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Abstract

The study investigates the impact of multimedia on chemistry education, focusing
on Mavhuradonha High School, Mt. Darwin in Zimbabwe. The research explored how
multimedia resources, such as animations, simulations, and videos, enhance student
comprehension and engagement in chemistry. The objectives of the study were: to
evaluate how multimedia influences students’ understanding of complex chemistry
concepts; to identify challenges faced by educators in implementing these tools; and
to recommend strategies for improving multimedia integration in secondary school
chemistry instruction. The research was guided by the Universal Design for Learning
(UDL), which emphasizes inclusive and flexible learning environments, and Social
Learning Theory, which highlights the role of observation and collaboration in
knowledge acquisition. A mixed-methods approach was adopted. It combined
qualitative and quantitative data collection. Structured questionnaires were
administered to 25 students, while in-depth interviews were conducted with 5
chemistry teachers. Purposive sampling ensured that participants had direct
experience with multimedia in the classroom. Key findings reveal that multimedia
significantly improves visualization, retention, and accessibility of chemistry
concepts. However, challenges such as intermittent electricity, high data costs, and
limit access to devices. Distractions from digital platforms also emerges as a
concern. The study concludes that multimedia enhances chemistry learning when
supported by adequate infrastructure and teacher training. Recommendations
include investing in solar power systems, affordable digital devices, offline learning
platforms, and stakeholder collaboration to ensure equitable access and sustainable

integration of multimedia in Zimbabwean science education.
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Chapter 1: Introduction
1.0 Introduction

The integration of multimedia in education has transformed traditional teaching
methods. This is because it offers dynamic and interactive approaches to learning.
In chemistry education, multimedia tools such as videos, simulations, and
animations have been recognized for their ability to simplify complex concepts and
enhance student engagement. While technologically advanced countries have
successfully adopted these tools, developing nations like Zimbabwe face challenges
in fully leveraging multimedia in their curricula. This study examines the role of
multimedia in chemistry education at Mavhuradonha High School, assessing its
impact on student comprehension and learning experiences. By investigating current
practices, obstacles, and opportunities for improvement, the research aims to
provide valuable insights into how multimedia can be effectively incorporated into

chemistry instruction.

1.1 Background of the Study

Multimedia has revolutionized the way chemistry is taught in educational settings.
Accordidng to Ahmad et al. (2022) incorporating videos, animations, interactive
simulations, and virtual reality experiences can help educators to engage students in
a more dynamic and immersive learning environment. Ahmad et al. (2022) further
highlights that these multimedia tools can help students to visualize complex
chemical concepts and conduct virtual experiments. This can help them to gain a
deeper understanding of the subject matter. These authors assume that the use of
multimedia can aid students who struggle with complex chemistry concepts. Hsiung
(2018) highlights that these multimedia resources can help demystify topics like
molecular structures and chemical reactions, making them easier to understand.
Additionally, interactive elements enable students to explore and manipulate
variables in a virtual setting, fostering a sense of inquiry and encouraging hands-on
learning (Hsiung, 2018). This approach not only addresses the difficulties associated
with traditional teaching methods but also promotes a more dynamic interaction

with the subject matter.

It has been cited that the use of multimedia in chemistry education helps to cater to



various learning styles. Lin and Wu (2021) asserts that visual learners can benefit
from instructional videos and animations that vividly illustrate chemical reactions,
making abstract concepts more tangible. Meanwhile, kinesthetic learners can
engage in hands-on virtual experiments that reinforce their understanding through
active participation (Lin & Wu, 20221). Additionally, auditory learners can take
advantage of audiovisual presentations to learn chemical principles. These
examples show how multimedia can be incorporated in chemistry education in
Zimbabwe. By accommodating these diverse learning preferences, multimedia tools
enhance the overall educational experience, making chemistry more accessible and
engaging for all students (Casselman, Elchler & Atit, 2021). Globally, multimedia is
increasingly utilized to mediate the learning process in an effort to enhance
educational outcomes. By integrating various forms of media, such as videos,
animations, and interactive tools, educators can create more engaging and effective
learning environments. This approach allows for the visualization of complex
concepts, making them more accessible to students (Casselman, Elchler & Atit,
2021). Additionally, multimedia resources cater to different learning styles, ensuring

that all students can benefit from the material presented.

