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MODERN WAYS OF PROBLEM-ORIENTED TEACHING OF APPLIED BIOLOGY IN
THE FRAMEWORK OF DIGITALIZED STEM EDUCATION

Abstract. This article presents the experience of utilizing problem-based learning (PBL) in
applied biology, focusing on solving real-world challenges within the framework of digitalized
STEM education. The selection of topics for experiments was aimed at addressing specific issues
relevant to the southern region of Kazakhstan, with practical problem-solving tasks assigned to the
formed teams. The experimental study involved 81 participants, enrolled in the 3rd year of the
educational Biology program at the Zhanibekov University in Shymkent. The level of team
performance was determined using a self-developed assessment questionnaire based on the criteria
of the PBL evaluation approach. Throughout the task execution and presentation stages, teams
provided case studies that included presentations developed on modern online platforms, as well as
FILA charts, which served as the main PBL tool. A comparative analysis of the effectiveness of
problem-based learning was conducted between the control and focus groups. The research findings
demonstrate that the experimental groups achieved higher evaluation scores in both case studies and
test tasks. Furthermore, innovative and highly effective approaches emerged during the resolution
of practical tasks. The experiments also revealed increased student interest in addressing real-world
local problems in applied biology.
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Hudppaanabipsuiran STEM-6isim Oepy men0epinge KoJaaH0a bl OMO0JI0TUSIHbI
npodiaeMaabIK-0aFAapJaaHFaH OKbITYAbIH 3aMaHayH TIciiaepi

Anparna. by makana xonman6ansl Ouosorusaa nmpoodsieMansik okbITyabl (PBL) maiinanany
ToXipubeciH ychiHaabl, Oy perre mudpianasippuiran STEM Oinim Oepy meHOepiHIe HaKTHI
olemieri Mocenenepal memryre Oaca Hazap aynapeuianbl. TokipuOe TakKbIpBIITAPBIH TaHAAY
KazakcTaHHBIH OHTYCTIK ©HIpiHE KaThICThI HAKTHI MACeNeNep i Menryre OarbITTalIbl, KaIbIITaCKaH
KOMaHJ1aJlapFa MPaKTHKAJIBIK €CENTEP Il ISy TarchblpMaiapbl 0epimi. DKCIEPUMEHTTIK 3epTTeyTe
[evkeHT KanaceiHAarel O. )KoHIOEKOB YHUBEPCUTETiIHIH OMOJIOTHS MaMaHJIbIFbI OOWBIHINA OLTIM
Oepy OarmapiamMachlHBIH 3 KypchlHIAa OKHMTBIH 81 OiiM anmymbl KaThICTB. TONTBHIH THIMILIIK
neHreiii PBL Oaraiay TocimiHIH KpHTEpHUIIepiHE HETI3JeNreH o3 OCTiHIe 93ipJIeHTeH Oaranay
cayajqHamachbl AapKbUIbl aHBIKTANAbl. TamceipMa MeH mpe3eHTalusl Ke3eHIHIe KOMaHJanap
KeiicTep/ii, COHBIH INIHIE 3aMaHayd OHJIAH Iutardopmanapia o3ipJICHIeH MpPe3CHTAIlHSIIAPIbI,
conpaii-ak Herisri PBL kypanbl peringe kpi3meT etkeH FILA kecrenepin ycoiHabl. bakbuiay sxoHe
¢dokyc-TonTap apacelHAa MPOOJEMANBIK OKBITYABIH THIMIUITIHE CaJbICTBIPMANbl  Talaay
KYPrizuiai. 3epTrrey HOTHKeNepl SKCIePUMEHTTIK TONTap Keictepie e, TeCT TalChlpMalapblHaa
Ja JKOFapbl Oarajiay ymailapelHa KOJI KETKi3reHiH kepcerTi. COHBIMEH Karap, MPaKTHKAIBIK
Moceenep/Il Mmenlyie MHHOBALUAIBIK KOHE JKOFapbl THIML Tociaep naiga 6onasl. Toxipubernep
COHBIMEH Karap CTYISHTTCPIiH KOJJaHOAIbl OWOJOTHSHBIH HAKTBl JKEPTUTIKTI Moceselepin
HIENIyTe AETEH KbI3bIFYIIBUIBIKTAPbIH apTTHIPABI.

