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Opnnykom HacraBHo-HayuHOTr Beha
®dakynTeTa OpraHM3alMOHUX HayKa -
YHusepsurera y beorpany:

05-01 6p. 3/57-14 on 28. 5. 2026. roaune
MMEHOBaHM CMO 3a 4wiaHoBe Kommucuje 3a
nperiies ¥ 00paHy NPUCTYIHOT Paja U OLEHY
HayYHE 3aCHOBAaHOCTH TEME€ JOKTOpPCKE
JycepTanyje KaHIuaaTa Hypcynrana
Ackapbexynuja (Nursultan Askarbekuly) mon
HaCJIOBOM:

» EJYKAIIMOHM CHCTEMH 3a Npenopy4nBame
32CHOBAHH HA HCXO0JMMA: METO/A 32
Mepeme, ONITHMU3ALNjY U OLlelhbHBambe
HCXO0/1a Y4eHa, 3ACHOBAHA HA MmoJanumMa’.

Ha ocHOBYy Marepujana IIPHIOXKEHOT Y3

3axTeB kaHmuaata, Komucuja moaHOCH
cinenehun

NU3BEINITAJ

UNIVERSITY OF BELGRADE
Faculty of Organizational Sciences

TO THE ACADEMIC COUNCIL

Subject: Suitability of the topic and candidate
Nursultan Askarbekuly for the preparation of a
doctoral dissertation

By the Decision of the Academic Council of
the Faculty of Organizational Sciences -
University of Belgrade:

05-01 No. 3/57-14 dated 28th May 2026, we
were appointed as members of the Committee
for the review and defense of the Ph.D.
proposal and for the assessment of the
scientific ~ foundation of the doctoral
dissertation topic of candidate Nursultan
Askarbekuly titled:

“Outcome-Aware Educational
Recommender Systems: A Data-Driven
Method for Measuring, Optimizing, and

Evaluating Learning Outcomes”.

Based ' on 'the material 'submitted with the

candidate’s request, the Committee submits the
following
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1. lloganm o kKaHAMAATY

1.1. Buorpadcku nomanm

Kanmunatr Hypcynran AckapOekynu poheH je
5. noemOpa 1991. rogmme y Anmarujy,
Kazaxcran. Cpeamy mkomy 3aBpiiuo je 2009.
ronune y Acranu, Kazaxcras.

HaxkoH 3aBpiuieTka cpesime KoJIe HACTaBHO je
HIKOJIOBamk€ Ha YHuBep3urery y EaunOypry,
VYjenumeno KpaseBcTBo, rae je 2014. ronune
3aBpIIMO OCHOBHE CTyAHje pauyHapcTBa. On
2015. go 2018. romune pamuo je Kao
coptBepcku  uHkewmep y CjenumeHum
Amepnukum JlpxaBama u Kazaxcrany u
CTEKao0 TMpPaKTUYHO HCKYCTBO Yy pa3Bojy
coTBepa, MPOU3BOJAHOM HHXKEHEPCTBY U
IIPOJEKTOBAY cOPTBEPCKUX cucreMa
YCMEPEHUX Ka KOPUCHUILIMMA.

Ha Vuusepsurery Muononuc, Pycuja, 2020.
roJWHe, KaHIWJIAT j€ HacTaBHO CBOje
o0Opa3oBame M 3aBpIIMO je MacTep CTyAuje
co(TBEPCKOT MHXECHEPCTBA.

On 2022. ronuHe ymuCaH je Ha JOKTOPCKE
ctynuje Ha DakynTeTy OpraHU3aIMOHUX
Hayka YHuBep3uTeray beorpany. YcmemnHo je
MOJIO’KUO CBE UCIIUTE TMpeiBul)eHe MPorpaMom
JIOKTOPCKUX CTynuja. IberoBo mOKTOpPCKO
UCTpaXUBAE MPHUIMAia 00JIacTUMAa eyKaIfo-
HUX CHCTEMaA 3a MPEIopydrnBaAKC, aHAJIMTHUKE
y4ema, Mepemha OPUjEHTUCAHOT Ka [IUJbEBUMA
U OlCHUBamka UCX0/a YUYeHha 3aCHOBAHOI Ha
nojnanuma. McTpaxkuBame MOBE3Yje MeEpeme
OpHJEHTUCAHO Ka I[MJbeBUMA, KOHCTPYKTUBHO
yckinahuBame, 00pa3oBame 3aCHOBAHO HA HC-
XOJlUMa U OLEHUBAKE CHCTEMA 3a MPEnopy-
YUBAHE.

[TapanenHo ca QopmaaHUM 00pa3oBambEM,
KaHaugaT je moxahao cTpydHe ImIKoje u
nporpame. Ha nerwoj mxonu iOS pasBoja
nFactorial Incubator, onpxanoj y Anmatujy
2016. rommMHE, OCBOJjUO j€ Harpagy Ha

1. Candidate information

1.1. Biography

Candidate Nursultan Askarbekuly was born on
5th November 1991, in Almaty, Kazakhstan.
He graduated from high school in 2009 in
Astana, Kazakhstan.

After completing high school, Nursultan
Askarbekuly continued his education at the
University of Edinburgh, United Kingdom,
where he completed the bachelor’s program in
Computer Science in 2014. After graduation,
he worked as a software engineer in the United
States and Kazakhstan from 2015 to 2018.
During this period, he gained practical
experience in software development, product
engineering, and the design of user-centric
software systems.

He continued his education at Innopolis
University, Russia, where he completed the
master’s program in Software Engineering in
2020.

Since 2022, Nursultan Askarbekuly has been
enrolled in the doctoral program at the Faculty
of Organizational Sciences, University of
Belgrade. He has successfully completed all
exams in doctoral studies. His doctoral
research belongs to the areas of educational
recommender systems, learning analytics,
goal-oriented ‘measurement, and data-driven
evaluation of learning outcomes. The research

connects goal-oriented measurement,
constructive - alignment, outcome-based
education, and recommender-system
evaluation.

In parallel with his formal education, the
candidate attended several relevant
professional schools and programmes. In
nFactorial Incubator 10S  Development
Summer School, held in Almaty in 2016, he




DAKVYII

A
TET OPTAHU3AIIMOHNX HAVKA

@ H

YHUBEP3UTET ¥ BEOI'PAIY

@ H

UNIVERSITY OF BELGRADE
FACULTY OF ORGANIZATIONAL SCIENCES

3appmHOM  Demo  Day  gorahajy ca
armukanujoM Joode. 'omune 2017. moxahao je
Make School Summer Academy y Can
Opanmucky, Kammdopuuja, y3 mnoapuiky
rpanta @onganuje [laxmapaan JeceHoB.

VY CBOM HCTpaXMBAuKOM pajy, KaHAMJAT je
YCMEpPEH Ha MEpPEHE OPHJEHTUCAHO Ka LIMJbe-
BUMa, KOHCTPYKTUBHO ycKiahuBame y obOpa-
30BHOM CO(TBEpYy, €IyKallMOHE CHCTEME 3a
IpernopyyrBame 3aCHOBAHE HA MCXOJUMA,
ayToMaTH3alyjy oOliekhHUBamba U CHCTEME 3a
HNOJPUIKY yuyeHHIMa. HberoB JOKTOpCKHU pajn
0aBu ce cUCTeMHMa 3a MPENOpPYyUYHBAKBE Yy
o0pa3oBamy KOjU Cy CBECHHM HCXOJa U Ha
IIPAKTHUYHE METO/IE 3a MEPEHHE, ONTUMU3ALH]Y,
npaheme U Ol UBABE UCX0/1a YUeHa.

won Demo Day with the application Joode. In
2017, he attended Make School Summer
Academy in San Francisco, California, with
the support of a grant from the Shakhmardan
Yessenov Foundation.

In his research work, Nursultan Askarbekuly
has focused on goal-oriented measurement,

constructive  alignment in  educational
software, outcome-aware educational
recommender systems, assessment

automation, and learner-support systems. His
doctoral work focuses on outcome-aware
educational recommender systems and on
practical methods for measuring, optimizing,
monitoring, and evaluating learning outcomes.

1.2. HacTaBHM paJl 1 HCKYCTBO

Opn aprycra 2019. roguHe KaHAUAAT j€ paanuo
y JIaGopaTopuju 3a cCOPTBEPCKH MHKESHESPUHT
YHuuBep3utera MHOMOMNC Ka0 UCTpakuBad U
BUIIIY MIpe/IaBay. Y YeCTBOBAO j€ Y UCTPAKUBA-
By, HACTaBU U TOJPIIIM TUMOBHMA KOjH Cy
paawuiv Ha pa3Bojy codTBepa.

Kao rnaBHUM npenaBay H3BOJHO je HACTaBy Ha
npenmerima CodTBepcku npojekat u [laketn
ayiata 3a COPTBEPCKH HHKCHECPHUHT.

IberoBe ucTpaxxmBavuke W HAaCTaBHE aKTHB-
HOCTH OWJie Cy TIOBE3aHE Ca MHKCHCPHUHIOM
3axXTeBa, pPa3BOjeM TNPOM3BOJA, IPOjEKTOBA-
meM codTBepa, 00pa3oBHUM COPTBEPOM H
MPUMEHCHOM BEIITAYKOM HHTEIUTCHIIA]OM.

1.2. Teaching and professional experience

From August 2019, he worked at the Software
Engineering  Laboratory  of - Innopolis
University as a . researcher and - senior
instructor. In this role, he participated in
research, teaching, and the supervision  or
facilitation of software-development work.

As a primary instructor, he taught the courses
Software Project and Software Engineering
Toolkit.

His research and teaching activities were
mainly ' connected ‘' with  requirements
engineering, product development, software
design, educational - software, and applied
artificial intelligence.
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1.3. CTeueHo HaYYHOUCTPAKUBAYKO UCKYCTBO

1.3. Acquired research experience

Hay4noucTpa)kxuBauko HMCKYCTBO KaHAWAATa
oOyxBaTa pasoBe y Mel)yHapoaHUM HaydHUM
4aconucuMa 1 y 300pHUIIMMa MehyHapoIHIX
KoH(pepeHnuja. McTpaxuBauku paja KaHAWIa-
Ta peaJn30BaH je y oOysactu codTBEpCKOT
UH)KEHEPCTBA U 00pa3oBHUX HH(POPMALINO-
HUX cHCTeMa. Y HAaCTaBKy, JaT je CIIUCaK
00jaBJbEHHUX paJloBa KaHAWAATa, Ka0 M Tper-
7€l TOJNOXKEHHX HCIUTa Ha JOKTOPCKUM
CTyaujama.

[Ipernen o6jaBibeHUX paaoBa, MPHKA3aH y

XPOHOJIOIIKOM PEIOCIIeay:

— S. Komolov, N. Askarbekuly, and M.
Mazzara, “An Empirical Study of Multi-
threading Paradigms: Reactive
Programming vs Continuation-Passing
Style”, Proceedings of the 2020 3rd
International Conference on Computing
and Big Data, pp. 3741, 2020. (M33)

— A. Pavlenko, N. Askarbekuly, S. Megha,
and M. Mazzara, “Micro-frontends:
Application of Microservices to Web
Front-ends”, Journal of Internet Services
and Information Security, Vol. 10, No. 2,
pp- 49-66, 2020. (M24+)

— K. Fedoseev, N. Askarbekuly, A. E.
Uzbekova, and M. Mazzara, “Application
of Data-oriented Design in Game
Development”, Journal of Physics:
Conference Series, Vol. 1694, No. 1,
012035, 2020. (M24+)

— Y. Pakhtusova, S. Megha, and N.
Askarbekuly, “A Case Study on
Combining Agile and User-centered
Design”, International Conference on
Frontiers in Software Engineering, pp. 47—
62,2021. (M33)

— D. Pimenov, A. Solovyov, N.Askarbekuly,
and M. Mazzara, “Data-driven Approaches
to User Interface Design: A Case Study”,
Journal of Physics: Conference Series,
Vol. 2134, No. 1, 012020, 2021. (M24+)

The candidate’s scientific and research
experience includes papers in international
scientific journals and in proceedings of
international conferences. The candidate’s
research work has been realized in the field of
software  engineering and  educational
information systems. Below is a list of the
candidate’s published papers, as well as an
overview of passed exams in doctoral studies.

