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Abstract 
This study employs a mixed-methods research design involving 200 randomly selected secondary school students in Sheberghan to explore the impact of physics education on the development of problem-solving skills. Problem-solving is a fundamental competency in both academic and real-world contexts, and this research aims to evaluate how targeted physics instruction can enhance this essential skill set. The quantitative phase involved administering pre- and post-instruction surveys and standardized assessments to measure changes in students' problem-solving abilities. The qualitative phase, which complemented the quantitative data, included in-depth interviews and classroom observations to gain deeper insights into students’ and teachers’ perspectives. The findings revealed that instructional strategies—particularly hands-on experiments and collaborative learning activities—led to significant improvements in students' problem-solving performance. For instance, the average test scores increased from 66 to 75 following the intervention. Despite these overall gains, some students continued to struggle with complex problem-solving tasks, highlighting the need for differentiated instructional support. In conclusion, the study emphasizes the importance of innovative and interactive teaching approaches in physics education and recommends their systematic integration into school curricula to enhance student learning outcomes.
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Introduction
Physics, as one of the fundamental pillars of the natural sciences, not only emphasizes understanding physical phenomena but also provides a conducive framework for enhancing cognitive abilities such as logical reasoning, critical thinking, and, particularly, problem-solving skills. In fact, physics education is considered effective when it engages students in critical thinking processes and enables them to apply learned concepts in diverse contexts. Global empirical studies have demonstrated that the use of active teaching methodologies in physics instruction can positively influence students’ ability to solve both scientific and real-life problems(Gumisirizah et al., 2023). However, in many educational institutions across Afghanistan, including schools in the city of Sheberghan, traditional teaching models—often dominated by rote memorization and mere information transmission—still prevail. These approaches offer limited attention to developing students' intellectual capacities, thereby revealing the need to reassess the role of physics education in fostering cognitive skills. This research was designed to examine the relationship between physics education and problem-solving skills among students in Sheberghan’s schools. By conducting a contextual investigation, the study seeks to provide credible evidence regarding the educational functions of physics and, ultimately, to emphasize the improvement of teaching practices in secondary education. Although there is growing international attention to the role of science education—especially physics—in cultivating students’ higher-order thinking skills, there is a lack of consistent, locally grounded empirical evidence in the context of Afghanistan’s education system. Most of the studies conducted in this field are either based on the cultural and educational systems of other countries or lack depth and contextual relevance due to insufficient field data(Nurjanaha et al., 2024). Despite the inclusion of physics as a core subject in the curriculum of Sheberghan schools, no comprehensive, empirical investigation has yet been conducted to explore the relationship between physics teaching methods and the development of students’ problem-solving abilities.
Moreover, the absence of precise evaluation strategies, the continued reliance on outdated pedagogical methods, and the minimal emphasis on skill-based instruction have led to an obscured understanding of the actual impact of physics education on students' analytical thinking. This situation underscores a significant empirical gap in the national educational literature, which the present study seeks to address by focusing specifically on the experiences of students in Sheberghan schools. Finally, to contextualize the current research within the global scholarly landscape, a review of selected international studies on this topic is presented below. Throughout various stages of life, we are confronted with a multitude of problem(Soleimani & Mousavi, 2018). In attempting to resolve these issues, we may either rely on previously used solutions or be compelled to adopt alternative approaches when past methods prove ineffective. One of the central aims of education is to prepare learners to face diverse problems and to develop the capacity to solve them(Bozdemir et al., 2019).Physics education, as a fundamental component of higher learning, goes beyond the mere transmission of scientific knowledge related to physical laws and principles. It plays a significant role in cultivating problem-solving skills among students. In today’s world, which is marked by complex challenges and multifaceted problems, problem-solving ability is regarded as a key competence for success in both personal and professional life. Physics, through its analytical frameworks and logical methodologies, equips learners with the tools needed to apply these skills in a wide range of contexts(Cheng, 2024).
Problem-solving holds a central position in physics instruction. For instance, teachers often use the process of solving various problems to illustrate principles and concepts, clarify processes, and dispel ambiguities. In physics assignments, problems are typically designed to direct students’ study, facilitate the understanding of core ideas, and provide opportunities to practice the intended skills. Research indicates that students who engage in physics courses not only gain familiarity with scientific concepts but also enhance their analytical and critical thinking abilities. These cognitive skills enable them to approach problems systematically and to identify appropriate solutions to the challenges they encounter. Moreover, active and collaborative teaching strategies in physics education can significantly influence learners’ motivation and enthusiasm for learning(Ceberio et al., 2016) . Furthermore, the connection between theory and practice in physics can enhance problem-solving skills. Learners who participate in practical and experimental activities generally demonstrate greater problem-solving abilities, as these activities allow them to apply concepts in real-world contexts(Sinensis et al., 2019).
