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Abstract. The article examines the pedagogical potential of the “flipped
classroom” technology in developing the professional competence of future biology
teachers. The relevance of the study is determined by the transition of modern
education toward digital formats, the expansion of blended learning, and the growing
requirements for the quality of teacher training. Under conditions of digitalization,
the need to develop a comprehensive set of competencies among future biology
teachers increases significantly, including subject knowledge, methodological skills,
digital literacy, and research abilities. The flipped classroom approach is considered
as an innovative tool enabling an effective combination of independent study of
theoretical materials with active practical work in the classroom. The purpose of
the research is to substantiate the effectiveness of the flipped classroom technology
in forming professional competencies of future biology teachers and to analyze the
dynamics of changes in students’ learning activities. The methodological framework
includes an experimental study involving biology students, as well as methods
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of pedagogical observation, diagnostic testing, questionnaires, and comparative
analysis. The findings indicate a significant increase in all types of professional
competencies among students in the experimental group compared to the control
group. A marked improvement was observed in students’ independence, research
activity, ability to formulate questions, participation in discussions, and the use of
digital tools. The data demonstrate that the flipped classroom model transforms
the nature of learning activities, stimulating the development of critical thinking,
reflection, and practice-oriented skills. The practical significance of the study lies
in the development of a competence model for future biology teachers adapted to
the flipped classroom environment, as well as methodological recommendations
for its implementation in higher pedagogical education. The results can be applied
in teacher training programs, academic courses, digital platforms, and professional
development institutions.

Keywords: flipped classroom, professional competence, future biology teacher,
