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Abstract 

Quality education is a central goal of the Sustainable Development Concept, playing a critical role in the advancement and 

improvement of the quality of life in human society. In this regard, the purpose of this research work is to investigate the 

impact of using the PBL method in additional chemistry education on increasing students' creative competencies for the 

preparation of future specialists. Mixed research methods were used in the study. The three main parameters of the students 

participating in the study were assessed: participation in the study, the level of application of theoretical knowledge, and 

their motivational behavior towards studying chemistry. According to the results, it turned out that the indicators of student 

participation in research and motivational activities were 25-45% in the first quarter, and increased by up to 2 times in the 

second quarter. The third quarter saw continued upward dynamics. And in the last quarter, it was 100%. It was observed 

that the skills of applying theoretical knowledge gradually increase through the performance of experimental work. The 

students presented their research results to the Republican competition of research projects for students and won prizes. 

This had a positive effect on increasing students' interest in chemistry. Therefore, it is clear that the use of the PBL method 

in additional chemistry education will contribute to the training of highly competent engineers in the future. 
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1. Introduction 

Currently, the development of individuals with strong independent thinking skills and creative abilities is one of the 

most important tasks in the education systems of all countries. In the third decade of this century, Kazakhstan plans to join 

the ranks of developed countries [1]. In this regard, the youth of Kazakhstan are undoubtedly entrusted with significant 

tasks and responsibilities. Increasing the level of competitiveness while preserving their national cognitive skills is one of 

the key challenges faced by the education authorities. Human capital, ready for technological progress, is inseparably 

linked to the upbringing of the younger generation. To achieve this, it is necessary to focus on acquiring competencies that 

foster the development of social productive forces, aligning the education system with global standards. In this context, 

expanding the creative potential of schoolchildren and youth, creating pathways and mechanisms for realizing their ideas, 

and developing skills in the use of effective modern technologies is of great importance. 

During the periods of the collapse of the Soviet Union and the reconstruction after Kazakhstan gained independence, 

the education sector underwent numerous changes, and the quality of education deteriorated due to insufficient material and 

technical resources and a lack of teachers [2]. In particular, natural sciences such as chemistry, physics, and biology moved 

away from practical activities. As a result, there was a sharp decline in students' interest in natural and technical 

professions. This, in turn, had a negative impact on the preparation of quality engineering specialists [3]. However, as a 

result of reforms in the education sector over the past decade, the socio-economic status of teachers and the material and 

technical infrastructure of educational institutions have improved. As a result, it can be stated that the comprehensiveness 

and quality of education have improved [4]. 

Recently, in natural sciences such as chemistry, there has been an increased interest among students in the content 

beyond the curriculum and creative work related to the applied field of science [5]. In this process, the importance of 

supplementary education outside the school curriculum has grown, aiming to enhance students' critical thinking skills and 

creative activity. This is because supplementary education in chemistry is an effective tool for the deep assimilation of 

content and theoretical knowledge not included in the school curriculum, as well as for the development of creative 

competencies. Creative competence refers to a person’s ability to generate new, unique ideas and solutions, as well as the 

ability to apply them effectively in various situations. These competencies include creative thinking, the development of 

imagination, finding unconventional approaches, and implementing innovative ideas. 

Creative competence is closely linked to personal experience, knowledge, mental flexibility, and inventiveness in 

problem-solving. It plays a crucial role in various fields such as education, business, art, and science. 

This will increase students' interest in science and elevate their creative abilities to a new level. To achieve this, it is 

crucial to effectively utilize modern methods, project-based learning, and research approaches [6, 7]. In this process, 

Project-Based Learning (PBL) helps to develop modern skills through open-ended tasks. It motivates students to refine the 

knowledge acquired during lessons and conduct independent research [8, 9]. Project-based learning facilitates the 

connection between theory and practice, thinking and action, school and society. It also positively influences the 

development of students' independence, creativity, problem-solving abilities, sense of responsibility, and teamwork skills 

[10, 11]. Project-based learning has been widely used around the world [12]. However, Project-Based Learning (PBL) is 

still a new and significant approach in supplementary education in Kazakhstan. 

