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Abstract

The year 2020 is widely recognized as a historic turning point, marking the emergence
of the COVID-19 pandemic and its disastrous impact on all spheres of global and national
development. The outbreak of this highly contagious and difficult-to-treat infection put
millions of people at risk, which led to the swift imposition of restrictions on various aspects
of daily life by governments worldwide. These measures had significant repercussions for the
educational sector, affecting the majority of the global student population. Recent statistics
provided by UNESCO (2020) indicate that over 90% of the world’s students and
schoolchildren, which translates to approximately 1.5 billion individuals, had to transition
from traditional face-to-face classroom instruction to online “learning” in response to the
pandemic. The shift to online learning had a profound effect on the education system,
impacting its pedagogical approaches, technological infrastructure, and socio-cultural

dynamics, among other effects.

The Republic of Kazakhstan experienced significant modifications to its education
system in response to the widespread outbreak of the coronavirus disease. This included
school closure from March 2020 to September 2021. With the government having
implemented these many restrictions, Kazakhstani scholars now have the opportunity to
undertake research on the probable effect of these school closures with a view to inform
future governmental policy and practice. Many questions remain unanswered. For example:
Did males and female applicants enjoy the same expected advantages in math and languages,
respectively? Did student applicants more likely residing in rural areas experience the same
level of under-performance for the entire period? And, what was the estimated loss-of-

learning for the various subject areas?

In order to recognize the effect of the recent restrictions on the education system in

Kazakhstan, this study investigates the trends in academic achievement of applicant students
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for one selective school system in the country. The study at hand draws upon two of the most
up-to-date datasets provided by the selective school system which monitors applicant

performance. Thesis is divided into two separate but related studies.

Study 1 makes use of the student-level data on applicant performance for 2019, 2020,
and 2021 for Math, Quantitative Reasoning (QR), Kazakh as a 1st language, Kazakh as a 2nd
Language, Russian as a 1st language, Russian as a 2nd Language, and English. For the same
seven subjects, Study 2 makes use of aggregated applicant performance data to identify
trends in applicant performance from 2013 to 2022. Study 2, RQ2, uses extrapolation
techniques to estimate the probable loss-of-learning in the Kazakhstani population due to the

COVID-19 disruptions.

For Study 1, findings revealed that student gender and mother tongue
(Russian/Kazakh) had a significant influence on applicant performance, as well as school
exam location (city/rural). Male students surpass female students in Math and QR, while
female students outperformed male students in Kazakh, Russian, and English, according to
the report. Furthermore, students who speak Russian as their first language outperform
students who speak Kazakh as their first language in all disciplines except for Kazakh
language. Study 2 looked at patterns in candidate performance from 2013 to 2022 and
utilized extrapolation techniques to predict the loss of learning in the Kazakhstani population
as a result of the COVID-19 disruptions. Analysis revealed a COVID-19-induced reverse-

Flynn effect on all subjects revealing the extent of the learning loss.

One of the possible solutions to resolving the substantive loss-of-learning is to fund
and implement remedial programs, especially in subject areas most affected—Kazakh and
Russian literacy skills. In addition, governments should consider the serious developmental

and educational costs associated with long-term school closure.
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AnjgaTna

2020 xp11 COVID-19 nmanneMusiChIHBIH OacTaIybIH J)KOHE OHBIH JkKahaHIbIK JKOHE
VITTBIK TaMyJbIH OapJIbIK cajlajapblHa almaTThl 9CEPIH KOPCETETIH TapUXUu OETOYPHIC pETiHIe
KEHIHEH TaHbUIIbL. byl eTe )KyKnalsl )oHe eMJiey KHbIH HHQEKITUSHBIH OpIIyi
MUJUTMOHJIaFaH ajamjaapra Kayin TeHaip/i, Oyi1 Oyki ojem OOMbIHIIA YKIMETTEPIiH
KYHJISTIIKT1 ©MIpiHIH OPTYPJIi aclIeKTUIepiHe KbIIAaM IIEeKTeyIep eHri3yine akemai. by
mapasap Ou1iM Oepy cajacklHa alTapIbIKTal ocep eTim, OYKiI oJeMAeT] CTYACHTTEPIIH
kenurinirine acep erti. KKHECKO-ubIH conrbl ctaTucTrkack! (2020) anemaeri CTyAeHTTep
MEH MEKTeN OKYIIbLIapbIHbIH 90%-aaH acTambl, IaMaMeH 1,5 Munnap/ ajaMm, maHaeMusra
»Kayar peTiHJe A3CTYp:i OeTne-0eT ChIHBINTAH OHJIaH OKBITYFa aybICyFa MKOYp OOIFaHBIH
kepcereni. OHNIAlH OKBITYFa Koy OiiM Oepy *KylieciHe TepeH ocep eTil, OHbIH
Me/IarOTMKAJIBIK TOCUIIEPIHE, TEXHOJIOTUSUIIBIK HH(PPAKYPBHLIBIMBIHA JKOHE QJICYMETTIK-MOJICHU

JAWHaAMHKaCbIHA 9CCP eTTi.

Kazakcran PecnyOnnkachl KOpOHaBUPYCTHIK HH(PEKITUSHBIH KEH ayKbIM/IbI OPIIYiHE
JKayarl peTiHJie e31HiH OL1iM Oepy *kyieciHne aiTapiablKTail e3repictepre yuslpaasl. byran
2020 xbinabiH Haypbi3biHAH 2021 KBUIIBIH KBIPKYHETiHE IeliH MEKTeNTeP IiH KaObLTybl
KipZi. YKIMET OChI KOIITEreH MIeKTeYyep/Ii €HT13TeHIIKTeH, Ka3aKCTaH IbIK FaIbIMIap/IbIH
Bonamak MeMiekeTTiK casicat MeH TOKipuOeH1 HeTi3/Iey MaKCaThIH/Ia OChI MEKTENTEePIIH
#KaObUTYBIHBIH BIKTUMAJ CaJIapbIH 3epTTeY MYMKIHAIT1 Oap. KenTeren cypakrap »ayarchi3
KajaJipl. MbIcalibl: epiiep MeH oienaepAiH OU1iM amylblIapbl COMKeCiHIe MaTeMaTHKa MEH
Tinaepae Oipaeit KyTUIeTiH apTHIKIIBUTBIKTapFa ue 0061 Ma? AYBUIIBIK JKepIepae Kui
TYpaThIH OLTIM anymsliap OYKia Ke3eH imriHje Oipaelt yiarepiMcizaikTi 6actan eTkepai Me?

Op Typi moHAep OOMBIHIIA OKBITYAa OO KaM/IbI IIBIFBIHAAD KaHAai 0omap1?

Kazakcranaare! 611iM Oepy >kyHeciHe COHFBI IIEKTEYIEepAiH 9CepiH TYCIHY YIIIH OCHI

3eprreyae enzeri 0ip Tanaayasl MEKTEI KYHECIHE TYCETIH OKYIIbLIAP IbIH aKaIeMUSITBIK



Xi
COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

YJIrepiMiHiH TeHACHIUIIaphl KapacThIpbliaabl. by 3eprreyne OiniM amymbuiapIbiH
yJirepimMiH OaKbUTAHTHIH 1pIKTEN OKBITY XKYHECl YChIHFaH €H 3aMaHayu €Ki IepeKTep
KUBIHTBIFBI Al qaanbuiaasl. Juccepranus exi Oenek, 6ipak e3apa OalIaHBICTHI

3epTTeyiepre OeliHe/.

1-3eprTeyae MaremMaTHKa, CAaHIBIK OiJay (JIOTHKA), 1-11i T1T peTiHae Ka3ak Tiji, 2-11i
TUI peTiHAe Ka3ak TiT, 1-11i TUT peTiHae opbIC TiJi, 211 T1J PeTIHAE OPbIC T, 2-1I11 TLT
pETiH/Ie OpBIC TUTI KOHE aFbUIIIBIH TiJ11 OoibiHIIa 2019, 2020 xone 2021 xpLgapbl
OKYIIbLIAp JEHTeHiHe OKYFa TYCYUIUIEPAIH YArepiMi Typasbl JepeKTep nainaianbiiaibl Ti.
Comn xeti moH 6otibiHIIa 2-3epTTey 2013 xbiiaan 2022 xblFa AeHiHTT KaHIUAATTapAbIH
YIIrepiM TeHICHIMSUIAPBIH aHBIKTAY YIITIH KaHAHIATTap IbIH YITePIMi Typaibl )KHBIHTHIK
nepekrepai mainananansl. 2-3eprreynae COVID-19 sxxympICchIHIAFHI ipKiTICTEpPTE
OaitmanbicThl Ka3zakcTaH XalKbl apachlHIa OKBITY KaOIIETIHIH BIKTUMAI KOFAITYBIH Oaranay

YILiH KCTPANOJISIIUS 9ICTEPl KOJIJaHBLIAIbI.

1-3epTTEy HOTHIKENEPl OKYIIBIHBIH JKBIHBICHI MEH aHa TiJli (OpbIC/Ka3aK) OKYIIBIHBIH
yJirepimMiHe, COHJai-aK MEKTel eMTHXaHbIHBIH OpHAJIACKAH JKepiHe (Kaia/aybUlIbIK)
alfTapibIKTail ocep eTkeHiH kepcerTi. Ecenke colikec, ep OKyIIblIap MaTeMaTHKa JKOHe
CaHJIBIK Oilylay OOMBIHIIA oifeN OKyIIbUIapJaH achlll TYCEAl, all difes OKyIIbLIap Ka3ak, Opblc
’KOHE aFbUIIIBIH TULIEPIHJE ep OKYyLIbLIapAaH ackin TycTi. COHBIMEH KaTap, aHa Tili peTiHae
OpBIC TUTIH/E COMIENUTIH OKYIIBIIAp Ka3aK TUTIH KOCIaraH 1a, OapibIK oHep OOMBIHIIA aHA
Ti peTiHe Ka3ak TiTiHAe COMNENTIH OKyIIbUIapAaH ackll Tyceadi. 2-3eprreyne 2013
xbuIad 2022 KputFa JeHiHr1 KaHAUAATTapIbIH YArepiMiHeT] 3aHAbUIBIKTap KapacThIPbULIAbI
xoHe COVID-19 cannapsiHan xyMbIc icTeMey HoTKeciHae KazakcTaH xalkbl apachIHIa
Oky KaOineTiHIH KOFaIybIH 00JKay YIIIH SKCTPANOSIUA oAicTepi KonaaHbuiasl. Tammay
6apinbik cyobekTinepae @auannin COVID-19 tyapipran kepi acepiH aHBIKTa/Ibl, Oy OKY

KaOUIeTIHIH JKOFally TopeKeciH KepceTe .
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OKpITY KaOUIeTiH eneyii JKOFalTy IpoOJeMachIHbIH BIKTUMAJ IeIiMIepiHiH Oipi -
KaFJaiIbl TY3€Ty JKOHIHAeT1 OaFaapiaManap/ bl KapKbUIaHABIPY KOHE iCKe achIpy, acipece,
€H KOII 3apJamn MIEeKKEeH MOH/IIK catanap/a-Kazak jKoHe OpBIC TULIEPIHIETI cayaTThIIBIK

narapuIapbl 0okl Tadb1aabl. COHBIMEH KaTap, YKIMETTep MEKTENTEP/iH Y3aK Mep3imMai

*aObUTYbIHA OAMJIAHBICTHI €ISyl JaMy MeH Oi1iM Oepy HIBIFBIHIAPBIH €CKepyl KEpeK.

Tyiiin ce3aep: Onnaiin okpITY, OUTIMHIH k0Fanybl, COVID-19 mannemusice, Ty3eTy

OobIHIIIA OKBITY, SKOJIOTHUAJIBIK TCOPUS
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AOcTpakT

2020 roj mMUPOKO MPU3HAH UCTOPUYECKUM TTOBOPOTHBIM MOMEHTOM, O3HAMEHOBABIINM
Bo3HuKHOBeHue nmangemMun COVID-19 u ee karactpodudeckue mociencTBus A Bcex chep
rJ100aTbHOTO U HAITMOHAJILHOTO pa3BUTHA. Berblilika 3Toi 04eHb 3apa3Hoil U TPYAHO
MOAJAIOIEHCsl IeUeHUIO UH(EKINK MOABEPIIia PUCKY MUJUTUOHBI JIFOJIEH, UTO MPUBETIO K
OBICTPOMY BBEJICHUIO OTPAaHUYEHUIN Ha pa3IMYHbIC ACIIEKThI IOBCETHEBHOM KU3HU
MIPaBUTELCTBAMU IO BCEMY MHPY. DTU MEPbl UMEJIU 3HAYUTENIbHBIE TOCIECTBUS AJIs
CeKTopa 00pa3oBaHMsl, 3aTPOHYB OOJIBIIUHCTBO CTYACHTOB 0 BceMy mupy. [locneqnue
cTatuctuyeckue nannele, npenocrasienusie KOHECKO (2020), ykasbiBaroT Ha TO, 4TO Ooiee
90% cTyneHTOB U HIKOJIBHUKOB B MUPE, YTO COCTABJISET MPUMEPHO 1,5 MUIUTMapAa YelloBeK,
ObUTH BBIHYKJICHBI IEPEUTH OT TPAIUIIMOHHOTO OYHOTO 0OYUYEHHUS B KJIacce K OHJIAiH-
oOyueHuIo B OTBET Ha nanaemuro. [lepexon k oHnaiiH-00ydeHHI0 OKa3al IrTy0oKoe BIUSHUE
Ha cucTeMy 00pa30BaHuUs, TOBIUSB, IOMUMO MTPOYETO, HA €€ MeJarornuecKue moaxo/bl,

TEXHOJIOTHYECKYIO MH(PPACTPYKTYpPYy U COLMOKYIBTYPHYIO JTUHAMUKY.

Pecny6nuka Kazaxcran nperepresna 3HaUUTEIbHbIE U3MEHEHUS B CBOEH cUcTeMe
00pa3oBaHMs B OTBET Ha IIMPOKOMACIITAOHYIO BCIIBIIKY KOPOHABUPYCHON MH(peKunu. 310
BKJIFOYAJIO 3aKkpbITHE 1mKoJ ¢ MapTa 2020 roga no centsiops 2021 roga. Ilockonbky
IIPaBUTEIBCTBO BBEJIO 3T MHOTOYHCIEHHBIE OTPAHUYEHUS, Y Ka3aXCTAHCKUX YYEHBIX TEIEpPh
€CTb BO3MOXHOCTb ITPOBECTH MCCIIEA0BAHNE BEPOATHBIX NOCIEACTBUN 3aKPBITHS 3TUX LLIKOJ
C L1eJIbI0 000CHOBaHUs Oy/yliel rocyJapCTBEHHOM MOJIMTUKU U IPAKTUKU. MHOTHE BOIIPOCHI
ocratoTcst 6e3 oTBeTa. Hanmpumep: mosp30BaIich 1 00ydyaromuecs: My>KCKOTO M dKE€HCKOTO
110J1a OJIMHAKOBBIMH 0’KMJIa€MBIMU [TPEUMYIIIECTBAMH B MaTEMATHKE U SI3bIKaX
COOTBETCTBEHHO? VICIIBITHIBAIIN JTM 00Y4YaloLIHecs, Jalle IPOo>KUBAIOLINE B CEIbCKOM
MECTHOCTH, OJJUHAKOBBIM ypOBEHb HEYCIIEBAEMOCTH B T€UEHHE Beero nepuoaa? M kakossl

ObLIN npearnojgaracMbiC NOTCpu B O6y‘-ICHI/II/I I10 PAa3JIMYHBIM MPCIMETHBIM obmactam?
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YroObl 0OCO3HATH BIMSHUE HEABHUX OTPAHUYCHUH HA CHCTEMY 00pa30BaHUs B
Ka3zaxcrane, B HaCTOsIILIEM HCCIIEJOBAaHUU PACCMATPUBAIOTCS TEHACHIIMY B aKaIEMUYECKON
YCIIEBAEMOCTH YYaIIUXCs, MOCTYIMAIOUINX B OJJHY BHIOOPOYHYIO IIKOJIEHYIO CUCTEMY B
cTpaHe. B naHHOM Mccne0BaHnN UCIOIb3YIOTCS JIBa CAMBIX COBPEMEHHBIX HA0Opa JaHHBIX,
MIPEOCTABICHHBIX CUCTEMOM BEIOOPOUHOTO 00yUEHUSI, KOTOPAst OTCICKUBACT yCIIEBAEMOCTb
oOyuaromuxcs. Jluccepranus paszieneHa Ha JBa OTIEIbHbIX, HO B3aUMOCBSI3aHHBIX

HUCCICIOBAaHU.

B uccrnenoBanuu 1 ucnonb3yroTcs faHHbIE 00 YCIIEBAEMOCTH MOCTYMAIOIINUX HA YPOBHE
yuamuxcs 3a 2019, 2020 u 2021 roas! o MaTeMaTUKE, KOJIMYECTBEHHOMY MBILUICHUIO
(Jloruke), Ka3axCKOMYy SI3bIKY KaK 1-My SI3bIKY, Ka3aXCKOMY SI3bIKY KaK 2-MY SI3bIKY, PYCCKOMY
SI3BIKY KaK 1-My SI3bIKY, pyCCKOMY SI3BIKY KaK 2-My SI3bIKY U aHTJIMHCKOMY sI3bIKY. [1o Tem ke
CEMU TIPEIMETaM B UCCIICIOBAHUH 2 UCIIOJIB3YIOTCSI arperupOBaHHBIC JaHHBIE 00
YCII€BAEMOCTH KaHAUIATOB JUIsl BBISIBJICHUS TEHICHIIMN B YCIIEBAEMOCTH KaH1uaaToB ¢ 2013
o 2022 rox. B uccnenoBanuu 2, UCMONB3YIOTCA METOBI SKCTPATIOISAIUAN IS OIEHKH
BEPOSATHOMN MOTEpH CIIOCOOHOCTH K 00yueHuto cpenu HaceneHus: Kasaxcrana usz-3a c6oes B

pabore COVID-19.

Pe3y.]'II>TaTBI HUCCICIOBAaHUA 1 IMMoKasaJir, 4YTO IOJ yH4allerocsa u pOI[HOfI SA3BIK
(pYCCKHﬁ/Ka3aXCKHﬁ) OKa3aJIn 3HAYUTCIIbHOC BIIMAHUC HAa YCIICBACMOCTDb YHAIICTOCH, a TAKKE
MCECTOITOJIOKCHHUEC MIKOJBHOT'O OK3aMCHa (l"OpOI[/ CCJIbCKaAa MCCTHOCTB). CormacHo OTUCTY,
yqamuecCsa MYKCKOTIO I10JIa IMMPEBOCXOJAT yHAIUXCA KEHCKOTO [0 MATEMATHKE U
KOJIMYCCTBCHHOMY MBIIIJICHHUIO, B TO BPEMS KaK y4YalIUECCA KCHCKOI'O IOJIa IMPECB301LIN
YYCHUKOB MY’KCKOI'0 I10JIa IO Ka3aXCKOMY, pyCCKOMY U aHFHHﬁCKOMy SA3bIKaM. KpOMe TOTO,
ydqamucecs, roBopAIIre Ha PyCCKOM A3BIKEC KaK HAa pOJHOM, IMPEBOCXOAAT YHAIlIUXCA,
TOBOPAIIUX HA Ka3aXCKOM A3BIKC KaK HAa pOJAHOM, IO BCEM NJUCHUIUINHAM, 3a UCKIIFOUCHUCM

Ka3aXCKoro s3bIKa. B ncciaenoBanumn 2 paccMaTpuBaIUCh 3aKOHOMEPHOCTHU B YCIICBACMOCTHU
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kanauaaroB ¢ 2013 mo 2022 roa v UCTIOIB30BATIMCH METOAbI SKCTPATIOJISIIIUH J1JIs
MIPOTHO3UPOBAHUS TIOTEPH CITIOCOOHOCTH K 00yUeHHUI0 cpenu Hacenenus Kasaxcrana B
pesynbrate cboeB B pabore uz-3a COVID-19. Ananus BeisiBun Bei3BanHbi COVID-19
oOparubiit 3Qdext OIuHHA Y BCEX UCIIBITYEMBIX, CBHICTEIHCTBYIONIUHN O CTETICHH MTOTEPH

CIOCOOHOCTH K 00Yy4EHHIO.