digital literacy, active learning, pedagogical experiment, methodological training
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AHHoTamus. Makasiaja OoJiarak OMOJIOTHs MyFaIiMICPIHIH KOCION KY3bIpeT-
TUITH JIaMbITyla «TOHKEPUITeH CBIHBIDY TEXHOJOTHSICHIHBIH I1€1arOTUKaJIBIK
MYMKIHAIKTEpi 3epTTene/i. 3epTTey/IiH 03eKTUIIr 0iiM OepyaiH udpIbk Gopmar-
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Tapra KeIllyiMeH, apajiac OKbITY/IbIH KEHEIOIMEH JKoHE MeIaror KaApIapbIH Jaspiiay
carachblHa KOHMBUIATBIH TallallTap/blH apTybIMEH aWKblHAananpl. Lludpranasipy
KaFJapiHaa Oomamax OWONOTHS MyFaliMAEpiHAE MOHMIK MaiBIHABIKTHI, jIic-
TEeMEJIiK JaFaplIapbl, THQPIIBIK CayaTTHUIBIKTHI KOHE 3ePTTEYIIUTIK KadineTTepmi
KaMTHUTBIH KY3BIPETTEep KENMICHIH KaJBINTACTRIPY KaKETTLIIT Kymede Tycyme.
«TeHKepINreH ChIHBI) TEXHOIOTUSCH TCOPHUSUIBIK MaTepPHAIIbl CTYICHTTEP/IIH 03
OeTiMEH MEHrepyiH ayJUTOPHsIIaFbl OSJICEeH I MPAaKTUKAIBIK JKYMBIC TYpJIepiMeH
THIMJII YIITACTHIPATIH MHHOBALUSUIBIK KYpaJl pETiH/Ie KApaCThIPBLIAIbI. 3ePTTEYIiH
MaKcaThl — «TOHKEPUITEH CBHIHBI» TEXHOJOTHWSACHIHBIH Oonamax Ouonorus
MYFaJliMAEPIHIH KOCiOM KY3bIPETTEpiH KaJBIITACTHIPYAaFbl THIMIUIITIH AdJeTAey
JKOHE CTYJCHTTEP/IIH OKY iC-OpeKeTi TUHAMUKACHIH Tayaay. OJIiCHAMAJIbIK HeT13iH
OMONOTHs MAaMaHABIFbI CTYACHTTEPIMEH KYPIi3UITeH 9KCIICPUMEHT, IEAaroT HKAJIbIK
0akpUIay, AMArHOCTHKAIBIK TECTiEY, cayalHaMa JXOHE CAJBICTBIPMAJbl Taljiay
omictepl Kypaiapl. 3epTTey HOTHIKENepl AKCIEPUMEHTTIK TOI CTYISHTTEpiHIH
OapIbIK HeTi3Ti KaciOn Ky3bIpeTTepiHiH 0aKpuIay TOOBIHA KaparaHia alTapibIKTai
apTKaubelH KepceTTi. CTyAeHTTEepAiH ©31HAIK JXYMBIC EHTCHi, 3epTTEyIIiTiK
OelceHauTiTi, cypaK Koo KaOijeTi, miKipTamacTapra KaTBICYyBl XKOHE ITU(PIBIK
Kypaiiapabl KOJJAHybl €19yip jKakcapibl. ByJ TEXHOJOTHsS OKYy OpeKeTiHiH
CHIIaTBIH ©3TePTill, ChIHHU OMIIay/Ibl, pe(ICKCHUSIHBI )KOHE TOXKipruOere OarbITTanFaH
JaFbLIapAbl JaMbITYFa BIKIIAJI ETETIHIH JQJIeNcH Ii. 3epTTeyIiH MPaKTHKAIBIK
MaHbI3bl — «TOHKEPUITEH CHIHBIM JKarjalibiHa OelimienreH Oojallak OMOJIOTHs
MYFalliMACPIHIH KY3BIPETTIIIK MOJICIIIH KOHE OHBI )KOFaphl MeAarorukajiblK OiTiM
Oepy KyleciHae KoJjaHyFa apHaJfaH oJIiCTEMENiK YCHIHBIMIApAbl 3d3ipiey.
AJBIHFAH HOTHIKENep MyFajiM Jaspray OarjapiamanapblHia, OKY KypcTapblH[a,
nuGpIabIK OUTiM Oepy muardopMantapbelHa JKOHE OUTIKTUTIKTI apTTRIPY OpPTaJbIK-
TapbIH/Ia MaiilaJIaHbUTY bl MYMKIH.

