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AHomauisa. Y pobomi docnioxeHo npobiemy mpaucopmayii memoouku HA8UAHHS
HANA200HCEHHI0 NPOZPAMHO20 3a0e3neyeHHs 8 yMo8ax akmueHo20 enposadxcerHs LIII-
acucmenmis. Po3ensaHymo ¢GeHomMeH «KOZHIMUB8HOI nacueHocmi» cmydeHmie ma
oOmexceHHs: cyuacHux LLM npu pobomi 3i CKAAOHUMU NPOPAMHUMU CUCMEMAaMU.
3anponoHosaHo KoHuyenyito opmysanHs IlII-pe3ucmeHmHUX HABUANLHUX 3A80aHb, WO
0a3ylomucsl Ha apXimeKmypHili CKAa0HOCMi ma 6eaukux 00cs2ax KOHmeKcmy, ujo €
KpUMuYHUM 0Nl  OOMEMCEeHHS MOMXCIUBOCmell asmomamu308aH020 PO38°SI3aHHS.
O6rpyHmosaHo 8nposaodxceHHs cucmemu 360py menemempii 83aemodii cmydeHma i3
cepedosuiiem po3pobku (IDE) sk iHcmpymeHmy eepugikauii camocmiiiHocmi 8UKOHAHHS
po6im. BuzHaueHo Knouosi mempuku 8i0MiHHOCMI Mixc dismu atoduHu ma IlII-azenmis,
ceped [HWI020, uACOBI napamempu OnNpaylOBaHHs KOHMeKCmY ma namepHu
BUKOpUCMAaHHS IHcmpymeHmie HanazoowenHs (breakpoints, stack trace, stepping).
OnucaHo npomomun I[HCMpymMeHmMapin, wo peani3ye 080KOMNOHEHMHY MO0esb
OUIHIBAHHS, KA 8PAX0BYE IK KOPEKMHICMb PilleHHS,, makK i Memodo02iuHy YiliCHicMy
npouecy HanazooxceHHs. Pe3ynsmamu 0ocnioweHHs CcnpsMo8aHi HA CMBOPEHHS
adanmueHux O0CB8IMHIX cucmem i3 MoOMugicmioo (opmysanHHs iHOUBIOyanbHUX
pekomendauiti 0ns cmydenmis.

Knrwouosi cnoea: eenuxi mosHi moodeni, iH(popmauitiHi mexHo02ii, HANA200HEHHS,
npozpamHe 3abe3neueHHs, mejaemempis po3poOKu, ynpasaiHHs npoyecamu.

V cyyacHMX ymMOBax, KOJM TexXHOJIoril mry4yHoro iHtesnekTty (ILII) HeBOMHHO
IIPOTPECYIOTh, CIOCTepiraeTbcst (GOpPMyBaHHS CTifiKOi 3aJeXXHOCTI MalOyTHiIX
pPO3pPOOHMKIB BiJ iHTepakTMBHMX momiuHukiB [0, 0, 0, 0, 0, 0]. Lle sBuIe yacTo
TIPOSIBJISIETHCS SIK «KOTHITMBHA MAaCUBHICTb» MPU BMKOHAHHI HaBYaJbHUX 3aBAAHb.
[Monpu 3HauHi ycmixu, 3actocyBaHHs1 LI B mpouiecax HamaromkeHHs (debugging)
3anuIIa€eTbcsl HegockoHamum [0, 0]. Y TOM yac SIK TUIIOBI NOMWJIKM Ta MPOCTIi
aATOPUTMIUHI 3a7aui JIeTKO BUPIIIYIOTbCSI CydYaCHUMM MOJE/ISIMU, peaibHi BUKIIUKH,
3 SKMMM CTUKAIOThCS PO3POOHUKM Yy mpodeciliHilt OisbHOCTI, YacTO BUXOSTH 3a

