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This article reveals the current topic of the development of cognitive activity of students during biology
lessons using virtual laboratories. The results of the theoretical analysis of scientific publications and
research devoted to the study of the essence and features of educational and cognitive activity of modern
schoolchildren are presented. The purpose of the research was to study the influence of a virtual laboratory
on the educational and cognitive activity of students in the biology subject. The criterion for the effectiveness
of virtual laboratory work was a change in the success of learning and the development of cognitive
motivation in the seventh grade students in their dynamics. The data of the mathematical analysis of the
reliability of the obtained research results (error within p> 0.01) are presented. Significant differences were
found in the relationship between knowledge quality, academic performance, motivation, and the use of
virtual lab activities concerning the "knowledge quality” and "cognitive motives" parameters, as well as self-
development motives. The analysis revealed a moderately high score on these scales in both the first group
(control group) and the second group (experimental group) (p >0.01). This suggests that the implementation
of virtual lab activities has a greater impact on students' knowledge level and academic engagement. Based
on the results of the study, the necessity of using virtual laboratory work as one of the factors in the
development of cognitive activity of students has been justified.
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BUPTYAIIbHASA NABOPATOPUSA KAK ®AKTOP PA3BUTUSA NO3HABATEJIbHOU OEATENIbHOCTU
YYALLMUXCA HA YPOKAX BMONOIrmn

Kapumosa bE.E. — 0OokmopaHm obpa3ogamernbHol npoepammbl «buonoaus», [Nasnodapckuli
rnedaesoeudeckuli yHusepcumem umeHu O©. MaprynaH, e. lNasnodap, KazaxcmaH.
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Xymabekosa b.K.* — dokmop buosnozudeckux Hayk, rpogpeccop, llasnodapckuli nedazozuyveckul
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HaHHas cmambsi packpbigeaem akmyarnbHyl0 meMy pal3sumusi ro3HasamersibHolU OesmenbHOCmuU
yqawuxcsi Ha ypoke 6uosnoauu nocpedcmeom Ucrob308aHus gaupmyarsbHbix nabopamopud. lNpedcmasne-
Hbl pe3ynbmambi Meopemuyeckoeo aHanusa Hay4qHbix nybnukayul u uccredosaHull, MoCesWEHHbIX
usydeHuro cyuwHocmu u ocobeHHocmel y4yebHo-ro3HagameribHol desimernsHOCmU CO8PEMEHHbIX WKOMbHU-
Kos. Llenbto uccnedosaHusi 6biro onpedenumb cmerneHb 8MusiHUS supmyarnbHoU nabopamopuu Ha y4ebHo-
rnosHagameribHyr0 0essmenibHOCMb ydauwuxcs no npedmemy 6uonoaus. Kpumepuem aghghekmusHocmu
supmyaribHbIX 1abopamopHbIx pabom s6/4710Ck USMEHEHUE ycrewHocmu oby4yeHuUsi U pa3gumusi no3Hasa-
menbHOU Momueauyuu y y4dauwjuxcsi ceObMbIX Kracco8 8 ux OuHamuke. [lpusodsimcsi OaHHble Mame-
Mamu4eckoeao aHasnusa docmoeepHOCMU MOyYeHHbIX Pe3yrnbmamos (noepewHocms 8 npedenax p> 0,01).
JocmosepHbie pasnudusi no 83auMocesi3u kayecmea 3HaHul, ycriegaeMocmu. Momusauuu U fMpuMeHeHue
supmyarbHbIX n1abopamopHbix pabom Mofy4YeHbl 8 OMHOWEHUU fapaMempa «Kadyecmeo 3HaHul» U
napamempa «no3HasamesibHbie MOMU8bl», MOmMuUEbl camopasseumus. B pe3ynbmame aHanu3a 8bisienieH
YMEPEHHO 8bICOKUU MoKaszamersib Mo 3muM Wwkarnam Kak 8 rnepeoll epynne (KOHmposibHas epyrna), mak u 6o
emopoli epynne (3kcnepumeHmarnsHas epynna) (p> 0,01). 3mo ceudemesibcmeyem 0 mMmoM, YmMoO fpume-
HeHue supmyarsibHbiX jlabopamopHbIx pabom e 6osnblweli cmeneHu 8usiem Ha ypo8eHb 3HaHUll U y4ebHyro
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dessmesnibHOCMb  yyaujuxcsi. Ha ocHosaHuu pesyrnbmamoe ucciedosaHusi 060CcHo8bIsaemcsi Heobxoou-
MOCmb MPUMEHEHUSsT supmyarbHbIX nabopamopHbix pabom 8 kadecmee 00HO20 U3 hakmopos paseumusi
no3HasameJsibHoU dessmesibHOCMU y4aujuxcsl.