Tyiiin ce3mep: TOHKEPIITeH CHIHBIM, KOCION KY3BIPETTLIIK, OoJamiak OnoIorHs
MYFaliMi, THPPIBIK CayaTTBIIBIK, OCJICEHII OKBITY, TICIarOTHKAJIBIK SKCIICPHUMEHT,
dmicTEMEITIK TailBIHIBIK
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AnHoTanus. CTaThs TOCBSIIEHA HCCIETOBAHUIO TMEAATOTHYECKUX BO3MOXK-
HOCTEW TEXHOJOTHH «IEPEeBEPHYTHIA KIIacc» B Pa3BUTHH MPOohecCHOHATHHON
KOMIICTCHTHOCTH OyIyImIUX YYUTENeH OHOJMOTHUA. AKTyaJIbHOCTH PabOTHI
oTIpenensieTcs MepexogoM COBPEMEHHOTO 00pa3oBaHUs K NU(POBBEIM (opmaram,
BHEJPEHHEM CMENIAHHOTO OOy4YeHHWs W YCHIIMBAIOMIMMHUCSA TpPEeOOBAHUSAMHU K
Ka4ecTBy TIOATOTOBKH TIEJaTOTMYECKUX KaapoB. B ycnmoBmsax mmdpoBruzanun
3HAYUTEIHHO BO3PACTa€T HEOOXOMUMOCTh (OPMHUPOBAHUA Y OyAyIIUX yduTeNen
OMONIOTHN KOMIUIEKCA KOMIIETEHITMH, BKJIFOYAIONINX TPEIMETHYIO MOATOTOBKY,
METOANYECKHE YMEHHS, H(PPOBYIO TPaMOTHOCTh M HABBIKH HCCIEIOBATEIBCKON
JeATENbHOCTH. TEXHONOrusl «IEepeBEpHYTHIA KJIAacc» pPACCMATPUBACTCS Kak
WHHOBAIIMOHHBIN WHCTPYMEHT, MO3BONAIOMNN 3()()EeKTHBHO cOoYeTaTh CamMoOCTOs-
TEJIbHOE W3YYCHHE TEOPETUYECKOT0 MaTepuana C AaKTHBHOM IpPaKTHYECKOH
pabotoii B aymutopuu. llenmp wccnenoBaHMa 3akiodaeTcsi B O0OOCHOBaHHH
3¢ (EeKTUBHOCTH TEXHOJOTHH «IIEPEBEPHYTHIM Kiacc» B  (OPMHPOBAHUU
mpo(hecCHOHATPHBIX KOMIIETEHIINH Oyaymux yduTeneld OHWONIOTHH W aHaju3e
TUHAMHUKH ~W3MEHEHUH y4eOHOW MAeSTEeIhbHOCTH CTYACHTOB. MeTomomorus
OCHOBaHMS BKIIIOYAET OSKCIEPUMEHTANbHYI0 paboTy C ydYacTHeM CTYACHTOB
OMOJIOTHYECKUX CTICITUATBHOCTEH, a TAK)KE METOBI TIeIarOTNYeCKOT0 HAOIIOACHNUS,
JTUArHOCTHYECKOTO TECTHPOBAHMSA, aHKETHPOBAHHWS W CPABHUTEIHHOIO aHAIN3A.
[TomyueHHbBIe pe3ynbTaThl CBUAETENBCTBYIOT O 3HAYUTEIHHOM POCTE BCEX BHUJIOB
Mpo(heCCHOHATTBHBIX KOMITETEHIIMHA y CTYJAECHTOB DSKCIIEPHUMEHTAIBHON TPYIIIBI
M0 CpPaBHEHHWIO C KOHTPOJNHHOW. 3a(hMKCHPOBAHO CyIIECTBEHHOE YBEINYECHHE
YPOBHSI CaMOCTOSITENIBHOCTH, MCCIIEIOBATEIbCKOM aKTUBHOCTH, CIIOCOOHOCTH
(hopMynHpOBaTH BOTIPOCHI, YYaCTHA B OOCYKIEHUSIX W MCIIOIB30BAHUS IIH(PPOBBIX
WHCTPYMEHTOB. JlaHHBIE JEMOHCTPUPYIOT, YTO TEXHOJOTHS «IEePEeBEPHYTHIN
KJIACC» HW3MEHSET XapakTep Yy4eOHOW esTeNbHOCTH, CTHUMYIHPYET pa3BHTHE
KPUTHYECKOTO MBINUICHNSA, PEQIECKCHH U MPAKTHKO-OPHEHTHPOBAHHBIX HABBIKOB.
[IpakTrueckass 3HAYMMOCTh MCCIEIOBAHUS 3aKIIIOUAETCsl B pa3pabOTKe MOJENH
KOMITETEHTHOCTH OYIyIero y4duTens OWONIOTHH, aJanTHPOBAHHOW K YCIOBUSAM
TEXHOJIOTUN «TIEPEBEPHYTHIN KiIacc», a Takke METOANYECKUX PEKOMEHIAIi 1o
e€ BHEIPEHHIO B CHCTEMY BBICIIETO IMEIarormyeckoro odpasoBanus. Pe3ymbrarsl
MOTYT OBITH HCIIONB30BAaHBI B MpOTpaMMax TOATOTOBKH YYHTENEH, Y4eOHBIX
Kypcax, nu(poBbIX TIaTdopmMax M yIpEKISHUSIX MOBBIIICHNS KBaTHPUKAIH.