One example of a nation that has effectively incorporated multimedia technologies
into its educational system is Singapore. As stated by Ceken and Taskin (2022) the
country has invested heavily in digital learning resources, including interactive
simulations, educational apps, and online platforms that enhance the learning
experience. Furthermore, as stated by Ceken and Taskin (2022) Singapore's Ministry
of Education has implemented various initiatives to integrate technology into
classrooms, ensuring that students have access to cutting-edge tools that support
diverse learning styles. This commitment to leveraging multimedia in education has
contributed to Singapore's reputation for high academic achievement and innovative
teaching practices (Ceken & Taskin, 2022). Another example of a nation that has
successfully integrated multimedia technologies into its education system is Finland.
According to Sun et al. (2024) Finland incorporates various digital tools and
resources in classrooms to enhance learning outcomes. The government provides
funding for schools to access modern technologies, including tablets, interactive
whiteboards, and online learning platforms (Sun et al., 2024). Additionally, Finnish

educators are trained to effectively use these tools to support student engagement
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and collaboration (Sun et al.,, 2024). This focus on multimedia in education has
helped Finland maintain its reputation as a leader in global education standards (Sun
et al., 2024). This raises interest about how a country such as Zimbabwe can

incorporate multimedia some more in the mediation of chemistry education.

While the advantages of multimedia in education are gaining recognition worldwide,
developing countries like Zimbabwe have not yet fully invested in these resources.
As global technology rapidly advances, the gap between those who have access to
innovative educational tools and those who do not continues to widen (Tapera,
Jakazi & Mufemi, 2024). Many schools in these regions still rely on traditional
teaching methods, which may limit students' engagement and understanding of
complex subjects such as chemistry (Tapera, Jakazi & Mufemi, 2024). The lack of
investment in multimedia technologies stems from various challenges. As other
nations embrace these advancements, the need for developing countries to prioritize
and invest in multimedia resources becomes increasingly urgent to ensure that their

students are not left behind in the global educational landscape.

1.2 Statement of the Problem

As atated by Hsiung (2018) chemistry is widely regarded as a challenging subject,
primarily due to its abstract concepts, complex equations, and intricate theories. It
has been assumed that multimedia technologies can effectively mediate the learning
process and make these concepts more accessible to students (Hsiung, 2018).
However, in Zimbabwe, these technologies are still being underutilized in educational
settings. Tandi (2023) notes that this underutilization raises concerns about the
potential impact on students' understanding and engagement in the subject. The
lack of multimedia resources in chemistry education significantly affects student
engagement, as traditional teaching methods may not suffice for modern learning
methods (Tandi, 2023). This disengagement can lead to decreased retention of
information, making it challenging for students to grasp complex theories and
equations. Furthermore, Dabengwa et al. (2024) asserts that without interactive
tools that facilitate understanding, students may struggle to perform well in
assessments, resulting in lower academic outcomes. Furthermore, Dabengwa et al.
(2024) states that the absence of these resources limits opportunities for

collaborative learning and critical thinking, essential skills for success in the subject.



Therefore, there is a critical need to investigate the factors contributing to the low
adoption of multimedia in chemistry education in Zimbabwe. Identifying these
barriers is essential for developing strategies to enhance learning outcomes and

ensure that students can fully benefit from modern educational resources

1.3 Purpose of the Study

The study aims to assess the impact of multimedia on chemistry learning outcomes.
The study aimed to assess the impact of multimedia on chemistry learning
outcomes at Mavhuradonha High School. In addition to measuring its influence on
students' comprehension of complex concepts, the study also sought to explore the
practical challenges and opportunities surrounding multimedia integration in the
classroom. It further aimed to inform future policy and pedagogical strategies by
identifying evidence-based recommendations for enhancing multimedia use in

Zimbabwean secondary education.

1.4 Aim of the Study

To assess the impact of multimedia resources on chemistry education at
Mavhuradonha High School.

1.5 Research Objectives

To evaluate how multimedia resources influence students' understanding of

complex chemistry concepts.

To identify the challenges faced by educators in implementing multimedia resources

in chemistry education at Mavhuradonha High School.

