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    Abstract: This study investigated the relationships between teacher ICT competencies, laboratory resources, teacher workload, and perceived student science performance in Open and Distance Learning (ODL) within Universal Secondary Education (USE) schools in Kampala, Uganda. Employing a mixed-methods design, quantitative data from 76 randomly selected teachers was analysed using descriptive statistics, Pearson correlation, and multiple regression, while qualitative insights were gathered from 10 purposively sampled participants. The results revealed significant positive correlations between each predictor and perceived student science performance, while the combined regression model explained 40.3% of the variance in perceived student science performance. However, only teacher workload significantly predicted perceived student science performance. Qualitative findings highlighted challenges including insufficient ICT training, limited laboratory resources, and instructional pressures from dual-mode delivery. The study concludes that, while ICT skills and laboratory resources are vital, their effectiveness depends on manageable teacher workloads. It recommends integrated policies to enhance teacher capacity, infrastructure, and workload management to improve science outcomes in ODL settings across Sub-Saharan Africa.
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    Introduction

  
  Science education remains central to national development; however, persistent underperformance in Uganda’s secondary schools, despite investments in infrastructure and teacher training, raises critical concerns (Kyle Jr, 2020; UNEB, 2023, 2024). The growing adoption of open and distance learning (ODL), accelerated by policy shifts and global disruptions, has further transformed instructional contexts, requiring a re-examination of key school-level factors influencing science performance (Makonye, 2025; UNESCO, 2023).


Uganda’s Universal Secondary Education (USE) programme has increasingly adopted ODL and blended learning approaches to expand access and strengthen continuity of education, particularly following the Covid-19 pandemic. Although face-to-face instruction remains the dominant mode of delivery, many secondary schools now complement classroom teaching with digital platforms, mobile technologies, and virtual learning resources. This transition has reshaped science education by requiring teachers to integrate ICT, laboratory-based learning, and online instructional practices while managing additional teaching responsibilities, creating new challenges that may influence students’ academic performance (Uganda National Examinations Board [UNEB], 2024; UNESCO, 2023).


For this study, the focus was on three key variables: teacher ICT competencies, laboratory resources, and teacher workload. The study employed the theoretical framework of Walberg (1981) and his Theory of Educational Productivity to explore how these factors work together to affect the performance of students in secondary school science education (Reynolds & Walberg, 1992). Recent research indicates that while the development of teachers’ ICT competence is important (Agyei, 2021; Awuor & Okono, 2022), laboratory quality also plays a role (Bazie et al., 2024; Gitira, 2025), and teacher workload may hinder student performance (Kraft et al., 2021; Ogundare et al., 2022; Pan et al., 2023). Most of the literature available on these three variables is based on higher education environments or traditional educational environments. There has been very limited research on how these three variables work together in a secondary school ODL context in Sub-Saharan Africa, thus the purpose of this study was to investigate the combined effects of these three variables on students’ performance in their respective science subjects in USE schools, located in and around Kampala, as an important area of focus to fill this gap in the research.


In ODL contexts, teachers’ ICT competencies become even more pivotal. They influence not only instructional quality but also students’ engagement and persistence in online learning environments. Laboratory experiences have been long held as crucial to science learning; this is the reason they, too, face the challenges unique to ODL, so the discourse on whether virtual labs and simulations can be effective alternatives to physical facilities has been initiated (Bazie et al., 2024). Workload issues have always been at the centre in the traditional environment; however, complexity presents an all-new version in ODL, which includes content development and online student support besides dual-mode teaching (Kraft et al., 2021; Mugyenyi et al., 2025; Pan et al., 2023).


Major knowledge gaps remain regarding the interaction of these critical variables and their influence on student outcomes in hybrid and fully online secondary school settings in Uganda. Although there is growing literature on ODL in science education, most of the key issues remain significantly under-researched. It is common for studies conducted in sub-Saharan Africa to have addressed ODL in secondary science education at the university level. To compound the situation, much of the research regarding laboratory infrastructure, teacher ICT skills, and workload has not considered how these factors collectively influence science performance in an ODL setting.


