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applicability of the findings. By positioning open collaborative learning within a well-structured
methodological framework, this study contributes to contemporary international discussions on
innovative teacher education and highlights the potential of COL as a sustainable approach for preparing
future computer science teachers in modern digital learning environments.
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DIAGNOSING THE EDUCATIONAL COMPONENT OF FUTURE
BIOLOGY TEACHERS USHING THE 4C APROACH

Abstract

The article explores the role of the 4C approach in contemporary education and analyzes the diagnostic results concerning
the educational component of future biology teachers’ professional competence. The study aims to determine the level of
development of critical thinking, communication, collaboration, and creativity skills among future biology teachers and to
examine the obtained results in relation to indicators of their professional preparation. The relevance of the research is
associated with the growing need to prepare teachers who are able to perform professional tasks effectively, analyze
information, make well-grounded decisions, interact productively with other participants in the educational process, and
generate new pedagogical ideas in response to changing educational demands. Within the study, the four components of the
4C framework are regarded as significant indicators contributing to the professional competence of future teachers. The
diagnostic findings demonstrate that these skills are developed unevenly among students and are characterized by different
levels of proficiency. The obtained results emphasize the importance of purposefully developing 4C skills throughout the
professional preparation of future biology teachers. The study concludes that the systematic integration of the 4C approach
into educational content and practice-oriented learning activities can contribute to strengthening students’ professional
competence and preparing them to address current challenges in their future pedagogical practice.

Keywords: professional competence, 4C, communication, collaboration, critical thinking, creativity.
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OKbITY A 4C 9ICIH KOJIJAHY HEI'I3IHAE BOJIAINAK BUOJIOI' UsA
MYTAJIMJAEPIHIH BIVIIMAIK KOMIIOHEHTIH IUATHOCTHUKAJIAY

Anoamna

Maxkamama kasipri Outim Oepy kenictirinme XXI Facwlp JaFAbUIapbIH KaJbITacTeIpyFa OarprTTaimran 4C TocimiH
KOJIIAaHyIBIH MAaHBI3IBUIBIFEl KAPaCTBIPBUIBI, OONamaK OMOJOTHS MYFaIIMIEpiHIH KoCiOM KY3BIPETTUITIHIH OUTIMAIIK
KOMIIOHEHTIH JIMarHOCTUKAAy HOTIDKENEepl TalaaHaabl. 3epTTey/IiH MaKcaTbl — Oonamak OUOJIOrHsS MYFalTiMICPiHIH ChIHA
oiiyiay, KOMMYHHKAIIWS, BIHTBIMAKTACTHIK JKOHE KPEaTHBTLIIK JaFAblIapbIHbIH KaJbITacy NEHIeliH aHbIKTay )KOHE aJIbIHFaH
HOTIDKEJIEP/Il OJIap/bIH KociOM MasipibIK KepceTKiluTepiMeH e3apa OaiinaHpicTa Oaranay. 3epTTey/iH e3eKTuIri OutiM Oepy
JKYHeCiHIeri e3repicTep jKaFaaiibIiH/Ia KOciOU MIHACTTEP Il THIMII OPBIH/IAN aJlaThlH, aKIAPATTHI TAJAI, HETi3IeITCH MM
KaOBUIIAWTBIH, TOIIEH HOTIIKENI OPEKETTECETIH JKOHE jKaHA MEJArorMKailblK HAesIap/bl YChIHA allaThIH MyFalliMAEpAi
maspiay KaXeTTUTriMeH aWKpHaamansl. 3eprrey OappichiHAa 4C KOMIOHEHTTepl Ooamak ITefarortepiiH Kociom
KY3BIPETTINIIH CHUMATTAWTBIH MaHBI3IBl KOPCETKIIITEp PETiHIC KapacThIPhUIABL. JMarHOCTHKAJBIK 3EpPTTEY HOTHKENIepi
CTYIICHTTEpAC aTajFaH JaFdpUIapablH OIpKeNKi KaJbIITaCIaFaHbIH JKOHE OJNapIblH JaMy JeHreinepinme Oenrimi Oip
alfBIpMaNIBIIBIKTAPABIH 0ap €KEHIH KopceTTi. AJIBIHFAaH JepeKkTep Oonamrak OHOIOTHS MyFAIIMICPIH KociOm maspiay
Oapeicbiaza 4C naFapuIapblH MaKCATThI TYpIE JaMBITYFa epeKile Ha3ap aylapy KaXeTTIriH Herizieini. 3epTrey HoTHkenepi
4C TocimiH OKy YHEpiCiHIH Ma3MyHBI MEH MPAKTHUKAIBIK TalChIpMaliapblHA JKYHedi CHTi3y CTyOeHTTepHAiH Kocion
KY3BIPETTUIITIH JKETUIAIPYTe JKOHE OJIap/Ibl Ka3ipri MearoriKaiblK KeI3MET TajlalTapbiHa OeiiMaeyre MyMKIHIIK OepeTiHiH
KepCceTe/Ii.

