B EUROPEAN OPEN

é? SCIENCGCE SPACE

Proceedings of the 4 International Scientific
and Practical Conference

"Scientific Progress: Theories, Applications

and Global Impact"
June 8-10, 2026
Braga, Portugal

Collection of Scientific Papers

Portugal, 2026



Proceedings of the 4™ International Scientific and Practical Conference
A\ EUROPEAN OPEN "Scientific Progress: Theories, Applications and Global Impact"
557 SCIENCE SPAGE June 8-10, 2026, Braga, Portugal

EDUCATIONAL PROGRAM ANALYSIS SYSTEM BASED
ON CORRESPONDENCE MATRICES

Mykola Yu. Karpenko

PhD, Associate Professor

Department of Computer Science and Information Technologies
O. M. Beketov National University of Urban Economy in Kharkiv
Department of Information Systems

Simon Kuznets Kharkiv National University of Economics

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
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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 Obijectives 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:

— «OK», — the list of educational components;

— «CnKommmy, — the list of competencies;

— «CulIPHy, — 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.

A B
1 Hog © ey -
2 oK1 |HOZEMHE MOES 28 NPOGECi HHHM CMNDAMYES HHAM
3 OH 2 ®inocodin
4 Ok 3 YHpaTHCEH iCTOpRIKO-TyMaHITa pHI CTYaiT
3 Ok 4 Teopia | NpakTHES NP3E033CTOCYES HHA
B OK5 Beanexa MUTTELIANDHOCTI T3 CCHOEW DXOPOHH NPaLYI
7 Ok & Buwa martematHra
g | OK7 Diznka
9 oK 2 CHLTEMH BABKTPOHHOND AOoHYMEHTOOEI MY

Figure 1 — Fragment of the table with the list of educational components (directory «OK»)
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1 -___I
K1 3K 1. 3gatHicTe 40 aGCTPaKTHOND MUCAEHHA, SHENIZY T3 CHHTEIY..
2
JL2 3H 2. 3gaTHICTE 38CTOCOEYESTH 3HEHHA Y NPEKTHYHHX CHTYS LR, .
3
JL3 3K 3. 3gaTHICTE 40 pOSYMIHHA NPEgMETHOT oBAaCTi Ta NPogeCciHHOT ZIANEHOCT..
. |
JH 4 3H 4. 3paTHICTE CNINKYESTHCA iIHOIEMHOHD MOEDH. .
5
Bl 3K 5. 3a3THICTE BY4MTHCA | CEONOLIESTH CYHECHHMHE IHEHHAMM. .
5]

Figure 2 — Fragment of the table with the list of competencies (directory «CniKomm»)

1 el - [

MPH1 MPH 1. 3satk nikidny Ta eekTopHy anrebpy, gudepeHuiancHe Ta
IHTETPanNEHE YHCABHHR, TEOPIO $yHKLIR BaraTeox 3MiHHKY, TEORiO
pRAie, gudepeHUiantHi piEHAHHA 4nA fyHELT 0gHIET T3 Barateox
FMIHHKY, ONEpaLiAHE YHCNEHHRA, TEOPI D HMOEIpHOCTER T3
MATEMATHHHY CTATHCTHEY B 0BCAsi, veobxigHomy ana pozpobkd Ta
EMKOPHCTEHHA i H(OPMELIHHHE CHETEM, TEXHONOTH T3
iHOHOMYHIK3UIH, CEPEICIE T2 IRGPaCTPYRTYPH Cpraxizauii..

NMPH2 TMPH 2. 3acToC0EYESTH SHAHHA GYHAIMEHTEABHHY | NPHPOGHHYHX
HEYK, CHCTEMHOTD 3HANIZY T3 TEXHONOTH MO ENIOES HHER,
CTEHAEPTHHX SATCEHTMIE T3 AUCHPETHOND 3H3NIZY NPH PO3E RISHHI
23,34 NPOEKTYEIHHA | EMKODHCTAHHA iHGOPMaLIRHKE CHCTEM T3
TEXHOAOTIA. .

Figure 3 — Fragment of the table with the list of learning outcomes (directory «CuITPH»)

The correspondence of competencies and program learning outcomes to
educational components is represented by the tables «Ta6nKomm» and «Ta6alIPH»

respectively. A fragment of the «Ta6alTIPH» table is shown in Figure 4.