Knroyeenble crnoea: nosHasamesnbHasi dessmesibHOCMb, sUpmyarbHasl labopamopusi, no3Hasamerib-
Hasi Momuegauus, akademu4veckas ycreuwHocms, 6uonozusl.
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npogpeccop, Onkel MaprynaH ambiHOarbl [lasnodap nedasoaukanbslKk yHueepcumemi, [lasnodap K.,
KasakcmaH Pecriybnukacei.

byn makanalda makanada eupmyandbl 3epmxaHanapObl KondaHy apKbinibl 6uonoeusi cabarbiHOa
OKyuwiblnapdbiH maHbiMObIK ic-apekemiH 0ambimyObiH 63eKmi makbipblbbl aliblnadbl. Kasipai oKywblnapObiH
OKYy-maHbIMObIK IC-opeKemiHiH MoHi MeH epeKwenikmepiH 3epmmeyae apHarfFaH fbiflbIMU XapusnaHbiMoap
MeH 3epmmeyriepee mMeopusifibiKk masnday Hamuxenepi YCbiHbiFaH. 3epmmey0iH Makcambl eupmyasnobi
3epmxaHaHbIH 6uonozausi rnaHi bolibiHWa OKywblnapodbliH OKy-maHbIMObIK KbidaMemiHe acep emy OapexeciH
aHbIKmay 60510bl. Bupmyarndbl 3epmxaHarsiblK XyMbicmapObiH muimOinieiHi{ Kpumepudi XemiHwi CbIHbIM
OKyWhbInapbIHbIH OKY XemicmikmepiHiH e32epyi xoHe maHbIMObiK MomueayusiHbiH 0amybl 60510b1 (0napObiH
OuHamukacbiHOa). ArnbiHFaH HamuxenepliH OypbiCMmbIfbiIH MamemMamuKarnsiKk manday 0epekmepi Kesmipi-
nedi (p > 0,01 weeiHOeai kamernik). biniM canacbl MeH ynzepimHiH e3apa baulnaHbicbl 6olbIHWa CeHimMOi
alibipMmalwblinbiKkmap. eupmyarndbl 3epmxaHariblK XyMbicmapdblH MomueayusiCbl MeH KosrdaHbliybl "6irlim
canacbl" napamempiHe xoHe "maHbiMObIK Momuemep" napamempiHe, ©3iH-63i dambimy MomuemepiHe
Kambicmbl anbiHObI. Tanday HemuxeciHOe bipiHwi monma (6akbinay mobbl) XeHe eKiHWi mornma (3Kkcrepu-
MeHmmik mori) ocbl wkananap 6olbiHWa opmawia Xofapbl Kepcemkiw aHblKmandbl (p> 0,01). byn
supmyandbl 3epmxaHarblK XyMbicmapObl KondaHy OKywhbinapobiH 6ifliM OeHeeli MeH OKy apekemmepiHe
Kebipek acep ememiHiH Kkepcemedi. 3epmmey Homuxenepi HeaidiHOe eupmyandbl 3epmxaHasblK XY-
MbicmapObl OKywhblnapOblH MaHbIMObIK ic-apeKkemiH Oambimy ¢hakmopiapbiHbiH 6ipi pemiHde KondaHy
Kaxxemminiei Hezi3z0eneoi.

TyliHdi ce3dep: maHbIMObIK Kbi3Mem, aupmyanobi 3epmxaHa, maHbIMObIK Momueauus, akademusi-
TbIK XXemicmik, 6uonoaus.

Introduction. The education system in the era of digitalization is becoming completely different, since
it is becoming popular to actively integrate new information technologies into the learning model [1, p. 81].
The advent of personal computers and access to the global Internet has brought not only new technical, but
also didactic opportunities to the field of education.

In this regard, the issue of the impact of the introduction of computer and telecommunications
technology on the quality of the educational process is increasingly being considered. Virtual reality is one
such technology that is attracting increasing attention in the academic and teaching communities. Over the
past decade, the use of virtual reality in teaching and learning has increased dramatically and covers a
variety of subjects.

G. loana, T. Lynch, M. Bratu, et al. have proven that using virtual labs, teachers can easily explain
complex theoretical concepts through visual and immersive experiences that can simplify students'
understanding of the subject. Virtual laboratories allow teachers to attract the attention of students and
ensure their involvement and motivation [2, p. 23-25].