Tyiiin ce3nep: kociOH Ky3bIpeTTisik, 4C, KOMMYHHUKAIHS, BIHTBIMAKTACTHIK, CHIHU OMJIay, KPEaTHBTLIIK
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OBYYEHUE HA OCHOBE METOJIUKH «4C» AJIA AMATHOCTUKHA
OBPA30BATEJBHOI'O KOMIIOHEHTA BYJIYIIIUX YUUTEJENR BUOJIOT A

Annomayus

B crarbe paccmarpuBaercsi 3HaueHHe NpUMeHeHus nojxona 4C B COBpEeMEHHOM 00pa3oBaTENbHOM IIPOCTPAHCTBE U
aHATM3UPYIOTCS PE3yIbTaThl JHATHOCTUKH 00pa30BaTeIbHOTO KOMITIOHEHTA MPO(eCCHOHATFHO KOMITETEHTHOCTH OYIyIINX
yaurenei Ouonoruu. Llenms viccreoBaHms 3aKITFOYaeTCs B ONPeeIeHHH YPOBHS C(OPMUPOBAHHOCTH Y OYAYIIMX ydanuTerei
OMOJIOTHH HABBIKOB KPHTHYECKOTO MBIIDICHHUS, KOMMYHUKAIMH, COTPYIHHUYCSCTBA M KPEATHBHOCTH, a TAKXKE B OIICHKE
MOYYCHHBIX PE3yJbTATOB BO B3aNMOCBS3M C TIOKAa3aTeIBIMH WX TPOQPECCHOHATBHOW ITOJTOTOBKH. AKTYaJbHOCTD
HCCIeIOBaHMUsI  OOYCJTIOBIICHA HEOOXOAWMOCTBIO —TIOJTOTOBKH — IIEJArOrOB, CHOCOOHBIX 3((EKTUBHO  BEHIIOJIHATH
npoecCHOHANBHBIE 3aJa4d, aHAJIH3UpOBaTh HWH(OPMAIMIO, TPUHUMATh OOOCHOBAHHBIC PEIICHHsS, IPOXYKTHBHO
B3aHMOﬂeﬁCTBOBaTB C APpYruMu y4aCTHUKaMU 06pa3013aTem)Horo rnponecca n npeajiaratb HOBBIC MEAATOTMICCKUE UJIEU B
yCJIOBHSX TpaHcdopMmalu coBpeMeHHOro oOpaszoBanus.. B uccnenoBannu kommoHeHThl 4C paccMaTpuBaroTcs Kak
3Ha4YMMBbIE TIOKa3aTeln Mpo(eCCHOHANBLHON KOMIIETEHTHOCTH Oy/yliero nejparora. Pe3ysbTaThl IpOBeNEHHON IMArHOCTUKH
MOKa3aJli, YTO HCCIEAyeMble HABBIKM C(HOPMHPOBAHBI y CTYAEHTOB HEPABHOMEPHO M XapaKTEPH3YIOTCS Pa3TUYHBIMH
YPOBHAMM PA3BUTUS. HOJ’Iy‘IeHHLIe JAHHBIC MOATBCPKIAIOT HCO6XO}:[I/IMOCTI) HECJICHAIIPABJICHHOTO pa3sBUTHUA KOMIIOHCHTOB
4C B mporecce MpopecCHOHATIHHON MOJTOTOBKH OyAyIIuX y4uuTtenell Ouonoruu. Pe3ymbTaThl MCCIENOBAaHUS MO3BOJIIOT
3aKJIFOYMTh, YTO CHCTEMaTHUeCKOe BKIIOUeHHe rnoxaxona 4C B conepkaHne 00pa30BaTesIbHOTO Mpoliecca U NPaKTHIYECKUE
3a/IaHus CIOCOOCTBYET COBEPIICHCTBOBAHHIO MPO(ECCHOHAILHON KOMIIETEHTHOCTH CTYEHTOB 1 UX MOATOTOBKE K PEIICHHUIO
aKTyaJIbHBIX 33/1a4 COBPEMEHHOM I1€JarOrM4ecKON e TeNbHOCTH.

