



Assessing
 the Performance of Sci-Bono Discovery Centre: A Comparative Analysis with SADC Science Centres
ABSTRACT

Science centres play a vital role in igniting scientific curiosity, fostering literacy, and promoting innovation across the Southern African Development Community's (SADC) region.  This report benchmarks SADC science centres, focusing on their strengths, weaknesses, opportunities, and threats (SWOT analyses).  It offers a comparative overview of existing facilities while identifying opportunities for collaboration and development to empower the region through science and technology.

South Africa leads with well-established centres like the Sci-Bono Discovery Centre, which provides interactive exhibits, science education programs, and public engagement initiatives in science, technology, engineering, and mathematics (STEM).  Other SADC countries, while often emphasizing research through universities and institutes, show a growing interest in establishing dedicated science centres.  The diverse landscape of scientific centres across the region underscores the need for collaborative efforts to drive innovation and capacity building in science and technology.

This analysis is based on desk research and includes recommendations for further direct engagement with science centres to obtain more comprehensive insights.
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1. INTRODUCTION
Science and technology education is crucial for fostering innovation, critical thinking, and development, especially in regions like Southern Africa, where economic growth and technological advancement are key priorities. Science centres play a central role in promoting public engagement with science, encouraging STEM (science, technology, engineering, and mathematics) education, and inspiring future generations of scientists and engineers (Republic of South Africa, Department of Science and Technology, 2019).

 

In this context, the Sci-Bono Discovery Centre in Johannesburg, South Africa, stands as a flagship science centre within the Southern African Development Community's (SADC) region.  It offers interactive exhibits, extensive educational programs, and public outreach that have made it a leader in promoting science literacy. However, many other SADC member states, such as Botswana, Namibia, Zimbabwe, and others, are either developing science centres or relying on universities and research institutes to provide scientific education and engagement.

 

This benchmarking exercise aims to compare the Sci-Bono Discovery Centre with other science centres and related institutions across the SADC region. The goal is to evaluate their relative strengths, weaknesses, and growth potential while identifying areas for collaboration that could enhance the overall impact of science centres in the region.  The report also seeks to address disparities in resources, infrastructure, and outreach between South Africa and its SADC neighbours. Costanzo (2022) states that by recognizing these differences and leveraging regional strengths, science centres can play a more strategic role in driving scientific literacy, innovation, and technological development across the SADC region.
 

This
 analysis will help policymakers, educators, and stakeholders understand how to support and expand the role of science centres throughout Southern Africa, ensuring that they contribute to the broader goals of sustainable development and scientific advancement.

1
.1. Research Questions

a) What are the strengths, weaknesses, opportunities, and threats (SWOT) associated with SADC science centres?

b) How do the capabilities, resources, and activities of SADC science centres compare with those of South Africa’s Sci-Bono Discovery Centre?

c) What opportunities exist for regional collaboration and capacity building in science and technology?
1.2. Research Objectives

a) To identify the strengths, weaknesses, opportunities, and threats of SADC science centres, focusing on their capacity to drive STEM education and innovation.

b) To explore opportunities for collaboration among science centres within the SADC region.

c) To provide key recommendations for improving science centre facilities, programs, and partnerships to empower the region through science and technology.

1.3. Motivation of the Research Work
The Southern African Development Community's (SADC) region exhibits significant disparities in the development and effectiveness of science centres, leading to unequal access to science education and public engagement with STEM (science, technology, engineering, and mathematics) fields
.  While South Africa exhibits well-established institutions like the Sci-Bono Discovery Centre that promote scientific literacy and innovation, many other SADC member states face challenges such as limited resources, inadequate infrastructure, and insufficient outreach programs (Sci-Bono, 2020). These gaps hamper the ability of science centres to inspire and educate future generations, ultimately impacting regional scientific advancement and technological development.

 

This study seeks
 to benchmark the Sci-Bono Discovery Centre against other science centres in the SADC region to identify strengths, weaknesses, and opportunities for collaboration, thereby enhancing
 the overall effectiveness and reach of science education across the region. The motive behind the comparative analysis of the Sci-Bono and SADC science centres is to enhance STEM education, promote scientific literacy, address educational inequality, and foster innovation across Southern Africa.  The goal is to provide insights that can guide policymakers and stakeholders in leveraging these institutions for regional development.

2. MODEL THEORETICAL FRAMEWORK FOR STEM EDUCATION
The STEM Education Framework provides a structured approach for assessing the role of science centres in promoting STEM literacy and innovation.  This framework emphasizes the interdisciplinary nature of STEM fields and their role in fostering critical thinking, problem solving, innovation, and workforce preparedness.  By examining the activities of science centres under this framework, stakeholders can better understand their contributions and identify areas for improvement to address regional challenges in STEM education.

