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XAPKIBCbKUA
HAUIOHANbHWA
YHIBEPCUTET
PARIOENEKTPOHIKM

JlocinipKeHHs

AKTYanbHiCTb:
- 3pocTatoya noTpeba B TOUHOMY Ta 06'€EKTUBHOMY OLIIHFOBaHHI 3HaHb;
- MNowmrpeHHs NepcoHanizoBaHoOro Ta aanTMBHOIO HaBYaHHS;

- HepocTaTHicTb YHiBepcanbHUX MiAXOAIB y TPAANLIAHMX cUCTeMaX.

CTaH po3BUTKY ranysi:
- AKTUBHI AOCNIZDKEHHS B ranysi ajanTMBHOIo HaBYaHHS;

= BVIKOpVICTaHHﬂ CTAaTUCTUYHUX | KOFHITUBHUX Mop,enel?t;

- Monynspu3auis LndpoBUX iIHCTPYMeHTIB oujiHoBaHHA (Coursera, edX, Udemy ToLwo).
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JlocmigKeHHs

HanpsiM gocnigXeHHs:

- Bnbip epekTVBHNX MeTOAIB OLiHKN OB6'ekT goCNiAKEHHSA:

HaBUYOK;
' - [poxoXeHHs 3aBAaHb (TecTy,

- dopMyBaHHs baraTokpuTepianbHOl  MPaKTUYHI 3aBAAHHS);

Mogeni; o
- BukopuctaHHs AaHinx 3 0CBITHIX

- OpieHTauisa Ha iHTerpawito B nnatgopm i NopTdonio NpoekTiB.
aAaNTUBHI cMcTeMu.

F—
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Orsiap iiTepaTypu

KntouoBi gxepena:

- Wang, J., & Liang, K. “A cognitive diagnosis method in adaptive learning system
based on preconceptions” — aHaniz epeKTUBHOCTI KOTHITUBHUX MoAeneli Ta
aflanTUBHUX anropuTMiB;

- Florian, B., S. Baldiris, and R. Fabregat. "Adaptive evaluation based on
competencies." — ponb aganTUBHUX CUCTEM Y TOYHOMY MOHITOPUHTY Nporpecy
CTYAEHTIB;

- Sitthisak, O., Gilbert, L., & Davis, H. C. “Towards a competency model for adaptive
assessment to support lifelong learning” — HeobxigHicTb 6araToBUMIpHOro
niaxo4y A0 OLIHKMA KOMMNETEHTHOCTER Ta BaXUIMBICTb KOHTEKCTY.
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Orssap aiTepaTtypu

OCHOBHI MigXxo4M OLiHIOBaHHA 3HaHb B OCBITHIX cMcTemMax:

- KorHitnmsHe MofenoBaHHA 3HaHb

BMKOPUCTOBYETLCA AN NOBYAOBW Moeneld, Lo BigobpaxatoTb CTPYKTYPY 3HaHb CTYAEHTIB,
Hanpwuknag, Bayesian Knowledge Tracing, Lo A03BoAsie NepejbayaT ManbyTHI BiANOBIAl CTyAeHTIB
Ha OCHOBI NonepeaHix.

- AfjanTuBHe TecTyBaHHA

Teopida Item Response Theory (IRT) € ocHOBOI afanTUBHOIO TeCTyBaHHA, Ae cMcTeMa NiANallToBYe
CKNafHICTb HaCTYMHOro MUTaHHA 3a1eXxHo Bij BiANOBIAlI Ha nonepefHe. Lle 403BONSE WWBUAKO i
TOYHO BU3Ha4aTW piBEHb 3HaHb.

- AHani3 ocBiTHiX aaHwx (Educational Data Mining)
BMKOpPWCTOBYETLCA AN BUABNEHHS 3aKOHOMIpHOCTel y MoBeiHLi y4YHiB, edeKTUBHOCTI 3aBAaHb Ta
HaBYaNbHWX TPAEKTOPIMN.
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Orsngap niTepatypu

BuaBneHi nporannHm:
- Hu3bka iHTerpauis y TpaguLiiHy ocBiTy;
- PU3KrK noMnAKoBOI iHTepnpeTaujii pesynbTarTis;

- ObMexeHWI piBeHb 06'EKTUBHOCTI OLiHKN.




