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Abstract. Introduction. In 2020, the first two weeks of the enforced transformation of
all the levels of school education, which was initiated as one of the measures against the Coro-
navirus disease (COVID-19), revealed a range of issues hampering the appropriate distance
education. The absence of the methodological basis for conducting online classes in the Kazakh
pedagogical community defined the need to study and enhance forms and technologies that
would be efficient to use to interact with students during the transition of the national educa-
tion system to distance education.

Aim. The aim of this research lies in defining efficient methods for distance teaching of
computer science in the Kazakh secondary school students in terms of ensuring the mainte-
nance of the quality of knowledge and the academic progress of students at the sufficient level
corresponding to that of the traditional in-person education.

Methodology and research methods. A total of five educators and 320 students of three
Kazakh schools took part in the study. At the moment of the experiment, the students were
aged 12 to 18 years old. The participants were divided into seven groups according to the edu-
cational level (5th—11th forms) in order to make it more convenient to trace qualitative changes
in the academic progress depending on the selected method for distance teaching of computer
science. The authors conducted three control evaluations of the quality of knowledge in each of
the 320 participants. The t-test for unpaired samples for every group was conducted to prove
the statistical certainty of the calculated average reference values, which were required to con-
firm the viability of the conducted research. The analysis of the data obtained at the concluding
stage of the experiment allowed to compare them with the reference values calculated at the
preliminary stage of the research in question. For the comparison, The authors applied the
Mann-Whitney U test for independent samples.
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Results. The preliminary analysis of the quality of knowledge related to the discipline
of computer science in the participants revealed generally high and average level of both ac-
quisition of theoretical information and development of the subject-related skills, which was
registered based of the results of in-person education. The leading experience of the specialists
composing the authors’ initiative research group allowed developing a structural scheme for an
online lesson. The lessons applying this scheme were conducted up to the end of the academic
quarter. By conducting the Mann-Whitney U test, we discovered that the obtained average
values of the quality of teaching computer science to the participants statistically increased (I
group — Uemp = 6.49 (p < 0.05), II group — Uemp = 7.46 (p < 0.05), III group — Uemp = 6.05 (p <
0.01), IV group — Uemp = 6.71 (p < 0.05), V group — Uemp = 6.91 (p < 0.01), VI group — Uemp =
6.65 (p < 0.05), VII group — Uemp = 6.21 (p < 0.05)). Despite temporary fall in the efficiency of
teaching computer science registered during the transition to the distance model, it was man-
aged to achieve the level of academic progress and acquisition of knowledge corresponding to
that of in-person education.

Scientific novelty. TThe significance of the collected and analysed data was statistically
proved. The data confirmed the efficiency of the use of defined and adapted approaches and
teaching techniques, which were able to compensate the absence of traditional in-person les-
sons, while preventing the fall in the academic progress and the quality of knowledge in stu-
dents.

Practical significance. The obtained results evidence the success of the arrangements
aimed at the enhancement of the methods for distance teaching of computer science in the
Kazakh secondary school students during the transition to distance education enforced due to
the pandemic.

Keywords: distance learning, computer science, information technologies, technology
in education, teaching methods, pedagogics, school education.
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AnHomauyusi. Beederue. B 2020 roxay BBIHYXKIEHHas TPaHC(OPMAIHS BCEX YPOBHEH
IIKOABHOT'O OOyYeHMsI, THUIIMHPOBAHHAA B XOJE OCYILECTBAECHHS KOMIIA€KCA MEPOIIPUATHI II0
Goprbe ¢ manmemueil kopoHaBupycHoi nHdekuun COVID-19, B nepBble 3Ke HEIEAU BbISIBHAA
HeABbIHl psf IpobAeM, TaK HAM HHade 3aTPYAHSIONIMX IIOAHOLIEHHOE (YHKIIMOHHPOBAHHE
AUCTAHIIMOHHOrO opMara obydeHud. OTCyTCTBHE Yy Ka3aXCTAHCKOIO IIeJarorHYeCcKOro
coobiiecTBa CHOPMHUPOBAHHOTO K 9TOMY MOMEHTY METOZOAOTHYECKOro 0asuca IIPOBENeHU
OHAAMH-YPOKOB OIIPEEANAO HEOOXOAMMOCTEh H3Y4YEHHs] M ONTHMHU3ALMH (POPM MU TEXHOAOTHUH
B3aUMOAEHCTBHS C 00yJaIOIIMMHUCS, 9(P(PEKTUBHBIX JAS HCIIOAB30BaHUS IIPH IIEPEX0/Ie CUCTEMBI
HaAIIMOHAABHOTO 00pa30BaHUsA Ha JUCTAHIIHOHHYIO MOEAB.

Ilenw. lleAb HACTOMAIIETO KCCAEHOBAHHS 3aKAIOYAETCS B ONPENeA€HHN 3(PPEKTUBHBIX
METOAOB JUCTAHIIHOHHOIO O0y4IeHUT HH(POPMAaTHKE Ka3aXCTaHCKHX IIIKOABHHUKOB C TOYKH 3PEHUS
obecrieyeHHs IMOANEPKAHNA KadyeCTBa 3HAHUN U yCIIeBA€MOCTH O0y4YalOIMXCs Ha TOCTATOYHOM
YPOBHE, COOTBETCTBYIOIIIEM Pe3yAbTaTaM TPAIHUIIMOHHOIO OYHOTO popMaTa o6Gpa3oBaHMUs.