Conceptual
 model of the STEM Education Framework for science centres 
	Component 
	Key activities
	Expected outcomes

	Interdisciplinary Integration
	Multi-disciplinary exhibits, STEM-focused workshops
	Increased interest and understanding of STEM

	Experiential learning
	Hands-on activities, problem-solving challenges
	Enhanced retention of STEM concepts

	Equity and Access
	Outreach programs, reduced fees for underserved groups
	Broader participation in STEM education

	21st-Century skills
	Collaboration projects, innovation competitions
	Workforce-ready individuals with critical skills

	Community collaboration
	Partnerships with schools, universities, and industry
	Greater relevance and impact of STEM programs


Source: Author 
4. METHODOLOGY AND DATA
The research integrates both qualitative and quantitative research techniques to provide a robust and diversified theoretical lens for analysing data concerning the role of science centres in promoting STEM literacy and innovation. Data was collected from 100 participants
 per each Science Centre through interviews and questionnaires that were distributed to Science Centres within ten SADC Region countries such as: South Africa, Botswana, Eswatini, Lesotho, Madagascar, Malawi, Mozambique, Namibia, Zambia and Zimbabwe. The
 qualitative data was analysed through data transcription, coding, thematic analysis to determine the merging themes from the coded data under analysis using the NVivo qualitative data analysis software (Creswell, 2009). On the other hand, the quantitative data was analysed through SPSS 
Software using descriptive statistics to determine the frequency distributions, inferential statistics such as regression analysis to determine the relationships between the study variables, T-Tests to determine and compare means in the analysed data and Chi-square tests to determine the relationships between categorical variables under study (Saunders, Lewis & Thornhill, 2019). 
Moreso, the mixed method approach was the most appropriate technique that the study utilised because it enabled the data analysis process to be balanced and very insightful thereby sets the stage for interpreting, generalizability, reliability and applicability of the findings (Yin, 2014), emphasizing the degree of achievement of STEM education goals such as fostering innovation, equity, and critical thinking. This qualitative framework addresses the first objective, which identifies the SWOT of SADC science centres and focuses on their capacity to drive STEM education and innovation.  Furthermore, quantitative techniques such as the Spearman’s rank
 correlation and generalised least squares are employed to analyse non-linear relationships between factors (Neuman, 2014) such as: gender and pass rates, to account for heteroscedasticity and autocorrelation issues when analysing the impact of varied program formats such as: (lectures, hands-on work experience) on learning outcomes, respectively. The quantitative techniques aim to identify opportunities for collaboration among science centres in SADC and areas of improvement among science centre facilities to empower the region through science and technology. However, the mixed method has a weakness of complexity due to high demand for designing and executing the mixed method fieldwork because it requires great expertise in it (Creswell, 2009).
4.1. A SWOT Perspective on Science Centres: Qualitative Insights
The landscape of science centres in the SADC region presents a mix of strengths, weaknesses, opportunities, and threats. Strengths include valuable educational resources, interactive exhibits, and strong research institutions in some countries, along with initiatives to establish more science centres. Weaknesses involve uneven distribution, limited resources, and low public awareness in some areas. Opportunities arise from regional collaboration, virtual science centres, public-private partnerships, and integrating centres into national education programs. However, threats include competing government priorities, brain drain, and insufficient awareness of the importance of science education among the public and policymakers. 
Table
 1: Dashboard of SADC Science Centres
	Country
	Strengths
	Weaknesses
	Opportunities
	Threats

	Botswana
	Variety of exhibits, focus on relevant fields
	Limited scope
	Expand outreach, cater to broader scientific areas
	Funding limitations

	Eswatini
	Promotes research and technology transfer
	Limited public engagement
	Develop a public outreach program with interactive exhibits
	Competition from regional science centres

	Lesotho
	Research contributions through NUL and LARI
	No dedicated science centre for public education
	Establish a science centre to bridge the gap
	Limited resources and infrastructure

	Madagascar
	Strong research institutions (MNP, MIBE)
	Lack of a major science centre
	Build a science centre fostering public interest in science
	Environmental concerns impacting research and conservation

	Malawi
	Recognition of the need for a science centre, focus on science education through MUST
	No established science centre
	Develop a science centre to enhance public scientific literacy
	Competing priorities within the education sector

	Mozambique
	Initiatives supporting science education and research (MCTES, regional centres)
	No large-scale science centre
	Establish a national science centre to consolidate efforts
	Limited funding and infrastructure