[TocTaHOBKa 3aay4i

MNpobnema:

MoLwyK ToUHOro, 06'€eKTMBHOrO Ta rHy4YKoro Metogy (a6o KombiHaujii MeToAIB) OLiHIOBaHHS
KOMMeTeHTHOCTeln CTyJJ'EHTiB B YMOBax aanTMBHOIro HaB4Y4aHHA.

QuikyBaHi pesynbTaTin:

- Br3sHauyeHH:A HanbinbL epekTMBHUX MeTOAIB OLiHIOBAHHSA AN BUKOPUCTaHHS B aAanTUBHWX CUCTEMAX;
- MobyaoBa NOpPIiBHANBHOI MOAEN HA OCHOBI YiTKO CHOPMYNBOBAHWX KPUTEPIIEB;

- O6rpyHTOBaHi pekoMeHzaL|ii Lo Ao iHTerpauii MeTOAIB y NPOrpamMHi pilLeHHS;

- Po3pobka npoToTuny iHpopmMaLiiHOT ccTeMu, AKa peanisye WabnoH ouiHKBaHHA HAaBUYOK Ha OCHOBI
HalKpaLLMX NPaKTAK, BUABAEHUX Y pe3ybTaTi A0CNiAKEHHS.
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MeTopgosorid

BUKOpUCTaHi MeTOAM AOCAIAKEHHS:

- AHani3 HayKkoBKMX Ny6aikaLii - BUBYEHHS Cy4acHWX NiAXOAIB A0 OLiHIOBaHHA
KOMMEeTeHTHOCTelr y KOHTeKCTi aAanTBHOIo HaBYaHHS;

- MeTaaHanis - NopiBHAHHSA epeKTUBHOCTI MeTOAIB 3a AaHMMU NonepeaHix
JOCNIKEHB;

- CTaTUCTUYHWI aHani3 - NobyaoBa baratokpuTtepiaisHOI Moaeni Ta
NOPIBHAHHA METOAIB 3a TOYHICTIO, 06'EKTUBHICTIO, a4anTMBHICTHO TOLLO.
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3MICT MPOBEIeHOT0 A0CAIIKEeHHS

BxigHi gaHi:
- [laHi 3 HayKoBUX Axepen,;
- XapakTepuUCTKN MeTOAIB 3a BU3HAYEHUMIN KpUTepIiaMu;

- PEByJ'IbTaTI/I MPakTN4YHOro BNpoBaKeHHA a4anTNBHUX CNCTEM Y HaBYaHHi,
onucaHi B HayKOBMX JpKepenax.

3MICT NPOBEJIEHOr0 AOC/IKEHHA

Kputepit: MocnigoBHICTb:

- TOYHICTb BUMIPOBaHHS; 1. MNolwyk peneBaHTHUX AxXepen,

- O6'EKTUBHICTb;

- MoOXMBICTE MaHINynALii;

- AfanTUBHICTb; 3. Popmanisalia KpuTepiis;

- MOXNUMBICTb MOHITOPUHTY;

- MacwwTaboBaHiCTb;

- YacoBa epekTUBHICTb. 5. lpoBeAeHHS
baratokpuTepiafibHOro aHanisy.