OaHMM U3 BO3MOXHBIX PEHICHUN MPOOJIeMbI CYIIECTBEHHOM MOTEPH CIIOCOOHOCTH K
oOyueHuIo sABIsAETCS GUHAHCHUPOBAHHUE U pealln3alus MPOrpaMM MO UCIIPABICHUIO
MOJIOXKEHUS, 0COOCHHO B HanboJiee 3aTPOHYTHIX MPEAMETHBIX 00acTsIX - HaBBIKAX
IPaMOTHOCTH Ha Ka3aXCKOM U PYCCKOM si3bIkax. Kpome Toro, mpaBUTENbCTBAM CIEyET
YUYHUTBIBATh CEPbE3HBIC 3aTPAThl HA PAa3BUTHE U 00pa30BaHUE, CBA3AHHBIC C JOJITOCPOUHBIM

3aKPBITUEM HIKOJI.

Kurouesble ciioBa: OnnaitH-o0y4yenue, noreps 3uanuii, nangemus COVID-19,

KOPPCKIIMOHHOC O6y‘IeHI/Ie, OKOJIOrH4€CKas TCOpH.
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1. Introduction

1.1 Background of the Study

The global outbreak of the coronavirus disease (COVID-19) posed a significant
challenge to traditional educational systems worldwide. Within a brief span of two years, the
conventional mode of "face-to-face™ instruction was disrupted, forcing learners to adopt online
and blended learning methodologies. The impact of the pandemic on education was
pronounced, as evidenced by the UNESCO Institute for Statistics report that indicated the
closure of educational institutions in 41 countries, affecting over 800 million learners as of
September 2020. Kazakhstan was not immune to the effects of the pandemic on education, and
it was also compelled to shift to alternative modes of instruction to mitigate the spread of the

virus.

The COVID-19 pandemic presented a global challenge to education systems,
necessitating the rapid adaptation and utilization of diverse online platforms. In order to
optimize access and convenience for students, a range of distance learning tools have been
actively introduced within the global educational community, including video conferencing
tools like Zoom and Google Teams, televised lessons, mobile applications, multimedia lessons

posted on dedicated platforms, and materials sent via messaging applications or email.

During the one-and-a-half-year period of distancing/blended learning in Kazakhstan
from March 2020 to September 2021, it was reported that the implementation of several
associated measures caused significant stress among Kazakh students as a result of the
mandatory shift in learning modalities. It was also reported that many students complained of
pressure, felt fear of passing exams, and experienced poor assimilation of the curricula
material, which led to some instances of burnout for some students in the first half of the year

of distance learning in 2020 (Bokayev et al., 2020). According to Bokayev et al. (2020), a
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significant proportion of Kazakhstan parents, approximately 50.9%, expressed their
dissatisfaction with their children’s academic performance during the transition to online
learning. Furthermore, reports from Kazakhstan indicate that the sudden shift to online learning
had adverse effects on students’ technical and emotional readiness, thereby negatively
impacting their academic performance and generating dissatisfaction with the learning process

(UNESCO, 2020). It is, however, noteworthy that these reports lack empirical substantiation.

While online education has its advantages and disadvantages, it is here to stay. Given
this, the restrictions imposed by the COVID-19 pandemic provide an opportunity for
researchers to identify the effect of a general shift to online learning. Investigating the potential
effect of this transition may provide key insights that can inform future transitions, imposed or
not, to online modes of learning. The transition to online learning presents a unique opportunity
to investigate the potential impact on various academic disciplines, which may offer new
insights into how diverse forms of knowledge are acquired and advanced through a range of
digital media. Undoubtedly, online learning is no longer just a pandemic-driven phenomenon,
but a well-established and pervasive reality with an expanding global community of
stakeholders and contributors. Consequently, it is imperative to conduct a comprehensive
examination of the effects of online education on students’ academic achievement. What might
be the loss of learning associated with particular forms of governmental restrictions? Such
insights may inform future governmental decision-making vis-a-vis the potential cost of

imposing shifts to online and blended learning.

1.2 The Statement of the Problem

While occasional reports on students’ experiences during online learning are available,
no studies were conducted to systematically measure and compare students’ level of academic

improvement (or degeneration) under the various forms of restrictive online and blended
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conditions that were imposed during the pandemic period. In the meantime, in Kazakhstan, the
need for alternate online education continues due to inevitable adverse weather conditions and
as a means to prepare for potential future unforeseen circumstances such as future pandemics,
state-imposed rule-of-law, geopolitical instability, and potential future shortfall in brick-and-
mortar school infrastructure. Therefore, there is a growing need to identify the level of
disruption and associated costs and benefits associated with the imposition (or shift to) online
and blended learning environments on school children and adolescents. The overall of
disruption to learning as a consequence of the restrictions is yet to be examined empirically in

Kazakhstan.

1.3 Purpose of the Study

The purpose of this quantitative-based study is to analyze the impact of compelled
remote and blended learning in Kazakhstan during the COVID-19 outbreak by comparing
and tracking the academic performance of Grade 7 student applicants in for selective school
system that imposed online learning for approximately 18 months as part of the COVID-19

restrictions.

1.4 Hypothesis

This study is designed to test the hypothesis that the level of COVID-19 related restrictions
had a substantive effect on the academic development of students. For Study 1, RQ1, the null
hypothesis states that there were no statistically significant differences in student
performance for the 2019 to 2021 period based on the four student- and one school-level
predictors. For Study 2, the null hypothesis for RQ?2 is that there was no expected loss of

learning for each of the five subjects under investigation for 2021 and 2022.
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1.5 Significance of the Study

The importance of this work is that the current research project will assist policy
makers to understand and consider the impact of and potential improvement to current policy
and practice vis-a-vis remote and blended learning. It is expected that further monitoring of
learning outcomes under different offline/blended/online conditions will be undertaken to
further inform educational policy and practice in Kazakhstan. It is expected that this research
will serve to fill the research gap in Kazakhstan pertaining to the potential learning loss

associated with the imposition of such policies.

1.6 Definition of Key Terms

In order to understand terms used in the proposal, the definitions of central phenomena

were provided.

1.6.1 Distance Learning

The United States Distance Learning Association provided a definition of formal and
informal distance learning in 1998, as “the acquisition of knowledge and skills through
mediated information and instruction, encompassing all technologies and other forms of
learning at a distance” (Roblyer & Edwards, 2000). This definition is complemented by
Newby et al. (2000), who describe distance learning as “an organized instructional program
in which teacher and learners are physically separated” (p. ). Collectively, these definitions
imply that distance learning encompasses all types of learning that occur remotely, with

physical separation between teachers and learners.

1.6.2 Emergency Remote Education
Hodges et al. (2020) conceptualize emergency distance learning (EDL) as a temporary

shift to remote instruction in response to crisis situations. This transition involves the
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complete adoption of distance learning solutions for educational or training purposes that
would normally be provided through in-person or hybrid modalities. Once the emergency has
passed, the expectation is to return to the original mode of instruction. Kazakhstan has
previously experienced instances of EDL, with e-learning skills workshops and planning
events implemented in 4,135 educational institutions by the end of 2015, in line with the
State Program of Education Development in Kazakhstan for 2010-2021 (Kapezovich &

Toktarbekovna, 2014).

EDL has become increasingly relevant in recent times due to crises such as natural
disasters, political turmoil, and pandemics. Despite its potential to mitigate the negative
effects of crisis situations, EDL can pose challenges such as limited technological
infrastructure, inadequate teacher training, and difficulties in maintaining student
engagement. As such, it is crucial to study the implementation and effectiveness of EDL as
an emergency measure to ensure its optimal deployment and minimize potential

shortcomings.

1.6.3 Remedial Learning

Remedial learning is a form of education designed to address learning loss or
difficulties that students may have experienced. It involves identifying areas where a student
is struggling and providing additional support, instruction, and resources to help them
improve their knowledge and skills. According to a study published by Alvarez-Marinelli et
al. (2021) remedial learning has been shown to be effective in improving student performance
and reducing the achievement gap in academic subjects. Another study published in the
Quarterly Journal of Economics found that remedial learning can be an effective tool for
improving the language and literacy skills of struggling readers (Banerjee et al., 2007).

Remedial learning can be delivered in a variety of ways, such as one-on-one tutoring, small
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group instruction, or specialized classes, and it can be tailored to meet the unique needs of
each individual student. The goal of remedial learning is to help students reach their full
potential and to ensure that they have the knowledge and skills necessary to succeed in their

academic and professional pursuits.

1.6.4 Learning Loss

Learning loss refers to the concept of students experiencing a decrease in knowledge or
skills over time, particularly during extended periods away from formal education. According
to a recent study published in the Journal of Sociological Science, learning loss can occur
during summer breaks, when students are not engaged in formal learning activities, and can
result in significant declines in math and reading skills (Workman et al., 2023). The COVID-
19 pandemic has also highlighted the issue of learning loss, as many students experienced
disruptions to their education due to school closures and the transition to remote learning. A
study published by Donnelly et al. (2021) found that students who experienced disruptions to
their education during the pandemic were at risk for learning loss and other negative
outcomes. Addressing learning loss requires targeted interventions and support, such as

remedial learning, to help students catch up and regain lost knowledge and skills.

Based on the purpose of this study, the main research question of this research is:

What is the estimated effect of the restrictions during the pandemic on the academic
development of Kazakh student applicants in one selective school system in Kazakhstan? This

general question is broken down into more specific questions below:

1.7 Research Questions
To explore the role of the COVID-19 Pandemic on students’ academic development,

the following two studies aim to provide answer to the following specific research questions:
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Study 1

RQ1: What is the effect of student gender, mother tongue, origin, and school exam location
on student applicant performance in Math, QR, Kazakh, Russian, and English for the 2019,

2020, and 2021 period?

Study 2

RQ2: What is the estimated loss-of-learning in the Kazakhstani student applicant population

due to the imposed COVID-19 restrictions?
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2. Literature Review

2.1 Introduction

The purpose of the literature review is to provide a summary of the scholarship related
to the effect of the COVID-19 restrictions on student learning outcomes. This literature
review is presented in the following 14 subsections. Subsection 2.2 provides a description of
the framework for which the current literature was reviewed and presented herein. Thereafter,
subsection 2.3 introduces the policies that were first implemented to transfer to an online
education globally. As this juncture, subsection 2.4 sheds light on the readiness of
Kazakhstan authorities to respond the COVID-19 emergency situation. Following this, the
subsection 2.5 illustrates the eyesight on policies implemented in Kazakhstan for the
education sector during the pandemic. The subsection 2.6 provides the insight to Internet
access during the pandemic restrictions. The subsection 2.7 provides a review of the
educational challenges and opportunities presented by the pandemic, while the subsection 2.8
presents a summary of the novel COVID-19 teacher experience and training necessary for
such imposed pandemic situations. Thereafter, subsection 2.9 provides an illustration of the
student experience and perceived learning during the pandemic. The subsection 2.10 presents
research on the effect of the pandemic on male and female academic performance. The
subsection 2.11 revises the influence of students’ gender on academic performance. The
subsection 2.12 provides a view on the influence of a school type, as well as this, the
subsection 2.13 revises the influence of the language of instructions on students’ entrance test
performance. The subsection 2.14 completes the chapter by detailing research that outlines

future planning in a post-COVID world.

2.2 Framework for Review and Presentation of the Literature

Since this study is broken into two studies to provide deeper sight on the effect of

student gender, mother tongue, origin, and school exam location, as well as students’
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potential loss-of-learning due to the COVID-19 restrictions, it was decided to apply

constructivist learning theory, and ecological system theory as theoretical frameworks.

The literature review section begins by examining the global changes in education
during the COVID-19 crisis with a further inclination to educational policies implemented in
Kazakhstan as part of an emergency shift to a remote learning. As well as this, the following
subsections describe the educational challenges and opportunities arose during the period.
Insofar as possible, this literature review includes certain studies that are relevant to the
educational context of Kazakhstan. The research presented in the review was primarily
obtained from UNESCO reports and journals ranked by Scopus (as indicated by the Scimago

Journal Rank for 2022) as this type of research was considered to be of better quality.

Randolph (2009) offers a guideline for carrying out literature reviews, which entails
identifying six features of the literature and suggesting relevant categories for each feature.
To comply with this guideline, Table 1 illustrates the chosen categories (indicated by an

underline) for the current literature review.
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Table 1

Cooper’s Taxonomy of Literature Reviews

Characteristic Categories

Focus Research outcomes
Research methods
Theories
Practices or applications

Goal Integration
Generalization
Conflict resolution
Linguistic bridge-building Criticism
Identification of central issues
Perspective Neutral representation
Espousal of position
Coverage Exhaustive
Exhaustive with selective citation
Representative
Central or pivotal
Organization Historical
Conceptual
Methodological
Audience Specialized scholars
General scholars
Practitioners or policy makers
General public
Note. Specific category chosen for teach characteristic is underlined; reprinted from “4 Guide to Writing the
Dissertation Literature Review,” by J. Randolph, 2009, Practical Assessment, Research and Evaluation,
14(13). Copyright 2019. Each selected category relevant to the current literature review is underlined.

Each of the six characteristics will be described sequentially based on the category
chosen for it. The focus of the literature review relies on practices or applications and based
on examining how the emergency shift to online education affects students’ academic
development in Kazakhstan, particularly seventh-grade applicants (i.e., young adolescents) of
one selective school systems in Kazakhstan. The literature review aims to identify and review
various studies and their findings in order understand the potential for students’ 10ss-of-
learning during the 18 months of restrictions. The goal of the literature review is to synthesize
the studies related to the impact of the COVID-19 restrictions on student development and

learning. The perspective of the review is neutral, and the coverage category is limited to
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only central articles related to the examination of students’ academic abilities. Overall, the
literature review will systematically present studies that investigate the role of the students’
gender, origin, mother tongue, school exam location in terms of remote learning during the

pandemic, on their academic performance.

Since the study aims to explain how student’s development is influenced by oneself
environment and background, the Bronfenbrenner’s Ecological Systems Theory (1974) is
applied here (Ettekal & Mahoney, 2017). The theory emphasizes the importance of
understanding the context in which a person develops and the various relationships and
interactions that occur within that context. In essence, the theory highlights the
interconnectedness between an individual and their environment and how this dynamic
relationship influences their growth and development. Ecological Systems Theory depicts the
different levels of the theory as a visual representation of four systems that surround an

individual, arranged like a set of concentric circles (see Figure 1).
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Figure 1

Bronfenbrenner’s Ecological Systems Theory

Macrosystem
(school location)

Exosystem (origin)

Mesosystem
(mother tongue)

Microsystem
(gender)

Note. Adapted from Ettekal & Mahoney (2017), The SAGE encyclopedia of out-of-school learning. Ecological

Systems Theory, 230-241.

The ecological systems theory is a useful tool for comprehending how various factors
such as a student’s gender, origin, mother tongue, and school exam location can affect their
growth and academic achievements. These factors can impact the various environments that a

student interacts with and the role that these environments play on students’ development.

The Ecological Systems Theory can help explain gender differences in mathematical
abilities at the microsystem level, which refers to the immediate environment in which
individuals live and interact, such as family and school. At the microsystem level, gender
differences in mathematical abilities may be influenced by biological and socialization

processes, which occur within the immediate environment and involve the transmission of
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societal norms and values. For instance, in terms of socialization, parents, teachers, and peers
may have different expectations and attitudes towards males and females in regards to their

mathematical abilities, which can shape their experiences and opportunities.

Similarly, students’ mother tongue can affect their academic abilities, especially if
they speak a language different than the one taught in school. This may make it difficult to
absorb the curriculum and communicate with instructors and classmates, harming academic
achievement and impeding social and intellectual growth. The family-school relationships
can impact how successfully a student overcomes these problems on a mesosystem level. For
instance, parents who are competent in the language of teaching can assist and encourage
their kids to better understand and communicate with their instructors and peers. Teachers
and institutions can also be important in supporting students who speak another language.
They can offer language assistance programs, modify instructional methods, and build a

culturally diverse environment.

Furthermore, students’ families’ socioeconomic status (SES), which is directly related
to their origin, can also have an influence on their growth and academic performance at the
exosystem level. Students from low-income homes may confront barriers to resources,
support networks, and educational opportunities, which can have an influence on their
academic performance and social development. Policies relating to education financing,
social welfare programs, and economic prospects can all have an influence on the experiences
and opportunities accessible to students from various socioeconomic backgrounds at the

exosystem level.

Moreover, on an macrosystem level, a school’s location might influence a student’s
access to resources and opportunities in their neighborhood. Students in rural locations, for

example, may have less access to extracurricular activities and specialized courses than their
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urban counterparts. This may have a detrimental influence on their intellectual and social
development, as well as limit their options for future education and job pathways.
Furthermore, the availability of educational resources, such as libraries, technology, and

qualified teachers, might be limited for students depending on the location of the school.

In summary, the Ecological Systems Theory provides a framework for understanding
the complex interactions between different environmental systems and how they can impact a
student’s growth and academic achievements. Schools and policymakers must consider these
factors when designing and implementing educational policies and programs to ensure equal

access and opportunities for all students.

2.3 Global Crises, Local Consequences

The swift pace of development in the modern world is fueled not only by
advancements in technology and high-quality education but also by crises that present unique
challenges. One such challenge is the recent COVID-19 pandemic, which has led to a global
health emergency of unprecedented proportions. The pandemic has prompted researchers to
conduct comprehensive investigations into the impact of the crisis on distance education. As
per the Global Education Monitoring Report released by UNESCO (2021), more than 1.6
billion students worldwide have been impacted by the widespread closure of school facilities.
Governments have responded to this crisis by offering online education to ensure continuity
of learning, enabled by the widespread availability of Internet communication and computer
devices. However, the quality and reach of this initiative have been uneven both globally and
locally, with many children missing out on academic knowledge, particularly younger and
marginalized students. The findings of the report highlight the urgent need to ensure access to
high-quality education for all children, irrespective of their background, during crises such as

the COVID-19 pandemic.
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The COVID-19 pandemic has had a significant impact on the education system, with
the closure of schools affecting more than 1.6 billion students worldwide. Governments have
attempted to address this issue by introducing online education initiatives, but the quality and
effectiveness of these initiatives vary greatly. The United Nations Educational, Scientific, and
Cultural Organization (UNESCO) conducted a study on the impact of the pandemic on
distance education and has found that younger and marginalized children are at the highest
risk of not receiving a high-quality education. This emphasizes the need for effective and
equitable online education strategies to mitigate the impact of future crises on education. The
OECD study highlights the importance of providing support to students and teachers,
ensuring access to technology and internet connectivity, and addressing the socioeconomic
factors that may affect online learning. Overall, the COVID-19 pandemic has underscored the
need for resilient and adaptable education systems that can effectively respond to crises while

ensuring equitable access to education.

2.4 The Pandemic, Kazakhstan, and Student Learning

Based on the research data of the Demoscope Research Group, Kazakhstanis were
divided on their opinion about the implementation of online learning during the pandemic
(KazTag, 2020). Realizing that these measures were necessary and were introduced to curb the
spread of coronavirus, citizens were largely in agreement that they expected authorities to work
more effectively. Specifically, results pointed to a large minority, i.e., 43%, who were
categorically against the implementation of online distance learning. Similarly, a total 38% of
Kazakhstanis were sympathetic to distance learning at that time but believed that the authorities
needed to prepare better for the new academic year. However, only 16% of respondents fully
supported the online format, considering it a necessary measure. According to the survey, the
vast majority of citizens rated the effectiveness of online learning at either average (41% of

respondents) or below average (42% of respondents). Perhaps revealing the citizenry’s
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sentiment about the social costs of the shift to online learning, in total, only 12% of respondents

highly appreciated this new form of education.

In a recent focus group organized by the PaperLab research community, teachers,
students, and educational experts discussed the largely negative consequences due to the
COVID-19 restrictions. During the focus group, parents defined the online learning situation
as a “profanity”. In support of this sentiment, the World Bank (2020) estimated that the
COVID-19 restrictions would create an additional 100,000 15-year-old students defined as
functionally illiterate reflecting an overall reduction in 8 PISA scale points. Worryingly, it was
projected that the loss would be largely felt among students with low socio-economic
backgrounds and those in rural areas, accelerating the achievement gap between the haves and

have nots in the country.