Memoodonozus, memodbl u wmemoOuku. B HccaefOBaHHUM IIPUHSAM ydacTHe 5
nemaroroB u 320 oby4arommxcs U3 3 Ka3axXCTAHCKUX IIIKOA. Bo3pacT ydaiuxcss HAa MOMEHT
IpOBeNEHUs SKCIepuMeHTa — oT 12 mo 18 aer. [lasg ymoGCcTBa OTCAEKMBaHHS KAa4eCTBEHHBIX
U3MEHEHHUN YPOBHS IIOATOTOBKH OOYYaOIIMXCS B COOTBETCTBHM C BBIOPAHHBIMH METOIaMH
[QUCTaHIIHOHHOTO O0y4YeHNsT HH(POPMATHKE HUCIIBITyeMble ObIAU Pa3/IeACHBI Ha 7 TPYIIII COTAACHO
ypoBHAM obpasoBanud (5-11 kaaccel). ITo KaxkgoMy u3 320 HUCHBITYEMBIX MBI IIPOBOAUAH TPH
KOHTPOABHBIX H3MEPEHHs KadeCcTBa 3HaHUH. [laa oIpeieAeHUsS CTATUCTHIECKOH JOCTOBEPHOCTH
PacCYNTAaHHBIX HAMH CPEIHHUX ITAAOHHBIX 3HAYEHHN, OIpeleAeHHEe KOTOPBIX TpeboBaAOChH
AT TIOATBEPIKIACHUS PE3yAbTATUBHOCTH [JAaAbHEHINIETO XO[a WCCAELOBaHHsI, ObIA IIPOBeIEH
pacuer t-xkputepusa CThIOAEHTA [AS HENAPHBIX BBIODOPOK IO KaKAOH M3 CEMH Tpymnil. AHasus
JAHHBIX, IIOAYYEHHBIX Ha 3aBEpIIaoIleM JTale 3KCIIEPHMEHTA, II03BOAHMA IIPOBECTH HX
CPpaBHEHHE C JTAAOHHBIMU 3HAYCHHAMH, PACCHHUTAHHBIMH HaMH B XOAE IIPEABAPUTEABHOTO
3Tara OIINCBIBAEMOI0 HccAemoBaHUsdA. CONIOCTaBAEHHE IIPOBOAHUAOCH METOZOM OIIPEAEACHUS
HemnapaMmeTpudeckoro kputepus U MaHHa — YUTHH 1A HE3aBHCHMBIX BHIOOPOK.

Pesynemamot.  IlpenBapuTeabHBIN  aHaAW3 KadecTBa 3HAHUM II0  IIpeAMETY
«MHMOopMaTHKa» Y HCHBITYEMBIX IIOKa3aA B IIEAOM BBICOKHN M CPEIHHH YPOBEHb YCBOEHHS
y4ebHOro Marepuasa W Pa3BHTHA MPEAMETHO-IIPAKTHYECKHX HABBIKOB, PETHCTPHUPYEMBIH II0
uroraM o0ydeHUs B O4HOM popmarte. [lepeoBOM ONIBIT COCTABASIONIINX HAIIY HHHUIIHATUBHYIO
HCCAEIOBATEABCKYIO TPYIILy CIEIIHAANCTOB IIO3BOAMA pa3paboTaTh CTPYKTYPHYIO CXEMYy
IPOBEAEHHUS YPOKa B YCAOBUAX AHUCTAHIIMOHHOTO pbopMarTa. YPOKH C HCIIOAB30BAHUEM JaHHOM
CXeMBbI IIPOXOAHAM [0 OKOHYAHHUsA ydeOHOH deTBepTH. Mcmoabsyst pacuer U-kpurepuss MaHHaA
— YUTHH, MBI YCTAaHOBHAH, YTO IIOAYYEHHBIE YCPEOHEHHBbIE ITOKa3aTeAH KadecTBa O0ydeHHUs
HCHOBITYEeMBIX HH(OPMATHKE CTATHCTHYECKH 3HA4YUMO Bo3pocau (I rpymma: Usmn = 6,49 (p <
0,05), II rpynma: Usamn = 7,46 (p < 0,05), III rpynma: Usmn = 6,05 (p < 0,01), IV rpynna: UsMmn
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= 6,71 (p < 0,05), V rpynna: Uamn = 6,91 (p < 0,01), VI rpynna: Usamn = 6,65 (p < 0,05), VII
rpymmna: Usmm = 6,21 (p < 0,05)). HecmoTpsa Ha BpeMeHHoe nageHne 3PpOEeKTHBHOCTH 00yIeHUT
HH(pOPMATHKE, 3aPETHCTPUPOBAHHOE IIPH IIepexo/ie Ha AUCTAHIIMOHHBIN (hopMar, K MOMEHTY
OKOHYaHHA OKCIIEPHMEHTa YOAAAOCh HOOHTHCS YPOBHEH yCIIeBAEMOCTH H YCBOEHHSI 3HAHHH,
COOTBETCTBYIOIIHX TAKOBBIM IIPH OYHOM OOYYEHMH.

Hayunas HosusHa. IPPEeKTUBHOCTL HCIIOAB30BAHUS BBIIBACHHBIX U aIallTHPOBAHHBIX
HaMH MOAXOA0B U METOLOAOTHI IIPerofaBaHus, KOTOPble CMOTAH KOMIIEHCHPOBATEL OTCYTCTBHE
BO3MOKHOCTH IIPOBEIEHUS TPAAUIIMOHHBIX YPOKOB B OYHOM (hopMaTe M B TO K€ BpeMsd He
JOIyCTUTH IIAJEHUS YPOBHS YCIIEBAEMOCTH M KadeCcTBa 3HAHUM ydallUXcs, ITOATBEPXKICHA
cOOpaHHBIM M IIPOAHAAU3HPOBAHHBIM HAMH MAaCCHBOM OMIHPHUYECKHX [AHHBIX, 3HAYHMOCTh
KOTOPBIX CTATHUCTHYECKHU JOKa3aHa.

Iparxmuueckas sHauumocmo. [ToaydeHHbIE Pe3yABTATHI CBUAETEABCTBYIOT 00 YCIIEIITHOCTH
OCYIIIECTBAEHHBIX B paMKaxX MJAaHHOTO HCCAEIOBAHHUS MEPOIIPHUATHH, HAIIPaBACHHBIX Ha
OIITUMH3ALHIO d9(P(DEKTUBHOCTH METOAOB O0yIEHU Ka3aXCTAHCKHUX IITKOABHUKOB HH(POPMAaTHKE
P Mepexofie Ha PEeXKUM AUCTAHIIMOHHOTO 00pa30BaHMS, BBEAEHHBIM B CIIEIITHOM IIOPSAKE B
CBSI3H C ITaHAEeMHEH.