The list of published papers, presented in

chronological order is given as follows:

— S. Komolov, N. Askarbekuly, and M.
Mazzara, “An Empirical Study of Multi-
threading Paradigms: Reactive
Programming vs - Continuation-Passing
Style”, Proceedings of the 2020 3rd
International Conference on Computing
and Big Data, pp. 3741, 2020. (M33)

— A. Pavlenko, N. Askarbekuly, S. Megha,
and ' M. Mazzara, “Micro-frontends:
Application of Microservices to Web
Front-ends”, Journal of Internet Services
and Information Security, Vol. 10, No. 2,
pp: 49-66, 2020. (M24+)

— K. Fedoseev, N. Askarbekuly, A. E.
Uzbekova, and M. Mazzara, “Application
of | Data-oriented Design in Game
Development”, Journal of Physics:
Conference Series, Vol. 1694, No. 1,
012035, 2020. (M24+)

— Y. Pakhtusova, S. Megha, and N.
Askarbekuly, - “A " Case Study on
Combining Agile and User-centered
Design”, International Conference on
Frontiers in Software Engineering, pp. 47—
62,2021. (M33)

— D. Pimenov, A. Solovyov, N. Askarbekuly,
and M. Mazzara, “Data-driven Approaches
to User Interface Design: A Case Study”,
Journal of Physics: Conference Series, Vol.
2134, No. 1, 012020, 2021. (M24+)
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V. Vertash, H. Aslam, N. Askarbekuly,
and M. Mazzara, “Introducing
Gamification into Agile Processes of a
Game Development Company”, 2021
International Conference ‘“Nonlinearity,
Information and Robotics”, pp. 1-6, 2021.
(M33)

A.Romanov, I. Salimzhanov, M. Imam, N.
Askarbekuly, M. Mazzara, G. Succi, P.
Zhdanov, and E. Bobrov, “Applying Al in
Education: Creating a Grading Prediction
System and Digitalizing Student Profiles”,
2022 International Conference on Frontiers
of Communications, Information System
and Data Science, pp. 84-93, 2022. (M33)
E. Lukyanchikova, N. Askarbekuly, H.
Aslam, and M. Mazzara, “A Case Study on
Applications of the Hook Model in
Software Products”, Software, Vol. 2, No.
2, pp. 292-309, 2023. (M53)

A. Abounegm, M. Magomedov, N.
Askarbekuly, and M. Mazzara,
“Crowdsourcing for Second Language
Learning”, Human Factors in Software and
Systems Engineering, vol. 94, p. 86, 2023.
(M53)

M. Mazzara, 1. Kotorov, Y. Krasylnykova,
N. Askarbekuly, P. Zhdanov, and E.
Bobrov, “Advanced Engineering School at
Innopolis University: A Global Ecosystem
for Future Leaders”, International KES
Conference on Intelligent Decision
Technologies, pp. 385-398, 2024. (M33)
R. Salameh, M. Al Mdfaa, N.
Askarbekuly, and M. Mazzara, “Quranic
Audio Dataset: Crowdsourced and Labeled
Recitation from Non-Arabic Speakers”,
Procedia Computer Science, vol. 246, pp.
2684-2693, 2024. (M24+)

N. Askarbekuly, J. M. Bruel, F. Mayart, K.
Khairullin, B. Talgat, Y. Gapurinov, G.
Tulesheva, and M. Mazzara, “A/B Testing
for Beginners: Reusable Controlled
Experiments”, International Conference on
Health Informatics, Intelligent Systems

V. Vertash, H. Aslam, N. Askarbekuly, and
M. Mazzara, “Introducing Gamification
into Agile Processes of a Game
Development Company”, 2021
International Conference ‘“Nonlinearity,
Information and Robotics”, pp. 1-6, 2021.
(M33)

A. Romanov, I. Salimzhanov, M. Imam, N.
Askarbekuly, M. Mazzara, G. Succi, P.
Zhdanov, and E. Bobrov, “Applying Al in
Education: Creating a Grading Prediction
System and Digitalizing Student Profiles”,
2022 International Conference on Frontiers
of Communications, Information System
and Data Science, pp. 84-93, 2022. (M33)
E. Lukyanchikova, N. Askarbekuly, H.
Aslam, and M. Mazzara, “A Case Study on
Applications of - the Hook Model in
Software Products™, Software, Vol. 2, No.
2, pp. 292-309, 2023. (M53)

A. Abounegm, M. Magomedov, N.
Askarbekuly, and M. Mazzara,
“Crowdsourcing  for Second Language
Learning”, Human Factors in Software and
Systems Engineering, vol. 94, p. 86, 2023.
(M53)

M. Mazzara, 1. Kotorov, Y. Krasylnykova,
N. Askarbekuly, P. Zhdanov, and E.
Bobrov, “Advanced Engineering School at
Innopolis University: A Global Ecosystem
for Future Leaders”, International KES
Conference ' on Intelligent Decision
Technologies, pp. 385-398, 2024. (M33)
R. Salameh, M. Al Mdfaa, N. Askarbekuly,
and M. Mazzara, “Quranic Audio Dataset:
Crowdsourced and Labeled Recitation
from Non-Arabic Speakers”, Procedia
Computer Science, vol.-246, pp. 2684—
2693, 2024. (M24+)

N. Askarbekuly, J. M. Bruel, F. Mayart, K.
Khairullin, B. Talgat, Y. Gapurinov, G.
Tulesheva, and M. Mazzara, “A/B Testing
for Beginners: Reusable Controlled
Experiments”, International Conference on
Health Informatics, Intelligent Systems and
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and Networking Technologies, pp. 343—
360, 2024. (M33)

— G. Osotov, N. Askarbekuly, and M.
Mazzara, “Empowering User Consent:
Transparent Data Collection for Learner
Profile in Educational Products”, Agents
and Multi-agent Systems: Technologies
and Applications, 2024, vol. 406, p. 319,
2024. (M33)

— H. Salem, H. Salloum, M. Mazzara, N.
Askarbekuly, L. Johard, and G. Succi,
“Hidden Risks: The Centralization of NFT
Metadata and What It Means for the
Market”, International Conference on
Advanced Information Networking and
Applications, pp. 154-162, 2025. (M33)

— F. Atif, N. Askarbekuly, K. Darwish, and
M. Choudhury, “Sacred or Synthetic?
Evaluating LLM  Reliability  and
Abstention for Religious Questions”,
Proceedings of the AAAI/ACM
Conference on Al, Ethics, and Society,
Vol. 8, No. 1, pp. 217-226, 2025. (M33)

[Ipernen oO0jaBibeHUX pagoBa KOjU Cy ¥
HETIOCPEIHOj BE3U C MPEUIOKEHOM TEMOM
JTOKTOPCKE AMcepTallyje KaHauaaTa:

— N. Askarbekuly, A. Sadovykh, and M.
Mazzara, “Combining Two Modelling
Approaches: GQM and KAOS in an Open
Source  Project”, IFIP International
Conference on Open Source Systems, pp.
106-119, 2020. (M33)

— N. Askarbekuly, A. Solovyov, E.
Lukyanchikova, D. Pimenov, and M.
Mazzara, “Building an Educational
Product: Constructive Alignment and
Requirements Engineering”, International
Conference on Applied Human Factors and
Ergonomics, pp. 358-365, 2021. (M33)

— N. Askarbekuly and N. Anici¢, “LLM
Examiner: Automating Assessment in
Informal Self-Directed e-Learning using
ChatGPT”, Knowledge and Information
Systems, Vol. 66, No. 10, pp. 6133-6150,
2024. (M22)

Networking Technologies, pp. 343-360,
2024. (M33)

— G. Osotov, N. Askarbekuly, and M.
Mazzara, “Empowering User Consent:
Transparent Data Collection for Learner
Profile in Educational Products”, Agents
and Multi-agent Systems: Technologies
and Applications, 2024, vol. 406, p. 319,
2024. (M33)

— H. Salem, H. Salloum, M. Mazzara, N.
Askarbekuly, L. Johard, and G. Succi,
“Hidden Risks: The Centralization of NFT
Metadata and What It Means for the
Market”, International Conference on
Advanced Information Networking and
Applications, pp. 154-162,2025. (M33)

— F. Atif, N. Askarbekuly, K. Darwish, and
M. Choudhury, “Sacred or Synthetic?
Evaluating ~LLM ~ Reliability  and
Abstention - for Religious Questions”,
Proceedings ~of the AAAI/ACM
Conference on Al, Ethics, and Society,
Vol. 8, No. 1, pp. 217-226, 2025. (M33)

List of published papers that are directly
related to the candidate’s proposed doctoral
dissertation topic:

— N. Askarbekuly, A. Sadovykh, and M.
Mazzara, “Combining Two Modelling
Approaches: GQM and KAOS in an Open
Source . Project”, IFIP International
Conference on Open Source Systems, pp.
106-119, 2020. (M33)

— N. Askarbekuly, “A. Solovyov, E.
Lukyanchikova, “D. Pimenov, and M.
Mazzara, “Building an Educational
Product: “Constructive. Alignment and
Requirements Engineering”, International
Conference on Applied Human Factors and
Ergonomics, pp. 358-365, 2021. (M33)

— N. Askarbekuly and N. Anici¢, “LLM
Examiner: Automating Assessment in
Informal Self-Directed e-Learning using
ChatGPT”, Knowledge and Information
Systems, Vol. 66, No. 10, pp. 6133-6150,
2024. (M22)
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VY pagoBuMa KaHAMATa [IPUKA3aHE Cy UCTpa-
JKUBAYKe AaKTUBHOCTH KOje Ce OJHOCE Ha
MEpemEe OPHjEeHTUCAHO Ka IUJBEBHMA, KOHC-
TPYKTUBHO yckiiahUBame €IyKaTUBHUX aKT-
UBHOCTH Ca LUJbEBUMA M ayTOMAaTU3ALHU]y
oleHUBakba Yy EIyKalMOHUM CHCTEMHUMa
3aCHOBAaHUM Ha MCXOJUMa.

The candidate’s papers
activities related to goal-oriented
measurement, constructive alignment of
educational activities with goals, and
assessment automation in outcome-based
educational systems.

present research

1.4. Coucax 1moJgoKeHux OpeaMera

Crumcak TMOJIOKCHHUX TpEAMeTa Ha JIOKTOpC-
kM ctyarjama ca oneHama u ECIIb Gomo-
BUMa:

1.4. List of passed exams

The list of courses passed in doctoral studies,
with grades and ECTS credits:

Ha3uBu npeagmera Ouena ECIIb Course title Grade ECTS
CaBpeMeHa HCTpaKUBamba y Contemporary Research in
00s1acté HHGOPMAITMOHHUX 10 (mecer) 10 Information Systems and 10 (ten) 10
CHCTeMa M TEXHOJIOTH]a Technologies
Ypasspame nojganmuma 10 (mecer) 10 Data Management 10 (ten) 10
WureponepadbuiHoct nocnos- | (necer) 10 Interoperability oleu.smess 10 (ten) 10
HHUX CHUCTEMa U aIUIMKaIuja Systems and Applications
AyTomaTtu3anyja pa3soja 10 (zecer) 10 Automation of Information 10 (ten) 10
nH(pOpMaMOHKX cUCTEMa Systems Development
Pa3Boj nndopmannonmx 10 (xecer) 10 Information Systems 10 (ten) 10
cucrema Development
MammHcKo y4eme - ogabpana 10 (xecer) 10 Maghlne Learning - Selected 10 (ten) 10
TIOTJIaBJba Topics
CucrtemH 3a yIIpaBJbame 10 (zecer) 10 Business Process Management 10 (ten) 10
TIOCJIOBHUM ITPOLIECHMa Systems
[TocnoBHa MHTETUTEHIN]A - 10 (necer) 10 Bus1'ness Intelligence - Selected 10 (ten) 10
o/1abpaHa MmorjaBsba Topics
IIpojexToBame crcrema 10 (zecer) 10 Design of Aggregated Data 10 (ten) 10
arperupaHux rojaraxa Systems

Kangunar je nmanma 16. 6. 2026. romune
YCIICITHO 0I0OPaHMO MPHUCTYITHU PaJl 3a U3paLy
TOKTOPCKE IUcepTallije moj Ha3uBoM ,,Outco-
me-Aware Educational Recommender Sys-
tems: A Data-Driven Method for Measuring,
Optimizing, and Evaluating Learning Outco-
mes”, y NMpeBOAY Ha CPICKU je3uk: ,,Emyka-
IIMOHU CUCTEMHU 3a TIPETNOPYYHBAKE 3aCHO-
BaHU Ha UCXO/IMMA: METO/1a 32 MEPEeHe, ONTH-
MHU3ALM]y ¥ OLEHUBAKE HCXOAA YyueHa,
3aCHOBaHAa Ha Imogauma‘.