KuroueBblie ¢JI0Ba. IEpEeBEPHYTHIH KJTacc, MpodecCHOHaTbHAS KOMIIETCHTHOCTb,
Oyaymwmii y4uTenb OWONIOTHH, IM(pOBas TPaMOTHOCTb, aKTHBHOE OOyYeHHE,
MeIarOrMYeCKUN IKCTIEPUMEHT, METOINYECKasl IIOATOTOBKA
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Introduction. Modern education is undergoing a period of profound
transformation driven by the integration of digital technologies, changes in the ways
information is accessed, and the increasing demands placed on the professional
preparation of teaching staff. In the context of digitalization and the transition
to blended and interactive learning formats, the need to develop competencies
in future biology teachers becomes especially important. These competencies
must enable them to effectively organize the educational process, foster learner
autonomy, develop research skills, and maintain a high level of motivation toward
studying the subject. One of the most effective pedagogical technologies that meets
these requirements is the flipped classroom model.

The flipped classroom involves a redistribution of the traditional structure of
a lesson: theoretical material is studied by students in advance through online
resources, while classroom time is dedicated to practical activities, analysis,
problem-solving, laboratory investigations, and reflection. This approach shifts the
focus from passive knowledge reception to active, independent, and collaborative
learning, aligning with contemporary constructivist and competency-based
pedagogical frameworks.

In the preparation of future biology teachers, the application of the flipped
classroom model is particularly significant. Biology as an academic discipline
integrates fundamental scientific knowledge, research methods, and practical skills
that require a high degree of engagement, autonomy, and critical analysis. Therefore,
traditional teaching formats often prove insufficient for developing professional
competencies that include subject knowledge, methodological flexibility, digital
literacy, the ability to organize students’ research activities, and the application of
modern educational technologies.

A number of studies indicate that the flipped classroom enhances students’
learning autonomy, improves the assimilation of complex biological concepts,
contributes to the development of critical thinking and collaborative skills, and
strengthens the digital competencies of future teachers (Bishop and Verleger, 2013;
Tucker, 2016). At the same time, the effective implementation of this technology
requires a well-designed methodology, careful selection of digital resources,
appropriate structuring of the learning process, and consideration of individual
learner characteristics.

Despite the growing interest in the flipped classroom model, the question of
how effectively this technology contributes to the formation of professional
competence in future biology teachers remains insufficiently studied in Kazakhstani
pedagogical practice. Particularly relevant is the investigation of methodological
conditions, success factors, opportunities, and limitations associated with applying
this technology in the university-level teacher education system.

In this regard, the aim of this study is to analyze the pedagogical potential of
the flipped classroom in shaping the professional competence of future biology
teachers, to identify its advantages, methodological possibilities, and the conditions
necessary for its effective implementation in higher education.

Literature Review. The problem of developing the professional competence
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of future biology teachers is examined in modern pedagogical science within
the framework of educational digitalization, the integration of active learning
methods, and the implementation of innovative technologies. In recent years, the
flipped classroom model has become an object of extensive investigation in both
international and domestic literature, as it aligns with the principles of competency-
based learning and ensures a high level of student engagement.

The flipped classroom is commonly defined as a pedagogical model in which
the core component of theoretical instruction is shifted outside the classroom, while
face-to-face time is devoted to interactive learning activities (Bishop and Verleger,
2013). This approach integrates elements of online learning with active, problem-
based student engagement (Bishop and Verleger, 2013).

The model is also associated with personalized learning, increased learner
autonomy, and the opportunity for students to work at an individual pace (Bergmann
and Sams, 2012; Tucker, 2016). Evidence suggests that the flipped format
supports the development of critical thinking, collaboration, and independent
analysis of instructional material (Bergmann and Sams, 2012; Tucker, 2016). In
higher education, the flipped classroom is regarded as an effective instrument for
developing the professional competencies of future educators and improving the
quality of student—teacher interaction (Chen et al., 2017; O’Flaherty and Phillips,
2015). Research further indicates that the model improves student preparedness
for practical sessions and facilitates the integration of digital tools into the learning
process (Chen et al., 2017; O’Flaherty and Phillips, 2015).

Studies focusing on natural science teacher education highlight that the
flipped model deepens students’ understanding of complex biological concepts
by combining independent pre-class study with hands-on practical activities
(McLaughlin et al., 2014; Seery, 2015). As biology is inherently practice-oriented
and research-driven, the implementation of interactive learning formats such
as the flipped classroom supports the acquisition of laboratory techniques, data
analysis skills, research competencies, and collaborative practices (McLaughlin et
al., 2014; Seery, 2015). From the standpoint of professional teacher competence
formation, the flipped classroom fosters methodological flexibility, digital literacy,
communication skills, readiness to apply modern educational technologies, and the
ability to organize collaborative learning (Lo and Hew, 2017; Missildine et al.,
2013). These outcomes are also linked to the development of the 2 1st-century skills
(Lo and Hew, 2017; Missildine et al., 2013).