MeXKi MoTOUYHMUX MoXkauBocTeit 1.
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[lpakTyHa CKIaJoOBa OINMAHYBAaHHS HAaBMYOK HaJIaroJKEeHHS IIOB’S3aHa 3
BUMKOHAHHSIM JTabOpaTOPHUX Ta CaMOCTiiiHUX po6iT. IIpoTe mupoka goctymnHicTs LI
paauKaJbHO 3HMKYE MOBIPHICTh TOTO, IO CTYAEHT IIpOiife BeCh IIISIX IOIIYKY
nmoMwiku BiaacHopyd [0, 0]. Ocob6aMBO TOCTpo I IMpobiieMa IIOCTaE B yMOBax
oucTaHuiiiHoro HaBuaHHS [0], me Bepmdikallisi caMOCTiifHOCTI BMKOHAHHSI POOGOTU
NepeTBOPIOETHCS Ha HAZICKIaAHe 3aBOaHHs i Bukiagaua [0].

TpaguiiiiHa mepeBipka 3a3BuYail 0OMEKYEThCSI aHalTi3oM (iHATbLHOTO
pes3ynbTaTy (BUXiIHMUX JaHMUX Iporpamu) abo, y KpauioMy BUIAIKY, OVCKYCIi€l0, i
yac SKOi CTyOeHT Mae€ mnoscHuTu cBoi fii [0]. OcraHHiiI MeTOn € HaA3BUYaAiHO
Yyaco3aTpaTHUM i CKJIaJHO MAacCIITaboBaHMM y MeXKaX >KOPCTKO peraaMeHTOBAaHUX
OCBiTHiX mporpam. Ile CcTBOpIO€ 3amMUT HAa CTBOPEHHSI CUCTEM aBTOMAaTM30BaHOTO
MOHITOPUMHTY IIpOIlecy BUPillleHHS 3a7ad4.

JIlis BupillleHHST OKpecjAeHMX IIpobseM IIOTpibeH KOMIUIEKCHMI ITiaXif,.
[Tepmym KpokoM € po3pobka «II-pesucTeHTHUX» 3amau — TaKUX, IO CIYTYIOTh
SIKICHUM MaTepiajioM /i1 HaBUaHHSI CTpATEerisIM Ha/larO/I)KeHHSI, ajie IpU 1IbOMY He
MOKYTb OyTM MUTTEBO BUpillleHi TpocTum 3anutom a0 LLM [0].

AHnani3 mokasye, 1o edekTMBHiICTb poboTtu Il 3HaUHO 3pocTae 3a yMOBU
BUKOPUCTAHHS JeTaJbHMX HA3B 3MiHHMX Ta PO3J0TMX KOMEHTapiB, IO OMUCYIOThb
npu3HaueHHs 6nokiB  komy [0]. OpHak mpocta ob6dyckalis (HaBMUCHE
3aIUIyTyBaHHSI) € TIOMWJIKOBMM IIJISIXOM, OCKiJIbKM BOHA CTBOPIOE HaJAMipHe
KOTHIT/BHE HAaBaHTa’K€HHSI Ha CTyJeHTa, 3MYUIYIOUM Or0 BUTpAdyaTU pecypcu Ha
nmemndpyBaHHS TEKCTy, a He Ha aHaji3 JIOTIYHMX ITOMMIOK. HeoOXimHuit momryk
«30JI0TO1 CepeaVHM» MiX 3aIUIyTaHICTIO Ta 3pO3YMUIICTIO, A€ CKIAJHICTh IOJSITra€e B
apXiTeKTYpHUX 3B’sI3Kax, @ He B CMHTaKCMUYHOMY LITyMi.

[HIIMM BaXJIMBUM acIIeKTOM € MPOTUJis Tepefadi TOTOBMX pillleHb MixX
CTyJeHTaMM uYepe3 TeHepallilo iHAMBiAyaJbHMX 3aBAaHb. CydacHi AOCTi>KEeHHS
yacTo (QOKycyloTbCS Ha Maaux (pparMeHTax Komy B Meskax ofHiei yHKIIii, 110 €
nerkoto 3mo6myyuto s 11 [0]. HaTomicTh mepcrieKTMBHUM € TAXif, 10 6a3yeTbCst
Ha Bpas3auBocTsxX LLM mpu po6OTi 3 BeIMKMMM PENO3UTOPISIMU Ta PO3MOPOIIEeHUM
kKoHTekcTtoM [0, 0, 0]. Konu Benuka KiJibKiCTb B3a€EMOIIOB’si3aHUX (aiiiB 3aBaXkae