The specifics of the educational process with the introduction of new technologies are presented in the
works of J.L. Guzman., J. Babu [3, p. 5], M. Asbari, L.M. Wijayanti, C.C. Hyun, et al. [4, p. 229]. These
studies are interesting because the authors described in detail the process of the influence of digital
technologies on the components of the pedagogical process, the cognitive structures of the individual, his
professional development.

Increasingly, the virtual laboratory is being used to acquire practical skills on various topics in biology.
The virtual laboratory has gained important application in both secondary and higher education biology
courses.
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In the works of foreign authors such as G.G. Gerardo, C.R. Jiménez, J.A.M. Marin, et al. [5, p. 36], L.
Daniela, A. Radolfa [6, p. 192] it is reported that students have become more involved in the learning
process due to exciting experiences, increased motivation to study in a virtual laboratory.

R. Prada, C. Hernandez, A. Gamboa [7, p. 1388] revealed that virtual laboratories instead of real
equipment helped to better cope with conceptual issues related to simple circuits and developed a greater
ability to manipulate real components.

S. Affouneh, S. Salha, Z.N. Khlaif [8, p. 136] noted that virtual laboratories are advisable to use in the
learning process and can improve student learning outcomes.

C. Whittle, S. Tiwari, S.Yan, J Williams [9, p.313] revealed that virtual laboratories have an impact on
the academic achievements of students and their mastery of the skills of the scientific process and the
development of educational and cognitive activities.

J Portillo, U. Garay, E. Tejada, N. Bilbao [10, p.135] have shown that the use of virtual laboratories
provides many advantages for Studying science helps students understand various scientific concepts and
find the points of their misconceptions and correct them. It was also found that virtual laboratories develop
students' abilities to design, evaluate and solve problems. In addition, the virtual laboratory increases the
curiosity and positivity of students, as well as increases motivation to study the subject, which is relevant for
all schools in the world.

In our reality, the requirements for the cognitive activity of schoolchildren are increasing every year,
while the educational and cognitive activity itself is not growing [11, p. 37].

Goal and tasks. Since the problem of obtaining and assimilation of knowledge in the information
society is one of the central ones for the development of the whole society, the purpose of our study was to
study the influence of a virtual laboratory on the educational and cognitive activity of students in the subject
of biology. The change in educational and cognitive activity was expressed through a change in the success
of learning. This made it possible to solve the following tasks in the study:

- to identify the motives of educational and cognitive activity;

- to identify the level of academic success;

- to determine the reliability of the effectiveness of the influence of virtual laboratories on the cognitive
activity of students in the study of the subject.

Theoretical aspects of the issue. In the modern understanding of the term "educational and
cognitive activity" acquires an interdisciplinary and collective character. It includes not only the student's
activity, but also his orientation, volitional regulation, motives, interests, as well as the learning tools used.
Important components of this activity are the independence of cognition, the achievement of success in
learning, the joy of discovering new things and meeting the educational needs of the individual [12, p. 69].

According to S.G. Vorovshchikov, educational and cognitive activities are interrelated. Educational
activity is the basis for proper cognitive actions, and educational goals that arise in the process of solving
cognitive problems are of an auxiliary nature and are aimed at solving them more effectively [13, p. 51].

B. F. Akhanov and G. B. Kunzhigitova consider cognitive activity as a desire for independent thinking,
a search for their own approach to solving a problem or problem, a willingness to self-educate and form a
critical attitude to the opinions of others, as well as independence in expressing their own judgments. At the
same time, the activity of students may weaken if the necessary conditions for its development are not
provided [14, p.33].

After analyzing the psychological and pedagogical literature, we have identified the main
characteristics of educational and cognitive activity:

a) Educational and cognitive activity is an integral part of the learning process, next to teaching, and
represents the active activity of the student.

b) Its essence lies in the perception and development of scientific knowledge, generalization of facts,
consolidation and application of acquired knowledge in practical activities on the instructions of a teacher or
in accordance with one's own cognitive needs.

c) The result of educational and cognitive activity is the formation of new forms of behavior and
activity, the change of previously acquired knowledge based on cognition, training and experience gained.

d) The specificity of educational and cognitive activity lies in the fact that it is present at every step in
life, in all types of activities and social interactions, but it is in the learning process that it gets a clear design:
this is a conscious learning process by the teacher, in which the student becomes the subject of a specially
organized activity.

e) Success in educational and cognitive activity depends on the awareness and assimilation of its
structure in all its components, as well as on the activity of the student (educational and cognitive
motivation).