Kinar ce3mep: mpoOiemMalbIKk OKBITY, KoimanOanel Ouoisorus, ¢okyc-tom, FILA kecreci,
KbI3MET THIMJLIIT], KpUTepHaabl Oaranay.
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CoBpemeHHbIE MOAX0AbI PO0JeMHO-O0PHEHTHPOBAHHOI0 00y4YeHUsI IPUKJIATHON O0M0J10THHN B
pamkax nugposusnposanHoro STEM-o0pa3oBanus

AHHoOTanusi. B 1gaHHOW cTaThe TPENCTaBICH OMNBIT HCIOJB30BAHUS MPOOIEMHO-
opueHTHpoBaHHOro ooyuyenus: (PBL) B nmpuxiagHoil Ouosoruu, ¢ ymopom Ha pelleHHe peabHbIX
3ama4d B paMmkax nudposusupoBanHoro STEM-o6pa3oBanus. Bei6op Tem st 9KCIIEpUMEHTOB OBLT
HaIlpaBJIEH Ha pelIeHUEe KOHKPETHBIX BONMPOCOB, aKTyaJIbHBIX JJisl 105)KHOTO pernona Kazaxcrana, ¢
MPAKTUUYECKUMH 3a/ladaMH T10 PEUIeHHI0 MpoOJeM, MOCTABIEHHBIMH Iepes chOpMHUPOBAHHBIMU
KOMaHJiaMH. B sKkcriepMeHTalbHOM HUCCIIE0BAaHUM NMPUHSIN ydacTue 81 yyacTHUK, o0yJaromuecs
Ha 3-M Kypce o0Opa3oBaTeiIbHON MporpaMMbl mo Ouosiormu B YHuBepcutere O.JKoHiOekoB B
[IpiMkeHTe. YpoBeHb H(PPEKTUBHOCTH KOMAHJ OIpPENeNscs C IMOMOIIBIO CaMOCTOSTEIHHO
pa3pabOTaHHOMW OIEHOYHOW aHKEThl Ha OCHOBE KpuTepueB moaxona k oreHke PBL. Ha
MPOTSHKEHUM BCETO ATana BBIMOJHEHHUS 3aJaHUi M Mpe3eHTAlMi KOMaH/Ibl MPEOCTABIISUIN KEHCHI,
BKJIIOYAIOIIME TPE3CHTAluU, pa3paboTaHHbIE HAa COBPEMEHHBIX OHJAMH-TIaThopMax, a TaKxke
tabmunbsl  FILA, KoTOpble ChoyXWin OCHOBHBIM uHCTpymMeHToM PBL. bBeu1  mpoBeaen
CpPaBHUTEIBHBIM aHaau3 A(PGHEKTUBHOCTH MPOOJIEMHO-OPUCHTUPOBAHHOTO OOYYCHUSI MEKIY
KOHTPOIbHOW ®  QoOKyc-Tpynmamu.  Pe3ynbTraThl  UCCIEIOBAHHS  MOKA3bIBAIOT,  YTO
SKCIIEPUMEHTAJIbHBIE TPYIIbBI JOCTUTIIN 00Jiee BHICOKMX OLIEHOYHBIX 0asioB Kak B Keiicax, Tak U B
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TECTOBBIX 33JaHusIX. KpoMme Toro, pu pemeHn: MPaKTHYECKUX 3a/1a4 IMOSBUIMCH MHHOBAIMOHHBIC
1 BBICOKOA()()EeKTUBHBIE TIOJXO0/Ibl. DKCIIEPUMEHTBHI TAK)KE BBISIBUIIM BO3POCIIMNA HHTEPEC CTYICHTOB
K PELICHHUIO PeabHBIX JOKAIbHBIX IPOOIEM MPUKIIAIHON OHOIOTHH.

KuroueBble cjioBa: npoOiemMHoe oOydeHue, IpuKIagHas ouonorus, pokyc-rpyrra, Tabauma
FILA, 53¢ pekTuBHOCTD AEATENbHOCTH, KPUTEPUATBHOE OIICHUBAHHE.

Introduction

Contemporary pedagogical approaches introduce various innovations into the education
system. This is initiated by the ubiquitous development of technology and, consequently, by
teachers attempting to implement new technologies into teaching, enabling the comprehensive
development of students in relation to the reality around them. Computers, tablets, online learning
platforms, smartphones, virtual reality or artificial intelligence, among others, are increasingly
being used in the educational process [1]. There are numerous studies on the opinions or attitudes of
teachers, students and stakeholders towards the digitalization of education [2-3]. For instance,
several Kazakhstani educators were investigating students’ attitudes toward mobile learning in the
modern real-world context. The objective of these studies was to enhance the coherence of
educational programs and students’ cognitive development, increase their interest in learning, and
establish connections with everyday life by solving problem-based scenarios presented in class [4].