nmpoctomy «one-shot» BupimenHio [0], 1e 3mymrye cucremy (abo CTygeHTa)
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BUKOPUCTOBYBATH CKJIaAHI areHTHI Moaudikailii Ta 6araTopiBHEBY B3a€MO/Iil0, IO
3HAYHO JIerTe MiAgaeThCsl aHami3y Ta Bepudikairii.

JOpyruM KPUTUUYHMM HAIPSIMKOM € CTBOpPEHHSI iHCTpyMeHTapii mJjs 3060py
TeneMeTpii B3aemomii ctymeHTa i3 cepemoBuieMm po3pobku (IDE) [0]. YV 2026 porii
CTa€ OYEeBUIHMM, IIO pOOOTY AaBTOHOMHMX areHTiB, $Ki [Oil0OThb Ha piBHi
TEePMiHAJIbHMX KOMAaH/[, CKJIAJHO II€PeXONUTU CTAaHAAPTHMUMM PO3IIMPEHHSIMHU,
IIpOTe MOKHA 30CepeIUTUCh Ha BUSIBJIeHHI aTepHiB B3aemogii [0, 0, 0].

T'oJI0BHMM KpUTEPieM MOKe OyTY aHaIi3 MBUIKOCTI Ta IPUPOIM OIPALIIOBAHHS
inbopmariii. lII-areHT OTpMMY€E Ta aHaJi3y€ KOHTEKCT (aiiliB 3a MiJIiCEKYHAM, TOMI
SIK JIIOAMHI [JIS1 KOTHITMBHOTO CIIPUIAHSITTSI Ta IepeMMKaHHS MiX MOIYISIMU
MOTPiO6HO Bif AekinbKox cekyHn no xBuiauH [0, 0]. AHOMaIbHO BMCOKA KiJlIbKiCTh
BiIKpUTUX Ta 3MiHeHMX (airiB 3a KOPOTKMII IIPOMIKOK Yacy € IpSIMUM
iHAMKAaTOPOM BUKOPUCTAHHS aBTOMAaTMU30BaHMUX CKpUIITiB [0].

[lporioHOBaHMIT iHCTPyMeHTapiii Mae€ OIiHIOBaTM pOOOTYy KOMIUIEKCHO,
aHasi3yluM OUiKyBaHi IMpoliecy HajaromkKeHHs B cepeloBuMIllaX Ha KuTaaT Visual
Studio. [Io 3a3HaYeHMX MPOLIECiB MOKHA BiTHECTH, 30KpeMa, TaKi:

— BCTaHOBJIeHHS Ta Mopaudikaiisa Touok 3ynuHy (breakpoints), 30Kkpema
YMOBHUX;

— TOKpPOKOBaA iTepallis (stepping) uepe3 KOHTEKCTU METO/iB;

— aHaJi3 CTeka BUKIMKIB (stack trace) Ta 3HaueHb JIOKAJbHUX 3MiHHUX Y
BikHax Watch;

— yYacoBa TpUBaIiCTh (OKYCyBaHHSI HA KOHKPETHUX IiISTHKaxX KOAY.

3aK/JIIOYHMM  eJIeMeHTOM  3alpoIlOHOBAHOrO  MiAXO4y €  CUHepris
iHCTpyMeHTapil0 Ta KOMIUIEKCHMX 3ajad. 3ibpaHa TeJeMeTpis Ma€ CTaTU TaKUM
caMMUM BaJiTHUM MiATBEpIK€HHSIM VCITIITHOTO BMKOHAHHSI 3aBAAHHS, SK i
npaBuIbHMIT GiHanbHMit koxd. Ile mo3Bossge cdopMyBaTM OIIHKY 3 [IBOX
KOMIIOHEHTIB: pe3yJIbTaTUBHOI Ta MPOLeCya/bHOI.