	Namibia
	National Earth Science Museum showcases geological heritage
	Focus on a specific scientific area
	Expand exhibits to cover broader scientific disciplines
	Competition from regional science centres

	South Africa
	Multiple prominent science centres with diverse exhibits
	Uneven distribution of science centres across the country
	Increase science centre accessibility in underserved areas
	Funding cuts impacting science centre operations

	Zambia
	Public institution with permanent and temporary exhibitions
	Limited scope of exhibits
	Develop a wider range of interactive exhibits
	Deteriorating infrastructure and maintenance needs

	Zimbabwe
	Museums showcasing history, culture, and natural history
	Limited focus on contemporary science and technology
	Modernize existing museums with interactive science exhibits
	Brain drains and resource constraints impacting scientific research



5. PUSH AND PULL FACTORS OF SADC SCIENCE CENTRES
Science centres in the SADC region attract visitors through a mix of pull and push factors. Pull factors include the unique offerings of individual centres, such as Botswana’s focus on renewable energy and robotics, Namibia’s emphasis on geological heritage, and South Africa’s diverse interactive exhibits, which complement gaps in formal education. Similarly, Zambia and Zimbabwe’s science museums provide rare access to scientific knowledge and natural history. Push factors include limited alternative science experiences in some countries and a broader desire to learn about the natural world, making these centres key destinations for fostering curiosity and scientific literacy.

Impact of Science Centres on Community Science Literacy
Figure 1: Polynomial regression between mathematics pass rate and Science communication.
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The figure shows the relationship between mathematics pass rates and the strength of science communication at Sci-Bono and other SADC science centres.  The dashed red line represents Sci-bono, indicating a positive correlation between increased communication through Twitter, newsletters, and YouTube and higher pass rates. In contrast, other SADC centres’ solid green lines show a more volatile relationship, reflecting inconsistent engagement.  The non-linear curvature of the lines suggests that the pass rates change unevenly as science communication increases, with the impact of COVID-19 and hybrid education contributing to fluctuations in recent years.

Figure 2: Science engagement pillar versus Mathematics pass rates in SADC
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Figure 2 illustrates the relationship between science engagement and mathematics pass rates across multiple countries. In many SADC countries, a threshold at 80% indicates a decline in pass rates with higher science engagement, likely due to these centres’ focus on university-level content rather than high school syllabuses. In contrast, Sci-bono (dashed red line) demonstrates a positive relationship, with increased science engagement leading to higher pass rates in Gauteng from 2017 to 2022. The scattered data points below the 60% pass rate suggest that even moderate science engagement does not always guarantee high mathematics pass rates.

Figure 3: Science education pillar versus Mathematics pass rates among SADC economies
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Figure 3 shows a steeper slope for Sci-Bono (solid green line), indicating that science education significantly influences mathematics pass rates in Gauteng compared to other SADC countries. Specific elements of Sci-Bono’s science education effectively enhance mathematics skills among matriculants. However, the curvature in both lines implies that increases in mathematics pass rates may slow at higher levels of science education, warranting further investigation. Additionally, the variability around the lines emphasizes the importance of considering other factors that may affect mathematical passing rates.

Figure 4: Science subjects pass rate influenced by the level Science communication among SADC science centres
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Figure 4 illustrates a positive relationship between the level of science communication (X-axis) and pass rates for science subjects (Y-axis) in SADC science centres.  Both Sci-Bono and other SADC economies show that effective science communication enhances high school learners' engagement with subjects like physics, biology, and chemistry, leading to improved pass rates.

Figure 5:  Science subjects pass rate influenced by the level Science engagement among SADC science centres
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Figure 5 reveals a weak negative correlation between science engagement (X-axis) and science subject pass rates (Y-axis) across multiple countries, indicating that as science engagement increases, there is a slight tendency for pass rates to decrease. The scatter of data points shows that this relationship is not robust for all SADC science centres, including Sci-Bono.  Interestingly, we find suggestive evidence of an upturn in the relationship once we reach the 80% engagement threshold.

Figure 6: Science subjects pass rate influenced by the level Science education among SADC science centres
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The x-axis represents the level of science education efforts at SADC science centres, ranging from low to high, while the y-axis displays the average pass rate for science subjects across these countries, with higher values indicating better learning outcomes.  This suggests that strong science education can enhance learning outcomes. The figure highlights a notable positive relationship between science education and pass rates, particularly for Sci-bono (solid green line), although this connection was disrupted during the COVID-19 pandemic due to learners' isolation from accessible science content that could not be effectively delivered online.