Conceptual Framework

This study examined three interrelated school variables in relation to perceived student science performance in ODL environments: teacher ICT competencies, laboratory resources, and teacher workload. Teacher ICT competency is defined as a teacher’s ability to utilise various digital tools, learning management systems, and online instructional methods in teaching science (Makonye 2025; UNESCO, 2023). Laboratory resources refer to physical and virtual laboratories that support experiential science learning (Bazie et al., 2024; Gitira, 2025). Teacher workload is made up of instructional, administrative, and digital teaching requirements that can influence the effectiveness of instruction (Kraft et al., 2021; Pan et al., 2023). The current study’s framework assumes that these three variables interact within ODL settings to establish the overall science performance of students attending USE secondary schools.


The foundation of the research is Walberg’s Theory of Educational Productivity, which explains how students’ academic performance is a function of how various instructional factors and various environmental factors work together (Reynolds & Walberg, 1992; Walberg, 1981). In ODL, many of these variables will increasingly be technological and therefore, teachers’ digital readiness and institutional support will be key elements for the effective learning outcomes of students (UNESCO, 2023). In this study, ICT competencies were instructional variables which influenced the effectiveness of teachers when they delivered science content using digital means, through online assessments and engaging with students virtually (Makonye, 2025). The laboratory resources, in both physical and virtual laboratories, were environmental variables that assisted students with practical experiences and scientific inquiry (Bazie et al., 2024; Gitira, 2025). 


The workload of teachers is a structural condition that influences the extent to which teachers can effectively apply ICT tools and laboratory resources to ODL settings (Kraft et al., 2021; Pan et al., 2023). The theory explains how school-level conditions collectively influence students’ performance in science and thus align with research objectives, research methods, research results and discussion points. Additionally, the findings expand Walberg’s theory, by illustrating how, in ODL settings, an excessive workload on teachers could limit the effective use of instructional resources/variables. Therefore, the theory is appropriate for explaining science performance in resource-limited contexts in ODL settings specifically in Sub-Saharan Africa.


Literature Review

Research on science education has traditionally focused on face-to-face learning environments, however, the rise of ODL has reshaped how key school-related factors influence student performance. Variables such as teacher ICT competencies, laboratory resources, and teacher workload remain central, but their roles are increasingly mediated by technology in ODL contexts. Globally, the expansion of ODL across regions such as Asia and Latin America has provided insights into factors influencing learning effectiveness. While students often report satisfaction with online learning, challenges persist in platform use and interaction quality (Kamila et al., 2024). Evidence from the UAE similarly shows that student engagement is more strongly influenced by the quality and continuity of teacher interaction than by mere access to digital tools. These findings suggest that effective ODL requires not only access to technology but also strong pedagogical support and institutional readiness. In Latin America, ODL has improved access to digital resources, but students often report reduced instructional support compared to face-to-face learning, highlighting a trade-off in dual-mode delivery (Antoninis et al., 2023; Ferreira Brito & Bonai et al., 2024; Valencia et al., 2023). This reinforces the need for balanced systems that combine technological access with effective instructional support.


Teacher ICT competencies are widely recognised as a key determinant of effective science teaching in ODL. Evidence shows a strong positive relationship between teachers’ ICT skills, instructional quality, and student achievement (Makonye, 2025). In these environments, competencies extend beyond basic digital literacy to include the effective use of learning management systems, digital assessments, and interactive tools (UNESCO, 2023). Studies in Sub-Saharan Africa further indicate that ICT-trained teachers are better able to deliver interactive instruction (Awuor & Okono, 2022), although their effectiveness is often constrained by infrastructural limitations, inadequate professional development, and weak policy support (Agyei, 2021; Pan et al., 2023). Despite this, there has been limited research to examine how ICT competencies interact with other school-level variables in secondary ODL contexts.


Laboratory resources remain essential for science learning. In traditional settings, well-equipped laboratories are strongly associated with improved student achievement (Gitira, 2025; Ogunbanwo et al., 2025). In ODL environments, however, reliance on virtual laboratories has increased due to limited access to physical facilities. While virtual labs can produce comparable outcomes, particularly in higher education (Bazie et al., 2024), their effectiveness in secondary education is constrained by infrastructural challenges such as poor internet connectivity, high data costs, and limited digital literacy (Makonye, 2025).