On 16 June 2026, the candidate successfully
defended the PhD proposal for the preparation
of the doctoral dissertation titled “Outcome-
Aware Educational Recommender Systems: A

Data-Driven = Method for  Measuring,
Optimizing,. and  Evaluating Learning
Outcomes™, ‘translated into Serbian as

“EnykanimoHn CHUCTEMH 3a NPENopyyrBame
3aCHOBAHM HA UCXOAMMA: METOJA 3a MEpEmE,
ONTUMU3AIN]Y U OLCHHUBAKHE UCXO0JA yUeHa,
3acHOBaHa Ha Mojauuma’.
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1.5. O1teHa mogo0OHOCTH KaHIMAATA 3a pajl Ha

1.5. Evaluation of the candidate’s suitability

[PEJUIOKEHO] TE3U

Kanmunatr Hypcynran AckapOexyiu nocemyje
dbopmasiHO oOpa3zoBame y 00JacTH padyHap-
CTBa U CO(PTBEPCKOT HHKEHEPCTBA, Ka0 U
BUIICTOJINIIHE UCKYCTBO y paay y obOiactu
npuMeHe cohTBEPCKOT HHKEHEPCTBA, HHPOP-
MAaIMOHHMX CUCTEMAa U TEXHOJIOTHja y HAYYHHM
U IPUMCHCHUM HCTPAKUBAYKHM MTPOjEKTUMA.
CBOjUM HAy4YHO-HCTPOKUBAYKHM PAJOM, 00-
JaBJbHBAbEM HAyYHUX pPaJoBa M aKTUBHUM
YYECTBOBAalEM Ha Mel)yHapOTHHM HAyYHHM
KOH(EepeHIMjamMa, TOCTUTAO j& 3HAYAjaH JOTI-
PHHOC y NPEIMETHO]j 00JIACTH UCTPaKHBAMbA.

VY3umajyhu y 003up:

— pe3yaTare OCTBapeHEe TOKOM OCHOBHHX,
MacTep U JOKTOPCKHX CTY/IH]a,

— UHMIbCHHIY Ja je KaHIHIAT MOJOXKHO CBE
ucnure npeaBuleHe mporpaMom JIOKTOp-
CKHX CTyJH]a 1 J1a je monoxuo [IpuctymHu
pan,

— o0jaBibeHe pajoBe y obsacTuMa copTBep-
CKOT MH)KEHEepCTBa, 00Pa30BHUX CUCTEMA,
Mepema OpPUjEHTUCAHOT Ka LUJbEeBUMA U
ayToMaTH3aIlije OleHh1Bamka,

— HCTPAXUBAYKO, HACTABHO M TPAKTHYHO
HCKYCTBO Y pa3B0jy COTBEPCKHUX CUCTEMA
u

— Jocajamlmke  pe3ydaTare  HeMmoCpeIHO
MIOBE3aHE ca MPEI0KEHOM TEMOM,

Komucuja 3akspydyje [nma je KaHIuUaaT
Hypcynran Ackapbekynu y TOTIIYHOCTH
KBTM()UKOBAH U UMa MOTPEOHO MCKYCTBO 3a
camMocTaJaH UCTPaXUBAYKU paj Ha TPEJIo-
JKEHO] TeMH JIOKTOpCKe auceprammje ,,Out-
come-Aware  Educational ~Recommender
Systems: A Data-Driven Method for Measu-
ring, Optimizing, and Evaluating Learning
Outcomes*.

for work on the proposed topic

Candidate Nursultan Askarbekuly possesses
formal education in computer science and
software engineering, as well as several years
of experience in the application of software
engineering, information systems, and
technologies in scientific and applied research
projects. Through his scientific and research
work, publication of scientific papers, and
active participation in international scientific
conferences, he has made a significant
contribution in the subject area of the research.

Taking into account:

— the results achieved during undergraduate,
master’s, and doctoral studies;

— the fact that the candidate has passed all
exams prescribed by the doctoral-study
programme  and has passed the Ph.D.
proposal defense;

— published papers in the areas of software
engineering, ' educational systems, goal-
oriented measurement, and assessment
automation;

— research, teaching, and  practical
experience in the development of software
systems; and

— previous results directly connected with the
proposed topic;

the Committee concludes that candidate
Nursultan' Askarbekuly is fully qualified and
has the necessary experience for independent
research work on the  proposed doctoral
dissertation topic “Outcome-Aware
Educational Recommender Systems: A Data-
Driven Method for Measuring, Optimizing,
and Evaluating Learning Outcomes”.
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2. Hpe}lMeT U IUJb HCTPAKUBaABLA

Enykanuonn cucteMu 3a TpENoOpyYHBambE
UMajy 3a/1aTaK Jla yYeHUKY IPU CaBJa/laBarby
Marepuje KOjy YyYHM TMpeIIoKe caapxkaje,
AKTUBHOCTH WJIU IyTame yuema npuiarolene
BETOBUM TOTpebama. tbuxoBa ycrenrHocr,
mehytum,  Hajuemhe ce  mpouemyje
MoKaszaTesbuMa Kao IITO ¢y Opoj KIIMKOBa, Opoj
OTBOPEHUX CajJprKaja, BpeME IPOBEACHO Y
CHUCTEMY, WJIHM TAadyHOCT paHTHpama. |akKBU
NoKa3aTeJbu OMKCYjy MOHAIIAKkE KOPUCHUKA U
KBaJIUTET MPETOPYKE, aJIl HE TI0Ka3yjy HYKHO
Jla JIF je YYCHUK OCTBApHO TUIAHUPAHE HCXOJIC
yuema.

OcHOBHU TIpOOJIEM UCTpaKMBamba MPEIIIOKE-
HOT 3a peanu3aljy y OBOj JOKTOPCKO] TUCEp-
TalUju je HeycKilal)eHOCT 00pa30BHUX HCX0/1a
cHUCTeMa 3a MpEenopyuyHBame U IOKa3aTesba
KOjUMa C€ OHHM ONTHMHU3Y]y U OLewmY]y. Y
MHOTHM CKYIOBHMa IT0/IaTaka KOjH MPeICTaB-
Jbajy OCHOBY TaKBHX CHCTEMa, CKCILTHIIUTHO
Cy TMpPEeICTaB/bEHU YUEHUIM, CaApXkKaju H
MHTEPaKIHje, ald HUCY TpPEeACTaBIbEHH ILIa-
HUPAHU UCXOJIU yuema, Be3e u3mel)y caapxaja
¥ UCXO0JIa yY€Ha, HUTH JTOKAa3W O OBJIa/IaBarby
TUM ucXoauma. 300r Tora, moctojehe WHTE-
pakiMoHe MnojaTke HUje Moryhe aHanusupatu
y LUJBbY HEMOCPEIHOr TyMauema Kao J0Ka3a
yuema U OBJIA/IaBamba TPATUBOM.

Y mpemiokeHOM WCTpaKUBaWmy, egexmus-
HOCM e0YKAYUOHO2 cUucmema 3a npenopyyusd-
Fe O3HauaBa CTETEH Yy KOjeM eqyKallnOHU
CHCTEM 3a MpEenopy4yHBame MOJpiKaBa OCTBA-
pHBame TUTAHUPAHUX UCXOo/a yuyema. Kako je
JIOMEH TNPHUMEHE Yy MPEeAJIOKEHOM HCTPaAXKH-
Bakby OOpa3oOBHHM TIPOIEC, OUYEKyje ce Ja
pelemhe MpeIoKEHO OBUM HCTPaKUBAHEM
omoryhu e(peKkTHBHO OBIaJlaBalbe€ HCXOIUMa
yuema, TAaKBO J1a Ce ONEPAMOHANIN3Y]E ITyTeM
METpUKa 3aCHOBAHHMX Ha MPOLEHU CTereHa
CaBJIAZIAHOCTH MaTepHje Koja je MpeaMer
yuema. [lopen Tora, y ucrpaxuBamwy he Outu
pasMaTpaHM U JIPYTH aclEKTH KOjH Ce OJHOCE

2. Research subject and objective

Educational recommender systems are
intended to support learners while they are
mastering learning material by proposing
content, activities, or learning paths adapted to
their needs. Their success, however, is most
often evaluated through indicators such as the
number of clicks, the number of opened
content items, time spent in the system, or
ranking accuracy. Such indicators describe
user behaviour and recommendation quality,
but they do not necessarily show whether the
learner has achieved the planned learning
outcomes.

The main research problem addressed in this
doctoral dissertation is the misalignment
between the educational outcomes of
recommender systems and the indicators by
which such systems are optimized and
evaluated. In many datasets used as the basis
for educational - recommender systems,
learners, content, and interactions are
represented explicitly, while planned learning
outcomes, links between content and learning
outcomes, and evidence of mastery of those
outcomes are not represented. As a result,
existing interaction data cannot be directly
interpreted as evidence of learning or mastery
of the material.

In the proposed research, educational
recommender effectiveness denotes the degree
to which an educational recommender system
supports the achievement of planned learning
outcomes. Since the application domain of the
proposed research is the educational process,
the proposed solution is expected to support
effective mastery of learning outcomes,
operationalized through metrics based on
assessment of the degree of mastery of the
material being learned. At the same time, the
research also considers other related aspects
that address metrics of recommendation
quality, learner engagement, learner retention,
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Ha METPUKE KBAIUTETA MPENOPYKa, aHT'aXKOBa-
Hha YUYEHHUKA, 3aJ(pKaBamba YUeHUKA U APYTUX
OIEpaTUBHUX METpPUKA, Ka0 KOMILIEMEHTap-
HUX JMMEH3H1ja U KOHTPOJHUX I10Ka3aTesba.

Hamena uctpakuBama TIpPEJIOKEHOT Y OBOj
JIOKTOPCKOj UcepTaluju je aa npesaszhe uiau
yOnaxu npobsiem HeyckinaheHoCTH
00pa30BHUX MCXOJa U MOKa3aTesba KOjUMa ce
OHM OIIEHY]y JOJACKOM JO METo/e Koja he
oMoryhut pasBoj eAyKalMOHUX CHCTEMa 3a
npernopyynBame, TaKBUX Jla yBaXaBajy
UCXOJIE YUeHa.

[Ipenmer wucTpakuBama je MPOJEKTOBAE,
NprUMeHa, aHallu3a W OICHUBAKE €IyKalno-
HUX CHCTEMa 3a MPenopyYrBame 3aCHOBAHUX
Ha WcXoauMa. Y MPEUIOKEHOM HCTpPaKHBa-
By, IpeAMET UHTEpeca HUje jeJlaH, NapTUKY-
JapHU AITOPUTaM 3a MPENOpyYHBarbe, HUTH
TpeTMaH MHTEpaKlMja yYeHHKa M CaapiKaja
Kao M30JI0BaHUX, OuxeBuopanuux norahaja. ¥V
OBOM HCTpa)KUBamYy, O HHTEpeca je J10J1a3ak
0 cBeoOyxBaTHE MeToze Koja omoryhaBa
pa3Boj elyKallMOHUX CUCTEMa KOjU YIPaBJbajy
KEJbCHUM HCXOJMMa Yy4YeHa, BOJE padyHa
Kako je caapxkaj KOju je TpeaMeT yuerma
MIOBE3aH Ca HCXOAMMa yueHa, aHaIH3HPajy
JTHEBHMKE MHTEpakiuja u o0e30elyjy TpaHc-
dopmrcame OBHX MOJIaTaKa y JOKa3e CaBaia-
Bamka TIpajuBa KoOje TNpeACTaB/ba MpPEeIMeT
yuewa. TakaB npuctyn omoryhuhe kpenpame
CTpaTeruja MpernopydrBama Koje Mory OUTH
OIICHbMBAHE M ONITHMHU30BaHE HE CAMO Y TTOTJIe-
Ny paHrupama KBaJIWTETa, Beh W y morieny
nporpeca Ka OCTBapemy KEJbEHUX HCXO0/a
yuema.