Knroueevle cnoea: MUCTAHILMOHHOE oOydeHHe, HH(MOPMATHKA, HMHGMOPMAIMOHHBIE
TEXHOAOTHH, TEXHHYECKHEe CpPe[CTBa OOydeHMs, MeTOAbl OOydeHHs, IeJaroruka, NIIKOABHOE
obpaszoBaHUe.

Bnazodaprocmu. ABTOPCKHM KOAAEKTHUB BbIpazkaeT 0OAarogapHOCTb IHPEKTOPY
¢puanansa Kambbiackoro pationa [Tasater npeanpunumaresett CeBepo-KazaxcraHnckoit obaacTu
Oaxacy [I:xam0ysoBH4y AGHABMAarKHHOBY 33 TEXHHYECKOE OCHAIlleHHe 0a3bl HCCAEIOBAHUL, a
TaK:Ke II0YeTHOMY pPabOoTHHKY obpasoBaHus PecmyOaukn Kazaxcran BaxTusapy ACKapoBHUY
KazbaeBy 3a HH(POPMAIIMOHHYIO OAAEPIKKY.

Ans uumupoeanust: KamvankapuH M. M., CuBuHckuit A. M., AnTkeHoBa M. K.,
XKauubekoB M. B. UccaemoBanue u ontumusarys 3PPEeKTUBHOCTA METOAOB AUCTAHIIMOHHOTO
obydeHus nH(MOPMATHKE Ka3aXCTaHCKUX IITKOABHUKOB B Ilepuoa nmaHaemuu // O6paszoBaHue U
Hayka. 2023. T. 25, Ne 2. C. 138-163. DOI: 10.17853/1994-5639-2023-2-138-163

ESTUDIO Y OPTIMIZACION DE LA EFICIENCIA DE
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Abstracto. Introducciéon. En 2020, la transformacion forzosa de todos los niveles de la
educacion escolar, iniciada durante la implementaciéon del conjunto de medidas para combatir la
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pandemia a raiz de la infeccion por coronavirus COVID-19, revel6 una serie de problemas en las
primeras semanas, que de una forma u otra impedian el pleno funcionamiento del formato de la
ensenanza a distancia. La falta de una plataforma metodologica para impartir las clases en linea
por parte de la comunidad pedagoégica kazaja en ese momento, determiné la necesidad de estudiar
y optimizar las formas y tecnologias de interaccion con los alumnos a fin de que fueran efectivas
para su uso en la transicion del sistema educativo nacional a un modelo de ensefianza a distancia.

Objetivo. El proposito de este estudio, es identificar métodos efectivos de la ensenanza
a distancia de la informatica para los escolares de Kazajstan, cuya finalidad es mantener la
calidad del conocimiento y el rendimiento del alumnado en un nivel suficiente y que corresponda
a los resultados del formato tradicional de educaciéon a tiempo completo.

Metodologia, métodos y procesos de investigacion. En el estudio hiceron parte 5
profesores y 320 estudiantes de 3 escuelas kazajas. La edad de los alumnos al momento del
experimento era entre 12 y 18 afos. Para facilitar el seguimiento de los cambios cualitativos
en el nivel de formacion de los escolares de acuerdo con los métodos elegidos de ensenanza a
distancia en informatica, los individuos objeto del estudio se dividieron en 7 grupos segun los
niveles de educacion (grados 5-11). Para cada uno de los 320 individuos, llevamos a cabo tres
medidas de control de la calidad del conocimiento. Para determinar la significacion estadistica
de los valores de referencia promedio calculados por nosotros, cuya determinacion se requeria
para confirmar la efectividad del curso posterior del estudio, calculamos la prueba t de Student
para muestras no apareadas para cada uno de los siete grupos. El analisis de los datos
obtenidos en la etapa final del experimento permitié compararlos con los valores de referencia
calculados por nosotros durante la etapa preliminar del estudio descrito. La comparacién se
realizo por el método de determinacion no paramétrica de la prueba U de Mann-Whitney para
muestras independientes.

Resultados. Un analisis preliminar de la calidad del conocimiento en el tema “Informatica”
entre los individuos mostré un nivel generalmente alto y promedio de asimilacion del material
educativo y el desarrollo de habilidades practicas basadas en el tema, registrado sobre la base
de la formacién de tipo presencial. La avanzada experiencia de los especialistas que integran
nuestro grupo de investigacion de iniciativa hizo posible desarrollar un diagrama de bloques
para la realizacién de una clase en formato a distancia. Las clases se impartieron utilizando este
esquema hasta el final del trimestre académico. Utilizando el calculo del criterio U de Mann-
Whitney, encontramos que los indicadores promedio obtenidos de la calidad de la ensefianza de
la asignatura de informatica ofrecida a los alumnos aumentaron estadisticamente de manera
significativa (grupo I: Uemp = 6.49 (p < 0.05), grupo II: Uemp = 7.46 (p < 0,05), grupo III: Uemp
=6,05 (p < 0,01), grupo IV: Uemp = 6,71 (p < 0,05), grupo V: Uemp = 6,91 (p < 0,01), grupo VI:
Uemp = 6,65 (p < 0,05), grupo VII: Uemp = 6,21 (p < 0,05)). A pesar de la caida temporal en la
efectividad de la ensefianza de la informatica, registrada durante la transicion a un formato a
distancia, al finalizar el experimento fue posible alcanzar niveles de rendimiento académico y
adquisicion de conocimientos correspondientes a la educacion de estilo presencial.

Novedad cientifica. La efectividad del uso de los enfoques y metodologias de ensehanza
identificados y adaptados por nosotros, que pudieron compensar la falta de posibilidad de
impartir las clases tradicionales en formato presencial y al mismo tiempo evitar una caida en el
nivel de progreso y calidad del conocimiento de los escolares, fue confirmado por la serie de datos
empiricos que recopilamos y analizamos y, cuya importancia fue estadisticamente probada.

