REVIEW

of the foreign scientific adviser on the dissertation work of Aliya
Sultankhankyzy Karmanova, submitted for the degree of Doctor of
Philosophy (PhD) in the educational program 8D01504 “Training of
Chemistry Teachers,” titled “Development of Professional Competence of
Future Chemistry Teachers Based on Digital Technologies.”

During the preparation of her dissertation, doctoral candidate A.S. Karmanova
demonstrated herself as a scientifically mature researcher with a high level of
research culture, thoroughly versed in both pedagogical and digital education
domains. She systematically applied scientific-pedagogical methodology, digital
educational technologies, and contemporary research methods, fully accomplishing
the goals and objectives set forth in the study.

The research topic is directly aligned with current national priorities in
Kazakhstan, such as the digitalization of education, modernization of higher
education, and enhancement of professional competencies of future teachers. The
new requirements for teachers of the 21st century necessitate not only subject
knowledge but also digital literacy, information culture, and the ability to employ
digital tools for professional purposes. In this regard, the content of the dissertation
fully corresponds to the strategic directions of the education system.

In the course of the study, the author achieved several significant scientific
results:

1. The issue of developing the professional competence of future chemistry
teachers through digital technologies is examined in a comprehensive, systematic,
and model-based framework.

2. A conceptual framework for developing the professional competence of
future chemistry teachers via digital technologies has been developed, along with
its structural-content model. The model scientifically substantiates the
motivational, cognitive, operational, and organizational components, as well as the
levels of competence development.

3. The author introduced an integrative digital micro-flipped approach (digital
microlearning + flipped learning) into scientific discourse and proposed a
methodology for its effective implementation in teaching chemistry. The scientific
novelty of this method is evident, and it is presented for the first time within
Kazakhstani pedagogy.

4. Based on the proposed methodology, the Chemed.kz digital educational
platform was developed and launched, integrating video lectures, comprehensive
assignments (online tests, case-based tasks, scenario-based problems, and creative
tasks), virtual laboratories, and automated assessment modules as an innovative
educational resource.

5. A teaching and learning package incorporating elements of digital
technologies was developed for the first partiof- Analytlcal Chemistry. Its content
was enhanced with interactive tasks access1b1e V1a QR codes and has been
implemented in the educational process. | :
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6. The effectiveness of the proposed methodology was verified through a
pedagogical experiment conducted with two experimental and two control groups.
The statistically significant improvement in the professional competence of future
chemistry teachers was confirmed using Pearson’s y? criterion.

The validity and reliability of the research findings are supported by the
author’s extensive scholarly investigation on the topic, publications in reputable
journals, and the presentation of research results at international and national
scientific-practical conferences. The conclusions fully correspond to the content of
the dissertation, while the scientific propositions, methodological solutions, and
practical materials presented are systematically substantiated. The main principles
and innovations are thoroughly elaborated in the dissertation text, demonstrating
the successful achievement of the research goals and objectives. The author
obtained copyright certificates for the educational-methodological package and the
Chemed.kz digital educational platform she developed, which confirms the
originality, scientific novelty, and practical applicability of these resources in the
education system. The author demonstrated high research culture, academic
diligence, and independence. -

Conclusion
The author has fully mastered the topic, selected appropriate research

methods, conducted an in-depth analysis of contemporary theories in digital
pedagogy, organized the experiment in accordance with scientific standards, and
presented the results clearly, accurately, and reliably. The dissertation work of A.S.
Karmanova entitled “Developing the Professional Competence of Future
Chemistry Teachers Based on Digital Technologies” is complete and distinguished
by its substantial content, scientific novelty, practical significance, and
methodological rigor. It fully meets the requirements for awarding the degree of
Doctor of Philosophy (PhD). Therefore, I consider the author deserving of the PhD
degree in the educational program 8D01504 “Training of Chemistry Teachers.”
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NUMBERONE
TRANSLATIONS _
Aunns Cynranxankbibl Kapmanoanbin «8D01504-xunMust MyraimMiepis-aaspaay»
OistiM Gepy 6armapiaamacskl 6oiibIHIIA puaocodust
poxtopbl (PhD) napexecin auy ymin «Boaamak XuMusi MyFaJdiMaepinin kacion
KY3bIPeTTLTIriH HH(PIbIK TEXHOJOTHAIADP Heri3iHae JaMbITY» TAKbIPbIObIHAAFbI

AMCCEPTANUSUIBIK JKYMBICHIHA IIETEIIIK FHIIBIMH KeHeCIIiHiH
ITIKIPI

JlrccepTanysUIbIK JKYMBICTBI JaiibiHiay Oapeichinga gokropant A.C. KapmaHoBa
O3iH 3epTTey MOJIEHHETi JKOFaphl, MEJaroruka xoHe HUPIBIK OimiM Oepy camaiapblH
JKETIK MEHIEpreH KEMEJICHTeH FalbIM peTiHie KepceTTi. O FhUIBIMHU-IICIAarorukabiK -
omicHaMaHBI, UGPIBIK GiliM Oepy TEXHONOTHSUIAPhl MEH 3aMaHayd 3epTTey SMiCTepiH “
JKy#eni TypJe KoJlaHa OTBIPBIIL, 3€PTTEy/e ajFa KOMBUIFAH MaKcaTTap MEH MiHAeTTep/i
TOJIBIKTAl OPBIH/IA/IbI.