This study aims to examine the impact of physics education on learners' problem-solving skills and to analyze various dimensions of this influence. It also investigates the role of teaching methods, the interplay between theory and practice, and socio-cultural factors in this process. The ultimate goal of this research is to provide significant evidence and findings that can contribute to improving instructional methods and enhancing the quality of learning in schools. (Bozdemir et al., 2019) conducted a study entitled The Effectiveness of Problem-Solving Skills Training on Test Anxiety Among Learners in Iran. This experimental study employed a pre-test–post-test control group design. Forty female elementary school students in the second stage of education from the city of Babol, who had high test anxiety, were selected through multistage cluster random sampling. They were randomly assigned to experimental (n=20) and control (n=20) groups and responded to a test anxiety questionnaire. The experimental group received eight one-hour training sessions in problem-solving skills, while the control group received no such training. Results of the univariate covariance analysis indicated that problem-solving skills training significantly reduced test anxiety among learners. Therefore, problem-solving skills training can be considered a short-term, effective, and harmless strategy that, by targeting learners’ cognitive abilities, can empower them to cope with test anxiety(Gumisirizah et al., 2023)
(Park, 2020), investigated The Effect of Teaching Problem-Solving and Communication Skills in the Classroom on Academic Emotions of Secondary School Learners. This study followed a quasi-experimental design with a pre-test–post-test format. The statistical population included all female students in the second cycle of secondary education in Langarud city (600 students) during the academic year 2019–2020. From this population, 80 students were selected through random cluster sampling and assigned to control and experimental groups. The results showed that teaching problem-solving and communication skills in the classroom had varied effects on learners’ positive and negative academic emotions(Chen et al., 2024). The findings highlight how training in essential skills, such as problem-solving in challenging situations and effective interaction with teachers and peers, can influence the emotional dimensions of classroom learning and education. In another study titled The Effect of Robotics Education on Problem-Solving Skills in Physics Among Lower Secondary Learners in Iran, Badleh and colleagues employed a quasi-experimental, comparative scientific approach. The study population included all schools participating in the robotics educational program in Tehran. Through cluster sampling, one of Tehran's five districts was selected, and subsequently, six schools with a total of 173 students were randomly chosen. From these, 120 students were purposefully selected for the study. Data were collected using a questionnaire and analyzed with SPSS software. The findings revealed a significant and positive relationship between robotics education and learners’ problem-solving skills in physics. Additionally, no significant gender differences were observed between boys and girls regarding the impact of robotics education on their problem-solving abilities(Bozdemir et al., 2019).
Arkian and Mani’ (n.d.) conducted a study to examine the expert model of physics problem-solving among skilled and novice university students in Iran. The research was descriptive in nature, fundamental in purpose, and categorized as correlational in terms of methodology. A total of 360 students from the Department of Physics at Urmia University were selected through purposive sampling. Final-year students were classified as the skilled group, while first-year students were considered the novice group. The findings indicated that the tested model had a good fit with the collected data. Moreover, the results revealed that the model demonstrated a better fit for the skilled group compared to the novice group(Ceberio et al., 2016), conducted a study entitled The Effectiveness of a Problem-Solving Approach-Based Teaching Model on the Academic Engagement of Medical Students at Islamic Azad University, Tehran Medical Sciences Branch. This research was quasi-experimental in nature and practical in purpose. The statistical population consisted of all medical students at the Islamic Azad University, Tehran Medical Sciences Branch, totaling 5,928 individuals. From this population, 60 students were selected and assigned to experimental and control groups. The intervention group received training based on a problem-solving approach over the course of eight sessions. Data were collected using the academic engagement questionnaire developed by Zarrin. The results demonstrated that problem-solving-based instruction is one of the significant factors contributing to students’ academic engagement(Park, 2020).
Research Methodology 
To investigate the impact of physics education on students' problem-solving skills, a mixed-method research approach was employed. This study was designed using both quantitative and qualitative methods. The quantitative component involved the collection of data through standardized questionnaires and tests, while the qualitative component consisted of interviews and direct classroom observations. The target population of the study included students from various educational levels in schools located in the city of Jawzjan. Among all schools in the city of Sheberghan, the following institutions were selected for inclusion in the study: Ibn-e-Yamin High School, Molana Aznab High School, Miroys Mina High School, Ghulam Sarwar Shaheed High School, Goharshad Begum High School, Qazanchi Baba High School, and Abdul Hakim Shaheed High School. These schools were selected based on their proximity to the city center and existing professional collaboration with the researcher. Although the population of the study consisted of all students enrolled in these schools, a sample of 200 students was randomly selected using the Morgan sampling table. Additionally, interviews were conducted with 25 physics teachers to explore their perspectives on the impact of physics education on students’ problem-solving skills. The data collected from questionnaires and standardized tests were analyzed using SPSS statistical software. 
The educational intervention took place over a six-week period. Twelve instructional sessions (two sessions per week, each lasting 90 minutes) were attended by students in the experimental group during this period. These classes included group-based learning techniques, experimental assignments, and interactive exercises aimed at improving students' physics problem-solving abilities. The tests before and after the event included both objective and subjective questions. Each test had 15 multiple-choice questions and 5 open-ended problems that were all about physics ideas and how they are used. Researchers made these tests based on what they wanted to teach and then two experts in curriculum design and physics instruction looked them over and confirmed that they were good. Activity-based learning, collaborative learning, and combining theory with practice through lab experiments were all used in the experimental group in a planned way. These strategies were used all the time during the intervention. For example, the first two weeks were all about group work to get students involved. In weeks three to five, hands-on experiments like measuring speed and acceleration were the main focus. In the last week, we combined theoretical and practical activities to work on advanced physics problems.