Figure 7: Sci-bono Science Centre communication and its influence on mathematics pass rates (2017-2022)
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The Sci-Bono Science Centre exhibits a higher level of science communication compared to other SADC science centres, which contributes to improved pass rates for both mathematics and science subjects in Gauteng Province, as illustrated in Figure 7.

Figure 8: SADC science centre’s communication level and influence on mathematics pass rate (2017-2022)
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Figure 8 shows that mathematics pass rates are lower among other SADC countries in the sample compared to Sci-Bono. The boxplots indicate that science education and communication may significantly impact science-related learning outcomes. The researchers recommend further research to examine specific elements and identify effective strategies for enhancing science education and communication across SADC countries.

6.1. Scatterplots between mathematics & science pass rates and different science centres pillar of engagement.

Figure 9: Science communication by Sci-bono and its impact on science pass rates in Gauteng Province (2017-2022)
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Figure 9 depicts the relationship between the level of science communication efforts at Sci-Bono (X-axis) and the mathematics pass rate in Gauteng province, South Africa (Y-axis). The X-axis measures science communication based on the number of exhibits and mathematical educational programs at Sci-Bono. Higher levels of science communication correlate with higher mathematics pass rates, suggesting that effective communication can enhance student performance in mathematics.
7. OVERVIEW LESSONS FROM SCI-BONO SCIENCE CENTRE TO OTHER SADC ECONOMIES
The lessons from the Sci-Bono Science Centre for other SADC economies emphasize several key factors contributing to its success.  First, Sci-bono employs effective teaching methods, including project-based learning, hands-on experiments, and the use of technology in both online and onsite
 settings, which enhance understanding of science subjects. Second, its strong curriculum aligns well with learning objectives, promoting critical thinking and real-world applications. Furthermore, the presence of qualified and passionate instructors guarantees the clear and engaging explanation of complex scientific concepts. The supportive learning environment fosters curiosity and collaboration among students (Batty, 2020). Finally, effective communication strategies, as highlighted in Figure 3, utilize various channels, like social media and newsletters, to engage and inform students about science-related topics.
7.1. Quantitative Assessment of Science Centre Programs: Exploring Relationships and Impact through Regression and Correlation Analysis
Correlations with Mathematics Pass Rate:

Table
 2: Spearman Rank Correlation matrix, association of science centre’s visitors’ characteristics and mathematics pass rate.

[image: image10.emf]  ScienceEng    -0.1510   0.2021  -0.1746   0.0724  -0.1036   0.4079* -0.0345   0.3480*  1.0000 

  ScienceEdu    -0.1970   0.0925  -0.1704   0.1339   0.1896   0.2284   0.2549*  1.0000 

  ScienceCom    -0.1584   0.0018   0.0182  -0.1221   0.1388   0.3230*  1.0000 

     Twitter     0.0214   0.1458  -0.1332   0.0422   0.0187   1.0000 

  Newsletter    -0.0406   0.0067  -0.1100   0.1400   1.0000 

     Youtube     0.3420*  0.2525  -0.1732   1.0000 

lGender_fe~e     0.0460   0.0002   1.0000 

   lvisitors    -0.0536   1.0000 

MathsPasRate     1.0000 

                                                                                               

               MathsP~e lvisit~s lGende~e  Youtube Newsle~r  Twitter Scienc~m Scienc~u Scienc~g

Number of observations = 60


Notes: Statistically Significant Correlations (marked with *)
The correlation table reveals several important insights regarding the relationship between various factors and mathematics pass rates. Most correlations are close to zero, indicating weak or no significant relationships, particularly concerning the number of visitors, gender, and newsletter usage. However, a positive correlation with YouTube (0.3420) suggests that science centres like Sci-bono, which uses YouTube for mathematics applications, may influence higher math pass rates in Gauteng.  A weak positive correlation with Twitter (0.2856) indicates that schools engaging with X (formally known as Twitter) might also see slightly higher math pass rates. Furthermore, higher math pass rates correlate with stronger programs in science communication (0.3756), science education (0.2549), and science engineering (0.4079). This shows that improving science education programs could have positive effects.