One of the innovative educational methods is problem-based learning (PBL), which is
proposed to be divided into “pure” and “hybrid” types. The underlying concept of PBL is to utilize
authentic, real-world contexts to construct a stimulating yet challenging learning environment [5].
Current challenges with PBL include its growing demand compared to traditional learning methods
[6]. Problem-based learning has been identified as a more effective approach to education than
conventional methods by numerous scholars. his enhanced effectiveness can be attributed to its
ability to make educational programs more appealing, motivate teachers to adopt innovative
pedagogical practices, and fosters the development of novel instructional techniques. The method's
perceived advantages have led to its adoption by numerous prestigious universities worldwide.
Empirical research has demonstrated that PBL supports systematic group work, increases students’
interest in education and research, and promotes the development of skills in utilizing online
resources [7].

PBL also faces a number of challenges that can reduce the effectiveness of the method. M.
Kennedy [8] details among the problems the selection of the size of the task that forms the basis of
PBL. If the task is a very small part of the curriculum, the program will become crowded with
minutiae. If, on the other hand, the task is too extensive, effectively finding a solution may be
difficult for both students and teacher to grasp. Another challenge is the tendency to succumb to
trends. The use of the PBL method may be the result of a prevailing fashion rather than a real
adaptation of the method to a given educational context, allowing for optimal learning outcomes.
Another challenge relates to the preparation of teachers themselves to teach using the problem-
based method. Newcomers in particular may find it difficult to use the method in an effective way

[8].

With this in mind, it is necessary to conduct research on the quality and effectiveness of
problem-based learning. It is particularly important to conduct this research in relation to
participants in the learning process (including, in particular, in formal education) at different
educational levels, from pre-school to higher education, as well as to educational systems in
different parts of the world. Recognizing in this context a gap in the literature in relation to the
educational system in Kazakhstan, our study aims to investigate the effectiveness of problem-based
learning in practical tasks related to applied biology within the framework of digitized STEM
education in one of the pedagogical universities in Kazakhstan.
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The scientific novelty of the study is the employment of the research in Kazakh context, in
relation to underexplored field of higher educational system. For the first time, this study presents
the results of problem-based learning in applied biology within the context of digitalized STEM
education. It substantiates the potential for effective mastery of educational material through the
resolution of real-world practical tasks, especially those relevant to urban environments. In addition
to shedding new light on PBL, our study may benefit those involved in training future teachers as
well as biologists who are considering using PBL to plan the educational process. It will enable
them to determine how to tailor their teaching methods to better meet the expectations of their
learners.

The theoretical part

Despite the widespread adoption of PBL, challenges remain in establishing high-functioning
groups. Researchers from McMaster University in Canada [9] addressed this issue by studying
group dynamics over time. They conducted focus group discussions with medical students enrolled
in PBL programs. Students reflected on their experiences across four different PBL groups,
constructing time-function graphs to illustrate the evolution of group functionality over 8 to 12
weeks. The authors identified three archetypes of PBL group development. In the first group (slow-
paced), development followed a complex, gradual trajectory resembling Tuckman’s model, often
observed in inexperienced teams or those facing unfamiliar tasks. The second group (rapidly
changing) experienced sudden shifts in functionality due to internal or external disruptions. The
third group faced periodic declines, where maintaining group performance became a common
challenge. Sudden changes and declines were more frequent in mature groups with extensive PBL
experience. The study concluded that group functionality in PBL evolves according to three distinct
patterns over time. Tuckman’s classic stages are characteristic of inexperienced groups or those
encountering new tasks, while experienced groups often face abrupt changes or stagnation. Based
on these findings, the authors recommend that both instructors and students involved in PBL
recognize the necessity of novelty and disruptions in more experienced groups to stimulate growth

[9].

According to research conducted by RMIT University Vietnam [10], problem-based learning
programs can contribute to achieving the Sustainable Development Goals (SDGSs) through higher
education curricula, learning materials, and relevant assessments, supporting large-scale learning in
universities. Using the SDGs and their indicators as a basis for coding, the authors evaluated the
learning materials of seven PBL programs. In the first phase, content analysis was conducted to
assess the extent of sustainable development integration across 156 relevant courses. In the second
phase, a semi-automated mapping protocol was applied to analyze the learning materials of 120
relevant courses. The findings from the experiments of international colleagues revealed that the
programs align with the SDGs, encompassing a total of 60 indicators. The Game Design program
led in this regard, while Professional Communication lagged. Conversely, the Fashion Enterprise
program demonstrated the highest level of integration compared to the professional communication
courses [10].