To recommend strategies and interventions that can enhance the effective use of
multimedia in chemistry education.

1.6 Main Research Question

What is the impact of multimedia resources on chemistry education at

Mavhuradonha High School?

How do multimedia resources influence students' understanding of complex

chemistry concepts?



What challenges do educators face in implementing multimedia resources in

chemistry education at Mavhuradonha High School?

What strategies and interventions can be proposed to enhance the effective use of

multimedia in chemistry education?

1.7 Research Hypotheses

Hypothesis 1: The use of multimedia resources in chemistry education significantly
improves students' understanding of complex chemistry concepts at Mavhuradonha
High School.

1.8 Significance of the Study

The integration of multimedia in chemistry education holds immense potential for
improving student engagement and comprehension. This study provides critical
insights into how multimedia tools can enhance instructional delivery, simplify
complex concepts, and foster interactive learning. The findings will serve as a
valuable resource for policymakers, administrators, educators, and students by
highlighting the impact of digital tools on education and identifying key areas for

improvement

This study provides a framework for integrating multimedia into classrooms, offering
policymakers, administrators, and education officials insights into its role in
enhancing student engagement and learning outcomes. By assessing the
effectiveness of multimedia tools in chemistry education, the findings can inform
strategic decisions on curriculum development, resource allocation, and technology
integration. Education administrators can leverage these insights to design targeted
training programs, ensuring that educators are equipped to implement multimedia
effectively. Additionally, officials responsible for school infrastructure and digital
learning initiatives can use the study to guide investments in accessible and scalable
multimedia resources. Addressing barriers to adoption, such as funding constraints
and technological access, will support equitable learning opportunities across

diverse educational settings.

Understanding how multimedia can simplify complex chemistry concepts will enable

teachers to create a more stimulating classroom environment, increasing student



interest and participation. Teachers can learn how to facilitate collaborative learning
experiences through multimedia, encouraging teamwork and communication among
students, which are essential skills in chemistry and beyond. The findings may
highlight the importance of integrating multimedia tools into the curriculum,
prompting schools to invest in necessary resources and technologies that support
teachers in their instructional efforts. By providing insights into the effectiveness of
multimedia resources, teachers can adopt more engaging and interactive teaching

strategies that cater to diverse learning styles.

The use of multimedia resources significantly enhances students' understanding of
complex chemistry concepts compared to traditional teaching methods. Students
who learn through multimedia tools demonstrate greater interest and engagement in
chemistry, leading to active participation in classroom activities. Multimedia
resources cater to various learning styles, enabling visual, auditory, and kinesthetic
learners to grasp abstract concepts more easily.

1.9 Limitations of the Study

The study is limited to Mavhuradonha High School, meaning findings may not fully
represent the experiences of schools across Zimbabwe, particularly those with
different levels of technological investment. The researcher ensured findings remain
relevant by selecting a school with diverse student backgrounds and strong digital

investments, allowing for meaningful insights applicable to broader contexts.

Due to time and resource limitations, the study relies on a specific sample of
students and teachers, potentially excluding broader perspectives from other
stakeholders in chemistry education. Therefore, to enhance data reliability, the
researcher used a combination of surveys, interviews, and document analysis,

ensuring a well-rounded perspective while working within time constraints.

The research focuses on immediate learning experiences rather than long-term
effects of multimedia integration on academic performance and student
engagement. In that regard, the researcher focused on measurable short-term
engagement and comprehension improvements, while recommending follow-up

studies for extended analysis.



1.10 Delimitations of the Study

The study was focused on Mavhuradonha High School due to its central location
within Mt Darwin District. This makes it a representative site for assessing
multimedia integration in chemistry education. The school accommodates students
from diverse backgrounds and it provides a broad perspective on how digital
learning tools impact learners with varying educational experiences. Additionally,
Mavhuradonha High School has made significant investments in digital technologies.
It has positioned itself as one of the district’s leading institutions in educational

innovation

Furthermore the study included a focused analysis on chemistry education,
excluding other subjects where multimedia might be utilized differently. This
focused approach ensured a thorough assessment of chemistry-specific learning
challenges and multimedia interventions rather than general educational technology

use.