2. BugineHHsa MeToAiB OLiHIOBaHHS;

4. NPUCBOEHHSA OLIHOK;

——
=
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Pe3ysibTaTu JOCAIKEHHS

OuiHKK meToais

Tectn MpakTuyHi 3aBgaHHAa 3 AHania ocBiTHIX OuiHka
3aBAaHHi BiIKPUTUMKN nnardopm noptdponio
Bignosigammn
B TOYHICTb BUMIpHOBaHHS B O6'eKTUBIHCTbL OLLIHKK
B MoXnNuBICTb MaHINynALil oliHKaMK1 m AnanTUBIHCTL
B MOXNUBICTb MOHITOPUHIY YHiBepcanbHiCTb Ta MaclwTaboBaHICTb
[ p— ®Yacoea eheKTHBHICTb

11

PesynbTaTu fOCAIIKEHHSA

TecTwn:

6><05+5+2X()5+7+4+3+1—086
28 28 28 28 28 28 28 ’

MpaKkTUYHi 3aBJaHHA Ta NUTaHHSA 3 BiAKPUTUMU BiANOBIASMMU:

6+5><05+2><05+7+4><05+3x05+1><05 0,73
28 28 28 28 28 28 28 B
P—

——
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ApxiTeKTypa nIpOTOTHUILY

ApxiTekTypa:
- KnieHTcbKa yacTiHa (Angular) - Bisyanisauis piBHA 3aCBOEHHA HaBUYOK;

- CepBepHa 4vactuHa (ASP.NET Core):

- REST API ans oTpuMaHHA 1 06po6Ky pesynsTaTis;
- Norika po3paxyHKy 3aCBOEHHA HaBUYOK, HOPManizoBaHOT OLIHKK, 06UNCNEHHS CTaHAaPTHOrO BIAXUNEHHS;

- basa panwux (EF Core / SQL Server) - 36epiraHHs KOpUCTYBadis, HaBNY0K, 3aBAaHb, Pe3yNbTaTiB BMKOHAaHHA 3aBjaHb.

KNo4oBi KOMMOHEHTK:
- StatisticsService - 064MCNEHHA 3aCBOEHHS HABYOK 3 ypaxyBaHHAM Bar, KiNbKOCTI OLIHOK, CTaHAAPTHOTO BIAXWNEHHS;
- UsersController - API-eHANOIHTW ANA CTAaTUCTUKW, TECTIB, NPaKTVK i BiAKPUTWX BiANOBiAel;

- Seeder - NoyaTKkoBe HaMOBHEHHSA CMCTEMW A4@MOHCTPaLiAHUMI AaHNMUN (KOPUCTYBaYi, TECTW, MATAHHSA, BIANOBIAl, HABWNUKM).
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ApxiTeKTypa IpOTOTHUILY

CxeMma 6a3n gaHux
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Onuc nporpaMHoOro 3abe3ne4yeHHs

Onuc npouecy po3po6Kku:

- Po3po6ka Benacsi Ha 0CHOBI pe3ynbTaTiB TE0OPETUUYHOTO AOCNIAXKEHHS: BUBpaHi HalledeKTUBHILLI
MeTOAM OLiHIOBaHHA HaBNUOK;

- MeToto 6yNno cTBOpeHHs WabfoHHOT cMcTeMU, sika MoXe aflanTyBaTMCs Nif pisHi HaBYanbHi
npeameTu i popmaTti 3aBAaHb;

- Etanw pospo6ku:

- NMPOEKTYBaHHA CTPYKTYPU AaHUX;
- PO3p06Ka anropmuTMIB OLIHIOBaHHS;

- CTBOpeHHA cepBepHoro API;

- peanisaLia KNieHTCbKOT YacTUHW;

2 TECIYBaHHS Ta HAMOBHEHHS AeMOHCTPaUiAHMMY AaHUMU.

B
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Onuc nporpaMHoro 3abe3ne4yeHHs

dopMyna 06UNCNEHHS PIBHS 3aCBOEHHS:

Dimi Wi X 5
R=min|l,——
( 100
Popmyna HOpMani3oBaHOT! OLHKN:
Tow; X s
NormalizedR = %
i=1 Wi

dopMyna CTaHAAPTHOTO BiAXUNEHHS:

Yo, wi x (s; — 5)?
E?:l wi

16




Onuc nporpaMHoOro 3abe3ne4yeHHs

Tabnuus pesynbTaTiB NPaKTUKK A1 KOPUCTYBaYa

PesynbTaTh NPakTUKK

Evan Ouinka
TPOEKTYBAHHA CTRYKTYpH Tabnius 078
Hopmanisauia 6asu fammx 0.84
Peanizauia SQL-3anuTie 0.73
CTBOperHA NpoToTHNY inTepdeitcy  0.74
Peanisauin Ul y gpeiimsopky 078
10saGinTi-TecTyBaHHA 078

Hagmukn (Makchmanste anayenns)

Pofiota 3 6asamu panmx 0.70%
AnropuTMiuHe MHCNEeHHA 0.30%

PoGora 3 Gazamm gamnx 0.50%
Ananis gannx 0.40%

PoGoTa 3 6a3amm aaHux 0.60%
ANTOpUTMINHE MHCNEHHA 0,20
OnTHwmizauiA anropuTmie 0.30"

HaBHuKi 3apaxoBaHo AK

PoBara 3 Gasamu ammx 0.55%
AnropuTMiuHe MUCneHHR 0.23%

Pobora 3 Gasamu gamx 0.42%
Awanis gamnx 0.34%

Po6ora 3 Gasamu nanmx 0.44%
AnropuTMiuHe MucnenHs 0.15%
OnTHMI3aLIA ANTOPHTMIB 0.22%

MpoexTy i Acie 0.60%
AnroputMiune Mucnesms 0.20%

Mpoexy [ iAcis 0.44
ANropUTMIuHE MUCNeHHR 0.15%

MpoexTy [ #CiB 0.50
ONTHMi3aWA anropuTMia 0,40

Awanis gawix 0.50%

mn icis 0.39%
OnTHMizauiA anropHTMIB 0.31%

Awanis ganwx 0.39%

MpoexTy s 0.30%

MpoexTy 8 0.24%
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Onuc nporpamMHoOro 3a6e3ne4yeHHs

TabnuLus nporpecy HaBMYOK KOPUCTYBaya

Mporpec HaeuuoK

Hasuuxa BincoTok ocBoeHHA
ANrOPHTMIUHE MYCTEHNS 207%

Auanis panux 218%
OnTumizauia anropuTmia 080%
NpoekTyBakhs inTepoedcis  101%

PoGoTa 3 6a3aMM RaHMX 1%

Hopmanizosana oujuka  KinbkicTb OUiHOK  CTaHaapTHe Bigxunests

059 ”
065 8
055 5
063 a
0s8 6

0.08
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[lizcymMmKu

- Pe3ynbTatii TeOpeTUYHOrO AOCAiIAXKEHHS AOBOAATL ePeKTUBHICTL TeCTiB, NPaKTUYHNX
3aBfaHb Ta NWUTaHb 3 BIAKPUTUMK BIANCBIAAMK, Pa30M 3 TUM, akLleHTYKUM yBary aK Ha ix
nepeearax, Tak i Hegonikax;

- PeanizoBaHa c1cTema NOEAHYE Pi3Hi TUNKM 3aBAaHb, L0 3abe3nevye KOMMNEKCHY OLLIHKY
HaBUYOK | CNpAMOBaHa Ha 3HUXEeHHS Cy6'eKTUBHOCTI;

- 3aBAAKW BUKOPUCTaHHIO TpaAULiiHNX cnocobiB OLiHIoBaHHSA, MPOTOTUM CUCTEMU €
CYMICHUM 3 iCHYHOHYUMU MiAX04aMKW Y HAaBYaHHI, LLLO CMPUSIE MOro eromMy BrpoBaKeHH B
OCBITHIO MPAKTUKY;

- AIrOpUTM OLiHIOBaHHS BPaxoBYE Bary HaBM40K, KifIbKiCTb OLIHOK Ta iX BapiaTUBHICTb, WO
MiABKMLLYE JOCTOBIPHICTL pPe3ynbTaTIB i BMEHLUYE PU3MK IX XMBHOI iHTepnpeTauii.

