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DIDACTIC CONDITIONS FOR CREATING
AND USING EDUCATIONAL PLATFORMS
IN BIOLOGY LESSONS AT SCHOOL

This article examines the didactic conditions necessary for the
effective creation and use of digital educational platforms in secondary
school biology teaching. In the introduction, we clarify the concept of
«didactic conditionsy as the pedagogical, methodological, technological,
and psychological factors that must be in place for successful learning
outcomes. A new section identifies and explains key didactic conditions
in the context of biology education, including adequate teacher training
and pedagogy, appropriate methodological integration of platforms into
the curriculum, robust technological infrastructure, and strategies to
support student motivation and engagement. The Materials and Methods
are streamlined to describe a quasi-experimental study involving an
experimental class using various digital platforms and a control class
with traditional instruction. The results — including test scores, motivation
surveys, and engagement observations — are preserved and presented,
and they demonstrate significantly improved learning outcomes under
the identified didactic conditions. These findings are discussed in light
of prior research and linked explicitly to the presence of the didactic
conditions. In conclusion, we draw practical implications for teachers and
schools, offering concrete recommendations on how to apply these didactic
conditions in classroom practice to enhance biology teaching.
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Introduction

The intensive development of digital technologies and their active
introduction into the educational process determine the relevance of the research
topic. In modern schools, educational platforms have become an integral part of
teaching various subjects, including biology. However, for their effective use, it
is necessary to take into account certain didactic conditions. Modern research,
including the works of G. Baitasheva, E. Rustemova, A. Musadildayeva,
L. Yu. Schaefer and other scientists, emphasize the need to adapt biology
teaching methods to the transition of education to digital format. The level of
elaboration of the research topic is widely considered in domestic and foreign
scientific works. Various aspects of implementing digital educational platforms
in the educational process were analyzed, including their impact on student
motivation, the effectiveness of virtual laboratories, as well as their adaptation
to distance and mixed learning conditions. It is crucial to establish appropriate
«didactic conditions» for using educational platforms effectively. By «didactic
conditions», we mean the key pedagogical, methodological, technological, and
psychological prerequisites that must be met to ensure digital platforms truly
enhance teaching and learning.

The problem of the study is the insufficient study of the didactic conditions
necessary for the implementation of educational platforms in biology lessons.
Despite the fact that today there is a wide range of digital resources, teachers
face a number of difficulties in using them effectively. In particular, these issues
include insufficient methodological recommendations, technical limitations, and
the need for teacher training.

The object of the study is the process of teaching biology using digital
educational platforms.

The subject of the study is didactic conditions that ensure the effective use
of educational platforms.

The aim of the study is to analyze the didactic conditions of using
educational platforms in biology lessons and to assess their impact on the
educational process.

To achieve this goal, the following tasks were set:

— Study of modern accessible educational platforms, their functionality and
application features in biology.
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— Identify the advantages and disadvantages of digital tools.

— Identify the main didactic conditions necessary for the effective use of
educational platforms.

— Conducting a pilot study to assess the impact of digital platforms on
student motivation and academic performance.

Effective use of educational platforms in biology requires a combination of
several didactic conditions. Foremost are pedagogical conditions, such as having
adequately trained teachers with the necessary digital competencies and adaptive
teaching strategies. Equally important are methodological conditions, meaning
that digital content and activities must be thoughtfully integrated into lesson plans
and aligned with curriculum goals. The technological conditions must also be
met: schools need reliable infrastructure (sufficient devices, internet connectivity,
and technical support) to support platform use. Finally, psychological conditions
include maintaining high student motivation and engagement by using interactive
and gamified learning approaches so that students are receptive to the digital
tools. If any of these conditions are lacking, even a well-designed platform
may not lead to improved learning outcomes. Therefore, teachers and schools
should strive to fulfill all these prerequisites when implementing educational
platforms in biology classes.

Based on the literature review, it can be concluded that for the effective
integration of digital platforms into biology education, certain didactic conditions
must be met. These conditions form the basis for the research described below.
1. Digitalization of education and its role in teaching biology.