Domestic researchers likewise emphasize the pedagogical potential of the
flipped classroom, noting increased independent cognitive activity, enhanced
learning motivation, improved content mastery, and strengthened student research
skills (Abdullina, 2021; Sarsekeeva, 2022; Toleubekova, 2020). Particular
emphasis is placed on the role of digital platforms and multimedia resources
that ensure accessibility and variability of learning materials (Abdullina, 2021;
Sarsekeeva, 2022; Toleubekova, 2020). In the context of preparing future biology
teachers, the literature underscores the need to shift from traditional lecture-based
and reproductive teaching methods toward interactive instructional models, which
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is especially important for developing competencies related to laboratory work,
field research, and the use of digital technologies (Klymkiv et al., 2022; Savinainen
et al., 2018). Empirical findings indicate that the flipped classroom can enhance
students’ readiness for practical professional activity and strengthen their ability
to apply biological knowledge in real educational settings (Klymkiv et al., 2022;
Savinainen et al., 2018).

Overall, the literature suggests that the flipped classroom is an effective
pedagogical model with substantial potential for fostering the professional
competence of future biology teachers, contributing to learner autonomy, critical
and research thinking, digital literacy, pedagogical flexibility, and the organization
of interactive learning environments (Bergmann and Sams, 2012; Lo and Hew,
2017; Tucker, 2016). At the same time, the methodological conditions and success
factors for implementing the flipped classroom in Kazakhstani higher pedagogical
education remain insufficiently explored and require further scientific analysis and
practical validation (Abdullina, 2021; Toleubekova, 2020).

Research Methodology. The methodological foundation of the study is based
on the integration of the competency-based, systemic, activity-oriented, and
digital approaches, which together ensure a holistic examination of the process
of developing the professional competence of future biology teachers within the
implementation of the flipped classroom model. The competency-based approach
makes it possible to determine the structure and content of the professional
skills required of a future educator, while the activity-oriented and constructivist
approaches conceptualize learning as an active process of knowledge construction
grounded in students’ independent work. The systemic approach provides the
framework for modeling the educational process, in which goals, digital learning
tools, forms of interaction, and assessment mechanisms are interconnected, and the
principles of digital pedagogy justify the selection of interactive and multimedia
resources.

The study employed a combination of theoretical and empirical methods aimed
at analyzing the pedagogical conditions that ensure the effectiveness of the flipped
classroom model in preparing future biology teachers. The theoretical component
included an analysis of scientific literature and contemporary models of digital and
blended learning, which allowed for the identification of key criteria of professional
competence. The empirical component consisted of student questionnaires,
observations of learning activities, diagnostics of subject-specific, methodological,
and digital competencies, as well as expert evaluation of instructional materials and
the developed model of flipped classroom implementation.

The pedagogical experiment was conducted under natural university learning
conditions and consisted of three stages: the diagnostic (pre-experimental),
formative, and control stages. At the diagnostic stage, the initial level of student
preparedness and their attitudes toward digital learning were identified. The
formative stage involved the direct implementation of the flipped classroom model,
in which out-of-class independent study of video lectures, digital interactive
materials, and virtual laboratories was combined with in-class activities focused
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on solving biological problems, performing practical and research tasks, and
developing analytical and argumentative skills. The control stage aimed to assess
the dynamics of professional competence development and determine the overall
effectiveness of the methodology.

Data analysis included both quantitative and qualitative methods. Statistical
processing of the results made it possible to determine the significance of
differences between the experimental and control groups, while qualitative analysis
of observations and expert evaluations provided deeper insights into changes in
students’ learning behaviors. The study was conducted at the South Kazakhstan
Pedagogical University named after Ozbekali Zhanibekov and Abai Kazakh
National Pedagogical University, which ensured sample representativeness and
comparability of the obtained data. The reliability and validity of the findings were
confirmed through methodological triangulation, the use of validated diagnostic
tools, and expert verification of the study’s content.

