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ANALYZING THE PHYSICS LEARNING ENVIRONMENT FOR VISUALLY IMPAIRED STUDENTS IN INCLUSIVE SECONDARY SCHOOLS: EVIDENCE FROM ZOMBA DISTRICT, MALAWI

Abstract
Inclusive education remains a global priority; however, subject-specific challenges persist, particularly in science disciplines such as physics. This study examined the physics learning environment for visually impaired students in inclusive secondary schools in Zomba District, Malawi, using a mixed-methods research design. A total of 34 participants were involved, including 30 students and 4 physics teachers. Only student data (N = 30) were included in the quantitative analysis, while teacher data were analysed qualitatively. The findings revealed significant differences in learning outcomes between visually impaired and sighted students, with sighted students performing better (t(28) = -2.14, p = .041). Learning outcomes also varied significantly across age groups (F(2, 27) = 3.87, p = .033). Access to resources was significantly associated with gender (χ² = 3.92, p < .05). Correlation analysis indicated moderate positive relationships among access to resources, teacher support, student engagement, and learning outcomes, with student engagement showing the strongest association (r = .53). Multiple regression analysis identified teacher preparedness as the strongest predictor of learning outcomes (β = .36), followed by assistive technology and access to resources, with the model explaining 34% of the variance. Qualitative findings highlighted key challenges, including limited access to tactile learning materials, inadequate assistive technologies, insufficient teacher training, and barriers in conducting laboratory experiments. However, the use of multi-sensory teaching approaches was found to enhance student engagement and participation. The study concluded that although inclusive education policies exist, their implementation in physics classrooms remains inadequate. It recommends targeted investment in teacher training, assistive technologies, and accessible instructional materials to improve learning outcomes. These findings contributed to the advancement of inclusive STEM education in low-resource contexts.
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INTRODUCTION
Physics education plays a fundamental role in developing scientific literacy and critical thinking skills necessary for understanding the natural world. However, the subject heavily relies on visual representations such as diagrams, graphs, and experiments, which pose challenges for visually impaired students. Inclusive education aims to address such disparities by ensuring that all learners, regardless of physical conditions, have equal access to quality education.
Despite global commitments to inclusive education, there is limited research focusing specifically on the physics learning environment for visually impaired students in inclusive secondary schools. Most existing studies address general educational challenges without considering subject-specific barriers, particularly in science disciplines.
Visually impaired students often face difficulties in accessing and manipulating instructional materials, participating in laboratory activities, and understanding abstract concepts presented visually. These challenges are compounded by insufficient teacher training, a lack of assistive technologies, and limited institutional support.
This study seeks to bridge this gap by analysing the physics learning environment for visually impaired students in inclusive secondary schools in Zomba District, Malawi. It focuses on identifying key challenges, evaluating existing support systems, and proposing strategies to improve inclusivity in physics education.
Research Objectives
The main objective of this study is to analyse the physics learning environment for visually impaired students in inclusive secondary schools.
Specific objectives include:
1. To identify the challenges faced by visually impaired students in learning physics. 
2. To examine the support systems available for visually impaired students. 
3. To propose strategies for improving the physics learning environment. 
Theoretical Framework
This study is grounded on three key theories that explain how to create inclusive learning environments for visually impaired students in physics education: Universal Design for Learning (UDL), Constructivist Learning Theory, and Social Inclusion Theory.