A B CDEFGHII J KLMNOPOQW X Y
1 613 12 7 7 8 3 5 2 4 5 2 5 45
2 |Kog OK OCBITHI KOMNOHEHTH Mpol DEMHI pesyanaTu HEB‘-IEHHH
S S I I Mp  3MicT pesynsTatie HaBYaHHA
o o o o o o o o o x I x x x x
3 |l =ll=ll*ll=ll=l=ll=ll=li=l=li=l=l=0[=l=b =] [~ -
oK1 IHo3emHa MoBa 3a npodeciiHum + 1 MPH 12. E¢eKTHEHO CNINKYBETHCA THOIEMHOK MOBOK Y 4in0BOMY
4 I CEpELOBHLLI..
OK2 |®inocogia 1 TNPH 2. 33CTOCOBYBATH 3HEHHA HYHABMEHTANBHUK | NPHPOAHHYHK HAYK,
+ CHCTEMHOTO @HANI3Y Ta TEXHOAOTIH MOAEN0BAHHA, CTAHAAPTHHK 2ATOPHTMIB
5 T3 AHCKPETHOMD aHanisy npy po3s’A3aHii 38034 NPOSKTYBaHHA 1
0K 3 YKpaiHCbRl ICTOPIRO-TyMaHITapHi 1 MPH 10. Po3ymiTH | BpEXoBYBaTH COLIANbHI, EKONOTIHHI, ETHYHI, BROHOMIYHI
cTyaii + BCNEKTH, BUMOTH OXOPOHM Npaui, Bupobiuyol cadiTapii, nomextol Gesneku Ta
6 TCHYHOM MK Qe p#aBHHX | 33KOPA0HHHX CTaHAGPTIE Nig Yac GopMyBaHHA
oK 4 Teopida i npakTka 1 MPH 10. PosymiTH | BpaxoByBaTH COWianbHi, EKOAOTIYHI, BTHYHI, EKoHOMIYHI
NpaBo3acToCyBaHHA + @CNERTH, BHMOTH OXOPCHW Npawi, upobiu4ol canitapii, nomextol fesnekn Ta
7 ICHYHOMMX Qe piaBHuX | 3aK0p40HHHX CTaHAapTIB Nig 4ac $opMyBaHHa

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 «TadnITPH»
table (Fig. 4). Filling out the «Kox OK» field is implemented via dynamic references
to the «OK» directory. Thus, to fill in «OK1» in cell «Ad», the formula «<=OK!A2>» is
applied. To fill in the names of the components, the formula «<=OK!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
«CulTPH» 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 xx ;"+"), where « xx « is the end
row, which depends on the number of educational components. In column «X», the
total number of PRNSs associated with a specific educational component is determined.
For example, to determine the number of PRNSs for the educational component «OK1»,
the formula =COUNTIF(C4:W4;"+") is used, where the last column (W4) changes
according to the number of PRNs in the educational program.

The «3mict pe3ynprariB HapdauHs» (Content of learning outcomes) field is filled
automatically depending on the «+» marks in the «Ta6nIIPH» table. For this purpose,
the following formula is entered into cell Y4:

=IF(IF(C4="+";C$3;"")="":""-VLOOKUP(IF(C4="+";C$3;""):CrlTPH!$A:$C;2;0))&

IF(IF(D4="+";D$3;"")="";"";VLOOK UP(IF(D4="+";D$3;"");CnlIPH!$ A:$C;2;0))&
IF(IF(E4="+";E$3;"")="";"";VLOOKUP(IF(E4="+";E$3;"");CnIIPH!$ A:$C;2;0)) &
IF(IF(F4="+";F$3;"")="";"";VLOOKUP(IF(F4="+";F$3;"");CulIPH!$ A:$C;2;0))&
IF(IF(G4="+";G$3;"")="";"";VLOOK UP(IF(G4="+";G$3;"");Cul IPH!$ A:$C;2;0))&
IF(IF(V4="+";V$3;"")="";"";VLOOK UP(IF(V4="+";V$3;"");Cul IPH!$ A:$C;2;0))

In this formula, the addresses «C4y, ..., «\VV4» correspond to the size of the block
with «+» marks in the «TaoalTPH» 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 PRNSs, 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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OCBITHA KOMMNOHEHTA KomneTeuTHOCTI NnPH