Significado prdctico. Los resultados obtenidos confirman el éxito de las actividades
realizadas en el marco de este estudio, destinadas a optimizar la eficacia de los métodos
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de ensenanza de la informatica a los escolares kazajos durante la transicién al régimen de
educacion a distancia, introducido apresuradamente por motivos relacionados con la pandemia.

Palabras claves: Ensenanza a distancia, informatica, tecnologias de la informacion,
material didactico, métodos de ensefianza, pedagogia, educacion escolar.
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Introduction

At the beginning of 2020, the humankind faced the outbreak of previously
unknown Coronavirus of SARS-CoV-2, which caused the unprecedented scale
of the struggle against it. As soon as the World Health Organization announced
the pandemic, which is an emergency at the international scale, in the Repub-
lic of Kazakhstan, from the 16th of March, the Presidential Decree introduced
some quarantine and restrictive measures meant to minimise the spread of the
Coronavirus pandemic. The lockdown implied almost complete closure of state
borders, cessation of shopping, entertaining and other establishments, trans-
fer of the majority of employees to remote mode, prohibition and prevention of
crowding both in closed spaces and outdoors [1, 2]. Among the restrictive meas-
ure, the urgent transition of the education system to distance model became
a separate direction of the national policy against the Coronavirus pandemic.
However, this transition became not only a challenge for all the subjects of the
educational process, but also a certain driver for the development of both meth-
ods for teaching online and those for asynchronous transfer of educational com-
petence from a teacher to a student.

The first two weeks of enforced transformation of all the levels of school
education, which was initiated among the measures of the Ministry of Educa-
tion and Science of the Republic of Kazakhstan against the Coronavirus disease
(COVID-19), revealed a range of issues hampering the appropriate distance ed-
ucation [3]. The issues consist in insufficient potential of infrastructure and hu-
man resources. The insufficiency of the infrastructure implies obviously scarce
computer, multimedia and communicative facilities in the majority of educa-
tional institutions as well as a limited channel capacity of local Internet service
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providers, which are not ready for a sharply increased traffic load. The problems
related to the human resources lie in an extremely small number of efficient
and effective methods for distance teaching that are adapted for the Kazakh re-
ality and the absence of practical skills in educators to transpose familiar ways
to work into online environment [4]. These facts trigger the objective need for
studying the methodological basis compiled by the Kazakh pedagogical society
in the period in question, for defining and enhancing the revealed forms and
technologies to interact with students, which are used during the transition of
the national education system to the distance model.

In this regard, at the premises of the Kokshetau University named after
Abay Myrzakhmetov there were formed an initiative group of specialists in or-
ganising online courses and developing e-learning services. The group was initi-
ated for interacting with the secondary school educators that faced the necessity
to transfer to distance education model. These educators were involved in teach-
ing computer science in S5th-11th forms. The specialists provided permanent
methodological support as well as monitored the current quality of student’s
knowledge and analysed the efficiency of the applied methods in the context of
both distance and in-person models.

Thus, the objective of the research is defining the efficiency of the methods
applied in distance teaching computer science to the Kazakh secondary school
students and analysing the prospects of the enhancement of the methods in
question. We believe that, when it is impossible to conduct in-person lessons,
the choice of the efficient approaches to organise computer science lessons and
the proper mastering of all the necessary theoretical and practical tools are able
to ensure a sufficient level of students’ acquisition of the subject-related knowl-
edge that can be compared to that in the traditional education model.

Literature Review

The unpredictable development of the Coronavirus outbreak and urgent
introduction of preventive measures revealed the extreme deficit of theoretical
elaborations on forming the system of pedagogical impact and transfer of knowl-
edge in the situation under consideration. Hence, it sets the priority to consider
local cases of the organisation of distance teaching, including computer science,
which were described before the pandemic.

Romero and Ventura [5] consider a number of e-learning platforms that
are used to this or that extent for teaching various subject disciplines to school
students online. It is noted that the material that is presented on those plat-
forms can be used for both students self-studying and as a practice to consol-
idate the acquired knowledge at the lesson. Moreover, the teaching techniques
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using those online courses can be integrated with the in-person education mod-
el, since the prospects of massive application is taken into account at the de-
velopment stage. According to Pardala, such functional potential is present in
the Kazakh electronic platform Bilimland, which was also recommended by the
Ministry of Education and Science of the Republic of Kazakhstan to the students
and educator to be used during the pandemic [6].

Describing the fundamental principles, prerequisites and pedagogical as-
pects of the online education model, Picciano focuses on a so-called “integrated
multimodal environment” [7]. Despite quite a long-time existence of the theoret-
ical and technological basis for distance education, its organisation, in its turn,
has been of a temporary or individual character and has not implied any kind
of large-scale spread so far. Consequently, practicing educators that normally
stay with the class-and-lesson system did not consider distance teaching in
depth. Many researchers, for example, Kaderkeyeva, Bekmanova, Sharipbay [8],
stress the generally perceived importance of electronic (online) education in the
Kazakn education system, but, at the same time, its impromptness to get devel-
oped and to obtain any significant status.

The methods for distance teaching that Fayanto [9] described in his re-
search are based on the presence of interactive components in electronic edu-
cation resources, which not only considerably facilitate the monitoring of the
acquisition of knowledge and skills and their practical application but also pos-
itively affect students’ motivation, their involvement in improving their personal
academic progress. Kaya and Ozel noted that it is particularly relevant for com-
puter science lessons, since solving tasks at the computer requires checking
their performance promptly and introducing corrections online [10].

The researchers and educators Oyelere, Wajiga et al. [11] noted that the
wide opportunities of education mobile applications highlight their accessibility
and universality as means of solving applicable learning tasks. Besides, commu-
nicative potential of contemporary education mobile devices as such in organising
online education can greatly compensate its social aspect as it allows three-party
communication among a student, their teacher and their classmates. Hence, in
case distance education is enforced, there is no need to replace the methods of
group workings, which sometimes appear indispensable, by differentiation.

