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DEVELOPMENT OF A METHOD FOR COMBINING DATA 
IN ORDER TO PREVENT DUPLICATION OF RECORDS 

IN THE DATABASE OF THE INFORMATION SYSTEM FOR 
THE DEVELOPMENT OF METHODOLOGICAL COMPETENCE 

OF TEACHERS OF IT DISCIPLINES

Abstract: The article assesses the outcomes of digitization on higher education in Kazakh-
stan. Given current trends, there is a need to establish a dedicated focus on the ongoing pro-
fessional growth of educators. A crucial measure in this regard involves shifting from disjoint-
ed learning approaches to implementing a cohesive system for the continuous professional 
development of teaching staff. 

It is crucial to highlight that in accordance with the Development Concept of Higher Educa-
tion and Science in the Republic of Kazakhstan the duration of an individual’s active economic 
engagement has extended from 35-40 years to 50-60 years. This shift underscores the grow-
ing necessity for continuous learning throughout one’s life and underscores the significance of 
non-formal education. 

The educator plays a pivotal role in influencing the educational landscape and significantly 
contributes to the outcomes of socio-economic changes in Kazakhstan. In the current era of 
socio-economic and digital transformations the teacher’s proficiency has emerged as a crucial 
element that directly influences the quality of students’ education.

The Ministry of Digital Development, Innovation, and Aerospace Industry of Kazakhstan 
has reported a yearly requirement for approximately 30,000 additional IT professionals. Con-
sequently, the focus is on enhancing the methodological expertise of IT discipline educators, 
recognizing their pivotal role in influencing the quality of education and student achieve-
ments. Information systems aimed at enhancing this competence are emerging as a crucial 
element in elevating the overall effectiveness of education.

The article presents the rationale for the need to create a single space for additional pro-
fessional education of teachers of IT disciplines. It is considered as an effective mechanism for 
the implementation of the state educational policy and innovation strategy in the field of ed-
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ucation. The aim of this initiative is to ensure that the human resource is ready to successfully 
achieve the country’s strategic goals in the context of digitalization processes.

The article focuses on the development of a structural model of an information system 
aimed at improving the methodological competence of teachers of IT disciplines using the 
principles of continuing education. Based on a conceptual model with microservices subsys-
tems, this methodology represents a comprehensive approach to the development of the com-
petence of teachers of IT disciplines, integrating technological and methodological aspects.

The development of a method for combining data in order to prevent duplication of records 
in the database of the information system is also considered. Methods of estimating the de-
gree of similarity based on the types of attributes are proposed.

The article extensively delineates the models, architecture, and components constituting 
the software implementation of the envisioned information system. It scrutinizes the accessi-
bility of the employed data sources and formulates conclusions regarding the future potential 
for advancing the subject matter.

Keywords: digitalization; methodological competence; information system; professional 
development; IT education; structural models of information systems; unification method; 
databases.

Introduction
Digitalization has emerged as a pivotal trend in the worldwide economy. Leading global 

economies have incorporated digitalization programs into their economic development strat-
egies. Over the past decade or so, the implementation of digitalization at the national level 
has gained momentum, marking an active phase in the digital transformation of the global 
economy. 

Information technologies are widely employed globally across diverse industries, becoming 
indispensable in contemporary times. The pressing challenge lies in the widespread adoption 
of these technologies across various facets of human endeavors.

Experts predict that in ten years, up to 70% of the world’s products and services will be 
based on digital platform models. Under these conditions, Kazakhstan sets itself a strategic 
task – to become one of the largest digital hubs in the Eurasian space [1].

It is predicted that in the near future, 90% of jobs will require a certain level of digital pro-
fessional skills. However, currently, even in Europe, only 53% of residents have the necessary 
competencies.

The digitalization process involves crucially developing and enhancing systems for knowl-
edge formation. Various domains such as modern economics and science demand expert pro-
fessionals with advanced skills to meet the evolving needs of human activities.

In July 2023, President of the Republic of Kazakhstan Kassymzhomart Tokayev named five 
key priorities for the country’s digital transformation, one of which is strengthening human 
capital. Just two years ago, the global IT market needed 30 million specialists. Today, the de-
mand is already 100 million. And by 2025 it will increase to 200 million [1].

Hence, a key benchmark outlined in the Action Plan to execute the Digital Transformation 
Concept, focusing on advancing the information and communication technologies as well as 
the cybersecurity industry from 2023 to 2029, involves the goal of educating a minimum of 
100,000 highly skilled IT professionals by the year 2025 (Table 1).