OH 1. IHD3emMmHa MoBa 338 npodeciMHUM CNpAMYBEHHAM |:| 1 1
OH 2. dinocodin [ a 1
OHK 3. YrpaiHceri icTopiko-rymaHiTapHi cyail I:l 2 1
OH 4. Teopia i NpakTHKEa NPaEC3acTOCYEEHHA I:l 3 1
OH 5. Beaneka MWUTTEQIANBHOCTI T@ OCHOBW OXOPOHW Npawi I:l 4 1
OH &. Brlwa MmaTemaTHra I:l 2 2
OK 7. Disuka B 2 1
OH 8. CMCTEMM ENEKTPOHHOMD AOKYMEHTOODIMY I:l 5 1

Figure 5 — Fragment of the report on the distribution of competencies and PRNs by educational

components
Pe3aynbTat HaBUYaHHA Kinbkicte OK HomneteHTHicTe Kinbricte OK
MPH 1 6 3K 1 | W 5
MPH 2 13 3K 2
MPH 3 12 3K 3 [ ET
MPH 4 7 IK 4 E 3
MPH 5 7 3K 5 B |
MeH 6 g K6 [ 6
MPH 7 3 K7 ] 2
MPH 8 5 3K 8 [ 8
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 «Tad:iKommy, «TadalIPH», and «OK» must be
used, the structure of which is shown in Figures 7-9.

Kog OK OCBITHI KOMNOHEHTH [porpamdi pesynbTaTH HaBYaHHA
— ™ m - L w [ 3] (=] (=2 - ™ m - [E)]
o T T T T o T T T - - - - - -
= (= = (= (= = (= = (= p pu g p pu g pu g pu g
w - w - - w - w - - w - w - - -
IMTPFUTEH g MAT PEIYTeTdTH AdB9dAAH
™ m = L5} o -~ [=1] (0] (=] ™ m = L
Kogfiucy Awcy T T T I T T T T T =1 o - =l ol =
o o [+R o o o o [+R o I I I u I I
- - - - - - - - - - - - - - - - -
OK1 IHO3EMHE MOBa 33 Npodeci HHHM b
CNpAMYBEHHAM =
|
OK 2 dinocodia ;
>
OH 3 Yrpainceki iCTOpiKO-ryMaHiTapHi =
cryaji =
| =

Figure 7 — Fragment of the database of correspondence between educational components and
program learning outcomes (Ta6aITPH)
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The modification of the table involves replacing the «+» marks in the
«TabaKommn» and «TaoalTPH» tables with the corresponding PRN and competency
codes using the VLOOKUP() search function.

JaraneHi KOMNETEHTHOLCTI CneywianbHi KOMNETEHTHOLCTI

. " . L O | |0 |m | || n
Hop HasuanbHi GUCUMIIHKE, KYPCOB g % % % 2 % % % % SIEIEIEIEIERE g g E g x g g g g
NpoekTH (poBoTH ), NPaKTHEK, m|m | jm|m|m|m
- A - - - b - - - - - - b - - -

* |usanidbikaniua pofotaTowe || [T (7|77 |™

OK 1 IHO3EMHE MOBE 3a Npodeci HHHM
-
s
m
Ok 2 ®inocodin
— [T = =
= x x
m m m E

0K 3 YHpaiHCeKI ICTODIKO-TYMaHiTapHI

K9
3K 10

Figure 8 — Fragment of the database of correspondence between educational components and
competencies (Ta6iaKomir)

1 L) L
2 oK1 |HOZEMHE MOES 33 NPOGECi AHMM CNDRMYES HHAM

3 OH 2 @inocodin

4 OK 3 ¥ipaiHCLH iICTORIiKO-rYMEHITAPHI CTYGIT

5 OH 4 Teopir i NpPaKTHKE NPEE0S3CTOCYESHHA

6 OH 5 Besnexks #UTTELIANLHOCTI T3 CCHOEW DXOPOHH NPaLi

7 Ok 6 Buuwa martematHra

8 oK7 Pizuka

9 OB CHCTEMM BNEKTROHHOMD A0KYMEHTOOEI MY

Figure 9 — Fragment of the database of educational components (OK)

