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Abstract. This paper presents an approach to the automated analysis of 
educational programs based on correspondence matrices that describe the relationships 
among educational components, program learning outcomes, and competencies. The 
proposed solution facilitates the efficient development and evaluation of educational 
programs by reducing the time required for their preparation, minimizing the likelihood 
of errors in correspondence matrix construction, and enhancing program quality 
through comprehensive analysis of the structure, consistency, and balance of their 
constituent elements. 
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Introduction. In contemporary higher education, increasing attention is devoted to 
ensuring the quality, coherence, and compliance of educational programs (EPs) with 
national and international educational standards. The design and development of 
educational programs are based on the definition of competencies, program learning 
outcomes (PLOs), and their alignment with educational components in accordance 
with the requirements of the National Agency for Higher Education Quality Assurance, 
the European Qualifications Framework (EQF), and the European Credit Transfer and 
Accumulation System (ECTS) [1–4]. Compliance with these requirements is a 
prerequisite for successful accreditation and for maintaining a high-quality educational 
process [1]. 

A key indicator of educational program quality is the balanced coverage of 
competencies and program learning outcomes by the corresponding educational 
components. To represent and analyze these relationships, correspondence matrices are 
commonly used. Such matrices provide a structured representation of the links between 
educational components, competencies, and learning outcomes [5]. Typically, they are 
organized as educational component–competency or educational component–learning 
outcome matrices, where each entry indicates the presence of a corresponding 
relationship. The use of correspondence matrices facilitates the assessment of 
curriculum coverage, enables the identification of duplicated content, and helps reveal 
underrepresented competencies or learning outcomes. 

Despite their practical value, the development and verification of correspondence 
matrices remain complex and labor-intensive tasks, particularly for large educational 
programs characterized by numerous interrelated elements. Manual processing of such 



Proceedings of the 4th International Scientific and Practical Conference 
"Scientific Progress: Theories, Applications and Global Impact" 

 June 8-10, 2026, Braga, Portugal 
 

324 
 

data requires substantial effort, limits the scope of comprehensive analysis, and 
increases the risk of inconsistencies and errors. Existing educational management 
systems, including Canvas, Moodle, Erasmus+ Mobility Tool, and UNIPA [6–8], are 
primarily designed to support the educational process and provide only limited 
functionality for the automated analysis of educational programs and correspondence 
matrices. Consequently, the development of specialized tools for the automated 
formation, verification, and analysis of educational programs is of significant practical 
importance, as it can improve program quality, reduce preparation time, and support 
continuous monitoring and curriculum enhancement. 

Purpose and Objectives of the Study. The aim of this study is to develop a 
prototype system for the analysis of educational programs based on correspondence 
matrices, providing automated support for the formation, verification, and evaluation 
of relationships among educational components, competencies, and learning outcomes. 

Research objectives: 
to develop a data model for representing relationships among educational 

components, competencies, and learning outcomes; 
to implement a prototype system for the automated generation and comprehensive 

analysis of educational program elements; 
to design analytical reporting tools for assessing the structure, consistency, and 

balance of educational programs. 
Results of the Study and Their Discussion. The prototype is implemented in the 

Office 365 environment using Power Query, Power Pivot, and queries in the M 
language. The input data consists of three tables: 

– «ОК», – the list of educational components; 
– «СпКомп», – the list of competencies; 
– «СпПРН», – the list of program learning outcomes; 
All tables are formatted as «smart tables» and have the following structure: object 

code (educational component, competency, or learning outcome) and its textual 
description. Fragments of the tables are shown in Figures 1–3. 
 

Figure 1 – Fragment of the table with the list of educational components (directory «ОК») 
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Figure 2 – Fragment of the table with the list of competencies (directory «СпКомп») 
 

 
Figure 3 – Fragment of the table with the list of learning outcomes (directory «СпПРН») 
 
The correspondence of competencies and program learning outcomes to 

educational components is represented by the tables «ТаблКомп» and «ТаблПРН» 
respectively. A fragment of the «ТаблПРН» table is shown in Figure 4. 