Results. The results of the study demonstrate that the flipped classroom model
has a statistically significant impact on the formation of professional competence
among future biology teachers. At different stages of the experiment, notable
changes were identified in students’ subject preparation, methodological skills,
digital literacy, and research abilities. A comparative analysis of the control and
experimental groups revealed a stable positive dynamic, confirming the effectiveness
of blended and interactive learning technologies.

To evaluate the outcomes, a system of competence indicators was used,
comprising four components: subject competence (SC), methodological competence
(MC), digital competence (DC), and research competence (RC). The results of the
formative stage of the experiment are presented below.

To assess the effectiveness of the implemented flipped classroom technology, a
comparative diagnostic evaluation of the professional competence levels of students
in the control and experimental groups was conducted. Measurements were carried
out across four key components - subject, methodological, digital, and research
competence - which represent the fundamental indicators of the readiness of future
biology teachers for professional activity. Initial measurements were taken before
the start of the pedagogical experiment, and repeated assessments were conducted
after the completion of the instructional cycle. The collected data made it possible
to trace the dynamics of competence development and to identify differences
in educational outcomes between students taught using traditional methods and
those instructed through the flipped classroom model. The summary of results is
presented in Table 1.

Table 1 — Average Competence Indicators of Students in the Control and Experimental Groups
(0-100 points)

[©No1el

Indicator Control Group | Experimental Control Experimental
(before) Group (before) | Group (after) | Group (after)
Subject Competence (SC) 56 55 59 74
Methodological Competence (MC) 48 47 52 79
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Digital Competence (DC) 41 42 50 83
Research Competence (RC) 45 44 53 77

The data presented in Table 1 reflect the dynamics of the formation of key
professional competencies among future biology teachers in the control and
experimental groups before and after the implementation of the flipped classroom
technology. The indicators demonstrate substantial differences between the groups,
allowing us to assert the high effectiveness of the chosen instructional model.

1. Subject Competence (SC). Before the experiment, the levels of subject
competence in both groups were nearly identical: 56 points in the control group
and 55 points in the experimental group. After completing the course that employed
the flipped classroom model, the increase in the control group was minimal-only 3
points (from 56 to 59).

In contrast, the experimental group showed a significant improvement-from 55
to 74 points, an increase of 19 points. This indicates that preliminary independent
study combined with interactive in-class work enhanced the depth of students’
understanding of biological processes and terminology.

2. Methodological Competence (MC). Methodological competence is one of the
key indicators for future teachers, as it reflects their mastery of teaching methods,
instructional strategies, and pedagogical technologies.

In the control group, the indicator increased from 48 to 52 points (+4), which
corresponds to a typical progression under traditional instruction. The experimental
group, however, demonstrated a dramatic increase-from 47 to 79 points (+32). This
represents the highest gain among all competencies. The result is explained by the
fact that the flipped classroom creates conditions for the practical application of
methodological techniques: working in small groups, analyzing video fragments of
lessons, solving pedagogical tasks, and developing reflection skills.

3. Digital Competence (DC). Digital skills improved in both groups; however,
the dynamics differ fundamentally.

The control group showed an increase from 41 to 50 points (+9), which reflects
students’ general rise in digital activity throughout the course.

The experimental group demonstrated a gain of +41 points-from 42 to 83. This is
the most striking result. The flipped classroom model requires constant use of online
platforms, digital simulations, virtual laboratories, and interactive assessments,
which fosters strong digital competence among future biology teachers.

4. Research Competence (RC). Before the experiment, the levels were nearly the
same - 45 and 44 points. The control group demonstrated a moderate improvement
to 53 points (+8).

In the experimental group, the increase reached +33 points-from 44 to 77. This
is explained by the inclusion of mini-research projects, data collection and analysis,
preparation of presentations, and analytical reports within the flipped classroom
model, all of which promote the development of research thinking, planning skills,
and the interpretation of biological data.
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Summary of Findings Across the Four Competence Components:

— The control group demonstrates moderate gains in competence within the
range of 3—9 points, which corresponds to typical learning dynamics under the
traditional model.

— The experimental group shows remarkable results: gains range from +23
to +41 points, with the highest values recorded for digital and methodological
competence.

