)

NICOLAUS COPERNICUS
UNIVERSITY Institute of Physics

IN TORUN

Faculty of Physics, Astronomy
and Informatics

I ——T L L

Torun, 19 January 2026

REVIEW
of the scientific advisor
PhD, Professor Kamil Fedus

for the dissertation of Arymbekov Beken Sagatbekovich

"Development and Application of Augmented Reality Technology Models in Physics Teaching in |
General Secondary School” i

submitted for the degree of Doctor of Philosophy (PhD) i

in the educational program "8D01501 - Physics"

|
Between 2021 and 2024, Arymbekov B.S. pursued studies within the educational program "8D01501 - %
Physics" at Al-Farabi Kazakh National University, successfully completing the doctoral curriculum |
and earning a recommendation for dissertation defense. As an independent doctoral candidate,
Arymbekov demonstrated strong academic competencies: critical engagement with scientific
literature, effective data collection and analysis, synthesis of findings, formulation of research aims,
and articulation of well-supported conclusions. Throughout the dissertation, he consistently met all
assigned research objectives.

His dissertation, “Development and Application of Augmented Reality Technology Models in Physics
Teaching in General Secondary School,” addresses Kazakhstan’s broader educational modernization
efforts and focuses on a key gap in current practice—namely, the absence of mature, interactive AR- [
based visualization methods for secondary-school physics. The introduction clearly identifies the
research problem and outlines the subject of study and research aims.

Methodologically, the study integrates theoretical analysis, object-oriented development of GeoGebra-
based AR materials, classroom-based experimentation, and quantitative evaluation. The claimed E
innovation lies in the synthesis of three complementary conceptual frameworks: the Extended
Technology Acceptance Model (ETAM/TAM), Task-Technology Fit, and the Unified Theory of |
Acceptance and Use of Technology (UTAUT). These frameworks guide the adoption and pedagogical
use of AR. Implementation took place in secondary schools in Alatau (Kazakhstan), and findings were |
disseminated through peer-reviewed journals and academic conferences. |

Chapter 1 explores the practical and pedagogical demands of using AR in secondary-school physics
and presents a systematic literature review of studies indexed in Scopus (Elsevier, Netherlands) and
Web of Science (Clarivate Analytics, USA). Guided by five research questions and clear
inclusion/exclusion criteria, the review shows that while AR helps make abstract concepts more
accessible, enhances motivation, and enables interactive learning, relatively few studies focus
specifically on physics, and none offer a comprehensive, classroom-ready methodology. The author
provides a basic classification of AR tools, case examples (e.g., PhysicsAR, GeoGebra, NucPhysAR),
and practical tables matching physics topics to AR applications, including considerations for students

with special needs.
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Chapter 2 evaluates three models for AR integration—TAM (acceptance), Task-Technology Fit (task—
tool alignment), and UTAUT (drivers of usage)}—based on classroom studies with 9th-grade students
in Alatau secondary schools. Findings are consistent: students respond positively when AR
is easy and enjoyable to use; learning improves when AR aligns well with lesson content and is readily
accessible; and excessive cognitive load can impede learning. Key predictors of both intended and
actual AR use include school support, habit, and enjoyment, with minimal gender-related differences.
The chapter concludes with practical recommendations to keep AR simple and engaging, align it
tightly with specific physics tasks, provide scaffolding to keep mental load low, and ensure adequate
infrastructure and support.

Chapter 3 reports a Solomon four-group experiment conducted in two secondary schools in Alatau.
The total number of tested students is 120. Two experimental groups used AR-based GeoGebra labs,
while two control groups followed the standard curriculum. Reliability and statistical assumptions
were verified (Cronbach’s alpha, Levene’s test, normality checks), and analyses were conducted
in SPSS 27 software. An ancillary comparison contrasted AR with virtual labs, with AR favored for
developing critical ~ thinking.  Statistically  significant ~ gains  were  observed in
both achievement and motivation for the AR groups, supporting the routine integration of AR in
secondary-school physics instruction.

The conclusions confirm that augmented reality is an effective, classroom-ready tool for visualizing
abstract physics concepts and fostering active learning. The author synthesizes four strands: (i) a
systematic review identifying gaps in methodology and in Kazakh-language resources; (ii)
development of three complementary instructional frameworks (TAM, Task-Technology Fit,
UTAUT); (iii) creation of GeoGebra-based AR materials, including a prototype with built-in video
communication; and (iv) a multi-year classroom experiment showing measurable gains in
achievement, motivation, and critical thinking. These insights were also partially shaped during a
research internship at Nicolaus Copernicus University in Torun, Poland.