In another study on the development of mathematical connections through the use of a
problem-based learning module, Indonesian researchers found that integrating PBL into modules
can enhance both mathematical connections and habitual mathematical thinking. According to the
authors, a deep understanding of mathematics as an interconnected system related to real-world
situations improves cognitive skills and fosters the application of mathematical knowledge across
various contexts. Through this module, students began to grasp the material within the context of its
practical applications in everyday life [11].

A study conducted by the University of Rwanda (College of Education, University of
Rwanda, Uganda) examined the impact of PBL, supplemented with YouTube videos, on secondary
school students’ understanding of physics. The study [12] gathered performance data through a
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physics achievement test, while student attitudes were measured through two surveys—one focused
on problem-solving abilities and the other on critical thinking within the PBL framework using
YouTube videos. According to the authors, the problem-solving approach survey and the
motivational critical thinking scale are widely used tools in physics education. The experiment
provides valuable insights into the impact of innovative teaching methods on students’ academic
performance, attitudes toward learning, and classroom practices. It addresses essential questions
about the effectiveness of PBL approaches and their potential implications for science education
[12].

The PBL method equips students with the ability to develop and apply a knowledge system in
response to a given problem. In task-based learning, it is irrelevant whether the assigned task
contains a specific correct or incorrect answer [13]. Several domestic scholars predict the
integration of PBL with technological methods in modern education. For instance, a study by
Kazakhstani researchers forecasts that online technologies will be widely employed in the future
and will rapidly evolve with the support of modern innovations [14].

Research methods and materials

Obijective: The objective of the experimental research was to investigate the effectiveness of
problem-based learning in practical tasks related to applied biology within the framework of
digitalized STEM education.

To achieve the research goal, the following tasks were formulated:

1. Investigate and analyze the results of implementing problem-based learning within
digitalization through the applied biology module;

2. Develop criteria-based assessment parameters for PBL tasks (case studies, FILA charts,
and presentation materials on online platforms) throughout the experiment;

3. Conduct a comparative analysis of the effectiveness of PBL within digitalized STEM
education compared to traditional educational approaches.

Research Participants: As the study was designed to investigate the effectiveness of PBL in
the authors’ affiliated institution, the study sample was purposive. The study took place in the
Department of Biology at the Zhanibekov University in Shymkent. The study involved 81
participants, enrolled in the educational program Biology. They were 3rd year students. The study
sample included 40 students in the experimental groups and 41 in the control group (Table 1). The
experiment lasted four weeks, with weekly monitoring of team activities focused on solving
practical tasks. Classes were held 1 time for 100 minutes a week. In both groups, classes were
conducted by the same mentor/teacher. The process of case generation, including the FILA table,
was carried out only in focus groups. In the control groups, the results were formed in the form of
traditional presentations. Special attention was given to the fair distribution of workload within
teams and performance evaluation based on the established criteria.

Table 1 — Number of Participants in the Experiment

Total number Groups
of Control groups Focus (experimental) groups
participants (number of students) (number of students)
Female Male Female Male Female Male Female Male
20 1 20 0 17 2 20 1
81 21 20 19 21

The primary method employed was “pure PBL”, aimed at solving pressing problems related
to sections of applied biology. According to the curriculum, the experimental teams were assigned a
real-world task: “Practical Measures for Restoring and Preserving the Productivity of Soil Used in
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the Agricultural Sector. A comparative analysis of the effectiveness of problem-based learning was
conducted between the control and focus groups. The findings are presented in the 'Results' section.

Procedure: During the experiments, students were given the opportunity to present creative
and novel perspectives on problems and suggest potential solutions. The primary stages of PBL in a
digital environment within the focus groups consisted of the following steps:

1. Formation of Experimental Teams. At the initial stage, with the participation of the
moderator (educator), experimental teams were formed, and key roles were assigned within each
team. The subsequent steps of the experiment—familiarizing with the main problem and
collaboratively dividing the problem-solving stages—were carried out independently by the teams.
At these stages, the moderator’s role was limited to observation. The formation of control and focus
groups was carried out within the framework of study groups consisting of 19-21 students each. The
approximate age of the participants in the experiment was 20-21 years. At the same time, it should
be noted that both the initial educational level and the computer and communication skills of the
participants in the groups had similar indicators on average. This fact made it possible to exclude
situations when the best students fall into the experimental group. The majority of the participants
in the experiment consisted of female students and four male students. At the same time, in one of
the control groups there were exclusively female participants. During the experiment, students
independently assigned roles in teams, including choosing a leader.

