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Abstract

:

This study aimed to conduct a systematic literature review of research to provide an overview of the key findings and trends in studies on problem-based learning within the context of science education in Türkiye. To achieve this goal, descriptive content analysis was used in this study. Articles and graduate theses conducted in Türkiye between 2000 and December 2023 were included in this study. The Turkish Academic Network and Information Center (TR Dizin) and National Thesis Center databases were used to access the articles and theses. The purposive sampling method known as the criterion sampling method was employed in this study, resulting in the inclusion of 133 studies, including 37 articles and 96 graduate theses. To facilitate data analysis, we developed a coding form. The results of this study showed that PBL had a positive impact on 34 different skills, and it had no impact on 11 different skills. Across all reviewed studies, the most preferred research design was the quasi-experimental design. There was limited inclusion of final-year students in the samples at various school levels, and researchers mainly preferred physics subjects for their studies.
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1. Introduction


Problem-based learning (PBL) is a widely recognized pedagogical approach that has garnered substantial attention in education worldwide. Originating from medical education in the late 1960s, PBL has since evolved and been implemented across various educational contexts, including higher-education institutions [1]. According to Savery and Duffy [2], PBL is grounded in several key principles that shape its implementation, including using authentic, ill-structured problems as a starting point for learning, active engagement of students in problem-solving activities, collaborative learning within small groups, facilitator guidance rather than traditional teaching, and self-directed learning and reflection [2].



PBL has gained significant recognition and relevance in science education due to its effectiveness in promoting a deeper understanding of scientific concepts, enhancing students’ problem-solving abilities, and fostering students’ critical thinking skills as they analyze, evaluate, and synthesize information to solve problems [3]. Additionally, it helps prepare students for future careers in science-related fields by equipping them with skills, such as critical thinking, problem solving, teamwork, and adaptability, which are highly valued by employers. It is characterized by its student-centered, inquiry-driven, and collaborative nature. Students engage in a dynamic and collaborative inquiry process to explore and solve complex, authentic problems [4].



This approach emphasizes active learning, critical thinking, problem-solving skills, and the application of knowledge in practical contexts [5]. PBL engages students actively in the learning process, making science more interesting and relevant. They are motivated to seek out information, conduct research, and interact with peers to find solutions [6]. This hands-on approach encourages a deeper understanding of scientific concepts. PBL shifts the role of the teacher from a lecturer to a facilitator. Students take responsibility for their own learning, fostering self-directed learning skills and a sense of ownership over their education. The teacher guides and supports the learning process, providing resources and feedback when needed [7].



PBL typically begins with the presentation of scientific concepts and principles within the context of real-world problems or scenarios. It should be authentic, ill-structured, complex, and relevant to the content being studied in order to facilitate students to reach their own conclusions by doing open inquiry [8]. This serves as a trigger for learning. Students take ownership of their learning: they decide what information they need to acquire, how to acquire it, and how to apply it to solve the problem [6]. This contextualization helps students see the relevance of what they are learning and how it can be applied in practical situations. Students often work in groups, requiring effective teamwork, communication, and collaboration skills, essential in scientific research and professional settings. PBL often involves a cycle of research, discussion, and reflection. It encourages students to explore and understand the problem; identify relevant concepts and principles; generate hypotheses and solutions; and construct arguments to support their solutions [9]. Also, students are encouraged to reflect on their learning process, their understanding of the problem, and their solutions [10].




2. Theoretical Foundations


PBL is a pedagogical approach rooted in several well-established educational theories, each contributing to its effectiveness in science education. The theoretical underpinnings of PBL in science education, including constructivism, cognitive load theory, and situated learning, provide a strong foundation for understanding its effectiveness [1,2,10,11,12].



Constructivist learning theory posits that learners actively build their own understanding and knowledge through a process of constructing mental models based on their experiences and prior knowledge [13]. In the context of PBL in science education, this theory aligns with the idea that students construct scientific knowledge by engaging with authentic problems. In a PBL setting, students are presented with complex, real-world scientific problems that require them to draw upon their existing knowledge, engage in research, collaborate with peers, and synthesize information to generate solutions [2,12,14]. According to Leite, Dourado, and Morgado, teamwork and cooperative learning provide very effective learning environments for PBL [15]. This active engagement allows students to construct a deeper and more meaningful understanding of scientific concepts. By grappling with problems, they refine their mental models of scientific phenomena and develop problem-solving skills critical to scientific inquiry [2].