In general, it can be stressed that the majority of researchers recommend
being selective when choosing the methods for distance education, since, for
example, the thematic content of the subject discipline of computer science re-
quires the application of rather a wide range of forms of teaching. This means
that every separate unit of educative tasks requires the integration of corre-
sponding approaches, technologies and resources. The fragmentation of the web
services available for this purpose confirms the absence of the need for total
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transition of school education online in the “pre-COVID” era. It is opposed to the
results of pedagogical experimental tests published in the early months of the
pandemic in 2020.

For example, the German researchers Konig and Glutsch [12] described
difficulties of the enforced transition to distance education in Germany. They
stated the acute necessity for developing a comprehensive web-assistant for all
the participants of education process, which would involve all the necessary ma-
terials for acquisition of the academic programme. The researchers confirmed
that a set of methods for teaching school students online depends, firstly, on
the teacher’s competence in information technology and then only, on the avail-
ability of technical solutions. Therefore, within distance education model, such
groups of software products as messengers and services for video conferences
gained an advantage and resulted being a substitute for in-person education
[13]. However, such subject discipline as computer science, that is specifically
distinct from other school disciplines, requires a certain set of programming
solutions whose absence makes studying it ineffective.

In this regard, Fujita [14], a Japanese researcher of the informatisation of
education, states that, if an educator has a certain set of online instruments for
teaching the majority of computer science subject units, even in distance teach-
ing, they can organise a lesson correctly and lead their students from theory to its
practical implementation and preserve the opportunities for their individual work.
We believe that his work proved the relevance of such research. Conducting such
research is currently a source for theoretical knowledge and solutions to emerging
problems in the education system both global and national levels. Therefore, the
current lack of scientific analysis of and grounds for the efficiency of the methods
for distance teaching of computer science in Kazakh secondary school students
during the pandemic determine the novelty of this research.

Methodology, Materials and Methods

The experimental test was conducted from March to December in 2020.
A total of five educators and 320 students of three Kazakh schools took part in
the study. The schools are, namely, Petropavlovsk Secondary School No.3, No-
vorybinsk Secondary General School of the North Kazakhstan Region, Regional
Boarding School for Hearing-Impaired Children (Petropavlovsk, Republic of Ka-
zakhstan). At the moment of the experiment, the students were aged 12 to 18
years old. The conducted research included three stages:

- preliminary;

- basic;

- additional.
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At the first (preliminary) stage, there were determined the experimental
test, the number of participants, the plan of empirical part. We concluded the
agreements with the administration body of the selected educational institutions
on the participation in the research, which allowed us to access the databases
of current academic progress and quality of knowledge on computer science in
students. Together with the teachers working at these schools and cooperating
with our research group we defined the main thematic directions in education
corresponding to the Kazakh education programme for computer science and
selected the most suitable for distance teaching didactic methods and software
products (services) available at the moment. As a result, there was developed a
preliminary algorithm of realisation of the basic content of the education pro-

gramme using online technologies, which is presented in Table 1.

Table 1

The content of the study of the methods for distance teaching computer

science in the Kazakh secondary school students

. . Software for
Form Basic content Methods applied .
education
C t i d Explanat d
. ompu e:r science an ! XP ana. ory an . Bilimland
5 |information illustrative, reproductive
Graphics and animation Interactive, project method |Logiclike
Working with electronic
& Reproductive, self-learning | Google Docs
documents
6
; . . . Scratch
Algorithms and actors Demonstration, interactive .
Mobile
Computer networks and
p. W Research method, visual Bilimland
7 security
Algorithms and computer . .
. Interactive, reproductive Moodle
programming
. . Demonstrational, project .
Computer simulation TinkerCad
3 method
Algorithms and computer . .
. Visual, reproductive Moodle
programming
Structured programming Reproductive OnlineGD
9 ; ; ; - ; ;
Practical computer simulation |Visual, self-learning Yenka Online
10 |Object-oriented programming |Project method Online GD
Reproductive, project Web server
Web elaboration procductive, proj L .
1 method Sivinskiy.com
. . Interactive, explanatory Online
Information security . .
and illustrative Mektep
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Apart from the mentioned methodological approaches to teaching com-
puter science [9, 15], it was planned to use such services for organising an on-
line lesson and video conferences as Zoom, Google Class and Microsoft Teams
as well as mobile applications for rapid interchange of messages and media con-
tent (WhatsApp, Telegram, Viber) as means of communication and interchange
of study materials.

Due to the impossibility to study the experimental test plan and instruct the
participant in person, it was realised via a video conference. During this remote
meeting, we obtained the informed consent from all the potential participants.
The parents (official representatives) of the students expressed no objections.

The methodological basis for the research is composed of the works by
Vajndorf-Sysoeva [16] (the teaching technique for distance education), Romero
and Cope (the processing of academic progress data — Big Data) [7, 17]. Besides,
we widely used experimental pedagogical elaborations by the employees of the
selected education institutions that participated in our experiment and Koval’s
technologies on analytics and management in school environment through the
application of information and communication technologies [18].

The basic stage of the presented experimental test took place from April
1 to May 25 in 2020 during the last academic quarter. Due to the implemented
Kundelik’s automated online system for calculating and registering current and
final academic progress in the Kazakh schools, we could conduct the analyses
and determine the quality of knowledge in the participants at the beginning of
the experiment (before distance education model was introduced). This platform
assumes ten-point-scale evaluation of students at every lesson, which proved to
be quite a prospective factor for conducting an analytical and synthetic monitor-
ing, which is an integral part of our research [19].

In order to make it more convenient to follow qualitative changes in the
academic progress of the students depending on the selected distance education
methods, the participants were separated into seven groups based on their level
of education (5th-11th forms). Each group included three subgroups represent-
ed by each of the three schools. We conducted three control evaluation of the
quality of knowledge for each of the 320 participants. The data was downloaded
to the Kundelik’s platform for every stage separately:

- before the experiment;

- after the basic stage of the experiment;

- after the additional stage of the experiment.

The data was processed in Excel spreadsheets with the embedded func-
tions. The statistical certainty of the research results was proved with the online
service Statpsy.