Universal Design for Learning (UDL)
Universal Design for Learning (UDL), developed by the Centre for Applied Special Technology (CAST), with key contributions from Rose and Meyer, provides a framework for designing instructional environments that accommodate diverse learners. The framework is grounded in cognitive neuroscience and emphasises the design of instructional environments that accommodate diverse learners through multiple means of representation, engagement, and expression (CAST, 2018).
UDL promotes flexibility in teaching methods and materials to ensure accessibility for all learners, including those with visual impairments. In physics education, this involves the use of tactile diagrams, audio resources, and assistive technologies to present abstract concepts in accessible formats. Recent studies highlight the increasing importance of UDL in supporting inclusive STEM education (Al-Azawei et al., 2016).
In the context of physics education, UDL supports the use of tactile diagrams, audio resources, and assistive technologies to present abstract concepts in accessible formats. This aligns with findings by Datta et al. (2020), who highlight the importance of assistive technologies in enhancing STEM learning for visually impaired students. UDL is particularly relevant to this study as it advocates for proactive design of inclusive learning environments rather than reactive accommodations.
Recent reviews of Universal Design for Learning highlight its growing relevance in inclusive education, particularly in supporting learners with disabilities in STEM disciplines (Al-Azawei et al., 2016).
Constructivist Learning Theory
Constructivist Learning Theory is primarily associated with Jean Piaget (1972) and Lev Vygotsky (1978). Piaget focused on how learners construct knowledge through individual cognitive development, while Vygotsky emphasised the social nature of learning through interaction and the Zone of Proximal Development.
This theory suggests that learners actively construct knowledge through experience and engagement with their environment. In physics education, this highlights the importance of hands-on learning and experimentation. For visually impaired students, this requires adapting instructional approaches to include tactile and auditory experiences to support active learning.
In physics education, this theory underscores the importance of laboratory experiments and experiential learning. However, visually impaired students often face barriers in participating in such activities due to their visual nature. Adaptations such as tactile and auditory-based experiments are necessary to ensure that these students can actively construct knowledge (Sasao, 2015). This theory supports the study’s emphasis on adapting teaching strategies to promote active participation.
Social Inclusion Theory
Social Inclusion Theory is rooted in sociological perspectives on equity and has been widely advanced by international organisations, including UNESCO (2008). The theory emphasises the removal of barriers that prevent individuals from fully participating in education and society.
In the context of inclusive education, Social Inclusion Theory highlights the importance of ensuring equal access to learning resources, supportive teaching practices, and an inclusive classroom environment. This is particularly relevant for visually impaired students, who may face systemic barriers that limit their participation in physics education.
In inclusive education, this theory highlights the importance of creating learning environments where all students feel valued and supported. The lack of accessible materials and trained teachers can lead to the exclusion of visually impaired students, even in inclusive settings. Engelbrecht et al. (2013) argue that successful inclusion requires both structural support and positive attitudes from educators.
Together, these theories provide a comprehensive foundation for understanding the challenges and opportunities in creating inclusive physics learning environments.
Conceptual Framework
The conceptual framework for this study illustrates the relationship between key variables influencing the physics learning environment for visually impaired students.
FIGURE 1. Conceptual Framework of the Study

