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Abstract Physical Sciences teachers in academically disadvantage communities and                     under-resourced South African schools often face systemic barriers, including limited access to subject-specific professional development, inadequate teaching resources, and insufficient pedagogical support. These constraints contribute to persistent teacher-centred practices that limit learners’ conceptual and procedural understanding. This paper reports on a targeted professional development initiative led by the Department of Physics and Astronomy at the University of the Western Cape, designed to strengthen both content knowledge and pedagogical practice among Physical Sciences teachers. The programme focused on mechanics and employed a combination of short courses, interactive workshops, collaborative lesson planning, and the promotion of learner-centered strategies such as Modeling Instruction. Data collected through pre- and post-tests, teachers’ perceptions survey, demonstrate significant improvements in teachers’ content knowledge, confidence, and classroom practice. The findings highlight the transformative potential of practice-based, contextually responsive professional development in advancing the quality of Physical Sciences education in South African schools.
Introduction
Access to quality education is a fundamental right for all learners, yet many schools in disadvantaged communities—particularly in academically disadvantage communities and under-resourced schools—continue to face challenges in delivering high-quality Science, Technology, Engineering, and Mathematics (STEM) education. These challenges often stem from limited infrastructure, scarce resources, and a shortage of qualified and confident teachers, particularly in the physical sciences. Research highlights that traditional, teacher-centered pedagogies still dominate many science classrooms [1]. In this model, knowledge is transmitted by the teacher, while learners just sit and listen without actively taking part in the lesson. The emphasis is typically placed on rote learning and preparing for high-stakes examinations, instead of helping learners make sense of the work, solve problems, think for themselves, or explore how science works. As a result, learners often fail to grasp the nature of scientific knowledge construction, leading to low engagement, negative attitudes toward STEM subjects, in particularly physical sciences and poor academic performance. Compounding this issue is the limited content knowledge and pedagogical confidence of many physical sciences teachers [2]. Without the necessary training and support, teachers may avoid teaching challenging topics, lack enthusiasm, and struggle to create meaningful and engaging learning experiences for their learners. These gaps directly affect learner outcomes and limit the country’s ability to prepare youth for participation in the 4th Industrial Revolution. To address these issues, the University of the Western Cape (UWC) has committed itself to transformative education through its Institutional Operational Plan (IOP), which recognizes the university’s role in uplifting surrounding communities through human capital development. Within this framework, the UWC-STREAME (Science, Technology, Reading, Engineering, Arts, Mathematics, and Entrepreneurship) programme was developed as a multi-faculty initiative to holistically support learners and teachers in key academic disciplines such as mathematics and physical sciences. Central to this initiative is the Department of Physics and Astronomy’s Teacher Training and Development Programme in the natural and physical sciences and mathematics, a targeted professional development strategy under the STREAME umbrella. This programme specifically aims to transform the teaching of physical sciences by equipping teachers with stronger content knowledge and pedagogical skills. Through structured shorth course, workshops, mentoring, and classroom-based support, the programme empowers teachers to approach mathematics and physical sciences education with greater confidence, creativity, and competence. By investing in the professional growth of physical sciences teachers, this initiative seeks not only to improve teaching quality but also to increase learners’ interest, participation, and success in science-related subjects. Ultimately, this targeted professional development approach contributes to building a more scientifically literate society and unlocking future career pathways in STEM for South Africa’s youth. It is essential to evaluate the impact of this project on teachers’ content knowledge, pedagogical practices, and their overall confidence and competence in teaching the STEM subject, particularly physical sciences.
2.  Background and Literature Review
South Africa faces persistent challenges in the teaching and learning of Mathematics and Physical Sciences, particularly in under-resourced and academically disadvantaged schools. These challenges are deeply rooted in historical inequalities, systemic infrastructure deficits, and a shortage of well-trained and confident teachers. The implications of this crisis are far-reaching: unless addressed, the country will struggle to produce the STEM-capable graduates needed to compete in the global economy and the Fourth Industrial Revolution [4].
Research has consistently shown that the quality of teaching is a major factor influencing learner achievement in Physical Sciences [5]. In many South African classrooms, teacher-centered instruction dominates, where content is delivered through rote methods with limited engagement or conceptual understanding [6]. Learners are often passive recipients of information, and classroom practices rarely promote critical thinking, inquiry-based learning, or problem-solving. As a result, learners struggle to make sense of scientific ideas, leading to poor performance, low confidence, and declining interest in Physical Sciences.
Compounding the issue is the inadequate content knowledge and pedagogical competence of many teachers in Natural and Physical Sciences [7]. Studies have revealed that many teachers lack confidence in teaching core Physics topics and often avoid them altogether [8]. These gaps in teacher expertise hinder effective curriculum delivery and reduce opportunities for learners to develop foundational skills for STEM careers.