The dissertation by Arymbekov B.S. was conducted in alignment with the research plan of the
educational program "8D01501 - Physics." The outcomes of this dissertation are documented in 41
scholarly publications, including 26 papers presented at international conferences, 9 articles in journals
endorsed by the Committee for Quality Assurance in Science and Higher Education of the Ministry of
Science and Higher Education of the Republic of Kazakhstan, and 6 articles published in
internationally peer-reviewed journals indexed in the Web of Science and Scopus databases.

In my professional judgment, the dissertation titled “Development and Application of Augmented
Reality Technology Models in Physics Teaching in General Secondary School” represents a complete
and high-quality scientific study on a relevant and timely topic. It meets all requirements for
the Doctor of Philosophy (Ph.D.) degree, and I recommend conferring this degree upon Arymbekov,
B.S., under the educational program “8D01501 — Physics.”

Scientific advisor, PhD, Professor,

Nicolaus Copernicus University in Toruf, Poland Kamil Fedus
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«Kanmsl 611iM GepeTiH opTa MeKTeNTe (PU3MKAHBI OKBITY/Ia TOJIBIKTBIPBUIFaH HIbIHAWBUIBIK
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JCCEepTAIUSChIHA KAThICTBI
JNOKTOPAHTTHIH FbUIbIMU KeHecrici, PhD, npodeccop Kamuns @enycTsin

CBIH-ITIKIPI

2021-2024 sxpuinap apansirbiaga b.C. ApsiMOexoB an-®apadbu ateiHmarsl Kazak yJITTHIK
yauBepcutetinge  «8D01501 —  dwusukay Oimim  Oepy  Oarmapiamackl  OOWUBIHIIA
JTOKTOPAHTYPAJIaFbl OKYBIH COTTI asKTall, TUCCEPTAIUSICHIH KOpFayFa YCBIHBIC aabl. JJoKTOpanT
bexen AppiMOekOB nepOec 3epTTeyInl peTiHJe JKOFaphl aKaJIeMUSUIBIK KY3BIPETTUTIK TAHBITTHI.
ATarm aliTKaH/a, FRUIBIMH 9/ICOMETKE CHIHM IIOJTY YKacay, IePEKKO3ACPICH KAKETTI MATIMETTEP i
KUHAY JKOHE Tajjay, HOTIKEIepAl CHHTE3/ey, 3epTTey MakKcaTTapblH alKbIHAAy JKOHE
HEri3JEeNTreH KOPBITBIHABUIAD TYXKBIpbIMIAy OOWBIHIIA MBIKTHl JIaFAbUIAPBIH  KOPCETTI
Huccepramnus ska3y OapbICBIHIA OJ1 aJiJIbIHA KOWBLIFaH OapJibIK 3€pTTEYy MIHACTTEpiHE TOHEKT1
TYpZ€ KOJI )KETKI3II.

Onbiy «Kanmel OUTiIM OepeTiH opTa MeKTenTe (U3MKAHBI OKBITYJAa TOJBIKTHIPBUIFaH
IIBIHAWBUIBIK TEXHOJIOTHSICHIHBIH MOJENIBIEPIH 931pJey >KoHE KOJAaHy» aTThl IUCCEPTALUSIIBIK
KyMbIchl KazakcTanmarbl OuTiM Oepyii JKaHFBIPTY OaFbITBIHAAFBI AyKbIMIBI KYII-XKIrepil
KapacTheIpaabl. 3epTreyne Kasipri ToxipuOeneri Heri3ri OJKBUIBIKKA, aTan aTKaH7a, >KaJIibl
OimiM OepeTiH opTa MekTenTepJie (PU3MKAHBl OKBITYFa apHAJIFaH JKETULIIPUITCH, WHTEPAKTHUBTI
AR (TOJIBIKTBIPBIIFaH IWIBIHAWBUIBIK) HETI31HAET1 BU3YyalW3alMs OICTEPIHIH TalIIbUIBIFbIHA
Hazap ayaapeutanbl. Kipicrie GeniMiHae 3epTTey Moceeci HaKThl aHBIKTAJIBIN, 3€PTTEY HbICAHBI
MEH MaKcaTTapbl alKbIH KOPCETLITEH.