Cognitive load theory (CLT) explores how the cognitive load imposed on learners can impact their ability to process information and learn effectively [11,12,16]. PBL, when designed well, aligns with CLT principles by managing cognitive load in science education. In a PBL environment, the cognitive load is distributed over time, allowing students to build their understanding progressively. They start with a problem and incrementally acquire the necessary knowledge and skills to solve it. This “scaffolding” approach minimizes cognitive overload, ensuring that students can focus on meaningful learning experiences [17,18].



Situated learning theory [12,19,20] emphasizes the importance of learning in context. It argues that learning is most effective when it occurs within authentic, real-world situations. PBL in science education aligns with this theory by placing scientific knowledge and skills in relevant contexts. In PBL scenarios, students are immersed in situations that resemble the complexities and challenges faced by scientists in their research or practical work. This contextualization not only enhances the relevance of scientific content but also fosters the development of problem-solving skills that are transferable to real-world scientific endeavors [10].



These theories support the idea that PBL promotes active engagement, aligns with the cognitive processes of learners, and fosters the development of skills necessary for scientific inquiry. By integrating these theories into the design and implementation of PBL, educators can create a rich learning environment that enhances both scientific knowledge acquisition and problem-solving abilities among students [11].




3. Implementation of PBL in Türkiye


PBL was introduced to Turkish education by establishing medical faculties that adopted the curriculum of Maastricht University in the early 2000s [21]. Since then, PBL has gradually expanded to other disciplines and levels of education, including K-12, undergraduate, and graduate programs. PBL’s implementation in Türkiye has been characterized by adapting international models to suit the local context [22].



The introduction of PBL in Turkish education has faced several challenges. Although the Turkish Ministry of National Education (MoNE) has restructured the curriculum according to constructivism since 2004, one of the main significant challenges is the traditional lecture-based teaching approach deeply ingrained in the educational system [23]. Resistance to change among educators and students has been a barrier to the widespread adoption of PBL. Language has also been challenging, particularly in disciplines with a substantial theoretical component. PBL often requires students to work in groups and communicate effectively in the target language, which may be a foreign language in some cases [21]. Another challenge is the need for well-trained faculty members who can facilitate PBL effectively. Training faculty members to transition from a didactic teaching style to a facilitative one that supports student-centered learning has been an ongoing process [23].



Despite these challenges, research in Türkiye has highlighted several benefits associated with PBL implementation. Studies have reported that PBL enhances students’ critical thinking, problem-solving skills, and motivation for learning [24]. PBL has also been found to promote teamwork, communication skills, and a deeper understanding of the subject matter [21]. Furthermore, research suggests that PBL can contribute to developing lifelong learning skills and better prepare students for the demands of the modern workforce, aligning with Türkiye’s goals of improving higher education and workforce readiness [24,25].



In Türkiye, PBL has made significant strides in higher education, with its implementation expanding beyond medical faculties to various disciplines. While challenges related to traditional teaching methods and faculty training persist, research indicates that PBL offers many benefits to students, including improved critical thinking, problem-solving skills, and subject matter comprehension [26]. As Türkiye continues to adapt and refine its approach to PBL, the potential for this student-centered pedagogy to positively impact Turkish education remains promising. Developing successful PBL should start with aligning PBL activities with the curriculum standards and learning objectives specified by the Turkish Ministry of National Education, ensuring that PBL projects address the key science concepts and skills that students are expected to learn. In accordance with the 2018 Primary Education Science Program issued by the Ministry of National Education, it is imperative to select science topics or problems that are both age-appropriate and relevant to students’ daily lives. This approach is crucial for igniting curiosity, sustaining interest, and establishing connections to their own experiences, thereby facilitating meaningful learning [27].