BucHOBKU

[Toganpiia pobora Mae OyTM CIIpsSMOBaHAa Ha PO3IMIMPEHHS MOSKJIMBOCTEN
reHepauii [I-pe3ucteHTHMX 3amau Ta GoOpMyBaHHS «MaHibecTy OuiKyBaHUX
TpolieciB» [ji1 KOXHOi BIpaBU. Po3poOka T'HYUKOTO iHCTpyMeHTapiio 360py

TeJleMeTpii He JuIlne JOIOMOKEe Y BMSIBJIEHHI aKaJeMiuyHOi HeIoOpOoYecHOCTi, a i
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IO3BOJIUTH 30MpaTy IiHHI AaHi Mpo SIKiCTh 3acBO€HHS martepiany. Ile Bimkpusae
IUISIX 10 CTBOPEHHSI CUCTeM IHAMBIAyaqibHUX pPEKOMEeHalliil, $Ki IigKaXyTb
CTYy[I€HTy, Ha $Ki acHeKTU Ha/IaTOIKeHHsI oMy CJi, 3BepHYTM YyBary, IO €
KPUTUYHO aKTyaJbHUM y Cy4aCHOMY OCBiTHbOMY IPOCTOPI, e poJib BUK/agaua BCe

OisibIlIe 3MIIIY€EThCS B OiK IMOcepegHMKA CKIAIHMUX IIPOLIECiB PO3POOKIN.

JITEPATYPA / REFERENCE
1. Stasiuk O. L., Khomik O. M., Karpiuk D. R. Analiz pravovykh ryzykiv tsyfrovoho
otsiniuvannia % umovakh zmishanoho navchannia. 2025. URL:

https://doi.org/10.5281/zenodo.16869553 (date of access: 31.03.2026). [in Ukrainian].

2. Amoozadeh M. et al. Student-Al Interaction: A Case Study of CS1 students. 2024. URL:
https://doi.org/10.48550/arXiv.2407.00305 (date of access: 31.03.2026).

3. Basha M. et al. CodeWatcher: IDE Telemetry Data Extraction Tool for Understanding
Coding Interactions with LLMs. 2025. URL: https://arxiv.org/abs/2510.11536
(date of access: 31.03.2026).

4. Beleulmi S. Challenges Of Online Assessment During Covid-19 Pandemic: An Experience
of Study Skills Teachers. 2022. o slall aul s, C. 49,
URL: https://doi.org/10.37167/1677-007-002-004 (date of access: 31.03.2026).

5. Cotroneo D. et al. Human-Written vs. AI-Generated Code: A Large-Scale Study of Defects,
Vulnerabilities, and Complexity. 2025. URL: https://doi.org/10.48550/arXiv.2508.21634
(date of access: 31.03.2026).

6. Denny P. et al. Computing Education in the Era of Generative AI. Communications of the
ACM. 2024. URL: https://doi.org/10.1145/3624720 (date of access: 31.03.2026).

7. Eibl P. et al. Exploring the Challenges and Opportunities of Al-assisted Codebase
Generation. 2025. URL: https://arxiv.org/abs/2508.07966 (date of access: 31.03.2026).

8. Gerlich M. Al Tools in Society: Impacts on Cognitive Offloading and the Future of Critical
Thinking. Societies. 2025. T. 15, N2 1. C. 6. URL: https://doi.org/10.3390/soc15010006
(date of access: 31.03.2026).

9. Thantola P. et al. Educational Data Mining and Learning Analytics in Programming.
ITICSE '15: Innovation and Technology in Computer Science Education Conference 2015.
Vilnius, Lithuania. New York, USA, 2015. URL: https://doi.org/10.1145/2858796.2858798
(date of access: 31.03.2026).

10. Korpimies K. et al. Unrestricted Use of LLMs in a Software Project Course: Student
Perceptions on Learning and Impact on Course Performance. 2024. URL:
https://doi.org/10.1145/3699538.3699541 (date of access: 31.03.2026).