OJliCTeMeNiK TYPFBIIaH 3ePTTeY KYMbBICHI TEOPHUIIBIK Tangayabl, GeoGebra KOCHIMIIACHI
Herizigaeri AR MarepuangapbiHbIH 00BEKTIre OarbITTAIFAH IaMybIH, MEKTETET1 IKCIIEPUMEHTTI
KoHe caH[bIK Oaranayabl OipikTipeai. JKYMBICTBIH FHUIBIMU KaHATBIFBI O1p-0ipiH TOJIBIKTHIPATHIH
YII TYKBIPBIMIAMAIBIK HET13/11H CUHTE31HIE >KaThIp: KEHEUTUINeH TEeXHOJOTHUsIapbl KaObluaay
mojzen (TAM), Tanceipma MeH TexHojdorusHbIH yinecimautiri (TTF) jskoHe TeXHOJIOTHSHBI
KaOpUIAay MeH naiaananyasiH Oipsiarail Teopusicel (UTAUT). by Moaenbaep TONBIKTHIPBIIFAH
IIBIHAWBUTBIKTBI KAOBUIIAY/IBIH KOHE OHBI MEAaroTUKaIbIK TYPFBIIAH KOJAaHyIbIH HET131 O0JbIT
TabbuIaZbl. DKCIEPUMEHTTIK 3epTTeynep Anaray KanacelHaarbl (Kasakcran) skammsl Ou1iM
OepeTiH opTa MEKTENTep/Ae >KYPTi3iIil, KOPBITHIHIABLUIAPHI PEIeH3UsIaHAThIH JKypHAIAap MEH
aKaJeMHsUIBIK KOH(epeHIHsIIapa KapusaaH/Ibl.

1-tapayma opra mekrenTe (U3MKa TMOHIH OKBITyla AR TEXHONOTHACHIH KOJMAAHYABIH
MPAKTUKANBIK JKOHE TIelaroruKanblK Tajantapsl 3eprrenreH. Mynma Scopus (Elsevier,
Hunepnanner) >xone Web of Science (Clarivate Analytics, AIIK) nepekxkopiapeiaaa
MHJICKCTENTeH 3epTTeyaepre Kyiemni o1e0ueT Moyl JKacaiFaH. bec 3epTTey cyparbl MEH HaKThI
ipiKTey KpUTepHiiJiepiHe cyleHe OTBIPBIN jkacanfaH 10y AR TeXHOJIOTUSACBIHBIH aOCTpakTili
YFBIMIAPJBl  TYCIHYT€ KOMEKTECETiHIH, OKYIIbI MOTHBALMSACBIH apPTTHIPATHIHBIH  KOHE
MHTEPAKTHBTI OKBITYFa MYMKIHIIK OepeTiHiH kepcerTi. COHbIMEH KaTap, (U3HMKa IMoHIHE
apHaJFaH KeIIeHIl ONICTeMENepAiH oNli Je IKETKUIKCI3 eKeHi aHbIKTanael. ABTOp AR
KYpaJIapbIHBIH HETI3r1 KIACCHU(HUKAIUSACHIH, HAKTHl JKaFHalnblK Mbicammapabl (PhysicsAR,



GeoGebra, NucPhysAR) >xoHe ¢u3uka TakpipbinTapsid AR KosganOanapbiHa CoOWKeCTEHIIpyre
apHaJIFaH NMPaKTHKAJIBIK KECTEJEp Il YChIHFaH.

2-Tapayna Anaray KaJaChIHBIH MEKTENTEpiHAEri 9-ChIHBIN OKYIIBUIAPBIMEH KYPTi3iIreH
cabakrap Herizinge AR mnTerpanusceiabiy yi moaeni (TAM, TTF xone UTAUT) Garananbl.
3eprTey HOTIKeNepi OoibrHIIA: AR TEXHONOTHSACHIH KOJIAHY OHAll opi KbI3BIKTHI OOJFaH
KarJaiaa OKyIIbUIap OFaH OH BIKbLIAC TaHBITAaAbl; AR Ma3MyHBI cabak TaKbIpBIOBIMEH YilsieciM
TanmKaHAa OKy THIMALIIrT aprazapl, Oipak mamanaH ThIC KOTHUTHBTI JKYKTEME OKyFa Keaepri
kentipyi MyMmkiH. Conpaif-ak, AR-apl  THIMII TaiiamaHyra MEKTENTeri KoJjay MeEH
OKYIIBUIAPJIBIH OCHIMAUTIri alTapibIKTail ocep eTeTiHi aHbIKTanapl. Tapay coHblHAa AR-mbl
HaKThl (U3MKA TaIChIPMAJIAPBIMEH COWKECTEHIIPY KOHE aKbLI-OH KYKTEMECIH OHTalIaHABIPY
OOMBIHIIIA IPAKTUKAIBIK YCHIHBICTAP OSpiIreH.