For further use of «TaoalIPH» and «Tao6iuKomrmy, it is advisable to convert them
into a relational database format. For this purpose, the Power Query tool was utilized.
The query for converting «TaonIIPH» is as follows:

Kpoxk «/Ixxepeno»:

= Excel.CurrentWorkbook() {[Name="T IIPH"]}[Content]

Kpok «3MiHUTH THID»:

= Table.TransformColumnTypes(Hcrounuk, { {"Konuciu", type text}, {"ducu", type text},
{"ITPHI1", type text}, {"IIPH2", type text}, {"[IPH3", type text}, {"IIPH4", type text}, {"I[IPHS5",
type text}, {"TIPH6", type text}, {"TIPH7", type text}, {"TIPHS", type text}, {"IIPH9", type text},
{"IIPH10", type text}, {"TIPHI1", type text}, {"[IPH12", type text}, {"[IPH13", type text},
{"TIPH14", type text}, {"TIPHIS5", type text}})

Kpok «Po3ropuyTu cToBmui»:

= Table.UnpivotOtherColumns(#"3minutu Tun", {"Konducu", "ducu'"}, "Atpudyt", "3HaucHHs")
Kpok «Bupanutu cToBOIi»:

= Table.RemoveColumns(#"Po3sropuytu ctoBmii",{"Atpubyt"})

Kpok «DinbTpyBaTh pAIKm»:

= Table.SelectRows(#"Bunanutu cropmi", each ([3nauenus] <> ""))

Kpok «llepeiimenyBaTu CTOBIII»:

= Table.RenameColumns(#"®inbrpyBaru psaxu",{{"3nauenns", "TIPH"} })
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As a result of the query execution, the table «T ITPH» was formed, which is
shown in Figure 10.

1
2 |OK1 IHO3eMHa MOBa 33 NpodeciiHUM CNpAMYBaHHAM MPH 12
2 |ok2 oinocodin MPH 2
4 |OK3 YrpalHCbRI ICTOpIKO-TyMaHITapHI cTyaii MPH 10
5 |[OK4 Teopia | NpakTHKa NpaBO3acTOCYBaHHA MPH 10
6 OK3 bBe3znexa MUTTEQIANBHOCTI T8 OCHOBKW OXOPOHK Npaul MPH 10
7 OKB6 BMLLA MAaTEMAETHHE NMFH1
8 [OK6 BHLLA MATEMETHHE MFH 2
9 OK7 WizrKa MNPH 2
10 [OK 8 CHMCTEMM ENERTDOHHOMD AOKYMEHToOBIny MPH 3

Figure 10 — Fragment of the database 'T_TTPH'
Similarly, for converting the table «T Komm», the following query was used:

Kpoxk «/lxxepenoy:

= Excel.CurrentWorkbook() {[Name="T_ Komn"]}[Content]

Kpox «3minuTH THI:

= Table.TransformColumnTypes(Mcrounuk, { {"Kon", type text}, {"HaB4yanpHi TuCHMILIIHH,
KypCOBI ITpoeKTH (poboTH), MpakTUKH, KBaji(ikaiiiina podota Tomo", type text}, {"3K1", type
text}, {"3K2", type text}, {"3K3", type text}, {"3K4", type text}, {"3K5", type text}, {"3K6", type
text}, {"3K7", type text}, {"3K8", type text}, {"3K9", type text}, {"3K10", type text}, {"3K11",
type text}, {"3K12", type text}, {"3K13", type text}, {"3K14", type text}, {"3K15", type text},
{"3K16", type text}, {"®KI1", type text}, {"OK2", type text}, {"DK3", type text}, {"DK4", type
text}, {"OKS", type text}, {"DK6", type text}, {"DPK7", type text}, {"DKE", type text}, {"DKI",
type text}})

Kpok «Po3ropuytu cToBmmi»:

= Table.UnpivotOtherColumns(#"3minuTu Tun", {"Kon", "HaBuanbHi TUCUHUILTIHH, KypCOBI
npoekTH (poboTH), MpaKTHKH, KBajidikauiitHa podorta Tommo"}, "Atpudyt", "3HaueHHs")

Kpox «Bunanutu croBmui»:

= Table.RemoveColumns(#"Po3sropuytu croBomi",{"Atpulyt"})

Kpox «®iabTpyBaTH pAIKN»:

= Table.SelectRows(#"Bunanutu crommi", each ([3Hauenus] <> ""))