2. Setting the Core Problem Task Based on Subject Areas. This stage was preceded by a 50-
minute introductory lecture on the theoretical foundations, supported by a video presentation in
Canva. In addition, students have previously received additional information in the lecture
collection. Nevertheless, the "problem assignment™ involved the application of not only theoretical
knowledge, but also the generation of new approaches and creative ideas in solving problems.

The experimental problem addressed a relevant topic related to the restoration and
preservation of soil productivity in the agricultural sector in southern Kazakhstan. The task
provided to the students was as follows:

“Soil fertility ensures not only crop growth but also enhances crop quality and productivity.
However, in recent years, a significant slowdown in the vegetative period of crops has been
observed. This issue results in decreased quality and volume of agricultural products. Additionally,
the quality of cultivated soil is declining under intensive use. Your team’s task is to find solutions to
restore soil fertility in the agricultural fields of southern Kazakhstan”.

3. Studying and Discussing the Task in Groups. This phase involved analyzing the root
cause of the problem and exploring various solutions. Additionally, the Facts, Ideas, Learning
Issues, Action Plans (FILA) chart was constructed at this stage.

The process of collecting and analyzing data on the problem was carried out for the next 50
minutes of the lesson with the support of a teacher who directed the focus of their attention. Also at
this stage, the students made a plan and distributed the search areas among themselves. In the
future, before the next lesson, all the teams independently formed cases. At the same time, the focus
group participants classified the results of the analysis into the FILA table, which is a key tool for
problem-oriented learning. It should be noted that the participants were not previously familiar with
this tool. During the experiment, students could use mobile phones, as well as the results of the
latest scientific research on this issue on special platforms of Internet resources. In addition, a list of
the main educational sources needed in the search for information was provided. The preparatory
period in the control and focus groups was a week. At the same time, only the experimental group,
collecting material and generating ideas, worked with the FILA table.

4.1dea Generation and Action Planning to Solve the Problem. Generating ideas and
planning actions to solve a problem. The students started searching for algorithms of actions and
selecting the most constructive suggestions without the support of a teacher. During the discussion,
focus group participants assessed the strengths and weaknesses of each preliminary idea. The
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moment of critical evaluation of ideas was conducted at the request of the teacher. Nevertheless, the
selection of ways to solve the problem was carried out by the team independently. Arguments were
put forward by all participants throughout the lesson, and the process of discussing and selecting
each proposed idea lasted two days.

5. Case Presentations. All participants presented the outcomes of their work as a final step. In
general, the final stage lasted for one week in all groups, but at different times. Each group
presentation lasted for 100 minutes, including the discussion stage, the stage of answering the
teacher's questions, and the assessment stage.

The primary tool used in the experiment was the FILA table [15], designed to facilitate
problem-solving by breaking down tasks into multiple stages. This tool enables the structured
organization of tasks, allowing for a more systematic approach. According to the FILA framework,
all information within the focus groups was divided into the following components:

1. Identifying facts related to the given problem.

2. Generating ideas and hypotheses aimed at solving the tasks.

3. Analyzing the problem, its root causes, and potential consequences.

4. Developing action plans directed toward solving the tasks.

The FILA table is an intellectual tool used to foster students’ thinking processes. It is actively
employed during lessons that adopt a problem-based learning approach. In our experiment, the
FILA table provided a systematic approach to problem-solving, simplifying both the participants’
planning and the moderator’s supervision of task completion.

Data analysis method: To assess the effectiveness of problem-oriented learning, a monitoring
of academic performance was conducted within the focus groups at the conclusion of the
experiment. The level of academic performance was determined using the criterion-based
evaluation approaches for PBL that we developed. The proposed framework for studying PBL
achievements is particularly relevant as it serves as a productive tool for STEM education (Table 2).

Table 2. Criteria for Evaluating Student Achievements in Problem-Oriented Learning

Criteria for Evaluation Points
1. | Reliability and Variability of Information (Facts) 1-5
2. | Focus of the Collected Basic Material on Seeking Solutions (Facts) 1-5
3. | Conclusions on Identifying Causes and Root Causes of the Problem (Facts) 1-5
4, | Solutions to the Problem Considering the Manifestation of Creativity and Fresh 1-5
Perspectives (Ideas)
5. | Algorithms for Idea Generation Utilizing Digital Content Capabilities 1-10
(Technological Presentations, Videos, Animations, Images) (Ideas)
6, | Relevance and Novelty of Proposed Solutions, as well as Their Complexity and 1-10
High-Tech Nature (Topic Study)
7. | Level of Independence in Conclusions and Their Practical Value (Topic Study) 1-10
8, | Team Interaction and Level of Independence Among Participants (Topic Study) 1-10
9. | Quality of Presentation of the Completed Case, Volume of Developments, and 1-20
Number of Proposed Solutions (Solutions, Action)
10. | Quality of the Report Considering In-Depth Study of the Topic and Proposed 1-20
Solutions (Solutions, Action)
Final score 100