In recent years, PBL has gained prominence in Türkiye as educators and policymakers seek innovative and effective teaching methods to enhance students’ critical thinking, problem-solving abilities, and overall learning experiences. Türkiye, situated at the crossroads of Europe and Asia, boasts a diverse educational landscape that spans from primary schools to universities. As Turkish educators grapple with the challenges of preparing students for an increasingly complex and dynamic global environment, the adoption and implementation of PBL have emerged as a potential solution. This educational approach aligns with the broader goals of fostering autonomous learners equipped to navigate real-world challenges effectively [25].



The importance of conducting a descriptive content analysis of PBL studies in Türkiye becomes evident when considering the need to map the current state of PBL research, identify trends, and understand the contextual factors influencing its implementation. Such an analysis can offer valuable insights into the evolution of PBL within the Turkish educational system and highlight areas where further research and development may be necessary. This study aims to provide a comprehensive overview of the existing body of literature on PBL in Türkiye. Within the scope of this study, answers were sought to the following research questions:




	
What is the distribution of studies according to publication type?



	
What is the distribution of studies according to publication year?



	
What is the distribution of studies according to different research variables?



	
What is the distribution of studies according to the research methods used?



	
What is the distribution of studies according to level of education?



	
What is the sample distribution in the studies according to grade level?



	
What is the distribution of topics addressed in studies?



	
What is the distribution of studies according to the duration of the research?



	
What is the distribution of the results obtained from the studies related to PBL?



	
What is the distribution of studies according to science topics in the studies?









4. Materials and Methods


4.1. Research Design


In this study, the aim was to conduct a systematic literature review of research in science education related to PBL in science disciplines in Türkiye. To achieve this objective, a qualitative method known as descriptive content analysis was used in this study [28]. The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) protocol was used as a guide to conduct this study [29].



In the literature, meta-analysis, meta-synthesis, and descriptive content analysis approaches are used for content analysis. In meta-synthesis studies, which are expressed as a meta-analysis of quality [29,30], only the qualitative dimensions of qualitative or mixed studies conducted in a certain field are evaluated [29]. Meta-synthesis research involves a methodological approach that synthesizes the findings of each area of research included in the study in terms of theory, methods, and data [30]. A meta-analysis, on the other hand, is a method of determining the effect of an independent variable on a dependent variable by calculating the effect size of studies conducted on a particular subject, combining the results of the study and statistical analysis of the obtained research findings [31]. In descriptive content analysis, qualitative and quantitative studies on a particular subject are evaluated and analyzed [32]. Descriptive content analysis is a scientific method in which quantitative and qualitative data are systematically coded, synthesized, and analyzed within the framework of certain themes and patterns [20,32]. A flowchart illustrating the process of identifying pertinent publications for this systematic review is shown in Figure 1.




4.2. Sample


This study included a comprehensive search of The Turkish Academic Network and Information Center (TR Dizin) and National Thesis Center databases focusing on PBL in science education in Türkiye between 2000 and 2023. The purposive sampling method known as the criterion sampling method was employed in this study, resulting in the inclusion of a total of 133 studies, including 37 articles, 66 master’s theses, and 30 doctoral theses (Appendix A. To identify relevant studies, searches were conducted using keywords, including problem-dayalı öğrenme (problem-based learning), problem temelli öğrenme (problem-based learning) in the search engines of TR Dizin and National Thesis Center databases. These keywords were searched in the titles, abstracts, and keywords of the articles and theses. During the search process, various combinations of these keywords in both Turkish and English were utilized.



Several criteria were considered when selecting articles and graduate theses for inclusion in the research. The selection criteria for the studies included:




	
The studies had to be related to the problem-based learning (PBL) approach;



	
The studies had to be related to science education;



	
The studies had to be published in both Turkish and English;



	
The studies had to have been conducted between 2000 and September 2023;



	
Articles had to be published in journals indexed in The Turkish Academic Network and Information Center (TR Dizin);



	
Graduate theses had to be accessible through the National Thesis Center database;



	
The samples in the studies had to consist of pre-service and in-service teachers, including kindergarten, elementary, special education, science, biology, chemistry, and physics teachers;



	
The samples in the studies had to consist of kindergarten, elementary, middle school, high school, undergraduate, and graduate students;



	
The samples had to be located within the borders of Türkiye;



	
The samples had to not be conference papers, projects, books, or reports.