During the basic stage of the experiment, we conducted time-to-time con-
sultations for the teachers on the choice of the distance education methods to
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teach computer science. At the additional stage (from September 2 to December
30, 2020), the implementation of the methods was corrected in order to enhance
the education process and online lessons. The main qualitative changes are de-
scribed in the results section of this work.

Results

The preliminary analysis of the quality of knowledge related to the com-
puter science subject in the participants revealed generally high and average
level of both acquisition of theoretical information and development of the sub-
ject-related practical skills, which was registered based of the results of in-per-
son education (with the use of traditional methods). The obtained values (Table
2) shall be considered reference ones, which means that a significant deviation
from them (decreasing) shall evidence inefficiency of the applied methods teach-
ing techniques of distance education.

Table 2

Average indicators of the quality of knowledge of computer science before the
basic stage of the experiment

Subgroup 1 Subgroup 2 Subgroup 3 Overall result
Group | Form | Average o Average o Average o Average o

value value value value

I 5 7.56 |[1.12| 8.23 1.45 7.91 1.39| 7.90 1.32

1I 6 8.45 |[2.08| 8.72 1.34 8.11 1.71| 8.43 1.71

111 7 7.23 [1.39| 6.49 1.77 6.92 2.05| 6.88 1.74

1\% 8 835 |[0.78| 7.79 1.19 8.03 1.25| 8.06 1.07

\Y 9 7.62 |[1.03| 9.05 1.62 8.07 1.41| 8.25 1.35

VI 10 811 |[0.96| 7.39 0.99 8.19 1.03| 7.90 0.99

VII 11 7.13 [1.53| 7.34 1.20 7.91 1.58| 7.46 1.44

o0 — standard deviation

The school form-based groups differed significantly in the number of the
participants as a consequence of urgent circumstances of the conducted expe-
rience (enforcement of distance education amid the Coronavirus pandemic) and
the necessity for reaching the largest number of participants possible (as the
introduction of online lessons involved all the education levels). Thus, we decid-
ed to conduct a statistical analysis taking this factor into account and, if neces-
sary, to consider separate subgroups combined with the others (within the same
form). It should be noted that the first experimental group included 53 students,
the second one — 58, the third one — 37, the forth one — 42, the fifth one — 47, the
sixth one — 49, the seventh one — 34. Upon the statistical processing of the indi-
cators of the quality of knowledge related to the discipline of computer science
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in the participants before the basic stage of the experiment we excluded eight
students (three from the first group, two from the second group, two from the
fifth group and one from the seventh group) from the overall calculations. This
decision was taken when we calculated disperse characteristics and noticed that
the qualitative values of their academic progress resulted beyond normal distri-
bution. Nevertheless, they continued their participation in the experiment as a
school form is an integral unit, but the data obtained from monitoring them was
not included into the overall analysis.

In order to prove the statistical certainty of the calculated average refer-
ence values, which are required to confirm the validity of the experiment, we
conducted a t-test for unpaired samples for each of the seven groups. It was
determined that the parallel presence of the three groups related to different
educational institutions justified the totality of their critical values, since the
detected differences (p < 0.05, provided t1 = 7.87, t2 = 7.69, t3 = 7.93) lie within
the acceptable range for this kind of research.

Before the basic stage of the experiment, both the content analysis of the-
oretical and practical body of literature on the organisation and maintenance of
distance education [20, 21] and the advanced experience of the specialist in our
initiative group [22, 23] allowed us to elaborate a structural scheme for conduct-
ing a lesson when an in-person lesson is impossible. The content of this scheme
includes the following elements:

1. Stage of organisation (external):

a. Preparing software and devices for teaching (starting applications, au-
thorising, if necessary, announcing the start of the lesson and other related
information, for example, links to the video conference, study materials, files
containing some tasks, in the chat in the selected messenger or another means
of communication).

b. Checking homework and the results of students’ self-studying (getting
the information on the completion of the tasks and practices from the study
portal’s server, a system of file exchange or another service, filling in the online
gradebook).

c. Monitoring the online activity (checking if the students are ready for the
online lesson).

2. Stage of motivation (online):

a. Greeting and setting the objective (communicating with the student
in the video conference, applying active teaching methods such as brainstorm,
case analyses, business games);

b. Theoretical preparation and instructions (online demonstration of
study materials, predominantly in the form of charts and videos, synchronised
explication and commenting, use of illustrative teaching methods);
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c. Realisation of the social component (organising the student’s interac-
tion with the help of standard applications for video conferences, applying dis-
cussion and problem-based learning).

3. Stage of practice (asynchronous):

a. Accomplishing study tasks (working with electronic systems for dis-
tance education, accomplishing tasks in specialised educational web-portals or
proprietary websites offering the practical materials that correspond to the se-
lected topic, traditional task solution in a written or electronic way);

b. Realisation of the health protection component (physical activity break,
exercises for the neck, the back and the lower extremities, complex of exercises
to relax the eyes)

c. Project and extracurricular activity (student projects as electronic docu-
ments or multimedia that reflect their real work, ensuring students interaction
within the class through the technological communication means, watching the
topic-related video lessons recommended by the teacher).

4. Stage of post-lesson activity

a. Publishing the accomplished tasks (downloading them to the educa-
tional web-server or sending them directly to the teacher in any available way:
e-mail, social networks, messengers);

b. Reflection and self-studying (analysing and comprehending the lessons
results, studying additional literature, watching educational videos, visiting de-
velopment web-resources).