3-Tapayna Alnatay KaJlachIHIArbl €Ki opTa MekrenTe Kypri3iireH CylleiMeHHIH TepT
TonThIK TOXKIpuOeci (Solomon four-group design) cunarranrad. 3eprreyre 6apiabirbl 120 oKyIIbI
KatbicThl. Exi skcnepuMeHnTTik Tonm AR Herizingeri GeoGebra 3eprxaHanapblH MaiganaHca,
0akplIay TONITAPhl CTAHAAPTTHI OKY JKOCMAPBIMEH OKBITHUIABL. MOomIMETTEpAIH CEHIMILTIIT MEH
cTaTUCcTUKANBIK Oospkamaap SPSS 27 Garnmapnamachkl apkpuibl Tekcepunal (KponOax anbdacsl,
JleBeH cbHarbl JkoHe T.0.). 3epTrey HoTMKeciHAe AR TEXHOJOTHUSACHIHBIH BUPTYaIIbl
3epTXaHaJapMEeH CaJIbICTRIPFaHIa CBIHM OWIAyIbl JaMBITylla THIMIIPEK eKeHi KoHe
OKYIIBUTAPJIBIH YJTepiMi MEH MOTHBAIMACBIH/IA CTAaTUCTUKAIBIK MaHBI3JIBI ©ciM 0ap eKeHi
TONEeNIeH 1.

KopBITBIHABITAP TOJNBIKTHIPBUFAH IIBIHANBUTBIKTHIH a0CTPaKTLT (PM3UKAIBIK YFBIMIAPIBI
BHU3yalM3alusuiay koHe OeJICeH 1 OKBITY/Ibl BIHTATAHBIPY YIIIH THUIM/I Kypajl €eKeHIH pacTai/bl.
ABTOp TepT Heri3ri OarbITThl CUHTE3MAEAl: (1) OMAiCHaMalbIK XOHE PECYPCTHIK OJIKBUIBIKTAP/IbI
aHbIKTaraH >xyheni modny; (i) Ym nHyckaynslk moxaensal a3ipiey (TAM, TTF, UTAUT); (i)
GeoGebra Herizinmeri AR mMarepuanmapein skacay; (iv) OKymsUIapAblH yirepiMi MEH ChIHH
OMaybIH apTTHIPYIBI JQJENICUTIH KOIDKBUIIBIK AKCIIEpUMEHT. by HoTmwxkenepaid Oip Oemiri
[Tonpmranein  TopyHp KamaceiHmarsl Huxomnaii KomepHMK yHUBEPCHUTETIHIET! FBUIBIMH
TarbUIbIMIamMa 0apbIChIH/IA KaJIbIITACThI.

b.C. ApsiMOekoBTiH  mucceptamusicel  «8D01501 —  ®usmka» OumiMm  Gepy
OarJapiaMachbiHbIH FBUIBIMU-3EPTTEY KOCMApblHA call OpBIHJANIBL. 3epTTey HoTmxkenepi 41
FBUIBIMU JKYMBICTa, OHBIH IIIIHJAE XaJbIKapalblK KoHpepeHusuiapaarsl 26 Oasugamana, KP
F)XXBM Camnanpl KaMTaMachl3 €Ty KOMUTETI YChIHFaH JKypHaIAapaarel 9 makanana xkone Web of
Science MeH Scopus AepeKKOpJapblHIa HHIEKCTENETIH XalbIKapallblK JKypHaJlgaplIarsl 6
Makasaja xapuslaHFaH.

Menin kociom mnaibiMaayeimina, b.C. ApbeimOexoBTiH «Kanmbl OiniM OeperiH opra
MeKTenTe (PU3UKaHbI OKBITY/Ia TOJBIKTHIPUFaH MIBIHAWBLIBIK TEXHOJIOTHICHIHBIH MO/IENbIEPIH
o3ipriey JKOHE KOJJIaHy» TaKbIpblObl OOWBIHINA AUCCEPTALUSIBIK >KYMBICHI ©3€KTi, 3aMaHayd
JKOHE JKOFaphbl camaibl FRUIBIMH 3epTTey Ooibin Tabbutagsl. On ¢umiocodus aokropsr (PhD)
JopexeciHe KOMWBLIAThIH OapiibIK TananTapFa TOJBIK jkayan Oepeni. Oceiran opaid, b.C.
ApbimbOekoBke «8D01501 — ®dwuszuka» Mamanabirbl OoiibiHIIA (umocodus mokrtopsl (PhD)
FBUIBIMU JIOPEKECIH Oepy/ii YChIHAMBIH.
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