Poor learner outcomes in national and international assessments reflect these challenges. South Africa ranked second last globally in the quality of Mathematics and Science education according to the 2013 World Economic Forum Global Information Technology Report. Similarly, the Trends in International Mathematics and Science Study (TIMSS) results from 1995 to 2003 consistently categorized South African learners as scientifically illiterate. A national survey by the Department of Education in 2004 found that over half of Intermediate Phase learners did not achieve the expected outcomes in Natural Sciences, with the lowest average scores in Earth and Beyond (31%) [8]. Gallagher [9] rightly observed that scientifically literate teachers are essential to meeting society’s expectations for science education. Without strong teacher content knowledge, meaningful scientific iteracy among learners remains out of reach.
To address these challenges, there is growing consensus that sustained, targeted professional development for teachers is essential. According to Campbell [10], factors contributing to underachievement in science include poor teacher preparation, contextual inequality, and a lack of ongoing support structures such as professional learning communities (PLCs). Well-designed professional development programmes can build teachers’ capacity, confidence, and pedagogical effectiveness, particularly when they are subject-specific and contextually relevant [10].
The University of the Western Cape (UWC), through its Institutional Operational Plan (IOP), has prioritized community engagement and human capital development as part of its strategic mission. In line with this commitment, the UWC-STREAME (Science, Technology, Reading, Engineering, Arts, Mathematics, and Entrepreneurship) programme was launched to provide holistic support to teachers and learners in key academic disciplines such as mathematics and physical sciences. Within this multi-faculty initiative, the Department of Physics and Astronomy has introduced a Teacher Training and Development Programme focused on Natural and Physical Sciences and Mathematics. This programme aims to transform the teaching of Physical Sciences by equipping teachers with robust content knowledge and research-based pedagogical strategies. Through short courses, workshops, mentoring, and classroom-based coaching, teachers are supported to deliver the curriculum with greater confidence, creativity, and competence. Particular emphasis is placed on the integration of Modeling Instruction (MI)—an inquiry-based approach widely used in the United States—to promote active learning, scientific reasoning, and teacher-led resource development. By addressing the critical gaps in teacher knowledge and classroom practice, this initiative seeks to improve learner outcomes and increase interest in Physical Sciences—both of which are essential for meeting the Department of Basic Education’s target of 450,000 science-based degree candidates by 2030. Professional development is not only central to this transformation but also reflects the core of the Department’s National Strategy for Mathematics, Science, and Technology [11]. 
This paper reports on the impact of a short course in mechanics, delivered as part of a targeted professional development programme, on Physical Sciences teachers’ content knowledge, teaching practices, and confidence in delivering the mechanics component of the Further Education and Training (FET) Physical Sciences curriculum.How did the mechanics course impact teachers’ content knowledge. The Research Questions:
-	How did the mechanics affect teachers’ understanding of key mechanics concepts (content knowledge)?
-	In what ways did the course influence their teaching practices and confidence in teaching mechanics?
Rewrite the method section to answers the The Research Questions:
-	How did the mechanics affect teachers’ understanding of key mechanics concepts (content knowledge)?
-	In what ways did the course influence their teaching practices and confidence in teaching mechanics?:
3.  Methodology
To address the research questions, this study employed a mixed-methods approach, integrating both quantitative and qualitative data to assess the impact of a short mechanics course on teachers’ content knowledge, teaching practices, and confidence.
Participants and Programme Overview
	The study focused on a cohort of ten Physical Sciences teachers from disadvantage academically communities and underresourced secondary schools participating in the Detarment of physics and Astronomy Teacher Development Programme. The mechanics course was delivered over a single school term (approximately three months), with six hours of contact time per week. The programme introduced Modeling Instruction, which was collaboratively adapted to align with CAPS requirements. Teachers were actively encouraged to engage in classroom discussions, think critically, and do physics by using multiple representations to enhance conceptual understanding and learning. During problem-solving activities, teachers were guided to choose appropriate representations suited to the specific problem at hand. For example, when solving problems related to Newton’s laws of motion, they were encouraged to use tools such as pictorial representations, vector diagrams, free-body diagrams, and relevant mathematical equations. Teachers were actively engaged in lessons and supported in designing learner-centered lesson plans using Modeling Instruction strategies, such as multiple representations and problem-solving approaches from current Physics Education research.
Data Collection Instruments
Pre- and Post-Intervention Diagnostic Tests. A standardized diagnostic test covering key concepts in mechanics was administered at the start and near the end of the course to assess changes in teachers’ content knowledge. Additionally, a final competency test was conducted on the last day to evaluate teachers’ overall understanding and application of mechanics concepts after the intervention.
Teacher Perception Survey
A close-ended Likert-scale questionnaire was administered during the final week of the course. The survey explored teachers’ perceptions of the course, their confidence in teaching mechanics, and the perceived influence of the programme on their classroom practices.
Data Analysis
Quantitative Data (Diagnostic and Competency Tests, Likert Survey):
  Descriptive statistics (mean scores, percentage improvements, and standard deviations) were used to measure changes in content knowledge from the pre- to post-test and final test. Comparative analyses, such as paired sample t-tests, may be employed (if sample size permits) to determine the statistical significance of changes in performance. Survey responses were analysed by calculating frequencies, percentages, and mean response values for each item to identify general trends in teacher perceptions and confidence levels.
Ethical Considerations
 Ethical clearance was granted by the University of the Western Cape’s Research Ethics Committee. All participating teachers provided informed consent. Anonymity and confidentiality were maintained throughout the data collection and reporting process.