Table 1. Target indicator 5. Training of highly qualified personnel [2]

Year 2023 2024 2025 2026 2027 2028 2029
Quantity 35k 35k 35k 35k 35k 35k 40k
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From the perspective of this target indicator, the main result of educational activity is the 
training of a competent specialist.

However, there is a shortage of personnel in the field of education, including qualified ones. 
The current shortage of teaching staff annually amounts to more than 5 thousand people. It will 
constantly grow due to the increase in the number of students. 20% of graduates of pedagogical 
specialties do not enter the profession every year. According to the Head of State of the Republic 
of Kazakhstan, the programs of pedagogical specialties in universities are largely based on out-
dated methods and methodologies that do not take into account modern realities [1]. 

Literature review 
An analysis in the field of continuing education of teachers of IT disciplines has shown that 

technologies for the formation of modern competencies have not become the norm of pro-
fessional activity of teachers, since there is no single space for professional development and 
methodological support (post-course support), for the following reasons:

- the lack of inclusion of aspects contributing to practical training in the curricula of uni-
versities and colleges is explained by a reduction in time, outdated methodology, subject-cen-
trism and insufficient training of the teaching staff;

- the lack of a single space for professional development of teachers of IT disciplines is 
characterized by the lack of common principles, content requirements, as well as the lack of 
risk- and practice-oriented approaches.

- new technologies are not successfully integrated into the regular activities of a teacher 
due to the incompleteness of the innovation process, insufficient support for innovations and 
insufficient risk orientation.

- routine procedures that are not related to educational activities overload the teacher of 
IT disciplines, which reduces the automation of these procedures and leads to professional 
burnout, which makes it difficult to master new technologies.

- heads of educational organizations do not show willingness to integrate new technologies 
into the professional activities of teachers of IT disciplines, not considering them as the norm [3].

Thus, the existing model of professional growth of teaching staff of IT disciplines no longer 
provides in its current form the solution of strategic tasks of digitalization, and needs a radical 
transformation, since it is focused on the pragmatic task of passing certification for a category, 
and not on ensuring readiness to solve modern educational problems.

To overcome the identified difficulties, it is necessary to create a unified digital space that 
promotes the continuous development of methodological competencies of teachers of IT dis-
ciplines. This space should also perform the function of advanced professional development 
aimed at developing the competencies necessary to work in the face of modern challenges 
and constant changes.

The processes of storing and processing information are an important component of any 
information system. The growth of information needs caused by both internal and external 
factors can be satisfied only if there is consistent, relevant and correct data.

One of the most important parts of the database of the developed information system is 
a single user information model representing data about a teacher registered in the system. 
However, the evaluation of the database conducted by the authors showed that there are 
duplicate records of data about teachers in it. Based on a detailed analysis, typical situations 
leading to data duplication in the database were identified:

1. The minimum intersection of characteristics with the same values. For example, two per-
sons have known the values of the characteristics “First_name”, “Last_name”, and “Birth_day”, 
while the values of the first two characteristics are the same, and the values of the third char-
acteristic are different. In such situations, it is difficult to make a decision about their identity.
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2. Inconsistencies in attribute values, that is, the discrepancy between the actual and regis-
tered values. The following types of errors can be distinguished: typos when entering (for ex-
ample, incorrect spelling of the surname), errors as a result of loss or distortion of data, errors 
related to the difference in time of updating values that occur, for example, when changing 
the surname or address.

In such conditions, the use of manual processing by the administrator can be completely 
excluded from the identification process, since this process is impractical and requires consid-
erable time. An effective solution is to develop a method for detecting duplicates, which will 
serve as the basis for creating an information system.

In the research conducted by a group of authors [4-5], the structural model of the system 
for the development of methodological competence of teachers of higher educational institu-
tions and methods for evaluating its effectiveness are considered.

However, despite the importance of these studies, there is some gap in the literature review 
covering the theory and practice of using a single digital space in the format of an information 
system to improve the methodological competence of teachers of IT disciplines. This aspect, 
in particular, requires additional attention, since it has been little studied in the context of the 
development of appropriate systems that are individually customized to the profile of compe-
tencies with subsequent tutor support.

Other studies devoted to the theoretical foundations of the formation of methodological 
competence of teachers of higher educational institutions [8-9] offer a comprehensive ap-
proach to the assessment and development of this competence. These works emphasize the 
importance of supporting and assisting the university administration in the process of forming 
the methodological readiness of teachers.