The government's measures during a crisis are often evaluated by public sentiment. As
the COVID-19 pandemic brought about unprecedented changes in the education sector, it
became crucial to understand citizens’ perspectives on the most effective form of education.
In Kazakhstan, the public opinion on this matter appears to be split, as approximately half of
the respondents viewed online education as the best option, while the other half preferred in-
person learning. This finding highlights the need for further research into the factors
influencing the preference for one mode of education over the other. Additionally, it is
essential to examine the extent to which these preferences align with the actual learning
outcomes of students in each form of education, particularly in light of the ongoing pandemic
and the potential for future crises. A total 35% of the respondents believe that it is necessary
to give people the right to choose the form of education convenient and appropriate to them;
33% of Kazakhstanis were in support of online education, the forced measure imposed; while
29% expressed skepticism about the utility of the online format. In the opinion of the latter

group, it was better for students to attend school and university as in the traditional way as
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they thought that illiteracy was scarier than coronavirus. The findings of a survey conducted
by the Demoscope Public Opinion Bureau (2020) indicated that the majority of Kazakhstanis
are not well-suited for distance learning mainly due to inadequate material and technical
conditions, as well as the unpreparedness of the education system for the upcoming academic
year (commencing in September 2020). Moreover, the survey revealed that regional
inequality between students has increased significantly, largely attributable to unequal access
to the Internet (DEMOSCOPE, 2020). These issues have resulted in students struggling to
adapt to online learning, with limited access to the required resources and infrastructure to
facilitate their education. As a result, it is crucial to address these issues and ensure that all

students have equal opportunities to access education in the wake of the pandemic.

Overall, the results suggested that distance learning may have had a negative impact
on the education system, with assessments of student knowledge suggesting stagnation or
decline in literacy of 15-year-olds. As well as this, from the perspective of the students’
parents, distance learning was not suitable for Kazakhstanis largely due to the lack of
material and technical conditions and the unpreparedness of the education system for the
forthcoming academic year. Additionally, there was an increase in regional inequality due to
differential access to the internet which was expected to have exacerbated previous levels of
educational inequality and unequal educational access. The majority of parent respondents
believed that people should be given the right to choose a convenient form of education, and
some expressed skepticism about online learning, preferring the traditional in-person format.
Given the relative dearth of information on the potential learning loss due to COVID-19, just
one World Bank study, and the degree to which restrictions were controversial, it is an

imperative for further research to be undertaken in this area.
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2.5 Educational Policy Shifts for COVID-19

During the sudden shift from in-person instruction to remote learning in emergency
situations, policymakers worldwide have implemented various training methodologies to
support this transition. To ensure a smooth transition, policymakers prioritized adapting the
school curricula, adjusting the school calendar, and creating academic podcasts for TV and
radio. Additionally, policymakers have implemented online classroom meetings using digital
platforms through both asynchronous and synchronous methods. These measures aimed to
provide effective and uninterrupted educational services to students during the crisis. In the
face of the pandemic, such approaches played a significant role in maintaining access to

education for students worldwide.

In addition, as the data published by UNESCO (2020) suggested, alternative
methodologies such as the application of interdisciplinary teaching methods that allow
students to master topics using an integrated approach were also adopted. In this case, it
could be argued that the adapted curricula provided room for teachers to have more
independence in terms of course delivery and teaching. In addition, the development of
teachers’ interdisciplinary competence and the prioritization of taught content per se should
also be regarded highly in such emergency educational contexts. In this way, an integrated
approach to teacher training and development for the period was generally developed
(UNESCO, 2020). In response to global crises, several countries developed plans to adjust
the contextualization of education in order to achieve their goals. These plans included
reducing the number of basic learning objectives across various disciplines. For example,
Affouneh and Burgos (2021) conducted a study outlining a six-step action plan for
emergency response. The study highlighted the significance of the initial decision-making
period, analyzing technical support and digital tools, and future reforms as the essential steps

for implementing such strategies. The results of the study emphasize the importance of a
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well-planned response to global crises, with a focus on utilizing digital tools and technical
support to enhance the learning process. Furthermore, the study supports the need for
continued education reforms to maintain a robust educational system. In conclusion, adapting
to global crises through the modification of educational plans and strategies plays a vital role

in ensuring a quality education for all learners.

Affouneh and Burgos (2021) suggest that the initial step towards modifying
educational structures during crisis situations involves making a decision to adapt the
curriculum and transfer it to an online format. This decision-making process should prioritize
the timely discussion of a new teacher training plan, where potential risks and the ability of
stakeholders to adapt to changes in the usual pace of work are identified at the outset. It is
important to note that the study highlights the need to sustain the momentum of progress to
ensure the effectiveness of the adaptation process. Additionally, the research recommends the
integration of technical support and the utilization of digital tools to enhance the online
learning experience. Overall, the study emphasizes the significance of a well-planned
approach to curriculum modification and teacher training to ensure the provision of quality

education in times of crises.

As it is indicated in UNESCO report (2020), it is necessary to take into account the
characteristics of national or subnational curricula, the country’s resources and capacities to
develop distance learning processes, the levels of segregation and educational inequality in

the country, and how much of the school year had elapsed.

In November 2020, the Minister of Education and Science of the Republic of
Kazakhstan, Askhat Aimagambetov, announced the decision to extend the spring break by an
additional week. The purpose of this extension was to provide policymakers with additional

time to prepare for organizing the educational process in the context of non-standard
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guarantine conditions. Policy makers stated that the extension would create a more favorable
academic environment that would ensure the integration of relevant competencies and values
in the current context. This integration will help ensure that students are adequately prepared
for the challenges they may face in the future. These changes and adaptations were in line
with the UNESCO report that suggest that teachers shold prepare students for self-directed
study and strengthen their social and emotional skills despite the remote mode of

communication (UNESCO, 2020).

As a consequence of the pandemic, school systems, curricula, and teachers around the
world have undergone similar, though connected, re-conceptualizations. While the initial
period of discussions and negotiations may be a time-consuming process, it is crucial to
understand that it should not be delayed, particularly during a crisis. Any delay in decision-
making can result in harmful consequences, such as the rapid spread of infections among
schoolchildren and staff, as has been observed during the COVID-19 pandemic. Thus,
policymakers should prioritize timely decision-making to mitigate the potential risks
associated with crises. It is worth noting that the early stage of discussions and negotiations
can facilitate the identification of possible challenges and opportunities, which can ultimately
aid in creating an effective response plan. Therefore, policymakers should prioritize taking
action as soon as possible to ensure the provision of quality education in times of crises.
However, it is important for policy makers to consider the potential harm that interventions,

such as school closures, might incur.

However, in accordance with the summary of the educational policy shifts for
COVID-19 in Kazakhstan, decisions were made based on what was deemed as immediate at
the time of the pandemic. Adjustments were made in the interest of creating a favorable
academic environment that ensured the balanced integration of competencies and values

relevant in the current curriculum, including the preparation for self-directed study and the
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strengthening of social and emotional skills despite the remote mode of communication.
Moreover, further investigations into the loss-of-learning consequent to the pandemic itself
may inform future decisions concerning the risks and benefits associated with shifts,
especially imposed shifts, to the online learning mode. Such information would, of course,
need to be considered alongside potentially harmful consequences, including the spread of
infection among schoolchildren and working staff.
2.6 Unequal Access to Education During the Pandemic

Recent epidemiological, political, and social instability in Kazakhstan (Bokayev et al.,
2021) has produced apprehensive times for students, parents, and teachers. The recent
pandemic and, to some degree, the social unrest (Bloody January, Imamova, 2022) caused
paradigmatic shifts in the way in which education was delivered. Any level of upheaval tends
to have a disproportionate effect on those in lower socio-economic groups with fewer
resources and opportunities. The UNESCO Institute for Statistics database (2020) reported
that at the onset of the COVID-19 pandemic, approximately 826 million students globally,
which accounted for 50% of the student population, did not have access to household
computers or other necessary technical devices. Additionally, 706 million schoolchildren,
representing 43% of students worldwide, faced the challenge of not having a stable Internet
connection. These statistics highlight the significant digital divide that exists across the globe,
which has been further exacerbated by the pandemic. The lack of access to technology and
the Internet has had a detrimental impact on students’ ability to continue their education,
particularly during times of crisis. Thus, it is imperative that policymakers and educators
work towards closing the digital divide to ensure equitable access to education for all
students, regardless of their socioeconomic background or geographical location. This effort
will require collaborative efforts among various stakeholders to provide necessary resources

and support to bridge the gap and ensure that no student is left behind.
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This disproportionate effect was mirrored in Kazakhstan. The survey on “Distance
education in Kazakhstan” was conducted from the 6™ to the 9™ of October, 2020. A total
1,100 people took part in 14 regions and cities of republican significance (Nursultan, Almaty,
and Shymkent). The data collection for the survey was carried out via telephone calls to
landline numbers, using both Kazakh and Russian languages. This method of data collection
allowed researchers to reach a wide range of participants, regardless of their geographical
location, making it a useful tool for collecting data from a diverse sample population. A total
25% of respondents were men and 75% were women and all were over the age of 18. The
sampling frame included households that maintained a subscription to fixed telephone
numbers in Kazakhstan. For this sample, the maximum size of the statistical error with a 95%
probability does not exceed 3% (DEMOSCOPE, 2020). The data obtained during the survey
conducted showed that, geographically, residents of East Kazakhstan, North Kazakhstan, and
Zhambyl regions experienced the most technical difficulties with the Internet. Specifically,
44, 39, and 40%, of residents in each region, respectively. Findings from the survey revealed
that though nearly half of the surveyed citizens (49%) had an average Internet speed, they
still experienced difficulties with online learning. The Kazakhstani-based survey also
revealed that a quarter of citizens (25%) had poor Internet quality, meaning that the Internet
was always slow in their area. The survey identified that slow Internet speed was noted more
than others (varied to 35%) by residents of Almaty, West Kazakhstan, and Karaganda
regions. Only 22% of the survey respondents stated that they had a good Internet connection
speed, without complaints. The largest percentage of high Internet quality ratings (38%) was
in Astana and the Kyzylorda region. Such discrepancies in the speed of the Internet reveal the
leveled the inequality in the access to education during the pandemic period (DEMOSCOPE,
2020). The size of disproportionate effect that poor rural internet access had on learning

outcomes is therefore an important line of enquiry for Kazakhstan.
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2.7 Technological Challenges and Opportunities during the Pandemic

In the context of the COVID-19 outbreak, teachers and students have faced a range of
challenges during the transition to online learning, as highlighted by Huang et al. (2020).
These challenges include difficulties in finding and adapting suitable online teaching
resources, interruptions caused by simultaneous online connections, a lack of e-learning skills
and competencies among teachers and students, and a gap in students’ adaptation and self-
regulation skills. The study by Szpunar et al. (2013) specifically identified the issue of
students’ inability to effectively self-regulate during online learning, which can lead to
procrastination and difficulty concentrating without the guidance of in-person authority
figures. These challenges highlight the importance of providing adequate support and training
for both teachers and students during emergency transitions to online learning, as well as
addressing the digital divide and access to technology and internet connectivity. Additionally,
developing strategies to promote self-regulation and motivation in online learning can be

beneficial for students’ academic success.

As a counter to student procrastination and inattention, some scholars have suggested
that there is a need for eye-catching presentations and the integration of dynamic virtual
material during lessons as a replacement to ordinary lectures and lessons (Xie et al., 2006).
Corbi et al. (2021) proposed the adoption of Learning Management Systems (LMSs) as a
potential solution. LMSs are software programs that operate on a server and provide digital
learning environments for students. They allow for the distribution of assignments and
homework, as well as the downloading of recorded video lectures, posting of class
announcements, and sharing of learning materials. LMSs are becoming increasingly popular

due to their effectiveness in facilitating distance learning and increasing student engagement.
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According to a speech by Askhat Aimagambetov (2020, May 19), in Kazakhstan, 2.4
million schoolchildren utilized online platforms such as “Kundelik,” “Daryn.Online,” and
“BilimLand” to continue their education during the COVID-19 pandemic. These platforms
provided students with video tutorials that aligned with their curriculum, followed by
assignments from their teachers to test their comprehension of the material. In case of any
queries, students had the opportunity to revisit the video tutorials and discuss any issues with
their teachers. This approach facilitated remote learning and helped students to stay engaged
with their academic progress while maintaining social distancing. While these adjustments
likely mitigated against the detrimental effects on student learning, the overall size of

detrimental effect for the various compulsory school subject areas is yet to be explored.

2.8 Novel COVID-19 Teacher Experience and Training

According to Looi et al. (2021), the outbreak of the pandemic led to a shift in the role
of teachers from simply delivering the curriculum to designing effective learning experiences.
This involved not only structuring lessons and creating content but also adapting to digital
tools and online resources. As pointed out by Lister (2014), teachers had to become adept at
using technology to deliver their lessons and ensure that students were engaged and learning

effectively.

Additionally, teachers had to take on a new role as mentors, coaches, and motivators,
especially with the lack of control they had during the pandemic (Martin, 2020). This was
necessary to help students adapt to the new mode of online learning and to ensure their
emotional wellbeing. In essence, the pandemic necessitated a reconfiguration of teaching

practices to ensure maximum impact on the academic process within a short time frame.

Therefore, training programs for teachers is an imperative in order to ensure that

teachers have the skills and knowledge necessary to adapt to the rapidly changing landscape
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of remote and online teaching (Northcote et al., 2011). The training should include an
emphasis on pedagogy over technology, with a focus on the development of collaborative
skills that enable teachers to engage in group discussions about teaching design, curriculum
development, resource sampling, and methods of content delivery. Furthermore, these
training programs should cater to diverse levels of development, allowing teachers to take the
lead and recognize emotional issues. By providing teachers with the necessary skills and
knowledge, we can ensure that they are better equipped to navigate the complexities of online
teaching, and ultimately, provide students with a high-quality education, even during times of

crisis.

According to Ni She et al. (2019), the role of modern teachers has evolved from
traditional instruction delivery to instructional designers who incorporate interactive
technologies in their teaching. Unlike in the physical classroom, online teaching presents
challenges such as technological support and ensuring that students remain motivated and
engaged in a non-physical social environment. To overcome these challenges, teachers need
to adopt innovative approaches while also considering the designer's perspective to create an
environment in which students can participate effectively. They also need to use
technological tools in a pedagogically sound manner. As such, teachers must possess adaptive
experiences to design and deliver online lessons that cater to diverse learning needs. In
addition to technological support, they also have to consider the emotional and psychological
needs of students and provide support in those areas. Therefore, it is crucial for teachers to
receive proper training and support in order to effectively adapt to the evolving demands of

the modern teaching environment.

Despite the rapid adoption of online teaching, there are still a significant number of
teachers who face challenges in adapting their teaching practices to the online mode.

According to Kibaru (2018), this is largely due to their inadequate understanding and



26
COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

experience with online learning methodologies. In order to bridge this gap, it is important for
teachers to undergo training programs that can equip them with the necessary skills and
competencies required for effective online teaching. This includes training on how to use
digital tools and resources, as well as strategies for engaging and motivating students in an
online learning environment. Furthermore, ongoing professional development opportunities
can help teachers stay up-to-date with the latest trends and innovations in online teaching,

and enable them to continuously improve their skills and knowledge.

The following statement was made by the Kazakhstani minister of education and

science, Askhat Aimaganbetov:

At the moment, preparations are underway to provide distance learning courses for
teachers in Kazakhstan. It is essential to adopt a scientific approach while designing
the course content to cover not just the usage of technical devices but also to address
broader concerns such as IT competencies, teaching methodologies, strategies for
assigning tasks, and remote system management. To facilitate the professional
development of teachers, a specialized module will be created to cover all these
competencies in the course. The aim is to equip teachers with the necessary skills
and knowledge to carry out online teaching effectively, ensuring the continuation of

education during the pandemic and beyond (zakon.kz, 2020)

In the future, according to the Minister, future teachers will initially have to graduate
with the knowledge of teaching, both in the traditional form and with distance learning. The

minister continues,

Additionally, it has been communicated to all rectors that universities must also
implement a compulsory module on distance learning as part of their preparation.

This means that even students who are pursuing their education to become teachers
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should acquire knowledge on the use of technology, teaching methods, and various
competencies related to distance learning. This measure will ensure that future
teachers are adequately equipped to handle the challenges of online teaching and can
adapt to new technological advancements. The incorporation of this module will
help bridge the gap between traditional teaching practices and digital teaching and
will ensure that teachers are well-prepared to teach in both offline and online modes.

(zakon.kz, 2020).

Given the statements above, professional training programs during such restrictive
periods, should be flexible and allow new and returning employees to participate at any time
during the semester, regardless of previous knowledge of the teaching staff. The main task of
the state is to inspire teachers to take leadership positions for their professional development.
Therefore, professional tutorials should be flexible in terms of time, location, focus, format,
and duration. Moreover, employees with lower self-confidence should also be given the
opportunity to get together or to make individual consultations. Finally, according to Looi et
al. (2021), employees with superior technical and online teaching skills should be encouraged

to do the following:

1) exchange ideas, solve problems, and share their teaching methods with other co-workers;

2) browse sample collections;

3) work independently, particularly by using instruction manuals and brochures (Looi et al.,

2021).

To sum, itis important to consider the experience and training opportunities for teachers
during the COVID-19 pandemic. In the event of necessarily imposed emergency remote
education situation in Kazakhstan, providing learning opportunities for teaching management

and staff should be made an imperative to offset the potential loss-of-learning among children.
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2.9 COVID-19 Student Experience and Learning

Students must focus on self-regulation when studying remotely in order to develop
self-directed learning and enhance their e-learning abilities. Students' capacity to work
independently is critical in developing procedural skills, which necessitate the integration of
many types of information. This occurs when students have to figure out how to solve

problems on their own, or use a simulation to understand concepts in practical exercises.

Converting a home setting into a virtual learning environment can be a difficult task,
particularly within a limited time frame. It can be even more challenging for families with
children of varying ages, each with their own unique set of rules and requirements. During
times of emergency online learning, children may need additional support and guidance to
manage their learning effectively (Bokayev et al., 2021). According to previous research,
parents’ satisfaction with online teaching largely depends on their level of engagement with
school activities. To ensure effective online learning, parents need to guide their children in
completing homework tasks, participate in virtual meetings, and monitor their academic
progress (Beck et al., 2013; Laws & Millward, 2001). However, the level of parents’
involvement may be influenced by their education level and technical skills, as some parents
may struggle with navigating the online learning platforms, managing multiple devices, and
completing complex registration procedures. Therefore, schools and teachers should provide
adequate support to parents to ensure their effective involvement in their children's online

learning experience.

The level of support that parents can provide for their children’s online learning varies
and this can be observed by teachers. Bokayev et al. (2021) conducted a study that showed
that many parents encounter various difficulties when it comes to online learning. For

instance, some parents may lack confidence in their ability to fully comprehend the material
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presented in online classes. Additionally, families with multiple children may struggle to
provide enough technological devices for each child to attend their classes simultaneously.
Moreover, the lack of access to stable internet connection can pose a significant challenge for
students who are learning online. These challenges can lead to negative effects on students

academic performance and can cause additional stress for both parents and teachers.

To sum, in Kazakhstan, the 18-month-long period of online schooling during the
COVID-19 pandemic has had a significant impact on parents, particularly those with younger
children who required more consistent supervision and support. Consequently, many parents
had to sacrifice their work duties to meet their children's educational needs. This has had
broad educational and economic implications that require further investigation and
consideration. It is essential to examine the effects of online learning on parents' work-life
balance and economic stability, particularly in families with limited access to technology and
reliable internet. Additionally, it is necessary to investigate the impact of online schooling on
students' academic performance and their mental and emotional well-being. Moreover,
policy-makers and educators must consider the potential long-term effects of online learning
on the quality of education and the overall development of the younger generation. Hence,
further research is needed to explore the implications of the prolonged online learning regime

on the society as a whole.

2.10 The Effect of the Pandemic on Male and Female Academic Performance

As mentioned in subsection 2.4, the World Bank estimated that the loss-of-learning
due to COVID-19 restrictions in Kazakhstan was largely felt among underprivileged youth
located in rural areas. However, little is known about the level of learning loss in terms of
gender. It is not known whether female or male students more disadvantaged as a

consequence of the COVID-19 restrictions. International research on the topic suggested has
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explored the differential effects of COVID-19 on males and females in terms of
psychological health and well-being. Specifically, Roma et al. (2021) found that the
pandemic affected male and female university students’ personal lives equally. However,
males consumed more unhealthy food and exhibited less hygienic habits compared with their
female counterparts. Little research has been conducted on how the pandemic may have had
differential effects on male and female academic performance. One study in based on 300
Pakistani students suggested that females were less likely to support or enjoy eLearning (Ali
et al., 2021). While some research suggests that students in rural locations in Kazakhstan may
have been severely disadvantaged due to COVID, it is not known whether female students
were also disproportionately disadvantaged due to the pandemic restrictions and move to

online learning.