Summarizing our understanding of educational and cognitive activity, we offer our point of view. In a
broad sense, it is an independent sphere of life of modern schoolchildren, where they act not only as
subjects of this type of activity, but also develop their personality and interact with other people. In a narrow
sense, this is the activity of schoolchildren in the learning process, where they solve various tasks (both
educational and cognitive), showing varying degrees of independence. It is important to note that the
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educational and cognitive activity of a student is carried out under the guidance of a teacher, and the degree
of assistance they receive depends on their activity, independence and competence. This affects the
success of students in their cognitive activities [15, p. 53].

In the context of the above, it can be concluded that the changes that have occurred in the socio-
cultural space have a significant impact on the attitude of modern schoolchildren to educational and cognitive
activities, and it is important to take this factor into account. At the same time, it is necessary to take into
account both positive and negative transformations in order to create optimal conditions for the development
of positive aspects and correction of negative ones. It is important to provide modern schoolchildren with
support and incentives for active participation in educational and cognitive activities, as well as to develop
measures to overcome the problems associated with alienation, pragmatization and narrowing of the
perception of education. This is the only way to ensure the harmonious development of schoolchildren and
create conditions in which educational and cognitive activities will be considered as an important and
valuable part of their lives, contributing to their personal growth and self-realization.

Materials and methods. The study involved 250 seventh grade students from 3 secondary schools in
the Pavlodar city. The group consisted of schoolchildren aged 12-13 years. The type of group by gender is
mixed.

In the process of conducting practical research, the following methods of theoretical research were
applied: analysis, comparison, analysis of psychological and pedagogical literature. As an empirical method,
we used a questionnaire, an analysis of academic performance according to completed tests and a method
of mathematical analysis of the results of students' educational activities.

The textbook by Solovieva A. R. et al. is used as the main source of subject information. "Biology.
Grade 7". The proposed laboratory work in this textbook has been redesigned for distance learning. The
indicator of evaluating the effectiveness of the virtual laboratory was the success of the acquired knowledge
of the students.

For students, it was proposed to conduct three laboratory work on the following topics: "Transport of
substances", "Plant nutrition", "Plant respiration".

Performing each laboratory work involved completing a number of tasks aimed at identifying the level
of knowledge on the topic of study.

The Adobe Flash Professional program was used to develop laboratory work, as well as a program for
playing flash content — Adobe Flash Player. This choice of software is explained by the fact that Flash makes
it possible to work with vector, raster and three-dimensional graphics. This program allows you to
simultaneously use audio and video content playback.

The laboratory work in the Adobe Flash Professional program was posted on a one-page website
created using a Google form. This made it possible for students of several classes to work remotely at the
same time.

The data obtained with the help of tasks in laboratory work were subjected to careful processing. The
empirical research data were processed using the SPSS computer data processing program and the
Microsoft Excel program.

Our study assumed the identification of the influence of virtual laboratory work on the development of
motivation and educational and cognitive activity. All participants were divided into two conditional groups:
group 1 — students performing laboratory work virtually (experimental) and group 2 — students performing
laboratory work on paper in the classroom (control). It was decided that section 1 is the ascertaining stage of
the study, section 2 is the control stage of the study.

To perform virtual laboratory work, the subject teacher offered students detailed instructions. Following
the instructions allowed students to understand the essence of the task being performed. The sequence for
completing the work was established directly in the virtual laboratory work for those children who completed
the work online. The same students who completed the laboratory work from the textbook were required to
follow similar directions in the textbook. The text of the instructions was the same. The teachers did not take
part in the direct implementation of laboratory work by students.

Upon completion of laboratory work, a questionnaire "The structure of educational motivation"
(according to M.V. Matyukhina) [16, p.75-76] and a test to identify the level of acquired knowledge and
further analysis of the results were conducted. A month later, after the virtual laboratory work was carried
out, testing was conducted again on the same topics and using the same methods.

Results and their discussion. The results of the study, the ascertaining and control stages based on
the questionnaire "The structure of educational motivation" (according to M.F. Matyukhina) were analyzed
and presented in Table 1.