Special attention is paid to research on methods for identifying and eliminating duplicates 
in records conducted by foreign scientists such as Newcombe [10], Fellegi and Sunter [11], 
Winkler [12], Jaro [13], and others. These studies are relevant in the context of integrating 
various data warehouses, preprocessing data for analysis and solving data mining tasks.

Taking into account the literature review and the identified gaps, it can be concluded that 
despite active research in the field of methodological competence of teachers and the search 
for duplicates in records, there are no specific studies devoted to the development of a system 
combining these aspects.

This project involves the development of a proprietary method for merging duplicate re-
cords in the database, including attributes not only of the surname, but also other character-
istics of teachers, such as first name, patronymic, date of birth, name of the completed educa-
tional institution, city, home address and others. It is assumed that the development of such 
a system will make it possible to effectively process duplicates and create more accurate and 
extensive profiles of teachers in the database.

This approach will include not only technical aspects of merging records, but also method-
ological ones aimed at optimizing the data management process and improving the accuracy 
of information about teachers. Taking into account existing problems such as errors in at-
tribute values and the intersection of properties with matching values, the development of a 
merge method will be an important step in improving data quality and ensuring the effective 
functioning of the information system.

Thus, the upcoming research aims to create an innovative method of merging duplicate 
records, which, based on a thorough analysis of the literature, will contribute to more effective 
data management in the educational environment and improve the accuracy of information 
about teachers.
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Research methodology
Theoretical analysis of scientific papers; content analysis of periodical materials, regulatory 

documents and static data on the research problem; analysis and communication of existing 
experience in designing similar information systems; system analysis in order to determine 
the scientific basis for improving the method of combining records in databases in information 
systems.

Main part
The proposed architecture of the system under consideration is a carefully designed solu-

tion aimed at optimizing effective interaction between the components of the backend, inter-
face and database (Figure 1). Consistency between these components is the foundation for a 
system specifically adapted for educational purposes and is highly adaptable to a multitude 
of simultaneous user requests.

In the context of the architecture of the server part of the system, special attention is paid 
to details when using Java Spring Boot, an integrated platform known for its professionalism 
in developing server applications. This choice of architecture provides the system with elegant 
processing of a significant number of parallel user requests, which is an integral characteris-
tic in the context of an educational information system. Taking advantage of the capabilities 
of Java Spring Boot, the system provides smooth and responsive interaction with users, fully 
meeting the main goals of the educational system [14].

In a similar vein, the system interface is carefully designed using React JS, a technology 
noted for its ability to create reliable and user-friendly user interfaces. The intuitiveness of 
the interface provided by React JS is of paramount importance, especially in an educational 
system where ease of use plays a key role. The interface seamlessly integrates various system 
functions, including, but not limited to, training, forecasting, and post-course support. All these 
characteristics together contribute to the creation of a user environment focused on an effec-
tive educational experience [15].

Moving to the next level of the architectural spectrum, the database component of the sys-
tem is implemented using PostgreSQL, widely known for its scalability and reliability in data 
management. The role of the database in the system is a key function in providing an exten-
sive data warehouse covering information about users, courses and more. With a special focus 
on data integrity and confidentiality, PostgreSQL ensures that confidential information in the 
system remains securely protected from unauthorized access [16].

Within this complex architectural ecosystem, the interaction between the backend and the 
interface is organized using an application programming interface (API), which ensures effi-
cient transfer and processing of critical data between these main components. This API acts 
as a channel for user requests sent to the server side for subsequent careful processing and 
provision of necessary responses. It is important to note that the database actively interacts 
with the backend, providing meaningful data, while the backend interacts with each other, 
updating the database with any new generated information.

Upon a detailed examination of the server component, it becomes obvious that its func-
tionality is based on a variety of services, each of which plays a separate but integral role in 
ensuring the successful operation of the system.

For example, the file storage service is responsible for efficiently handling downloaded 
media by acting as storage for these files. This provides convenient user access to a shared 
repository of important documents and multimedia resources.

On the other hand, the user service represents a key element of the web application struc-
ture, carefully managing user accounts. Its role includes user registration, maintaining and 
updating user data, verifying email addresses to enhance security, assigning roles for precise 
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access control, user search functionality, and user data extraction. The user service is an es-
sential element that ensures smooth and secure interaction with users, carefully controlling 
account management and access in the application.

Figure 1. High-level architectural model of the system

The interaction between the interface and server systems (Figure 2) is a key component of 
the integrated architecture of the information technology education platform, providing an 
effective channel for operational data transmission. This interaction forms the basic struc-
ture of the system’s functionality, expressed in an enriched and user-oriented experience. The 
importance of the server system in this context is undeniable, since it functions as an exten-
sive repository of key information, including user profiles, teacher data, courses, data after 
their completion, the creation of competence maps, statistics and questionnaires. On the other 
hand, the interface system is responsible for interacting with the competence map and provid-
ing system data to users [18].