Theoretical Foundations Related to the Problem Statement
1. Social Learning Theory:
Social learning theory, particularly as proposed by (Bozdemir et al., 2019), emphasizes the principle that learning occurs through observation and interaction with others. In the context of physics education, this theory suggests that the acquisition of physics concepts and problem-solving skills can be influenced by the social environment and interactions with teachers and classmates. In other words, students enhance their abilities by observing how others approach and solve problems.
2. Cognitive Theories: 
Cognitive theories, particularly those of Piaget and Vygotsky, emphasize the role of mental processes in learning. Piaget (1970) argues that learning occurs through distinct cognitive stages and that learners must actively engage in the learning process. (Gumisirizah et al., 2023), on the other hand, highlights the importance of social interaction and the “zone of proximal development,” where learners can acquire new skills with the assistance of others. In physics education, these theories help explain how hands-on and experimental activities can strengthen students’ problem-solving abilities(Ceberio et al., 2016).
3. Problem-Solving Theories: 
Various theories have been proposed in the field of problem-solving. For example, the theory of “problem-solving as a process,” proposed by(Ceberio et al., 2016) , identifies distinct stages in problem-solving: understanding the problem, devising a plan, executing the plan, and evaluating the solution. These stages can be effectively applied in physics instruction to guide students in systematically solving complex problems.
4. Impact of Teaching Methods: 
Research has shown that active teaching methods such as cooperative learning and group-based problem solving have a positive effect on both physics learning and problem-solving skills(Ceberio et al., 2016). These methods allow learners to engage actively in the learning process and benefit from each other’s experiences(Gumisirizah et al., 2023).
5. Social and Cultural Factors: 
Social and cultural factors also influence the learning of physics and the development of problem-solving skills. Studies suggest that family environment, educational culture, and social expectations directly affect students’ motivation and enthusiasm toward learning physics(Larkin & Reif, 1979).
Physics education, as a fundamental component of the educational system, not only facilitates the transmission of scientific knowledge but also plays a crucial role in enhancing students’ problem-solving abilities. In this regard, previous research has explored various dimensions of how physics education impacts students’ cognitive development and practical skills in solving problems (Koto et al., 2025).
The Impact of Physics Education on Analytical Abilities 
Studies have shown that physics education helps learners enhance their analytical skills.(Koto et al., 2025) , in his research, concluded that learners who had participated in physics courses exhibited a greater ability to analyze complex problems and apply logical strategies for solving them(Alsalhi et al., 2024).
Active Teaching Methods 
The research conducted by (Ceberio et al., 2016) demonstrates that the use of active teaching methods, such as cooperative learning, can significantly improve problem-solving skills among learners. These methods enable students to engage actively in the learning process and strengthen their problem-solving capabilities.
Theory-Practice Connection 
(Koto et al., 2025), in their study, showed that when learners are given the opportunity to apply physical concepts in real and practical contexts, their problem-solving abilities are significantly enhanced. This research highlights the importance of integrating theory with practice.
The Impact of Social Factors 
(Koto et al., 2025)examined the role of social factors in physics learning and emphasized that the social and cultural environment can influence learners' motivation and enthusiasm for learning physics and developing problem-solving skills. The study indicates that physics education should be designed with consideration for learners’ sociocultural backgrounds.
The Effect of Physics Education on Critical Thinking 
Research by McLean et al. (2016) indicates that physics education can contribute to the enhancement of critical thinking among learners. They emphasized that students who have taken physics courses show a higher capacity to evaluate and analyze information, which in turn positively impacts their problem-solving skills.
The Role of Technology in Physics Education
 (Gumisirizah et al., 2023) explored the impact of modern educational technologies on physics learning and demonstrated that using digital tools and educational software can help improve learners’ problem-solving abilities. This study underscores the importance of integrating technology into the educational process(Chen et al., 2024).