Correlations with Science Pass Rate:

Table 3: Spearman Rank Correlation matrix, association of science centre’s visitors’ characteristics and science pass rate.[image: image11.emf]  ScienceEng    -0.2870*  0.2021  -0.1746   0.0724  -0.1036   0.4079* -0.0345   0.3480*  1.0000 

  ScienceEdu    -0.1714   0.0925  -0.1704   0.1339   0.1896   0.2284   0.2549*  1.0000 

  ScienceCom    -0.0962   0.0018   0.0182  -0.1221   0.1388   0.3230*  1.0000 

     Twitter    -0.1201   0.1458  -0.1332   0.0422   0.0187   1.0000 

  Newsletter     0.2029   0.0067  -0.1100   0.1400   1.0000 

     Youtube     0.0855   0.2525  -0.1732   1.0000 

lGender_fe~e     0.3871*  0.0002   1.0000 

   lvisitors    -0.0499   1.0000 

SciencePas~e     1.0000 

                                                                                               

               Scienc~e lvisit~s lGende~e  Youtube Newsle~r  Twitter Scienc~m Scienc~u Scienc~g

Number of observations = 60


Notes: Statistically Significant Correlations (marked with *)
The correlation analysis shows that many correlations are weak or near zero, indicating a lack of significant relationships between various factors and science pass rates, particularly for the number of visitors, YouTube usage, newsletter usage, and Twitter usage. The strongest correlation is with gender (0.3871), indicating that females tend to have higher science pass rates on average. There are also positive correlations with science communication (0.3230) and science education (0.2549), suggesting that stronger programs in these areas may be associated with improved science pass rates. However, the negative correlation with science engagement (-0.2870) suggests a complex relationship that warrants further investigation.

Overall discussion of the correlation matrix
Strong science engagement programs may prioritize a wide array of engineering disciplines, potentially diverting attention from core science principles essential for passing rate assessments.  Furthermore, these programs may necessitate dedicating more time to engineering coursework, thereby reducing the amount of time available for directly testing core science subjects in exams.  The analysis found some statistically significant positive correlations, notably between gender and science pass rates, indicating that females tend to perform better, particularly at the Sci-Bono science centre.  Furthermore, the analysis linked stronger science communication and education programs to higher science pass rates. However, a negative correlation between science engagement programs and pass rates raises questions, suggesting that a broader focus in engagement may not align with the specific skills assessed. The report stresses that correlation does not imply causation, urging further research with larger sample sizes and control variables to uncover the underlying mechanisms behind these relationships.  Investigating correlations within specific science sub-disciplines (physics, chemistry, biology) could yield more detailed insights into these dynamics.

GLS Regression Analysis of Science Centres' Effect on Science and Mathematics Examination Pass Rates
Random Effects
Table 4: GLS Regression (Science centre’s offering impact on Mathematics pass rate)
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                        rho            0   (fraction of variance due to u_i)

                    sigma_e    .06910536

                    sigma_u            0

                                                                                             

                      _cons     .6509155   .1389359     4.69   0.000     .3786061    .9232249

                 ScienceEng    -.0768729   .0514977    -1.49   0.136    -.1778066    .0240608

                 ScienceEdu    -.0409325   .0522175    -0.78   0.433     -.143277     .061412

                 ScienceCom    -.0403087   .0543855    -0.74   0.459    -.1469024     .066285

                    Twitter     .0435779   .0484105     0.90   0.368     -.051305    .1384608

                 Newsletter    -.0553283   .0507594    -1.09   0.276    -.1548149    .0441584

                    Youtube     .1073484   .0376841     2.85   0.004     .0334889    .1812079

leducation_Bachelororhigher    -.0236798   .0298211    -0.79   0.427     -.082128    .0347685

             lGender_female     .0191219   .0290112     0.66   0.510     -.037739    .0759828

                  lvisitors     .0032177   .0110704     0.29   0.771    -.0184798    .0249152

                                                                                             

               MathsPasRate   Coefficient  Std. err.      z    P>|z|     [95% conf. interval]

                                                                                             

corr(u_i, X) = 0 (assumed)                      Prob > chi2       =     0.0872

                                                Wald chi2(9)      =      15.14

     Overall = 0.2324                                         max =          6

     Between = 0.4492                                         avg =        6.0

     Within  = 0.0038                                         min =          6

R-squared:                                      Obs per group:

Group variable: id                              Number of groups  =         10

Random-effects GLS regression                   Number of obs     =         60


Generalized Least Squares (GLS) regression was applied to address potential heteroscedasticity in the analysis of key factors influencing mathematics and science subject pass rates from 2017 to 2022, including the Covid-19 period. This method helped account for variability in the data while assessing the impact of these factors on student performance.

The overall R-squared value of 0.2324 suggests a moderate fit of the model to the data. However, the within-group R-squared of 0.0038 is very low, indicating that the model explains very little of the variation in math pass rates within individual schools. In contrast, the between-group R-squared of 0.4492 is higher, meaning the model captures more of the differences between schools. The Wald chi-square test (15.14) is statistically significant (p-value = 0.0872), indicating that at least one of the independent variables is related to math pass rates. However, the borderline p-value calls for caution when interpreting these findings.