2.11 Gender Influence on Academic Performance

Studies have shown that there are persistent gender differences in mathematics and science
achievement, with boys tending to outperform girls in these subjects. However, the causes
and nature of these differences are still the subject of debate and research. The gender gap in
STEM areas, according to Spearman and Watt (2013), may be explained by variations in
abilities, attitudes toward STEM, and socialization. International studies, such as the Trends
in International Mathematics and Science Study (TIMSS) and the Programme for
International Student Assessment (PISA), have consistently found that on average, there are
no significant differences in mathematics achievement between boys and girls across
countries. While the majority of countries have no substantial gender disparities, boys
outperform girls in several circumstances. Numerous academic studies, including those
conducted by Alkhateeb (2001), Badr, Morrissey, and Appleton (2012), Bedard and Cho
(2010), Guiso, Monte, Sapienza, and Zingales (2008), and Mullis, Martin, Foy, and Arora

(2009), have examined the gender gap in mathematical achievement using data from the
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Trends in International Mathematics and Science Study (TIMSS) and the Programme for
International Student Assessment (PISA). These studies indicate that there is indeed
variability in the gender gap in mathematical performance across countries. However, the
findings from multiple TIMSS and PISA cycles suggest that gender differences in
mathematics achievement are generally not significant in most countries. Moreover, when

differences do exist, they tend to favor boys over girls.

Otherwise, girls have greater reading skills than boys, according to research, with girls
exhibiting stronger reading comprehension and vocabulary skills in many nations. For
example, according to a 2016 PISA assessment, females scored 29 points higher than males
in reading literacy across all nations participating in the research. Similarly, an OECD (2015)
survey discovered that the gender difference in reading literacy has remained largely steady

over the last decade, with girls regularly surpassing boys in the majority of nations.

The causes for gender variations in reading literacy are unclear, although some studies
suggest that girls are more driven and engaged in reading and that they may also receive
greater support from their families and instructors (OECD, 2019a). Boys, on the other hand,
may be less interested in reading and more inclined to participate in other hobbies such as

video games or athletics (OECD, 2019a).

While the reasons for these gender differences are complex and multifaceted, they
may be due in part to societal and cultural factors that influence girls' and boys' attitudes
towards mathematics. These factors may include gender stereotyping, biased teaching
practices, and limited role models. Addressing these issues requires a concerted effort by
educators, policymakers, and other stakeholders to create a more inclusive and equitable

learning environment that supports and motivates all students, regardless of their gender.
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2.12 Influence of a School Type on Academic Performance

A school's location can have a substantial influence on pupils' academic success. The
location of a school can have an impact on a variety of aspects, including the available
resources, the quality of instruction, and the social and economic context in which the school
is located. The availability of resources is one of the most important elements influencing
academic achievement. Urban schools typically have more resources, such as textbooks,
technology, and well-equipped laboratories, which can give students with more opportunity
to study and improve their academic performance. Schools in less affluent communities, on
the other hand, may have inadequate resources, which might impair kids' academic

achievement (Shi, 2020).

The geographical location of a school is a crucial factor that can influence the quality
of education it offers. According to Tadesse and Muluye (2020), schools situated in urban or
metropolitan areas typically have better access to a wider pool of qualified teachers and
instructional resources, which can enhance the overall quality of education. Urban schools
may also benefit from closer partnerships with local universities or research institutions,
providing opportunities for professional development and access to cutting-edge teaching

methodologies.

In contrast, schools located in rural areas may face several challenges in providing a
high-quality education. These schools may struggle to recruit and retain qualified teachers
due to limited employment opportunities or insufficient compensation. Rural schools may
also have limited access to instructional resources and technologies, which can hinder
students' learning experiences. Additionally, rural students may face unique socio-economic
and cultural challenges that can impact their academic performance and limit their access to

educational opportunities.
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Furthermore, the social and economic environment in which a school is located might
have an effect on academic success. Students attending schools in areas of extreme poverty
may face extra stresses, such as a lack of access to basic necessities such as food and shelter,
which can have an impact on their academic performance. Similarly, kids attending schools
in high-crime regions may suffer dread and anxiety, resulting in low academic performance

(UNESCO, 2018).

To summarize, a school's location can have a major influence on the academic
achievement of children. Schools in urban areas often have greater resources, higher
educational quality, and a more favorable social and economic climate. Schools in less
wealthy locations, on the other hand, may struggle to provide the same level of resources and

education quality, resulting in inferior academic achievement.

2.13 Influence of Language of Instructions on Academic Performance

The language of instruction plays a crucial role in students' academic success. When
students are unable to comprehend and communicate effectively in the language of
instruction, it can significantly impact their ability to learn and achieve academic success. In
Kazakhstan, a country with two official languages, Kazakh as the native language and
Russian as the official language, students who are not proficient in the language of instruction
may experience difficulties in reading, writing, and speaking, leading to a reduced capacity to
comprehend subject matter and articulate their thoughts effectively. This can negatively
impact academic performance, leading to lower grades and reduced academic progress

(OESD, 2019a).

Linguistic minorities face additional challenges in their academic pursuits, such as
underrepresentation in official assessments like the Programme for International Student

Assessment (PISA). This underrepresentation can further exacerbate existing disparities in
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academic achievement and limit opportunities for linguistic minority students to demonstrate
their academic potential. Educational policymakers and stakeholders must develop strategies
to support students who face linguistic barriers, such as providing additional language
instruction, utilizing bilingual resources, and developing assessment tools that are inclusive
and accessible to all students, regardless of their linguistic background. By fostering a more
inclusive and supportive learning environment, students from all linguistic backgrounds can

have an equal opportunity to achieve academic success.

There is a lack of research on the reading performance of students in bilingual or
plurilingual nations, particularly in post-Soviet countries where Russian is widely used at
home. Furthermore, the Russian language is more prevalent in metropolitan areas than in
rural ones, and some regions of Kazakhstan are more “Russianized” than others. As a result,
the purpose of this study is to see if there is a significant difference between students who

attend schools where Kazakh or Russian is the central language of teaching.

The language of instruction is a crucial factor that impacts academic performance, as
demonstrated by the results of the Unified National Test (UNT) in Kazakhstan. The UNT is
an assessment taken by students after completing secondary school to qualify for higher
education. According to IAC (2018), there has been a notable difference in UNT performance
between students who take the test in Russian versus Kazakh. Historically, before 2016,
students who took the test in Russian consistently outperformed their Kazakh-speaking peers.
However, there has been a reversal of this trend in recent years. In both 2017 and 2018,
students who took the test in Kazakh scored higher on average than those who took it in

Russian.

This shift in UNT performance may be attributed to a range of factors, such as

changes in the education system, improvements in Kazakh language instruction, or shifts in
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student demographics. It is also worth noting that UNT results may not necessarily reflect a
student's overall academic ability, as the test assesses a specific set of skills and knowledge

related to higher education enrollment.

Minority languages are not represented in the UNT, since students can only take the
exam in Kazakh, Russian, or English since 2018 (p. 106). While the UNT findings imply that
language of study is not a barrier to addressing students' educational requirements, they may
be skewed, and a worldwide examination such as PISA may offer a more accurate indicator
of educational differences caused by language of instruction in schools. As a result, this study

is critical for determining the influence of language on students' academic progress.

Finally, the language employed in schools can have a substantial influence on
children's academic success. When pupils are taught in a language in which they are not
fluent, their ability to absorb and communicate effectively suffers, resulting in poorer grades
and academic accomplishments. When students are taught in a language in which they are
proficient, their knowledge and communication abilities improve, enabling higher academic

performance.

In this case, to support students in achieving their full academic potential, it is
essential to ensure that language barriers do not limit their access to educational
opportunities. This may involve providing additional language support and resources for
students who are not fluent in the language of instruction, developing inclusive assessment
tools that account for linguistic diversity, and promoting multilingualism and language equity
in educational policies and practices. By prioritizing linguistic diversity and inclusivity, we
can ensure that all students have an equal opportunity to succeed academically, regardless of

their language background.
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2.14 Future Planning in Post-COVID World

Jaiswal (2020) emphasizes the significance of developing e-learning skills in the 21st
century, such as technological literacy and online adaptability, due to the prevalence of the
“information age”. With the possibility of future global crises, including pandemics, there is a
growing need to prepare for a shift to online education as a viable alternative to traditional in-
person learning. UNESCO (2020) recommends that online education be viewed as the “new
normal” to mitigate the negative impact on education during domestic or international crises.
This approach would not only provide a solution to the current crisis but also help to prepare
for future potential crises that may disrupt traditional education systems. A recent report by

the OECD reads,

“Real change takes place in deep crisis, you will not stop the momentum that will
build. [...] It’s a great moment” for learning [...]. All the red tape that keeps things
away is gone and people are looking for solutions that in the past they did not want
to see. Students will take ownership over their learning, understanding more about
how they learn, what they like, and what support they need. They will personalize

their learning, even if the systems around them won’t.” (Anderson, 2020).

Undoubtedly, the incorporation of information and communication technology (ICT) has
become increasingly imperative in contemporary classrooms. The employment of
sophisticated learning tools such as computers, tablets, and mobile devices can significantly
enhance the educational experience by fostering engagement and enjoyment, developing
essential twenty-first-century skills, and promoting active collaboration among learners
during the learning process. Integrating ICT in educational programs can have a positive
impact on student engagement, motivation, and academic performance, ultimately preparing

them to thrive in the digital era. By leveraging technological innovations, teachers can
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cultivate a more dynamic and interactive classroom environment that caters to the diverse
learning needs of students. Hence, the integration of ICT in education is a vital step towards

fostering a more engaging, effective, and equitable learning experience.

2.15 Summary

The COVID-19 epidemic caused dramatic changes in education throughout the world,
with schools closing and students moving to online learning. This transformation caused a
number of issues for students, particularly those from low-income households and
disadvantaged areas who lacked access to technology and online learning tools. Furthermore,
gender has been demonstrated to have an effect on kids' arithmetic and reading skills, with
girls frequently surpassing males in reading and boys exceeding girls in math. School
location has also been demonstrated to affect academic achievement, with rural pupils
frequently having less access to resources and opportunities than their urban counterparts.
Furthermore, the language of teaching has been demonstrated to influence academic

attainment, particularly in bilingual or plurilingual countries such as Kazakhstan.

All of these aspects are explained by the ecological systems theory, which holds that
individuals are impacted by a variety of systems, including microsystems, mesosystems,
exosystems, and macrosystems. The microsystem relates to an individual's local
surroundings, such as family and school, whereas the mesosystem refers to the
interconnections between various microsystems. Exosystems are external systems that have
an indirect impact on individuals, such as government legislation, whereas the macrosystem

is the greater cultural framework that influences attitudes and values.

In the context of education, ecological systems theory can assist us in understanding
how variables such as school location, language of teaching, and gender interact to impact

academic success. Students from rural locations, for example, may have difficulties in
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gaining access to resources and opportunities that their urban peers take for granted.
Similarly, pupils in bilingual or multilingual nations may struggle with the language of
instruction, especially if their home language is not included in official exams such as PISA.
Finally, gender may influence academic success since boys and girls may confront different

expectations and opportunities in school.

Overall, ecological systems theory assists us in comprehending the complicated
interplay of numerous elements that impact academic success. We may better understand the
problems and opportunities that students encounter and devise interventions to enhance their
academic performance if we evaluate these elements in the context of an individual's

surroundings and culture.
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3. Methodology

The main objective of this quantitative research is to explore the effect that the
COVID-19 pandemic had on students’ academic development in Kazakhstan. Specifically,
the research is broken into two studies. Study 1 identifies the role of gender, mother tongue,
and exam location on performance in these subjects, while Study 2 draws upon aggregated
data to estimate the degree of loss-of-learning on the same five subjects due to the pandemic.
3.1 Research Design

This study employs a quantitative design, which is best for analyzing large datasets,
such as entrance exam data. The current study employs a repeated cross-sectional research
design (Pan ,2022) as each of the applicant students for each year are unique—it is policy that
students cannot re-sit the entrance exam for the selective school in this instance. For repeated
cross-sectional designs, the same information is gleaned from the administration of the
instruments on independent samples. The advantage of such designs is that comparisons can
be made on the level or degree to which the same demographic (i.e., age, gender) exhibit
some focal attribute or trait. Therefore, this design is well suited to the current study given
that data is provided for both the pre-COVID (2019) and COVID-influenced (2020, onward)
educational conditions.

For Study 1, data is provided for each applicant student. In this case, percentage
correct scores are provided by the selective school (five subjects x three years). For Study 2,
data is provided in aggregate form. In this case, average scale scores are provided for each of
the five subject areas for the past ten years (five subjects x 10 years).

3.2 Participants
Participating students for Study 1 included a total 17,485 applicants from 2019, a total 20,084
applicants from 2020, and a total 19,248 applicants from 2021. Table 2 provides a breakdown

of the participating students for Study 1. The total sample size was 56,817.



40
COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

Table 2

Demographic of Student Applicants for 2019, 2020, and 2021

Gender Mother Tongue Location

Malen (%) Female n (%) Kazakh n (%) Russian n (%) Urban n (%) Rural n (%)
2019

8,750(50.0) 8,735(50.0) 4,746(27.1) 12,739(72.9) 2,468(14.1) 15,017(85.9)
2020

9,892(49.3)  10,192(50.7) 5,849(29.1) 14,235(70.9) 2,651(13.2) 17,433(86.8)
2021

9.649(50.1) 9,599(49.9) 6,097(31.7) 13,151(68.3) 2,763(14.4) 16,485(85.6)

Note. Percentages of total sample in brackets.

For Study 2, the total number of student applicants for each year were as follows: 2013 =
7,464; 2014 =11, 847; 2015 = 13,558; 2016 = 16, 060; 2017 = 17,362; 2018 = 14,818; 2019 =

17,485 (as above), 2020 = 20,084 (as above), 2021 = 19,248 (as above), and 2022 = 24,045.

In terms of origin status of the applicants, in 2019, 14.11% came from rural locations
(villages), in 2020, 13.20% came from rural locations, while in 2021, 14.35% came from

rural locations.

3.3 Instruments

For Study 1, applicant data included (1) the school location for which the student sat

the exam, (2) the language that the student sat the test in (Kazakh/Russian), (3) the student’s
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gender (male/female), (4) the location of the school (urban/rural), and individual percentile

scores for each of the five subjects.

For Study 2, applicant data was provided for this research project in aggregate form.
Specifically, the mean scale scores for each of the ten years for each of the five subjects was
provided for this research project by the selective school system. It should be noted that these
averages can be compared year-to-year as the exams were comprised of common (link) items
and equated via item response theory (IRT). This means that an applicant receiving a scale
score of 150 for Math for 2013 could be deemed equivalent to another student receiving a
scale score of 150 for Math in 2022, despite each student being subject to only a subset of

common link items (Wu, 2010). No demographic data were provided for Study 2.

3.3.1 Dependent Variables

The dependent variables in Study 1 pertained to applicant percentile scores for each of
the five subject areas. For Study 2, the dependent variables are the average scale scores for
each of the subjects for 2013 to 2022. The exams themselves were designed with the
assistance of an international testing body tailored specifically for the Kazakhstani context.
All psychometric scaling and equating were undertaken by an international assessment
agency. The testing regime and administrative procedures adhered to the highest standards
(American Educational Research Association, American Psychological Association, &

National Council on Measurement in Education [Eds.], 2014).

3.3.2 Independent Variables

For Study 1, the independent variables include student gender and mother tongue
specified at the within-school level, and school exam location (urban/rural) specified at the
between school level. For Study 2, the goal is to use historic pre-COVID data (i.e., 2013 to

2019) to project what might have been the average performance for each subject in 2020,
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2021, and 2022. Thereafter, the projected performance (based on 2013-2019 trends) could be
compared with the actual performance so as to estimate the degree of learning loss
experiences by Grade 7 students in 2020, 2021, and 2022. Therefore, the pandemic condition

could be conceived as the independent variable for Study 2.

3.3.2.1 Individual — and School-Levels of Data

It should be noted that within each of the schools (or exam locations), applicants
varied in terms of gender, mother tongue, and origin location. However, each student’s exam
location varied at the school level. In this instance, multilevel modelling is appropriate so
account for the potential for ecological and atomistic fallacies (Roux, 2002). For Study 1,
gender is coded male = 2 and female = 1, mother tongue is coded Russian = 2 and Kazakh =
1, and student’s origin location is coded urban = 2 and rural = 1, while exam location is
coded major city = 2 and minor city = 1 (Astana, Almaty, and Shymkent defined as major

metropolis).

3.3 Source of Data

Datasets for Study 1 and Study 2 were both provided by one selective school system
in Kazakhstan. All data was anonymized prior to being received by this researcher. In
addition, the data itself was kept in a password protected computer due to some level of

sensitivity.

3.4 Analysis

For RQ1, pertaining to the degree to which gender, mother tongue, and student origin
status, and school exam location predicted applicant performance, multilevel modelling was
undertaken with the assistance the misty (YYanagida, 2022) and Ime4 (Bates et al., 2015) R

packages.
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The misty package was used to estimate the intra-class correlation coefficients (ICCs)
and associated design effects (de = 1 + ICC[n.,s — 1], Where n,, s = average cluster size).
Design effects above 2.00 are consider substantive necessitating multilevel modelling (Lai &
Kwok, 2014). While the Ime4 package was used to perform the 15 total multi-level models
(or single-level models dependent on de) required for the analysis (outcomes for five subjects
for three years). While is it acknowledged that students may not permanently reside in the
school for which they sat the exam, it is expected that applicants would more generally sit the
exam in a place more convenient to them across the country and that examination of

differences in performance by school location was warranted.

The purpose of RQ2 was to identify the expected learning loss due to the pandemic.
Given a generally steady rate of improvement year-to-year in the exam performance of the
applicants, simple linear extrapolation is applied to the pre-pandemic data (2013 to 2020)
with the assistance of the linear regression (Im function) using base R (R Core Team, 2022).
Based on pre-COVID data, a line of best fit would be generated (note that for QR, only the
2019 and 2020 data is used due to the use of a new measurement scale). Thereafter, using the
generated intercept and slope details from the linear model, an extrapolation is undertaken for
2021 and 2022. Thereafter, the projected loss-of-learning for each cohort would be estimated
by subtracting the expected scale score by the observed scale score. To generate a Cohen’s d
type effect size to measure the magnitude of the loss-of-learning for 2021 and 2022, (1) the
projected learning loss for each year will be used as the numerator and (2) the SD for the
respective year (2021 or 2022) will be used as the denominator. Based on meta-alanyeses of
standardized test outcomes, Hattie (2008) has determined that, on average, students gain
approximately 0.40 Cohen’s d per year. Therefore, interpretations of loss-of-learning can be

interpreted in a similar way: 0.20 = negligible, 0.20 or above = small, 0.40 or above =



44
COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

medium (one year’s expected academic development), and 0.60 or above = large (Hattie,

2008).

3.6 Limitations

According to Cohen et al. (2007), it is indicated that small measurement errors may
significantly compound the analysis of outcomes. However, Study 1 deals with estimating
general trends in the data. Therefore, while there exists some lack of precision of
measurement at the individual level (see Wu, 2010, for an explanation of the mathematics),

such imprecision becomes non-significant at the aggregate level.

Another limitation is associated with the idea that the sample applicants are not
representative of the population of Kazakhstani population. It is true that applicant students
are likely among the top performing academically in the country. Therefore, caution should
be made when making generalizations from the current study to the wider population of
Grade 7 students. Nevertheless, it is reasonable to assume that a loss-of-learning experienced
by top performing students is highly likely to also be felt by students of all levels of the

ability spectrum.
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Chapter 4. Findings
4.1 Introduction
This chapter presents the findings of a study conducted to assess the impact of the
COVID-19 pandemic on the academic performance of Kazakh students in one selective
school system in Kazakhstan. Results are presented in accordance with the research questions

For RQ1, and results of descriptive statistics for RQ2.