Teacher workload is another critical factor influencing instructional quality and student outcomes. In traditional contexts, excessive workload reduces time for lesson preparation and learner support (Ogundare et al., 2022; Pan et al., 2023). In ODL environments, workload is further intensified by additional responsibilities such as digital content development, online interaction, and technical support (Kraft et al., 2021). Evidence from Uganda and Nigeria indicates that dual-mode teaching increases workload, leading to teacher stress and reduced instructional effectiveness (Ogundare et al., 2022; Olaniyan et al., 2024; Pan et al., 2023; UNESCO, 2023).


Despite the growing body of literature on ICT integration, virtual laboratories, and teacher workload, most studies focus on higher education or conventional settings. There remains limited empirical evidence on how these variables interact to influence science performance in secondary school ODL contexts, particularly in Sub-Saharan Africa. In response to these gaps, this study examines the combined influence of teacher ICT competencies, laboratory resources, and teacher workload on students’ science performance in USE secondary schools in Uganda, providing context-specific evidence to inform policy and practice in resource-constrained ODL environments.


Research Objectives

The study was guided by the following three research objectives:


	To examine the relationship between teachers’ ICT competencies and perceived student science performance in USE schools in Kampala Central Division.

	To discover the relationship between laboratory quality and perceived student science performance in USE schools in Kampala Central Division.

	To determine the relationship between teacher workload and perceived student science performance in USE schools in Kampala Central Division.



Methods

Research Design

The study adopted a correlational, convergent mixed methods design to examine relationships between teacher ICT competencies, laboratory quality, teacher workload, and perceived student science performance. Quantitative and qualitative data were analysed separately and integrated during interpretation to identify convergence and complementarity. This enabled the qualitative evidence to provide contextual explanations for the statistical relationships observed in the quantitative findings.


Population and Sampling

The study population comprised 80 science teachers from five senior secondary schools in Kampala Central Division, from which 76 teachers were selected using simple random sampling. The slight reduction from the total population was due to non-response and availability constraints, although the sample remained highly representative. For the qualitative component, a purposive sample of 10 teachers was drawn from the same population based on criteria including leadership roles (e.g., Heads of Science Departments), teaching experience, and involvement in ICT or ODL practices. These criteria ensured the selection of participants with relevant experience to provide in-depth insights into ICT integration, laboratory use, and workload challenges. The unit of analysis was the science teacher. Accordingly, student science performance was assessed from participating teachers’ ratings of their students’ learning outcomes using the questionnaire. This teacher-reported measure was used as the dependent variable and examined in relation to teacher ICT competencies, laboratory quality, and teacher workload.


Research Instruments

Quantitative Instrument (Questionnaire)


A structured questionnaire comprising 40 items was used to measure four constructs: teacher ICT competencies (10 items), laboratory quality (10 items), teacher workload (10 items), and perceived student science performance (10 items). Items were rated on a five-point Likert scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). The first three constructs represented the independent variables, while perceived student science performance constituted the dependent variable. The questionnaire also contained limited open-ended items to allow respondents to elaborate on their responses. 


Validity and Reliability


Content validity was achieved through advanced expert evaluation by faculty members with a specialisation in educational measurement and research methodology. Experts validated the relevance, clarity, and comprehensiveness of the questionnaire and semi-structured interview guides. Feedback from this review was mobilised in the fine-tuning of the instruments to ensure alignment with the traditional mode of teaching science and the direction of practice emerging in ODL.


The reliability of the quantitative tools was tested under internal consistency via Cronbach’s alpha. A pilot study was done on 10 science teachers, taken from a USE school outside the study location. Results indicated high internal consistency among the three independent variables, as shown by Cronbach’s alpha coefficients for teacher ICT competencies (α = 0.84), quality of laboratory facilities (α = 0.81), and teacher workload (α = 0.86). Reliability coefficients were therefore established for the three predictor scales used in the principal analyses.