[image: ]
Explanation of the Conceptual Framework
The study conceptualises how independent variables influence dependent variables, while intervening variables affect the strength and direction of these relationships. Specifically, the independent variables include teacher preparedness, availability of assistive technologies, access to instructional resources, and inclusive teaching strategies. These factors are considered essential in shaping the effectiveness of the physics learning environment for visually impaired students.
The dependent variables in this study are student engagement and learning outcomes in physics. These outcomes reflect the extent to which students are able to participate actively in learning and achieve academic success.
In addition, the relationship between the independent and dependent variables is influenced by intervening variables such as school infrastructure, institutional support, and policy implementation. These factors may either enhance or hinder the effectiveness of inclusive practices in the classroom.
The framework assumes that improved teacher preparedness, adequate provision of assistive technologies, and increased access to instructional resources contribute to higher levels of student engagement and improved learning outcomes. However, the extent of this impact depends on the presence of supportive institutional conditions and adequate infrastructure.
This conceptualisation is supported by previous studies, which indicate that access to resources and teacher support significantly influence student engagement and academic performance (Datta et al., 2020; Rosenblum et al., 2013).
LITERATURE REVIEW
This section reviews existing literature on the physics learning environment for visually impaired students in inclusive secondary schools. It focuses on three key areas: (1) challenges faced by visually impaired learners in physics, (2) support systems and accommodations, and (3) the effectiveness of inclusive physics learning environments. In addition to summarising existing studies, this review critically examines their limitations and highlights gaps, particularly the limited focus on subject-specific challenges in physics education within low-resource contexts.
Challenges Faced by Visually Impaired Students in Learning Physics
Physics is inherently a visually intensive subject that relies heavily on diagrams, graphs, experiments, and demonstrations. For visually impaired students, this creates significant barriers to learning and participation. One of the most commonly cited challenges is limited access to visual information. Rule et al. (2011) note that visually impaired students often struggle to interpret graphical representations and diagrams, which are essential for understanding many physics concepts. However, much of this research is based on generalised science education contexts, with limited focus on the unique demands of physics as a discipline.
In addition, the lack of tactile instructional materials further complicates learning. Tactile resources such as raised diagrams, models, and manipulatives are essential for translating abstract concepts into accessible formats. Rosenblum et al. (2013) emphasise their importance in enhancing conceptual understanding. Nevertheless, their study was conducted in relatively well-resourced educational environments, which may limit the applicability of these findings to low-resource settings such as Malawi, where such materials are often scarce. This suggests a contextual gap in the literature regarding the feasibility of implementing these strategies in developing countries. Recent studies further indicate that visually impaired students in STEM subjects face persistent barriers related to inaccessible instructional materials and limited participation in practical activities, which negatively affect conceptual understanding and academic performance (Smith & Smothers, 2021; Moon et al., 2020).
Laboratory activities also present a major challenge. Physics experiments typically require visual observation, measurement, and interpretation of results. Sasao (2015) argues that visually impaired students face significant difficulties in independently conducting experiments, particularly when appropriate adaptations are not provided. While this study highlights important barriers, it provides limited insight into how these adaptations can be sustainably implemented in under-resourced schools, leaving a gap in practical application.
Furthermore, inaccessible instructional materials, such as textbooks that are not available in braille, large print, or digital formats, pose an additional barrier. Rosenblum et al. (2013) highlight that without accessible materials, visually impaired students experience significant disadvantages in accessing academic content. However, existing studies tend to focus more on availability rather than the quality and usability of these materials, which are equally critical for effective learning.
These challenges are further compounded by limited teacher preparedness. Falcão and Martins (2020) argue that many educators lack the training and pedagogical skills required to effectively support visually impaired learners in science classrooms. While this highlights an important issue, there is limited empirical evidence examining how teacher preparedness specifically affects learning outcomes in physics, indicating a need for more subject-specific research.
Support Systems for Visually Impaired Students in Physics Education
To address these challenges, various support systems and accommodations have been developed to enhance accessibility and participation in physics education. One of the most significant support mechanisms is the use of assistive technologies. Tools such as screen readers, optical character recognition (OCR) software, and refreshable braille displays enable visually impaired students to access digital learning materials effectively (Datta et al., 2020). However, these technologies often require substantial financial investment and technical support, which may not be readily available in low-income educational settings, raising concerns about their scalability and sustainability.