Kpox «IlepeiimenyBaTu CTOBIILII»:

= Table.RenameColumns(#"®inbrpyBaru psaxu",{{"HaBuansHi TUCHUILTIHH, KyPCOBI IPOSKTH
(poboTH), mpakTHKH, KBamigikauiitHa podora Tomo", "Aucuumiina"}, {"Koxa", "Konducu"},
{"3nauenns", "Komn"} })

The result of the conversion is shown in Figure 11.
From the tables «T ITPH», «T Komm», and «OK» (Figs. 10, 11, 1), a data schema
can be formed, which is presented in Figure 12.
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1
2 [OK1 IHo3emHa moBa 3a npodeciiHMm CcnpAMYBaHHAM 3K 4
3 |0OK2 ®inocodia 3K1
4 |OK2 ®inocodia 3KB
5 |ok2 dinocodin 3K9
6 (OK2 ®inocodia 3K 10
7 |OK3 YHRpaiHCbR icTOpiKO-rymaHiTapHi cTygii 3K9
8 |OK3 YHpaiHCbKI icTOpIKO-TyMaHiTapHi cTygii 3K 10
5 |OK4 Teopia i NpakTHKa NpaBo3acTOCYBaHHA 3K9
10 |OK 4 Teopia i NpakTHWKAa NPaBO3acTOCYBAHHA 3K 10

Figure 11 — Fragment of the database «T Komm»

oK M T_MPH_P
£ Kon E] Kop[lucy,
[0 Oucy 1—0=—* [ Ouey
12 [Mucumnninm 1 E MNPH
@ T_Komn_P
[ Konflucu
A Aucumnnina
M Komn

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 «ITPH» field from the «T IIPH» table, and columns are
grouped by the «Komm» field from the «T Komm» 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('T ITPH_P";'T ITPH P'[Kom/uc];" "&" --- "
&CONCATENATEX('T Komn P;'T Komn P'[Kom/luci];" ")

OwcLypmmnisg MozHI4HW CTOENLE -
TIOZHA4KH PRZKIE w 3H1 3K 10 IH11 IHZ IKI EL
NFH 1 OKEOK 110K 150K 16 COKEOKILOKISOK OKEOKILOK1SOK1EOKIEOK3L OCKEOK11OKISOK OKSEOK11OK1S5OK OKEOKI1LOK1SOK
OK2E Ok 34 15 0KIEOK34 —_— 16 0K ZEOK 34 160K 2ECK3A 150K2EOK 34
—_— —_— OK4OKI4OK19OK2IOK3ILOKIEOKIT — —_— _—
CKZOKEOKTORKSOK1E OKZOK3IOK4OKE OK3S OKEOKTOKSOK1L OKEOKLLIOKI12OK OHK1OKSOK33
O34 OKISOK150K1E0K 130K1SOK17OK1E
1SOK220OK230OK2E OK20OKZ3IOK2IEOK
OCKZECKZZOR3IZOK 2ZBOK3I7TOK3EOK3D
350K37OR3BE0OK 3D
MFH 10 CKIOKACKS ORI CHIOKAOKSOK3® CHIOKAOKSOHIS CEKIOKACKSOK32 OK3IOK4OKSOKI® OKICHAOKSOKIS

CRIOKECKTORSOK1E CRZOK3IOKAOKS OCHAOKIACKISOKIIOKILOKISOKIT OHECOKTOKSZOK1L CHECKILOKIZOH OK1IOKSOK33
OK34 OK32 COK150K160K1E0OK 130K150K170OK1E
120K220OK2I0CK2E OK2DOK2IIOK2ECK
OK2ZEOK2ZSOK3Z0OK ZEOK3ITOKIEOKIS
IS OKITOK3IEOK3E

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 «T Komm» and «T TTPH» directories using a query
IS used:

Kpoxk «/l>xepeno naHux»:

= Table.NestedJoin(T_Kowmm, {"Koa/lucu"}, T _ITPH, {"Koxn/lucu"}, "T TTPH",
JoinKind.FullOuter)

Kpox «Pozropranus enementiB «T_ITPH»:

= Table.ExpandTableColumn(Ixepeno, "T_ITPH", {"Koxducn", "ducu", "TIPH"},
{"T _INPH.KoaJucu", "T ITPH.[ducu", "T ITPH.ITPH"})

Kpoxk «IlepeiimeHyBaHHS KOJIOHOK:

= Table.RenameColumns(#"Posroprauus enementis T_TTPH",{{"T ITPH.Kox/luci",
"Konducu ITPT™}, {"T INPH.Jucu", "Hucu ITPH"}, {"T ITPH.ITPH", "ITPH"}})

As a result of the query, the database 'BJ] ' is formed; a fragment of this database
Is shown in Figure 15.