KnroueBbie ciaoBa:  mpodeccoHanbHash KOMIIETEHTHOCTh, 4C, KOMMYHHKAIMS, COTPYJHHUYECTBO, KPHUTHYECKOE
MBIIIUICHHE, KPEATUBHOCTb.

Introduction. The demands placed on education are continually evolving in response to contem-
porary processes of globalization. Preparing future professionals therefore requires more than the
acquisition of subject-specific knowledge; considerable attention should also be given to the
development of professional and transferable skills. Socio-economic transformations, technological
advancement, and increasing competition in the twenty-first-century labour market require graduates to
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think critically, generate creative ideas, communicate effectively, and work collaboratively. These
abilities have consequently become an important component of the professional preparation of future
teachers.

Professional competence is particularly significant in the teaching profession. A teacher is expected
not only to demonstrate a sound knowledge of the subject but also to communicate effectively with
learners, organize the educational process, and make appropriate decisions in a variety of pedagogical
situations. Teacher education should therefore provide opportunities for students to develop professional
knowledge alongside the practical abilities required to apply that knowledge in their future work.

The origins of the 4C approach can be traced to concepts initially developed in the field of
marketing. In Basic Marketing: A Managerial Approach, the marketing mix was described through the
4P framework comprising four elements (McCarthy & Perreault, 1987):

- product;

- price;

- promotion;

- place.

An alternative framework based on four customer-oriented components — cost, customer value,
convenience, and communication — was subsequently proposed (Lauterborn, 1990). The concept of the
4Cs later acquired a different meaning in the educational context. In 2009, the US-based Partnership for
21st Century Skills presented a framework identifying the competencies required for learners to remain
competitive in an increasingly global environment (Partnership for 21st Century Skills, 2009). Within
the P21 Framework, the 4Cs were represented as critical thinking, communication, collaboration, and
creativity. This development reflected a broader shift in education towards competency-oriented
learning, with greater emphasis being placed on preparing graduates for the demands of employment
and professional practice.

International organizations have also emphasized these competencies. UNESCO documents
addressing twenty-first-century skills highlight critical thinking, communication, collaboration, and
creativity as important abilities for contemporary learners (Miao et al., 2024). These competencies
closely correspond to the core components of the educational 4C framework. Similarly, such abilities
have been identified among those required for successful participation in a rapidly changing labour
market (World Economic Forum, 2016). Consequently, the development of the 4Cs within educational
settings has become an increasingly relevant area of research and practice.

The formation of twenty-first-century skills is now regarded as an important direction in
contemporary education. Various countries have incorporated elements associated with the 4Cs into
their educational practices. Particular attention to these competencies can be observed in the educational
systems of the United Kingdom, Canada, China, South Korea, Poland, the United States, and Finland.

The role of the 4Cs in preparing future teachers has also received attention in domestic research. The
relevance of incorporating the 4C framework into teacher education has been emphasized in recent
studies (Salybekova et al., 2025). According to the authors, existing instructional practices do not
always provide sufficient opportunities for the systematic development of these competencies.

The combined use of language and media literacy as a means of developing the 4Cs among Kazakh
students has also been examined (Yelubayeva et al., 2024). The findings indicated that these
competencies can contribute to the development of learners’ abilities, facilitate interpersonal interaction,
and broaden their future professional opportunities. These findings further demonstrate the importance
of developing skills that students will require in their subsequent professional activities. In teacher
education, this issue is closely related to the concept of professional competence.