The assessment of the achievements of the participants in the experiment was carried out by
the teacher who conducted the lessons.
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Results

Participants used the FILA table to list the key facts of the problem and generate ideas for
potential solutions. Throughout our experiments, the FILA table proved to be an effective
pedagogical tool, helping to structure and simplify the problem-solving process. Furthermore, it
enabled participants to focus on more complex aspects of the problem. By monitoring the FILA
table during the experiment, we were able to observe the dynamics of progress and problem-solving
within the focus groups (see Table 3). This table is based on the results of the work of the students
of focus group 1, whose achievements amounted to the maximum results relative to other groups.

Table 3. The Problem of Restoring and Preserving the Productivity of Fertile Soil

Facts

Ideas

Group Discussion and
Problem

Idea Generation and Action
Plan

1.Irrational use
of natural
resources,
including soil;
2.Non-
compliance with
agricultural
practices for
cultivated
plants;
3.Exceedance of
pesticide and
other chemical
compound
limits;
4.Alteration of
soil chemical
composition
from divalent
cations (Ca) to
monovalent
cations (Na, K).

1.Implementation
of optimal crop
rotation elements;
2.Application of
new technological
methods for soil
fertilization;
3.Investigation of
soil structure,
symbiotic
components, and
consistency in field
conditions and in
the laboratory.

1.Discussion and search for
optimal solutions;
2.Investigation of issues
related to soil compaction in
cultivated areas;

3.Study of problems associated
with the desiccation of the
upper horizon in southern
Kazakhstan;

4.Examination of the causes of
reduced mechanical strength,
buffering capacity, and yield in
the soil of cultivated areas;
5.Comparative analysis of the
intensity of agricultural land
exploitation for the purpose of
obtaining superprofits;

6.Use of satellite systems for
monitoring agricultural fields;
7.Digital automated systems
for controlling soil
composition, cyclical
irrigation, and fertilization.

Investigation of alternative
solutions to the problem:
1.Comparison of new
technologies for enriching soil
composition (vermiculture,
leguminous crops, bacterial
preparations);
2.Implementation of new
approaches to seed treatment
using natural methods, as well
as laser and other radiations;
3.Expansion of opportunities
for soil enrichment with new
alternative sources of nutrient
biomass of algal, fungal, and
bacterial origin.

SUMMARY:
Soil is a vital
natural resource.

Systematization of
technological
methods for soil
rehabilitation.

Systematization of the causes
of soil quality degradation;
investigation of the application
of digital technologies.

Structuring of action
algorithms in real conditions.

However, the focus groups (M = 89.00, SD = 4.24) demonstrated significantly higher scores
compared to the control groups (M = 75.50, SD = 3.54) in terms of the presentation of completed
cases and the quality of reports, t(2)=3.46, p = .037 (1-tailed), as well as the proposed high-tech
solutions (Figure 1). Conversely, a notable strength in the control groups was the superior
knowledge exhibited by certain participants, who possessed more detailed information. For
instance, some participants in the control groups provided quality conclusions regarding the
identification of causes and root causes of the problem and displayed greater variability in gathering
reliable information.

Creativity in addressing the proposed problem, along with the subsequent generation of
productive ideas and methods of presentation in the cases, was particularly evident in the focus
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groups, especially in Focus Group 1. Thus, the high level of activity and communication fostered
through four weeks of collaborative efforts resulted in superior achievements at the conclusion of
the experiment (Figure 1).

100 Final Evaluations of Case Presentations

92
86
80 78
73
60
40
20t
Control IGroup 1 Control Croup 2 Focus éroup 1 Focus éroup 2
Groups
Figure 1 — Final Evaluations of Case Presentations material in the control and focus
groups

The second stage of analysis, which examined the reasons and roots of the assigned problem,
along with the subsequent generation of solutions, revealed the leading team. Focus Group 1
emerged as the leader at this stage, demonstrating a high level of creativity and a fresh perspective
on problem-solving. Based on the results of the teacher’s assessment, focus group 1 achieved the
maximum result relative to other groups of 92 points (Figure 1).