 
Figure 4 – Fragment of the correspondence table between educational components and program 

learning outcomes 
 

The table of correspondences between competencies and educational components 
has a similar structure. Let us consider the organizational structure of the «ТаблПРН» 
table (Fig. 4). Filling out the «Код ОК» field is implemented via dynamic references 
to the «ОК» directory. Thus, to fill in «ОК1» in cell «A4», the formula «=ОК!A2» is 
applied. To fill in the names of the components, the formula «=ОК!B2» is used. The 
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use of links ensures automatic updating of data when information changes in the 
directories. The PRN codes in the table headers are also formatted as links to the 
«СпПРН» directory. 

In the first row of the table (Fig. 4), the number of correspondences for each PRN 
is calculated using the formula =COUNTIF(C4:C хх ;"+"), where « хх « is the end 
row, which depends on the number of educational components. In column «X», the 
total number of PRNs associated with a specific educational component is determined. 
For example, to determine the number of PRNs for the educational component «ОК1», 
the formula =COUNTIF(C4:W4;"+") is used, where the last column (W4) changes 
according to the number of PRNs in the educational program. 

The «Зміст результатів навчання» (Content of learning outcomes) field is filled 
automatically depending on the «+» marks in the «ТаблПРН» table. For this purpose, 
the following formula is entered into cell Y4: 
 
=IF(IF(C4="+";C$3;"")="";"";VLOOKUP(IF(C4="+";C$3;"");СпПРН!$A:$C;2;0))& 
IF(IF(D4="+";D$3;"")="";"";VLOOKUP(IF(D4="+";D$3;"");СпПРН!$A:$C;2;0))& 
IF(IF(E4="+";E$3;"")="";"";VLOOKUP(IF(E4="+";E$3;"");СпПРН!$A:$C;2;0))& 
IF(IF(F4="+";F$3;"")="";"";VLOOKUP(IF(F4="+";F$3;"");СпПРН!$A:$C;2;0))& 
IF(IF(G4="+";G$3;"")="";"";VLOOKUP(IF(G4="+";G$3;"");СпПРН!$A:$C;2;0))& 
… 
IF(IF(V4="+";V$3;"")="";"";VLOOKUP(IF(V4="+";V$3;"");СпПРН!$A:$C;2;0)) 
 

In this formula, the addresses «С4», ..., «V4» correspond to the size of the block 
with «+» marks in the «ТаблПРН» table. The specified formula should be copied down 
the entire height of the table according to the number of educational components. The 
constructed model of the correspondence matrix of educational components and 
program learning outcomes ensures the integration of codes and textual descriptions of 
PRNs within a single environment. Automated counting of correspondences and the 
formation of text blocks allow performing a comprehensive analysis of the structure of 
the educational program, evaluating the distribution of PRNs among disciplines, and 
simplifying the adjustment of correspondence matrices. 

Based on the correspondence matrices, it is possible to perform an analysis of the 
distribution of competencies and program learning outcomes between educational 
components and the program as a whole (Fig. 5). The obtained results allow identifying 
imbalances in the coverage of competencies and PRNs, optimizing the content of 
disciplines, and improving the structure of the educational program in accordance with 
the requirements of higher education standards. 

Based on the correspondence matrices, the frequency of references to program 
learning outcomes and competencies within the educational program can be analyzed 
(Fig. 6). Such an analysis allows identifying overloaded or underrepresented elements, 
evaluating cross-links between educational components, and optimizing the 
distribution of PRNs and competencies. This contributes to the elimination of 
duplications and ensures a more balanced structure of the educational program. 
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Figure 5 – Fragment of the report on the distribution of competencies and PRNs by educational 
components 

Figure 6 – Frequency of references to individual PRNs and competencies within the educational 
program 

 
Based on the correspondence matrices, analytical tables of the realization of 

learning outcomes and competencies through educational components can be formed. 
In such tables, learning outcomes are used for grouping rows, competencies – columns, 
and the corresponding educational components are displayed at the intersection. To 
construct such a report, modified tables «ТаблКомп», «ТаблПРН», and «ОК» must be 
used, the structure of which is shown in Figures 7–9. 

Figure 7 – Fragment of the database of correspondence between educational components and 
program learning outcomes (ТаблПРН) 
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The modification of the table involves replacing the «+» marks in the 
«ТаблКомп» and «ТаблПРН» tables with the corresponding PRN and competency 
codes using the VLOOKUP() search function. 