Emerging research emphasises that inclusive STEM environments require not only assistive technologies but also intentional instructional design that accommodates diverse learning needs (Burgstahler, 2020). This includes integrating accessibility features into curriculum design rather than treating them as add-ons.
In addition, tactile learning materials play a crucial role in facilitating understanding. Tactile diagrams, 3D models, and raised-line drawings allow students to explore physical concepts through touch, thereby compensating for the lack of visual input (Rosenblum et al., 2013). While their effectiveness is well-documented, there is limited research on locally adaptable and cost-effective alternatives that can be implemented in resource-constrained environments, highlighting another gap in the literature.
Adaptations in laboratory activities are also essential. Sasao (2015) suggests that inclusive laboratory practices may involve the use of auditory instructions, tactile feedback, and alternative sensory approaches such as sound or vibration. Although these adaptations are promising, their practical implementation often depends on teacher expertise and institutional support, which vary significantly across contexts. This indicates that the success of such strategies is highly context-dependent.
Moreover, the provision of accessible instructional materials remains critical. Datta et al. (2020) highlight that materials available in multiple formats, such as braille, large print, and digital text, significantly improve students’ engagement with academic content.
However, the literature largely overlooks the challenges associated with producing and distributing these materials in developing countries, where infrastructural and logistical barriers are common.
Teacher support and training also form an essential component of effective support systems. Engelbrecht et al. (2013) argue that teachers who are trained in inclusive education are better equipped to adapt instructional strategies and create supportive learning environments. Despite this, there is limited empirical research linking teacher training directly to improved learning outcomes in physics, suggesting a need for further investigation.
Effectiveness of the Physics Learning Environment for Visually Impaired Students
The effectiveness of the physics learning environment for visually impaired students largely depends on the availability and implementation of appropriate support systems. Research indicates that when inclusive practices are effectively implemented, visually impaired students can achieve meaningful learning outcomes in physics.
For instance, Rosenblum et al. (2013) found that students who were provided with tactile materials, accessible resources, and hands-on learning opportunities demonstrated improved understanding of physics concepts and increased participation in classroom activities. However, their study was conducted in well-resourced educational settings, which may limit the applicability of these findings to low-resource contexts such as Malawi, where access to such materials remains constrained.
Similarly, Datta et al. (2020) report that teacher training in inclusive education significantly enhances students’ engagement and academic performance. While this finding is important, the study does not sufficiently address how such training can be adapted to subject-specific contexts like physics, where teaching requires specialised pedagogical approaches.
Furthermore, Sasao (2015) emphasises the importance of multi-sensory teaching approaches, suggesting that integrating tactile, auditory, and interactive learning experiences can enhance inclusivity. However, the effectiveness of these approaches is often influenced by contextual factors such as resource availability and institutional support, which are not consistently addressed in existing studies.
Olaya-Castro and Barba-Mazairac (2017) argue that collaboration among teachers, support specialists, and policymakers is essential for the successful implementation of inclusive education. While this perspective highlights the importance of systemic support, there is limited empirical evidence demonstrating how such collaboration directly impacts student learning outcomes in physics classrooms.
Recent evidence suggests that well-designed inclusive learning environments significantly enhance both engagement and achievement among students with disabilities, particularly when accessibility is embedded into teaching practices (Moon et al., 2020; Smith & Smothers, 2021).
Despite these positive findings, significant gaps remain. Many studies are conducted in high-resource environments and may not fully reflect the realities of schools in developing countries. This limits the generalizability of their findings and underscores the need for context-specific research.
Summary of Literature Gap
Although existing literature provides valuable insights into inclusive education, there is a noticeable lack of research specifically focused on the physics learning environment for visually impaired students in inclusive secondary schools, particularly in low-resource contexts. Most studies address general educational challenges without adequately considering subject-specific barriers in physics.
Additionally, there is limited empirical evidence linking key factors such as teacher preparedness, assistive technologies, and access to resources directly to learning outcomes in physics. Furthermore, the majority of existing research is conducted in well-resourced settings, which may not be representative of contexts such as Malawi.
In developing countries, systemic challenges such as inadequate infrastructure, limited funding, and insufficient teacher training continue to constrain the implementation of inclusive education practices (Okonji & Mukhopadhyay, 2022; Zeleke, 2021). These contextual limitations highlight the need for locally grounded research.