Figure 1 illustrates the described structural scheme for conducting an

online lesson.

study tasks

Greeting and setting the Publishing
ﬁ I the accomplished tasks
Theoretical preparation and ichil
2 iniuctions bt m =

Preparing software and
devices for teaching

; : - Reflection
) ‘ and self-studying
—— : )
¥ ko Project and extracurricular
cthzcr é:lgjltsog;i‘;f 5::;? Realization of the social activity
t
self-studying Il
1. Stage of organization I1. Stage of motivation III. Stage of practice IV. Stage of post-lesson
(external) (online) (asynchronous) activity

Fig. 1. Structural scheme for conducting an online lesson
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Such lessons (based on the scheme presented above) were conducted up
to the end of the quarter. Meanwhile, we collected and processed sufficient em-
pirical data, which allowed us to make intermediary conclusions on the exper-
iment. Table 3 shows the calculated values of the quality of knowledge related
to the computer science subject in the participants after the second part of the
experiment, which evidence a slight decrease. According to the participating
teachers, this fact may have a number of objective reasons:

— enforced transition to distance education;

— lack of the necessary period for the school students to adapt to new ed-
ucational circumstances;

- insufficient facilities for education process at the beginning of distance
learning;

— external problems (disruptions, low speed of the internet connection);

— educational servers breakdowns due to a sharp increase in the traffic
and user activity.

Besides, the lack of practical experience in using distance education
methods in the teachers and current need for their enhancement also affected
the decrease in qualitative values.

Table 3

Average indicators of the quality of knowledge of computer science in the
participant after the basic stage of the experiment

Subgroup 1 Subgroup 2 Subgroup 3 Overall result

Group | Form | Average 5 Average 5 Average o Average o
value value value value
I 5 446 |0.72| 5.64 1.45 5.66 1.61 5.25 1.26
II 6 6.43 1.79| 6.47 1.82 6.19 1.53 6.36 1.71
I 7 5.11 0.99| 441 2.17 5.04 2.47 4.85 1.88
IV 8 5.81 1.01| 4.97 1.51 5.06 0.99 5.28 1.17
\Y 9 4.85 |0.89| 6.13 1.22 5.96 1.55 5.65 1.22
VI 10 6.39 |0.57| 4.05 |0.93 5.19 1.49 5.21 1.00

VII 11 4.27 1.75 4.72 1.31 5.42 1.53 4.80 1.53
o0 — standard deviation

The analysis of the obtained data allowed to compare them to the refer-
ence values calculated at the preliminary stage of the experiment. We applied
the Mann-Whitney U test for independent samples. We used the standard for-
mula and compiled a consolidated range of paired samples under comparison.
Their elements were ranged increasingly. Every element attributed a rank. The
desired range was split into a smaller one. For each of them, the sum of the
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ranks was calculated separately. The resulted U-value was compared to the
table values.

n, -0, +1)
U:nl-n,+i—1‘x
2

According to the obtained empirical values, the detected difference in
samples can be considered statistically significant: I group — Uemp = 6.58 (p <
0.05), II group — Uemp = 7.39 (p < 0.05), IIT group — Uemp = 5.86 (p < 0.05), IV
group — Uemp = 6.67 (p < 0.05), V group — Uemp = 6.94 (p < 0.01), VI group —
Uemp = 6.55 (p < 0.05), VII group — Uemp = 6.13 (p < 0.01).

After the basic stage of the experiment was finished, in order to enhance
the methods for distance teaching computer science, we elaborate the following
recommendations for the teachers:

- organising the online lessons of computer science and teaching this sub-
ject in asynchronous mode should be synchronised with other subject disci-
plines, i.e. one should avoid the multi-lesson activity that has not been coordi-
nated, while, if possible, integrate inter-subject connections;

- creating the subject-based chats (for study materials exchange) and
the class-based chats (for organisational issues) when using messengers as the
main means of communication among the parties of the education process;

- using available educational mobile applications, in particular, those with
graphic interface for the solution of such logical tasks as "Pereprava”, “Vodolei”,
“Chertezhik”, to ensure more comprehensive understanding of the “Algorithms
and actors” unit;

- downloading in advance all the task templates studied within the course
to the server when teaching programming in the Moodle environment, since it
significantly motivates the students to develop the programming skills and solve
as many suggested algorithmic problems as possible on their own;

- using such educational platforms as Bilimland and Online Mektep should
be combined with the teacher’s explanatory and illustrative activity represented
by theoretical and instructive video conferences in Zoom or similar services;

- working with electronic documents through the interaction with Google
Docs should be anticipated by registration and authorisation of new users (if
they have not had the accounts before);

- the methodologically grounded implementation of the online applica-
tion TinkerCad (or similar) when teaching basic computer simulation should be
accompanied by the corresponding study documents or other materials (video
lessons, online guide, slides) that are designed to facilitate the use of this soft-
ware product;

- certain difficulties concerning the interface of some electronic tools — for
example, Yenka Online, a computer simulation system; Online GD, a web-com-
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pilation system of the object-oriented programming languages, — which emerge
at the initial stage of studying object-oriented programming, should be taken
into account when explaining the related topics and demonstration method
should be applied (using them on the teacher’s device while demonstrating the
desktop at the video conference);

-when teaching “Graphics and Animation” and “Algorithms and Actors” at
the middle forms (S5th-6th forms), taking into account that the game methods
used in the applications Logiclike and Scratch Mobile can exceedingly involve
the students as they are based on “achievement and encouragement”. In this
regard, a teacher should control the accomplishments of the tasks with the em-
bedded administrative tools.

The third (additional) stage of our experiment involved the application of
the enhanced methods according to the presented recommendations. It took
place during two quarters of the following (2020-2021) academic year, since the
lockdown and distance education still persisted in Kazakhstan (September-De-
cember). Our research group received positive feedback from the computer sci-
ence teachers, which confirmed the increased efficiency of distance education
according to the corrected teaching techniques. The results of monitoring the
academic progress and the quality of subject-related knowledge that we con-
ducted upon this stage of the experiment are presented in Table 4.