In studies on teaching chemistry using the Project-Based Learning (PBL) method [13-16] projects were presented 

based on specific problems, either individually or by grouping students according to the characteristics of the class. During 

the research, changes in students' cognitive and non-cognitive competencies were tracked through focus group student 

interviews each quarter over the course of the year. As a result, signs of cognitive competence, such as students' 

understanding of the main idea and hypothesis of the work, scientific and practical skills, independent consideration of 

problem-solving approaches, and creativity, were found to increase. Additionally, interest in chemistry was sparked, and 

students' awareness of environmental hazards expanded. It was also discovered that communication skills and the ability to 
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express oneself fully improved. Meanwhile, Balemen and Keskin [17] and Purnama, et al. [18] the authors of the study 

concluded that science education using the PBL method is 86% as effective as traditional education. 

It is now well-known that the rapidly developing artificial intelligence and virtual world have begun to negatively 

impact the cognition and spiritual revival of students [8]. According to the results of the conducted literature review, it is 

evident that supplementary education plays a very important role in the development of students' creative competencies. In 

this regard, the study aimed to examine the impact of Project-Based Learning (PBL) on enhancing students' creative 

competencies in chemistry within supplementary chemistry education. 

 

2. Research Methods 
The study was conducted from 2020 to 2024 at the "Zhambyl Regional School-Gymnasium" located in the city of Ust-

Kamenogorsk, East Kazakhstan region. The study involved 10th-grade students who received their school education during 

the specified period. These students were familiar with the core content of inorganic and organic chemistry according to the 

school curriculum. The study included students who voluntarily expressed interest in participating. The total number of 

students who took part in the study was five. The participants were as follows: one student in 2020 (labeled A20), one 

student in 2021 (labeled A21), one student in 2022 (labeled A22), one student in 2023 (labeled A23), and one student in 2024 

(labeled A24). 

 During the study, students were given research topics aimed at solving environmental problems in accordance with the 

principles of "sustainable development" and "green chemistry." The project topics were chosen by the students themselves, 

following the guidelines presented in Table 1. The organization of the research was carried out according to the scheme 

shown in Figure 1. The study took place over the course of a year, in line with the project topics chosen by the students and 

in connection with the experimental work conducted in the laboratory.  

Mixed research methods were used during the project. Throughout the study, the systematic participation of students in 

the project, the application of theoretical knowledge learned in the school curriculum during the experiment, the 

development of creative thinking skills, and motivational actions toward studying chemistry were assessed qualitatively 

and quantitatively on an individual basis for each student participating in the study each year. 

During the application of the PBL method, students developed competencies in using technological tools such as 

OriginPro and Excel to process the results of experimental research. At the end of each quarter, students presented and 

discussed the results of their research in the form of slides. The experimental work carried out in the laboratory depended 

on the chosen project topics. These were conducted at the National Scientific Laboratory of Amanzholov East Kazakhstan 

University (Ust-Kamenogorsk). Each student determined the research methods related to their topic based on the works of 

other researchers, as a result of a literature review. The study was focused on independent analysis of the obtained results,  

particularly graphs, spectra, data related to mechanical properties, microstructures, etc. 

As a result of the research conducted upon completion of the project work, students were engaged in regional and 

national project competitions to clearly assess the development of their creative competencies and interest in chemistry 

through the use of the PBL method in supplementary chemistry education (Figure 1).  

 
Table 1.  

The project topics selected by the students. 

Student Topic of the project Research Directions 

A20 Development of Biodegradable Composite Materials Based on 

Natural Polymers 

Sustainable development, 

Green chemistry 

A21 Production of Soil "Conditioner" for Agriculture 

A22 Production of Packaging Materials from Agricultural Waste 

A23  Synthesis of Sorbents Based on Surface-Modified Carbon 

Materials 

A24 Development of Biodegradable Composite Material Based on 

Biopolymer 
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Figure 1. 

Algorithms for Organizing Student Projects Based on the PBL Method. 

 

3. Resultes and Discussion 
3.1. Indicators of Student Participation in the Research 

Figure 2 shows the indicators of student engagement, with data reflecting their participation in the research each year 

from 2020 to 2024, tracked quarterly over the course of one year. We can observe that student attendance in the first 

quarter over all years was up to 45%. This is closely related to the initial activities. In the beginning, students focus on 

selecting research topics, determining their relevance, exploring potential solutions to the problems, reviewing the work of 

global scientists, formulating hypotheses for their research, and determining the methods and ways to prove them. In this 

case, as the research work is based solely on assumptions, students' reluctance to achieve the expected results or the 

formation of incomplete understanding of the work can lead to a negative psychological effect. As a result, a decrease in 

student engagement in the research was observed. 