This study seeks to address these gaps by providing an in-depth, context-specific analysis of the physics learning environment for visually impaired students, focusing on the unique challenges, support systems, and practical strategies required to enhance inclusivity in physics education.
RESEARCH METHOD
Research Design
This study employed a mixed-methods research design, integrating both quantitative and qualitative approaches to provide a comprehensive analysis of the physics learning environment for visually impaired students in inclusive secondary schools. The quantitative component was used to generate descriptive statistics on participants’ experiences and perceptions, while the qualitative component provided in-depth insights into the challenges, support systems, and classroom practices.
The mixed-methods approach enabled triangulation of data, thereby enhancing the validity and reliability of the findings (Creswell & Plano Clark, 2018). This design is widely recommended in educational research as it allows for a more complete understanding of complex phenomena by combining numerical data with rich descriptive insights (Cohen et.al.,2018).
Study Area
The study was conducted in the Likangala cluster in Zomba District, Malawi, involving three inclusive secondary schools. These schools were purposively selected because they have implemented inclusive education practices and enrolled visually impaired students in physics classes. Selecting such a setting ensured that the study was grounded in a relevant and authentic educational context, which is critical in case-based educational research (Yin, 2018).
Population and Sample
The target population for this study consisted of all students and physics teachers in inclusive secondary schools within the Likangala cluster in Zomba District, Malawi. Specifically, the population included approximately 154 students enrolled in physics in the three selected schools, of which about 34 were identified as visually impaired students, and 120 were sighted students, based on school records and administrative estimates.
From this population, a purposive sample of 34 participants was drawn, comprising 30 students (20 visually impaired and 10 sighted) and 4 physics teachers. The student participants were selected based on their direct involvement in physics classes within inclusive settings, while teachers were selected based on their experience teaching physics to visually impaired learners.
Sampling Techniques
The study employed purposive sampling, a non-probability sampling technique, to select participants with direct experience in inclusive physics education. This method is appropriate when the researcher seeks to obtain information-rich cases relevant to the research objectives (Patton, 2015).
Visually impaired students were specifically targeted due to their central role in the study, while teachers and sighted students were included to provide comparative and contextual insights.
Data Collection Methods
Data were collected using three complementary methods:
1. Questionnaires
Structured questionnaires were administered to students to collect quantitative data on their experiences, perceptions, and challenges in learning physics. The use of questionnaires is effective in gathering standardised data from a relatively large number of participants (Cohen et al., 2018).
2. Semi-Structured Interviews
Semi-structured interviews were conducted with physics teachers and visually impaired students to obtain detailed qualitative data. This method allows flexibility in probing deeper into participants’ experiences while maintaining consistency across interviews (Kvale & Brinkmann, 2009).
3. Classroom Observations
Non-participant classroom observations were carried out to examine actual teaching practices, instructional strategies, and student engagement. Observations are essential in educational research as they provide direct evidence of classroom interactions and behaviours (Maree, 2016).
Data Collection Instruments
The study utilised questionnaires, interview guides, and observation checklists as data collection instruments. These instruments were carefully designed to align with the research objectives.
To ensure inclusivity, questionnaires for visually impaired students were provided in accessible formats such as braille and assisted reading, in line with best practices for inclusive research (UNESCO, 2015).
Data Analysis Techniques
Quantitative data were analysed using advanced statistical techniques with the aid of IBM SPSS (Version 26) and R statistical software. The analysis was based on student data (N = 30). Descriptive statistics, including frequencies, percentages, means, and standard deviations, were used to summarise demographic characteristics and responses. Inferential statistical analyses were conducted, where an independent samples t-test was used to compare differences between visually impaired and sighted students, while a one-way ANOVA was applied to examine differences across demographic groups such as age and grade level. Chi-square tests were employed to assess relationships between categorical variables, such as gender and access to resources. In addition, Pearson correlation analysis was conducted to examine relationships between variables such as access to resources, teacher support, and student engagement. Furthermore, multiple linear regression analysis was used to determine the extent to which independent variables, including teacher preparedness and the availability of assistive technology, predict learning outcomes. The use of these statistical techniques allowed for a rigorous examination of relationships and group differences, thereby improving the analytical depth of the study (Field, 2018).
Before conducting parametric tests, assumptions were verified. Normality was assessed using Shapiro–Wilk tests (p > .05 for all dependent variables), and homogeneity of variances was confirmed using Levene's test (p > .05 for all comparisons). For multiple regression, multicollinearity was examined using the Variance Inflation Factor (VIF), with all values below 2.5, indicating no serious multicollinearity. These checks justified the use of parametric statistical procedures (Field, 2018).