Studies that did not meet the inclusion criteria were excluded from the research. As a result, 133 studies meeting these criteria were identified. These studies were compiled into a single-drive file, and each study was listed with the following information: sequence number, author(s), and publication year to facilitate easy access.




4.3. Data Collection Tools and Data Analysis


To facilitate the data analysis in a more accessible and understandable manner, we developed a coding form. Information regarding the articles and theses that met the research criteria was added to this form. The developed form is presented in Table 1.



The Coding Form included information about the author(s)’ names, the year of the study, the index of the journal where the study was published, the dependent and independent variables of the study, the research design, the school level and grade level of the study, the qualitative and quantitative data collection tools used in the study, the duration of implementation, the unit/topic addressed in the study, and the results obtained from the study. The Journal Index column was applicable to articles and does not appear in the form of theses. To ensure coding reliability, two independent coders separately reviewed the studies and recorded the results in the coding form. The codings were compared, and the suitability of the codings was determined. The reliability between the coders was calculated as 94%.





5. Results


5.1. Distribution of Studies According to Publication Type


When looking at the distribution of the studies related to PBL in science disciplines between 2000 and 2023 according to the publication type, it was determined that the studies were mostly conducted at the master’s level (49.6%), while the number of studies at the article (27.8%) and doctoral (22.5%) levels was less (Figure 2).




5.2. Distribution of Studies According to Publication Year


When Figure 3 is examined, it can be observed that there were no article studies related to PBL (presumably a specific subject or topic) between 2000 and 2004, or in 2006, 2007, 2011, 2016, and 2022. Similarly, no master’s theses were conducted in 2000–2003 or in 2005, and no doctoral theses were conducted in 2000–2002, 2004–2007, and 2022–2023 about PBL. It was also evident that no studies related to PBL were conducted from 2000 to 2003. The first studies related to PBL in Türkiye appear to have started in 2003. It was found that the highest number of articles was produced in 2020 (six articles), the highest number of master’s theses appeared in 2019 (seven theses), and the highest number of doctoral theses appeared in 2012 (five theses) and 2017 (five theses). Additionally, it was observed that the highest number of studies appeared in 2012 (14 studies) and 2017 (13 studies).




5.3. Distribution of Studies According to Different Research Variables


When we analyzed the studies according to different research variables, it was seen that only two studies were conducted on PBL and these were theoretical/conceptual studies and one measurement tool development study. The remaining 130 studies had all been conducted in the context of examining the impact of PBL methods on different variables. These variables included problem-solving skills, self-efficacy beliefs, academic achievement, misconceptions, opinions, motivation, attitudes, metacognitive awareness, learning strategies, learning style, science process skills, cognitive processing skills, social skills, creative thinking skills, analytical thinking skills, persistence, conceptual understanding, scale development, the development of computer-integrated PBL materials, critical thinking, inquiry-based learning, pedagogical content knowledge (PCK), scientific reasoning ability, module creation and implementation, environmental education, self-directed learning, levels of conceptual structuring, the development and impact assessment of instructional materials, academic risk-taking, scientific literacy, metacognition, energy literacy, career interest, logical thinking, engineering and technology perception, reflective thinking skills for problem solving, digital literacy, reasoning skills, cognitive flexibility, cognitive skill level, the development of fundamental concepts related to heat and temperature, self-regulatory learning skills, and decision-making skills. A total of 69 dependent variables were examined in the studies. The 10 most studied dependent variables with the most impact are presented in Figure 4.



When Figure 4 is examined, it can be observed that the most frequently studied depended variable in the conducted research was the effect of the method on academic achievement (87). Following this, achievement, attitude (57), science process skills (21), and problem-solving skills (19) were examined, listed in order of their prevalence. Furthermore, when Figure 4 is examined, it is seen that there were fourteen studies on motivation, thirteen studies on persistence, nine studies on conceptual understanding, nine studies on creative thinking skills, six studies on misconceptions, and six studies on student opinions.