— The implementation of the flipped classroom technology had a complex
positive effect on students’ professional development, particularly in components
related to practical activity and active engagement in the educational environment.

— The observed difference between the groups is both statistically and
pedagogically significant, confirming the effectiveness of the innovative technology
as a tool for developing the professional competence of future biology teachers.

Figure 1. Dynamics of student competency developmt
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Figure 1 - (Description): Dynamics of Competency Development

The presented graph illustrates the comparative dynamics of four key
professional competencies-subject-matter, methodological, digital, and research - in
the control and experimental groups before and after the pedagogical intervention.
The lines corresponding to the experimental group demonstrate a pronounced
increase across all indicators, with the most substantial positive changes observed
in digital competence (DC) and methodological competence (MC). Following
the implementation of the “flipped classroom” technology, the level of digital
competence increased from 42 to 83 points, and methodological competence from
47 to 79 points, indicating a significant strengthening of students’ practice-oriented
and technological skills.

In the control group, the growth of indicators is moderate and does not exceed
4-8 points, which confirms the limited effectiveness of traditional teaching
methods in developing integrated professional competencies. A visual comparison
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of the curves on the graph reveals a substantial gap between the groups after the
intervention, supporting the conclusion that the “flipped classroom” approach is
highly effective in the professional preparation of future biology teachers.

Beyond the quantitative changes, the experiment revealed a profound
transformation in the nature of students’ learning activities. Students became more
active in classroom interactions, formulating questions, initiating discussions, and
exploring alternative solutions to biological problems. The sessions also showed
a stronger project-based and practice-oriented focus, with increased attention to
laboratory work, modeling of biological processes, and analysis of biological
systems. Particular attention was devoted to examining students’ digital skills. The
results demonstrated that students showed confident proficiency in platforms such
as Moodle, Google Classroom, Kahoot, and PhET, as well as in virtual laboratory
environments. This expanded their understanding of modern tools for teaching
biology and increased their readiness for digital pedagogical practice.

To gain a more detailed understanding of how the “flipped classroom” approach
influences not only the level of competency formation but also the nature of
students’ learning activities, systematic pedagogical observations were conducted
in both groups. The purpose of the observation was to identify changes in cognitive
engagement, independence, levels of interaction, and students’ participation in
practical and research-oriented tasks. The collected data made it possible to record
qualitative shifts in learning activity triggered by the new instructional model. A
summary of the observation results is presented in Table 2.

Table 2 — Changes in the Nature of Students’ Learning Activities (Based on Observations, % of
Total Number of Students)

Activity Indicator Before the Experiment After the Experiment
Active participation in discussions 28% 71%
Formulation of questions 22% 68%
Conducting mini-research projects 19% 64%
Use of digital tools 31% 89%
Demonstration of independence 34% 74%

Analysis of the data presented in Table 2 allows us to conclude that students’
learning activity increased substantially following the implementation of the
“flipped classroom” approach. Almost all indicators show more than a twofold
increase in student participation, initiative, and autonomy.

First, communicative activity increased markedly: the proportion of students
actively participating in discussions rose from 28% to 71%, indicating higher
engagement and the development of academic discourse skills. Second, the ability
to formulate questions increased from 22% to 68%, reflecting growth in critical
thinking, analytical reasoning, and the capacity to pose research-oriented tasks.
Third, the share of students conducting mini-research projects increased from
19% to 64%. This demonstrates that the “flipped classroom” approach effectively
supports the development of research skills and practice-oriented thinking. Fourth,
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a particularly significant improvement is observed in digital activity: the use of
digital tools increased from 31% to 89%. This result confirms that the instructional
model successfully integrates digital technologies into the educational process and
enhances the digital competence of future biologists.

Fifth, the proportion of students demonstrating independence increased from
34% to 74%, suggesting the formation of sustained academic motivation, self-
organization skills, and responsibility for personal learning outcomes. Overall, the
observational data clearly demonstrate the effectiveness of the “flipped classroom”
approach: it not only strengthens students’ cognitive engagement but also fosters
the development of key professional competencies essential for future biology
teachers in the context of educational digitalization.