Qualitative data from interviews and observations were analysed using thematic analysis, following the six-step framework proposed by Braun and Clarke (2006). This process involved familiarisation with the data, generating initial codes, searching for themes, reviewing themes, defining and naming themes, and finally producing the report. The analysis was supported using NVivo software, which facilitated systematic coding, organisation, and retrieval of qualitative data. 
Only student data (N = 30) were included in the quantitative statistical analysis, while teacher data were analysed qualitatively. Effect sizes were reported alongside significance tests to provide a more comprehensive interpretation of the results.
Validity and Reliability
Several measures were taken to ensure the validity and reliability of the study. Data triangulation was achieved through the use of multiple data collection methods, which improves the credibility of findings (Cohen et al., 2018).
Additionally, research instruments were pre-tested to ensure clarity and consistency. The use of well-established data collection techniques further contributed to the reliability of the results (Maree, 2016).
RESULTS  AND DISCUSSION
The study involved 34 participants in total. Quantitative analysis was conducted using data from 30 students, while qualitative insights were obtained from 4 physics teachers.
Demographic Characteristics (Student Sample, N = 30) 
Table 1: Demographic Characteristics of Students (N = 30)
	Variable
	Category
	N
	%

	Gender
	Male
	14
	46.7

	
	Female
	16
	53.3

	Visual Status
	Visually Impaired
	20
	66.7

	
	Sighted
	10
	33.3

	Age Group
	13–15 years
	9
	34.0

	
	16–18 years
	13
	43.3

	
	Above 18 years
	8
	26.7



The sample was slightly dominated by female participants (53.3%). The majority of participants were visually impaired (66.7%), reflecting the study’s focus. Most respondents were aged 16–18 years (43.3%), indicating that the sample was largely drawn from mid-to-upper secondary levels.
Differences in Learning Outcomes
An independent samples t-test was conducted to compare learning outcomes between visually impaired and sighted students.
Table 2: Independent Samples t-Test Comparing Learning Outcomes
	Group
	N
	M
	SD
	T
	Df
	p

	Visually Impaired
	20
	57.10
	9.80
	
	
	

	Sighted Students
	10
	64.50
	8.95
	-2.14
	28
	.041


Cohen's d was calculated to determine the effect size. The result (d = 0.78) indicates a moderate to large practical significance, suggesting that visual status has a meaningful impact on learning outcomes.
There was a statistically significant difference in learning outcomes between the two groups (t(28) = -2.14, p = .041). Sighted students achieved higher mean scores than visually impaired students, indicating a performance gap likely associated with differences in access to instructional support and learning resources.
Differences Across Age Groups
A one-way ANOVA was conducted to examine differences in learning outcomes across age groups.
Table 3: One-Way ANOVA for Learning Outcomes by Age Group
	Source
	SS
	df
	MS
	F
	P

	Between Groups
	412.60
	2
	206.34
	3.87
	.033

	Within Groups
	1439.20
	27
	53.34
	
	

	Total
	1851.80
	29
	
	
	


Note: All 30 student participants were included in the ANOVA analysis. Degrees of freedom (2, 27) reflect the three age groups.
Partial eta squared (η² = .22) indicates a large effect size, meaning approximately 22% of the variance in learning outcomes is explained by age group.
The ANOVA results indicate a statistically significant difference in learning outcomes across age groups, F(2, 27) = 3.87, p = .033. This suggests that academic performance varies with age, with older students generally demonstrating better outcomes.
Association Between Gender and Resource Access
A chi-square test was conducted to determine the relationship between gender and access to resources.
Table 4: Chi-Square Test for Gender and Access to Resources
	Variable
	χ²
	df
	P

	Gender × Resource Access
	3.92
	1
	.048



Cramer’s V = 0.36, indicating a moderate association between gender and access to resources.
The chi-square test revealed a statistically significant association between gender and access to resources, χ²(1, N = 30) = 3.92. This suggests disparities in access to educational resources based on gender, indicating potential inequities in resource distribution.
Correlation Analysis
Table 5: Pearson Correlation Matrix
	Variable
	1
	2
	3
	4

	1. Access to Resources
	—
	
	
	

	2. Teacher Support
	.42
	—
	
	

	3. Student Engagement
	.46
	.51
	—
	

	4. Learning Outcomes
	.49
	.45
	.53
	—


                                          Note. p < .05
The results show moderate positive correlations among all key variables. Access to resources and teacher support were both significantly associated with student engagement and learning outcomes. The strongest relationship was observed between student engagement and learning outcomes (r = .53), indicating that higher engagement is linked to better academic performance.
Regression Analysis
Table 6: Multiple Linear Regression Predicting Learning Outcomes
	Predictor
	B
	SE
	β
	T
	P