4.2 RQ1: The Role of Student Gender, Mother-Tongue, Origin Status, and Exam

Location on Applicant Performance

Prior to undertaking regression-based analysis, it was necessary to estimate the ICCs
and design effects due to the school exam location. Table 3 provides all associated

information for ICCs and design effects for the seven subjects of interest.
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Table 3
Descriptive Statistics and Intraclass Correlation Coefficients/Design Effects for Seven Subjects, 2019-2021
Year Math QR Kazakh Kaz(2nd) Russian Rus(2nd) English

Descriptive Statistics: M(SD)
2019  46.01(17.95) 48.99(18.35) 76.83(14.90) 68.12(23.53) 81.18(11.77) 76.07(20.90) 53.49(20.30)
2020  49.70(18.39) 53.08(19.49) 74.99(14.86) 65.65(22.65) 81.63(11.48) 74.46(19.33) 54.06(21.67)
2021  42.72(23.99) 51.68(18.55) 65.47(15.52) 48.98(24.45) 69.22(17.18) 66.02(20.63) 51.57(23.19)

Between-School Random Effects: ICC(de)
2019 .11(97.06) .10(88.33) .02(13.72) .12(29.36) .08(19.90) .15(96.39) .11(97.06)
2020 .09(91.29) .09(91.29) .02(15.22) .14(35.97) 07(24.32)  .16(107.61)  .09(91.29)
2021 .07(65.09) .06(55.93) .04(13.50) .23(35.72) .07(24.15) .15(94.79) .08(74.25)

Note. QR = Quantitative reasoning; ICC = intra-class correlation; de = design effect.
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Analysis reveals that the standard deviations are generally comparable across years except for Math 2020-2021, and Russian 2020-2021.
Findings suggest that there existed very large design effects (over 2.00) due to exam location (schools) for which students sat the exams. Therefore,

multilevel modelling was deemed appropriate for the regression-based analysis in order to account for systemic differences between schools.

Table 4 presents the results of the regression analyses for each year (2019-2021) and for each subject. The variance explained due to the

predictors at both the within- and between-school exam location is provided in percentile form at the bottom of each set of regression coefficients

for each year.
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Table 4
Linear Mixed-Effects Multilevel Models for Five Subjects for 2019 to 2020
Intercept/ Math QR Kazakh Kaz (2nd) Russian Rus (2nd) English
Effects

2019
Intercept 11.80*** 11.31%** 76.43*** 77.82%** 65.61*** 55.02*** 19.98
Gender(M) 4.57*** 6.27%** -3.72%** -5, 71*** 1.19%** -1.18*** -1.85***
Lang(Rus) 3.62%** 4.43%** - - - - 7.38***
Origin(Urban) 6.27*** 7.09%** 1.08** -4, 78*** 6.24*** 12.21%** 9.94***
Major city? 7.92%** 6.80*** 2.68** 5.67" 1.08™ -0.46" 6.17*
Within-sch var 12.82/281.82 20.16/297.92 3.47/218.26 9.45/500.41 3.18/124.57 19.44/364.73 23.91/358.37
explained 4.55% 6.77% 1.59% 1.89% 2.55% 5.33% 6.67%
Between-sch var 20.32/33.65 18.20/31.83 1.28/5.44 4.53/67.31 1.01/11.07 6.57/63.55 18.74/44.61
explained 60.39% 57.18% 23.53% 6.46% 9.12% 10.34% 42.00%

2020
Intercept 13.34%** 11.10%** 72.57*** 79.03*** 67.03*** 54,79*** 21.93***
Gender(M) 5.47%** 6.00*** -3.60%** -5.38%** 0.49m™ 0.89** -2.90%**
Lang(Rus) 4.60%** 6.96*** - - - - 8.31***
Origin(Urban) 5.68%** 6.86*** 1.65*** ST A47*** 5.80*** 11.18%** 8.73***
Major city? 8.17*** 7.89%** 3.24%** 6.50™ 1.55"™ -0.39™ 6.73***
Within-sch var 16.28/298.87 25.60/338.99 3.40/216.81 10.63/455.77 2.10/122.03 16.19/307.83 25.49/417.63
explained 5.55% 7.55% 1.57% 2.33% 1.72% 5.26% 6.10%
Between-sch var 20.51/30.63 21.67/32.14 2.46/4.68 4.27/72.23 1.43/8.62 3.43/57.04 19.26/40.25
explained 66.96% 67.42% 52.56% 5.91% 16.59% 6.01% 47.85%

2021
Intercept 0.80*** 16.27%** 67.73*** 64.66*** 54.27%*** 46.45%** 18.58***
Gender(M) 6.75%** 5.49%** -4 4T -4.65*** -1.40%*** -0.79* -2.38%**
Lang(Rus) 5.27*** 5.07*** - - - - 6.53***
Origin(Urban) 7.00%** 6.34%** 0.26™ -6.70*** 7.05%** 12.71%** 10.10***
Major city? 8.12%** 6.13*** 2.25™ 2.85™ 1.88™ -0.56™ 6.65**
Within-sch var 24.68/527.37 19.11/317.59 4.88/231.82 8.30/463.00 3.59/272.69 22.59/361.82 24.16/482.21
explained 4.68% 6.02% 2.11% 1.79% 1.32% 6.24% 5.01%
Between-sch var 21.07/39.81 13.15/21.64 0.02/9.18 0.06/130.20 0.86/20.11 3.86/63.37 17.39/43.52
explained 52.93% 60.77% 0.22% 0.05% 4.28% 6.09% 39.96%

Note. QR = quantitative reasoning; origin = original location (urban = 2, rural = 1); ®predictor modelled at the between-school exam location level; *p < .05, **p < .01, ***p
<.001; ns = not statistically significant.
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Depending upon the outcome subject of interest and year, variance explained for
outcomes within-schools ranged between 1.32% (Russian in 2021) and 7.75% (QR in 2020).
Likewise, variance explained (due to major city status) for outcomes between-school exam
locations ranged between ranged between 0.05% (Kazakh as a second language, 2021) to

67.42% (QR in 2020).

In general coefficients tended to be quite consistent (in terms of size and significance)
across the pre-COVID (2019 and 2020) and post-COVID periods. Specifically, the
advantages due to gender, Russian language stream students (for Math, QR, and English),
and urban origin appeared consistent for the pre-COVID (2019 and 2020) and post-COVID

assessment periods.

4.3 RQ2: Projected Loss-of-Learning Due to COVID-19 Disruption

Results are now presented for the projected learning lost due to COVID-19 for each of

the five subjects.

4.3.1 Loss-of-Learning for Mathematics
For Mathematics, the projected loss of learning due to COVID-19 interruptions is

presented in Figure 2.
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Figure 2
Projected Loss-of-Learning in Math Due to COVID-19 Disruptions
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Note. Red line represents line of best for 2013 to 2020 only; observed score for 2021 = 170.80 while expected is
201.88 (-31.08 scale score points); observed score for 2022 = 155.60 while expected is 207.83 (-52.23 scale score
points); N(2021) = 19,248, SD = 96.00, 2*seM = 1.38; N(2022) = 24,045, SD = 91.30, 2*seM = 1.18; seM error
bars illustrated in graph.

Therefore, projected loss of learning for Mathematics in 2021 was 31.08 scale score points (d
=-0.32, moderate) and in 2022 was 52.23 scale score points (d = -0.57, moderate). This
suggests that the COVID-19 pandemic had a substantial negative effect on Grade 7

applicants’ mathematical ability.

4.3.2 Loss-of-Learning for Quantitative Reasoning

For QR, the projected loss of learning due to COVID-19 interruptions is presented in

Figure 3.
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Figure 3
Projected Loss-of-Learning in QR Due to COVID-19 Disruptions
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Note. Red line represents line of best for 2019 to 2020 only; observed score for 2021 = 155.0 while expected is
171.60 (-16.60 scale score points); observed score for 2022 = 158.90 while expected is 183.90 (- 25.0 scale score
points); N(2021) = 19,248, SD = 55.60, 2*seM = 0.80; N(2022) = 24,045, SD = 56.00, 2*seM = 0.72; seM error
bars illustrated in graph.

Therefore, the projected loss of learning for QR in 2021 was -16.60 scale score points (d = -
0.30, small) and in 2022 was -25.0 scale score points (d = -0.45, moderate). This suggests
that the COVID-19 pandemic had a small to moderate negative effect on students’ capacity
for quantitative reasoning. Though, as there were only two datapoints to base the

extrapolation on, the results should be viewed with some caution.
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Figure 4
Projected Loss-of-Learning in Kazakh as a First Language Due to COVID-19 Disruptions
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Note. Red line represents line of best for 2013 to 2020 only; observed score for 2021 = 130.90 while expected is
154.32 (-23.42 scale score points); observed score for 2022 = 128.20 while expected is 155.39 (-27.19 scale score
points); N(2021) = 19,248, SD = 31.00, 2*seM = 0.45; N(2022) = 24,045, SD = 29.70, 2*seM = 0.38; seM error
bars illustrated in graph.

Therefore, projected loss of learning for Kazakh first language performance in 2021 was
23.42 scale score points (d = -0.76, large) and in 2022 was 27.19 scale score points (d = -
0.92, large). This suggests that the COVID-19 pandemic had a large substantial negative

effect on Grade 7 applicants’ native Kazakh language ability.

4.3.4 Loss-of-Learning for Kazakh as a Second Language

For Kazakh as a second language, the projected loss of learning due to COVID-19

interruptions is presented in Figure 5.
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Figure 5

Projected Loss-of-Learning in Kazakh as a Second Language Due to COVID-19 Disruptions
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Note. Red line represents line of best for 2013 to 2020 only; observed score for 2021 = 98.00 while expected is
137.10 (-39.10 scale score points); observed score for 2022 = 93.00 while expected is 139.86 (-46.86 scale score
points); N(2021) = 19,248, SD = 48.90, 2*seM = 0.70; N(2022) = 24,045, SD = 45.00, 2*seM = 0.58; seM error
bars illustrated in graph.

Therefore, projected loss of learning for Kazakh second language performance in 2021 was
39.10 scale score points (d =-0.80, large) and in 2022 was 46.86 scale score points (d = -
1.04, large). This suggests that the COVID-19 pandemic had a large substantial negative

effect on Grade 7 applicants’ Kazakh second language ability.

4.3.5 Loss-of-Learning for Russian as a First Language

For Russian as a first language, the projected loss of learning due to COVID-19

interruptions is presented in Figure 6.
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Figure 6

Projected Loss-of-Learning in Russian as a First Language Due to COVID-19 Disruptions
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Note. Red line represents line of best for 2013 to 2020 only; observed score for 2021 = 138.40 while expected is
164.32 (-25.92 scale score points); observed score for 2022 = 134.80 while expected is 166.11 (-31.31 scale score
points); N(2021) = 19,248, SD = 34.40, 2*seM = 0.50; N(2022) = 24,045, SD = 34.0, 2*seM = 0.44; seM error
bars illustrated in graph.

Therefore, projected loss of learning for Russian as a first language performance in 2021 was
25.92 scale score points (d =-0.75, large) and in 2022 was 31.31 scale score points (d = -
0.92, large). This suggests that the COVID-19 pandemic had a large substantial negative

effect on Grade 7 applicants’ Russian as a first language ability.

4.3.6 Loss-of-Learning for Russian as a Second Language

For Russian as a second language, the projected loss of learning due to COVID-19

interruptions is presented in Figure 7.
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Figure 7

Projected Loss-of-Learning in Russian as a Second Language Due to COVID-19
Disruptions
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Note. Red line represents line of best for 2013 to 2020 only; observed score for 2021 = 132.00 while expected is
149.01 (-17.01 scale score points); observed score for 2022 = 127.70 while expected is 151.23 (-23.53 scale score
points); N(2021) = 19,248, SD = 41.30, 2*seM = 0.60; N(2022) = 24,045, SD = 40.20, 2*seM = 0.52; seM error
bars illustrated in graph.

Therefore, projected loss of learning for Russian as a second language performance in 2021
was 17.01 scale score points (d = -0.41, moderate) and in 2022 was 23.53 scale score points
(d =-0.59, moderate). This suggests that the COVID-19 pandemic had a moderate substantial

negative effect on Grade 7 applicants’ Russian as a second language ability.
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4.3.7 Loss-of-Learning for English

For English, the projected loss of learning due to COVID-19 interruptions is presented

in Figure 8.

Figure 8
Projected Loss-of-Learning in English Due to COVID-19 Disruptions
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Note. Red line represents line of best for 2013 to 2020 only; observed score for 2021 = 103.10 while expected is
109.06 (-5.96 scale score points); observed score for 2022 = 101.4 while expected is 112.34 (-10.94 scale score
points); N(2021) = 19,248, SD = 46.40, 2*seM = 0.67; N(2022) = 24,045, SD = 48.30, 2*seM = 0.62; seM error
bars illustrated in graph.

Therefore, projected loss of learning for English language performance in 2021 was 17.01
scale score points (d = -0.13, negligible) and in 2022 was 23.53 scale score points (d =-0.23,
small). This suggests that the COVID-19 pandemic had a negligible to small negative effect

on Grade 7 applicants’ English language ability.



COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

4.3.8 Summary
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Table 5 presents a summary of the expected loss-of-learning due to COVID-19 for each of the

seven subject areas.

Table 3

Summary of Loss-of-Learning Due to COVID for Seven Subject Areas

Year Observed Scale Score: Expected Scale Score d
M(SD) (M)
Kazakh (1st)
2021 98.00(48.90) 137.10 -0.80
2022 93.00(45.00) 139.86 -1.04
Kazakh (2nd)
2021 130.90(31.00) 154.32 -0.76
2022 128.20(29.70) 155.39 -0.92
Russian (1st)
2021 138.40(34.40) 164.32 -0.75
2022 134.80(34.00) 166.11 -0.92
Russian (2"9)
2021 132.00(41.30) 149.01 -0.41
2022 127.70(40.20) 151.23 -0.59
Math
2021 170.80(96.00) 201.88 -0.32
2022 155.60(91.30) 207.83 -0.57
QR
2021 155.00(55.60) 171.60 -0.30
2022 158.90(56.00) 183.90 -0.45
English
2021 103.10(46.40) 109.06 -0.13
2022 101.40(48.30) 112.34 -0.23

Note. QR = Quantitative Reasoning; d = Cohen’s d effect size.

The summary suggests that loss-of-learning due to COVID-19 was exhibited the most

for first and second language Kazakh speakers, while the least for English and QR.
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Chapter 5. Discussion
5.1 Introduction
The previous chapter described the findings from the multilevel regression models on
the role of applicants’ gender, mother tongue, origin status, and exam location on applicants’
performance, based on the total sample of 56,817 students. Accordingly, the chapter also
presented the projected loss-of-learning across seven subjects (Mathematics, Quantitative

reasoning, Kazakh language, Russian language, and English language).

The study revealed a concerning trend: many students experienced a significant loss-
of-knowledge during the pandemic period, which is commonly referred to “remote learning”.
This loss-of-knowledge will likely have a detrimental effect on students’ ongoing academic
progress highlighting the importance of finding effective strategies to mitigate this

phenomenon.

In this chapter, we will discuss the implications of these findings and suggest potential
solutions to address the issue of learning loss. The chapter is organized into multiple
subsections. These subsections discuss the COVID-19-induced reverse Flynn Effect across
seven studying areas, as well as identifies the influence of such predictors as gender,
language of instructions, and school location on the applicants’ ability in the different
subjects. The chapter concludes by suggesting the implementation of remedial learning into
educational process in terms of ecological systems theory. The last subsection presents

summary of all subsections mentioned above.

5.2 RQ1: The Role of Student Gender, Mother-Tongue, Origin Status, and Exam

Location on Applicant Performance

Gender disparities in academic achievement have been a longstanding focus of

educational research, with the Programme for International Student Assessment (PISA)
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revealing notable differences between boys and girls across various subjects. Specifically,
research shows significant gender gaps in mathematics and science performance, with males
outperforming females, while the reverse holds for reading proficiency (Gilleece et al., 2010).
The continuing debate over the drivers of these gender differences in academic success
encompasses both biological and sociocultural factors, as well as the effectiveness of
educational interventions aimed at narrowing these gaps. According to researching data,
significant gender imbalances persist across all five subjects (Mathematics, Quantitative
Reasoning, Kazakh, Russian, and English) and all three years (2019-2021), with male
students generally exhibiting stronger academic performance in Mathematics, Quantitative

Reasoning, and Kazakh, while female students tend to excel in Russian and Englishro

5.2.1 The Role of Gender on Applicants’ Mathematics and Quantitative Reasoning

Performance

Using multiple regression analyses, epy findings show that in 2019, female students
displayed better performance in quantitative reasoning skills relative to their male
counterparts, as evidenced by a negative standardized beta weight of -0.19 for gender.
However, male students outperformed their female peers in both 2020 and 2021, with
negative standardized beta weights of -0.17 and -0.15, respectively. These results suggest that
the impact of gender on quantitative reasoning ability may vary over time, with gender-based
differences emerging in different years. Overall, the analysis indicates that the role of gender
in quantitative reasoning skills may be complex and multifaceted, and it may fluctuate over

the course of a student's academic journey.

Notably, the COVID-19 pandemic has exacerbated existing gender disparities in math
and quantitative reasoning performance. Online learning, which became widespread during

the pandemic, may have contributed to a decrease in motivation and participation among
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female students, due to the lack of in-person support and guidance from instructors.
Additionally, the shift to remote learning may have placed students from low-income
backgrounds at a disadvantage, as they may not have had access to the necessary equipment
or a suitable study environment. These variables are likely to have contributed to the

widening gender gap in math and quantitative reasoning skills observed during the pandemic.

5.2.2 The Role of Gender on Applicants’ Language Performance

Based on the supplied statistics, female students consistently exhibit stronger language
skills than their male counterparts across all three years of study (2019-2021), in all three
languages examined (Kazakh, Russian, and English). There are several potential explanations
for this gender gap in online language learning. For one, female students may possess greater
natural aptitude for language acquisition or be more motivated to pursue language studies
than their male peers. Additionally, female students may be more likely to engage in
language learning activities that are emphasized in online education, such as collaborative
projects, online discussions, and written assignments. Notably, research also indicates that
female students tend to be more proficient in using technology for educational purposes than
male students, which may be particularly advantageous in the context of online language

instruction.

5.2.3 The Role of Language of Instruction on Applicants’ Performance

The results of the findings section present that in general, students instructed in Russian
perform better in all subjects, with the exception of Kazakh, where students instructed in
Kazakh scored slightly higher. These findings suggest that language of instruction is a crucial
factor in Kazakhstan in academic achievement among applicants, especially for bilingual
study environment. Accordingly, the language of instruction in schools became crucial

predictor of students' reading literacy scores and mathematic abilities in PISA 2018, where
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students with Russian language of instruction outperformed students with Kazakh language
of instructions. It is worth noting that the discrepancy in academic achievement between
students taught in Russian and Kazakh may be attributed to the location of the schools where
these languages are used as the medium of instruction. Russian is predominantly used in
metropolitan regions, which are generally associated with higher socioeconomic levels and

greater educational resources, while Kazakh is more commonly used in rural areas.

Therefore, addressing the disparities in academic achievement may necessitate a focus

on strengthening educational opportunities in rural schools.

5.2.4 The Role of Origin and Exam Location on Applicants’ Performance

Based on the analysis, students who took the exam in urban areas demonstrated better
academic performance in Math, QR, and English compared to those in rural regions. For
instance, the mean Math score for students who took the exam in major cities was 60.33,
whereas it was 53.08 for students who took the exam elsewhere. The availability of superior
educational resources in urban areas, including access to more instructional materials and
well-equipped classrooms, could be a contributing factor to this gap in academic
performance. Additionally, peer influence may also play a role, with students in major cities

having access to a more diverse and competitive peer group that fosters academic excellence.

It is plausible that the exam may be more challenging for students outside major cities,
although this hypothesis is purely speculative. Nonetheless, these findings suggest that
students who take exams in major cities have a considerable advantage over those who take

exams in other regions, particularly in Math, QR, and English.

5.3 RQ2: Consideration of the Flynn Effect on Projected Loss-of-Learning Due to

COVID-19 Disruption



62
COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

It is necessary to first consider the (reverse) Flynn Effect and how actual changes in
Kazakhstani applicants’ 1Q scores over time might have impacted the expected scale scores
for each of the seven subject areas. The Flynn effect suggests that 1Q scores tend to increase
over time, meaning that students in each grade level should be expected to have higher 1Q
scores than students in the same grade level in previous years. This could lead to an increase
in the expected scale scores for each subject area over time, even without any changes in
actual learning. This was, of course, observed for the first eight years for each of the seven

subjects (though QR was only 3 years).