Procedure: Data Collection and Data Analysis

The data collection lasted four weeks. Prior to its commencement, official permission was obtained from the school authorities, presenting all potential participants with an introductory letter from Kampala International University. The questionnaires for the quantitative component were distributed and returned on a face-to-face basis after completion. Qualitative data was collected through face-to-face semi-structured interviews scheduled in advance at the school premises. Data were collected using the face-to-face modality only, however there was an effort made to use instruments that could be adapted for use in an online application, particularly where there was an alignment with ODL contexts, and to provide examples of how instruments can be used in a fully digital format. 


Quantitative data were analysed using SPSS (Version 22). Descriptive statistics, which include means and standard deviations, were measures by which the responses of the participants were summarised. The 5-point Likert scale used in the questionnaire ranged from 1 (Strongly Disagree) to 5 (Strongly Agree). To facilitate interpretation, responses were categorised into three threshold levels: Low agreement (1.00 – 2.49): Indicated disagreement or low perception of the factor. Moderate agreement (2.50 – 3.49): Indicated average or moderate satisfaction/competency. High agreement (3.50 – 5.00): Reflected strong agreement or high levels of satisfaction/competency. These ranges were used to determine the perceived adequacy of ICT skills, laboratory quality, and workload balance. For the workload scale, higher scores represented more manageable workload conditions, whereas lower scores indicated greater workload pressure. Inferential analyses, including Pearson correlation and multiple linear regression, were used to examine relationships and determine the extent to which teacher ICT competencies, laboratory quality, and teacher workload predicted perceived student science performance. To assess the potential presence of multicollinearity among the independent variables, Variance Inflation Factor (VIF) and tolerance statistics were calculated. The verbatim transcribed qualitative data from interviews were systematically coded and subjected to thematic analysis to bring out core patterns and insights on teaching science as a challenge within the ODL integration context.


Ethical Clearance

The study obtained ethical approval from the research ethics committee of Kampala International University. Prior to participation, the respondents were asked to provide informed consent to ensure confidentiality, anonymity, and voluntariness. The data were securely kept and used only for academic work.


Results

The findings are presented according to the three research objectives. Descriptive statistics first summarised the study variables (Table 1), after which Pearson correlation and multiple regression were used to examine the relationships and predictive effects for Research Objectives 1–3. Qualitative findings were subsequently integrated with the corresponding quantitative results to explain and triangulate the observed relationships. 


Table 1: Descriptive Statistics of Study Variables


[image: Table_01]


Note: N = 76. Questionnaire variables were measured on a five-point scale: 1.00 – 2.49 = Low; 2.50 – 3.49 = Moderate; 3.50 – 5.00 = High. Source: Field data (2025).


The descriptive results indicate relatively low levels of teacher ICT competencies and laboratory quality, alongside workload challenges. Student science performance is presented separately in Table 2 because it constitutes the dependent variable examined against the three predictor variables.


In the Perceived Student Science Performance Results, as shown in Table 2, teachers reported a relatively low level of student science performance (M = 2.43, SD = 0.41). This outcome was subsequently examined in relation to teacher ICT competencies, laboratory quality, and teacher workload (Tables 3–5) through Pearson correlation and multiple regression.


Table 2: Descriptive Statistics for Perceived Student Science Performance
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Note: Student science performance represents participating teachers’ ratings of students’ science learning outcomes on the five-point questionnaire scale. Scores of 1.00 – 2.49 were interpreted as low, 2.50 – 3.49 as moderate, and 3.50 – 5.00 as high.


RO1: Relationship Between Teacher ICT Competencies and Perceived Student Science Performance

Table 3: Correlation and Regression Results for ICT Competencies (RO1)
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Note: **p < .01. Source: Field data (2025).


Quantitative Interpretation


The Pearson correlation shows a strong positive relationship between teacher ICT competencies and student performance (r = .796, p < .01). However, regression analysis indicates that ICT competencies were not a significant predictor (p = .936). The strong bivariate association suggests that higher teacher ICT competency scores corresponded with higher perceived student science performance. However, ICT competency did not make a statistically significant independent contribution after the other predictors were controlled.


