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Abstract  
This paper examines the conformity of scientific reports to conference sections. Assumptions 
were formulated and tested about how scientific articles are allocated to conference sections. 

With the help of text mining methods, clusters were identified on which the reports are 
grouped. The analysis of the terminological composition of the obtained clusters is carried out. 
The closeness of the resulting topics (clusters) and the degree of their correspondence with the 

names of sections and specialization of departments are analyzed. The sample for research is 
formed from the proceedings of the interdisciplinary conference "Electronics, Electrical 
Engineering and Energy", which was held at the National Research University in 2020. The 

total sample size is 88 articles. Pay attention to an important feature of the data – our sample 
consists of extremely short text documents, which contain only the titles of reports. In this 

regard, the text size varies from 5 to 20 words (the average size is 9 words). Our research has 
shown a fairly significant discrepancy between expert assessments (the selection of a section 
by an expert) and clusters built using the tool of Data and Text Mining. At the same time the 

following dependence was established - most often the reports were distributed by the place of 
work (or study) of the speaker, i.e. the affiliation to the department determined the section. at 
the same time, the following dependence was established - most often the reports were 

distributed by the place of work (or study) of the speaker, i.e. the affiliation to the department 
determined the section. In addition, we have identified high interdisciplinarity of reports, many 

of which could (with good reason) be reported on several sections at once. Note also that 
analysis of the specialized literature showed a good correspondence of our results with other 
similar studies. 
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1. Introduction 

Participation in scientific conferences is an important condition for the successful preparation of 

qualification works, the implementation of grants, and research work. When choosing conferences, 

specialists are guided primarily by the information that organizers provide in information letters about 

the main directions (topics, sections), and assess how the section names are related to their professional 

interests. 

After the presentation of the report, the final decision on its compliance with the profile of the 

conference, as well as assignment to one of the sections, is made by the experts reviewing the work. 

However, speaking at a section, the speaker often discovers that his topic is quite different from other 

works. This can be useful for broadening one's horizons and exchanging ideas from various subject 

areas, but it does not provide an opportunity to discuss issues with leading experts professionally dealing 
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with issues of interest to the author. Moreover, quite often works on related topics are presented in 

different (simultaneously passing) sections of the conference, which makes it difficult to participate in 

their discussion. 

In this article, using the data mining toolkit (Data and Text Mining), the degree of correspondence 

between the topics of the reports and the titles of the sections are studied based on their terminological 

proximity [1]. The study is carried out on the example of the analysis of the proceedings of the 

conference "Electronics, Electrical Engineering and Energy", which was held at the National Research 

University (NRU "MPEI") in 2020 [2]. 

2. Study description 

The conference "Electronics, Electrical Engineering, and Energy" is interdisciplinary and covers 

several subject areas, our attention is focused on the direction "Information Technology". This direction 

is represented by 8 sections, which are conducted by the departments included in the Institute of 

Information and Computing Technologies of the NRU "MPEI" (ICTI). In our study, 5 sections are 

considered, which reflect the main areas of training for students studying at the IHTI [1]. 

 Section 1. "Mathematical Simulation " (Department of Mathematical and Computer 

Simulation). 

 Section 2. "Applied Mathematics" (Department of Applied Mathematics and Artificial 

Intelligence). 

 Section 3. "Computer Science and CAD" (Department of Computational Technologies). 

 Section 4. "Computing machines, networks and systems" (Department of Computing machines, 

systems and networks). 

 Section 5. "Management and Informatics in Technical Systems" (Department of Management 

and Intelligent Technologies). 

The total sample size is 88 articles, the number of reports in sections varies from 7 to 23, while each 

section has on average 2 "external" presentations (except for the section "Mathematical Modeling", 

which had 8 "external" works). Thus, the topics of the reports for the most part reflect the directions of 

the department's research. 

