all scientists. Further in the corresponding line of the
corresponding UDC.

As a result of the program, tables are formed showing the relationship between UDC (up to the first
character) and teachers (figure 7).
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A B C D E F G H I J K L M N o P Q R
1 [510 In n n Mpenogas: N, ] MNpenogas: Mpenogas: Npenogas: N n Mpenogas: N n n n Mpencaas;
2 5137 Mpenopasarens marematuky 1.txt
3 l5as n n n Mpenog; n n :Mpenopae: Npencgaeatens maTemarikm 2.txt
4 517 n n n n ¢ Mpencaae: Npencgae: I n Mpencaae: M n n Mpenoaasi
5 'UD4 n n n H n n i Mpenogasi Npencgasi M) n Npenocgae: N n MaTemaTHkK 2.txt
6 51-74 Mpenoaas: MpencgasaTens MaTemaTiky 2.txt
7 a1 MpenoaasaTens maTemaTHkm 2.txt
a 510 Mpenogasatens matemaTikm 2.txt
9 665 n n :Npenoaas: Mpenog; maTeMaTMKM 3.4xt
10 [66 Mpenoaasatens matemaTikm 2.txt
11 oa Npenogasatent mMatemaTuy 2.txt
12 334 Mpenopasatents matemaTkkm 2.txt
13 51-73 Npenogasatens matemaTiu 2.txt
14 1378 Npenogasi Npenogasi Npenogaei Mpenogas: Npenoaasi Mpenoaaei Mpenoaae: Mpenoaae: Npenogae: Npenogas: Npenogasi Npenoaae: Npenogae: Npenogas: Npenoaasi Mpenoaasi Mpenoaas:
15 5104316 [penogasaTtens MaTemaTHiK 2.txt
16 614 n n n in in maTemaTkM 3.txt
17 (37 n n n in maTemaTKM 3.txt
18 550 Mpenoaasatens matemaTikm 3.4xt
19 1373 Npenogasatens maTemaTuky 3.txt
20 51 Mpenogasatens mMaTemaTiy 3.txt
21 331 Mpenopas: NMpenogasaTent matemaThru 3.txt
22 514 Npenopgasi Npenogasatens MaTemaTHiu 3.txt
23 512 Mpenogasi NMpenogasaTent matemaTHru 3.txt
24 930 Mpenogas: MpenogasaTent HeTopHw.txt
25 o4 Npenogas: NMpenogasi Mpenogasi Mpenogas: Mpenoaas: Mpenoaas: Mpenogasatens cTopui.txt
26 622 Mpenogas: Mpenogas: Mpenoaas: Mpencaasatens ucTopui.txt
27 faa0 Mpenogasarens ncropum.txt
28 f33s Npenogasarens ucropuy.txt
20 32 Mpenogasarens netopum.txt
30 [ea7 Npenogasarens netopum.txt
39 Mpenogasatent HCTOPMU.txt

Figure 7. Grouping UDC-teacher.

The further diagram was constructed for the comparative analysis based on the tables. The diagram
is shown in figure 8.

25
20
15

10

Count of articles

o Lo LUT ; THEEEEREEN 1101y

) ] N & O A o A I T 2 L A |
©Y %b‘ N (,)v &’ O o,'\/:\ Q;,)'\/ &) f,;\ RN o)v >
<" uDC
Figure 8. Conformity diagram of UDC and teachers: Black line — mathematics teacher 1, grey line —

mathematics teacher 2, line with dashes — mathematics teacher 3, White line — history teacher.

The figure shows that "Teacher of Mathematics 1", "Teacher of Mathematics 2", "Teacher of
Mathematics 3" have common UDC. A hypothesis is put forward about the possible joint activities of
these three teachers. Next, you need to analyze wordcloud (figure 4). The combination of analysis
based on UDC and visual wordcloud suggests that the joint work of “Teacher of Mathematics 1” and
“Teacher of Mathematics 2” is highly probable, and involving “Teacher of Mathematics 3” in this
work is impractical. Also, the “Teacher of History” is isolated from the rest and visual analysis is not
required.

4, Conclusion

The paper analyzes the scientific activities of university professors based on open sources. Two
directions for analysis are proposed: based on visual analysis of the processing of natural language
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texts (wordcloud) and based on the codification of scientific work in directions (UDC). With the
further accumulation of the database of teachers, visual analysis is insufficient. It is necessary to solve
the problem of classifying big data. This methodology and software products will allow the grouping
of scientific and pedagogical workers to perform various tasks: joint grants, articles, scientific
research, solving practical problems, identifying experts in specific areas. In the case of the addition of
foreign scientists (with the appropriate codification of works, for example Lonclass), international
cooperation is possible.
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