The fundamental data transfer mechanism is organized using the REST API (a represent-
ative interface for transmitting application state). This REST API acts as a link between the 
two systems, providing the interface with the initiation of interaction with the backend. To 
implement this interaction, the interface uses HTTP requests directed to the backend with 
specific requests for data extraction. In response to these requests, the server part processes 
the information and transmits the results in the form of JSON data (JavaScript object notation).
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Figure 2. The structure of data transfer between the interface and server systems

The architectural component that plays a key role in the system is the Entity Relationship 
Diagram (ERD) (Figure 3). This diagram visualizes the primary data objects and their relation-
ships within the system, including IT teachers, trainers, users, courses, a Competency Map, 
post-course training, analytics, and a competency bank. For example, the teacher database 
contains a variety of information, providing a holistic profile of teachers, including general 
information, education, professional development and scientific activities. 

Figure 3. A fragment of the structural model of the information system database
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Solution methods and discussions 
Understanding the ERD and the objects of the system plays an important role in building a 

dynamic educational environment. In this context, the standard record merging system (Figure 
4) proposed in [19] builds a link between architecture and database.

Figure 4. The process of identifying and deleting duplicate records in the database

The standardization stage includes bringing the data to a common structure and types. 
The segmentation stage is performed in cases where, from the point of view of efficiency, it is 
impractical to compare the entire array of pairs of records. Instead, they are divided into seg-
ments according to a certain criterion, and then an assessment of the similarity within each 
selected segment is carried out.

The process of comparing and deciding whether to merge records is the most difficult stage. 
There are many methods such as neural networks, cluster analysis, and others. Probabilistic 
algorithms seem to be the most suitable for solving this problem, which allow you to obtain 
an interval estimate of similarity based on the analysis of attribute values. These algorithms 
are widely described in foreign literature and have been successfully used in conducting pop-
ulation censuses, integrating medical and postal databases. The main advantages of such 
algorithms are the presence of a formal apparatus, the relative simplicity of implementation 
and the ability to process missing and erroneous values.

This database is designed to store information about users and manage the learning pro-
cess. The main entities include “User”, “Role”, “Competence_Bank”, “Component_Bank”, “Question-
naire_Bank” and “Course”. Each user is described by a unique identification number, username, 
password, personal information, date of birth, education information, email address, phone 
number and role (defined in the “Role” table). Roles define user access levels. The competence 
bank includes components that assess the level of competence, and the questionnaires con-
tain questions, maximum scores and status. The users who completed the questionnaires are 
linked to the corresponding entries in the “User” table. The courses include information about 
the title, status, description, progress, coach and students. Each course is linked to users via 
foreign keys, providing communication between participants.

During the registration of new users, the database collects a variety of information neces-
sary for the full use of the platform. The user must provide the following information: user-
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name, password, full name, date of birth, email address and contact phone number. All entered 
data is entered in the corresponding fields of the database attributes.

As a methodological basis for further implementation in a real information system, an ab-
stract mathematical model of the probabilistic method of combining records was developed, 
corresponding to the above requirements.

Let two sets of objects be given (users are registered teachers in the information system) X 
and Y, the elements of which are denoted as x and y, respectively. 

Consider the set:
X×Y= {(x, y); xϵX, yϵY},

as two subsets of A and B. If x and y in an element of the set X×Y coincide (they are the 
same object), then this element belongs to A, otherwise it belongs to B.

Suppose that when entering information about elements X and Y into the database, the 
Zx and Zy record files were created. Let’s denote the entries corresponding to the elements of 
the sets X and Y as χ(x) and γ(y). The result of comparing two records is a comparison vector, 
which we denote as v. It includes elements such as “Name matches”, “Date of birth does not 
match” and etc. 

The comparison vector v is defined as a vector function over χ(x) and γ(y) and has the fol-
lowing representation:

v [χ(x), γ(y)] ={v 1[χ(x), γ(y)],…, vn[χ(x), γ(y)]}.
Next, we will use the notation v (x,y), v [χ, γ] or simply v. 
If a pair of records represents the same object and the comparison vector m reflects the 

coincidence of values, then we denote the probability (P) of this event for this object:
а(v) = Р(v|(x,y) ϵ A).