VY OKkBHpY TPEIOKEHOT UCTPaKUBaAA, TUIa-
HUpPAaH je pa3BOj METOJOJIOUIKOr MPHUCTYTIA,
npaheHor coTBEpCKUM OKPYKEHEM IO
HazuBoM OBER. OBER mnpencraBba emyka-
IUOHO OKPYXEHE 3a MPENOpyUHBaHE 3aCHO-
BaHO Ha YBaXaBamy HCXoja ydema. OBO
oKpyxeme Ouhe y moryhHocTH na ympaBiba
KEJbCHHUM HCXOJIMMa yuYeHha W TPeCcIrKaBa-
BUMa JeUHUCAHUX caJpiKaja Ha MCXOJC

and  other  operational = metrics  as
complementary dimensions and guardrail
indicators.

The purpose of the research proposed in this
doctoral dissertation is to overcome, or at least
mitigate the mismatch between educational
outcomes and the indicators used to evaluate
them by arriving at a method that enables the
development of educational recommender
systems that explicitly take learning outcomes
into account.

The subject of the research is the design,
implementation, analysis, and evaluation of
outcome-aware educational recommender
systems. The proposed research is not
concerned with one particular recommendation
algorithm, nor with treating learner-content
interactions as isolated behavioural events.
Instead, the prposed research is concerned with
arriving at a comprehensive method that
enables educational systems to manage desired
learning outcomes, account for how learning
content' is connected with those outcomes,
analyze interaction logs, and transform such
data into evidence of mastery of the material
being learned. This approach enables
recommendation strategies to be evaluated and
optimized not only' with respect to ranking
quality, but also with respect to. progress
toward intended learning outcomes.

Within the proposed research, the development
of a methodological approach is planned
together with a software framework called
OBER. OBER is an outcome-based
educational recommender environment. The
proposed framework manages intended
learning outcomes and mappings between
defined content and those outcomes. It also
enables evaluation of learners’ achievement of
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yuema. Takohe, oHo he omoryhutu ouemu-
BambE JI0CTH3amba UCX0/1a O] CTPAaHE YUCHHUKA U
yrpajiiby OBHUX OIIEHA Y HAMEHCKH MOJIEJIOBa-
HY CTPYKTYpY IO/IaTaKa CUCTeMa 3a Mpernopy-
yuBame. OlemrBamke J0CTH3amba nexoaa Ouhe
oMoryheHo 3pauyHaBambeM CTETICHA CaBaja-
HOCTH MCXOJIa HA OCHOBY JIOCTYITHUX JTHCBHH-
Ka MHTEpaKIfja YUYeHUK — cajpikaj, Kaja roj
IIOCTOj€ CaipXaju KOjU Cy HEONXOJIHH 3a
BepU(pUKaLM]y AOCTU3aba KEJbEHUX HCXO/a.
HcTpaxxuBameM Npeasiaxke ce MPUCTYN KOjU
1oJjla3u O] aHarakoBama YYEeHUKa M IpaTh
caBJIaJlaBambe UCX0/Ia yueHa, TAKO IITO J01aT-
HO YyHampelyyje mporec Mepema H3BOheHmeM
CUTHaJa 3a 00y4aBame KOjU yBa)kaBajy UCXO-
ne, M03aJUHCKUM TopehemeM BapHujaHTU 3a
IPENnopyYnBamEe 1, 3aTUM, BaJIHJIAL1]OM 103a-
JTUHCKH N3a0paHuX BapyjaHTU KPO3 HEMIOCPEI-
HO paHJIOMHU30BaHE cllydajeBe ynorpeode.

OCHOBHH 1IUJb HCTpPaXKHBaHka MPEITI0KEHOT
OBOM JTOKTOPCKOM JTMCEPTAIIHjOM MTPECTABIhA
J0JIa3aK JI0 HAYYHO 3aCHOBAHE U €MITUPH]CKU
BaJIMIpaHe METOJIC 3aCHOBAHE Ha TMOJAIIMa
3a Mepeme, OlCHHUBAKE WU ONTHUMHU3ALU]Y
UCXO0JIa yUeHa y eIyKallMOHUM CHCTEMHUMA 32
IpenopyynBame, TaKBE J1a OCTBApyje Mpenos-
HATJBHUBE BPETHOCTH KaKO 33 YUEHUKE, TaKO U
3a KpeaTope Mpoleca yuerma 3aCHOBAHOI Ha
NPUMEHH €TyKAIlHOHNX CHCTEMa 3a MPEeropy-
yuBame. [ TaBHA BpeTHOCT MpeIokKEeHe METO-
ne Tpeba ma Oyne y nocTusamy codTBEpCKOT
OKpY’KeHa KOje Ce MOXKE PEryJIapHO KOPUCTH-
TH ¥ 00e30eAUTH 32 TTOHOBJBMBO MEpPEHE U
OlLICHUBAbE JJOCTH3amha UCX0Aa yuewma. OHO
Tpeba Ja MoBe3yje MHTEepaKlMje y4YeHHKa ca
IUTAHUPAaHUM HCXO0JMMa, 00e30enu Jokasze
KOjH c€ OJHOCE Ha MPOIEHY CaBJIAJaHOCTH
UCXOJa U JIa IOJp>KaBa ONTHMH3AIIH]Y MIPETo-
pyka u mpaheme excnepumenara. Jpyrum
pednMa, Mmetoaa Tpeba na omoryhu emykarm-
OHUM TUIaTGOpMaMa J1a yTBpJE Ja JH MpPero-
pyKe MOMaKy YYeHHIIMMA J1a OCTBape IIaHH-
paHe UCXO/Ie U J1a n3adepy MyTame yuema Koje
HajOoJbe MOJIPKABAjy BUXOBO OCTBAPEH-E.

outcomes and incorporation of these
evaluations into a purposefully modeled
recommender-system data structure. Outcome
achievement is evaluated by calculating the
degree of outcome mastery from available
learner-content interaction logs whenever
content required for verifying the desired
outcomes exists. The research proposes an
approach that starts from learner engagement
and follows mastery of learning outcomes by
improving measurement through outcome-
aware training signals, offline comparison of
recommendation variants, and validation of
offline-selected  variants through direct
randomized use cases.

The main objective of this research is the
establishment of a scientifically grounded and
empirically validated data-driven method for
measuring, evaluating, and optimizing learning
outcomes in educational recommender
systems, in a way that produces recognizable
value both' for learners and for creators of
learning processes based ‘on educational
recommender systems. The main value of the
proposed method is a software environment
that can be used regularly and that provides
repeatable measurement and evaluation - of
learning-outcome achievement. It should
connect | learner interactions with planned
outcomes, provide evidence for assessment of
outcome mastery, and support
recommendation optimization and experiment
monitoring. In other words, the method should
enable educational platforms to determine

whether recommendations help learners
achieve intended outcomes and to select
learning paths that best support their
achievement.
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Y  mOpemioKeHOM — HCTpaKuBamby, OBaKo
IIOCTaBJbEHH OCHOBHM LIWJb pa3jiaxe ce Ha
BUIIIC TOTIUJbEBA, IPU Y€MY CBAKH O]l X
yKa3yje ¥ Ha jelaH Pe3yJITaT KOju MpeIoKeHa

Meroza Tpexga nga ocrtBapu. IloTuusibeBu

OCHOBHOT 1IuJba Cy cienehu:

1. Wnentudukanuja HCTpaXxMBayKor jasa
KOja je 3aCHOBaHa Ha CHCTEMAaTH30BAaHOM
UCTPaXMBalky M aHAIU3U JUTEparype, a
OJIHOCHH C€ Ha MpoOJieM HEeMOCTojarmka
YBpCTE Be3e M3Mel)y HauMHA YIpaBbamba
00pa30BHUUM UCXOIUMA OJT CTPAaHE eayKa-
IIUOHUX CHUCTEMa 3a IPENoOpyYUBAIE, C
jeaHe cTpaHe, M METPHUKa KOjuMa ce J10C-
Turayhe TUX ucxoja Hajuenrhe oremyje.

2. OctBapeme GpopMamHOT MOJENa CTPYKTY-
pe ImojaTaka KOJU IIOBE3yje YYEHHUKE,
cajipkaje, TUIaHUpaHe UCXOJle, TPecinKa-
Bama CaJp)kaja Ha HCXOAE M JIOKasze O
OLICHMBAhY OCTBAPEHA HCX0/Ia YUCHa.

3. Joma3ak 110 METOJe Mepema CaBlaja-
HOCTH HCXOJla M MeTo/ie o0ydJaBama CHC-
TeMa 3a MPEnopy4yHBame KOjU MpeTBapa
yckiahleHe WHTEpakinHje W TeNaromky
CTPYKTYpY Yy CUTHaJ€ 3a OICHUBABE U
oOyJaBame.

4. Jlonmazak 70 mporeca eMIUpPHjCKe BaIua-
1[je KOjU MOBe3yje MO3aUHCKE METpPHUKE
3aCHOBAaHE Ha UCXOAMMA U IyTambaMa yde-
ha Ca HEMOCPEIHUM pe3yJITaTuMa 3aCHO-
BaHUM Ha CaBJIa/IaHOCTH MCX0/1a yUea.

5. Jonmazak 10 omepaTuBHOT CO(TBEPCKOT
OKpy’Kema 3a o0jeaumeHo npaheme cre-
NIeHa CaBJIaJJaHOCTH MCXO/a yuerha, aHTa-
YKOBama YUCHHKA, 3aJIpKaBarba yuYeHUKa U
HUBOA KBaJHMTETA MPETIOpYyKa.

6. Jlonazak 10 MOryhHOCTH HIMPOKE MPUMEH-
JbUBOCTH TIPEIJIOKEHOT COPTBEPCKOT OK-
pyXema U MEPHUX MHCTpyMEHaTa KOjH Cy
y mwera yrpalleHu Ha cpoaHe oOpa3oBHE
¢yHKuMje 1 TpobieMcKe JAOMEHe, a IITO
YKJbYUyje U ayTOMaTH3allh]y OllCHHUBakha
¥ KOHBEP3aIMOHY MOJPUIKY yUYSHHIIUMA.

HaBenenu 1mbeBU HCTOBPEMEHO CYy U Hay4-
HOT U MpakTHYHOT Kapaktepa. C jeqHe cTpaHe,
OHM YyKa3zyjy Ha (dopmanu3alijy HauyuHa 3a

In the proposed research, the main objective
formulated in this way is decomposed into
several sub-objectives, each of which also
points to a result that the proposed method
should achieve. The sub-objectives of the main
objective are the following:

1. Identification of the research gap, based on
systematic research and analysis of the
literature, concerning the absence of a
strong connection between the way
educational recommender systems manage
educational outcomes, on the one hand, and
the metrics by which achievement of those
outcomes 1S most often evaluated, on the
other hand.

2. Establishment of a formal data-structure
model that connects learners, content,
planned outcomes, mappings of content to
outcomes, and evidence for evaluating
achievement of learning outcomes.

3. Providing a method for measuring outcome
mastery - and a method for training
recommender systems that transform
aligned interactions and pedagogical
structure ' into evaluation and training
signals.

4. Providing an empirical validation process
that connects offline metrics based on
outcomes and learning paths with direct
results based on mastery of learning
outcomes.

5. Providing an ' operational - software
environment for unified monitoring of the
degree of mastery of learning outcomes,
learner engagement, learner retention, and
recommendation quality.

6. Providing a  possibility ~of a broad
applicability of the proposed  software

framework and - the measurement
instruments built into it to related
educational  functions and problem

domains, including assessment automation
and conversational learner support.

The stated objectives are both scientific and
practical. On the scientific side, they point to
formalization of the way learning outcomes
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WHTETpaIfjy UCXOAa y4Yema y eayKalHoHE
CUCTEME 3a MPENOpPyUHBakE, OJHOCHO y MPO-
nec oOyuyaBama CHCTEMa M OLCHHBamba
nocturayha yuenuka. Y mpakcu, TakBa ¢op-
Manu3aiuja omoryhaBa mpucCTym 3a TpaHC-
dopMalnjy eryKaMoHUX IIaTGOpPMHU U3 aHa-
JUTHYKUX CHCTEMa KOjU MpaTe caMO aHTaX-
MaH y4eHHKa Ka CHCTeMHUMa Koju 00e30ehyjy
JI0Ka3e O CaBJIaJaHOCTH MaTepuje Koja je
IpeIMET yuerma.