4. Results  
Pre-and Post-test results 
To monitor teachers’ mastery of the content delivered in the Mechanics course, a diagnostic test was developed and administered at both the beginning (pre-test) and end (post-test) of the programme. The test assessed key mechanics topics, including vectors in two dimensions, Newton’s laws of motion, momentum, and energy. The tests consisted of five multiple-choice questions and five structured (long) questions, each targeting conceptual understanding and application of the above topics. While the pre-test solutions were not discussed with the participants’, targeted feedback was provided during the teaching of each topic to address common misconceptions and errors observed in the responses of pre-test when answering similar questions. The table 1 below compares the average marks scored by students in pre-test and post-test across four topics: Vectors in 2-dimensions, Newton's laws, Momentum, and Energy.

Table 1 Compares the average marks scored by students in pre-test and post-test across four
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The table 2 below compares the average marks scored by teachers in pre-test and post-test
	Name and Surname
	Pre-test
	Post -test

	Teacher 1
	70%
	78%

	Teacher 3
	33%
	78%

	Teacher 4
	70%
	80%

	Teacher 5
	78%
	97%

	Teacher 6
	33%
	61%

	Teacher 7
	73%
	97%

	Teacher 8
	31%
	83%

	Teacher 9
	33%
	85%

	Teacher 10
	80%
	83%



Overall, all teachers showed improvement in performance from pre-test to post-test. The largest gains were observed with Teacher 8 and Teacher 9 (52% each), starting from the lowest pre-test scores (31% and 33%). Teacher 10 had the smallest improvement (3%), starting from a high pre-test score of 80%. Teachers with lower initial scores (e.g., Teacher 3, 6, 8, 9) generally showed more significant percentage increases, suggesting effective teaching interventions.
Table 3 Perception’s survey questions and responses summarized
	3
	Responses 

	1. On a scale of 1–5, how confident are you in your content knowledge after the mechanics course
	90% of teachers felt very confident

	2.To what extent do you feel that mechanics course dee9pened your understanding of the subject matter you teach?
	100% of the teachers felt that the course has deepened their understanding.

	3. How would you rate your ability to explain complex concepts to students after the mechanics’ course?
	90% of teachers felt very confident

	4. After the mechanics course, how often do you incorporate learner-centered activities?
	80% of the teachers said they do now include always learner-centered activities  in their teaching

	5. On a scale of 1–5, how effective do you find MI as a teaching approach for engaging learners in learning?
	90% said that it is very effective to engage learners in their learning.



The results show:
Improved Content Knowledge and Pedagogical Skills: The course appears to have significantly improved teachers' confidence (Q1 & Q3) and conceptual understanding (Q2). This indicates the course effectively met its goals of content mastery and pedagogical enhancement.
Effective Implementation of Learner-Centered Approaches: With 80% of teachers always using learner-centered strategies post-course, this suggests a meaningful shift in instructional practice toward more interactive, student-focused teaching.
Modeling Instruction Perceived as Effective: A large majority (90%) perceive MI as highly effective in engaging learners, reinforcing the value of MI-based training for improving classroom participation and conceptual understanding.
Overall the perception survey seems to indicate that the course significantly enhanced teachers' confidence, understanding, and teaching practices.
5. Limitations and Future Research
This study has several limitations that should be acknowledged. Most notably, the small sample size limits the generalisability of the findings. While teachers reported increased confidence and improved understanding, only 80% indicated that they consistently implement learner-centered strategies in their classrooms. This suggests that challenges in implementation may persist, potentially due to factors such as classroom constraints (e.g., time limitations, large class sizes), limited access to resources, or the need for further support and practice in applying Modeling Instruction (MI).
Despite these limitations, the project opens up promising avenues for future research. Expanding the study to include a larger and more diverse group of teachers could provide deeper insights into the long-term impact of professional development on teaching practices. Such research would be particularly valuable in understanding how targeted interventions like this can support the transformation of Physical Sciences teaching in South African classrooms.
6. Conclusions
The survey data further support these findings, revealing enhanced confidence, deeper conceptual understanding, and improved ability to explain complex concepts. Moreover, the majority of teachers reported consistently adopting learner-centered strategies in their teaching, and a large proportion found Modeling Instruction (MI) to be highly effective in engaging learners. These outcomes indicate not only improved subject mastery but also meaningful shifts in teaching practice aligned with contemporary pedagogical approaches.
In summary, the course succeeded in strengthening both the content and pedagogical knowledge of Physical Sciences teachers. The results underscore the potential of targeted, practice-based professional development—such as that offered through Modeling Instruction—to transform teaching and learning in South African classrooms.
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