Let's consider the specifics of presenting materials at the conference "Electronics, Electrical 

Engineering, and Energy". The authors prepare short abstracts in the following form: "title - text - 

literature references". The specificity of the original text documents allows the researcher to choose two 

options: use the entire text (i.e. process full-text data) or analyze only the title of the report (i.e. one 

sentence). In this paper, it was decided to analyze the titles of reports, the size of which varies from 5 

to 20 words (average size is 9 words). Of course, with this approach, the loss of some of the content 

information located in the main text is possible. However, it is known [2] that the titles of scientific 

papers well reflect the thematic focus and the main idea of the authors, and the quality of clustering-

classification by headings of reports is in good agreement with the results obtained in the analysis of 

full-text documents. Moreover, recently the processing of individual sentences (and phrases) has 

become an important area of work in the field of Data Mining, due to the high popularity of various 

messengers and question-answer systems working with laconic messages. 

In this work, a vector model is used for the mathematical approximation of text documents [3,4]: 

𝑋𝑗 = [

𝑥1𝑗

𝑥𝑖𝑗

𝑥𝑁𝑗

] (1) 

Here 𝑁  – the number of terms after removing stop words, lemmatization and cutting off single-

frequency words, 𝑥ij – the weight of term i in document j (𝑗 = 1, . . , 𝑀 −

the number of documents in the sample, 𝑖 = 1, . . , 𝑁 ). 

The matrix model was used to describe the sample X:  

𝑋 = (

𝑥11 . . 𝑥1𝑀

. . 𝑥𝑖𝑗 . .
𝑥𝑁1 . . 𝑥𝑁𝑀

)   (2) 

To date, many different methods have been developed for calculating the weights of terms 

(weighting by word frequency, tf-idf - weighting, tfc - weighting, etc.). In this work, tfc-weighing will 
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be used, which is a normalized version of the popular and widely used tf-idf-weighing in Data Mining 

[2,5]: 

𝑥𝑖𝑗 =  
𝑓𝑖𝑗 ∗ log (

𝑀
𝑀𝑖

)

√∑ [𝑓𝑖𝑗 ∗ log (
𝑀
𝑀𝑖

)]2𝑁
𝑖=1

      (3) 

Here 𝑓𝑖𝑗- frequency of occurrence of the word i in document j and 𝑀𝑖 – the number of documents 

that contain the word i. Summation in the denominator of the fraction is carried out in overall terms of 

the document j in which the word i occurs. 

Our study tests the following assumptions: 

 the topics of the reports correspond to the title of the conference section, 

 the topics of the reports correspond to the specialization of the department, 

 the topics of the reports correspond to the subject area to which several sections belong at once 

(there is a significant overlap between the topics of the sections and, as a result, similar reports 

appear in different sections). 

Further, in the work, the clustering and visualization of the titles of the reports are carried out, the 

number of clusters is determined, the name of the cluster is given based on the most frequent terms, the 

proximity of the resulting clusters and the degree of their correspondence with the names of sections 

and departments are analyzed [6,7]. Vector models and tfc-weighting of terms are used to represent text 

documents [8]. 

3. Analysis of Initial Data Using Data Mining Tools 

First of all, we will visualize the initial sample based on metadata, using an expert assessment of 

the reports belonging to a section. For visualization, we will apply the method of principal components 

(PCA) [3,4]. 

The visualization result, shown in Figure 1, shows the absence of obvious clusters corresponding 

to the sections and suggests the presence of reports that are "close" to several topics at once, as well as 

works that are uncharacteristic (atypical) for the sample under consideration. 

 

 
Figure 1: Projection of a sample into two-dimensional space with PCA  
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Let us formulate the following assumption: each section has a “core” of documents that are quite 

close to each other (and, in general, correspond to the section name), and a “periphery” when the texts 

differ from the main topics. To test this assumption, we use hierarchical cluster analysis, which allows 

us to analyze in more detail the original sample using a dendrogram constructed using the cosine 

measure of proximity and combining clusters using a weighted pairwise average [9]. 

Figure 2 shows a dendrogram that was obtained using the cosine measure of proximity and with 

the union method - weighted pairwise average. The results presented in Figure 2 only partially confirm 

the earlier assumption. It can be seen that there are fairly close articles that are combined into (very) 

small clusters (from 2 to 5 articles). In general, the source data can be combined into 5 large clusters. 