Emmupujcko HeTpaXuBame CIIPOBOIH CE Y OK-
BUpY aruMkanuje NamazApp, jeqHor MoOui-
HOT' CHCTEMa 3a MOJAPIIKY He(hOpMaIHOT yde-
wa. OBaj cucrem 00e30ehyje THEBHUKE UHTe-
pakija, HacTaBHE CajapiKaje, MaIy HCXO0Ja,
pesyiTare KBU30Ba W BEXOM M NHOJATKe U3
eKCIepUMeHAaTa CIPOBENICHUX Y HETOCPETHO]
uHtepakuuju. Iloctojehu ckyn 3a mo3aauHCKy
aHanu3y nojartaka caapxu 604.417 uHTEpaK-
ja, 55.203 yuenuka ca 235 caapikaja yuema.
Mamna cagpxu 39 ucxoma, ox kojux 34 uma
NOBE3aHe cajipkaje 3a nposepy. Hemocpenna
aHaimm3a o0yXBara INECT TEPCOHATM30BAaHUX
BapujaHTH U 67.414 ydyeHuka y (UKCHOM Ie-
puonay npahema oz 28 mana.

can be integrated into  educational
recommender systems, that is, into the process
of system training and evaluation of learner
achievement. In practice, such formalization
enables educational platforms to move from
analytics systems that monitor only learner
engagement toward systems that provide
evidence of mastery of the material being
learned.

The empirical research is conducted within
NamazApp, a mobile system for supporting
non-formal learning. This system provides
interaction logs, learning content, an outcome
map, quiz and exercise results, and online
experiment data. The existing dataset for
offline data analysis contains 604,417
interactions by 55,203 ‘learners with 235
content items. The map contains 39 outcomes,
of which 34 have associated assessment
content. The direct analysis includes six
personalized variants and 67,414 learners in a
fixed 28-day follow-up period.

VY HacrtaBky cienu jucta Oubnuorpadckux
u3BOpa koju cy Beh xopumrheHu TOkoM jaoca-
JANTBET UCTPAKUBAA U U3paJie MPUCTYITHOT
paza, Kao U OHHX 3a KOje ce OueKyje BUXOBO
Kopumrheme y HaCTaBKy UCTPaKWBamba:

[1] H. Drachsler, K. Verbert, O. C. Santos, and
N. Manouselis, “Panorama of recommender
systems to support learning”, in Recommender
systems handbook, Springer, 2015, pp. 421—
451.

[2] M. C. Urdaneta-Ponte, A. Mendez-Zorrilla,
and I. Oleagordia-Ruiz, “Recommendation
systems for education: Systematic review”,
Electronics, vol. 10, no. 14, p. 1611, 2021.

[3] N. Manouselis, H. Drachsler, R. Vuorikari,
H. Hummel, and R. Koper, “Recommender
systems in technology enhanced learning,” in
Recommender systems handbook, Springer,
2011, pp. 387-415.

Below is a list of bibliographical sources
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N. Manouselis, “Panorama of recommender
systems to support learning”, in Recommender
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[2] M. C. Urdaneta-Ponte, A. Mendez-Zorrilla,
and 1. Oleagordia-Ruiz, “Recommendation
systems for education: Systematic review”,
Electronics, vol. 10, no. 14, p. 1611, 2021.

[3] N. Manouselis, H. Drachsler, R. Vuorikari,
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3. [Tona3He xumoTese

[IpemiosxkeHO WCTpaXKMBamkEe 3aCHUBA CE HA
MPETIIOCTABIM Jla €AyKAllMOHH CHUCTEMH 3a
NperopyYrBambe MOTY OWTH MOJCIIOBAaHU W
OLICHbMBAHH KPO3 EKCIUTUIIMTHO 33/1aT€ UCXO/1e
yuyema. [J1laBHA XWIOTE3a HCTPAKUBamHA
dbopMmynucana je Ha cienehu HaYuH:

X0. EdexTuBHOCT eayKalMoOHOT CHUCTEMa 3a
IpEenopy4YrBame KOJU YBa)kaBa OCTBAPUBAE
IUIAHUPAaHUX MCXOJa Yyuema, MOXE Cce
MOJIEJIOBATH W YHANpeAUTH Je(UHUCAHEM
KEJbEHUX MCXOJa, MpeCcIrKaBambeM caapxkaja
Ha XeJbeHEe HCXO0J€ M TNOTBphUBame OlLEeHe
KpO3 MOJIeN CTPYKTYpe IoJaTaka cucTema 3a
IPENopyUYHBambe.

I'maBHA XMITOTE3a MOXKE CE TEKOMITOHOBATH HA
cienehe moceOHe XUIIOTESE:

X1. JIlneBHUIIM MHTEPAKIIMja YUEHUKA ca cajp-
JKajUMa U eKCIUTMIINTHA TPeCIuKaBama caip-
’Kaja Ha MCXOAE€ MOry OWUTH KOMOHMHOBaHH
pany TpoIeHkUBamka CaBIalaHOCTH 00pa30B-
HUX UCXOJIA.

X2. EMnupujcku CUTHalIM M EKCIepTCKa
NeAaromka CTpykTypa, KOju Cy HM3BEICHU W3
UCXOJa Y4Y€Ha, MOTY C€ IPETBOPUTU y CHI-
HaJie 3a 00y4aBame Kpo3 pa3InuuTe BapujaHTe
CUCTEMa 3a NPENOPYUNBAE.

X3. U3nBojeHe MeTpHUKe Koje y3umajy y 003up
TpajeKTOpHje yueHha 3aCHOBaHE Ha TIOHAIIAKY
YCIICUIHUX YYCHUKA, MOTY OUTH KOPHCHH]E O
CTaHJApJHUX METpUKA paHTUpawma [pU
u300py BapujaHTH Koje TMOKasyjy Ja00po
OCTBapeme UCXOJa y CaBlia/laBarby rpajinBa.

X4. MeTrpuke 3aCHOBaHE Ha MCXOJMMa MOTY
OWTH OmeparMOHATU30BaHE KPO3 CHUCTEM 3a
npaheme Koju 00jeIMHEHO MpUKa3yje caBiia-
JTAHOCT, AaHTAXKOBAIbE, 33/IpKaBabe YUCHUKA U
KBAJIUTET NPENOpyKa, y TOKY cCHpoBohema
EKCIepUMeHaTa MpernopyynBama Mpu yueny.

3. Initial hypotheses

The proposed research rests on the assumption
that educational recommender systems can be
modeled and evaluated through explicit
learning outcomes. The main research
hypothesis is formulated as follows:

HO. Effectiveness of an educational
recommender system that 1s aware of
achievement of planned learning outcomes,
can be modeled and improved by representing
intended learning outcomes, intended item-
outcome mappings, and assessment evidence
in the recommender data-structure model.

The main hypothesis is decomposed into the
following specific hypotheses:

H1. Learner-item interaction logs and explicit
item-outcome mappings can be combined to
estimate. learner mastery ~ of educational
outcomes.

H2. Outcome-derived empirical signals and
expert pedagogical structure derived from the
learning outcomes | can. be ' converted into
training signals through recommender variants
of the recommender system.

H3. Offline trajectory-aware metrics based on
successful' learner behaviour can be more
useful than standard - ranking metrics for
selecting variants that perform well online on
mastery-based outcomes.

H4. Outcome-aware metrics can  be
operationalized in a monitoring framework that
jointly reports mastery, engagement, retention
of learners, and recommendation quality
during educational recommender experiments.
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X5. Konsep3anmonu uHTepdejcH emayKaruo-
HUX CHUCTEMa 3a NPENOpYyYHBAKHE MOTY OUTH
OLICHLMBAHU TMPHUMEHOM HCTE MEpPHE OCHOBE
3aCHOBAHE Ha MCXOJMMa KOja ce KOPUCTH U 32
HEKOHBEpP3aI[MOHE BapHjaHTE IPEIOPyIHBa-
Ba.

HS5. Conversational educational recommender
interfaces can be evaluated through the same
outcome-aware measurement backbone used
for non-conversational recommender variants.
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4. Haque METOd€ UCTPAKUBALA

HctpaxuBame MpeaaokeHo Y OBOj aucepTa-
[IUjU 3aCHOBAHO j¢ Ha KOMOWHAIMjH TEOPH]-
CKHX, Pa3BOjHUX M EMITUPHUjCKUX METO/IA.

[IpBa MeToza mpeicTaB/ba CUCTEMATCKH IIPer-
aen nutepatype. [IpumeHoM npoTokoina mpe-
TpaXXUBamka, KPUTEpPHjyMa YKJbyuHWBama M
UCKJbyUMBamba, MNperjiefa U CTPYKTypHUpaHe
aHainuze yTBphyje ce kako mocrojeha ucrpa-
KHUBamba eIyKallMOHUX CHUCTeMa 3a Ipernopy-
YUBaWkE IMPEACTABIbA]y MEpPe M ONTHUMHU3Y]Y
UCXOZE yUeHa.

Jpyra MeToja 00yxBaTa KOHLIENITYaIHO MOJIe-
JIOBamke M MOJEIOBAaKE CTPYKTYpa MOJaTaKa.
OBER mema cTpykType nojaraka IoBe3yje
KOHCTPYKTUBHO yckiahuBame, o0pa3zoBame
3aCHOBAHO Ha HMCXOJUMa M MEpEHE OpHUjeH-
TUCAaHO Ka MWJbeBUMa. OBUM TOCTYIIKOM
UJICHTUHKY]Y Ce IOTPEOHU EHTUTETH, BE3€ U
NPETIOCTaBKe, HEOMXOIHN 32 M3pavuyHaBambe
CTEleHa CaBJaJaHOCTH Ha OCHOBY JIHEBHHKA
MHTEpaKIuja.

Tpeha merona oGyxBarta pa3Boj cOPTBEPCKUX
U UCTPAXMBAYKUX apTedakara: Marna UCX0Aa,
IIOCTyIaKa 3a M3padyHaBame CaBIAJIaHOCTH,
BapMjaHTH oOydaBama CHCTEMa 3a MpPEernopy-
9YUBamke, IOCTyNaKka 3a o0paxy IojarTaka,
KOHTPOJHMUX TaOlM U CKPUNTH 3a MOTpeOHE
aHaJIH3e.

YerBpra MeToma oOyxBaTa  W3/IBOJEHO
OLICKHUBAkE CUCTEMA 3a IPENOPYUUBAILE.
Bapujante komaGopaTuBHOr  QuITpHUpama
6uhe mopeheHe mNPUMEHOM CTaHAAPIHUX
METpHUKa paHTupama, kao mro cy Hit@10 u
NDCG@]10, ka0 u MeTpuKa 3aCHOBaHMX Ha
nyTakbaMa YCIEUIHUX y4YeHHUKa, Kao IITO je
Success PathAlign.

[lera  meroma  obOyxBara  HEHOCPETHO
PaHIOMH30BaHO OLICHUBAE U TTOpeherme mep-
COHAJIM30BAHUX BapHjaHTH MPENOPYYHBabHA

4. Research methods

The research proposed here is based on a
combination of theoretical, development, and
empirical methods.

The first method is systematic literature
review. By the literature research protocol,
inclusion and exclusion criteria, screening, and
structured analysis criteria we determine how
current research on educational recommender
systems measures and optimizes learning
outcomes.

The second method is a conceptual and data-
structure modeling. The OBER data-structure
schema is designed by combining constructive
alignment, outcome-based education, and
goal-oriented measurement. By such approach,
we identify the main entities, relations, and
assumptions required to compute mastery from
interaction logs.

The third  method is the development of
software and research artefacts: outcome maps,
mastery computation procedures,
recommender  training variants, dataset
processing, dashboards, and reconstruction
scripts.

The fourth method is an offline recommender
evaluation. Collaborative-filtering variants are
evaluated using conventional ranking metrics
and outcome-aware metrics. Hit@10 and
NDCG@]10 are used as standard ranking
baselines, while Success PathAlign is used as a
trajectory-aware metric based on - paths
followed by successful learners.