Qualitative Triangulation


The qualitative findings explain this result. Teachers reported limited ICT training and inadequate access to functional devices:


We want to use simulations and digital microscopes, but the computers are few and often not working.

Most of us didn’t receive enough training on digital tools; we rely on blackboards and textbooks.

These accounts suggest that limited training and access to functional digital resources might constrain teachers’ ability to translate ICT competencies into effective ODL science instruction, providing contextual explanation for the quantitative finding.


RO2: Relationship Between Laboratory Quality and Perceived Student Science Performance

Table 4: Correlation and Regression Results for Laboratory Quality (RO2)


[image: Table_04]


Note: **p < .01. Source: Field data (2025).


Quantitative Interpretation


Laboratory quality shows a strong positive correlation with student performance (r = .758, p < .01). However, regression results indicate that it is not a significant predictor (p = .240). The strong positive correlation indicates that higher laboratory-quality scores were associated with higher perceived student science performance. However, laboratory quality did not independently predict the outcome after controlling for the other variables. 


Qualitative Triangulation


Qualitative findings support this interpretation by revealing infrastructural limitations:


Some chemicals are expired, and we don’t have basic apparatus.

Sometimes we combine students due to limited space and equipment.

These accounts indicate that limited and inconsistent access to laboratory resources may constrain their effective instructional use, providing contextual insight into the quantitative result. 


RO3: Relationship Between Teacher Workload and Perceived Student Science Performance

Table 5: Correlation and Regression Results for Teacher Workload (RO3)
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Note: **p < .01, *p < .05. Source: Field data (2025).


Quantitative Interpretation


Teacher workload conditions showed the strongest correlation with perceived student science performance (r = .808, p < .01) and remained the only significant predictor in the multivariable model (β = .431, p = .032). This indicates that more manageable workload conditions were associated with higher perceived student science performance after controlling for ICT competencies and laboratory quality. 


Qualitative Triangulation


Qualitative evidence strongly reinforces this finding:


I teach over 200 students and handle multiple subjects; I don’t have time to prepare properly.

We teach, handle administration, and support students online at the same time.

These responses show that excessive workload directly limits instructional quality, ICT use, and laboratory engagement, confirming its dominant influence.


Multicollinearity Assessment

Before interpreting the combined regression results for Research Objectives 1–3, multicollinearity diagnostics were performed to determine whether teacher ICT competencies, laboratory quality, and teacher workload contributed independently to the model. Figure 1 presents the Variance Inflation Factor (VIF) values for the three predictor variables.
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Figure 1: VIF values for the three predictor variables. All values fall well below the cutoff threshold of 5.0, suggesting acceptable collinearity levels.
The VIF values for teacher ICT competencies (2.45), laboratory quality (2.68), and teacher workload (1.89) were all below the recommended threshold of 5.0, while the corresponding tolerance values exceeded 0.30. These results indicate that multicollinearity was not a concern, confirming that the regression results reported for Research Objectives 1–3 were not influenced by excessive overlap among the predictor variables. These results indicate that multicollinearity was not a major concern and that the non-significant regression coefficients for ICT competencies and laboratory quality are unlikely to be explained by excessive overlap among the predictors. The qualitative findings provide additional contextual insight into conditions that may have constrained their effective application (Ogundare et al., 2022).


Overall, the findings across the three research objectives indicate that teacher ICT competencies and laboratory quality were positively associated with students’ science performance but do not independently predict performance after controlling for other variables. Teacher workload emerged as the only statistically significant predictor. The qualitative findings further explain these results by showing that limited ICT infrastructure, inadequate laboratory resources, and excessive workload constrain teachers’ ability to apply ICT and laboratory resources effectively in ODL science teaching. Together with the multicollinearity assessment, these findings demonstrate that the observed relationships are statistically reliable and provide a coherent basis for the discussion and implications of the study (Hirose & Creswell, 2023).