p— —
B

21

[lifcymMKu

MOX/TMBUIA PO3BUTOK AOCAIAKEHHS:
- AHani3 nporpecy cTyAeHTIB B ANHaMIL|i ANS BUABNEHHS TeHeAHLIN;
- BnpoBagxeHHA piBHeBOI CK/1IaAHOCTI HABUYOK;

- BI/IKOPI/ICTaHHFl ML METO,ﬂ,iB ANAa aBTOMaTUHYHOIo NpMCBOEHHA HAaBYOK
HOBVM 3aBJaHHAM;,

- IHTerpauia 3 LMS (Moodle, Coursera, Udemy, edX) Ana aBToMaTU4YHOro
360py AaHWX ANdA nornepeHbOT OLHKM CTYAeHTIB.

——
=
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Ukraine

The modern world is experiencing extremely rapid changes, and technology is
essential in all areas of our lives. The education system is also not left out of this
process. We are rapidly moving away from traditional forms of education towards
distance learning, online courses and blended learning, which allow us to acquire
knowledge anytime and anywhere.

Adaptive learning is one of the most critical aspects of this evolution. By collecting
data about each learner, adaptive learning systems can analyse their progress,
weaknesses and strengths and then provide recommendations or adjust the course of
study in real-time. This not only improves learning efficiency but also reduces stress
and uncertainty for students as learning is tailored to their skill level.

Studies show that the introduction of such systems has already shown positive
results [1]. Empirical evidence from another study shows significant improvements in
learning outcomes in groups of students using adaptive technologies. For example, the
average score of students in such groups exceeded the results of traditional approaches
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(85.6 vs. 78.4) [2]. In addition, the retention rate was 92% vs. 85%, which demonstrates
the effectiveness of the adaptive approach in maintaining interest and engagement in the
learning process [2].

Two essential components of such systems are the assessment of students'
competencies and the construction of personalised student development paths. The
evaluation of students’ competencies allows for the determination of the level of
knowledge and skills needed for further adjustment of the learning process. Building
personalised development paths enables each student to move at a pace that matches
their abilities.

Adaptive assessment of competencies is an essential tool in personalised learning
that allows not only the assessment of the level of knowledge of learners but also the
tracking of their skills, behavioural characteristics, and overall progress. As Florian [3]
shows, modern adaptive assessment systems rely on repositories of tasks that correlate
with competencies, which allows for the creation of tests that can be tailored to the
needs of different categories of learners. Technologies such as AEEA (Adaptive
Evaluation Engine Architecture) are examples of such systems that provide not only
competency assessment but also automatic generation of recommendations for further
development of students.

Another key trend is the use of multidimensional competency assessment models
that take into account not only the level of knowledge but also the context of its
application. This enables the creation of more precise learner profiles that capture their
progress over time. As noted by Sittisak [4], this approach enables students to monitor
their progress and provide recommendations for further steps in their learning.

In addition, modern research pays special attention to the adaptive assessment of
transversal competencies, such as critical thinking, communication and teamwork.
These skills are essential for the development of students in the modern world, where
the effectiveness of their application often determines success in real-life situations.
Kleinhans and Schumann [5] mention that embedding these competencies in learning
systems reduces testing time and improves both the accuracy and quality of
assessments. Adaptive tasks create more detailed observation of learners' development
in these skills, which is essential for their continuous professional advancement.

Existing methods for building personalised learning paths demonstrate a wide
range of approaches based on the use of big data, artificial intelligence (Al) and
generative models. For example, Yao Huang's study [6] highlights the importance of
analysing data on students' interests, habits, and performance to create adaptive learning
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paths. The use of this data guarantees that the learning process meets the unique needs
of each student.

The paper 'Using Al for Developing Personalised Learning Paths' [7] considers the
potential of Al in creating personalised learning paths, in particular through content
adaptation and integration of virtual tutors. This helps to improve learning efficiency
and academic performance.

The PolyGloT tool [8] demonstrates the use of generative Al to automate the
creation of learning materials and design individualised learning paths. Despite the
benefits, such approaches have some challenges, including ethical issues, data privacy,
and the need for qualified teachers to work with such technologies.

