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Overall assessment
The PhD dissertation by Bakytkazy Tannur is a relevant and methodologically grounded

study devoted to a pressing problem in contemporary education: developing teachers’
professional competence for meaningful STEM (Science, Technology, Engineering,
Mathematics) integration in physics teaching. The work responds to Kazakhstan’s
modernization agenda and addresses the practical gap between policy-level STEM
priorities and teachers’ readiness to implement interdisciplinary, practice-oriented
approaches in real classrooms.

Relevance and significance
The author convincingly justifies the relevance of the study by showing that, despite

broad recognition of STEM education, many physics teachers experience barriers such as
insufficient STEM knowledge, limited equipment, and lack of methodological support.
The dissertation’s focus on competence development through a structured professional
development program is therefore timely and socially significant, especially in the
context of strengthening students’ 21st-century skills and improving learning outcomes.

Structure and content
The dissertation is logically constructed and internally coherent. It includes: (i) a solid

theoretical and comparative foundation (international experience across the USA,
Portugal, Turkey, and Kazakhstan); (ii) a needs-based design of a teacher professional
development course; and (iii) an empirical evaluation of the intervention’s effectiveness
using mixed methods and statistical analysis.

Methodology and validity
The research design combines diagnostic work (surveying teachers’ readiness and needs),

course design and implementation, and outcome evaluation through quantitative and
qualitative methods (including an experimental component and statistical processing).
The scale of the diagnostic and experimental stages supports the reliability of conclusions
about the course’s effect on teacher competence and pedagogical practice.

Scientific novelty and contribution
A key scholarly outcome is the development of a structured model of teachers’ STEM

competence and an evidence-based professional development solution adapted to
Kazakhstan’s context. The proposed course is modular and practice-oriented, including
theoretical, methodological, technological, and reflective/practical components.

Practical value and results
The dissertation has strong applied value because it produces a concrete, implementable

professional development course with defined modules and tools for classroom
integration. Reported results indicate meaningful improvements in teachers’ STEM-



related competences and measurable positive shifts in teaching practices and student
outcomes after participation.

Conclusion

In general, the dissertation is theoretically substantiated, methodologically rigorous, and
practically significant. The author demonstrates research independence and offers a
solution with clear relevance for teacher education and professional development

systems. The dissertation meets the requirements for awarding the Doctor of Philosophy

(PhD) degree in the Educational Program 8D01501 — Physics, and I support awarding the
degree to the author.

Yours faithfully,

Assinado pMaria Eduarda da Cunha e Si
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[HIKIP

PhD nuccepraumsicpina
. 'Tyna STEM 6isim 6epy Goiibinima MexTern
MIYFATIMACPInIN Kacibn KysiperTimirin KAJIBINTACTBIPY»
bakbiTKasel TanHyp
y Oarapnamace! GoitbiHia Gusocodus 10KTOPbI

(PhD) napesxecin any YUIIH YCBIHBIJIFaH
Dapabu areimnarer Kasax VJITTBIK YHUBEPCUTETI

«DU3uKa NIHIN OKb

8D01501 — ®dusuka 6iim Oep
OJ1-

Kaanel 0aranay

bakpITKasbl TauHypabin PhD JMCCepTauusacel Kasipri OijgiM Oepyaeri ©3eKTi
MOCEJCIE dPHANFAH, ONiCHAMANbIK TyprbimaH  HerizjenreH 3eprTey  OOIBII
TaObLIAABl:  (DU3UKAHBI OKbITyna STEM (Science, Technology, Engineering,
Mthematics) YIEMEHTTEPIH  Ma3MyH bl TYpZe KipiKTipy YILIiH MyFaliMaepaAIH
K?C16“ KY3BIPETTUNTIH JaMbiTy. Kymbic Kaszakcrannarsl Ginim Gepyai )KaHFbIPTY
MIHACTTCPIMEH yHIee Keneni sxxone STEM GarbiThinaars! MeMIekeTTiK cascaT reH
MYFAITIMACPIAIH TISHApankbIK, Ta)KipId6eI‘e OareITTAIFAH Tgcinﬂepﬂi HAKTBbl CBIHBIII

KarJlaublHZla 1CK€ achlpy NallbIHIBIF] APAaCbIHAAFBl MPAKTHKAJIBIK AJTIAKTBIKTDI
J)KOKOFa OarbITTaIFaH.

O3eKTIIIrT MEH MAHBI3ALIIBIFLI

ABTOpP 3€pPTTEYIIH ©3eKTiIirH CeHIMIAI Typae Herizmeiini. STEM 6inim Oepy
KEHIHEH MOWBIHIAIFaHBIMEH, KONTereH busnka myranimaepi xketkinikciz STEM
O1JIIMI, KypaJs-»Ka0 AbIKTap 1bIH LIEKTEYJIUIIT oHE dicTeMeJIK KOJI1ay1bIH a3/IbIFbl
CUSKTBl KeIEepruiepre Tam GOJaThIHE] kepceTiireH. COHABIKTAH MyFajliMAEpIiH
KY3BIPETTUIIH  KYPBUIBIMIAJIFAH  K3CiGu AaMbITy  OaraapjiaMachl  apKbljbl
KaJbIIITAaCTBIpYFa OarbITTaJIFaH AUCCEpTAalMsl YyakKbIT TajllabblHA call IKOHE

aNIeyMETTIK TYPFbIIaH MaHBI3/Ibl, acipece OKywbl1apablH XX racelp aarabliapbiH
JIaMBITY JKOHE OKY HITHIKEJIEPIH )KaKCapTy KOHTEKCTIH e,
KypblIbIMBI MEH Ma3MYHbI