However, the projects loss-of-learning, and associated estimated Cohen’s d effect size
for each subject area, suggested that there was a significant decrease in scale scores between
2021 and 2022, indicating that there was indeed a loss-of-learning due to the COVID-19
pandemic. While the Flynn Effect would have likely contributed to an increase in expected
scale scores over time, this effect was likely outweighed by the negative impact of the

pandemic on student learning.

5.3.1 Loss-of-Learning in Kazakh (1st)

The reverse Flynn Effect on Kazakh (1st) can be observed by comparing the observed
scale scores in 2021 and 2022 to the expected scale scores. The loss-of-learning in Kazakh
(1st) was equivalent to d = -0.80 in 2021 and d = -1.04 in 2022. This suggests that 2021
applicants were two years behind their projected performance, while the new 2022 cohort of
applicants was more than almost three years behind in terms of Kazakh literacy. Given that
students generally learn at 0.40 Cohen’s d per years, it may be that the native Kazakh
speaking applicants may have even regressed meaning that their language skills may have
become worse. This is especially troublesome given that this is an important language for
Kazakhstan and the student applicants would likely have constituted a sub-sample of the

Kazakh-speaking Grade 7 student population that was more privileged. Though speculative,
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the loss-of-learning for less privileged Kazakh-speaking students in Kazakhstan may have

been even worse.

5.3.2 Loss-of-Learning in Kazakh (2nd)

The reverse-Flynn effect was also demonstrated in the Kazakh as a second language
student applicants. The loss-of-learning in Kazakh (1st) was equivalent to d =-0.76 in 2021
and d =-0.92 in 2022, almost two and two and a half years behind what would be expected.
Again, we see evidence here of potential regression. The lack of proficiency in students
Russian-native speaking students to communicate in Kazakh has major ramifications for
communication domestic communication. While speculative, there is likely less capacity for
inter-cultural and inter-ethnic communication among children and young adolescents in the

country. Ongoing research on this potential phenomenon is essential.

5.3.3 Loss-of-Learning in Russian (1st)

The reverse Flynn effect was also evident for Russian (1st) with a loss-of-learning
equivalent to d = -0.75 in 2021, and -0.92 in 2022. This indicates that, having experienced
one and a half years online learning, the 2022 cohort was over two years behind where they
might be expected to be in terms of native Russian proficiency. Many teachers had to quickly
adapt their teaching methods to accommodate remote learning and that this adaption did not
work well. It appears that the adaptions did not function well for students in general leading
to a potential regression in language skills. This downward trend was likely associated with
the pandemic and its associated disruptions to students’ daily routines and access to
educational resources, which likely exacerbated the challenges posed by remote learning. As
a result, students whose first language was Russian may not have been receiving the same
level of instruction and support as they would have in a normal classroom setting, which may

have negative implications for their academic progress and language acquisition.
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5.3.4 Loss-of Learning in Russian (2nd)

More recent applicants’ performance in Russian (2nd) also showed evidence of the
reverse Flynn effect. The loss-of-learning in Russian (2nd) was equivalent to d =-0.41 in
2021, and d =-0.59 in 2022, which indicates that the 2022 cohort was close to a year and a
half behind what might be normally expected. The probable lack of exposure to the language
in practical, everyday situations may have contributed to the reverse Flynn effect observed in
Russian (2nd) proficiency This is because native Kazakh-speaking students were likely not
able to supplement their classroom learning with real-life language practice outside the
classroom with native Russian speakers. The pandemic has made it difficult for language
learners to immerse themselves in the language they are studying, and this could be a
contributing factor to the lack of progress in language skills observed among non-native

speakers learning Russian as a second language.

5.3.5 Loss-of-Learning in Math

According to Table 5, the reversed Flynn Effect on Math was -0.32 in 2021 and -0.57 in
2022. That means, that learning loss for the 2022 cohort was also approximately one and half
behind what might normally had been expected. While some loss has been observed in Math
results during the pandemic, the effects have not been as pronounced as initially anticipated
(less pronounced that in languages, for example). One possible reason for this is that Math is
a subject that is popular among students to have extra classes on, as well as more tutoring
hours, which are often held face-to-face. However, due to COVID-19 restrictions, there has
been a reduction in the total hours of learning available to students. Despite this, the impact
on Math results has been less drastic than observed in the other linguistic-focussed academic
subjects. Nevertheless, ongoing efforts are needed to mitigate the effects of the pandemic on

students’ learning outcomes, particularly in critical subjects such as Mathematics.
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5.3.6 Loss-of-Learning in QR

The reverse Flynn Effect was also demonstrated for QR in 2021 (d = -0.30) and 2022 (d
=-0. 45). This means that students lost-of-learning in 2022 was close to three quarters of a
year. The relative stability in QR for the cohort may be associated with reasoning being more
stable in children and less susceptible to change. For example, the study by Strand (2004)
suggests that results in QR may be more stable in young children and less susceptible to
regression. While the COVID-19 pandemic has disrupted traditional learning environments,
the overall 1Q level of students may remain relatively stable over time. Speculatively, this is
important as regression in QR may be associated with more serious downstream cognitive,
developmental, and social effects. While there may be some learning loss due to school
closures and remote learning, the stability of 1Q levels suggests that any decline is likely to be

relatively minor and not significantly impact performance in quantitative reasoning.

5.3.7 Loss-of-Learning in English

According to the table, the reverse Flynn Effect on English seems to be the least severe
compared to other subject areas. So, the Cohen’s d for the year 2021 was -0.13, while for the
year 2022 it was -0,23, which suggests that in 2022, students were only approximately half a
year behind their expected performance in terms of English language literacy. This suggests
that the impact of school closures and remote learning on their English proficiency may not
have been as substantive. It is possible that applicant students in general learned English
online anyway through private tutoring or “shadow education”. Furthermore, private tutoring
may have played a role in maintaining their English proficiency, as some families may have
sought out additional support to ensure their children did not fall behind (Hajar, 2022).
Private tutoring has long been a popular option for students seeking additional support in

academic subjects in Kazakhstan, and the pandemic may have even increased its prevalence.
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5.4 Implementation of Remedial Learning

One of the possible suggestions to mitigate against the loss-of-learning due to COVID-
19 disruption is to implement targeted remedial courses and programs. Remedial learning has
emerged as a viable strategy for addressing the learning loss that has occurred during the
COVID-19 pandemic. This more personalized and targeted approach provides instruction to
students who require additional support in specific areas, enabling them to bridge gaps in
their knowledge and catch up with their peers (Chen, 2011). To effectively implement
remedial learning at the government level, a comprehensive plan must be developed that
considers the needs of students across different grade levels and subjects. This plan should
include the allocation of additional resources, such as teachers, learning materials,
technology, and, importantly, time, to support the delivery of remedial instruction. Moreover,
the government can work with schools to identify students who require more extensive
remedial support and establish a system for providing personalized instruction, which can
take the form of small group sessions or one-on-one tutoring delivered during school hours or
during after-school programs. Ensuring the success of remedial learning programs also
requires providing training and support to teachers and tutors who will be delivering
instruction, through professional development programs and ongoing coaching. Finally, the
government can establish monitoring and evaluation systems to track student progress and
program effectiveness, allowing for adjustments and improvements to be made as necessary.
By taking a coordinated approach and committing to addressing the learning loss, the
Kazakhstani government, and other governments experiencing similar levels of loss-of-

learning, can help all students to catch up and succeed in their education.

5.5 Application of Bronfenbrenner’s Ecological System Theory
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In terms of policy, the Kazakhstani government should carefully consider multiple
levels of influence when addressing issues in education. Here are some potential actions that
could be taken at each level in accordance with Bronfenbrenner’s Ecological Systems theory

(1974).

1. Microlevel: Gender issues - Regarding gender variations in mathematical aptitude, it is
critical for schools to promote an inclusive and equitable environment for all students. This
could include implementing policies and practices that take into account potential differences
in how boys and girls learn and process mathematical concepts, providing targeted resources
and support for students who may struggle in this subject, and ensuring that all students,

regardless of gender, have equal access to educational opportunities.

2. Mesosystem level: Mother tongue - Governments should endeavor to encourage bilingual
education programs that value both mother tongue and regional languages, and give
opportunity for children to acquire and enhance their language abilities. Investing in language
instruction and resources, educating teachers to interact with multilingual kids, and adopting
regulations that encourage the use of mother tongue in the classroom are some examples.
Certainly, the implementation of the updated curriculum and its new directives and

approaches may be useful in this regard (Courtney et al., 2022).

3. Exosystem level: Student origin - Governments can seek to solve systemic concerns
affecting students depending on their origin, such as prejudice or a lack of resources.
Developing legislation to alleviate socioeconomic inequities, boosting access to educational
resources and opportunities, and investing in programs that help students from rural areas and

their families are examples of such initiatives.

4. Governments can try to rectify the uneven distribution of resources and opportunities

between schools and regions at the macrosystem level. This might involve investing in
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underserved areas’ schools and infrastructure, adopting policies to alleviate the achievement
gap between schools, and providing resources and assistance to schools in rural or isolated

locations.

5.6 Conclusion

The findings indicate that there are considerable disparities in academic success across
subjects (Math, QR, Kazakh, Russian, and English) among the applicant students throughout

the three-year focal period (2019-2021).

In most academic disciplines, male students exhibit higher performance levels than
their female counterparts, except in language-based subjects. Gender is a consistently
significant predictor of academic success across all three years, with effect sizes that are
statistically significant (p <.001). Urban students also perform better than their rural peers,
with the exception of Kazakh language. The effect size for geographical origin is generally
small and lacks statistical significance which actually bodes well for the future, suggestive of
less systemic performance gaps between rural and urban students in Kazakhstan (at least for
those student applicants). Finally, the location of the exam, whether it takes place in a major
city or not, is a predictor of academic performance in specific subjects, with students
achieving higher scores in Math, QR, and English when the exam is administered in a major
city. Though, more work could be done by the selective school to measure student socio-
economic status more comprehensively in the future. This might include mother education

level, for example.

Overall, the results suggest that there are both within- and between-school differences
in academic achievement across all subjects. The percentage of variance explained by
between-school differences is relatively high, indicating that the school a student attends has

a significant impact on their academic performance. Though, the key finding of this study is
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that the loss-of-learning for all seven subjects is not only a concern for those who applied to
the one selective school in Kazakhstan but also for all students across the country. More
extensive research on the current Grade 4 and 8 national monitoring exam performance of
children across the country offers an opportunity to develop an understanding of the loss-of-
learning in the general child population. Moreover, students, teachers, and parents invested in
preparing for the Unified National Testing (UNT) should also take stock of the current loss-
of-learning and implement some level of intervention, ideally remedial. The lack of in-person
instruction, reduced access to resources, and the challenges of remote learning have all
contributed to the loss-of-learning during the pandemic, which is likely to have long-term
implications for students' academic achievements and career prospects. While the economic
costs of the pandemic may have been easy to measure, it is hoped that this thesis goes some
way to informing all stakeholders about the academic costs that might be incurred as a

consequence of imposed online learning.
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Appendix

Thesis coding
e e e
# Thesis coding #

g i i i i i g g

rm(1list=1sQ))

setwd("/Users/user/Desktop/Masters Students/Diana™)

# Packages
Tibrary(pacman)
Tibrary(ggplot2)
Tibrary(car)
Tibrary(haven)
Tibrary(CTT)
Tibrary(readx1)
Tibrary(psych)
Tibrary(1me4)

Tibrary(misty)

80



COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

Tibrary(sjPlot)

Tibrary(1me4)

citation("misty")

citation("1me4™")

HEHHHAAHRHHHARRHHARRRHHARRHAARRRHH AR HARRHHAHE INTRO  ##HHARHH AR R AR R H AR R HH AR AR HAAR R AR R R R RS AR
dirQ

df <- readxl::read_x1sx("file_for_m.x1sx")

str(df)

df <- as.data.frame(df)

str(df)

dim(df) # 56817, 16 variables

table(df$year)

# 2019 2020 2021

# 17485 20084 19248

tapply(df$math, dffyear, FUN = function(x)mean(x))

# 2019 2020 2021
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# 183.9520 198.7976 170.7644 : math is Tower in 2021 compared to 2019.

tapply(df$qr, df$year, FUN = function(x)mean(x))
# 2019 2020 2021

# 146.9610 159.2529 155.0338 : Qr is higher in 2021 compared to 2019.

tapply(df$kaz, df$year, FUN = function(x)mean(x))
# 2019 2020 2021

# 148.9273 144.5420 120.4955 : kaz is lower in 2021 compared to 2019

tapply(df$rus, dffyear, FUN = function(x)mean(x))
# 2019 2020 2021

# 150.6444 153.0918 134.0732 : rus is Tower 1in 2021 compared to 2019

tapply(df$eng, df$year, FUN = function(x)mean(x))
# 2019 2020 2021

# 106.9787 108.1262 103.1434 : eng is Tower 1in 2021 compared to 2019

str(df)
df <- as.data.frame(df)

str(df)
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i g g i g i i i g i

H##HHH BB R R 20191 PRE-COVID #########H###HH##HHH#HHHHHHH R

df.2019 <- df[df$year == "2019", ]
dim(df.2019) # 17485 applicants
table(df.2019%1ang) # kaz 12739, rus 4746

apply(df.2019, 2, FuUN=function(x)str(x))

table(df.2019%year) #17485

table(df.2019%n1is)

str(df.2019%n1is)

df.2019%nis <- as.numeric(df.2019%n1is)

str(df.2019%n1is)

table(df.2019%school)
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str(df.2019%1ID)

# Language

str(df.2019%1ang)

table(df.2019%$71ang)

df.2019%7ang <- car::recode(df.2019%lang, " 'kaz' = 1; 'rus' = 2")
table(df.2019%1ang)

table(df.2019%1ang) /nrow(df.2019)

# 1 2

# 4746 12739

# Gender

str(df.2019%gender)

table(df.2019%gender)

df.2019%gender <- car::recode(df.2019%gender, " 'female' = 1; 'male' = 2")
table(df.2019%gender)

table(df.2019%gender)/nrow(df.2019)

# 1 2

# 8750 8735

# Residence
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str(df.2019$mestnost)

table(df.2019%mestnost)

df.2019%mestnost <- car::recode(df.2019%mestnost, " 'city' = 2; 'notcity' = 1")
table(df.2019%mestnost)

# 1 2

# 2468 15017

table(df.2019%mestnost)/nrow(df.2019)

# Math performance
str(df.2019%math)
psych::describe(df.2019%$math) # mean 183.95, sd = 71.82, skew = 0.56 (not larger than +- 2.00)

hist(df.2019%math)

# Quantitative Reasoning
str(df.2019%qr)
psych::describe(df.2019%qr) # mean 146.96, sd = 55.03, skew = 0.43 (not larger than +- 2.00)

hist(df.2019%qr)

cor(df.2019%math, df.2019%qr) # 0.8513601
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# Cross tabs for school and location

table(df.2019%nis, df.2019%$mestnost)

tapply(df.2019%mestnost, df.2019%nis, FUN = function(x)sd(x)) # Applicants vary by region inside each school

# Kaz Tang
str(df.2019%kaz)
psych::describe(df.2019%kaz)

hist(df.2019%kaz)

# Rus Tang
str(df.2019%rus)
psych::describe(df.2019%rus)

hist(df.2019%rus)

# Eng lan
str(df.2019%eng)
psych::describe(df.2019%eng)

hist(df.2019%eng)

# mean 148.93, sd = 36.17, skew = -0.97 (not larger than +- 2.00)

# mean 150.64, sd = 38.4, skew = -1.32 (not larger than +- 2.00)

# mean 106.98, sd = 40.61, skew = 0.35 (not larger than +- 2.00)

G
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# Multi-level Modelling: Null model (finding the amount of variation in performance due to different schools)

misty::multilevel.icc(df.2019%math, df.2019%nis) # 0.1066809, 1.6% of the variation in math scores can be attributable to the schools
where the students did the test

misty::multilevel.icc(df.2019%qr, df.2019%nis) # 0.09653674, 9,6% of the variation in qr scores can be attributable to the schools where
the students did the test

misty::multilevel.icc(df.2019%kaz, df.2019%nis) # 0.04034574, 4%

misty::multilevel.icc(df.20198%rus, df.2019%nis) # 0.139929, 1.3%

misty::multilevel.icc(df.2019%eng, df.2019%nis) #0.1107031, 1,1%

round(misty:
round(misty:
round(misty:
round(misty:

round(misty:

:multilevel

multilevel

multilevel

:multilevel

multilevel

.icc(df.2019%math, df.2019%nis),2)
.icc(df.2019%qgr, df.2019%nis), 2)
.icc(df.2019%kaz, df.2019%nis), 2)
.icc(df.2019%rus, df.2019%nis), 2)

.icc(df.2019%eng, df.2019%nis), 2)

ICCS <- c¢(0.11, 0.10, 0.4, 0.14, 0.11)

Tength(table(df.2019%school1))

avg.size <- nrow(df.2019)/20

round(l + (Iccs*(avg.size -1)), 2)

i
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# Multilevel modelling
colnames (df.2019)

table(df.2019%mestnost)

# Check variance of rural/urban by school

names (table(df.2019$schoo1))

sort(tapply(df.2019%math, df.2019%school, FUN = function(x)mean(x)), decreasing = F)
major.city <- car::recode(df.2019%school, "
'AKTay XBH' = 1;

'AKTObe dMH' = 1;

'AnmMaTbl ®MH'

1l
N

'AnMaTbl XBH' =

|
N

'ATbipay XBH'

1l
=

'KaparaHga XBH' = 1;
'KokweTay oMH' = 1;
'KocTaHanm oMH' = 1;
'Kbi3blopaa XBH' = 1;
'Hyp-CynTaH HUW' = 2;
'Hyp-CynTaH oMH' = 2;

'NaBnoaap XBH' = 1;
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NMeTponaBnoBCKk XBH' = 1;
Cemen oMH' = 1;
TanaplikopraH oMH' = 1;
Tapa3s oMH' = 1;

YpanbCcKk ¢oMH' = 1;
YcTb-KameHoropck XBH' = 1;
WbIMKEHT ®MH' = 2;

WbIMKEHT XBH' = 2")

table(major.city)

df.2019 <- cbind.data.frame(df.2019, major.city)

head(df.2019)

round(misty::

multilevel.icc(df.2019%mestnost, df.2019%nis), 2) # 0.05

tapply(df.2019%mestnost, df.2019%$school, FUN = function(x)sd(x))

B g g i g i g g g g i g i g g

colnames (df.2019)

head(df.2019)
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df.2019[,c(9,11,13,14,15)] <- apply(df.2019[,c(9,11,13,14,15)], 2, FUN = function(x)as.numeric(x))
df.2019[,c(13,14,15)] <- apply(df.2019[,c(13,14,15)], 2, FUN = function(x)x/2)

apply(df.2019[,c(9,11,13,14,15)], 2, FUN = function(x)psych::describe(x))

HHRHH BB RRAH R AR AR R R R R R R R R R A R R R
# Descriptives

table(df.2019%71ang) # (1)native Kaz 12739 (2)Native Russians, 4746

# Kaz first

psych::describe(df.2019%kaz[df.2019%1ang == 1])

round(misty::multilevel.icc(df.2019%kaz[df.2019%1ang == 1], df.2019%school1[df.2019%1ang == 1]), 2) # .02
12739/20

1+ (0.02*%(636.95-1)) # 5.73

# Kaz second

psych::describe(df.2019%kaz[df.2019%1ang == 2])

round(misty::multilevel.icc(df.2019%kaz[df.2019%1ang == 2], df.2019%school1[df.2019%1ang == 2]), 2) # .12
4746/20

1+ (0.12%(237.3-1)) # 29.36

# Rus first
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psych::describe(df.2019%rus[df.2019%1ang == 2])

round(misty::multilevel.icc(df.2019%rus[df.2019%Tang == 2], df.2019%school1[df.2019%Tang == 2]), 2) # .08
4746/20

1+ (0.08*%(237.3-1)) # 51.876

# Rus second

psych::describe(df.2019%rus[df.2019%1ang == 1])

round(misty::multilevel.icc(df.2019%rus[df.2019%1ang == 1], df.2019%school1[df.2019%1ang == 1]), 2) # .15
12739/20

1+ (0.15%(636.95-1)) # 96.39

HHHAHHBRHHHH R BB H R R BB H R R Nath SBHERH AR R R R R R R
# Null Model

colnames (df.2019)

summary (df.2019% math% )

hist(df.2019% math% )

modl <- Tme4::Tmer("math% ~ 1 + (1 | school), data = df.2019)

summary (modl)