Thus, modern research shows that competence assessment should be
comprehensive and cover not only the level of knowledge but also transversal
competencies and the context of knowledge application, making the assessment system
more reliable. In addition, the use of generative Al and machine learning methods
significantly improve the construction of personalised development paths. These
methods show significant potential for improving adaptive learning while requiring
further technology development and integration into educational practice.
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AJAIITUBHI OCBITHI CUCTEMMU K IHCTPYMEHT IIIAI'OTOBKU KAZIPIB 3
KIBEPBE3IIEKH B CHJIOBUX CTPYKTYPAX

Y mezax posenanymo moowciueocmi ukopucmanHs a0anmueHux OCSIMHIX cucmem y nio2omoeyi
Kaopie 3 Kibepoesneku Ons cunosux cmpykmyp. Ilpoananizosano npoonremu skill gap, ponv
NepCoHANi308AH020 HABUAHHSA, WMYYHO20 [HMENeKMy mMa CYYACHUX Neda2o2iyHux Npakmuk y yboMy
KOHMeKCMI.

Y KOHTEKCTI 3pocTaroyoi IHUQPPOBOI 3arpo3W Ta IHTCHCHBHOI MiliTapu3aiii KibepmpocTopy
0c00JIMBOrO 3HaueHHs HaOyBae e(eKTUBHA MIArOTOBKA (axiBLiB 3 KibepOe3neKu, 30KpeMa y CUIIOBUX
cTpykrypax. CydacHa aHaJliTUKa BKa3y€e Ha CYTTEBHM AMCOaTaHC MK BUMOTaMU PUHKY KiOepOe3neku
Ta peaJbHUMM HaBUYKAaMHU BUITYCKHMKIB BIJIMOBIIHUX OCBITHIX mporpaM. 3a gaHnumu [1], rmobansHuii
nedinuT KaapiB y cdepi KibepOe3neku MepeBuInye 3 MiTbHOHU, TPU IIbOMY KBasTiikarlisi O1TbIIOCTI
IPETEeH/ICHTIB HE BIAMNOBIJa€ BUMOram po6oToaaBiiB. OCHOBHI PO3PUBH 3HAaHb MPOCTEKYIOTHCS Y
HarpsiMax ympaBIliHHs 0€31eK0r0, O€3MeKH MPOrpaMHOTo 3a0e3MeUYeHHs, KOMIUTAEHCY Ta cepTHdIKarlii,
a TaKOX IHTEJIEKTY Mpo Kibep3arposu.

OCOOMUBICTIO OCBITHBOTO MPOIECY JIsi CHJIOBUX CTPYKTYpP € HAasBHICTh CHEUU(IYHUX BUMOT:
0OMEXEeHHMI Yac Ha HaBYaHHs, MOTpeda B 3aXHUIEHOCTI JaHUX, MIABUIICHE 3HAYCHHSI MPAKTUYHUX
HaBHYOK (IMpoBa KPUMIHATICTHKA, 1HIIMJACHT-MCHE/DKMEHT, CTUYHHA XaKWUHT), a TaKOXK MOTpeda B
ajianTailii HaBYaJIbHOTO KOHTEHTY JI0 TUITY CIIyOu (HampuKIiaj, BiiiCHKOBI, OIS, Criencityxou)[2].
Sk cBimuuTh nociipkeHHs [3], OUTBLIICTh YMHHUX HABYAJIBHHX HPOTpaM HEJAOCTATHHO THYYKI, a
MiXOMW /IO TIATOTOBKH TIEPCOHANTY € TEePEBAKHO OJHOTHITHUMH W HE BpPaxXOBYIOTh PO3MAiTTS
MOYATKOBUX KOMIIETEHTHOCTEH.