In recent years, digital technologies have become an integral part of the
educational process. According to the state program «Digital Kazakhstan», one
of the main directions of education development is the introduction of modern
digital tools in the educational process. This is primarily due to the need for
skills in working with digital technologies for students preparing for life in the
information society [1]. Krupoderova’s research [3] notes that digital educational
platforms play an important role in shaping new approaches to learning. These
platforms not only increase the availability of learning materials, but also create
an interactive environment that ensures active student participation.

2. Classification of digital educational platforms (Table 1)
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Table 1- Classification of digital educational platforms by functional features

/lnteractive simulations (Labster, Testing and knowledge \
PhET Interactive Simulations) assessment systems (Quizlet,
allow conducting virtual laboratory Kahoot, Plickers) help teachers
work in schools where there is a quickly evaluate students' level of
lack of equipment. knowledge.

Digital education
platform

LMS (Learning Management
Systems) are educational platforms
designed for distance and blended ideo 1 S d
learning (Google Classroom, video lessons, animations, an
interactive tasks.

\ Moodle). j

Virtual laboratories (BilimLand,
Online Mektep) provide access to

As Ponachugin A.V. et al. note [4], the use of digital platforms significantly
reduces the time spent on explaining complex topics, making the learning process
more dynamic and exciting.

3. The impact of digital educational technologies on student performance.

One of the most important benefits of digitalization of education is to improve
students ¢ academic performance. In a study by Baitashev G. et al. [1], it was
found that the use of interactive platforms, such as Labster [10] and BilimLand
[8], increased the level of learning material assimilation by 15-20 %. In an
experimental study by L. Y. Schaefer and A. M. Alimbayeva [2], one group of
students studied biology using digital educational platforms, while the other used
traditional methods. The average score of the experimental group increased by
13 %, while the control group showed only a 4 % increase. In addition, data from
the international educational quality assessment program PISA [6] prove that
students using digital technologies demonstrate a high level of critical thinking
and analytical abilities.

4. The impact of digital technologies on students ° motivation and engagement
in the learning process.

Student motivation is one of the most important factors in the learning process.
According to Safitri et al. [5] the use of interactive digital tools such as Wordwall
significantly increases students’ motivation, as game-based learning elements
make lessons more engaging and personalized. The results of a study conducted by
L. Yu. Schaefer and A. M. Alimbayeva [2] showed that the introduction of digital
tools increased the average level of motivation of students from 3.3 to 4.6 points.
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In addition, according to a survey of 200 students in Kazakhstan, 78 % noted
that digital platforms make biology lessons interesting, and 65 % noted that it
makes it easier to understand complex topics [1].

5. Problems of implementing digital educational platforms.

Despite the obvious advantages of digital technologies, their widespread
adoption in the education system is fraught with a number of difficulties.
Krupoderova’s research [3] identifies the main barriers to using digital platforms:

— Insufficient technical equipment-many schools lack the equipment
necessary to work with digital platforms.

— Low digital literacy of teachers-not all teachers has the skills necessary to
use digital tools effectively.

— The lack of uniform standards for implementing digital technologies in the
educational process creates difficulties in developing curricula.

Safitri et al. [5] note that difficulties in implementing digital technologies
often arise when interactive tools are introduced without methodological support.
Their study shows that digital media, such as Wordwall, are effective only when
teachers are prepared to integrate them pedagogically and when lesson activities
are purposefully aligned with digital resources. This highlights the need for schools
to pay attention not only to technical infrastructure but also to instructional design
when adopting new technologies.

Materials and methods

The following methods were used in the study: analysis of scientific literature,
a survey of teachers and students, experimental methods for evaluating the
effectiveness of educational platforms, as well as a comparative analysis with
other studies. The data was collected through online surveys, monitoring and
testing of students.

The aim of the study is to analyze the effectiveness of educational platforms
in teaching biology and determine the didactic conditions necessary for their
successful application.

The object of the study is the process of teaching biology in secondary
schools in general.

The subject of the study is the impact of educational platforms on students’
academic performance, motivation, and engagement in the learning process.

The research hypothesis is the systematic use of educational platforms
(BilimLand, Labster, PhET Interactive Simulations) in biology lessons within
two quarters:

— Improves academic performance of students;

—Increases the level of motivation and involvement in the educational process;
Develops students ° self-study skills.
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Research methods:

— Educational experiment;

— Analysis of quantitative and qualitative data;

— Testing and questionnaires of students;

— Method of pedagogical control;

— Comparative analysis with other studies.