# with fixed indiivdual and group predictor
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colnames (df.2019)

mod2 <- Tme4::Tmer("math%  ~ gender + lang + mestnost + major.city + (1 | school), data = df.2019)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HAHHRBHAAHAH R QR #HHHHH R R R R R R R R R
# Null Model

colnames (df.2019)

modl <- Tme4::Tmer( ' qr% ~ 1 + (1 | school), data = df.2019)

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2019)

mod2 <- Tme4::Tmer( gqr% ~ gender + Tang + mestnost + major.city + (1 | school), data = df.2019)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

92



COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

print(coefs)

HH#HHARHHA BB H AR AR AR KazZ Pl rSt ###HH# 1 R
# Null Model

colnames (df.2019)

summary (df.2019%kaz)

modl <- Tme4::Tmer(kaz ~ 1 + (1 | school), data = df.2019[df.2019%1ang == "1",]1)

summary (modl1)

# with fixed indiivdual and group predictor

colnames (df.2019)

mod2 <- Tme4::Tmer(kaz ~ gender + mestnost + major.city + (1 | school), data = df.2019[df.2019%1ang == "1",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

BHEHBHHRHHRHHR B BB B HRHBBH BB AR HRRHRRARRHHE Kaz 2nd #REBBHRHHHHHHR BB B RRH BB R R B R B R R R BB H R
# Null Model

colnames (df.2019)
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summary (df.2019%kaz)

modl <- Tme4::Tmer(kaz ~ 1 + (1 | school), data = df.2019[df.2019%1ang == "2",])

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2019)

mod2 <- 1Tme4::Tmer(kaz ~ gender + mestnost + major.city + (1 | school), data = df.2019[df.2019%Tang == "2",]1)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HAHHHAAHRRRRRRHHBRBRHHHHHAAAAAAAA AR RUS  LST #HHHHHHHHHHHHHHHHHH AR AR AR R R R R R R R R
# Null Model

colnames (df.2019)

summary (df.2019%rus)

modl <- Tme4::Tmer(rus ~ 1 + (1 | school), data = df.2019[df.2019%Tang == "2",])

summary (modl)

# with fixed indiivdual and group predictor
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colnames (df.2019)

mod2 <- Tme4::Tmer(rus ~ gender + mestnost + major.city + (1 | school), data = df.2019[df.2019%1ang == "2",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HHRAHRHAARRAARHAARHAH AR A RRAARRAARAHE RUS  2nd  #HHHHHH AR AR AR R R R
# Null Model

colnames (df.2019)

summary (df.2019%rus)

modl <- Tme4::Tmer(rus ~ 1 + (1 | school), data = df.2019[df.2019%1ang == "1",1)

summary (modl1)

# with fixed indiivdual and group predictor

colnames (df.2019)

mod2 <- Tme4::Tmer(rus ~ gender + mestnost + major.city + (1 | school), data = df.2019[df.2019%Tang == "1",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))
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rownames (coefs)

print(coefs)

HAHHHHBHHRHRH AR ENQ  #H R R R
# Null Model

colnames (df.2019)

summary (df.2019%rus)

modl <- Tme4::Tmer(eng ~ 1 + (1 | school), data = df.2019)

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2019)

mod2 <- Tme4::Tmer(eng ~ gender + lang + mestnost + major.city + (1 | school), data = df.2019)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

G
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i g g i g i i i g i

H##HHH BB R R 2020 - COVID ########H##IHH#HHHHHHHH# IR R

df.2020 <- df[df$year == "2020", ]

dim(df.2020) #20084 applicants

apply(df.2020, 2, FUN=function(x)str(x))

table(df.2020%$year)

table(df.2020%$n1is)

str(df.2020%nis)

df.2020%nis <- as.numeric(df.2020%nis)

str(df.2020%nis)

table(df.2020$school)

#Laguage
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str(df.2020%1ang)

table(df.2020$71ang)

df.2020%7ang <- car::recode(df.2020%$lang, " 'kaz' = 1; 'rus' =2")
table(df.2020%1ang)

table(df.2020%$7ang) /nrow(df.2020)

# 1 2

# 5849 14235

#Gender

str(df.2020%$gender)

table(df.2020%gender)

df.2020%gender <- car::recode(df.2020$gender, " 'female' = 1; 'male' = 2")
table(df.2020$gender)

table(df.2020$gender) / nrow(df.2020)

# 1 2

# 9892 10192

#City
str(df.2020$mestnost)
table(df.2020$mestnost)

df.2020%mestnost <- car::recode(df.2020$mestnost, "'city' = 2; 'notcity' = 1")
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table(df.2020$mestnost)

table(df.2020$mestnost) /nrow(df.2020)
# 1 2

# 2651 17433

# Math performance
str(df.2020%math)
psych: :describe(df.2020$math) # mean 198.8, sd = 73.57, skew = 0.53 (not larger than +- 2.00)

hist(df.2020$math)

# Quantitative Reasoning

str(df.2020%qr)

psych: :describe(df.2020%qr) # mean 154.04, sd = 56.7, skew = 0.36 (not larger than +- 2.00)

hist(df.2020%qr)

cor(df.2020%$math, df.2020%qr) #0.8801216

table(df.2020%$nis, df.2020$mestnost)

tapply(df.2020$mestnost, df.2020%nis, FUN = function(x)sd(x))

# Kaz



str(df.2020%kaz)
psych::describe(df.2020%kaz)

hist(df.2020%$kaz)

# Rus
str(df.2020$rus)
psych::describe(df.2020%rus)

hist(df.2020$rus)

# Eng
str(df.2020%eng)
psych::describe(df.2020%eng)

hist(df.2020%eng)

COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

# mean 144.54, sd = 35.99, skew = -0.78 (not larger than +- 2.00)

# mean 153.09, sd = 35.43, skew = -1.26 (not larger than +- 2.00)

# mean 108.13, sd = 43.33, skew = -0.9 (not larger than +- 2.00)

e i

# Multi-level Modelling: Null model

misty::multilevel.icc(df.2020%$math, df.2020%nis)

where the students did the test

misty::multilevel.icc(df.2020%qr, df.2020%n1is)
the students did the test

# 0.09297291, 9.3% of the variation in math scores can be attributable to the schools

100

# 0.08660664, 7.5% of the variation in qr scores can be attributable to the schools where



misty::multilevel
schools

misty::multilevel
misty::multilevel
misty::multilevel

misty::multilevel

round(misty:
round(misty:
round(misty:
round(misty::

round(misty:

multilevel

:multilevel

multilevel

multiTevel

:multilevel

COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

.icc(df.2020%$mestnost, df.2020%nis) # 0.03839991, 3.8% of the variation in student rural/urban split is attributable to

.icc(df.20208kaz, df.2020%nis) # 0.03931545, 3.9%
.icc(df.20208rus, df.2020$nis) # 0.1425071, 1.4%
.icc(df.2020%eng, df.2020%nis) # 0.08789943, 8.7%
.icc(df.2020%gender, df.20203%nis) # 0.01734989

.icc(df.2020%math, df.2020%nis),2)
.icc(df.2020%qr, df.2020%nis), 2)
.icc(df.2020%kaz, df.2020%nis), 2)
.icc(df.2020%rus, df.2020%$nis), 2)

.icc(df.2020%eng, df.2020%$nis), 2)

ICCS <- ¢(0.09, 0.09, 0.4, 0.14, 0.09)

Tength(table(df.2020%$school))

avg.size <- nrow(df.2020)/20

round(1l + (Iccs*(avg.size -1)), 2)

i

# mMultilevel modelling

colnames (df.2020)
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table(df.2020$mestnost)

# Check variance of rural/urban by school

names (table(df.2020$schoo1))

sort(tapply(df.2020$math, df.2020%$school, FUN = function(x)mean(x)), decreasing = F)
Tength(table(df.2020$schoo1))

major.city <- car::recode(df.2020$school,

'AKTay XBH' = 1;
'AKTObEe dMH' = 1;
'AnMaTbl dMH' = 2;
'AnmaTbl XBH' = 2;
'ATblpay XBH' = 1;
'KaparaHga XBH' = 1;
'KoKkweTay ®MH' = 1;
'KocTaHan oMH' = 1;

'Kbi3blopaa XBH' = 1;
'Hyp-CynTaH Hull' = 2;
'Hyp-CynTaH éMH' = 2;
'NaBnoaap XBH' = 1;

'MeTponaBnoBck XBH' = 1;
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'Cemen ®MH' = 1;
'TanapikopraH oMH' = 1;
'Tapa3 oMH' = 1;

'Ypanbck oMH' = 1;
'YcTb-KameHoropck XBH' = 1;
"WbIMKEHT ®MH' = 2;

'llbIMKeHT XBH' = 2")

table(major.city)

df.2020 <- cbind.data.frame(df.2020, major.city)

head (df.2020)

round(misty::multilevel.icc(df.2020$mestnost, df.2020%nis), 2) # 0.04

tapply(df.2020$mestnost, df.2020%$school, FUN = function(x)sd(x))

G i

B g g i g i g g g g i g i g g

colnames (df.2020)
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head(df.2020)
df.2020[,c(9,11,13,14,15)] <- apply(df.2020[,c(9,11,13,14,15)], 2, FUN = function(x)as.numeric(x))
df.2020[,c(13,14,15)] <- apply(df.2020[,c(13,14,15)], 2, FUN = function(x)x/2)

apply(df.2020[,c(9,11,13,14,15)], 2, FUN = function(x)psych::describe(x))

B i R R
# Descriptives
table(df.2020%1ang) # (Lnative Kaz 14235 (2)Native Russians, 5849

Tength(table(df.2020$school1)) # 20

# Kaz first

psych::describe(df.2020%kaz[df.2020$1ang == 1])

round(misty::multilevel.icc(df.2020%kaz[df.2020%$1ang == 1], df.2020%$school1[df.2020%$Tang == 1]), 2) # .02

14235/20

1+ (0.02%(711.75-1)) # 15.215

# Kaz second

psych::describe(df.2020%$kaz[df.2020%$1ang == 2])

round(misty::multilevel.icc(df.2020%kaz[df.2020$1ang == 2], df.2020%$school[df.2020%$Tang == 2]), 2) # .14

5849/20

1+ (0.12%(292.45-1)) # 29.36
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# Rus first

psych::describe(df.2020$rus[df.2020$1ang == 2])

round(misty::multilevel.icc(df.2020$rus[df.2020%$1ang == 2], df.2020$school1[df.2020%$1ang == 2]), 2) # .07
5849/20

1 + (0.08%(292.45-1)) # 24.32

# Rus second

psych::describe(df.2020$rus[df.2020$1ang == 1])

round(misty::multilevel.icc(df.2020%rus[df.2020%$71ang == 1], df.2020%$school1[df.2020%$Tang == 1]), 2) # .16
14235/20

1+ (0.15%(711.75-1)) # 96.39

HRHHHHHRHHHHRRH AR R R H AR R H AR R R H AR R R H R BB H AR B RHHARRRH AR R H AR AR R H AR R AR R HAH R R AR RSB
HHHAHRBHHHHH R BB H R R H R Nath BHRH R R R R R
# Null Model

colnames (df.2020)

summary (df.2020% ‘math%" )

hist(df.2020% math% )

modl <- Tme4::Tmer("math% ~ 1 + (1 | school), data = df.2020)
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summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2020)

mod2 <- Tme4::Tmer("math%  ~ gender + lang + mestnost + major.city + (1 | school), data = df.2020)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HRHHHHHBHHHHRRHHHHRRAHARRHAARRRHHARBRHHHRR QR HHHHHRRHH AR R H AR R AR R H AR R AR R HAR R RS AR RSB
# Null Model

colnames (df.2020)

modl <- Tme4::Tmer( ' qr% ~ 1 + (1 | school), data = df.2020)

summary (modl)

# with fixed indiivdual and group predictor
colnames (df.2020)
mod2 <- Tme4::Tmer( qr% ~ gender + lang + mestnost + major.city + (1 | school), data = df.2020)

summary (mod2)
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coefs <- data.frame(coef(summary(mod2)))
coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))
rownames (coefs)

print(coefs)

HAHHRBHAAHAH R H R H R Kaz 1St ###HHHHHHH R R R R R
# Null Model

colnames (df.2020)

summary (df.2020%kaz)

modl <- Tme4::Tmer(kaz ~ 1 + (1 | school), data = df.2020[df.2020%$1ang == "1",])

summary (modl1)

# with fixed indiivdual and group predictor

colnames (df.2020)

mod2 <- 1Tme4::Tmer(kaz ~ gender + mestnost + major.city + (1 | school), data = df.2020[df.2020%$1ang == "1",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

107



COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

HHAHBBHHAHH BB RERAHH R BB RAH BB AHRREAA KQZ 20d #HEBHHHR AR R R R A AR R AR R
# Null Model

colnames(df.2020)

summary (df.2020%kaz)

modl <- Tme4::Tmer(kaz ~ 1 + (1 | school), data = df.2020[df.2020%$1ang == "2",])

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2020)

mod2 <- 1Tme4::Tmer(kaz ~ gender + mestnost + major.city + (1 | school), data = df.2020[df.2020%$Tang == "2",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HAHHHARHRRRRRRHHHRRRHHHHHHAAAAAAA AR RUS  LST #HHHHBRHHHHRRHHHHHHHH AR AR R AR AR R R
# Null Model

colnames (df.2020)

summary (df.2020%rus)

modl <- Tme4::Tmer(rus ~ 1 + (1 | school), data = df.2020[df.2020%Tang == "2",])

108



COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2020)

mod2 <- Tme4::Tmer(rus ~ gender + mestnost + major.city + (1 | school), data = df.2020[df.2020%$1ang == "2",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HAHHRBHAHAH R R R AAA AR R R AR R H R RUS 2nd  ##ERBHHHHH R AR R R A R R R R
# Null Model

colnames (df.2020)

summary (df.2020%rus)

modl <- Tme4::Tmer(rus ~ 1 + (1 | school), data = df.2020[df.2020%$1ang == "1",])

summary (modl1)

# with fixed indiivdual and group predictor
colnames (df.2020)

mod2 <- Tme4::Tmer(rus ~ gender + mestnost + major.city + (1 | school), data = df.2020[df.2020%$Tang == "1",])
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summary (mod2)

coefs <- data.frame(coef(summary(mod2)))
coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))
rownames (coefs)

print(coefs)

HEHHHAHBHHAARRHAARRHAAARRHAARRHHHARRHHHRRE ENQ  #HHAHBHHHAARHH AR R H AR R R H AR R H AR RRHH AR AR R R AR R R
# Null Model

colnames (df.2020)

summary (df.2020%rus)

modl <- Tme4::Tmer(eng ~ 1 + (1 | school), data = df.2020)

summary (modl1)

# with fixed indiivdual and group predictor

colnames (df.2020)

mod2 <- Tme4::Tmer(eng ~ gender + lang + mestnost + major.city + (1 | school), data = df.2020)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)
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g i g i i i g i

B B i

HHARRHHRHARRHHRRHA A RHAR AR RRAA AR 2021 - Post COVID ##H#H#AHBHAHBHHHHHHHHARHHHAHHHHHHHHHHH

df.2021 <- df[df$year == "2021", ]

dim(df.2021) #19248 applicants

apply(df.2021, 2, FuUN=function(x)str(x))

table(df.2021$year)

table(df.2021$n1is)

str(df.2021$nis)

df.2021%nis <- as.numeric(df.2021%nis)

str(df$nis)

table(df.2021$school)

str(df.2021%$1ID)
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#Language

str(df.2021%$1ang)

table(df.2021%1ang)

df.2021%$7ang <- car::recode(df.2021%$lang, " 'kaz' = 1; 'rus' = 2")
table(df.2021$71ang)

table(df.2021%$1ang) /nrow(df.2021)

# 1 2

# 6097 13151

#Gender

str(df.2021$gender)

table(df.2021$gender)

df.2021%$gender <- car::recode(df.2021$gender, " 'female' = 1; 'male' = 2")
table(df.2021$gender)

table(df.2021$gender) / nrow(df.2021)

# 1 2

# 9649 9599

#City

str(df.2021$mestnost)
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table(df.2021$mestnost)

df.2021$mestnost <- car::recode(df.2021$mestnost, " 'city' = 2; 'notcity' = 1")
table(df.2021%$mestnost)

table(df.2021$mestnost) /nrow(df.2021)

# 1 2

# 2763 16485

# Math performance
str(df.2021$math)
psych::describe(df.2021$math) # mean 170.76, sd = 95.97, skew = 0.66 (not larger than +- 2.00)

hist(df.2021$math)

# Quantitative Reasoning
str(df.2021%qr)
psych::describe(df.2021%qr) # mean 155.03, sd = 55.64, skew = 0.37 (not larger than +- 2.00)

hist(df.2021%qr)

cor(df.2021%math, df.2021$qr) # 0.8405231

table(df.2021%$nis, df.2021$mestnost)

tapply(df.2021$mestnost, df.2021%nis, FUN = function(x)sd(x))



# Kaz
str(df.2021%kaz)
psych::describe(df.2021%kaz)

hist(df.2021%$kaz)

# Rus
str(df.2021$rus)
psych::describe(df.2021%rus)

hist(df.2021%rus)

# Eng
str(df.2021%eng)
psych::describe(df.2021%eng)

hist(df.2021%eng)

COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

# mean 120.5, sd = 40.64, skew = -0.44 (not larger than +- 2.00)

# mean 134.07, sd = 39.32, skew = -0.6 (not larger than +- 2.00)

# mean 103.14, sd = 46.38, skew = 0.35 (not larger than +- 2.00)

B i

# Multi-level Modelling: Null model
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misty::multilevel.icc(df.2021$math, df.2021%nis) # 0.07020114, 7.0% of the variation in math scores can be attributable to the schools
where the students did the test

misty::multilevel.icc(df.2021$qr, df.2021$nis) # 0.0638056, 6.3% of the variation in gr scores can be attributable to the schools where
the students did the test

misty::multilevel.icc(df.2021$mestnost, df.2021%nis) # 0.03688245, 3.6%

misty::multilevel.icc(df.2021%kaz, df.2021%$nis) # 0.09780773, 0,9%
misty::multilevel.icc(df.2021$rus, df.2021%nis) # 0.1163566, 1,1%
misty::multilevel.icc(df.2021%eng, df.2021%nis) # 0.08277332, 0,8%

misty::multilevel.icc(df.2021$gender, df.2021%$nis)

round(misty::multilevel.icc(df.2021%$math, df.2021%$nis),2)
round(misty::multilevel.icc(df.2021%qr, df.2021$nis), 2)
round(misty::multilevel.icc(df.2021%$kaz, df.2021$nis), 2)
round(misty::multilevel.icc(df.2021%rus, df.2021%$nis), 2)

round(misty: :multilevel.icc(df.2021$eng, df.2021%nis), 2)

ICCS <- c¢(0.07, 0.06, 0.10, 0.12, 0.08)
Tength(table(df.2021$school))
avg.size <- nrow(df.2021)/21

round(l + (Iccs*(avg.size -1)), 2)
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BUHBH AR HBH AR HBHHBHHBHH B AR HH R R HRBHR AR R R R R R AR AR H R R AR HHBHRBH AR RBH R B AR HARH R R R R AR HHBHH R AR
# Multilevel modelling
colnames (df.2021)

table(df.2021$mestnost)

# Check variance of rural/urban by school
names (table(df.2021$schoo1))
sort(tapply(df.2021$math, df.2021%$school, FUN = function(x)mean(x)), decreasing = F)

Tength(table(df.2021$school))

major.city <- car::recode(df.2021$school, "
'AKTay XBH' = 1;
'AKTObEe dMH' = 1;

'AnmMaTbl ®MH'

1l
N

'AnMaTbl XBH' =

|
N

'ATblpay XBH' =

|
=

'KaparaHga XBH' = 1;
'KoKweTay ®MH' = 1;
'KocTaHanm ¢oMH' = 1;
'Kbi3blopaa XBH' = 1;

'Hyp-CynTaH Hull' = 2;
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'Hyp-CynTaH oMH' = 2;

'NaBnoaap XBH' = 1;
'NMeTponaBnoBCck XBH' = 1;
'Cemenn ®MH' = 1;
'TanapikopraH oMH' = 1;
'Tapa3 oMH' = 1;

'Ypanbck oMH' = 1;
'YcTb-KameHoropck XBH' = 1;
"WbIMKEHT ®MH' = 2;