However, if a pair of records represent different objects and the comparison vector v reflects 
the coincidence of values, then we denote the probability (P) of this event:

b(v) = Р(v|(x,y) ϵ B).
Consider the ratio a(v) / b(v) as the degree of similarity of records. Nevertheless, with a 

significant number of v implementations, it becomes necessary to make certain assumptions. 
In accordance with the methodology proposed by the authors [11], let’s assume that the com-
ponents of v can be ordered and displayed as follows:

а(v) = a1(v
1)*a2(v

2)*…*an(v
 n),

b(v) = b1(v
1)*b2(v

2)*…*bn(v
 n).

Imagine that v1 can include the attributes of the “First_name” field, and v2 can include the 
attributes of the “Birth_day” field. Let’s apply the logarithm to ensure the additivity of the 
weights:

Thus, we can write w(v) as the weight of the compound and write as follows:
w(v) = w1+ w2+...+ wn.

The degree of similarity of the records, expressed by the weight of the connection, repre-
sents the probability that two records reflect the same object.

Suppose that one of the attributes of the records is the “Last_name” field, let’s build a list 
of all the unique values of the surname without errors. Next, we will calculate the number of 
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teachers who have each of these surnames in some test sample. Let’s denote the proportion 
of the occurrence of the k-th surname in this set as Mk.

Let’s introduce the following notation:
- pX and pY are the probabilities of an erroneous surname value in ZX or ZY .
- pе – the probability that the values of the teacher’s last name in ZX and ZY are different, 

provided that they are written down without errors (for example, in the case of a change in a 
person’s last name).

Rule 1: provided that the surname matches or the k-th surname is on the list:

(1)

Rule 2: provided that the last name does not match, we calculate:

(2)

Rule 3: provided that the last name is not specified in any record:

w = 0 (3)

It follows from the above-mentioned rules (1-3) that a match by surname leads to a pos-
itive weight, and the weight increases with a decrease in the frequency of occurrence of the 
surname; a mismatch causes the appearance of a negative weight, which decreases taking into 
account the errors pX, pY, pе; and in the absence of a surname in one of the entries, the weight 
will be zero. Figure 5 shows a conceptual schema of a database for storing proportions, which 
helps to increase the effectiveness of the method (Fig. 5)

Figure 5. Conceptual diagram of a database for storing proportions

The initial proportions should be calculated based on samples with minimal redundancy. 
With the arrival of new records in the database, at regular time intervals or when a certain 
amount of data is reached, the list of proportions must be updated.

An important practical task is to set the values of pX , pY and pе. A characteristic feature of 
many organizations is the presence of multiple sources of updating objects of the same type. 
Each of the sources has a different degree of reliability of the information entered, therefore, 
the sets ZX and ZY are a set of subsets, for each of which it is possible to determine the eigen-
values pX , pY and pе in relation to a particular attribute. For example, let ‘s imagine the set ZY, 
meaning the set of teachers registered in the database, in the form , where  

 is a subset of personalities actualized by the k-th type of accounting. Since each type of 
accounting can be compared with the probability of an error in the value of a property, then, 
for example, for a surname  .
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For a variety of ZX personalities, the following formulations can be applied when:
1. creating a new identity: ZX ={z’}, pX – corresponds to the type of accounting that per-

forms the creation operation;
2. searching for duplicates among registered personalities: ZX = ZY;
3. importing data from an offline source into the system database: ZX

 ={z1, z2,…, zl}, pX 
must be defined for this source.

Thus, the algorithm for comparing pairs of records included in ZX X ZY can be represented 
as a task for comparing pairs included in the sets ZX × Z1, ZX × Z2,..., ZX ×  at the correspond-
ing error levels pX and  defined for for each attribute

Conclusion
This method of calculating weights provides a universal and flexible mechanism applicable 

not only to the attributes of the surname, but also to all other relevant fields characterizing 
the teacher. Attributes such as first name, patronymic, date of birth, name of the completed 
educational institution, city, home address, and many others influence the uniqueness of the 
teacher’s identification in the system.

The application of this method to these attributes enriches and deepens the identification 
process considering the many characteristics of the teacher’s personality. In particular, taking 
into account additional attributes allows you to mitigate the effects of possible errors in one 
of the attributes, providing the system with more information for accurate matching of records.

Thus, the developed method is not limited only to the surname but provides expanded op-
portunities for effective identification of teachers in the system, while ensuring high accuracy 
and reliability of the process. This has made the method scalable and applicable in various 
contexts, providing operational solutions to the problem of duplicate records in the informa-
tion system under development and similar systems.
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