VY 11bOMy KOHTEKCTi aganTuBHi ocBiTHI cucteMu (AOC) BUCTYNAIOTh SIK €(EKTUBHUNA IHCTPYMEHT
inauBigyanizamnii miaroroBkun. AOC aHami3yrOTh MOTOYHUN piBEHb 3HAHb, HABUAIBHI I, TEMII
HAaBUYaHHS 1 HaBITh OCOOMCTICHI XapaKTEPUCTHUKU 3700yBaya, KOPUTYIOUH TPAEKTOPIIO Ta CKJIAJHICTh
HaBYaHHS B peajabHOMY 4Yaci. 3a manumu [4], [5], Taki cucTeMu CYTTEBO MOKPAIIYIOTh YCIIIIHICTh Ta
MiABUIIYIOTh 3aTy4YeHICTh. AJTANTUBHE OLIHIOBAHHS KOMIIETEHTHOCTEH MO03BOJISIE BUSBUTH HE JIUIIE
3HaHHS, a ¥ XiJ MUCJICHHS, TMOBEAIHKOBI MA0JIOHU i piBeHb KPUTUYHOTO MHUCIEHHS — II0 OCOOJIMBO

aKTyaJbHO JJIs KaJpiB KibepOesnekH.
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VY coepi Oesnexku nouimbHuUM € mnoenHaHHs AOC i3 cumymsuidaumu 1iatdopmamu, CTF-
3MaraHHsSMH Ta CUCTEMaMH CIICHApHOTro HaB4aHHs. Hampuriran, pobota [6] migkpecitoe MOTEHITIAT
MITYYHOTO 1HTEICKTY Y NU(PPOBIH KPUMIHATICTHUIN Ta BaXJIMBICTh HaBUAHHS MEepcoHATy poOoTi 3 Al-
cucTeMaMH JJisl TONEepeKeHHs Kibep3arpo3 y pexumi peanbHoro uacy. lLle Takox moTtpedye
po30ynoBH OCBITHIX mporpam, opieHroBanux Ha Explainable Al, nu¢poBy eTtuky Ta po3yMmiHHS
00MeXEeHb aJITOPUTMIB.

3HaYyIIiCTh aJanTallii OCBITHROIO KOHTEHTY J0 POJIi CilyXaya MiaTBepKeHa J0CiKeHHsIM [3], e
BCTAaHOBIICHO, 1110 HAWOLIBII BaXXIMBUM (pakTOpoM epeKTUBHOTO HaBYaHHS y cdepi kibepOesmneku €
came mocanoBa poib. OTKe, CTBOPEHHS MEPCOHANII30BAHMX IPOrpaM Uik, HANPHUKIAL, aHAJIITHKIB
3arpo3, mudpoBux ciigaux ado crueriamrictiB SOC — HeoO0XiJHa YMOBa MiIBUILICHHS SIKOCT1 KaJIpiB.

Cepen yKpalHCBKMX JOCIIPKEHb BapTO BIA3HAUUTH poOOTY [7], sika MPONOHY€E MOJENb 100Y10BU
a/IalITUBHOI OCBITHBOI TPAEKTOPII 3 ypaxyBaHHIM IHAMBIIyaJIbHUX OCOOJIMBOCTEN, HABYAIBHUX ILILJICH
Ta OOMEXeHb y uYaci. 3aCTOCYBaHHS TaKUX alTOPUTMIB Yy CEpPEIOBUINAX ITUCTAHIIMHOTO a0o
riOpUIHOrO0 HaBYaHHS € MEPCIEKTHMBHUM I1HCTPYMEHTOM IIJBUIIEHHS €(QEKTUBHOCTI MiJArOTOBKU
¢axiBIiB.