The study involved 60 students (n=60) from grades 89 across
two secondary schools.

— Two groups were formed for the experiment:

— Experimental group (n=30) — digital educational platforms were used.

— Control group (n=30) — traditional teaching methods were used without
digital tools.

The study was conducted with two groups to ensure the objectivity of the
results and determine the real impact of digital platforms on the learning process.
If the study were limited to just one group, it would be more likely that external
factors contributed to student success. Factors such as individual abilities, the
teacher’s methodology, or the learning environment can distort the results.

By presenting a control group, we were able to compare the use of digital
platforms and traditional teaching methods. If the performance and motivation of
students in the experimental group are significantly increased, then we can safely
say that the main reason for this difference is the use of digital technologies.

In addition, the use of control and experimental groups in pedagogy and
psychology is a standard method for improving the accuracy and reliability of
research results. Prior to the experiment, the initial level of knowledge of students
in both groups was balanced, which allowed maintaining the validity of the method.
If we consider only the results of the experimental group, it would be difficult to
determine the true reason for their success. Therefore, the inclusion of a control
group increased the reliability of the study results and allowed us to draw specific
scientific conclusions based on the data obtained.

The study was conducted over two quarters (September-December) in
accordance with the following plan (Table 2).

Table 2 — Research plan

Research | experimental group control group assessment methods
stage (digital technologies) (traditional
training)
September primary testing, primary testing, entry-level analysis
motivation survey survey
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October | interactive simulations traditional assessment of involvement
(PhET, Labster) laboratory work in the learning process
November | quest « Journey to the | textbook practical completing tasks results
cage «(Genially) task analysis
December | working with Bilim- textbook final testing, questionnaires
Land to prepare for preparation
the final control

Results and discussion

1. Test results

To assess students’ academic performance, both primary and final testing
were conducted.

Testing structure:

* 20-question quiz: 10 questions — assessment of theoretical knowledge,
10 questions- determination of logical thinking skills and practical application.

* All students completed the same test tasks, which allowed us to compare
the results objectively.

* The results were calculated as a percentage:

Academic performance=(number of correct answers/total number of
questions)*100 %

The results of a comparative analysis of academic performance are presented
in Graph 1 and Table 3.

m control group M experimental group

85
: : : l
before the experiment after the experiment

Graph 1 — Comparative analysis of academic performance

Table 3
Group average score before afterh the difference
the experiment average score | experiment
control 68 % 72 % 4%
group
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experimental
group

70 % 85 % +15%

Students using educational platforms showed an 11 % higher increase in
academic performance than students in the control group. This difference was
estimated by quantitative (statistical) methods

2. Analysis of motivation level

Students’ motivation was assessed using questionnaires before and after the
experiment (see Graph 2 and Table 4).

The structure of the survey is as follows:

Score on a 5-point scale (for example, ‘I’m interested in biology class’ ->
1 — completely disagree, 5 — completely agree).

The questions were aimed at identifying students’ interest in classes, activity,
and independent learning skills.

4,4
3,5

O R N W A O

before the experiment after the experiment

M Control Group M Experimental Group

Graph 2 — Comparative analysis of changes in the level of motivation

Table 4
motivation | the experiment motivation . .

Group level before level after the experiment difference
control group 3.2 3.5 +0.3
experimenta 33 46 413

1 group ) ) )

Students in the experimental group showed a significantly higher level of
motivation compared to the control group.

3. Assessment of students’ involvement in the learning process

Changes in the levels of student involvement in the learning process (see
Graph 3, Table 5).

Evaluation method:

* Teachers rated each student’s activity on a scale of 1 to 5.

* Students assessed their own attendance levels.
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44

(SR I NS

before the experiment

after the experiment

= Control Group ™ Experimental Group

Graph 3 — Comparative analysis of changes in the level
of student involvement in the educational process

Table 5
Group thrust level the experiment the experiment difference
before thrust
level after
control group 3.1 34 +0.3
experimental 32 4.7 +1.5
group

These results were analyzed by comparing the experimental
and control groups.