In addition, instructors participating in the study noted several positive
developments:

— Students became more motivated, showing increased readiness for independent
preparation.

— Skills in analyzing biological data improved considerably, especially when
working with virtual laboratories.

— Students demonstrated greater confidence during practical tasks, explanations,
and presentations.

— Collaborative skills strengthened, as a significant portion of in-class time was
devoted to group activities.

— The student cohort gradually shifted from passive listeners to active
participants in the learning process, which is a key requirement of contemporary
biology education.

Discussion. The obtained data allow us to consider the “flipped classroom”
approach as an effective tool for modernizing biology education, enabling a shift
from a traditional reproductive model of instruction toward an activity-based,
learner-centered paradigm. Importantly, the effectiveness of this approach manifests
not only in the growth of individual competencies but also in the transformation of
the very logic of pedagogical interaction between instructors and students.

Akey effect is the transformation of the student’s role: learners become not objects
butactive subjects ofthe educational process. This aligns with contemporary concepts
in higher education pedagogy, which emphasize autonomy, research orientation,
and the ability to work with information. Within the context of preparing future
biology teachers, such a transformation is particularly significant, as it develops
students’ ability to organize similar learning processes in their own professional
practice. Furthermore, the use of the flipped classroom shifts the emphasis from
transmitting ready-made knowledge to developing meta-subject skills-critical
analysis, question formulation, use of digital resources, and organization of mini-
research projects. These activities represent core elements of the competency-based
model of the 21st-century educator. Thus, the flipped classroom serves not only as
a teaching method, but also as a mechanism for shaping the modern professional
identity of future teachers.
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It is also important that the approach strengthens the practice-oriented
component of teacher training. Students gain opportunities to apply knowledge in
situations closely approximating real pedagogical practice: analyzing biological
processes, conducting mini-research projects, and interpreting data. This fosters
a stable connection between theory and practice, significantly enhancing the
overall quality of professional preparation. Special attention should be given to
the integration of digital tools into students’ learning activities. The development
of digital competence reflects global trends in the digitalization of education and
corresponds to the demands of contemporary instructional practice, in which
biology increasingly relies on digital simulations, databases, visualizations, and
multimedia laboratories.

Finally, the observed dynamics indicate that the flipped classroom approach
exerts an integrative influence: it simultaneously stimulates learning activity,
enhances motivation, supports the development of research-oriented approaches,
and increases readiness for independent learning. Such a multifaceted effect makes
this technology a promising direction in the development of teacher education and
confirms the necessity of its further implementation and methodological refinement.

Conclusion. The conducted study has established that the “flipped classroom”
approach serves as an effective tool for modernizing the professional preparation
of future biology teachers. Its use transforms not only the organization of the
educational process but also the very logic of competency formation, shifting
the focus from reproductive assimilation of material to active, independent, and
meaningful engagement with learning content.

One of the key outcomes of the study is the confirmation that the flipped classroom
creates favorable conditions for the sustained development of professionally
significant competencies. Under this approach, the learning environment becomes
more flexible, variable, and student-centered, which contributes to the development
of skills in analysis, interpretation, digital literacy, pedagogical reflection, and
research initiative. This learning format enables students to construct individual
learning trajectories and adjust their working pace according to their own
capabilities.

The obtained data show that the use of the flipped classroom transforms the
role of the student: they become not passive participants but active agents of
the educational process, capable of independently organizing their activities,
formulating questions, searching for information, and applying knowledge in
practical situations. This aligns with contemporary requirements for teacher
education, where not only subject knowledge but also the ability to work in a digital
environment, collaborate, make decisions, and engage in scientific-pedagogical
inquiry is crucial.

It is also important to note the positive influence of the approach on the
pedagogical readiness of future biology teachers. Mastering instruction in the
flipped format provides students with experience relevant to modern school
practice, where increasing demands are placed on teacher flexibility, the integration
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of in-person and distance learning formats, the use of digital resources, and the
design of active learning strategies.

Thus, we may conclude that the “flipped classroom” approach has the potential
to become a sustainable and integral component of biology teacher preparation,
ensuring the development of key competencies necessary for successful professional
activity in the context of the digital transformation of education.
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