3eprrey TakbIpbIOb Kasakcranaars: 6imiM Gepyai HudpIanIsipy, HKOFapsl OuTiMi
JKAHFBIPTY JKoHe OOJallaK MyFamiMAepAiH KOCIOM Ky3BIPETTUIrIH apTThIpy CHSAKTBI
VITTHIK GackIMIBIKTapra Tikeneil coiikec kememi. 21 Facelp MyramiMJiepiHe KOHbLIATHIH
yKaHa TajanTap TeK MOHAIK OiTiMi FaHa eMec, COHPIMEH KaTap HU(MPIIBIK CayaTThIIBIKTEL,
aKMapaTThIK MOJEHMETTI JKOHe KOciOM MakcaTrapia HU(PIBIK Kypanfapibl KOJIIaHy
JAFABUIAPEIH Tanan eredi. OchlraH OaillaHBICTHI AMCCEpTALMs MasMyHbI OLTIM oepy
JKyleciHiH cTpaTerusuibK GarbITTapbIHA TOJIBIK JKayarl Gepei.

3eprrey OGaphiChlHIa aBTOp OipHEIIe MaHBI3Abl FHUIBIMU HOTIDKEIEPTe KO

KETKI3:

1. Boramak XuMuS ~ MyFamiMepiHiH  KoCiOM  KY3BIPETTilliNiH  LUQPIBIK
TEXHONOTHSUIAP APKBUIBI JAMBITY MOCENeci KeIIeH[, dKyHesi JKOHe MOJCIbIIK
HETi3/1e KapacThIPbUIFAH. '

2. Bomamak ~ XUMHSL  MyFamiMIEpiHiH  KOCIOM  KY3BIPETTiMiNiH  [UQPIBIK
TEXHOJIOTHSUIAP APKBUIBI JAMBITYIBIH TYXKBIPHIMAAMAJIBIK HETi37epl MEH OHBIH
KYPBUIBIMBIK-Ma3MYHIBIK ~ Mojeni — ozipaenai. Mojenpae  MOTHBALMAIBIK,
KOTHHUTHUBTI, OIEPAIUIBIK KOHE YIBIMIACTBIPYIBIIBIK KOMIIOHEHTTEp, COHAM-aK
KY3BIPETTLIIK J€HIeiIepi FEUTBIMU TYPIE HETI3/IeITeH.

3. ABTOp FBUIBIMA aiiHAJBIMFAa HMHTETPaTUBTI «LHPPIBIK MUKPO-TOHKEPIITEH»
tocini (digital micro-flipped approach) (LEGPIBIK MEKPO-OKBITY + TOHKEPLIIeH
OKBITY) €HIi3ill, OHBl XMMHUSHBI OKBITYIa THIMJi XYy3ere achIpy omicTemMeciH
VCBIHABL. Bysl omicTiH FBUIBIMM JKAHAJIBIFBl AWKBIH JKOHE OJ Ka3aKCTaHABIK
TeJaroruKasa ajgrail peT YChIHBIIBII OTHIP.

4. YcHbHBUIFAH oJicTeMe HerisiHjge MHHOBALMIBIK OimiM Gepy pecypewl periHie
GeifHemopicTep/i, KeneH i TarcepManapsl (OHIaiH TecTTep, Kelc-Tarcepmanap,
CLICHAPHITIK ~ €CeNTep JKOHE IIBIFAPMAIIBLIBIK  JKYMBICTAp), — BHPTYaJIbl
3epTXaHaNap MeH AaBTOMATTaHABIPBUIFAH Garanay MOJJIbAEPiH GipikTipeTiH
Chemed.kz nudpisix Ginim Gepy mardhopMackl 93ipyIeHil, iCke KOCHUIIBL.

5. «AHAIUTUKAIBIK XUMUs» [OHiHIH Oipimmi Gemimi OoMbIHIIA  IUMPIBIK
TeXHOJIOTHSIIAp YIEMEHTTEPi EHTi3UITeH OKy-oicTeMEiK KeleH a3ipieHi. OHbIH
MasMyHbl QR-KOATap apKbUIbl KODKETIMII HMHTEPaKTHBTI TalChIpMalapMeH
TOJBIKTHIPBUIBII, OKY MPOLECiHE eHTi3ii.