Table 4

Average indicators of the quality of knowledge of computer science in the
participant after the additional stage of the experiment

Subgroup 1 Subgroup 2 Subgroup 3 Overall result
Group |Form |Average o Average o Average 5 Average o

value value value value
I 5 7.57 1.24 |8.15 1.32 |7.47 1.28 |7.73 1.28
1I 6 8.92 2.48 (8.9 1.82 |7.87 1.72 |8.56 2.01
111 7 7.53 1.8 [6.94 2.21 |7.27 2.23 |7.25 2.08
v 8 8.44 1.04 |7.66 1.67 |8.36 0.95 [8.15 1.22
\% 9 7.12 0.69 |9.09 1.96 |8.36 0.91 |8.19 1.19
VI 10 7.89 1.32 |7.89 1.49 [8.49 1.34 |8.09 1.38
VII 11 6.73 1.96 |7.78 0.99 |8.38 1.1 |7.63 1.35

o — standard deviation

We conducted the Mann-Whitney U test, just like at the previous stage,
and determined that the obtained average indicators of the quality of teaching
computer science to the participants increased significantly (I group — Uemp =
6.49 (p < 0.05), II group — Uemp = 7.46 (p < 0.05), III group — Uemp = 6.05 (p <
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0.01), IV group — Uemp = 6.71 (p < 0.05), V group — Uemp = 6.91 (p < 0.01), VI
group — Uemp = 6.65 (p < 0.05), VII group — Uemp = 6.21 (p < 0.05)). Figure 2
illustrates that, despite a temporary fall in the efficiency of teaching computer
science registered during the transition to distance education, it was managed
to achieve the level of the academic progress and acquisition of knowledge cor-
responding to that of in-person (traditional) education.

- 8.15 8.19
) - 5819 5.00
7.25 -
6.36
5.65
3.25 5.28 5
- I4:~ I 321 50
V VI VO VII IX X XI V VI VO VIO IX X XI V VI VI VIO IX X XI
Preliminary stage Basic stage Additional stage

Fig. 2. Dynamics of change in academic progress in the participants during the
transition to distance education

The obtained results evidence the success of the arrangements aimed at
the enhancement of the methods for distance teaching of computer science in the
Kazakh secondary school students during the transition to distance education
enforced due to the pandemic.

Discussion

In the course of this research, some similar research papers were pub-
lished, which allow us to analytically compare, align, specify and conclude on
the relevance and validity of the described experiment.

The proved necessity for a synchronised demonstration of study materi-
als and the teacher’s comments, which we showed in the elaborated structural
scheme, align with the empirical data on the efficiency of distance education
during the pandemic that was obtained by Indonesian researcher Nadeak [24].
He also states the limited nature of the traditional teaching methods and the im-
possibility to apply them beyond in-person education. In this regard, it should
be noted that the teaching techniques that we studied and enhanced in the
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course of the research make it possible to conduct distance education process at
a competence level covering all the units of computer science subject discipline
that are compulsory in the Kazakh educational programme.

The relevant problem of maintaining the quality of education in the en-
forced transition to distance education, which our research is based on, is also
considered by Lassoued, Alhendawi, Bashitialshaaer [25]. They described a
range of obstacles caused by the necessity to adapt to the drastic change in
the pedagogical impact, which impede the maintenance of the academic prog-
ress and acquisition of knowledge at the same level. We believe that the prob-
lems that they rose and researched are also currently peculiar of the Kazakh
education system, in particular, concerning the computer science lessons. We
consider that the majority of these problems can be successfully solved if one
uses the described methods for distance teaching and technologies for their
enhancement, since the differentiation and inhomogeneity of the educational
environment universal ways to maintain the quality of knowledge, which are still
relevant in any situation.

Our results also correspond to those of Marek, an American research who
was the first to describe teachers’ experience in the transition to distance edu-
cation at the beginning of the COVID-19 pandemic [26]. Based on the Kazakh
school students, we determined that it is possible and effective to adapt the tra-
ditional pedagogical methods to be used in online lessons, although it requires
the teachers to be theoretically, practically and technically prepared or an adap-
tation period for getting accustomed to new circumstances and finding adequate
didactic methods. Thus, the nature of the change in academic progress of the
participants, which we registered in the course of the presented experimental
test, corresponds with the theoretical model suggested by Marek and his Malay-
sian colleague Chew [26].

Due to the insufficiency of the currently available related empirical re-
search, we consider the most similar experiment conducted by German re-
searchers Klein and Ivanjek. They dealt with the problems of distance teach-
ing physics during the pandemic, the related change in the academic progress,
efficiency of online lessons and virtual laboratories [27]. We should note that
computer science, which is traditionally one of science and mathematics subject
disciplines along with physics, can be considered in the context of their findings.
Ivanjek et al. empirically proved positive correlation of academic progress indi-
cators upon the implementation of some arrangements that enhance distance
education proves. These suggestions, which enhance the teaching techniques
and are designed for online lessons, correspond with the recommendation that
we elaborated to enhance distance teaching of computer science in Kazakh sec-
ondary school students. The large number of participants (578 in Klein’s case
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and 320 in our case) ensures the statistical certainty of the conclusions on
the successfully conducted research and the enhancement of distance teaching
methods. The concordance of the results with those of other related research
as well as the practical approbation of previously existing theories confirms the
scientific significance of the presented research.

Conclusion

The accelerated changes in the educational system during the pandem-
ic defined the topicality of the problem and the enhancement of the methods
for distance teaching of computer science in Kazakh school students. There
emerged the urgent need for finding and adapting the most relevant teaching ap-
proaches and methodologies, which could compensate currently impossible tra-
ditional in-person lessons while, at the same time, preventing the fall in the aca-
demic progress and the quality of knowledge in students. We believe that it was
achieved in the course of the presented experimental test. Moreover, we believe
that the elaborated recommendations and structural schemes may be applied to
teach other school subject disciplines. The efficiency of their use is proved by the
collected and analysed empirical data that is statistically confirmed.

As a venue for future research, we suggest the elaboration of advanced
distance teaching methods, which use implies the extrapolation to the majority
of subject disciplines with the account of current circumstance of educational
process. Besides, the analysis of pedagogical experience in enhancing the teach-
ing techniques for conducting online lessons during the transition to distance
education due to the COVID-19 pandemic is of scientific interest.

The results of the presented research may be of use for teachers when
teaching computer science online as well as for researchers dealing with the
issues of teaching methods enhancement.

Our close cooperation with the teachers participating in the experiment
resulted to be very successful, in particular, in terms of the application of the
advanced experience. Such kind of cooperation is always important, especially
at such a complicated time as we experience now.
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