Professional competence has been interpreted in different ways across the scholarly literature. An
examination of existing approaches allows several perspectives to be distinguished:

- Teachers’ professional competence is described as an integration of knowledge, skills, personal
qualities, and motivation required to address various situations encountered in professional practice
(Ahmed et al., 2025);
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- Professional competence is associated with an individual's ability to make informed decisions
within a particular professional field and to take responsibility for the outcomes of their actions (Antera,
2021);

- Professional competence is considered to include the ability to apply pedagogical knowledge in
practice, organize the learning process, and make professionally appropriate decisions (Gonzalez-
Fernandez et al., 2024);

- Competence is interpreted as the capacity to act effectively and perform practical tasks within a
particular professional or educational context (Mannonen et al., 2025);

- Professional competence is related to a specialist's ability to perform professional responsibilities
effectively and in accordance with the requirements of the relevant field (Issakova et al., 2021);

- Professional competence is viewed as a combination of knowledge, skills, abilities, and personal
qualities that enable teachers to perform their professional duties effectively (Abiltayeva et al., 2025).

Taken together, these interpretations demonstrate that professional competence extends beyond the
possession of theoretical knowledge. It develops through experience and is continuously enriched as
individuals acquire new knowledge and skills. Accordingly, an essential aspect of professional
preparation is the learner's ability to transfer acquired knowledge to situations encountered in future
professional practice.

Research has also explored the application of the 4C framework in educational settings. For example,
a study involving Grade 10 students divided into experimental and control groups was conducted to
examine the effectiveness of the 4C approach (Berkinbayeva et al., 2023). Students in the experimental
group participated in a course designed around the 4C approach and completed project-based activities.
The findings indicated that integrating 4C competencies with language-related skills contributed to
greater student participation in classroom activities and was accompanied by improvements in both
language and subject-specific learning outcomes.

The experience of applying the 4C approach in teaching college students in Kyrgyzstan has also been
examined (Baitokova & Baitokova, 2025). The study reported positive changes in students’ interest and
engagement in classroom activities, as well as improvements in communication and teamwork skills.
These findings demonstrate the relevance of incorporating the 4C approach into the preparation of
future professionals.

Drawing on the studies discussed above, the 4Cs can be regarded as an important component of
professional preparation. For biology students, critical thinking is particularly relevant when analysing
scientific information, while communication enables them to express and explain their ideas clearly.
Collaboration is essential for laboratory activities and group-based assignments, whereas creativity
enables students to generate new ideas and propose alternative solutions. Thus, the development of the
4Cs can be considered in close connection with the professional competence of future biology teachers.

The aim of the study was to examine the role of the 4Cs in the professional preparation of future
biology teachers and to determine the current level of development of these skills.

Key principles. Future teachers need to be able to apply acquired knowledge in practice,
communicate their ideas effectively, cooperate with others, and make informed decisions when
addressing particular problems. These abilities are directly associated with the four components of the
4C framework. Therefore, the present study focused on assessing the current state of critical thinking,
creativity, communication, and collaboration among future biology teachers. The diagnostic assessment
was conducted to identify the areas in which students demonstrated stronger performance and the
competencies that required further development.

The central idea of the study was to evaluate students’ 4C skills within the context of their
professional preparation. The obtained data were used to analyse the extent to which future biology
teachers had developed these competencies.

Materials and Methods. An anonymous questionnaire was specifically developed to assess the
level of professional competence among future biology teachers. The collected responses were analysed
using descriptive statistical methods to provide an overview of the participants’ current performance.
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Purpose of the questionnaire. The survey aimed to identify the current development of students’ 4C
skills, provide an initial assessment of their proficiency in these competencies, and use the findings to
determine the level of professional competence demonstrated by the participants. The respondents were
third-year students enrolled in the Biology programme, including students from Kazakh, Russian, and
English medium groups. The questionnaire focused on the four core competencies of the 4C framework
and was intended to determine the extent to which these skills had been developed among the
participating students. The questionnaire was completed online through a dedicated survey link.

Results and Discussion. The questionnaire findings provided an overview of the current level of 4C
skill development among third-year students. The questionnaire consisted of 10 questions and was
completed by a total of 123 students (N = 123). Participants were selected through purposive sampling.
The collected data were processed in Microsoft Excel using percentage-based analysis and descriptive
statistics, including the mean and standard deviation. The results were subsequently presented in
graphical form. Female students constituted the majority of the study participants (Figure 1).

1. Gender

Male
11%

Female W Male

Figure 1. Pie chart illustrating the gender distribution of the students who participated in the survey

Question 1. A total of 123 students participated in the survey. Of these, 110 (89%) were female and
13 (11%) were male.