The fifth method is direct randomized
evaluation. Personalized recommender
variants are compared on mastery-based
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KOje Cy 3acHOBaHE Ha MeTpUKama CcaBJja-
JAHOCTH ¥ OHMXCBHOPAIHHM METpHKama.
OCHOBHO MHTamke 3a BaTHAALHU]y je Ja JH je
Haj00Jba 033 JMHCKA BapHUjaHTa HCTOBPEMEHO
U HajOOJha HEMOCpeIHA BapHjaHTa y MOTICAY
METpHUKA CaBJIaJTaHOCTH.

[lecra meroma oOyxBaTra CTaTUCTHYKY aHa-
U3y W aHaIu3y OCeTJHbUBOCTU. Bapujante ce
nopene IECKPUIITUBHO M MPUMEHOM OroBa-
pajyhux cratuctuukux TecroBa. [IpoBepasa
ce Ja M 3aKJby4lld 3aBHce Oj wu3abpaHe
nebuHuMje caBnagaHocTd. HeomxonmHa je
NprUMEHa U aHAJIN3a OCETIHPUBOCTH, jep CTETICH
CaBJIAZIAHOCTH MOXK€ OUTH HM3padyHaBaH KO-
puntheweM GpopMyIia 3aCHOBAaHUX UCKJbYUUBO
Ha BepU(pUKALHjH, WIK IIUpe MyTeM Gopmya
KOj€ y3uMajy y 003up yckiaheHOCT caapikaja.

Cenma MeTona NpeiCTaB/ba IPOjEKTOBAHE
KOHTpOJIHE Tabje u mocrymnaka pajna. Omnmru
KPUTEPH]jyYMH OlLICHH-IBaa U TPHHIIATIH YITIPaB-
Jbarba EKCIepUMEHTHMAa KOpPUCTE ce 3a YT-
BphuBame Kako caBllafaBame, MocBeheHoCT,
3apKaBambe YUeHUKA U KBAJUTET MIPENopyyu-
Bamba MOTy OUTH 00jeAnbeHo paheH .

Ocma Merozna je OLEHUBaKE CcHUCTEMaA
3aCHOBAHUX HA BEJTUKUM J€3UUYKUM MOJAETUMA
kopumhenux kao nojpmka. Cucrem LLM
Examiner 6uhe onewmuBaH U NMpoBepaBaH Ha
OCHOBY TreHepucaHux 3anaTaka. [lnanupana
KOHBep3allMoHa (a3a MpenopydyuBama CIpo-
Boauhe KOHBEp3allMjy peallHuX Y4YeHUKa,
CHUHTETHYKE TPaHUYHE CITyuajeBe U OlLCHHBa-
€ 3aCHOBAaHO Ha MWHTEpaKIUjU YOBEKa U
LLM-a koje ce 0JHOCH Ha KBAJIUTET OTyUH-
Bama, IIpeycMepaBama, J0JebUBamka U Ipe-
Jlaje 3a/1aTaka.

metrics and behavioural metrics. The central
validation question is whether the offline
winner also performs best under direct
evaluation on mastery-based outcomes.

The sixth method is a statistical analysis and
sensitivity analysis. Variants are compared
descriptively, while appropriate statistical tests
are used where applicable. The analysis checks
whether conclusions depend on the chosen
mastery definition. Sensitivity analysis 1is
necessary because mastery can be computed
using verify-only or broader aligned-item
formulations.

The seventh method is a dashboard and
workflow design. Overall Evaluation Criteria
and controlled-experimentation principles are
used to define how mastery, engagement,
learner retention, and recommendation quality
should be monitored together.

The eighth method is an evaluation of LLM-
based systems that will be used in the research
a a support. The LLM Examiner system will be
evaluated 'and | checked on the basis of
generated assessment items. The planned
conversational recommender phase uses real
learner-support chats, synthetic edge cases, and
human/LLM-assisted evaluation of decision,
routing, attribution, and handover quality.
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5. OyexknBaHU HAYYHHU JAONPUHOC

OdyexuBaHU HayuyHU JONPUHOCU IPENTIOKEHE
JIOKTOPCKE UCEePTAIUje TPYIHCAHH CY Y KaTe-
ropHje TEOPH]CKO-METOI0JIONIKUX, Pa3BOjHO-
TCXHUYKHX, GMHI/IpI/Ij CKO-aIUNIMKAaTUBHUX U
JPYIITBEHUX JTOTIPUHOCA.

OuekMBaHU TEOPHU)jCKO-METOJOIOUIKH JTOTIPH-

HOCH CY:

— @opmupame TmOCTynmKa oOydaBama W
OLICHbMBAmba YYCHMKA 3aCHOBAHOT Ha
CUCTEeMUMa 3a TMPEIopydYuBame KOjU
yBaXKaBajy UCXOJIC yUCHa.

— CuHTe3a KOHCTPYKTHUBHOT yCKiahuBama u
Mepema OpPUjEHTHCAHOT Ka IMJbEBHMA Y
by obezbehema oarosapajyher npucry-
na OlCHHUBAKBY CIyKAIIMOHUX CHCTEMa 3a
IpernopyYHBambE.

— @opmupame mieMe, OJHOCHO MoOjena
CcTpyKType nogaTtaka noja Hazusom OBER,
Koja omoryhaBa TmOBe3MBame YYCHHKA,
cajpkaja, MCXoJa, MpeciIrKaBama Ccajp-
’Kaja Ha MCXOJIe M JI0Ka3a O CaBJIaJaHOCTH
MaTepHje, Koja TpEACTaB/ba TCHEPUUKY
OCHOBY 3a W3pauyyHaBame CAaBIaJIaHOCTH
UCXOla OJf CTpaHe YYCHHKa Ha 0Oa3u
yoOHuajeHnX THEBHUKA HHTEPAKIIU]je.

— OO0e30eheme MeTone 3a H3padyHaBaAbE
CTEleHa CaBJAJIAHOCTH W3 yOOHMYajeHHX
JTHEBHHMKA MHTEPAKIIMja KaJla Cy CaapiKaju
3a MPOBEPY MPECIUKAHH Ha HCXOJIC YUCHA.

— OO6e3beheme mocrynmka 3a QopMupame
EMIMPHUjCKUX M EKCIIEPTCKUX CUTHANA 3a
o0yuaBame U OLICHUBAK-C BAPHjaHTH 3a
penopyYNBambHE.

— Oo06e36eheme Bese m3mel)y mozaaMHCKHUX
METpUKA 3aCHOBAaHHMX Ha IyTamaMa
YCIIENTHUX YYEHHKAa W  HEMOCPEIHUX
METpHUKa CaBlaJIaHOCTH MaTepHje.

OuekMBaHU Pa3BOJHO-TEXHUYKHU JONMPUHOCH

cy:

— HMmnneMeHTanuja mocTynaka 3a Mpeciu-
KaBame Ccajapkaja y HCXole, H3pady-
HABal€ CTENEHA CaBJIaJIaHOCTH MaTepuje

5. Expected scientific contribution

The expected contributions are be grouped into
theoretical-methodological, development and
technical, empirical-applicative, and social
contributions.

The expected

contributions are:

— Creating a procedure for training and
evaluating learners through recommender
systems that take learning outcomes into
account.

— A synthesis of the constructive alignment
and goal-oriented measurement to provide
an appropriate approach to evaluating
educational recommender systems.

— Creating a schema, i.e. a reusable outcome-
aware data-structure model OBER that
links  learners, content, outcomes,
mappings between content and outcomes,
and evidence of mastery, while provides a
generic 'basis for computing learner
mastery from ordinary interaction logs.

— Creating a method for computing the
degree of mastery from ordinary
interaction logs when assessment content is
mapped to learning outcomes.

— Creating a procedure for deriving empirical
and expert signals for training and
evaluating recommendation variants.

— Providing a connection between offline
metrics based « on “successful learner
trajectories and direct metrics of mastery.

theoretical-methodological

The expected development and technical

contributions are:

— Implementation of procedures for mapping
content to outcomes, computing mastery,
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U o0yyaBame€ MCXOIHO OpHjEHTHUCAHHX
BapHjaHTH 3a MPETIOPyINBAIHE.
O6e30eheme moctymnaka 3a (opmupame
CKYTIOBA 10/IaTaKa, IeJbeHUX Mara ucxoia
U CKPHIITH 3a CIPOBOheme aHaIn3a 1mo/jia-
Taka, y3 o0Oe3beheme mocTymaka KojuM
eIyKalroHe IuiaThopMe MOry MpoBepa-
BaTH TOKPHUBEHOCT MCXOJa, OTKPHUBATH
HEJIOBOJHHO MTOKPUBEHE MCXOJIC U MTOPEI-
TH pa3IMYUTE BapHjaHTE MPETopyKa.
O06e30eheme omepaTUBHOT OKpYXKemha M
NPOTOTHITA KOHTPOJHE Tabie 3a mnpaheme
CTEIleHa CaBJIQJaHOCTU MaTepHje, MpuMe-
He, 4YyBama M 00e30eheme KBamuTeTa
TeHEepPHCAaHUX NPENopyKa.
HMrieMeHTanyja TOCTyNKa  MPOBEpe
CaBJIAJIAHOCTH CaJip)Kaja W JIOCTHU3ama
UCX0la MPHUMEHOM  ayTOMaTH30BaHOT
reHepHcama 3a/1aTaKa.

HimMmiieMeHTaIuja OKpyKema 3a OlCHhHUBa-
B MPUMEHOM KOHBEP3aIMOHE MOJPIIKE
YUEHHUIIMMa, HEMOCPEeIHUX MeTpHKa U
METpHUKa UCXO/Ia.

Pa3Boj kKoHBep3aIMoHE TOAPIIKE 3a pa3-
JMYUTE 33/1aTKE y TPOLIECy yUera, 3aCHO-
BaHC HA MPHMEHU BEIHUKHX jE3UYKHX
MoJena.

OuekMBaHU EMIHPHjCKO-ATUIMKATUBHU  J10-
MIPUHOCH CY:

[lpuMeHa TPEATOKEHOT METOIOIOIIKOT
NPUCTYIIA U UMIUIEMEHTUPAHUX pellieha Yy
n3abpaHoj cTyauju ciydaja HeopMaTHOT
yuema. CTyauja cilyyaja 3aCHOBaHa je Ha
pUMeEHHU n3adpaHe aruIMKaIje 3a Heop-
MaJIHO yueH-e U yrnoTrpedu Beh nocrojehux
M03aIMHCKUX, UCTOPHjCKUX TOJaTaKka W3
JTHEBHMKA MHTEpaKIHja.

Crynuja cinydaja omoryhuhe nonasak 10
EeMIIUPUJCKUX 3aKJbydyaka O MOBE3aHOCTU
CTaHJApJHUX METPUKA paHTHpama, 1103a-
JTMHCKUX METpHKAa 3aCHOBaHMX Ha ITyTa-
haMa caBjajaBamba MaTepuje U METpHKa
CaBNAIaHOCTH, AHTAKOBAKbA Yy y4Yewmy H
3apKaBarba yUeHHKA Y IPOLIECY yuera.

and training outcome-oriented
recommender variants.

Procedures for forming datasets, shared
outcome maps, and data-analysis scripts,
together with procedures that educational
platforms can use to check outcome
coverage, identify insufficiently covered
outcomes, and compare recommendation
variants.

An operational framework and dashboard
prototype for monitoring mastery, use,
retention, and the quality of generated
recommendations.

Implementation of a procedure for
checking mastery and outcome
achievement through automated generation
of assessment tasks.

Implementation -~ of an  evaluation
environment ~based  on conversational
learner support, direct metrics, and

outcome metrics.

Development of conversational support for
different tasks in the learning process,
based on large language models.

The expected empirical-applicative contribut-
ions are:

Application ' of the proposed  methodo-
logical = approach and implemented
solutions in a selected case study of non-
formal learning, using an informal-learning
application. and  existing  historical
interaction-log data.

A case study will provide identification of
empirical - conclusions. about - the
relationship between standard ranking
metrics, offline metrics based on mastery
trajectories, and metrics of mastery, learner
engagement, and learner retention.
Creating application scenarios in which
educators use the developed environment
to make decisions about learning paths on
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— Jlomazak 40 cleHapuja TIpUMEHa pa3BH-
JEHOT OKpYKEma O] CTpaHe elyKaTtopa 3a
JIOHOIIICHE OJUTyKa O H300py IyTama
y4e’kha Ha OCHOBY MPETXOIHO TOO0WjeHUX
JI0Ka3a O MOCTU3amY KEJLCHUX HCXO/Ia.