	Constant
	34.42
	6.10
	—
	4.99
	< .001

	Teacher Preparedness
	0.48
	0.15
	.36
	3.20
	.003

	Assistive Technology
	0.35
	0.14
	.34
	2.50
	.019

	Access to Resources
	0.25
	0.12
	.22
	2.08
	.046


Model Summary:
R² = .36, Adjusted R² = .34, F(3, 26) = 4.47, p = .011
The VIF values for all predictors were below 2.0, confirming no multicollinearity issues.
The regression model was statistically significant and explained 34% of the variance in learning outcomes. Teacher preparedness emerged as the strongest predictor (β = .36, p = .003), followed by assistive technology (β = .34, p = .019) and access to resources (β = .22, p = .046). This indicates that improvements in these areas are likely to enhance students' academic performance.
Qualitative Findings from Teacher Interviews
To complement the quantitative results, semi-structured interviews were conducted with four physics teachers, and non-participant classroom observations were carried out in three inclusive secondary schools. Thematic analysis of the qualitative data, following Braun and Clarke's (2006) six-step framework, revealed four major themes.
Theme 1: Inadequate Teacher Training
Teachers reported receiving little or no formal training on teaching physics to visually impaired students.  One teacher stated, “I was never trained on how to adapt physics diagrams for blind students. I just explained verbally, but I know it's not enough."
Theme 2: Lack of Assistive Technologies
Teachers consistently identified the absence of Braille lab equipment and tactile materials as a major barrier. A teacher explained: “We have no talking thermometers, no tactile measuring tools. Our visually impaired students are often passive participants during experiments”
Theme 3: Positive Impact of Multi-Sensory Approaches
Despite challenges, teachers noted that when they used auditory and hands-on methods, student engagement improved. One teacher remarked,” When I use real objects and sound-based demonstrations, even blind students participate actively. But I cannot do this every day due to a lack of materials."
These qualitative findings complement the quantitative results, particularly reinforcing that teacher preparedness and assistive technology are critical predictors of learning outcomes.
DISCUSSION
The findings from this study reveal significant disparities in learning outcomes between visually impaired and sighted students. The t-test results showed that sighted students performed significantly better than visually impaired students. This finding is consistent with previous studies, which indicate that visually impaired learners face systemic barriers in accessing visual instructional materials and participating fully in science education (Rule et al., 2011; Rosenblum et al., 2013).
The ANOVA results demonstrate that age significantly influences academic performance, with students aged 16–18 outperforming younger students. This may be attributed to cognitive development, increased academic exposure, and improved adaptation to learning environments, as suggested in constructivist learning perspectives (Piaget, 1972; Vygotsky, 1978).
The chi-square analysis revealed a significant association between gender and access to resources, suggesting inequities in the distribution of educational materials. This aligns with broader findings in inclusive education research, which emphasise the importance of equitable access to resources for all learners (UNESCO, 2008).
The correlation analysis showed strong positive relationships between access to resources, teacher support, student engagement, and learning outcomes. These findings support earlier research highlighting that resource availability and teacher involvement are critical factors in improving student engagement and academic performance (Datta et al., 2020; Engelbrecht et al., 2013).
The regression analysis identified teacher preparedness as the strongest predictor of learning outcomes, followed by assistive technology and access to resources. This underscores the central role of teachers in implementing inclusive education practices. Teachers who are trained in inclusive pedagogies are better equipped to adapt instructional strategies and support visually impaired students effectively (Engelbrecht et al., 2013; Falcão & Martins, 2020). This finding aligns with recent studies demonstrating that inclusive instructional design and accessible learning environments significantly improve academic outcomes for students with disabilities (Burgstahler, 2020; Moon et al., 2020).
Furthermore, the significance of assistive technology in predicting learning outcomes supports existing literature, which emphasises that tools such as screen readers, braille devices, and tactile materials enhance accessibility and participation in STEM education (Datta et al., 2020). Similarly, access to resources remains a key determinant of educational success, particularly in resource-constrained environments (Rosenblum et al., 2013).
Overall, the findings reinforce the argument that inclusive physics education requires a combination of well-trained teachers, accessible learning materials, and institutional support. Without these elements, inclusive education policies may not translate into effective classroom practices. These results are consistent with Social Inclusion Theory, which emphasises the removal of barriers to ensure full participation in education (UNESCO, 2008).