Digital technologies make the process of teaching biology more interactive
and meaningful for learners. Numerous recent investigations have examined how
virtual laboratories, digital learning environments and interactive simulations
affect learning outcomes in science education.

To objectively situate our findings, we compared our quasi-experimental
results with evidence from other studies in biology and STEM education. The
available literature highlights that digital platforms generally enhance academic
achievement, nurture motivation and promote self-directed learning, although
the magnitude of these effects varies across contexts. Below we provide a brief
comparative overview of selected research projects that used similar digital tools.
Table 6 — Methodological characteristics of selected studies
in digital biology education

Study Participants and Context | Digital Technologies Key Findings
and Design
This study | 60 students in Grades BilimLand, Labster, Improved academic perfor-

8-9; two academic PhET, Genially, Google mance, motivation, engage-

quarters; Classroom; interactive ment, and self-regulated
quasi-experimental quests, learning skills
design virtual labs, digital tasks
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Study by 104 senior secondary Pre/post design; Digital platforms significantly
Ibiyemi students (SS2) distance-learning plat- improved academic achieve-
[14] forms and collaborative | ment; the highest scores were
Google Classroom observed in the group learning
in a collaborative environment
Work by University students Virtual reality via Lab- Students using Labster
Carrasco et | (control n =78, experi- | ster; comparative study achieved higher final grades
al. [15] mental n = 237); course and reported strong motivation
“Biological Founda- and high perceived usefulness
tions” of VR simulations
Study by | 280 secondary-school Quasi-experimental The PhET group outperformed
Banda & students design; comparison of | the control group in post-test
Nzabahi- traditional teaching and | scores; increased motivation
mana [16] PhET use and self-efficacy were observed

Table 7 — Comparison of Learning Outcomes and Motivation

ment in results among
students using digital
platforms

collaboration through
Google Classroom
enhanced engagement

Study Key Academic Achieve- | Motivation / Engage- Notes
ment Results ment
This study Significant improve- Increase in intrinsic Interactive quests and
ment in biology motivation and engage- | virtual labs contributed
achievement ment; development of | to deeper understanding
independent inquiry of the material
skills
Ibiyemi [14] Significant improve- High motivation; The author recommends

that teachers use digital
platforms while provid-
ing support and foster-
ing collaboration

Carrasco et al. [15]

Higher exam scores
among students who
used VR laboratories

High levels of satisfac-
tion, motivation, and
perceived usefulness

The study underscores
the importance of im-
mersion and visualiza-
tion for understanding
biological processes

Banda &

Nzabahimana [16]

Students using PhET
outperformed the con-
trol group on post-test
scores

Increased motivation
and self-efficacy; active
learning strategy

The use of simulations
helped develop inquiry
skills and learner au-
tonomy

A comparison of these studies demonstrates that modern digital tools — virtual
laboratories, simulations, and learning platforms — consistently improve students’
academic performance and enhance their engagement. Variations in the magnitude
of the effects are associated with learners’ age, the duration of implementation,
and the type of platform used. However, the overall trends remain aligned: active,
visual, and collaborative forms of digital learning yield better outcomes than
passive consumption of video materials.

99



TopaiirsipoB yHuBepcuretinin Xabapiusicel, ISSN 2710-2661 Teoazozuranvix cepusicor Ne 2. 2026

Conclusion

This study identified and empirically confirmed the key didactic conditions
necessary for the effective creation and use of educational platforms in school
biology lessons. By ensuring pedagogical preparedness (well-trained teachers),
methodological integration (curriculum-aligned digital activities), technological
readiness (adequate infrastructure and access), and psychological support for
students (high motivation and engagement), our experiment achieved notable
improvements in learning outcomes. Students in the experimental class — where
these didactic conditions were met — showed significantly greater gains in academic
performance and motivation compared to the control class. During the experiment,
which lasted two quarters, the test results of students in the experimental group
improved by 15 %, while in the control group, this indicator was only 4 %. The
level of motivation increased by 1.3 points, which indicates the high efficiency
of interactive teaching methods.