We add the «BJI_ » 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 «bJI_» database. In this case, rows are
grouped by the «Kommn» field, columns — by the «ITPH» field, and the M2 measure is
used in the values area.

OK1 IHO3EMHa MOBA 3a NpodeciAHMM CIPAMYBaHHAM 3K 4 MPH 12
OK 2 ®inocodia 3K1 MPH 2
OK 2 ®inocogia 3Ke MPH 2
OK 2 dinocodia 3K9 MPH 2
OK 2 ®inocogia 3K 10 MPH 2
OK 3 YrpaiHcbki ICTORIKO-TymaniTapHi cryaji 3K 9 MPH 10
OK 3 VHrpaiHCeKi icTOpiKo-ryMaHiTapHi cTyail 3K 10 MPH 10
OK 4 Teopia | NpakTUKa Npaso3acToCyBaHHA 3K 9 MPH 10
OK 4 Teopia | NpakTHKa NpaBo3acToCyBaHHA 3K 10 MPH 10
OK 4 Teopia | NPaKTUKAE NDaBO3aCcTOCYBAHHA 3K11 PH 10

Figure 15 — Fragment of the intermediate base for «BJI_»

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.

KomneTtenTHocTi ~ [MPH1 TMPH2 MNPH3 MNPH4 T0MPHS MNPH6 TMPH7 MNPH& TMPH9 MNPH10 MPH11 NPH12 MPH13 NPH14 MPH15
3K1 2 4 1 1 1

3K2 5 10 6 6 3 2 3 1 1 2 2 3 X
3K 3 3 6 5 X Ex 2 2 1 1 1 2 3 2 5
3K4 1 1 2 1 1 1

3K5 2 4 5 Ex EX 2 1 1 1 2

3K6 1 3 3 1 1 2 2

3K7 1 1 1 1

3K8 4 3 1 2 3 1 2 2 3
3K S 1 2

3K 10 1 1 3 1

3K11 2 3 1 Ex 3 1 1 1 2 2 2 x
D1 1 4 8 3 2 2 3 1 1 4 1 3 1 3
DH2 1 2z 3 3 1 2 3 2 2 3 1 1 1
DK 3 1 3 Ex 3 3 2 3 1 1 2

DK 4 1 3 4 X 3 5 1 1 1 1 2 3

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:

—amethodology 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

332



Proceedings of the 4™ International Scientific and Practical Conference
A\ EUROPEAN OPEN "Scientific Progress: Theories, Applications and Global Impact"
557 SCIENCE SPAGE June 8-10, 2026, Braga, Portugal

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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BEB-OPIEHTOBAHUM JOJATOK JJIs
I'EHEPYBAHHS KOHTEHTY JIA HACTIVIBHUX
POJIBOBHUX IT'OP

Y110k AHTOH PomanoBu4

3100yBay BUIIIOT OCBITH OAKaTaBPCHKOTO PIBHS

HaykoBuii kepiBHUK:

Typuenko 1.B.

K.T.H., JIOLIEHT

Kadenpa indopmarriiino-o04MCTIOBaTLHUX CUCTEM 1 YIIPABIIHHS
3axiTHOYKpaiHCbKUM HAIlIOHAIBHUIN YHIBEPCUTET, YKpaiHa

IHaycTpist HacTiTbHO-ponboBuX irop (HPI, annt. Tabletop Role-Playing Games,
TRPG) mnepexuBae Oe3mpelecHTHEe 3pocTaHHsA. 3a ganuMmu aHamtukiB ICv2 Tta
Circana, o6csr cBitoBoro punky HPI mepesumus 1,5 muipn nonapis CIIA y 2023 por,
JEMOHCTPYIOUM CcTabuIbHE MmiopiyHe 3poctaHHs Ha piBHI 10-15% [1]. KimrodoBoro
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