At the third stage of the experiment, aimed at studying and developing algorithms for solving
the problem while considering the high-tech digital capabilities of modern science, Focus Group 1
again had the advantage, based on results of the FILA table (Table 3). During this stage of the
research, Group 1 paid particular attention to the possibilities of utilizing high-tech methods for
analyzing the problem, such as satellite monitoring systems for agricultural fields. Additionally, the
team considered the potential for using digital technologies. For example, they proposed the
implementation of automated soil quality control, irrigation systems, and fertilization through a
computer program.

The final stage of problem-solving, related to the generation of specific solutions, yielded
equally high results in both focus groups. Specifically, both teams arrived at identical conclusions.
The conclusions in Focus Group 1 were distinguished by the novelty of the proposed solutions,
while Focus Group 2 primarily focused on the practical value of the suggested methods (see results
in Table 4).

Table 4 — Results of Monitoring the FILA Tables in Focus Groups

Focus groups Criteria evaluation indicator, points
Facts, Ideas, Learning Issues, Action Plan, Total points,
(15 points) (15 points) (30 points) (40 points) (100)
1 13 15 28 36 92
2 12 13 26 35 86
Average 12.5 14 27.5 35.5 89
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The stage of criterion-based evaluation of student achievements in the control and focus
groups allowed for the identification of the total score values to compare the effectiveness of
problem-oriented learning and traditional educational approaches. The calculation of total scores
was determined using the following effectiveness calculation formula:

se = ﬁ- 1009%
U K 0

n

where use is the effectiveness coefficient of students for the given module, K, is the number of
criteria achieved by an individual student, and K, is the number of criteria achieved by all students
in the focus group (Figure 2).

According to this figure, the effectiveness coefficient in both the control (M = 62.45, SD =
9.82) and focus (M = 81.35, SD= 1.34), t(2)=2.69, p = .057 (1-tailed) groups exhibited a pattern
similar to the academic performance trend shown in Figure 1. Consequently, the results of the
calculations demonstrate that the performance in the groups, on average, corresponds to the
performance of a typical participant in the experiment. This result confirms the fact that the
approaches to learning reflect on the level of academic achievement both within teams and at the
individual level.

Effectiveness by Group
100

80
60

40t

Effectiveness (%)

20

Groups

Figure 2 — Results of the Calculation of Academic Performance Effectiveness in Control and
Focus Groups

The next stage of the research involved examining the academic performance of all
participants over time. For this purpose, a comparative analysis of students’ knowledge was
conducted before and after the experiment. The monitoring tool used was the results of pre-tests and
post-tests, designed based on biology modules. The assessment of initial knowledge and the
knowledge gained after training was carried out using both univariate and multivariate test items.
The pre-tests mainly consisted of univariate items and were evaluated as medium difficulty tasks.
At the same time, the post-tests included multivariate questions, incorporating an advanced level of
difficulty.

According to Figure 3, the baseline knowledge level in applied biology across all four groups
was similar, with minor fluctuations of 1-3 points (M = 79.50, SD = 1.29, Range = 78-81). The final
assessment revealed a predominant improvement in the focus groups (M = 92.50, SD = 0.71) with
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problem-oriented learning compared to control groups (M = 84.00, SD = 1.41). The difference in
these groups was 7-10 points, confirming the superior potential of learning through real-world,
practical problems (Figure 3).

Pretest and Posttest Results by Group

100
B Pretest Results
EEm Posttest Results

80

60

Results

40

20

Groups

Figure 3 — Results of academic performance of the basic level of knowledge in applied biology
pre- and post- testing in control and focus groups

Based on the pre-test results, all teams demonstrated a similar baseline level of knowledge on
average. Following the post-test results, the academic performance in the focus groups increased by
an average of 12.5 points, while in the control groups it increased by 5 points. The average post-test
score difference between the control and focus groups was 7.5 points.

Discussion

The experimental results from our research allow us to define this approach as “digital
pedagogy” — a product of the synthesis of creative pedagogical methods and the capabilities of
digital technology, including elements of artificial intelligence. This finding is supported by studies
from experts in modern pedagogy, who extensively use PBL [16]. The PBL has established itself as
a valuable pedagogical tool with several advantages. Firstly, it develops skills for independent study
and team-based discussion of knowledge. Secondly, it fosters practical competencies in structuring
theoretical information and identifying key elements. Thirdly, it enhances critical analysis and self-
reflection when generating new solutions.