6. YCBIHBUIFAH SHICTEMEHIH THIMAUIINT €Ki SKCIIEPUMEHTANIEl XoHE €Ki Oaxsliay
TOOBIHAA JKYPTi3iUIT€H MENAarorMKAJBIK OKCIHEPUMEHT apKblIbl TeKCepiiii.
bomamak xumMus MyraliMAEpiHIH KOCIOM KY3BIPETTUIIMHIH CTaTHCTHEATLE
MaHbI3/Ibl 6ciMi [TUpCOHHBIH ¥? KpUTEpUidi KOMETIMEH pPacTaIbl.
3epTIey HOTWXKENEPIHIH HETi3AUINT MEH CeHIMIUIri aBTOpPABIH Taxsipein

OOMBIHINA KYpPri3T€H ayKbIMIBI FHUIBIMH 3epTTeyJepiMeH, Oeleiai KypHaniiapiars
KApUANAHBIMAAPBIMEH — JKOHE  3epTTey  HOTIDKENIEPIHIH  XaJblKapaaslk  mawse
pecIyONnUKaNbIK FRUIBIMU-TOKIpUOETiK KOH(pepeHuusuiapaa OasHIalybIMEH PacTaiates
Ty KbIpEIMIap AuccepTanys Ma3MyHbIHA TOJBIK COMKeC Keleli, aj YChIHBUIFAH Fhilsimm
KaFuganap, omicTeMeliK IIEIIIMAEpP MEH IPAKTUKAJIBIK MaTepHajjap Kyiemal Typaec
HerizaenreH. Herisri ¥CTaH51M;[ap MEH JKaHAJIBIKTap JUCCEPTAIUs MOTIHIH/IE KaH-KAKTES
NBICBIKTAIFaH, Oyl 3epTTey MakcaTTapbl MEH MiHAETTEpiHiH TaOBICThI OpPBIHIAIFAHEIH
Kepcere/1i. ABTOp 031 93ipiiereH oKy-oaicteMenik kemen MeH Chemed.kz mudpibik Gimin
Oepy 1IaT(hopMackiHa aBTOPIIBIK KYKBIK KyQJIIKTEpiH ajijibl, OyJI aTajraH pecypcTapasii
OimiM Oepy kyiecingeri OipereiliiriH, FBUTBIMHU JKaHAJIBIFBIH JKOHE IPAKTHKAIBIK
KOJIIAHBICKA 1€ eKCHIH aifraKTaiiiipl. ABTOD KOFaphl 3epTTey MOJICHUETIH, aKaIeMUSIBIK
1371eHIMIIa3IBIFBI MEH JIepOECTIriH KOPCETTI.

KopbIThIHABI .

ABTOp TaKpIPBIITBl TOJBIK MEHIEPreH, 3epTTey OMiCTepiH IyphIC TaHIaraH,
IUGPIBIK  [EeJarorMKajarbkl  3aMaHayd Teopusulapra TEpeH  Tajjady O KacaraH,
OKCIIEPUMEHTTI FBUIBIMM CTaHAApTTapra cail yHBIMIAaCTBIPBIN, HOTHOKEIEPiH HAKTHI dpi
cenimai Typae yceinrad. A.C. KapmanoBaHbiH «Bonaniak Xumus MyFaliMaepiHin Kocion
KY3BIDETTIIINH HUQPIBIK TEXHONOTMSUIAD HETI3iHAE JaMBITYy» TaKbIPHIOBIHIAFEI
JUCCEPTAlMSAIBIK  JKYMBICHI  asfKTaJfaH  eHOek  Ooyibll  TaObUIagbl  JKOHE
Ma3sMYH/IBLIBIFBIMEH, FBIIBIMM KAHAJIBIFBIMEH, MPaKTHKAJIBIK MaHBI3ABUIBIFEIMEH dpi
9MiCTEMENIK KaTaHABIFBIMEH epekiencHei. OHBIH KYMBICH (uiocodus gokropsl (PhD)
JopexeciH Oepyre KOWbUIATHIH Tajartapra TOJBIK jayan Oepemi. Ocblran GaiiIaHBICTHI,
aBrop 8D01504 — «Xumus MmyraniMaepin gaspiay» 6iniM Gepy OargapiiaMackl OONBIHIIA
PhD noxTopsl opesxeciH atyra JabIKThI €I €CEnTeNMin.

Foinbivn kenecii:
Typkusi, AHkapa
I'asu yauBepcureri

Xumus kadeapacbiHbIH Hpodeccopbl, !
aoxktop Hycper KaBak /KONbL KOUbLIEAH/ |
/Mepi 6acvinsan/
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IsiMkenT Kadacel. Kazakeran PecnyOamnkachl.
OTBI3BIHIILI KAHTAP €Ki MbIH KHBIPMA aJITHIHIIBI KbLJIbI

Men, JKamiGex Mypar Myramiyis, Kasakcran PecrmyOnukacel Ojier
Munuctpiiri Gepren 2022 sksuinslH «06» Mambipia Gepinren Ne22008780
MEMJICKETTIK JIMIEH3UsACH Herisinme Kpi3MmeT eryimi, [IIBIMKEHT KalachIHbIH
JKeKellle HOTApUYChl, ayaapMalibHblH  a3. Mmankynosa Jlunapa ManukOBHAHBIH
KOJIGIHBIH TYTHYCKAJIBIFBIH KyoJIaH IbIPAMBIH.

AyIapMaIlbIHBIH ~JKeKe 0achl aHBIKTAIJIBI, OpeKeT KaOUIeTTUIr IKoHe

OKIIETTLIITI TeKCePUIAL.
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