JlvccepTalus JIOTHKAJIBIK TYPFBIAH KYHeni xoHe iwki 6ipizainiri caktanrad. Oj
MBIHaJIap/ibl KAMTU/IbI:

[. OeplK TEOPHSIIBIK XKHE calbicThipManbl Heriz (AKILL, [lopryranus, Typkus
xoHe Kaszakctan Taxipubdenepi);
2. MyFaliMAEpIIH KaXeTTUIIKTepiHe Heri3fieNireH KociOM JaMbITy KypCbiH
)Kkobanay;
3. apajjac QAICTep MEH CTAaTUCTUKAJBIK Tanjay apKblibl WHTEPBEHLMS
THIMAUIITIH SMIIMpUKAJIBIK Oaraiiay.
OiCHAMA KOHE HITH/KeJepPAIH CeHIMALTIT . . .
3epTTey AM3AMHBI AMArHOCTUKAJIBIK Ke3€HII (M¥F?.HIM.I1€p,[11H AQHBIHBIFb MeH
KaKeTTIIIKTEPIH aHbIKTaY ), KypCThl 931pJiey MEH €HII3y/ll, COHan-aK HOTHIKE e
CAHJIBIK JKOHe camnajiblK oJICTep apKbUlbl Oaranay/ibl KaMTHbl (3KCTIEPUMEHTTIK
KOMIIOHEHT TeH CTAaTUCTHKAJIbIK OHAEeYl Koca anraHz}a). HH?FHOCT HKJIBIK JKaHe
HKCIIEPUMEHTTIK Ke3eHIEP/IiH ayKbIMbl KyPCTbIH MYFATIMACPAIH KY3bIPETTUIIIT MCH
NeJaroruKaiblK ToxkipubeciHe acepl Typajibl KOPBITHIHABLIAPABIH CEHIMAUIIIH

KaMTaMachbI3 eTe/ll.



I bLIIBIMH JKAHAJIBIFBI MeH YJieci

3epTTey/IH HETI3T FBUIBIMH HATHIKEC] — Myranimaepain STEM ky3sipetriiriniy

KYPRUIBIMAQJIFAH MOJeNiH a3ipiey »xoHe KazakcTaH kariaiibina OeHimenreH,
ARJICNIIEPTE  HETI3JENIeH KACiOM JaMBITY LielliMiH YCBIHY. ¥CBIHBIIFAH KypC

MOIIyJIbIIIK KOHE  Taxipubere OarbITTalFaH, OHBIH KYpaMblHa TEOPHSIIbIK,

JMCTEMEITIK, TEXHONOTUSIBIK IKIHE peQIEKCUSABIK-TIPAKTUKAIBIK KOMITOHEHTTEP
KIpei.

[IpakTHKANBIK MAHBI3BI MeH HOTHIKeJIepi

JlnccepTaumsHbIH KoJIaaHOa bl MAHBI3bI JKOFaphl, ce6e6i 011 HaKThI JKy3ere acblpyra

OOJIaThIH, MOYJIbJIEPi MEH CHIHBINTA KOIJAHYFa apHAJIFAH KYPAIAAPbl aHbIKTAJIFAH
KoclIOM NambITy KypchbiH YChIHaabl. HoTwkenep KypcTaH OTKEHHEH KeifiH
myrammMaepaiH STEM-re KaTbICThl KYy3bIpeTTUTIKTEPiHAE alTapJbIKTal Kakcapy

OOJIFAHBIH JKQHE OKBITY TKipHOeci MeH OKYILIbUIAP/BbIH OKY HOTHIKEJEpiHAE OH
o3repictep OaliKanraHbIH KOpCceTe/l.

KopbITbIHABI

JKanne!l anranga, auccepTalMs TEOPUSUIBIK TYPFbIAAH HETr13/1eJIreH, 211CHaMalIbIK
JKaFbIHAH JKYHesl JKoHe TIpaKTUKAJIbIK TYPFbIAAH MaHbI3Abl JKYMBIC OOJIbIII
TabbLIaabl. ABTOP 3ePTTEY/i JepOec »Ypri3reHiH KkepceTe/li KaHe MyFaliMIAepl
nasipjlay MeH KociOM JaMbITy »Ky#enepi YIlIiH aWKbIH ©3eKTiIir Oap e
yvebiHanel. Juccepranus 8D01501 — dusuka 6inim Oepy Oarnapiamackl OOHBIHILA

dbunocopus noxtopsl (PhD) mopexecin Oepy TanantapblHa COHKeC KeJell )KoHe
aBTOPFa OCHI JopeKeH1 Oepyal KOJIAaiMBbIH.
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