5.4. Distribution of Studies According to Research Methods Used


Findings regarding the distribution of studies according to the research methods used showed that both quantitative and qualitative methods were used in studies related to PBL. The methods used include “Full Experimental Design”, “Semi-Experimental Design”, “Weak Experimental Design”, “Mixed method”, “Case Study”, “Action Research”, and “Qualitative Research”. The methods used in the studies are presented in Figure 5.



When Figure 5 is examined, it is observed that the most preferred method in these studies related to PBL was the semi-experimental design (60). This method was followed by the full experimental design (38), mixed-method (17), weak experimental design (5), case study (4), action research (3), and qualitative research (1) approaches. In two studies, the method was not clearly specified.



It was determined that the methods used in the studies had changed over the years. The evolution or clustering of the methods used in the studies over the years is presented in Figure 6.



When examining Figure 5, it is observed that the first studies related to PBL in Türkiye were full experimental studies. It was found that full experimental studies were most common between 2008 and 2012 (24 studies) and that their numbers have gradually decreased in recent years. On the other hand, semi-experimental studies have been on the rise since 2012. Approximately 85% (51) of the semi-experimental studies were conducted between 2012 and 2023. It was determined that the highest number of full experimental studies occurred in 2010 (eight studies), and the highest number of semi-experimental studies appeared in 2015 (eight studies) and 2020 (eight studies). The first qualitative study (action research) was conducted in 2008. It was observed that no mixed-method research was conducted until 2010, four mixed-method studies were conducted between 2010 and 2012, no mixed-method research was conducted between 2013 and 2016, and thirteen mixed-method studies were conducted after 2017. Based on this, it can be concluded that 76.47% (13) of the mixed-method research was conducted in recent years.




5.5. Distribution of Studies According to Level of Education


When the distribution of the studies was examined according to the level of education that was studied, it was determined that studies were conducted across all school levels, from kindergarten to university. It was seen that these studies were mostly conducted as master’s theses studies (66 studies) (Figure 7).



As shown in Figure 6, it can be observed that there was only 1 study related to PBL at the preschool level, 3 studies at the primary school level, 75 studies at the middle school level, 16 studies at the high school level, and 36 studies at the undergraduate level. Based on this, it can be concluded that more than half of the studies related to PBL are conducted at the middle school level.




5.6. Distribution of the Samples in the Studies According to Grade Levels


When the findings regarding the distribution of studies according to grade levels were examined, it was observed that most studies related to PBL were conducted with seventh-grade students. Following that, sixth-grade, fifth-grade, and junior students were the next most commonly selected as samples. In studies conducted at the undergraduate level, primarily junior students were chosen. Another noteworthy result observed when analyzing Figure 7 is the limited or almost non-existent selection of final-year students at the school levels as samples. It was seen that there were eleven studies related to 8th-grade students, three studies related to 4th-grade students, and one study related to senior students, but no studies related to 12th-grade students. Additionally, it is noted that three (3) of the conducted studies were carried out with students diagnosed with special abilities, two (2) undergraduate-level studies did not provide any information about the class level, and in two (2) undergraduate-level studies, more than one class level was selected as the sample. It was concluded that 80% of the studies investigating the effects of problem-based learning were conducted with seventh-grade, sixth-grade, fifth-grade, junior, eighth-grade, or freshman students (Figure 8).



Findings regarding the discipline of the undergraduate samples (Figure 9) used in the research showed that 26 of the studies were conducted with pre-service science teachers (68.42%). Additionally, five studies were related to pre-service chemistry teachers, four studies involved pre-service elementary teachers, two studies involved pre-service physics teachers, and one study used pre-service mathematics teachers. These findings indicated that there were no studies conducted with pre-service biology teachers.




5.7. Distribution of Topics Addressed in Studies by Subject


When we look at the distribution of the topics addressed in the studies in Figure 10, we see that the studies primarily focused on physics topics (64). In addition, there were 31 studies related to chemistry topics, 23 studies related to biology topics, 10 studies related to environmental topics, 2 studies related to laboratory science, and 1 study on mathematics topics.