11. Kundu D. et al. Keystroke Dynamics Against Academic Dishonesty in the Age of LLMs.
2024. URL: https://arxiv.org/abs/2406.15335 (date of access: 31.03.2026).

12. Liang S. et al. The SWE-Bench Illusion: When State-of-the-Art LLMs Remember Instead
of Reason. 2025. URL: https://arxiv.org/abs/2506.12286 (date of access: 31.03.2026).

13. McDanel B., Novak E. Designing LLM-Resistant Programming Assignments: Insights and
Strategies for CS Educators. SIGCSE TS 2025. Pittsburgh, USA. New York, USA, 2025. S. 756—
762. URL: https://doi.org/10.1145/3641554.3701872 (date of access: 31.03.2026).

ISSN 1991-7848 182



International scientific and technical conference
Information Technologies in Metallurgy and Machine building - ITMM 2026

14. Messer M. et al. How Consistent Are Humans When Grading Programming Assignments?
2025. T. 25, N2 4. URL: https://doi.org/10.1145/3759256 (date of access: 31.03.2026).

15. Padurean V. et al. BugSpotter: Automated Generation of Code Debugging Exercises. 2024.
URL: https://arxiv.org/abs/2411.14303 (date of access: 31.03.2026).

16. Pitts G. et al. Students’ Reliance on Al in Higher Education: Identifying Contributing
Factors. Communications in Computer and Information Science. Cham, 2026. C. 86-97.
URL: https://doi.org/10.1007/978-3-032-12773-0_9 (date of access: 31.03.2026).

17. Shen J. H., Tamkin A. How AI Impacts Skill Formation. 2026. URL:
https://arxiv.org/abs/2601.20245 (date of access: 31.03.2026).

18. Shihab M. et al. The Effects of GitHub Copilot on Computing Students’ Programming
Effectiveness, Efficiency, and Processes in Brownfield Coding Tasks. 2025. URL:
http://dx.doi.org/10.1145/3702652.3744219 (date of access: 31.03.2026).

19. Wang Z. et al. How Does Naming Affect Language Models on Code Analysis Tasks? 2024.
URL: http://dx.doi.org/10.4236/jsea.2024.1711044 (date of access: 31.03.2026).

20. Xu Z. et al. CodeVision: Detecting LLM-Generated Code Using 2D Token Probability
Maps and Vision Models. 2025. URL: https://arxiv.org/abs/2501.03288
(date of access: 31.03.2026).

21. Yuan E. et al. Debug-gym: an environment for Al coding tools to learn how to debug
code like programmers. 2024. URL: https://www.microsoft.com/en-us/research/blog/debug-
gym-an-environment-for-ai-coding-tools-to-learn-how-to-debug-code-like-programmers/
(date of access: 31.03.2026).

TRANSFORMATION OF THE DEBUGGING LEARNING ENVIRONMENT IN THE
ERA OF GITHUB COPILOT: HOW TO MAINTAIN LEARNING EFFECTIVENESS?
Andrii Zavhorodnii, Oleksandr Ivanov

Abstract. This paper investigates the transformation of software debugging instructional
methodologies amidst the active integration of Al assistants. It explores the phenomenon of
student «cognitive passivity» and the limitations of current Large Language Models (LLMs) when
dealing with complex software systems. A framework for designing «Al-resistant» learning tasks
is proposed, leveraging architectural complexity and extensive context volumes to mitigate the
potential for automated problem-solving. The study justifies the implementation of a telemetry
collection system to monitor student interactions within the Integrated Development Environment
(IDE) as a mechanism for verifying academic integrity and task autonomy. Key metrics for
distinguishing between human and Al-agent activities are identified, including temporal context-
processing parameters and debugging tool usage patterns (breakpoints, stack trace, stepping).
Furthermore, the paper describes a prototype toolkit that implements a dual-component
assessment model, considering both the correctness of the final code and the methodological
integrity of the debugging process. The findings are aimed at developing adaptive educational
systems capable of generating personalized recommendations for students.

Keywords: debugging, information technology, large language models, process management,
software.
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