Question 2 was designed to determine whether instructors had previously incorporated the 4C
approach into their teaching practices. According to the responses, 81 students (66%) indicated that the
approach had been used during classes, while 17 students (14%) reported that it had not been applied. A
further 25 respondents (20%) stated that instructors used the approach occasionally (Figure 2).

2. Do you use 4C approaches in your classes?
90 -
80%
80
70
60
50

40

Percentage (%)

30 26%

20 - 16%

Yes No Only in some cases
Response

Figure 2. Line chart illustrating the use of the 4C approach by instructors during classroom activities
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Question 3 was included to assess students’ understanding of the concept of critical thinking and
their ability to distinguish its correct meaning from the alternative definitions provided. The survey
findings showed that the majority of respondents, 91 students (74%), selected the correct definition. In
contrast, 32 students (25.2%) chose an incorrect response, while 1 student (0.8%) provided an
alternative answer (Figure 3).

3. Which definition is correct?
100 -

80
60

40

Number of students

1

Analyze the problem Receive Memorize Other
and make a decision information information answer

Figure 3. Level of Understanding of the Concept of Critical Thinking

Question 4 focused on determining how well students understood the concept of creativity. Analysis
of the responses revealed that 30 students (24%) selected the correct answer, whereas 93 respondents
(76%) answered incorrectly. The findings indicate that a considerable proportion of the participants had
not yet developed a clear understanding of the concept of creativity (Figure 4).

4. Which statement is correct?
2%

12%

B Creativity is the ability to come up with new ideas or solutions.
B Creativity is observing and finding new, unique ideas and solutions.

Creativity is related to new thinking and problem-solving
in unfamiliar situations.

Other.

Figure 4. Pie chart illustrating students’ level of understanding of the concept of creativity

Question 5 was designed to assess students’ ability to complete tasks related to communication skills.
The results showed that 68 students (55%) responded “Yes,” while 28 respondents (23%) selected
“No.” A further 26 students (21%) chose “I do not know,” and 1 participant (1%) provided an
alternative response (Figure 5).
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5. Do you prefer to work in teams on communication tasks?

M Yes No I Idon’t know Other answer

Figure 5. Doughnut chart illustrating students’ ability to complete communication-related tasks

Question 6 focused on students’ actual level of participation during classroom activities. The findings
showed that 72 students (59%) were actively involved in group work. In contrast, 25 respondents (20%)
reported that they did not participate in discussions, while 26 students (21%) indicated that they were
willing to become more actively involved in classroom activities (Figure 6).

6. Which statement best describes your participation
in group discussions? Choose one.
1. T actively contribute my ideas in group discussions.
2. I participate in group discussions when needed.

3. I prefer to listen rather than share my ideas in group discussions.

(8]

o
)

20 30 40 50 60 70 80
Figure 6. Bar chart illustrating students’ level of participation in classroom activities

Question 7 was designed to assess students’ ability to analyse information logically and make
reasoned decisions during classroom activities. The results showed that 68 students (55%) reported
analysing information before accepting it. In addition, 31 respondents (25%) indicated that they
compared several possible options before solving a problem, while 24 students (20%) stated that they
relied on evidence when making decisions (Figure 7).
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7. Which statement best describes how you make decisions in class?
Choose one.
1. I do not make decisions with available information, I first think carefully.
2. | compare several options before making a decision.

3. lrely on my intuition when making decisions.

80 -

68
60
40 4

31
24

20
0

1 2 3

Figure 7. Bar chart illustrating students’ level of critical thinking skills

Question 8 was intended to explore students’ views on the relevance of the 4C skills to their future
profession. In particular, respondents were asked whether future biology teachers need to develop
critical thinking, communication, collaboration, and creativity skills. The results showed that 60 students
(49%) agreed that these competencies are necessary for their future professional activities. In contrast,
38 respondents (31%) answered “No,” while 23 students (19%) selected “I do not know.” The
remaining 2 participants (2%) provided an alternative response (Figure 8).

8. In your opinion, to what extent do the following skills need
to be developed in school biology lessons:
critical thinking, communication, collaboration, creativity?

Other answer 2

I don’t know 23

Yes 60

0 10 20 30 40 50 60 70
Number of students

Figure 8. Results of students’ assessment of the importance of the 4C components for future biology teachers
Question 9 was designed to assess students’ perceived ability to apply the 4C approach in teaching.
Respondents rated their level on a scale from 1 to 10. Based on the obtained scores, the results were
classified into three categories: high, medium, and low levels (Table 1).