The study is delimited to students and teachers within Mavhuradonha High School.
Given that the institution enrols learners from diverse backgrounds, it provides a
varied sample. This allows insights into how multimedia tools impact students with

different learning needs and prior experiences.

1.11 Chapter Summary

The integration of multimedia resources in chemistry education offers potential to
improve student learning outcomes. By utilizing tools such as videos, animations,
and interactive simulations, educators can create a more engaging and dynamic
learning environment. This approach helps demystify complex and abstract
chemistry concepts, making them more tangible for students. The study emphasizes
the necessity of catering to various learning styles, which is crucial for enhancing
understanding and retention of material. The next section will review the literature

and theoretical frameworks.



Chapter 2: Literature Review
2.1 Introduction

This chapter reviews the existing literature on the impact of multimedia resources in
chemistry education. It highlights insights from previous studies. It aims to
contextualize the role of multimedia in enhancing student engagement,
comprehension and retention of complex concepts. Additionally, this chapter
outlines the theoretical frameworks guiding the investigation, specifically focusing
on universal design for learning (UDL) and social learning theory. UDL emphasizes
the importance of creating inclusive learning environments that accommodate
diverse learning needs. The social learning theory underscores the significance of

observation and collaboration in the learning process.

2.2 Theoretical Framework

This study was guided by two key theoretical frameworks: Universal Design for
Learning (UDL) and Social Learning Theory. UDL provided a foundation for
understanding how diverse multimedia resources can support inclusive and
accessible chemistry education, accommodating varied learner needs. Social
Learning Theory complemented this by emphasising the role of observation,
interaction, and collaboration in shaping students’ learning experiences through

multimedia engagement.

2.2.1 Universal design for Learning

The universal design for learning was used as a theoretical framework in the study.
According to Capp (2017), the theory advocates for creating flexible learning
environments that accommodate individual learning differences. Capp (2017) further
highlights that the theory proposes multiple means of representation, engagement,
and action. UDL promotes accessibility and inclusivity in education. The use of
multimedia in education advocates for the use of diverse tools. By applying UDL
principles, educators can create an inclusive learning environment that recognises
and values individual differences. In relation to multimedia, resources can be tailored
to align with these principles to ensure that content is accessible to all students,
including those with various learning impairments (Basham et al., 2020). For

instance, incorporating audio descriptions, captions, and interactive elements can



enhance understanding and engagement for various learning styles (Basham et al.,
2020). As noted by Al-Azawei, Serenelli, and Lundqvist (2016), UDL-based multimedia
approaches have been shown to improve learner satisfaction and academic
performance across diverse educational contexts. This thoughtful integration of
multimedia not only supported students in grasping complex chemistry concepts but
also aligned with the study’s aim to promote equitable and effective science

instruction.

2.2.2. Social Learning Theory

The social learning theory was also used in the study. Mayer (2023) notes that the
theory highlights the significance of observation and social interaction in the learning
process. It posits that individuals learn not only through direct experiences but also
by watching others, making imitation a crucial component of learning (Mayer, 2023).
Chuang (2021) concurs that this theory is particularly relevant in educational settings
where collaborative projects and gamified elements are employed. In chemistry
education, when students work together on group assignments or engage in
interactive challenges, they have the opportunity to observe their peers’ strategies,
problem-solving techniques, and approaches to tackling complex concepts (Mayer,
2023). This collaborative environment fosters peer learning, as students can model
behaviours they see in their classmates, leading to a deeper understanding of the
subject matter (Mayer, 2023). Furthermore, gamification introduces elements of
competition and rewards, motivating students to actively participate and share their
insights. As Praveen Kumar (2024) notes, applying social learning principles through
gamified platforms enhances students’ cognitive and behavioural engagement,
making abstract scientific content more accessible and memorable. This theoretical
lens supported the study’s aim to explore how multimedia-facilitated collaboration

and observation contribute to meaningful chemistry learning.

2.3 The Impact of Multimedia

The integration of multimedia tools has transformed the teaching and learning
landscape in chemistry classrooms. This section explores how such resources
influence student engagement, conceptual understanding, and accessibility.

Emphasis is placed on their pedagogical value in enhancing educational outcomes.