However, the “model” of such clusters will not correspond to our assumption of the presence of a “core” 

and “periphery”. The result of the hierarchical cluster analysis and the visualization performed suggest 

that the "model" is a combination of small groups of (related) documents distant from each other into a 

rather heterogeneous formation (a blurred cloud stretched in the feature space). 

 

 
Figure 2: Hierarchical clustering of the original sample  

 

The next study includes the use of data mining methods for the analysis of the initial sample without 

taking into account expert assessments. An automatic division of a set of reports into terminologically 

close groups (clustering problem) is considered. To carry out clustering, we use the method of K-means 

and latent semantic analysis (LSA) [10,11]. As before, we are interested in the distribution of documents 

into five clusters (the number of sections) using data mining. 

The clustering results presented in Figures 3 and 4 allow us to conclude the presence of 5 topics of 

reports, which corresponds to the initial number of sections. 

Let's analyze the grouping of articles and give a name to the resulting clusters: 

1. Subject "Simulation". High-frequency cluster words – simulation, modeling, model, method.  

2. Subject "Computer systems". High-frequency cluster words - system, method, detection, 

research, implementation, computational.  

3. Subject "Spacecraft control systems". High-frequency words of the cluster - system, control, 

apparatus, analysis, space.  

4. Subject "Algorithms". High-frequency cluster words - algorithm, implementation, research, 

method, analysis.  

5. Subject "Information systems". High-frequency words of the cluster - system, control, decision, 

information, process.  
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Only one cluster ("Simulation") coincided with the original section names. The rest of the clusters 

turned out to be "interdepartmental" and "intersectional". On the whole, they characterize rather well 

the direction of the ICTI activity, reflecting the high intersectionality of research. Along with well-

interpreted constellations, a rather unexpected cluster associated with spacecraft control has also 

formed. Among the main specializations of the departments of ICTI, there are no aerospace topics. Let's 

analyze the resulting cluster in more detail. It consists of five articles, which were reported in the 

sections "Computing machines, networks and systems" and "Control and informatics in technical 

systems." The work was carried out by different research teams on the following topics: "research of 

data filtering methods", "motion control using solar sensors". When the number of clusters is reduced 

to three, reports on "spacecraft" are added to the "Information systems" cluster. To check the "stability" 

of the aerospace cluster, it is necessary to analyze the proceedings of the next conferences and 

estimate the number of papers submitted annually. 
 

 
Figure 3: K-Means Clustering  
 

 
Figure 4: Clustering by LSA method  
 

Additionally, analyzing the initial distribution of articles, the following conclusions can be drawn: 

 The topics of reports in half of the cases (53%) correspond to the title of the conference section. 

Also, here we can talk about the essential interdisciplinarity of the sections, for example, the 



236 

 

directions "Applied Mathematics" and "Mathematical Simulation" are close. Some topics can 

fit most of the sections, for example, "Neural Networks". 

 The themes of the reports correspond to the specialization of the department. For the department 

"Mathematical Simulation" there is a great correspondence between the topics of reports and 

specialization, for other departments a high level of compliance is also revealed. This suggests 

that authors are more likely to report at those sections that their department heads, and not at 

those that are optimal for them in terms of the topic. 

4. Conclusions 

The studies carried out show that the initial topics of the reports do not always coincide with the 

topics of the section, but most often correspond to the specialization of the department (in particular, 

those carried out at the department of research and development). The results obtained are in good 

agreement with similar works [12,13,14,15]. So, in [13], using LSA, the correspondence of the titles of 

reports and sections of conferences "Mathematical Methods of Pattern Recognition" was checked based 

on the analysis of bibliographic descriptions (titles, annotations, keywords). The automatically 

constructed clusters differed significantly from the original headings of the conference. It seems that 

the distribution of scientific articles by sections of the conference is most often carried out quite 

subjectively and is not confirmed by the results that are obtained when using the data mining tools (in 

particular, when carrying out automatic clustering) [12,13,15]. Of course, the exclusion of expert 

assessments from the process of distributing articles into sections is hardly advisable. However, the use 

of combined approaches, including, along with expertise, the use of data mining means, will contribute 

to the formation of sections "declared" by the organizers and increase the thematic proximity of the 

works reported at one session. 
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