Table 1. Descriptive statistical indicators of students’ professional competence levels

Level N Mean Median SD Min Max
Low 65 5,23 5 0,95 1 6
Medium 40 7,48 7 0,51 7 8
High 18 9,11 9 0,32 9 10
Total 123 6,53 6 1,66 1 10

Question 10 asked students to assess their own level of 4C skills on a 10-point scale. The scores were
divided into three categories: 1-6 points represented a low level, 7-8 points a medium level, and 9-10
points a high level.
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According to the results, students in the low-level group (N = 65) gave relatively low ratings to their
ability to apply the 4C approach, with a mean score of M = 5.23. The medium-level group (N = 40)
achieved a mean score of M = 7.48, whereas students classified at the high level (N = 18) reached a
mean value of M = 9.11. These findings demonstrate noticeable differences in students’ perceived
readiness to use the 4C approach in practice (Figure 9).
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Figure 9. Students’ level of agreement with statements related to the 4C components

The questionnaire included several statements concerning students’ perceptions of the 4C skills.
Overall, the responses demonstrated a predominantly positive attitude towards these competencies. The
use of new technologies in classroom instruction was supported by 94.3% of the respondents, while
4.1% partially agreed and 1.6% disagreed. Regarding the role of creative teaching, 80.5% expressed
agreement, 17.9% partially agreed, and 1.6% disagreed.

The importance of collaboration in completing shared tasks was acknowledged by 81.3% of the
students. A further 13% partially agreed with this statement, whereas 5.7% expressed disagreement.
Communication received an even higher level of support: 87.8% of respondents agreed with its
importance, 10.6% partially agreed, and only 1.6% disagreed. Critical thinking was considered
necessary by 83.7% of the students, while 11.4% partially agreed and 4.9% disagreed. Based on the
overall pattern of responses, students’ results were subsequently classified into three categories
representing low, medium, and high levels (Table 2).

Table 2. Overall distribution of students by level based on the survey results

level (%) Description

Low 28-30% Skills are insufficiently developed
Medium 30-35% Understanding is present but inconsistent
High 35-40% Supports and is ready to apply the skills

At the next stage of the study, students’ academic performance was analysed with particular attention
to the extent to which they had developed the 4C skills. For this purpose, the learning outcomes of third-
year students enrolled in the «Human and Animal Physiology» course were examined.

When designing the assessment tasks, the four core components of the 4C framework — critical
thinking, communication, collaboration, and creativity — were taken into consideration. Rather than
requiring students simply to reproduce previously acquired knowledge of physiology, the tasks
encouraged them to analyse information, explain physiological processes, and apply their knowledge to
specific situations.
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Tasks related to critical thinking required students to identify the causes of physiological phenomena,
explain their possible consequences, and analyse relationships among different processes occurring
within the organism. Such activities enabled students to connect the functions of organs with their
structural characteristics and to examine how regulatory mechanisms influence physiological functions.

Communication skills were assessed through students’ ability to express scientific ideas clearly and
accurately. Particular attention was paid to the appropriate use of physiological terminology, the logical
explanation of physiological processes, and the ability to formulate conclusions based on the obtained
information.

Activities addressing collaboration focused on students’ interaction while completing shared tasks.
Their ability to distribute responsibilities within a group, contribute to collective decision-making, fulfil
assigned roles, and discuss the final results together was considered when evaluating teamwork skills.

For the creativity component, students were encouraged to represent physiological processes through
diagrams, models, and other forms of visualization. These activities provided opportunities to move
beyond the reproduction of existing information and to demonstrate acquired knowledge through
individually developed approaches, thereby promoting a deeper understanding of relationships between
physiological processes.

Thus, tasks incorporating the four components of the 4C framework were used not only to assess
students’ subject knowledge but also to examine their ability to interpret and analyse information,
cooperate with others, and transfer acquired knowledge to new situations.

The academic performance of third-year students in the «Human and Animal Physiology» course
during the first semester was also analysed. The results obtained before the implementation of activities
specifically aimed at developing the 4C skills were used as baseline indicators. These included scores
from the first and second midterm assessments, examination results, and final course grades. A
summary of these academic indicators is presented in Table 3.