Discussion and Implications

The findings provide context-specific evidence on the relationships between teacher ICT competencies, laboratory quality, teacher workload, and perceived student science performance in secondary school ODL settings in Uganda. While ICT competencies and laboratory quality showed strong bivariate associations with perceived performance, teacher workload emerged as the only significant independent predictor. Previous studies have looked at each of these variables independently and this study builds on earlier work by showing that these relationships are context-dependent, with teacher workload emerging as the strongest independent predictor, and that workload of teachers was the primary structural limitation to science performance.


Consistent with prior studies, the ICT competencies of teachers positively influence instructional quality and engagement of students in ODL environments (UNESCO, 2023). However, the lack of evidence for a significant predictive influence of ICT competencies in this study suggests that ICT competencies alone do not provide enabling conditions like infrastructure, institutional support, and continual professional development to positively affect science achievement. This finding represents an advancement over previous studies of Sub-Saharan Africa that have tended to focus primarily on access to ICT and did not examine the relationship between teacher competence and effective pedagogical implementation of the use of ICT (Agyei, 2021; Awuor & Okono, 2022; Pan et al., 2023).


Laboratory quality showed a strong positive association with perceived student science performance, consistent with previous evidence linking practical resources with science learning (Gitira, 2025; Ogunbanwo et al., 2025). Nonetheless, this study found that both physical laboratory and virtual laboratory effectiveness in ODL settings were limited due to inadequate infrastructure and low levels of digital readiness. While virtual laboratories have been positively evaluated in the context of higher education (Bazie et al., 2024), the limited applicability of virtual laboratories in secondary schools represents important contextual evidence from this study.


The most notable finding was that teacher workload conditions emerged as the only significant independent predictor of perceived student science performance. This finding is consistent with the literature documenting the negative consequences of excessive workloads on teacher quality (Kraft et al., 2021; Ogundare et al., 2022) but extends this research by showing that teacher workload may constrain the effective use of ICT and laboratory resources in ODL environments, which is consistent with the global literature indicating that teacher workload is a much greater barrier to effective ODL implementation than poor access to technology (UNESCO, 2023). These results are consistent with Walberg’s (1981) Theory of Educational Productivity in that the outcome of learning is dependent upon the interaction of instructional and environmental variables (Reynolds & Walberg, 1992). 


However, this study extends this theory by defining workload as a structural condition in ODL environments that limits all other contributing variables. From a policy and practice perspective, these findings imply a need for integrated ODL strategies. Specifically, as ODL development increasingly relies on the use of ICT, the priority for investment in ICT should be to provide teachers with quality sustained training and institutional support. Also, while developing laboratories, blended development should be adopted that is appropriate to the context. 


Finally, it is imperative that policies be put into place to remedy teacher workload by administrative support and redistribution of teacher workload, otherwise, all of the other improvements may not be effective. If these recommendations are not considered, the expansion of ODL will exacerbate the existing educational inequities rather than improve student learning outcomes (Adigun et al., 2024; UNESCO, 2023). Generally, this study adds to the limited literature in the area of ODL academic achievement in secondary schools in Sub-Saharan Africa and provides context-specific evidence that supplements higher education-focused studies. Future research should explore student-level factors such as motivation and digital readiness, longitudinal effects of ODL interventions, and comparative studies of outcomes in diverse educational settings to build a stronger evidence base for policies and practices (Makonye, 2025; UNESCO, 2023).


Recommendations

Teacher workload limits effective ICT and laboratory use in ODL. A coordinated system-level strategy is essential, prioritising continuous, practice-based ICT professional development for teachers. Developing a blended laboratory model combining physical and virtual resources, supported by reliable digital infrastructure, would ensure equitable student access. Policy interventions should address workload redistribution and administrative support to enable effective implementation. Routine ICT and resource use, alongside regular monitoring, is vital for sustainable science learning improvements in ODL settings.


Suggestions for Further Study

Future research should examine learner factors, such as motivation and digital readiness, that influence science achievement in ODL. Comparative rural-urban studies are needed to identify resource disparities and inform equitable interventions. Longitudinal studies should evaluate the sustained impact of ODL on learning outcomes. Further investigation into school leadership, policy, teacher workload, and students’ experiences with virtual laboratories will strengthen evidence for effective online science education.
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