Key findings from the regression analysis include:

· YouTube Usage (coefficient = 0.1073): There is a positive and statistically significant relationship between YouTube usage by science centres and mathematics pass rates (p-value = 0.004). This suggests that science centres, particularly Sci-bono in Gauteng, which promote YouTube usage, tend to have higher math pass rates compared to other SADC science centres between 2017 and 2022.

· Student Characteristics: Variables such as the number of visitors to science centres and gender do not have statistically significant effects on math pass rates among SADC countries.

· Science Centre Resources & Programs: Variables like Newsletter usage, Twitter engagement, and science program factors (engagement and education) have negative coefficients but are not statistically significant.

· Constant Term (0.6509): This represents the average predicted math pass rate when all independent variables are set to zero.

Table 5: GLS Regression (Science centre’s offering impact on Science subjects pass rate)
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                        rho            0   (fraction of variance due to u_i)

                    sigma_e    .06582422

                    sigma_u            0

                                                                                             

                      _cons     .7364004   .1038115     7.09   0.000     .5329336    .9398673

                 ScienceEng    -.0687315   .0384786    -1.79   0.074    -.1441481    .0066851

                 ScienceEdu     .0172129   .0390164     0.44   0.659    -.0592579    .0936837

                 ScienceCom    -.0673788   .0406363    -1.66   0.097    -.1470245    .0122669

                    Twitter     .0555621   .0361719     1.54   0.125    -.0153334    .1264576

                 Newsletter     .0798119   .0379269     2.10   0.035     .0054765    .1541474

                    Youtube    -.0004285   .0281572    -0.02   0.988    -.0556155    .0547586

leducation_Bachelororhigher    -.0073199    .022282    -0.33   0.743    -.0509918    .0363521

             lGender_female     .1265747   .0216769     5.84   0.000     .0840888    .1690606

                  lvisitors      .000359   .0082717     0.04   0.965    -.0158531    .0165712

                                                                                             

             SciencePasRate   Coefficient  Std. err.      z    P>|z|     [95% conf. interval]

                                                                                             

corr(u_i, X) = 0 (assumed)                      Prob > chi2       =     0.0000

                                                Wald chi2(9)      =      52.88

     Overall = 0.5140                                         max =          6

     Between = 0.7885                                         avg =        6.0

     Within  = 0.1585                                         min =          6

R-squared:                                      Obs per group:

Group variable: id                              Number of groups  =         10

Random-effects GLS regression                   Number of obs     =         60


The random-effects GLS regression analysis in Table 5 reveals that the model has a moderate to strong fit to the data, with an overall R-squared of 0.5140. The between-group R-squared (0.7885) is significantly higher than the within-group R-squared (0.1585), suggesting that the model explains more variation in science pass rates between schools rather than within schools. The Wald chi-square test (52.88) is highly significant (p-value = 0.0000), indicating that at least one of the independent variables is statistically related to the science pass rate.

The regression analysis highlights the following key findings:

· Visitor characteristics: Gender has a positive and statistically significant effect on science pass rates (p-value=0.000), indicating that females tend to have a higher science pass rates on average. Other characteristics, such as education and age, do not have statistically significant effects.

· Science Centre Resources: Newsletter usage has a positive and statistically significant impact on science pass rates (p-value = 0.035), suggesting that schools using newsletters may see improved pass rates in science. YouTube and Twitter usage do not have statistically significant effects.

· Science Centre Program Factors: The coefficients for Science Communication and Science Engagement are negative but not statistically significant. Science Education has a positive coefficient, but it is also not statistically significant.

This indicates that gender and newsletter usage are the most influential factors for science pass rates, while other variables show weaker or insignificant relationships.

The analysis reveals two significant findings:
1. Gender Difference: The positive and significant coefficient (0.126) suggests that females have higher science pass rates on average. This aligns with earlier correlation analysis, warranting further investigation into factors like student motivation, learning styles, or course selection patterns that may contribute to this gender difference.