[TinroroBka KaapiB 3 KibepOe3neku y CHIOBUX CTPYKTypax MOTpedye NepeoCMHUCIIEHHS KIIAaCUYHUX
miaxoaiB, 30KkpeMa 3 ypaxyBaHHsM gocBigy CIIIA mono mepemnpodimoBaHHS BeTepaHiB depe3
nporpamu nBHAKOI miaArotoBku, sk-or CREATES [8]. AnanTuBHiI OCBiTHI CHCTEMH 03BOJISIOTH
3MEHIIUTH AePIIUT HABUYOK, ITIIBUIIUTH MBUAKICTH Ta SIKICTh MiATOTOBKU, BPaXOBYIOYH SIK TEXHIUHI,

TakK 1 ITOBEIIHKOBI aCIIEKTH HaBYaAHHS.
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JIOJIATOK JT
KOJI AJITOPUTMY BU3HAUEHHSI OCBOECHH I HABUUKU

. public async Task<(double mastery, double normalizedMastery, int
sampleCount, double stddev)> CalculateSkillMasteryWithMeta (AppUser

user,
Skill skill)
{
var userAnswers = await context.StudentAnswers
.Where (a => a.AppUserlId == user.Id &&
a.Question!.SkillWeights.Any(w => w.SkillId == skill.Id))
.Include(a => a.Question)!.ThenInclude(q =>
g!.SkillWeights)
.ToListAsync() ;

var practicalResults = await context.PracticalResults
.Where (r => r.AppUserld == user.Id &&
r.PracticalStage! .SkillWeights.Any(w => w.SkillId == skill.Id))
.Include(r => r.PracticalStage)!.ThenInclude(s =>
s!.SkillWeights)
.ToListAsync() ;

var openAnswers = await context.OpenAnswers
.Where (a => a.AppUserld == user.Id &&
a.RubricScores.Any(rs => rs.Rubric.SkillWeights.Any (sw =>
sw.SkillId == skill.Id)))
.Include(a => a.RubricScores)!.ThenInclude(rs =>
rs.Rubric)!.ThenInclude (r => r.SkillWeights)
.ToListAsync() ;

double totalScore = 0

double totalWeight

int sampleCount = 0;

var weightedScores = new List<(double score, double
weight)> () ;

.
4
0;

foreach (var answer in userAnswers)
{
var relevantWeights =
answer.Question!.SkillWeights.Where(w => w.SkillId == skill.Id);
foreach (var weight in relevantWeights)
{
totalScore += answer.Score *
weight.WeightPercentage;
totalWeight += weight.WeightPercentage;
weightedScores.Add ( (answer. Score,
weight.WeightPercentage)) ;
sampleCount++;
}
}

foreach (var result in practicalResults)
{
var relevantWeights =
result.PracticalStage!.SkillWeights.Where(w => w.SkillId ==
skill.Id);



39.
40.
41.

42.
43.

44.
45.
46.

foreach (var weight in relevantWeights)
{
totalScore += result.Score *
weight.WeightPercentage;
totalWeight += weight.WeightPercentage;
weightedScores.Add ((result. Score,
weight.WeightPercentage)) ;
sampleCount++;
}
}

47.

48.
49.
50.
51.
52.

53.
54.
55.

56.
57.

58.
59.
60.
61.

foreach (var answer in openAnswers)

{
{

var relevantRubricWeights =

foreach (var rubricScore in answer.RubricScores)

rubricScore.Rubric.SkillWeights.Where (sw => sw.Skillld ==

skill.Id);

{

totalScore += rubricScore.Score *
weight.WeightPercentage;

62.

63.

64

weightedScores.Add ( (rubricScore. Score,
weight.WeightPercentage)) ;
sampleCount++;
}
}
}
var mastery = totalWeight > 0 ? Math.Min (totalScore / 100,
1) : 0;
var normalizedMastery = totalWeight > 0 ? totalScore /

totalWeight : O;

65.

66.
67.
68.
69.

70.
71.

double stddev = 0;
if (totalWeight > 0 && weightedScores.Count > 1)

{

Math.Pow(x.score - normalizedMastery, 2));

}

72.

73.
74.

return (mastery, normalizedMastery, sampleCount,

foreach (var weight in relevantRubricWeights)

totalWeight += weight.WeightPercentage;

var varianceSum = weightedScores.Sum(x => x.weight *

stddev = Math.Sqrt(varianceSum / totalWeight) ;

stddev) ;
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