Figure 8 – Fragment of the database of correspondence between educational components and 
competencies (ТаблКомп) 

 

Figure 9 – Fragment of the database of educational components (ОК) 
 
For further use of «ТаблПРН» and «ТаблКомп», it is advisable to convert them 

into a relational database format. For this purpose, the Power Query tool was utilized. 
The query for converting «ТаблПРН» is as follows: 
 
Крок «Джерело»: 
= Excel.CurrentWorkbook(){[Name="Т_ПРН"]}[Content] 
Крок «Змінити тип»: 
= Table.TransformColumnTypes(Источник,{{"КодДисц", type text}, {"Дисц", type text}, 
{"ПРН1", type text}, {"ПРН2", type text}, {"ПРН3", type text}, {"ПРН4", type text}, {"ПРН5", 
type text}, {"ПРН6", type text}, {"ПРН7", type text}, {"ПРН8", type text}, {"ПРН9", type text}, 
{"ПРН10", type text}, {"ПРН11", type text}, {"ПРН12", type text}, {"ПРН13", type text}, 
{"ПРН14", type text}, {"ПРН15", type text}}) 
Крок «Розгорнути стовпці»: 
= Table.UnpivotOtherColumns(#"Змінити тип", {"КодДисц", "Дисц"}, "Атрибут", "Значення") 
Крок «Видалити стовпці»: 
= Table.RemoveColumns(#"Розгорнути стовпці",{"Атрибут"}) 
Крок «Фільтрувати рядки»: 
= Table.SelectRows(#"Видалити стовпці", each ([Значення] <> "")) 
Крок «Перейменувати стовпці»: 
= Table.RenameColumns(#"Фільтрувати рядки",{{"Значення", "ПРН"}}) 
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As a result of the query execution, the table «Т_ПРН» was formed, which is 
shown in Figure 10. 

Figure 10 – Fragment of the database 'Т_ПРН' 
 

Similarly, for converting the table «Т_Комп», the following query was used: 
 

Крок «Джерело»: 
= Excel.CurrentWorkbook(){[Name="Т_Комп"]}[Content] 
Крок «Змінити тип»: 
= Table.TransformColumnTypes(Источник,{{"Код", type text}, {"Навчальні дисципліни, 
курсові проекти (роботи), практики, кваліфікаційна робота тощо", type text}, {"ЗК1", type 
text}, {"ЗК2", type text}, {"ЗК3", type text}, {"ЗК4", type text}, {"ЗК5", type text}, {"ЗК6", type 
text}, {"ЗК7", type text}, {"ЗК8", type text}, {"ЗК9", type text}, {"ЗК10", type text}, {"ЗК11", 
type text}, {"ЗК12", type text}, {"ЗК13", type text}, {"ЗК14", type text}, {"ЗК15", type text}, 
{"ЗК16", type text}, {"ФК1", type text}, {"ФК2", type text}, {"ФК3", type text}, {"ФК4", type 
text}, {"ФК5", type text}, {"ФК6", type text}, {"ФК7", type text}, {"ФК8", type text}, {"ФК9", 
type text}}) 
Крок «Розгорнути стовпці»: 
= Table.UnpivotOtherColumns(#"Змінити тип", {"Код", "Навчальні дисципліни, курсові 
проекти (роботи), практики, кваліфікаційна робота тощо"}, "Атрибут", "Значення") 
Крок «Видалити стовпці»: 
= Table.RemoveColumns(#"Розгорнути стовпці",{"Атрибут"}) 
Крок «Фільтрувати рядки»: 
= Table.SelectRows(#"Видалити стовпці", each ([Значення] <> "")) 
Крок «Перейменувати стовпці»: 
= Table.RenameColumns(#"Фільтрувати рядки",{{"Навчальні дисципліни, курсові проекти 
(роботи), практики, кваліфікаційна робота тощо", "Дисципліна"}, {"Код", "КодДисц"}, 
{"Значення", "Комп"}}) 

 
The result of the conversion is shown in Figure 11. 
From the tables «Т_ПРН», «Т_Комп», and «ОК» (Figs. 10, 11, 1), a data schema 

can be formed, which is presented in Figure 12. 
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Figure 11 – Fragment of the database «Т_Комп» 
 

Figure 12 – Data model for generating an analytical table on the realization of PRNs and 
competencies through educational components 