Starting from the second quarter, it was noted that student participation in the research increased by 1.4 times 

compared to the first quarter. Based on the information gathered in the first quarter and the plan developed for the second 

stage, experimental work in the laboratory began. This positively influenced the increase in participation indicators. The 

reason for this is that the organization of laboratory work, along with students' practical application of the theoretical 

knowledge they acquired, enhances their interest in the subject. According to Keith [19] and Shana and Abulibdeh [20] the 

study summarizes that organizing practical work in chemistry teaching positively impacts the teacher's objective 

evaluation, including deepening students' theoretical knowledge and increasing their interest in the subject. 

In the third quarter, it was observed that participation increased relative to the two previous stages, being 1.8 times 

higher than in the first quarter. This increase can be attributed to the reasons outlined in the second stage. In the final 

quarter, all students were fully engaged. At this stage, students had achieved relatively developed and concrete research 

results, with a clear understanding of their research and creative competencies, allowing them to independently solve the 

problems they encountered. This is considered the most important stage, as students begin preparing to participate in 

competitions, summarizing the results they have obtained. It was found that during this process, students become more 

responsible. 
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Figure 2.  
Indicators of Student Participation in Research Work. 

 

3.2. Formation of Skills in Applying Theoretical Knowledge 

According to the topics listed in Table 1, students used various research methods in accordance with the research plan. 

All research topics were related to solving environmental problems in the field of applied scientific research in line with the 

principles of "sustainable development," i.e., the development of biodegradable composite materials based on biopolymers 

obtained through the recycling of agro-industrial waste. For this reason, students independently carried out experimental 

procedures, such as assembling and drying plant biomass, setting up the installation for cellulose and phytomelanin 

extraction, filtration, neutralization of the obtained materials, centrifugation, drying in an oven, and more. Additionally, 

following the methodology for calculating mass, volume, number of moles, or the concentration of dissolved substances 

when preparing solutions of a specific concentration, students gained skills in applying the knowledge they had acquired in 

practical conditions. A special course on laboratory safety rules was also conducted. Figure 3 illustrates the scheme for 

extracting natural compounds from plant biomass.  

 

 
Figure 3.  

The diagram of extracting natural compounds from plant biomass. 

 

Figures 4-8 show the research results obtained by students on their chosen topic. Before starting their work, the 

students conducted a literature review on the assigned topic, studying its relevance and practical significance, particularly 

the impact of the local region on solving economic and social issues. They also sought answers to questions about the 

economic feasibility of the obtained product. Since the raw materials used in the research are waste from the local agro-

industrial complex, the students gathered information on the extent of its accumulation, availability, and existing disposal 

technologies. It was clearly explained to them that the results of these actions positively influence the organization and 

effectiveness of the upcoming research work. 
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Figure 4 shows the diagram of the research work of student A20 and the resulting outcome. This research is aimed at 

obtaining biodegradable bioplastics containing cellulose, a natural polymer suitable for use in various production fields. 

Currently, plastic products made from synthetic polymers further exacerbate environmental pollution problems. Studies 

have shown that plastic accumulated in soil and water sources fragments into micro- and nanoparticles, which begin to 

accumulate in the bodies of animals and humans [21-23]. In light of this, student A20 explored the possibility of developing 

bioplastics. As a result, a sample of bioplastic was developed, as shown in Figure 4. 

The chemical structure of the biomaterial obtained from cellulose was investigated using an infrared spectrometer. The 

absorption properties of C-O, C-H, C-H2, and O-H bonds, which are characteristic of the cellulose molecule, were studied 

in the spectrum. The crystalline structure was analyzed using an X-ray diffractometer, and theoretical data indicated that 

diffraction peaks at 2θ values of 18.3°, 22.4°, and 34.6° are cellulose-specific. The morphology of the surface of the 

obtained product was found to be fibrillar. The results were compared with those of other researchers. 

The results of the research conducted over the year secured 1st place in the regional competition for Republican school 

projects (Appendix 1a). As a result, from April 20 to 22, 2020, the students were awarded invitations to the XX 

International Scientific Research Project Competition on Environmental Issues. Based on the competition results, they 

achieved 2nd place (Appendix 1b). Currently, the student has successfully completed the Bachelor's program in Chemistry 

at S. Amanzholov East Kazakhstan University and continues his studies in the Master's program. During his Bachelor's 

program, he received an invitation to an internship at Mahatma Gandhi University (India, Kottayam) in the summer 

semester, where he spent three months conducting research with Indian scientists (Appendix 1c).  

 

 
Figure 4.  
The scheme and the obtained result of the research work of student A20. 