— H3Bohemwe 3akibyuaka KOjU C€ OJHOCE Ha
MPETIIOCTABKE M OTPAHUYCHA 32 MPUMEHY
NPEUIOKEHOT TIPUCTYNa M Pa3BHjEHOT
OKpYXEHha y JPYyruM OOPa30BHHUM JOME-
HUMA.

OuekHuBaHU JPYIITBEHU JOTPUHOCH CY:

— Kpeupame KOHIIETIIN]CKUX pellieha U Ipe-
Mopyka y CHCTEMHMa Yy4Y€lma KOju
MOTEHITUjaTHO JT0BOJAE 110 (JICKCHOWITHU-
juX 1 e(eKTHUBHUjUX HAUMHA CABJIA/1aBamba
rpaauBa u 00JpHMX TOCTHrHyha y4YeHHKa,
pa3IMYUTUM JOMEHHMa obnactu popman-
HOT U He(popmaHOT 0OpazoBama.

— OO0e3beheme Oobe  mepcoHAIM3AIM]ES
oOpazoBama, Ha HAYUH Ja CE€ TMOJIUKE
MOTHBAIlMja YYCHHKA 3a KBaJUTETHU]E
CaBJIaJIaBambe IPaJINBa U MMOCTU3AMHE BUIICT

CTENeHa YCBOJEHOCTH TPa/INBa.

the basis of previously obtained evidence
of outcome achievement.

— Deriving conclusions about the
assumptions and limitations involved in
applying the proposed approach and

developed  environment in  other
educational domains.

The expected social contributions are:

— Creating conceptual  solutions and

recommendations for learning systems that
can lead to more flexible and effective
ways of mastering material and to better
learner achievement in different domains
of formal and non-formal education.

— Providing a Dbetter personalization of
education in a way that increases learners’
motivation to master the material more
effectively and achieve a higher degree of
material acquisition.
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6. Illian ucTpaxuBama M CTPYKTYypa pajaa

[Inan ucTpaXkuBama JOKTOPCKE THCEpPTALy]je
npukasat je y cneaehoj Tabenu:

6. Research plan and dissertation structure

The research plan of the doctoral dissertation is
shown in the following table:

DA3A 3AATAK U TASK AND METHODS
HUCTPAXU- OUYEKMBAHU h’ﬁ}%}iﬁﬁl}z{}? REPSIE:;IS H EXPECTED AND

BABA PE3VJITAT RESULT TECHNIQUES
Ananuza u Cucremarcku . Analysis and Systematic

1 | Ananusa . 1 | Analysis S .

cucreMarusangja | Imperien systematization of | literature

JTUTEpary- of the . .
JITeparype. jmreparype. . the literature. review.

pe u crama . literature .

Teopwujcko Theoretical L

y obnmactu [Iprmena and the . Application of
MTO3UIIHOHHUPAHE positioning of the .

UCTpaXUBa TEXHHKA state of the techniques of
HCTPaXKUBamba. research. ;

Bba aHaJIn3e, research analysis,
AHanm3a M orieHa | KiIacu(puKa- area Analysis and classification,
eIyKaIHOHUX 1Mje, KOHC- evaluation of constructive
cHUCTeMa 3a TPYKTUBHOZ educational alignment,
npenopyuuBame. | yckialhupama, recommender GQM, and

GQM u KAOS. systems. KAOS.
IToBe3uBame
HCTPaXKUBAYKOT Connecting the
jasa ca KoH- research gap with
CTPYKTUBHUM constructive
yckiahuBamem, alignment, GQM,
GQM u KAOS. and KAOS.

) Pa3Boj Pa3Boj Konnenryanno ) Develop- Development of Conceptual
¢dopmain- ¢dopmanHOT MOJIETIOBAE. ment of the formal OBER | modeling.
HOT MOZIe- | MOJelna CTpyK- Moxerosarse the formal | data-structure Modeling of
nau Type nojaraka model and | model that takes

. CTPYKTypa L data and
omnmuiTe OBER, koju yBa- general learning
nojiataxka u | process
METO/JIE ’KaBa UCXOJE method of | outcomes into
npoteca. . structures.
caBlasa- yuema. mastering | account.

Bamba Dopmrparse Excneprcko the mate- Creating a model Exper.t

rpajauBa NPECINKaBaIbE. rial : mapping:
Mojena npeciu- for mapping
KaBama cajapxaja | Ananusa content to Analysis of
Ha UCXOJIC yUera. | JIHEBHUKA learning interaction-logs.
dopMuparse HHTEpaKIuja. outcomes.

MoJena u3pa- Creating a model
YyHaBamba CTe- for calculating the
TIeHa caBJa- degree of mastery
JAHOCTH TPa/INBA. of the-material.
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3 Pa3Boj Pa3Boj curnana 3a | IIpumena me- Develop- Development of Application of
no3ajuH- | oOyuaBame. TOJIa KOJla- ment of training signals. collaborative
CKe U GopaTuBHOT offline and . filtering and

TlozaguHCKO 1O~ . Offline
Hernocpena- ¢duntpupama u online . knowledge-
peheme Bapu- S comparison of .
HE : ¢untpupama validation . based filtering
JjaHTH Tpenopy- recommendation
BaJIAIa- 3aCHOBAHOT Ha . . methods.
e qMBAA M BAXOBA | variants and their
J HernocpeaHa Y online validation. | Statistical
BaJMIAIIH]a. CraTtuctidka .. analysis.
aHanmm3a. Y3op- Provision of sup- Sampling and
Ob6e30eheme 1o~ : p port for dataset nping
. | KOBam€ 1 MOH- weighting.
JIPIIKE 3a pPa3Boj development. :
Jepucame. Pan- Randomized
CKyTIa Io/1aTaKa. X
ITOMU30BAHU experiment.
CKCIICpUMECHT. . .
p Application of
[Ipumena me- methods for
TOJIa 3a OLICHY evaluating
YCIEITHOCTH learning
y4dema. success.

4 Pa3Boj Pa3Boj xontponre | [Ipumena Develop- Development of Application of
omeparuB- | Tabie U cleHa- MeTona ment of an | the dashboard and | software-

HOT cOpT- | pHuja IpUMEHE codTBepckor operational | scenarios for engineering
BEPCKOT OMIITHX KPUTE- HHXEHEPCTBa. software applying general methods.
OKpYXema Hjyma OLeHH- . environ- evaluation criteria .
Py pry [pojexToBame . Design and
" KOH- Bama y IHbY MO- ) ment and in support of met-
U pasoj . development of
TPOJIHE JIPIITKE METPUKa dashboard | rics for mastery
MPEIOKEHOT . . the proposed
Taluie 3a 3a CaBJIaaBaAkE for unified | of the material,
. . cucTema. ., A . system.
o0jenu- MaTepuje, aHra- monitoring | engagement in the
BCHO YKOBAHOCTH Y of educati- /| learning process,
npaheme MIPOLECY YUEHa, onal and retention in the
o0pazoB- 3aJIpKaBarbe y behaviour- | learning process,
HUX U MIPOLECY YUeHa U al metrics | and recom-
6uxeBno- MIPENOpyUnBamba. mendation.
QTHHUX [
f/l CTOHKA [Ipaheme pea- Monitoring of
P TU3aIije U HHU- implementation

LUjajHe YHIOoTpe- and initial use of

0¢ mpOTOTHIA the proposed

MIPEATI0KEHOT environment

OKpYIKema. prototype.

5 Pa3Boj PasBoj u AHanuza Develop- Development and | Case analysis.
KOHBEp3a- | OLCEH-UBAEC cilydajena. ment of a evaluation of Plannine and
LHOHOT KOHBEp3alnoHe conversa- |'conversational ne

[Tnanupame u . selection of
CUCTEMA 332 | MOAPIIKE 3a tional sys- | support for lear-
m300p anara, . tools, data
NOJAPUIKY | y4YeHe U mpero- tem for ning and recom- .
npey3uMarme ) retrieval, and
YYCHULIUM | pyYUBame, 3aCHO- learner mendation, based
o1aTaka, LLM-supported
a ¥ Bero- | BaHO Ha yIOTpe- support on the use of . .
. LLM-nioap- . evaluation with
BO OICHH- | OW METpHUKa Koje and its outcome-aware .
. JKaHO OLIEILH- . . analysis of
Bame yBa)kaBajJy HCXO- evaluation | metrics. .
e Bamb€ Ca aHa- possible
' u30M Moryhux Creating the outcomes.
dopmupame HUCXO0/a. conversational
KOHBEP3aLMOHOT module of the
MO/IyJIa pa3Buja- developed
HOT CHCTeMa 32 learner-support
NOAPIIKY YUYCHY. system.
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6 Ayrtoma- Urerpanuja u I'enepucame 6 Automa- Integration and Generation of
TH3alyja o0y4aBame 3ajaraka tion of the | training of a large | tasks by a large
npoueca BEJIMKOT J€3WYKOT | BEJIMKHM assessment | language model language
oLEmHBa- | MojelNa U, KOH- J€3NYKIM process and, specifically, | model.

Bba KpETHO, anara MOJIEJIOM. the LLM Exami- .
. Formation of a
LLM Examiner, ner tool, as a way
dopmupame knowledge
Kao Ha4MHa 3a to create outco-
0a3e 3Hama. base.
Kpenpame HCXoa mes and asses-
U cazpikaja 3a CrpoBoheme sment content. Conducting
OLICEUBAGE. .
i EKCIIEPTCKUX Creating the expert checks
npoBepa u and system
dopmupame . complete asses- .
peueHsuja . reviews.
MOTITyHE sment infra-
cucrema.
nHPpacTpyKType structure.
3a OLICHUBAbE.

7 Cunresa Wnrerpanuja Cunresa, 7 Synthesis Integration of Synthesis,
JIOCTHT- MIOCTUTHYTHX KOMITapaTHBHA of achie- achieved results. comparative
HYTHX e3yJTara. aHanusa, aHa- ved results . . analysis

Y pesy ’ Discussion and SIS,
pesynTara . JM3a MPEeTHU and crea- . . analysis of
Huckycuja u . analysis of achie-
U Kpeu- BaJIMIHOCTH, tion of the s threats to
aHaaM3a I0c- ved contributions, L.
pame 3a- JIOKYMEHTOBA- final doc- N e validity,
TUTHYTHX JIOTIPH- limitations, initial .
BPIIHOT e U MNCame toral- . documentation,
HOCa, OTpaHH- . assumptions, and o
emabopara emabopara Kao disserta- 1 and writing of
4ema, IMOTa3HuX . threats to validity. .
JIOKTOPCKE HAYYHOT paja. tion ela- the elaboration
MPETIOCTABKH . S
JucepTa- boration Completed final as a scientific
. MPEeTHH BaTH/-
nuje doctoral- work.
HOCTH. ) .
dissertation
PeanuzoBan elaboration.
3aBpIIHH eJa-
6opat TOKTOpCcKe
JcepTanyje.
MECEIL MONTH
®A3A PHASE
1|213(4|5]6(7[8]|9|10 |11 |12
1.
2.
3.
4.
5.
6.
7.
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OKBHPHO, CTPYKTYpY TOKTOPCKE UCepTaIuje
caunmaBahe cneneha mornasjba U IMOTHOT-
JaBJba:

1. YBOJ

1.1. MoTuBanuja 1 KOHTEKCT UCTPAKUBAHA

1.2. [IpobieM ® Wb  HUCTPAXKHUBAKA,
UCTpaKMBaYKa MMUTAmba U XUTIOTE3e

1.3. Ilpernen mnpeioKeHOr MPUCTyHa KOjU
yBa)kaBa MCXOJIE YUCHa

1.4. JlonpuHOCH U CTPYKTypa AUCEpTaLHje

2. TEOPUJCKE OCHOBE

2.1. EaykalulMOHM CHCTEMHU 3a PETNOPYyUNBAKE

2.2. Yueme 3acHOBAaHO Ha HCXOAuMa U
KOHCTPYKTHUBHO yCKaljBame

2.3. Mepewe OpHjEHTHCAHO Ka IHJbEBUMA:
GOQM u KAOS

2.4. AHauTHKa y4ema U OlIClhbUBabEe CUCTEMA
peropyIrBarmba

3. CUCTEMATCKWU IIPETJIE]] JINTEPA-
TYPE 3A OLHEBUBABE EOYKAILIU-
OHUX CHUCTEMA 3A IIPEIIOPYUU-
BAE

3.1. I[IpoToKON cucTeMaTCKOr Iperieaa JuTe-
parype

3.2. [lnibHE METpUKE y €IyKallMOHUM CHCTe-
MHMa 3a MPErnopyUnBambEe

3.3. Metone ouewmuBama y CaBiIaJaBamby
UCXO0J1a yueHa

3.4. Unentudukaimja uCTpaKMBAUKOT ja3a H
HErOBUX MUMILTHKAIIN]a

4. OBER: MHOPACTPYKTVYPA 3A ME-
PEBE 3ACHOBAHA HA UCXONMA

4.1. Mogen meme yueHUK—CapkKaj—HuCXO0.

4.2. Kpeupame u Bepudukanuja CTpyKTypa
IIPECINKaBaba

4.3. N3pauyHaBame CTENIEHA CaBIaJJaHOCTH Ha
OCHOBY JIHEBHUKA UHTEPAKIIH]ja

4.4, Mana ucxona armuakainuje NamazApp u
OCHOBHE IIPETIIOCTABKE

Tentatively, the structure of the doctoral
dissertation will consist of the following
chapters and subchapters:

1. INTRODUCTION

1.1. Motivation and research context

1.2. Research problem and objective, research
questions and hypotheses

1.3. Overview of the proposed approach that
takes learning outcomes into account

1.4. Contributions and dissertation structure

2. THEORETICAL FOUNDATIONS

2.1. Educational recommender systems

2.2. Outcome-based learning and constructive
alignment

2.3. Goal-oriented measurement: GQM and
KAOS

2.4. Learning analytics -and evaluation of
recommender systems

3. SYSTEMATIC LITERATURE REVIEW
FOR THE' EVALUATION OF EDU-
CATIONAL RECOMMENDER SYS-
TEMS

3.1. Systematic literature review protocol

3.2. Target metrics in educational recom-
mender systems

3.3. Evaluation methods in mastering learning
outcomes

3.4. Identification of the research gap and its
implications

4. OBER: OUTCOME-BASED MEASURE-
MENT INFRASTRUCTURE

4.1. Learner-content-outcome schema model

4.2. Creation and verification of  mapping
structures

4.3. Calculation of the degree of mastery on the
basis of interaction logs

4.4, NamazApp outcome map and basic
assumptions
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5. OBYUABAKBE 3ACHOBAHO HA UC-
XOAMMA, ITO3AJUHCKA U1 HEIIOC-
PEJAHA BAJIMJALIUJA

5.1. 3Bohewe eMnupHjCKUX U EKCIEePTCKUX

CUTHaJa 3a 00yJaBame

5.2. lecT BapujaHTH NpeNoOpyvuBamba

5.3. [IpoTokoax ¥ MeETpUKE MO3aJUHCKOT
OLICHUBaha

5.4. Ctyauja HENmocpegHOr paHI0MH30BaHOT
OlLICHHUBaha

5.5. llopehewe pesynrara MO3aTUHCKOT U
HETIOCPETHOT OIICHHBamka

6. OIIEPATUBHO ITPAREBE EKCITIEPU-
MEHATA 3ACHOBAHUX HA HNCXO-
JAVMA

6.1. OnmTy KpUTEpUjyMu OLICHUBakba 3aCHO-

BaHU Ha MCXO0JIMMa
6.2. KonTponHa Tabsa 1 aHaIUTHYKH TOK
6.3. [Ipaheme caBramaHoOCTH, aHTAXKOBaHA

yUeHHKa, 3aJp)KaBamba U KBaJIUTeTa
npernopyka

6.4. Ilpouec wu3BemTaBamba O MPAKTUUYHUM
eKCIIepUMEHTHMA

7. KOHBEP3AIIMOHN EAYKAIMOHUN
CUCTEMMU 3A ITPEIIOPYUYMBAKBE
7.1. IlpobieM KOHBep3alMOHE MOAPUIKE yue-
HHUIIIMA

7.2. Ilnanep, anaTu, OKa3u M 3alITUTHUA MeE-
XaHU3MHU

7.3. IIpoTOKOJI OLIEHUBaa

7.4. Be3a ca meTpukaMa 3aCHOBaHUM Ha HC-
X0oauMa

8. KPEMPAWE MCXOIA N CAAPXKAJA
3A OHElbMIBAE

8.1. [ToTpeba 3a EKCITUIIUTHUM HCXOIUMa H
caapkajuma 3a mpoBepy

8.2. Meroma LLM Examiner

8.3. PesynraTun onemuBama

8.4. Ynora canpkaja y mpoIiecy 3aCHOBaHOM
Ha UCXOUMAa

5. OUTCOME-BASED TRAINING AND
OFFLINE AND ONLINE VALIDATION

5.1. Derivation of empirical and expert signals

for training

5.2. Six recommendation variants

5.3. Offline evaluation protocol and metrics

5.4. Online randomized evaluation study

5.5. Comparison of offline and online
evaluation results

6. OPERATIONAL MONITORING OF
OUTCOME-BASED EXPERIMENTS
6.1. Outcome-based overall evaluation criteria

6.2. Dashboard and analytics flow

6.3. Monitoring mastery, learner engagement,
retention, and recommendation quality

6.4. Process of reporting on practical
experiments

7. CONVERSATIONAL < EDUCATIONAL
RECOMMENDER SYSTEMS

7.1. Problem of conversational learner support

7.2. Planner, tools, evidence, and safeguards

7.3. Evaluation protocol

7.4. Connection with outcome-based metrics

8. CREATING OUTCOMES AND ASSES-
SMENT CONTENT

8.1. Need for explicit outcomes and asses-
sment content

8.2. LLM Examiner method

8.3. Evaluation results

8.4. Role of content in the outcome-based
process
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9. JUCKYCHJA

9.1. 3navaj MojieNIOBamka CTPYKTypa MojiaTaka
3aCHOBAHOI Ha UCXOAUMa

9.2. YTunaj pesynrara MO3aJUHCKOT H
HEIOCPEAHOT OLIEHhUBakba

9.3. [IpakTuHa OrpaHUYEHA U MPETIOCTABKE
MIPEHOCUBOCTH pelIeHha

9.4. [IpeTwe BamuaHOCTH

10. BAKJbYYAK U BYJAYHA MUCTPAXU-
BABA

10.1. Ilpernen 1OCTUTHYTUX AOTPHUHOCA

10.2. HayyHe u mnpakTHMYHEe HMIUIMKALH]je
JOCTUTHYTHUX JIOTIPUHOCA

10.3. byayha wuctpakuBama 3acHOBaHa Ha
OoratujeM olLEwkUBaKky U NPUMEHaMa y
JpYrMM JOMEHHMa

11. JIUTEPATYPA
11.1. Cnucak kopuniheHe qurepaType

9. DISCUSSION

9.1. Importance of modeling outcome-based
data structures

9.2. Impact of offline and direct evaluation
results

9.3. Practical limitations and assumptions for
transferability of the solution

9.4. Threats to validity

10. CONCLUSION AND FUTURE RES-
EARCH

10.1. Overview of achieved contributions

10.2. Scientific and practical implications of

the achieved contributions

Future research based on richer asses-

sment and applications in other domains

10.3.

11. LITERATURE
11.1. List of used literature
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7. 3aKk/pyyak H npeaior

Ha ocHoBy koHcTaranuja natux y osom Ms3-
BemTajy, Komucuja xoncraryje ga xkanauaar
HypcynTtan Ackapbekynu nocenyje HEOmXoI-
Ha 3Hama U3 obOnacTu HH(OPMAITMOHUX
cUCTEeMa U TEXHOJIOTHja, padyHApCKUX HayKa,
MAIIMHCKOT y4YeHha U COPTBEPCKOT HHKEHEP-
CTBa 3a CIIPOBOheHmh-E YCTICITHOT UCTPAKHBAHA
Ha MPEUIOKEHO] JOKTOPCKO] AMCEPTaLU]jH.
Komucuja cmatpa ma xamgumat Hypcynran
AckapOekyin  uUCIymaBa  CBE  yCIIOBE
npensuhere 3aKkOHOM 0 BUCOKOM 00pa3oBamy
3a 0J100peme U3paje TOKTOPCKE qucepTaluje.

[lpemyiockeHa  Tema  MCTpaKuBamba  OBE
JIOKTOPCKE AMCEpTalnje MPHUIaga y>K0j Hayd-
HO] oOmactu HMHdopManmmoHu cuctemu,
MYJITHIACIMIUIMHAPHA j€ U akTyenHa. JloOu-
jenu pesynratu nonpunehe ynanpehemwy eny-
KaI[MOHUX CHCTEMA 32 MPETIOPYIHBAE U CTBA-
pamy MHMPUX MOTyhHOCTH 32 BUXOBY yCHEll-
HYy TpHUMEHY VY pas3IHduTHM OOpa30BHUM
o0acTuMa, Kako y IoMeHy (opMaiHOT, TaKo
U HeopMaIHOT 00pa3oBama.

Ha ocnoBy nHaBenenor, Komucuja npemiaxe
HacraBHo-Hay4HOM Behy daxynrera
OpraHM3alMOHNX HayKa Jja IPUXBATH MPEIIO-
KEeHy TeMy M o10o0pH u3paay NpujaBbEHE
JIOKTOPCKE AUCEPTAIIH]E.

Kommcuja mpeanake M3MeHy HacjaoBa TeMe
npeUIo’KeHe JOKTOPCKE TucepTaluje, y OJHO-
Cy Ha HACJOB TMPHCTYIHOT paja, TaKo Ja
JIacu:

»A Data-Driven Method for Measuring,
Evaluating, and Optimizing Learning
Outcomes in Educational Recommender
Systems*

y NIPEBOJIY Ha CPIICKH jE3UK:

7. Conclusion and proposal

Based on the findings presented in this Report,
the Committee states that candidate Nursultan
Askarbekuly has the knowledge required in
information  systems and technologies,
computer science, machine learning, and
software engineering to conduct successful
research on the proposed doctoral dissertation.
The Committee also considers that candidate
Nursultan Askarbekuly fulfills the
requirements prescribed by the Law on Higher
Education for approval of the preparation of a
doctoral dissertation.

The proposed research topic belongs to the
narrower scientific field of  Information
Systems, is multidisciplinary, and is current.
The obtained results will contribute to the
improvement -of educational recommender
systems and to broader possibilities for their
successful application in different educational
areas, both formal and non-formal.

On this basis, the Committee proposes that the
Academic Council of the Faculty of
Organizational Sciences accept the proposed
topic and approve the preparation of the
submitted doctoral dissertation.

The Committee proposes changing the title of
the proposed doctoral dissertation topic in
relation to'the PhD proposal, so that it reads:

“A Data-Driven Method for Measuring,
Evaluating, and Optimizing Learning
Outcomes in Educational Recommender
Systems”

translated into Serbian as:
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»MeToaa 3a Mepeme, OllelbUBAKE U
ONTUMHU3AIMjY HCXO0/1a YUeHha y
eIyKAIlHOHUM CHCTEeMHMa 32
npenopyynBame, 3aCHOBaHA HA
nojpanuma”.

Komucuja mpeiaxe na ce 3a MEHTOpa OBE
JOKTOpPCKE Jucepranuje umenyje nap MBau
JlykoBuh, penoBuu mnpodecop Dakynrera
OpraHM3allMOHUX HayKa, YHUBEpP3UTETA Yy
beorpany.

“MeTtoaa 3a Mepeme, OllelbUBAKE H
ONTHMHU3AIHjY HCXO0/1A YUeHha Yy
eIYKAMOHUM CHCTeMHMA 32
npenopy4yuBame, 3aCHOBaHA Ha
nojpanuma”,

The Committee proposes that Dr Ivan Lukovi¢,
Full Professor at the Faculty of Organizational
Sciences, University of Belgrade, is to be
nominated as a mentor of this doctoral
dissertation.
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