5.8. Findings Regarding the Duration of the Research


Upon examining Figure 11, it can be observed that some studies provided information about the duration of their research in terms of weeks and class hours. In some studies, only information on the amount of weeks was given; in others, only information on the class hours was provided. In some studies, both week and class hour information was included, while one study lacked any information about the duration of its research. After the analysis, it was determined that 22 studies were conducted over five weeks, 21 studies lasted eight weeks, 16 studies lasted four weeks, 13 studies lasted nine weeks, 11 studies lasted six weeks, and 9 studies lasted three weeks. The study durations related to other elements can be examined from the decreasing Pareto diagram. Based on Figure 11, it was concluded that in 80% of the studies conducted to determine the effects of problem-based learning, the research was carried out over periods of 5, 8, 4, 9, 6, and 3 weeks.




5.9. Findings Regarding the Results of Reviewed Studies


When Figure 12 is examined, it can be determined that the PBL method had a positive effect on academic achievement (76), attitude (35), science process skills (17), students’ opinions (18), conceptual understanding (14), problem-solving skills (12), motivation (12), creative thinking skills (9), knowledge retention (8), overcoming misconceptions (7), critical thinking skills (4), self-efficacy beliefs (3), and developing environmental awareness (3). In all of the conducted studies, PBL had a neutral effect, while in 47 studies conducted with these variables, including attitude (18), academic achievement (10), problem-solving skills (5), science process skills (4), motivation (3), knowledge retention (2), creative thinking skills (1), self-efficacy beliefs (1), inquiry learning skills (1), metacognition (1) and reflective thinking (1), it was found that it had no effect. In none of the examined studies was a negative effect of problem-based learning method detected.




5.10. Findings Regarding the Science Topics in the Examined Studies


When Table 2 is examined, it can be determined that research was conducted on topics related to physics, chemistry, biology, the environment, and astronomy. The effectiveness of the PBL method was mainly studied in physics, while there was a limited number of studies in the fields of the environment and astronomy. When all of the topics are considered, the most researched topics appear to be “Matter and Heat” (15), “Force and Motion” (14), “Electricity and Magnetism” (12), “Work-Energy” (9), “Acid-Base” (9), and “Systems in Our Body” (8).





6. Discussion and Conclusions


In this study, research focusing on PBL in science education in Türkiye was examined using a descriptive content analysis method. The studies were scrutinized in detail, and by conducting a critical review of the data from these studies, general trends were identified. The studies conducted in Türkiye include meta-analyses, content analyses, descriptive content analyses, and systematic literature reviews related to PBL [6,22,24,25,33,34]. In some of these studies, “achievement” [33,35], “achievement and attitude” [36], and “achievement, attitude, motivation, and group dynamics” [34] were examined, while in others, the general outlines of PBL were explored [22,24,25]. In our study, we also examined the studies related to PBL in science education in a broad context.



As per the objective of this study, a total of 133 works related to PBL in science in Türkiye, comprising 96 graduate theses and 37 articles published between 2000 and 2023, have been examined. It was noted that there were three separate content analysis studies conducted on previous PBL research in science in Türkiye [24,25,35]. Additionally, six different content analysis studies were identified that examined PBL without limiting the scope to a specific field of science [22,33,34,36,37]. In their respective works, Alper et al. [22] examined 48 studies, Batdi [33] examined 26, Dagyar [37] examined 118, Ayaz [35] examined 24, Temel et al. [24] examined 58, Tosun and Yasar [25] examined 40, Mutlu and Aydogmuş [6] examined 40, Ozgul [36] examined 107, and Bati [34] examined 20 different studies. Therefore, it can be argued that our study is more comprehensive than previous similar studies.



In our study, when the distribution of the types of studies is examined, it is determined that 49.6% of the studies are master’s theses, 27.8% are articles, and 22.5% are doctoral theses. When the studies are examined by publication year, it is observed that no studies were conducted between 2000 and 2003. The first studies related to PBL in science in Türkiye seem to have started in the year 2003. Additionally, it is noted that the highest number of studies were conducted in 2012 and 2017. It is found that 75,18% of the studies were conducted between 2010 and 2021. In 2022 and 2023, three studies were conducted each year, leading to the conclusion that the number of studies related to PBL in science has significantly decreased in recent years. Similarly, Mutlu and Aydogmuş [6] reported a significant decrease in studies related to PBL in Türkiye in recent years based on their examination of 40 theses conducted between 2014 and 2018.