 

Figure 5 shows the schematic of the hydrogel synthesis and the hydrogel subjected to biodegradation in the soil layer, 

which helps retain soil moisture, in line with the research tasks of student A21. The study addresses issues related to water 

scarcity and improving agricultural crop yields on farmland in Kazakhstan. 

The student conducted research on the synthesis of biopolymer hydrogel and its physicochemical properties using 

gravimetric and instrumental methods of analysis. By preparing solutions of various concentrations of humic substances 

such as NaCl, KCl, and CaCl2, which influence the swelling kinetics of the biogel, the student successfully applied 

theoretical knowledge related to the topic of solutions studied in the school curriculum. In addition, initial concepts in 

materials science were developed. 

After successfully defending the research results at the regional stage of the project competition, the student took 1 st 

place and earned a spot in the national stage (Appendix 2a). At the national stage, due to the novelty and significance of the 

project aimed at solving an environmental issue, the student won 1st place (Appendix 2b) [24]. As a result, 24 universities 

in Kazakhstan awarded the student an educational grant. The student is currently studying in the bachelor's program in 

Chemistry-Biology at S. Amanzholov East Kazakhstan University and continues research at the university's National 

Scientific Laboratory.  
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Figure 5.  
Тhe results of the research project on obtaining a "soil conditioner" for agriculture (project A21). 

 

The research conducted by student A22 is aimed at developing domestic packaging materials for food products made 

from cellulose, which is obtained through the recycling of agricultural waste. Many studies have found that packaging 

based on synthetic polymers negatively impacts the environment and human health [25-27]. In this context, the student 

intends to explore effective ways of recycling waste from the local agro-industrial complex and minimizing environmental 

problems. During the research, the student fully examined the optimal ratio of cellulose to water, the effective 

concentration of the binding glue, volume, and all other parameters influencing the properties of the resulting paper 

packaging (Figure 6). As a result, packaging was developed with a mechanical strength of 22.33 MPa. Based on the 

research findings, the student secured 1st place in the national scientific research project competition for school students 

(Appendix 3). Currently, the student A22 is studying the field of nanomaterials chemistry. 

 

 
Figure 6.  
The diagram of the project "Production of Packaging Materials from Agricultural Waste" (A22). 

 

The goal of "Sustainable Development" ensuring access to clean water through "Clean Water and Sanitation," is one of 

the most important tasks. In this regard, student A23 chose the task of developing an innovative sorbent for cleaning dirty 

water in their research project (Figure 7). The main composition of the filtering material is carbon-based material, such as 

modified graphene oxide, the surface of which is derived from biomass of agricultural crops. In recent years, graphene 

oxide and materials with similar chemical structures have been used to clean polluted water from heavy metal ions. 

Extensive research is being conducted in the fields of electronics, biomedicine, and sensor development [28, 29]. 

Student A23 synthesized a material similar to graphene oxide by extracting carbon material from plant biomass through 

carbonization and introducing -OH, -COOH, and -COHO groups, which enhance its ability to capture heavy metal ions by 

modifying its surface. The sorption of the synthesized material on heavy metal ions was investigated. The research showed 

that the obtained material can remove up to 92% of heavy metal ions from water. Based on the results, A23 became the 

winner of first place in the annual republican scientific project competition among school students (Appendix 4).  
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Figure 7.  
Diagram of the project "Synthesis of sorbents based on surface-modified carbon material" (Student A23). 

 

Figure 8 shows a brief outline of the research and the results obtained by the student who participated in the study in 

2024, depending on the selected topic. According to the study Asim, et al. [30] and Ruzi, et al. [31] global production of 

food packaging materials is expected to reach 464 billion dollars by 2027. This, in turn, highlights the significant role of 

biodegradable products, considering the growing environmental concerns that demand recycling and proper disposal. 

Therefore, the development of biodegradable packaging materials based on natural polymers is a common goal for all 

researchers. In this regard, student A24 was tasked with studying the possibility of producing a biopolymer film based on 

nanocellulose obtained from agricultural waste. The student independently carried out all procedures, from preparing the 

necessary materials for the experimental work to the extraction of nanocellulose and the synthesis of the biopolymer film. 

The resulting material was analyzed using FTIR, XRD, and tested for mechanical strength and hydrophobic properties. In 

processing the obtained results, knowledge gained from the school curriculum was applied to determine concentrations, 

mass fractions, and ratios of components in solutions, while analytical research techniques and the ability to analyze results 

were utilized during the project. 

The final result of the research work was a second-place winner at the regional stage of the national scientific research 

project competition for schoolchildren (Appendix 5). Currently, the research work continues within the framework of this 

project.  