 
This allows generating analytical reports based on arbitrary fields of the data 

model. In particular, in the summary report in Figure 13, a pivot table is created where 
rows are grouped by the «ПРН» field from the «Т_ПРН» table, and columns are 
grouped by the «Комп» field from the «Т_Комп» table. To display values, a special 
measure is used that forms a list of codes of educational components associated with 
the respective competencies and learning outcomes:  
=CONCATENATEX('Т_ПРН_Р';'Т_ПРН_Р'[КодДисц];" ")&" --- " 
&CONCATENATEX('Т_Комп_Р';'Т_Комп_Р'[КодДисц];" ") 

Figure 14 – Analytical report on the realization of PRNs and competencies through educational 
components 
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The resulting report allows for a comprehensive analysis of the interrelationships 
between the elements of the educational program, identifying disciplines that ensure 
the formation of individual PRNs and competencies, detecting duplications or 
insufficient coverage of learning outcomes, and evaluating the balance of the 
educational program. 

In the report shown in Figure 14, the selection of the list of educational 
components is performed under the «OR» condition. For an in-depth analysis of the 
educational program, it is advisable to generate a report where educational components 
are combined under the «AND» condition. To obtain such a report, an intermediate 
database formed on the basis of the «Т_Комп» and «Т_ПРН» directories using a query 
is used: 

 
Крок «Джерело даних»: 
= Table.NestedJoin(Т_Комп, {"КодДисц"}, Т_ПРН, {"КодДисц"}, "Т_ПРН", 
JoinKind.FullOuter) 
Крок «Розгортання елементів «Т_ПРН»: 
= Table.ExpandTableColumn(Джерело, "Т_ПРН", {"КодДисц", "Дисц", "ПРН"}, 
{"Т_ПРН.КодДисц", "Т_ПРН.Дисц", "Т_ПРН.ПРН"}) 
Крок «Перейменування колонок»: 
= Table.RenameColumns(#"Розгортання елементів Т_ПРН",{{"Т_ПРН.КодДисц", 
"КодДисц_ПРГ"}, {"Т_ПРН.Дисц", "Дисц_ПРН"}, {"Т_ПРН.ПРН", "ПРН"}}) 

 
As a result of the query, the database 'БД_' is formed; a fragment of this database 

is shown in Figure 15. 
We add the «БД_» database with the embedded measure to the data model. To 

form a report by combining educational components under the «AND» condition, it is 
sufficient to build a pivot table based on the «БД_» database. In this case, rows are 
grouped by the «Комп» field, columns – by the «ПРН» field, and the M2 measure is 
used in the values area. 

Figure 15 – Fragment of the intermediate base for «БД_» 
 
A fragment of the obtained report is shown in Figure 16. For additional 

visualization of the educational program structure, it is advisable to apply a «heat 
map», an example of which is presented in Figure 17. 
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Figure 16 – Educational program coverage matrix 
 
The generated reports and visualization tools make it possible to evaluate the 

balance of the educational program structure, analyze the interrelationships between 
competencies and program learning outcomes, and determine the level of their 
coverage by educational components. 

Figure 17 – 'Heat map' of the educational program 
 

Conclusions. The scientific contribution of this study lies in the formalization of 
educational program analysis as a problem of processing interconnected data within a 
relational framework supported by integrated analytical tools. The proposed approach 
enables a systematic assessment of the relationships among educational components, 
program learning outcomes, and competencies, thereby facilitating evidence-based 
evaluation of educational program structures. 

The following results have been achieved: 
– a methodology for the structural analysis of educational programs based on a relational 

data model and a system of quantitative indicators has been developed and validated; 
– a conceptual framework for representing discipline–program learning outcome–

competency relationships through formalized data structures and correspondence matrices 
has been proposed; 

– a prototype information system providing automated analysis, indicator calculation, 
and visualization of educational program structures has been designed and implemented; 

– the proposed approach has been evaluated using three educational programs, 
demonstrating its practical applicability and effectiveness. 

The results of the study confirm that the digital formalization of educational program 
structures constitutes an effective instrument for supporting internal quality assurance 
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processes in higher education institutions. The developed approach can be employed for 
the analysis, monitoring, and optimization of educational programs, as well as for 
facilitating accreditation preparation and evidence-based curriculum improvement. 
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Індустрія настільно-рольових ігор (НРІ, англ. Tabletop Role-Playing Games, 

TRPG) переживає безпрецедентне зростання. За даними аналітиків ICv2 та 
Circana, обсяг світового ринку НРІ перевищив 1,5 млрд доларів США у 2023 році, 
демонструючи стабільне щорічне зростання на рівні 10–15% [1]. Ключовою 
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