2. YouTube Usage: The positive relationship between YouTube usage and mathematics pass rates suggests that students may benefit from accessing educational math content, tutorials, or engaging explainer videos on the platform. The interactive and diverse nature of YouTube might enhance student motivation and engagement with math topics. Further research is needed to explore this association.
8. CONCLUSIONS AND RECOMMENDATIONS 

8.1. Conclusions
The analysis of SADC Science Centres reveals several key insights.  Strengths include well-established centres, like Sci-Bono in South Africa, that provide interactive learning experiences that enhance public engagement with science.  However, weaknesses emerge from the uneven distribution of resources across SADC countries, resulting in disparities in access to quality science education. Opportunities lie in fostering collaboration among SADC nations and forming public-private partnerships to enhance resource sharing and secure additional funding. Yet, threats such as competing funding priorities and limited public awareness of the importance of science education pose challenges to the growth of these institutions.

3. LITERATURE REVIEW

Existing literature emphasizes the importance of science centres in promoting STEM education (science, technology, engineering, and mathematics).  Studies indicate that interactive learning environments significantly improve student engagement and understanding of scientific concepts. Falk and Dierking (2000) discuss how informal science institutions, like museums and science centres, contribute to lifelong learning and science engagement.  Bevan and Dillon (2010) investigate the potential of science centres as tools for enhancing science literacy, especially in underserved communities, and examine their complementarity with formal education systems.

Science centres are vital in fostering public engagements with science. Rennie and Williams (2006) examine the impact of science centres on public engagement with science and on informal science learning. Bell et al. (2009) provide
 a comprehensive review of how informal science institutions, such as science centres, influence public engagement with science, with a focus on diverse learning environments.

 

Moreover, science centres and innovation hubs are critical for promoting entrepreneurship, technology, and economic development, especially in developing regions like the SADC.  A 2020 study by McKinsey & Company explores how science and technology education can stimulate innovation and entrepreneurship in Africa, emphasizing the significance of educational hubs and centres. Chikowore (2020) examines the role of innovation hubs, including science centres, in driving scientific progress and economic development in Africa. The study highlights how countries with more investment in science education and technology infrastructure have a competitive advantage in developing human capital and fostering innovation.

 

In regions with significant educational inequality, science centres often serve as crucial access points for students from under-resourced schools. Spaull (2013) studies the stark inequalities in South Africa’s education system. The study discusses how schools in wealthier areas are better resourced, while those in poor, rural, or township areas lack access to basic learning materials, well-trained teachers, and science labs. The study provides context for the role of initiatives like Sci-Bono in supporting under-resourced schools. Taylor and Coetzee's (2013) study, which estimates the impact of language of instruction in South African primary schools, establishes that language barriers in education systems contribute to educational inequality. This information is relevant for understanding the challenges faced by science centres in multilingual regions such as the SADC.

 

Case and Marshall (2016) provide insights into the learning experiences of students in several Southern African countries, revealing disparities in access to educational resources and opportunities. The study focuses on how students' access to STEM education resources differs between well-funded urban schools and under-resourced rural schools in the region. While focusing on South Africa during the COVID-19 pandemic, Jansen and Motala (2020) discuss the broader issue of unequal access to learning resources, including science education. The study demonstrates that poor and rural schools faced significant challenges with remote learning due to a lack of infrastructure such as laboratories, reliable electricity, and internet access. These challenges are also common in many other SADC countries.

 

Taylor and Shindler (2016) focus on the inequality of resources between schools in wealthier regions and those in rural or poorer areas in Southern Africa. The research provides specific examples of how these inequalities affect science education and how disparities in teacher quality, lab facilities, and funding undermine educational outcomes in STEM subjects. The literature highlights the disparities in access to science education resources across different SADC countries, underscoring the need for strategic investments and collaborations.

8
.2. Recommendations
Science centres in the SADC region are essential for promoting scientific literacy and innovation. These institutions, ranging from broad-based centres like the Sci-Bono Discovery Centre (South Africa) to specialized ones like the Botswana Technology Centre (renewable energy and robotics), play a vital role in public engagement and education.  Science Centres like the National Earth Science Museum (Namibia) and the Natural History Museum of Zimbabwe highlight national geological and natural history treasures, fostering environmental awareness and pride.  The analysis emphasizes the importance of interactive
 learning programs, collaboration among centres, and incorporating research to drive public engagement and inquiry.  Future efforts should focus on collaboration, expanding educational programs, and improving accessibility to ensure that the benefits of science literacy reach all citizens. By doing so, SADC Science Centres can inspire future generations to pursue careers in science and innovation, contributing to sustainable development across the region (SADC, 2020).  To maximize the impact of science centres in the SADC region, policymakers should focus on strategic investments in infrastructure to build new centres in underserved areas and upgrade existing ones.  They
 should also develop public engagement programs to enhance science communication and raise awareness. Lastly, fostering regional collaboration among science centres can promote knowledge sharing and resource pooling, boosting the region's overall scientific capacity.
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�I was thinking of amending the research topic suggesting: "Assessing the Effectiveness of Sci-Bono Discovery Centre: A Comparative Analysis with Other Science Centres in the SADC Region"





This revision focuses on effectiveness (a more specific term) rather than just performance, which could encompass various factors. It also clarifies that the comparison is across all science centres in the SADC region. This change would make the topic more precise and aligned with the specific objectives of your study.