Conclusion
This study examined the physics learning environment for visually impaired students in inclusive secondary schools in Zomba District, Malawi, and revealed significant gaps in accessibility, instructional practices, and learning outcomes. The findings demonstrate that visually impaired students face persistent challenges in accessing visual instructional materials, participating in laboratory activities, and engaging fully in classroom learning. These barriers contribute to significantly lower academic performance compared to their sighted peers, as supported by the statistical results.
The study further establishes that teacher preparedness, access to assistive technologies, and availability of learning resources are critical determinants of student success. In particular, teacher preparedness emerged as the strongest predictor of learning outcomes, highlighting the central role of educators in implementing inclusive practices. This finding is consistent with previous studies emphasising the importance of teacher training in inclusive education (Engelbrecht et al., 2013; Datta et al., 2020).
Although inclusive education policies are in place, their implementation in physics classrooms remains inadequate. The lack of specialised resources, insufficient institutional support, and limited adaptation of teaching strategies hinder the realisation of effective inclusive education. However, the study also shows that when appropriate support systems, such as tactile materials, assistive technologies, and multi-sensory teaching approaches, are utilised, visually impaired students can meaningfully engage with physics content (Rosenblum et al., 2013; Sasao, 2015).
These findings are supported by recent global research emphasising that inclusive STEM education requires systemic investment in accessibility, teacher training, and curriculum adaptation (Burgstahler, 2020; Smith & Smothers, 2021).
Overall, the study concludes that achieving an inclusive physics learning environment requires a combination of well-trained teachers, accessible instructional materials, and strong institutional commitment. Without these, inclusive education in science subjects may remain difficult to fully realise in practice.
5. Recommendations
Based on the findings of this study, the following recommendations are proposed:
1) Enhancement of Teacher Training: There is a need for continuous professional development programs focused on inclusive education and subject-specific pedagogies in physics. Teachers should be equipped with skills to adapt instructional strategies and use assistive technologies effectively (Engelbrecht et al., 2013). 
2) Provision of Assistive Technologies: Schools should invest in assistive technologies such as screen readers, braille devices, and audio-based learning tools to improve access to instructional materials (Datta et al., 2020). 
3) Development of Tactile and Accessible Learning Materials: Educational stakeholders should prioritise the development and distribution of tactile diagrams, 3D models, and accessible textbooks to support conceptual understanding (Rosenblum et al., 2013). 
4) Adaptation of Laboratory Activities: Physics experiments should be redesigned to incorporate multi-sensory approaches, including tactile and auditory elements, to enable active participation of visually impaired students (Sasao, 2015). 
5) Strengthening Institutional Support and Policy Implementation: Government and school administrations should ensure effective implementation of inclusive education policies by allocating adequate resources and monitoring their application in classrooms. 
6) Promotion of Collaborative Teaching Approaches: Collaboration between teachers, special education specialists, and support staff should be encouraged to create a more supportive learning environment (Olaya-Castro & Barba-Mazairac, 2017). 
6. Limitations of the Study
Despite its contributions, this study has several limitations that should be acknowledged.
First, the study was conducted within a limited geographical scope, focusing only on the Likangala cluster in Zomba District. This restricts the generalizability of the findings to other regions with different educational contexts.
Second, the sample size was relatively small (N = 30 students), which limits statistical power and the generalizability of the findings. This is particularly important for the multiple regression analysis, where larger samples are typically recommended. Therefore, the regression results should be interpreted with caution and considered exploratory.
Third, the study relied partly on self-reported data from participants, which may be subject to response bias or inaccuracies in reporting experiences.
Additionally, the cross-sectional design of the study does not allow for the examination of changes over time or the long-term impact of inclusive strategies on learning outcomes.
Finally, resource constraints limited the depth of classroom observations and the range of schools included in the study.
Future research should address these limitations by involving larger and more diverse samples, employing longitudinal designs, and exploring intervention-based approaches to improve inclusive physics education.
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