Result and Discussion: 
Analysis In response to the research questions and based on pre-defined evaluation criteria, the subjects of this study will be analyzed and interpreted in the tables below.

Table 1: Score Distribution of Students in Problem-Solving Examinations
	Group
	Average Score
	Standard Deviation
	Minimum Score
	Maximum Score

	Control group
	65
	10
	50
	85

	Test Group
	75
	12
	55
	90


The average score in the control group was 65, indicating that the learners in this group achieved relatively moderate scores in problem-solving exams. In the experimental group, the average score was 75, reflecting better performance by the learners in this group and suggesting that the specific instructions they received had a positive impact on their problem-solving skills. The standard deviation in the control group was 10, which indicates a relatively moderate variation in the scores of this group. This means that the scores of some learners deviated significantly from the average. In the experimental group, the standard deviation was 12, showing greater variability in scores compared to the control group. This could imply that some learners in the experimental group were strongly influenced by the instructions and achieved higher scores. Therefore, based on the data, it can be concluded that the instruction provided to the experimental group positively affected their problem-solving skills, as evidenced by the higher average scores in this group compared to the control group. Additionally, the increase in the maximum score and the decrease in the minimum score in the experimental group indicate an overall improvement in the performance of learners in this group.
Table (2): Results of Independent t-test Between Groups
	Group
	Number of Participants
	Average Score
	Standard Deviation
	p-value
	Test Statistic

	Control group
	100
	65
	10
	-4.25
	0.0001

	Test Group
	100
	75
	12
	
	



To compare the scores of learners in the two groups (control group and Test Group), an independent t-test was conducted. The Average Score  of the control group was 65, while the Average Score of the Test Group was 75. This difference indicates the superior performance of the Test Group in problem-solving tests. The t-test statistic was -4.25, which demonstrates a significant difference between the two groups.
Table (3): Results of the Correlation Analysis Between Test Scores and Questionnaire Responses
	Variable
	Correlation Coefficient
	p-value

	Problem-Solving Test Score
	0.67
	0.01>

	Questionnaire Score
	0.82
	0.02>


The p-value indicates that the likelihood of this correlation having occurred by chance is very low. Typically, if the p-value is less than 0.05, the relationship is considered statistically significant. In this case, given the very low p-value, it can be concluded that there is a meaningful correlation between the problem-solving test scores and the questionnaire scores.
Table (4) Themes extracted from interviews
	Topic
	Number of References
	Explanation

	Impact of Practical Activities
	15
	The majority of students highlighted the beneficial impact of hands-on activities.