2.3.1 Enhanced Engagement

It has been stated that the use of multimedia can lead to enhanced engagement.
Menno and Prodjosantoso (2025) assert that multimedia resources, including videos,
animations, and interactive simulations, can have a positive impact on chemistry
education. This is because they enhance student engagement and comprehension.
Menno and Prodjosantoso (2025) assert that traditional teaching methods often rely
heavily on lectures and textbooks. This can lead to passive learning experiences. In
contrast, as stated by Dupchu (2024), multimedia tools actively involve students in
the learning process, allowing them to visualise complex chemical concepts and
reactions. Dupchu (2024) further states that interactive simulations enable students
to experiment virtually. This hands-on approach can make learning more enjoyable
for learners. While existing studies highlight the general benefits of multimedia, there
remains limited empirical evidence on how these tools influence engagement in
under-resourced, rural learning environments. This study seeks to address that gap
by examining how multimedia integration affects student motivation and

participation in a real-world chemistry classroom context.

2.3.2 Improved Understanding

Visual aids play a crucial role in simplifying the understanding of abstract concepts
in chemistry. Nsabayezu et al. (2025) assert that chemistry often involves intricate
theories and models which can be challenging for learners to grasp through text
alone. By incorporating visual elements such as diagrams, charts, and videos,
educators provide students with concrete representations of these abstract ideas.
Dupchu (2024) highlights that animations depicting chemical reactions illustrate the
dynamic nature of these processes and help students visualise how reactants
transform into products. This visual representation supports the connection between
theoretical knowledge and real-world applications. Lin and Wu (2021) demonstrate
that the use of visualisations, particularly when students are encouraged to interpret
or modify them, enhances their conceptual understanding and increases motivation
in chemistry learning. While these insights are valuable, existing studies do not
sufficiently address how such visual strategies function in low-resourced or rural
learning contexts. This study therefore seeks to explore how visual aids integrated

through multimedia influence comprehension and engagement in such

10



environments, offering insights that bridge the gap between technological innovation

and practical classroom realities.

2.3.3 Accessibility of Resources
2.3.4 Collaboration and Communication

Online platforms have revolutionised the accessibility of multimedia resources in
chemistry education. Aliyu and Talib (2023) contend that these technologies
empower students to learn at their own pace. With a vast array of resources
available, including instructional videos, interactive simulations, and digital textbooks,
learners can tailor their educational experiences to suit their individual needs and
preferences (Aliyu & Talib, 2023). This flexibility is particularly beneficial for diverse
learning styles; visual learners may gravitate towards animations, while auditory
learners might prefer lectures or podcasts (Aliyu & Talib, 2023). Additionally,
Casselman, Eichler, and Atit (2021) highlight that students can revisit challenging
concepts as often as needed, reinforcing their understanding without the pressure of
keeping up with a classroom pace. The availability of online resources also breaks
down geographical barriers, enabling students from varied backgrounds to access
high-quality educational content. While these benefits are well-documented, there
remains limited empirical insight into how students in under-resourced or rural
contexts navigate and utilise these platforms. This study seeks to explore how
accessibility through multimedia influences learning equity and engagement in such

settings, offering context-specific perspectives that extend current discourse.

2.4 Challenges Faced

Despite their advantages, multimedia tools present a range of implementation
challenges within chemistry education. This section examines barriers such as
technological access, cost, and assessment limitations. The study focuses on the

most pertinent challenges encountered in school settings.

2.4.1 Technological Barriers

While multimedia resources offer numerous benefits for enhancing chemistry
education, technological barriers can hinder their effective implementation. Sausan
et al. (2020) highlight that access to technology remains a significant challenge, as

not all students or schools have the necessary devices or reliable high-speed internet
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connections. This digital divide creates disparities in learning opportunities, with
some students unable to fully engage with online resources or collaborative tools
(Sausan et al., 2020). For instance, students in underfunded schools may lack
access to computers or tablets, limiting their ability to participate in interactive
simulations or access supplemental learning materials. Additionally, those without
high-speed internet may struggle to stream videos or access online platforms,
further exacerbating educational inequalities. Onah and Nzewi (2021) add that even
when infrastructure is available, a lack of confidence and competence among
educators can further impede effective multimedia integration. Although these
challenges are well-documented, there is limited research exploring how such
barriers manifest in rural or resource-constrained chemistry classrooms. This study
seeks to examine these contextual realities, offering insights into how technological
limitations shape the practical use of multimedia in science education.