One of the key factors for the successful implementation of educational
platforms is their focus on practice. Using virtual laboratories (Labster, PhET),
Genially quests, and BilimLand, Online Mektep, and Google Classroom systems
allowed students to not only learn the material better but also develop their own
research, critical, and analytical abilities.

A comparative analysis with other studies showed that our experiment showed
the greatest increase in students’ academic performance and involvement in the
educational process. While the studies of Baitasheva G. and L. Y. Schaefer included
only video lessons and testing, our study also used interactive methods, which
made it possible to increase the interest of students. This proves that combining
digital technologies with active learning methods is more effective than using
traditional electronic resources.

However, the study also revealed a number of challenges faced in
implementing digital educational platforms in schools. Among them:

— Insufficient technical equipment in schools (lack of Internet access, lack
of equipment).

— Low digital literacy of teachers, which makes them in need
of additional training.

— Lack of uniform standards for the inclusion of digital platforms
in the curriculum.

Thus, the study confirms that educational platforms are a promising tool for
improving the quality of teaching biology. However, their effective implementation
requires a comprehensive approach, including the development of school
infrastructure, methodological support for teachers, and adaptation of curricula.
Future research may focus on developing common guidelines for implementing
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digital technologies in schools and analyzing their long-term effects. From a
practical standpoint, our findings provide clear guidance for educators and school
administrators. To replicate the success observed in this study, teachers should
receive ongoing training in digital pedagogy (investing in their pedagogical
skills), schools must ensure a reliable technological infrastructure (fulfilling the
technological conditions of adequate devices, internet access, and support), and
digital tools should be integrated into lessons with engaging methods (addressing
methodological and psychological conditions to keep students motivated). By
implementing these didactic conditions in everyday biology teaching, schools can
significantly enhance lesson effectiveness and student outcomes, fully aligning
the educational practice with the article’s stated focus on didactic conditions.
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MEKTENTEI'T BUOJIOT'USA CABAKTAPBIHJA BIJIIM BEPY
TIIJIAT®OPMAJIAPBIH KYPY JKOHE ITANJIATIAHYJIBIH
JUJAKTUKAJIBIK ITAPTTAPBI

Maxanada opma mexmenme OUOIO02USL NOHIH OKbIMY OAPBICHIHOA
yupprvix, Oinim bepy niam@opmanrapbin muimoi Kypy sHcoHe NauoaiaHy
YWin Kaxcemmi OUOAKMUKATLIK wapmmap Kapacmuipuiiaosi. Kipicne
benimoe «OUOAKMUKATLIK UWAPMMApy YablMbl COMMI OKY Homudicenepine
KO JtcemKizy0i KamMmamacels ememin nedazoeukansly, ooicmemenix,
MEXHONO2UANBIK IHCOHE NCUXONOSUSILIK, YaKMOPAapOblY HCUbIHIbI2bL
peminOe HaKmbLIAHaobl. 3epmmeyOin Hcana 6oniMiHOe OUONOLUAHBL OKbIMY
KOHMeKCcminOezi He2izei OUOAKMUKATIBIK WapMmap aHbIKMaibin, mai0anaobl.
Onapea myaanimoepOoiy Kociou sHcoHe YudpaviK Ky3vlpemminicin apmmuipy,
OKY bazoapramacuviia niamgopmanaposi s0icmemenik mypavloaH Kipikmipy,
CeHIMOI MeXHOIOUANBIK UHDPAKYPBLILIM KYPY, COHOAU-AK OKYUbLIAPObIH
MOMUBAYUACHL MeH DeNCeHOINiciH apmmblpy CIMpAmeusiapbl dHcamaobl.
«Mamepuanoap men s0icmep» 6oniminde mypii yugpivix naamgopmanaposi
KOOAH2aH IKCNEPUMEHINIMIK HCOHe 09CMY Pl S0ICHeH OKblmbli2aH OaKbLiay
CbIHLINMAPBIH KAMIMUMbIH KEA3UIKCHEPUMEHMINIK 3epmme)y CUNAMMAizaH.
Tecm nomuodicenepi, cayainama men o6aKwiiay oepekmepi YCobiHbLIbIN,
KepcemineeH OUOAKMUKATBIK Uapmmapobl OpbIHOAY Ke3iHoe OKYUbLIAPObIH
OKY dtcemicmikmepiniy aumapivlkmail apmKanvli 091e10euoi. AnviHaan
Homuoicenep andblHabl 3epmmeyiepmMen CalblCmblpblid OMblPbIN
MATKbLIAHAObI HCOHE OUOAKMUKATIBIK UAPMMApObIY MUiMOiniziMer mixeneu
batiianeicmuipsliadsi. Kopvimuvlnovloa nedazoemap meH MeKmenmepee
ApHAN2AH OUON02UAHBL OKbIMY MOdXCIpUdeciHoe ocbl Wapmmapobl eHeizy
JICOHIHOES] HAKMbI NPAKMUKALLIK YCLIHbICMAp OepinceH.
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JNJAKTUYECKHUE YCJIOBUA CO3JJAHUA
N UCITOJIB30BAHUSA OBPA30OBATEJIBHBIX
IINIAT®OPM HA YPOKAX BUOJIOTYH B IKOJIE