According to our research results, various working styles were observed within the groups:
logical, exploratory, and presentational. Additionally to the findings of Aranzabal and colleagues
[17], the logical working style was exhibited by students as the ability to grasp the core of a
problem, refine it, and apply mathematical and logical skills. The exploratory style was more
commonly observed during the experimental and investigative phases, leading to the independent
interpretation of problem features. Additionally, some students demonstrated strong presentational
abilities, showcasing creative and unconventional approaches to problem-solving, as well as
effectively presenting solutions.

The primary tool for both the experiment and the monitoring of learning dynamics was the
FILA table, which allowed experimental teams to structure and determine the variability of the
information they received. In addition to the basic use of the tool [18], monitoring of the FILA
tables allowed not only for quantitative comparisons, but also for the qualitative observation of the
overall dynamics of team work during the experiment. The comparative analysis of the sections of
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the table helped track all stages of problem-solving, starting from the establishment of facts. The
initial stage enabled a comparison of the quality and reliability of the collected information in the
experimental groups. Furthermore, the level of focus of the collected initial information for further
generation of solutions was assessed. Based on teacher observations, following the four-week
experiment, an analysis of achievements was conducted in both the control and focus groups based
on the criterion-based evaluation system we developed (Table 3). The results revealed that the level
of interest and depth of engagement with the assigned problem was higher in the focus groups.
Additionally, there was a higher level of team interaction, which was linked to the initial
distribution of responsibilities.

Additionally, we developed a criteria-based evaluation approach to assess the results of
problem-based learning and analyze the outcomes of the assessments.

The analysis of the interaction and communication processes within the experimental teams,
as well as the contribution of each participant and their level of independence in developing
solutions, led to the following conclusions:

1. Problem-oriented biology education within the framework of digitized STEM education
resulted in higher outcomes compared to traditional teaching approaches.

2. The comparative analysis of student achievements in the focus groups showed roughly
similar results with a difference of 6 points out of a possible 100 points.

3. The investigation into organizational issues concluded that the level of preparation,
presentation of cases, and interaction within the focus groups demonstrated significant advantages.
These conclusions are supported by higher scores in evaluating the quality of reports, depth of study
of the problem, and generation of solutions.

In determining the effectiveness coefficient across all groups participating in the experiment,
the performance of teams, on average, corresponded to the performance of individual students. This
result led us to conclude that creative teaching methods not only improve team performance [19]
but also enhance the achievements of each individual participant. It is possible that real local issues,
personally affecting each participant, evoke greater interest. This fact stimulates the personal
engagement of project participants to delve into the root causes of the problem. Additionally, team-
based idea generation and discussions require consideration of others’ opinions. As a result, only
productive ideas remain after critical discussions within the group. Collaborative problem-solving
also allows for the problem-oriented selection of practically valuable options. Particularly relevant
is the generation of new approaches using high-tech methods and digital technology capabilities.
The advantages of problem-oriented learning within STEM education allow students to acquire
professional competencies, which are undoubtedly reflected in their academic performance.

Conclusion

Modern requirements in STEM education, which demand more advanced professional
competencies, stimulate the development of new creative teaching approaches. One of the most in-
demand approaches is problem-based learning, which has proven to be a strong asset in
contemporary pedagogy.

In our study, we examined the trajectory and outcomes of learning through the lens of a
problem-based learning approach. Our aim was to gain insight into how the dynamics of this
process and the dynamics of reciprocal group interactions apply to the subject teaching. A
distinctive feature of our research is the use of real local problems related to applied biology tasks.
Taking into consideration our university practices, finding solutions in this field does not always
yield reliable positive results. Nevertheless, through the active participation of our students in focus
groups and productive moderation by the teaching team, we achieved positive progress in solving
the problems.
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The limitations of the survey are a consequence of the methodology employed. An
experiment was conducted at a selected Kazakh university with the participation of students
enrolled in a biology course. As a result, we had minimal control over the size of the study group.
Furthermore, the evaluation was based on the assessments made by the teaching staff. Therefore,
the study does not include the opinions and self-assessments of the students, which could provide
further insight into the results obtained. It would be beneficial for future research to encompass this
component.

In addition to providing new insights into problem-based learning, our study may prove
valuable for those engaged in training future educators and for biologists contemplating the
integration of PBL in their educational strategies. This will facilitate the ability to adapt teaching
methodologies in a manner that aligns more closely with the expectations of the learners.

This work was carried out within the framework of the grant project “Formation of STEM
competencies of future teachers in natural sciences in the context of digitalization of education”,
funded by the Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan (grant AP19677375, 2023-2025).
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