	Teaching Methods
	12
	Cooperative and group-based techniques were introduced as the most efficient methods.

	Challenges
	10
	Some students pointed to the challenges of solving complex problems


Table 5 presents the themes extracted from the interviews. Regarding the impact of practical activities, it shows that in the interviews, the positive influence of practical activities on physics learning was mentioned 15 times. This highlights the importance of experiential learning and hands-on activities in strengthening problem-solving skills. Learners feel that practical activities help them better understand concepts and, therefore, are more interested in this type of learning. Regarding teaching methods, the table indicates that collaborative and group methods were introduced as the most effective approaches in physics education. These findings demonstrate that learners enjoy group learning and interaction with classmates, and these methods contribute to improving their understanding of physical concepts and problem-solving skills.
Table 5: Comparison of Pre- and Post-Instruction Scores in the Experimental Group
	Time
	Average Score
	Standard Deviation
	Number (of Participants)

	Pre-Instruction
	66
	11
	100

	Post-Instruction
	75
	12
	100


Table 5 demonstrates a significant improvement in students’ scores on problem-solving tests observed after the instructional intervention. The increase in the mean score, along with changes in the standard deviation, indicates a positive impact of the instruction on students’ problem-solving abilities. These findings may serve as a basis for educational recommendations aimed at enhancing physics teaching methods and strengthening students' problem-solving skills. To make sure the tools were reliable, Cronbach's alpha coefficients were figured out. The problem-solving skills questionnaire had an alpha value of 0.81, and the standardized test had an alpha value of 0.78. This means that both tests had good internal consistency. Three experts in the field of physics education looked at both tools and said they were valid in terms of content and face validity.







Conclusion
The present study investigated the impact of physics instruction on students’ problem-solving skills. The results obtained from both quantitative and qualitative analyses demonstrated a positive influence of the instructional interventions on improving students’ problem-solving abilities. Specifically, findings revealed a statistically significant increase in students’ average scores on problem-solving tests following instruction. The mean score in the experimental group increased from 66 to 75, indicating the effectiveness of the implemented teaching strategies, particularly hands-on activities and collaborative learning methods. Interview data with both students and teachers further highlighted the crucial role of practical activities in learning physics. Many students emphasized the positive impact of these activities on their conceptual understanding and enhancement of problem-solving skills. These findings underscore that experiential learning not only facilitates deeper understanding of scientific concepts but also fosters motivation and engagement among learners. Despite the observed improvements, some students continued to face difficulties when solving complex problems. This underscores the need for educational programs to address these challenges by developing appropriate strategies to support such learners. Identifying individual weaknesses and specific needs can lead to more tailored instruction and skill development. Overall, the findings indicate that active and participatory teaching methods are regarded as the most effective approaches in physics education. Teachers are encouraged to incorporate these methods into their instructional practices to enhance student engagement and motivation. Additionally, providing professional development for teachers in modern pedagogical strategies can contribute significantly to improving the quality of physics education.
Recommendations 
School teachers and educational planners are encouraged to focus on the development and implementation of problem-based learning (PBL) strategies. Furthermore, creating interactive and collaborative learning environments can significantly enhance students’ problem-solving skills. Ultimately, this study underscores the importance of integrating modern instructional methods and hands-on activities in the teaching of physics, while also addressing learners’ individual needs and the challenges they encounter during the learning process. The findings of this research can serve as a foundation for future studies aimed at optimizing teaching methodologies and improving problem-solving competencies in other subjects as well. Given the rapid changes in technology and the growing need for problem-solving skills in everyday life, this issue gains even greater relevance and demands continued attention and further research.
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