Our results show that, in the conducted studies, 69 different dependent variables were examined. In studies related to PBL in science, the variable most frequently investigated was the impact of the method on achievement (64.61%). Additionally, attitude, scientific process skills, and problem-solving skills were the next most commonly examined variables, in that order.



Dagyar [37] conducted a meta-analysis of 118 studies in his doctoral thesis and examined the impact of the PBL approach on academic achievement. Similarly, Ozgul [36] conducted a meta-analysis study examining the effects of PBL on students’ academic achievement and attitudes in 107 studies. Ozgul [36] found that in the studies he reviewed, the PBL approach had a positive impact on academic achievement in 73 cases and a negative impact in 4 cases. Furthermore, Batdi [33] in his study determined that online PBL had a positive effect on students’ achievements, attitudes, and motivation. Based on this, it can be concluded that the use of PBL in classes has a positive impact on academic achievement. Additionally, Temel et al. [24] reported in their study that academic risk-taking, metacognitive awareness, logical thinking ability, learning strategies, the permanence of learned knowledge, problem-solving skills, creativity, motivation, and scientific process skills were also examined in research studies.



In this study, we also found that the PBL method had a positive impact on 34 different skills, and it had no impact on 11 different skills. Additionally, there was no evidence of the method having a negative impact on any skill. More than half of the studies (53.38%) identified a positive impact of the method on achievement. Furthermore, in 35 studies, the applied method had a positive effect on attitude, while in 18 studies, it had no effect on attitude. In 17 studies, the applied method had a positive impact on scientific process skills; in 18 studies, it had a positive impact on student opinions; in 14 studies, it had a positive impact on conceptual understanding; and in 12 studies, it had a positive impact on problem-solving skills.



Our results show that the most preferred research design was the quasi-experimental design in studies related to PBL in science. This was followed, in order, by the full experimental design, mixed-method design, weak experimental design, case study approach, action research approach, and weak experimental design. The analysis revealed that quantitative methods were more commonly used, with qualitative methods being less preferred. Additionally, it was observed that the earliest studies related to PBL in science in Türkiye were full experimental studies. The highest number of full experimental studies appeared in 2010, while the highest number of quasi-experimental studies occurred in 2017 and 2020.



The first qualitative action research study in science education was conducted in 2008. It was noted that no mixed-method research was conducted until 2010, but there have been 13 mixed-method research studies conducted since 2017. Consequently, it can be inferred that 76.47% of the mixed-method research studies were conducted in recent years. In their study, Mutlu and Aydogmuş [6] reported that experimental designs were predominantly preferred in the conducted studies.



When the studies related to PBL in science were examined according to the level of education that was studied, the findings showed that more than half of the studies (56.39%) were conducted at the middle school level. Following the middle school level, studies conducted at the undergraduate level had the next highest number (27.06%). The analysis revealed that there were sixteen studies conducted at the high school level, three studies conducted at the primary school level, and one study conducted at the preschool level. Furthermore, it was observed that the majority of the studies at the middle school level were conducted with seventh-grade students, followed by sixth-grade and fifth-grade students. When the studies conducted at the undergraduate level were examined, it was found that the sample predominantly consisted of third-year students.



Another noteworthy result obtained from this descriptive content analysis is the limited inclusion of final-year students in the samples at various school levels. This could be attributed to examination attempts such as the High School Transition System exam in the 8th grade, the Higher Education Institutions Examination in the 12th grade, and the Public Personnel Entrance Exam held in the senior year of undergraduate studies for students wishing to start a professional career. Mutlu and Aydogmuş [6] reported that in their examination of 40 theses related to PBL conducted between 2014 and 2018 in Türkiye, middle school students were predominantly selected as samples, and they did not come across any studies that included primary school students. Similarly, Tosun and Yasar [25] noted in their study that primary school students were selected as samples in research studies to a low extent, and there were no samples selected from preschool education.