The results of the study revealed that in the control group of students who performed laboratory work
in the traditional form, the indicators of motivation structure did not change. The cognitive motives of those
who studied in the virtual laboratory underwent changes by 5%, from 15% to 25%, which, in our opinion, is
due to the colorful and informative content of virtual laboratories, the ease of their perception.
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Table 1 — results of the questionnaire "The structure of educational motivation" (according to M.F.
Matyukhina), %

Motives The control group The experimental grou
1st test 2nd test 1st test 2nd test

Internal:

Cognitive 20 20 15 25
communication skills 40 40 40 45
Emotional 10 10 10 10
Self-development 30 30 20 30

The student's position 25 25 20 20
Progress 20 20 15 25
External 50 50 60 40

There were changes in the experimental group as well: communicative motives changed — from 40%
to 45%. This indicates the positive impact of virtual laboratories on the desire of students to communicate
with each other and due to their interest in the topic of communication. We see that students develop a
desire to receive the necessary information on the topic of research, a desire to share information among
themselves.

Emotional motivation in both the control and experimental groups did not change, and remained at the
level of 10%. We believe that when performing laboratory work, receiving emotions is not decisive.

The motives for self-development have changed significantly: from 20% to 30%. Immediately by 10%.
It seems that such changes are associated with informativeness, ease of perception, the development of
computer skills in a child and awareness of the material being studied.

The motivation for achievement changed from 15% to 25%, and immediately increased by 10%. We
believe that the students liked this format of studying the material and they enjoyed learning and learning
something new and entertaining.

Extrinsic motivation, i.e. encouragement and punishment by the teacher decreased from 60% to 40%.
Students have stopped being afraid of punishment, because they have lost relevance due to the growth of
achievement motivation and self-development motivation, cognitive motivation. Encouragement remains a
significant motivation for them in learning.

There were no changes in all motivation components in the control group. The absence of changes in
the control group, in our opinion, is due to a stable motivation in this subject and an attitude towards such a
format of laboratory work: traditional paper and textbook performance.

The results of the study of academic performance and the quality of knowledge at the ascertaining and
control stages in their dynamics are presented in Table 2.

The results of the study were presented in Table 2.

Table 2 — Dynamics of academic performance and quality of knowledge (%)

Group The quality of knowledge Grade

1st test 2nd test 1st test 2nd test
Control 60 49,6 84 81,3
Experimental 67,2 65,6 85,6 88

The quality of students' knowledge during laboratory work in the experimental group was 67.2%, and
in the control group — 60%.

When we repeated the cross—section a month later, the quality of knowledge in the experimental
group was (65.6%), in the control group the quality of knowledge was significantly lower (49.6%).

Upon repeated verification, the quality of knowledge in the experimental group decreased slightly by
only 1.6%, and in the control group by 10.4%.

This fact can be explained by the fact that virtual laboratory work was used in the learning process in
the experimental group, which was vivid and memorable, which contributed to a longer retention of the
studied material in memory. The visibility of the study of virtual laboratory work contributed to a better
memorability of the educational material. The brightness and cognition of virtual laboratory work contributed
to the development of educational motivation of students. The comparison and generalization of the results
of the experimental work convincingly prove the effectiveness of the application of the methodological
recommendations developed by us for the use of virtual laboratories in the learning process in biology
lessons.

Analysis and processing of empirical data from psychological and pedagogical research (Microsoft
Excel, Statistica, SPSS). We checked the reliability of the data obtained using a mathematical study of
statistical data according to the Student's criterion.
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Significant differences in the relationship between the quality of knowledge and academic
performance. motivations and the use of virtual laboratory work were obtained in relation to the parameter
"quality of knowledge" and the parameter "cognitive motives", motives of self-development. The analysis
revealed a moderately high index on these scales in both the first group (control group) and the second
group (experimental group) (p> 0.01). This indicates that the use of virtual laboratory work has a greater
impact on the level of knowledge and educational activities of students.

Conducting laboratory classes virtually is not a full-fledged alternative to this important type of
educational activity, but it allows you to solve certain tasks in conditions of the need for distance learning.

Conclusions. The cognitive activity of a person is based on his sensory, material activity. In the
process of development, our knowledge becomes more specific and objective. The criterion and the only
means of verifying the truth of our knowledge is practice.

The use of virtual laboratories is an accessible form of visual representation of practical biology
classes.

The use of virtual laboratory work improves the quality of students’ knowledge.

The revealed significant differences in relation to the "quality of knowledge" parameter in terms of
identifying a direct relationship between this parameter and the use of virtual laboratories, the analysis result
showed a moderately high indicator.

Information about financing. This research has been funded by the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (Grant No.AP14872118 "Virtual
laboratory and educational experimental site as a means of forming of subject competence in biology for
pupils of rural schools")».
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