The abstract should be italicized and provide a succinct summary that highlights the main focus of the research. It should briefly outline the research methodology, key findings, and the key recommendations. This overview allows readers to quickly grasp the essence of the study, including its purpose, approach, results, and potential implications, without delving into excessive detail.








�The significance of the study should be presented after the research questions. This section explains the importance of the research, outlining how it contributes to existing knowledge, addresses gaps in the field, or has practical implications for policy, practice, or future studies. It helps contextualize the research by clarifying its potential impact and relevance to the broader discipline or community.





�Rearrange the structure by placing the research objectives before the research questions. The research objectives should clearly define the aims and goals of the study, providing a framework for the research. Following the objectives, the research questions can then be presented, directly aligned with and guiding the pursuit of those objectives. This order ensures a logical flow, with the objectives setting the stage for the specific questions that will drive the investigation.








Research questions should be directly aligned with the research objectives and follow them logically. The objectives outline the broader goals of the study, and the research questions should be crafted to explore those goals in specific terms. This alignment ensures that the questions are relevant and focused, guiding the research process in a clear and structured manner. Maintaining this alignment helps ensure that the study remains cohesive and addresses its intended aims effectively.








Please provide a source for this statement. This request asks for the original reference or citation from which the information, claim, or idea was derived, ensuring that proper attribution is given to the source material and that the statement can be verified or further explored. Providing sources adds credibility to the statement and strengthens the integrity of the research.





�"Seeks" should be changed to "aims" for a more direct tone.


�The phrase "thereby enhancing" should be simplified to "to enhance" for clarity and conciseness. 


�Bold the heading and label it as "Table 1." This formatting convention clearly distinguishes the table's title from the rest of the text, making it more visually prominent and easier for readers to locate. Labeling it as "Table 1" provides an organized structure, allowing for easy reference to specific tables throughout the document, which is particularly useful in academic or research contexts.


 


�In the sentence "Data was collected from 100 participants...", "data" is plural, so it should be "Data were collected from 100 participants...".


�The phrase "the quantitative data was analysed..." and "the qualitative data was analysed..." could be streamlined for better flow. For instance, combining both analyses in a single sentence can reduce redundancy:


�Although NVivo and SPSS are mentioned as the primary tools for qualitative and quantitative analysis, briefly stating why these tools were specifically chosen could add depth.


�While the statistical methods are listed, some terms may need a bit more clarification for readers unfamiliar with them. For example, instead of just stating "Spearman’s rank correlation," it could be helpful to briefly describe why it's used (e.g., "Spearman's rank correlation to measure the strength and direction of relationships between ranked variables"). Similarly, the use of generalized least squares might benefit from a quick explanation of its purpose in the study.


�Readjust the table number to be table 2


�Please provide the source for the table. This request asks for the original reference or citation from which the data, information, or visual representation in the table has been derived. Including the source is essential for maintaining academic integrity and allowing readers to verify the accuracy and credibility of the information presented. The source should be cited at the end of the table in the appropriate format.


��Please provide the source for Figure 1. This request asks for the original reference or citation from which the data, image, or information in Figure 1 has been obtained. Citing the source ensures transparency and academic integrity, allowing readers to verify the information and understand its context. The source should be formatted according to the appropriate citation style (e.g., APA, MLA, Chicago) to ensure proper attribution.





��Kindly provide source to the fig 2.





��Kindly provide source to the fig 3.


�Kindly provide source to fig 4.


��Kindly provide source to the fig 5.





��Kindly provide source to the fig 6.





��Kindly provide source to the fig 7.





��Kindly provide source to the fig 8.





��Kindly provide source to the fig 9.





�Recast the statement for clarity


�Table 2 seams to be double, check carefully


�Add ‘’s’’


�Recommendations should be presented in an outlined format for clarity.





�While the text is clear, some terms like "public engagement programs," "interactive learning," and "regional collaboration" are somewhat generic. If space allows, it might be helpful to briefly explain what these terms entail or provide examples to give readers a clearer picture of what is being advocated.


�The points on public engagement and regional collaboration are important, but they could be made a bit more concrete. You might specify examples of successful programs or collaborations that could serve as models for future development.
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