As a result of this study, it was observed that 68.42% (26) of the studies conducted at the undergraduate level were related to prospective science teachers. Furthermore, the analysis revealed that in the research studies, 31 different topics from physics, chemistry, biology, environmental science, and astronomy were addressed, with 8 of them being related to physics, 7 to chemistry, 8 to biology, 6 to environmental science, and 2 to astronomy. When considering all of the topics covered in the studies, it was determined that the most frequently researched topics were, in order: “Matter and Heat”, “Force and Motion”, “Electricity and Magnetism”, “Work-Energy”, and “Acid-Base”. In their study, Temel et al. [24] reported that 20 studies were conducted within the scope of middle school science courses, and 16 studies were conducted within the scope of undergraduate chemistry courses. Additionally, consistent with the findings obtained in the present study, Tosun and Yasar [25] found that the most preferred topic in their study was “force and motion”, whereas in our study, the most preferred topics were “matter and heat” and “force and motion”.



After the analysis, it was determined that 22 studies were conducted over five weeks, 21 studies lasted eight weeks, 16 studies lasted four weeks, 13 studies lasted nine weeks, 11 studies lasted six weeks, and 9 studies lasted three weeks.



This descriptive content analysis study underscores the growing interest in problem-based learning (PBL) within the context of science education in Türkiye. Despite challenges associated with resistance to change and faculty development, PBL in Türkiye has shown promise in improving students’ critical thinking, problem-solving skills, and subject matter comprehension. As Türkiye continues to explore PBL, further research should focus on addressing these challenges and assessing the long-term effects of PBL on science education in the country.



While the articles reviewed here reflected on the challenges of PBL, they also pointed to future directions for PBL in science education in Türkiye. There was a consensus on the importance of faculty development programs to prepare educators for the transition to PBL. Additionally, this research emphasized the need for further investigation into the long-term impact of PBL on students’ learning outcomes and their preparedness for the workforce.
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Figure 1. Flowchart illustrating the process of identifying pertinent publications for the systematic review. 
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Figure 2. Distribution of studies according to publication type. 
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Figure 3. Distribution of studies by years. 
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Figure 4. The most common dependent variables in the studies. 
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Figure 5. Methods used in the studies. 






Figure 5. Methods used in the studies.



[image: Education 14 00330 g005]







[image: Education 14 00330 g006] 





Figure 6. Stacked area graph of methods used in the studies. 
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Figure 7. Clustered bar chart of research according to the studied level of education. 
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Figure 8. Pareto diagram of the samples according to the grade levels studied. 
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Figure 9. Pie chart of research based on the undergraduate samples. 
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Figure 10. Distribution of topics addressed in the studies by subject. 
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Figure 11. Pareto diagram of findings regarding the duration of the research. 
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Figure 12. The findings of the reviewed studies’ results. 
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Table 1. Article/thesis coding form.
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Table 2. Distribution of science topics in the examined studies.
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Discipline

	
Subjects

	
f






	
Physics

	
Matter and Heat

	
15




	
Force and Motion

	
14




	
Electricity and Magnetism

	
12




	
Work–Energy

	
9




	
Light and Sound

	
4




	
Pressure

	
3




	
States of Matter and Heat Fuels

	
2




	
Light and Optics

	
2




	
Chemistry

	
Acid–Base

	
9




	
Mixtures

	
6




	
Particulate Structure of Matter

	
6




	
Electrolysis and Batteries

	
6




	
Chemical Properties of Solutions

	
3




	
Physical and Chemical Changes

	
2




	
Atomic and Periodic System

	
1




	
Biology

	
Systems in Our Body

	
8




	
Heredity/Genetics

	
4




	
Reproduction, Growth, and Development in Plants and Animals

	
4




	
Matter Cycles

	
1




	
Basic Structure of the Cell

	
1




	
Natural Systems

	
1




	
Viruses and Bacteria

	
1




	
Bacteria and Archaea

	
1




	
Environment

	
Humans and the Environment

	
4




	
Environmental Science

	
2




	
Why do Ecosystems Change?

	
1




	
Environmental Problems

	
1




	
Energy Transformations

	
1




	
Domestic Waste and Recycling

	
1




	
Astronomy

	
Astronomy and Renewable Energy

	
1




	
Solar System and Eclipses

	
1
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