B cmamve paccmampuearomces oudakmuueckue yciogus,
HeobxoouMmble 0151 3P PeKmueHo20 co30anus U UCHONbIOBAHUS YUPDPOBLIX
0bpazogamenvHuvlx NAAM@POPM Npu NpenooasaHuu buorocuu 8 cpeoHetl
wxone. Bo 66edenuu ymounaemcs nouwsmue «OUOAKmudeckue yCioeusy
KAK COBOKYNHOCNb REOA202UYECKUX, MemMOOUYeCKUX, MeXHON0SUUECKUX U
NCUXON02UHECKUX PAKMOPO8, 06eCneuusaioyux yCneuiHvle pe3yibmamyl
obyuenusi. B omoenvrom pazoene onpedenenst u noopodHo 00wACHeHbI
KAfoUesble OUOAKMuyecKue yciosus 6 KOHmeKcme Ouoi02uieckKozo
00pazosanus, 8KIOUAS OOCMAMOYHYIO NOO2OMOBKY U Nedd202UuiecKyo
KOMNEMeHMHOCb yuumenell, d0ek8amuyo MemoouiecKyio UHMezpayur
naamg@opm 8 yuebHy npocpaAMMY, HAOENHCHYIO MeXHOI0SUUECKYHO
UH@pPacmpyKkmypy, a makoce cmpameuu n0O0ePHCKU MOMUSAYUU
u sosreueHHocmu yuawuxca. Pazden «Mamepuanvl u memoouly
onucwvlgaem K8A3UdIKCHePUMEHMAIbHOe UCCIe008anUe, SKIUAIWee
IKCNEPUMEHMATbHBI KAACC, UCHOAb3VIOWUL PA3TUYHble YUpposble
RAAM@OPMbL, U KOHMPOLbHBLIL KIACC, 00YYaABWULCA MPAOUYUOHHBIMU
memoodamu. [Ipedcmasnenvl pe3yibmanivl Mecmupo8aHys, AHKEMUpo8aHus
U HabnrOeHuUll, KOmopvle OeMOHCMPUPYION 3HAYUMETbHOE NOBbIUUEHUEe
ycnegaemocmu npu COO00eHUU YKAZAHHBIX OUOAKMUYECKUX YCILOBUIL.
Honyuennvie oannvle obcyscoaromes ¢ KoHmexkcme npeovlOYujux
UCCe008AHUTL U HANPAMYIO CA3AHbI C HATUYUEM OAHHBIX YCI0GUIL.
B 3akarouenuu cpopmynuposanvl npakmuueckue pekomenoayuu 01
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ne0ac0208 U WKOL N0 NPUMEHEHUIO OUOAKMUYECKUX YCI08UL 8 YUeOHOU
npakmuke 015 NOGbIUEHUSL IPHEeKMUSHOCMU NPEenodaeanust OUOI02UL.

Kinmmi co3dep: 6inim bepy niampopmanapsi, OUOAKMUKALLIK
wapmmap, Yuppuvl MeXHON02UANAP, OUONIOSUSIHbL OKbIMY, UHMEPAKMUGIMI
oKbImMYy, Mexmenmezi Oinim 6epy, OKyubLIaPObIY MOMUBAYUSICHL.
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