'lIbIMKEHT XBH' = 2;
'TypkecTaH XBH' = 1")

table(major.city)

df.2021 <- cbind.data.frame(df.2021, major.city)

head(df.2021)

round(misty::multilevel.icc(df.2021$mestnost, df.2021%nis), 2) # 0.04

tapply(df.2021$mestnost, df.2021$school, FUN = function(x)sd(x))



COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

B G G g i

i e e g i e i i e e G e i e e e e e s
B
colnames (df.2021)

head(df.2021)

df.2021[,c(9,11,13,14,15)] <- apply(df.2021[,c(9,11,13,14,15)], 2, FUN = function(x)as.numeric(x))
summary(df.2021[,c(9,11,13,14,15) 1)

df.2021[,c(13,14,15)] <- apply(df.2021[,c(13,14,15)], 2, FUN = function(x)x/2)

apply(df.2021[,c(9,11,13,14,15)], 2, FUN = function(x)psych::describe(x))

fEd s i d i i g i i g g g g i i g g i i i g g i i g g
# Descriptives
table(df.2021%1ang) # (Lnative Kaz 13151 (2)Native Russians, 6097

Tength(table(df.2021$school1)) # 21

# Kaz first

psych::describe(df.2021%$kaz[df.2021%$1ang == 1])

round(misty::multilevel.icc(df.2021%kaz[df.2021%$1ang == 1], df.2021%$school[df.2021%$Tang == 1]), 2) # .04
13151/21

1+ (0.02%(626.2381-1)) # 13.50476
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# Kaz second

psych::describe(df.2021%kaz[df.2021$1ang == 2])

round(misty::multilevel.icc(df.2021%kaz[df.2021%$T1ang == 2], df.2021$school[df.2021%$Tang == 2]), 2) # .23
6097/21

1+ (0.12%(290.3333-1)) # 35.72

# Rus first

psych::describe(df.2021$rus[df.2021$1ang == 2])

round(misty::multilevel.icc(df.2021$rus[df.2021%$T1ang == 2], df.2021$school[df.2021%$Tang == 2]), 2) # .07
6097/21

1 + (0.08%(290.3333-1)) # 24.15

# Rus second

psych::describe(df.2021$rus[df.2021%1lang == 1])

round(misty::multilevel.icc(df.2021$rus[df.2021%$1ang == 1], df.2021%$school[df.2021%$Tang == 1]), 2) # .15
13151/21

1+ (0.15%(626.2381-1)) # 94.79

HEHAHARHHRA AR Math #HHHR R R
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# Null Model

colnames (df.2021)

summary (df.2021$ ‘math% )

hist(df.2021$ math% )

modl <- Tme4::Tmer( math%  ~ 1 + (1 | school), data = df.2021)

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2021)

mod2 <- Tme4::Tmer( math% ~ gender + lang + mestnost + major.city + (1 | school), data = df.2021)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HRHHHHHBHHHHRRHAAHRRAHARRHAARRRFHARBRFHHRS QR HHHHHBHHH AR B H AR H AR BB H AR HH AR R H AR RS HHR RS AR R
# Null Model

colnames(df.2021)

modl <- Tme4::Tmer('qr% ~ 1 + (1 | school), data = df.2021)

summary (modl1)
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# with fixed indiivdual and group predictor

colnames (df.2021)

mod2 <- Tme4::Tmer( qr% ~ gender + lang + mestnost + major.city + (1 | school), data = df.2021)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HHHHHHRHHRHRHRH AR KAz T rst #HHHH IR R R R R
# Null Model

colnames (df.2021)

summary (df.2021%$kaz)

modl <- Tme4::Tmer(kaz ~ 1 + (1 | school), data = df.2021[df.2021%$Tang == "1",])

summary (modl)

# with fixed indiivdual and group predictor
colnames (df.2021)
mod2 <- 1Tme4::Tmer(kaz ~ gender + mestnost + major.city + (1 | school), data = df.2021[df.2021%$Tang == "1",])

summary (mod2)
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coefs <- data.frame(coef(summary(mod2)))
coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))
rownames (coefs)

print(coefs)

HH##HHHHHAR R RHHA A H AR KAz 2nd ####HH# 1R R R
# Null Model

colnames (df.2021)

summary (df.2021%$kaz)

modl <- Tme4::Tmer(kaz ~ 1 + (1 | school), data = df.2021[df.2021%$1ang == "2",], REML = F)

summary (modl1)

# with fixed indiivdual and group predictor

colnames (df.2021)

mod2 <- Tme4::Tmer(kaz ~ gender + mestnost + major.city + (1 | school), data = df.2021[df.2021$1lang == "2",], REML

summary (mod2)

coefs <- data.frame(coef(summary(mod2)))
coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))
rownames (coefs)

print(coefs)

F)
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HAHHHAHHRRRBR BB R BB HHHHHHHHHHHHHHAAAAAAAAE RUS  1ST #ERBRBR R BB HHHHHHHHHHH AR R R R 3
# Null Model

colnames(df.2021)

summary (df.2021%rus)

modl <- Tme4::Tmer(rus ~ 1 + (1 | school), data = df.2021[df.2021%$1ang == "2",])

summary (modl)

# with fixed indiivdual and group predictor

colnames (df.2021)

mod2 <- Tme4::Tmer(rus ~ gender + mestnost + major.city + (1 | school), data = df.2021[df.2021%$Tang == "2",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HAHHRBHAAAH R R R AR R R AR R H R RUS 2nd  ##ERBHHHHH R AR R A R R R
# Null Model

colnames(df.2021)

summary (df.2021$%rus)

modl <- Tme4::Tmer(rus ~ 1 + (1 | school), data = df.2021[df.2021%$1lang == "1",])
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summary (modl)

# with fixed indiivdual and group predictor

colnames(df.2021)

mod2 <- Tme4::Tmer(rus ~ gender + mestnost + major.city + (1 | school), data = df.2021[df.2021%$1lang == "1",])
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

HEHHHAHBHHHARRHARHRRHHARRHAARRRHAARRHHHRRE ENQ  HHARHHHHARRH AR RR A AR R R AR R A AR R H AR R H AR R H AR RS HHH
# Null Model

colnames(df.2021)

summary (df.2021$rus)

modl <- Tme4::Tmer(eng ~ 1 + (1 | school), data = df.2021)

summary (modl)

# with fixed indiivdual and group predictor
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colnames (df.2021)

mod2 <- Ime4::Tmer(eng ~ gender + lang + mestnost + major.city + (1 | school), data = df.2021)
summary (mod2)

coefs <- data.frame(coef(summary(mod2)))

coefs$p.z <- 2 * (1 - pnorm(abs(coefs$t.value)))

rownames (coefs)

print(coefs)

i i e i i i i e i e e i e i e e e g i e i
# EXPECTATIONS AND PROJECTED LEARNING LOSS #
HAHHHHRHAHRHRH AR AR Expectations for Mathematics #######H#HHHHHHHHHHHHAHHHHHHHHHHHHHHHRH
rm(Tist=1s())

# Input all datapoints

Mathematics <- c(155.9, 158.5, 164.8, 171.7, 181.8, 185.4, 184.0, 198.8, 170.8, 155.6)

Math.sp <- c(60.8, 66.7, 65.7, 69.9, 72.2, 72.0, 71.8, 73.6, 96.0, 91.3)

Year <- c(2013:2022)

tmp <- cbind.data.frame(Mathematics, Math.SD, Year)

# Find geo mean

exp(mean(log(Math.sbp))) # 73.31
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# Run model
mod <- Tm(Mathematics ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build Tinear model with missing values too

expectations <- intercept + (2013:2022*slope)

# Integrate standard errors of the mean (observed)
two.se.2021 <- (Math.sD[9]/sqrt(19248))*2
print(two.se.2021)

er.2021.min <- Mathematics[9] - two.se.2021

er.2021.max <- Mathematics[9] + two.se.2021

two.se.2022 <- (Math.sb[10]/sqrt(24045))*2
er.2022.min <- Mathematics[10] - two.se.2022
er.2022.max <- Mathematics[10] + two.se.2022

print(two.se.2022)

y.min <- c(rep(NA, 8), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 8), er.2021.max, er.2022.max)

# 19248 is sample size for 2021

# 24045 1is sample size for 2021
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# Integrate standard errors of the mean (expected)
y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

y.mine[1:8] <- NA

y.maxe[1:8] <- NA

# Graph initial results
ggplot(tmp, aes(x = Year, y=Mathematics)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(1imits=c(2013:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")

# Expectations minus observation
learn.loss <- c(170.8, 155.6) - expectations[9:10]

print(learn.loss) # -31.08214 -52.23095
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round(learn.loss/ Math.sp[9:10], 2)

HEHHHARHARH AR RAA AR AR EXxpectations Tor QR #########HHHHR#HHHH#HHRHRHHHHHHH R AR 1R
# Input all datapoints

QR <- c(128.9, 129.4, 130.6, 123.5, 126.6, 131.4, 147.0, 159.3, 155.0, 158.9)

QrR.SD <- c(8.7, 8.9, 8.7, 8.0, 10.4, 11.2, 55.0, 58.5, 55.6, 56.0)

Year <- c(2013:2022)

tmp <- cbind.data.frame(QrR, QR.SD, Year)

# Run model
mod <- Tm(QR ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build linear model with missing values too

expectations <- intercept + (2013:2022*slope)

# Graph initial results
ggplot(tmp, aes(x = Year, y=QR)) +
geom_line() +

geom_point() +
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geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +

scale_x_discrete(1limits=c(2013:2022))

# Expectations minus observation
learn.loss <- c(155.0, 158.9) - expectations[9:10]

print(learn.loss) # 4.003571 4.257143

round(learn.loss/ QR.SD[9:10], 2)

HAHHHHRH AR AR AR R ## Expectations for QR (corrected) ######H##HH#H#HHHHHHHHHHHHHHHHHHHHHHAHIH
# Input all datapoints

QR <- c(147.0, 159.3, 155.0, 158.9)

QR.SD <- c(55.0, 58.5, 55.6, 56.0)

Year <- ¢(2019:2022)

tmp <- cbind.data.frame(QrR, QR.SD, Year)

# Run model
mod <- Tm(QR ~ Year, data = tmp[1l:2,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]
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# Build Tinear model with missing values too

expectations <- intercept + (2019:2022*slope)

# Integrate

standard errors of the mean (observed)

two.se.2021 <- (QR.SD[3]/sqrt(19248))*2

print(two.se.2021)

er.2021.min

er.2021.max

two.se.2022

er.2022.min

er.2022.max

<- QR[3] - two.se.2021

<- QR[3] + two.se.2021

<- (QR.SD[4]/sqrt(24045))*2
<- QR[4] - two.se.2022

<- QR[4] + two.se.2022

print(two.se.2022)

y.min <- c(rep(NA, 2), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 2), er.2021.max, er.2022.max)

# Integrate

standard errors of the mean (expected)

y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

# 19248 is sample size for 2021

# 24045 is sample size for 2021

130



131
COVID-19-INDUCED REVERSE FLYNN EFFECT IN KAZAKHSTAN

y.mine[1:2] <- NA

y.maxe[1l:2] <- NA

# Graph initial results
ggplot(tmp, aes(x = Year, y=QR)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(1imits=c(2019:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")

# Expectations minus observation

learn.loss <- c(155.0, 158.9) - expectations[3:4]

print(learn.loss) # -16.6 -25.0

round(learn.loss/ QR.SD[3:4], 2)

H#H AR Expectations for Kaz 1st lang #########H#HHH#

# Input all datapoints
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kaz <- c(147.2, 145.8, 146.6, 146.8, 149.6, 156.1, 153.7, 150.0, 130.9, 128.2)
kaz.sb <- c(32.3, 32.3, 31.6, 31.5, 29.6, 27.6, 29.8, 29.7, 31.0, 29.7)
Year <- c(2013:2022)

tmp <- cbind.data.frame(kaz, kaz.sSD, Year)

# Run model
mod <- Tm(kaz ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build linear model with missing values too

expectations <- intercept + (2013:2022*slope)

# Integrate standard errors of the mean (observed)

two.se.2021 <- (kaz.sDb[9]/sqrt(19248))*2 # 19248 1is sample size for 2021
print(two.se.2021)

er.2021.min <- kaz[9] - two.se.2021

er.2021.max <- kaz[9] + two.se.2021

two.se.2022 <- (kaz.sb[10]/sqrt(24045))*2 # 24045 1is sample size for 2021

er.2022.min <- kaz[10] - two.se.2022
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er.2022.max <- kaz[10] + two.se.2022

print(two.se.2022)

y.min <- c(rep(NA, 8), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 8), er.2021.max, er.2022.max)

# Integrate standard errors of the mean (expected)
y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

y.mine[1:8] <- NA

y.maxe[1:8] <- NA

# Graph initial results
ggplot(tmp, aes(x = Year, y=kaz)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(1imits=c(2013:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")
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# Expectations minus observation
learn.loss <- c¢(130.9, 128.2) - expectations[9:10]

print(learn.loss) # -23.41786 -27.19405

round(learn.loss/ kaz.sb[9:10], 2)

HEHHHH AR AR RS Expectations for Kaz 2nd lang ########H# SR #HH#RHREHRARHHRERAH R H A
# Input all datapoints

kaz <- ¢(119.9, 113.7, 115.7, 122.7, 131.9, 125.9, 136.2, 131.3, 98.0, 93.0)

kaz.sb <- c(52.6, 48.8, 48.6, 45.8, 46.4, 46.5, 47.1, 45.3, 48.9, 45.0)

Year <- c(2013:2022)

tmp <- cbind.data.frame(kaz, kaz.SD, Year)

# Run model
mod <- Tm(kaz ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build linear model with missing values too
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expectations <- intercept + (2013:2022*slope)

# Integrate standard errors of the mean (observed)

two.se.2021 <- (kaz.sSD[9]/sqrt(19248))%*2 # 19248 is sample size for 2021
print(two.se.2021)

er.2021.min <- kaz[9] - two.se.2021

er.2021.max <- kaz[9] + two.se.2021

two.se.2022 <- (kaz.sb[10]/sqrt(24045))*2 # 24045 is sample size for 2021
er.2022.min <- kaz[10] - two.se.2022
er.2022.max <- kaz[10] + two.se.2022

print(two.se.2022)

y.min <- c(rep(NA, 8), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 8), er.2021.max, er.2022.max)

# Integrate standard errors of the mean (expected)
y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

y.mine[1:8] <- NA

y.maxe[1:8] <- NA
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# Graph initial results
ggplot(tmp, aes(x = Year, y=kaz)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(1limits=c(2013:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")

# Expectations minus observation
Tearn.loss <- c(98.0, 93.0) - expectations[9:10]

print(learn.loss) # -23.41786 -27.19405

round(learn.loss/ kaz.sb[9:10], 2)

HERHHARHARH AR RRA AR AR #HH Expectations for Rus 1st lang ########H#HHARHARHR#HHHHAHHARHRHARHHHHH

# Input all dataoints

rus <- c(157.0, 150.6, 146.8, 150.7, 160.0, 159.4, 162.4, 163.3, 138.4, 134.8)
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rus.sb <- c(28.6, 29.9, 32.4, 29.2, 25.0, 23.8, 23.5, 23.0, 34.4,

Year <- c(2013:2022)

tmp <- cbind.data.frame(rus, rus.SD, Year)

# Run model
mod <- Tm(rus ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build linear model with missing values too

expectations <- intercept + (2013:2022*slope)

# Integrate standard errors of the mean (observed)
two.se.2021 <- (rus.SD[9]/sqrt(19248))*2
print(two.se.2021)

er.2021.min <- rus[9] - two.se.2021

er.2021.max <- rus[9] + two.se.2021

two.se.2022 <- (rus.Sb[10]/sqrt(24045))*2
er.2022.min <- rus[10] - two.se.2022

er.2022.max <- rus[10] + two.se.2022

34.0)

# 19248 1is sample size for 2021

# 24045 is sample size for 2021
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print(two.se.2022)

y.min <- c(rep(NA, 8), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 8), er.2021.max, er.2022.max)

# Integrate standard errors of the mean (expected)
y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

y.mine[1:8] <- NA

y.maxe[1:8] <- NA

# Graph initial results
ggplot(tmp, aes(x = Year, y=rus)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(limits=c(2013:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")
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# Expectations minus observation
learn.loss <- rus[9:10] - expectations[9:10]

print(learn.loss) # -25.92143 -31.30952

round(learn.loss/ rus.sb[9:10], 2)

HHHAHBBHHHHH R BB R AR R R H R Expectations for Rus 2nd lang ############HEBHHHHHHREHHHHH R
# Input all dataoints

rus <- c(135.1, 133.4, 133.1, 138.8, 133.7, 143.1, 146.3, 148.9, 132.0, 127.7)

rus.sb <- c(43.4, 44.3, 45.8, 40.6, 43.8, 41.4, 41.8, 38.7, 41.3, 40.2)

Year <- c(2013:2022)

tmp <- cbind.data.frame(rus, rus.SD, Year)

# Run model
mod <- Tm(rus ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build Tinear model with missing values too

expectations <- intercept + (2013:2022*slope)
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# Integrate standard errors of the mean (observed)

two.se.2021 <- (rus.SD[9]/sqrt(19248))*2 # 19248 is sample size for 2021
print(two.se.2021)

er.2021.min <- rus[9] - two.se.2021

er.2021.max <- rus[9] + two.se.2021

two.se.2022 <- (rus.sb[10]/sqrt(24045))*2 # 24045 is sample size for 2021
er.2022.min <- rus[10] - two.se.2022
er.2022.max <- rus[10] + two.se.2022

print(two.se.2022)

y.min <- c(rep(NA, 8), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 8), er.2021.max, er.2022.max)

# Integrate standard errors of the mean (expected)
y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

y.mine[1:8] <- NA

y.maxe[1:8] <- NA

# Graph initial results
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ggplot(tmp, aes(x = Year, y=rus)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(limits=c(2013:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")

# Expectations minus observation
learn.loss <- rus[9:10] - expectations[9:10]

print(learn.loss) # -17.01429 -23.52857

round(learn.loss/ rus.sb[9:10], 2)

HAHH#RBHAAAH R R AR R R AR Expectations Tor Eng #########SHAHH#HERHHHAHHRERAAA BB AHAH
# Input all dataoints

eng <- c(86.8, 87.7, 87.2, 88.8, 93.3, 95.6, 107.0, 108.1, 103.1, 101.4)

eng.SD <- c(40.0, 40.9, 41.5, 41.7, 42.6, 41.5, 40.6, 43.3, 46.4, 48.3)

Year <- c(2013:2022)
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tmp <- cbind.data.frame(eng, eng.SD, Year)

# Run model
mod <- Tm(eng ~ Year, data = tmp[1:8,])
intercept <- mod$coefficients[1]

slope <- mod$coefficients[2]

# Build linear model with missing values too

expectations <- intercept + (2013:2022*slope)

# Integrate standard errors of the mean (observed)
two.se.2021 <- (eng.SD[9]/sqrt(19248))%*2
print(two.se.2021)

er.2021.min <- eng[9] - two.se.2021

er.2021.max <- eng[9] + two.se.2021

two.se.2022 <- (eng.SD[10]/sqrt(24045))*2
er.2022.min <- eng[10] - two.se.2022
er.2022.max <- eng[10] + two.se.2022

print(two.se.2022)

# 19248 1is sample size for 2021

# 24045 1is sample size for 2021
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y.min <- c(rep(NA, 8), er.2021.min, er.2022.min)

y.max <- c(rep(NA, 8), er.2021.max, er.2022.max)

# Integrate standard errors of the mean (expected)
y.mine <- expectations - two.se.2021

y.maxe <- expectations + two.se.2022

y.mine[1:8] <- NA

y.maxe[1:8] <- NA

# Graph initial results
ggplot(tmp, aes(x = Year, y=eng)) +
geom_line() +
geom_point() +
geom_hline(aes(yintercept=0)) +
geom_line(aes(y = expectations), color="red") +
scale_x_discrete(Timits=c(2013:2022)) +
geom_errorbar(aes(ymin=y.min, ymax=y.max), width=.5, col = "black") +

geom_errorbar(aes(ymin=y.mine, ymax=y.maxe), width=.5, col = "red")

# Expectations minus observation

Tearn.loss <- eng[9:10] - expectations[9:10]
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print(learn.loss) # -17.01429 -23.52857

round(learn.loss/ eng.sSD[9:10], 2)