 



 
 

               International Journal of Innovative Research and Scientific Studies, 8(6) 2025, pages: 3172-3186
 

3180 

 
Figure 8. 

The diagram of the project "Development of a biodegradable composite material based on a biopolymer" (student A24). 

 

3.3. Motivational attempts to study Chemistry 

Motivational actions of students to study the subject were tracked throughout the year. Figure 8 shows the motivation 

levels for each quarter. In the first quarter, we see that the motivation level of all students is up to 25%. This, depending on 

the chosen research topic, may be related to the introduction of new information and theoretical content outside the school 

curriculum [32]. The study examines the specific competencies that students develop in chemistry using the PBL method. 

According to the results obtained by the authors, no significant changes in students' motivation indicators occur at the 

initial stage. In conclusion, it can be said that this is influenced by the new content and activities. 

In the second quarter, there was a 52% increase in motivational indicators of students towards chemistry, doubling 

compared to the first quarter. This increase was due to the start of independent experimental work in the laboratory and 

obtaining the first results, which positively affected the students' interest in the project. In turn, chemistry was able to 

demonstrate the importance and appeal of the subject. Faizal et al. and Gozde et al. in their studies summarize that 

performing experimental work in the laboratory using the PBL method in chemistry teaching increases students' interest in 

the subject [15, 33, 34].  

By the end of the third quarter, the motivational levels of students reached 85%, increasing by 3.4 times compared to 

the first quarter, and in the final quarter, they reached 100%. It can be assumed that in the last two quarters, the students 

were influenced by the achievement of concrete results in their research projects and the acquisition of practical skills with 

some theoretical content beyond the school curriculum. With the results of the research work, it became clear that 

participating in competitions and becoming a winner increases interest in chemistry and science [35, 36]. The study 
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mentions that teaching chemistry using the additional PBL method sparks students' interest in science, including the 

development of creative thinking skills. This shows that the results obtained in this study are similar. 

Students A20 and A21 are currently conducting research in collaboration with scientists on the development of 

bionanocomposite materials and the study of their practical applications in the National Scientific Laboratory at S. 

Amanzholov East Kazakhstan University. Based on the results obtained, we can see that the PBL method in supplementary 

chemistry education can enhance students' creative competencies. Moreover, it can be said that this will contribute to 

preparing future engineers and scientists. 

 

4. Conclusions 
The development of creative thinking skills in students through supplementary chemistry education will help prepare 

qualified specialists. In this regard, the current research provided students with research projects aimed at solving 

environmental problems using the PBL method in supplementary chemistry education. The students who participated in the 

research evaluated three main parameters: participation in the research, the level of application of theoretical knowledge, 

and motivational activity in learning chemistry. According to the results, it was found that the participation and 

motivational activity levels of students in the research in the first quarter were 25-45%, in the second quarter it doubled. In 

the third quarter, there was a dynamic increase, and in the final quarter, it reached 100%. 

Based on the results of the research, the students participated in the national competition of research projects for 

schoolchildren and won prizes. This, in turn, increased students' interest in chemistry. As a result, students A20, A21, and 

A22 chose chemistry and continued their research, while students A23 and A24 continue working on their research topics. 

Therefore, we can conclude that the use of the PBL method in supplementary education to develop creative competencies 

in chemistry can increase students' interest in science and help prepare future engineers.  
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Appendix 1. 

Student A20's certificates for the scientific project competition: a) 1st place at the regional stage of the Republican project competition (Kazakhstan, Ust-
Kamenogorsk, in Kazakh); b) 2nd place at the International Scientific Project Competition (Russia, Moscow, in Russian); c) Internship certificate from 

Mahatma Gandhi University (India, Kottayam). 
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Appendix 2. 

Сertificates of student A21 for the scientific project competition. a) 1st place at the regional stage of the 

national project competition (Kazakhstan, Ust-Kamenogorsk, in Kazakh); b) 1st place at the national 
stage (Kazakhstan, Almaty, in Kazakh). 
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Appendix 3. 

Certificates of student A22 at the Republican Scientific Project Competition (Kazakhstan, Almaty, in Kazakh). 

 

 
Appendix 4. 

Certificate of student A23 at the Republican Scientific Project Competition (Kazakhstan, Almaty, in Kazakh). 
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Appendix 5. 

Certificate of student A24 at the Republican Science Projects Competition (Kazakhstan, Ust-Kamenogorsk, in Kazakh). 

 