Table 3. Overall first-semester academic performance of third-year students in the
«Human and Animal Physiology» course

Group Midterm Midterm Exam Final result
Assessment 1 Assessment 2
Biology Kazakh group 65,4 68,2 68,3 67,3
Biology Russian group 75,1 78,2 80,3 778
Biology English group 80,1 80,1 80,2 80,1
Overall Result 735 75,5 76,3 75,1

The overall first-semester performance of third-year students in the «Human and Animal
Physiology» course was analysed. The mean score for the first midterm assessment (MT1) was 73.5
points, while the corresponding value for the second midterm assessment (MT2) was 77.5 points. The
average examination score reached 76.3 points, and the overall mean final grade for the semester was
75.1 points.

Analysis of the first-semester results indicated a need to further improve students’ learning outcomes
and strengthen the professional competencies required by future biology teachers. In this context, the
incorporation of the 4C approach into the educational process was considered as one of the possible
ways to support their professional development. Based on the questionnaire findings, students’ 4C skill
development was examined across three categories: high, medium, and low.

Students classified at the high level demonstrated an understanding of the 4C skills and readiness to
apply them both during their studies and in future professional practice. This category was characterised
by the following findings:

- 74% of students demonstrated an appropriate understanding of critical thinking;

- 94.3% supported the use of new technologies in classroom instruction;

- 80.5% acknowledged the positive influence of creative teaching on learning motivation;
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- 81-88% recognised the importance of collaboration and communication;

- 5% rated their mastery of the 4C approach at 9-10 points.

Taken together, the proportion associated with the high level was estimated at 35-40%. Students
within this category demonstrated comparatively strong readiness for further development and practical
application of the 4C skills.

The medium-level group included students who recognised the value of the 4C skills but were less
consistent or confident in applying them. The following indicators were observed:

- 21% participated in group work but did not demonstrate consistent active involvement;

- 20-25% tended to rely on a single approach when analysing information or making decisions;

- 33% assessed their level of 4C proficiency at 7-8 points.

The overall proportion of students within the medium category was estimated at 30-35%. These
students demonstrated potential for further development, although more structured learning activities
and pedagogical support may be required to strengthen their practical use of the 4C skills.

Students assigned to the low-level category demonstrated limited understanding of certain 4C
components or uncertainty regarding their practical application. The following results contributed to this
classification:

- 76% were unable to identify the correct meaning of creativity;

- 53% gave a low self-assessment of their ability to apply the 4C approach;

- 52% either questioned the relevance of the 4C skills to their future professional activities or were
unable to provide a definite response;

- 20-23% demonstrated limited participation in discussions and other interactive activities.

The proportion corresponding to the low level was estimated at 28-30%. The findings suggest that
students in this category require additional methodological guidance and practical opportunities to
strengthen their 4C skills. The overall distribution of students according to the identified levels is
presented in Figure 10.

Level of Students’ 4C Skills Development
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Figure 10. Overall results of the student survey

Conclusion. The findings of the study demonstrate that the 4C framework has considerable potential
for supporting the professional development of future biology teachers. Although the questionnaire
responses generally reflected positive attitudes towards critical thinking, communication, collaboration,
and creativity, the degree to which these skills had been developed varied among the participating
students. Based on the collected data, students were classified into three levels of professional
competence: low (28-30%), medium (30-35%), and high (35-40%). Students in the high-level category
demonstrated a stronger understanding of the 4C skills and greater readiness to apply them in academic
and future professional contexts. Those classified at the medium level recognised the importance of
these competencies but showed less consistency in their practical application. In the low-level group,
difficulties were observed in understanding certain components of the 4C framework, together with
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lower confidence in using these skills in professional situations. The integration of 4C elements into the
«Human and Animal Physiology» course was also associated with increased student engagement and
improved learning outcomes. These observations suggest that the 4C framework can serve as a useful
approach for strengthening competencies relevant to the professional preparation of future teachers.

Overall, the diagnostic assessment based on the 4C framework made it possible to identify the initial
level of students’ professional development, determine areas of relative strength and those requiring
further improvement, and provide a basis for refining instructional content and teaching practices.
Therefore, the systematic integration of critical thinking, communication, collaboration, and creativity
into teacher education programmes may contribute to more practice-oriented professional preparation of
future biology teachers.
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