2.4.2 Cost Implications

Implementing multimedia resources in chemistry education often comes with
significant cost implications, which can pose challenges for schools and educators.
Low (2022) asserts that the financial constraints associated with purchasing
software, licences, and maintaining hardware can be prohibitive, particularly for
underfunded institutions. Low (2022) further notes that schools may need to invest
in high-quality multimedia tools, which often require substantial upfront costs and
ongoing expenses for updates and technical support. Additionally, the need for
compatible devices, such as computers or tablets, further adds to the financial
burden (Low, 2022). Budget limitations can restrict the availability of these essential
resources, making it difficult for schools to provide students with the engaging and
interactive learning experiences that multimedia tools offer (Sausan et al., 2020).
Onah and Nzewi (2021) reinforce this by highlighting that cost-related barriers often
prevent the adoption of even basic digital tools in science classrooms, particularly in
rural or economically disadvantaged areas. As a result, educators may be forced to
rely on traditional teaching methods that do not fully engage students or meet their
diverse learning needs (Sausan et al., 2020). While these financial constraints are
widely acknowledged, few studies have examined how schools navigate these
limitations in practice. This study seeks to explore how cost-related challenges

influence the integration of multimedia in chemistry instruction, particularly in
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contexts where resources are scarce but pedagogical innovation remains essential.

2.4.3 Assessment and Evaluation

Assessing the effectiveness of multimedia resources in chemistry education poses
significant challenges, particularly when it comes to measuring learning outcomes.
Low (2022) states that traditional evaluation methods, such as standardised tests,
often fail to capture the nuanced skills and knowledge that students develop through
multimedia learning experiences. For instance, while standardised assessments may
focus on rote memorisation and basic problem-solving, they may overlook higher-
order thinking skills, creativity, and collaborative abilities fostered by multimedia
tools (Low, 2022). Wentzel et al. (2019) assert that evaluating the impact of
multimedia resources on student engagement and comprehension can be complex,
as the benefits may not be immediately evident in test scores. Educators might find
it difficult to establish clear metrics for success, making it challenging to justify the
investment in these resources (Wentzel et al., 2019). Schilder, Lockee, and Saxon
(2016) further argue that the lack of consensus on assessment standards for media-
rich learning environments complicates efforts to evaluate their effectiveness
systematically. Although these concerns are widely acknowledged, few studies have
explored alternative assessment models that align with the interactive and
multimodal nature of multimedia learning. This study seeks to contribute to that
conversation by examining how assessment practices can be adapted to better
reflect the cognitive and collaborative dimensions of multimedia-supported
chemistry education.

2.4.4 Student Distraction

While multimedia resources have the potential to enhance chemistry education, they
can also contribute to student distraction and cognitive overload if not implemented
thoughtfully. Liao and Wu (2022) assert that the abundance of visual and auditory
stimuli in multimedia can overwhelm students, leading to difficulties in processing
information. When faced with too many engaging elements, learners may struggle to
focus on the core educational content, which diminishes the effectiveness of the
learning experience. Additionally, the allure of technology itself can shift students'
attention away from the subject matter (Liao & Wu, 2022). Wentzel et al. (2019)

concur that rather than engaging deeply with chemistry concepts, some students
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may become more interested in the interactive features or the novelty of the
multimedia tools. Pérez-Juarez et al. (2023) further highlight that digital distractions,
particularly in technology-rich classrooms, can significantly impair students’ ability to
sustain attention and self-regulate their learning. While these concerns are
increasingly acknowledged, there is limited research examining how such
distractions manifest in science classrooms where multimedia is newly introduced.
This study seeks to explore how students navigate these cognitive demands and
how educators can optimise multimedia use to maintain focus without

compromising engagement.

2.5 Strategies

To maximise the benefits of multimedia resources, deliberate strategies must be
employed. This section outlines practical measures, including professional
development, curricular alignment, and accessibility practices. The goal is to identify
approaches that strengthen the integration of multimedia in secondary chemistry
teaching.

2.5.1 Professional Development

Professional development for educators is crucial in ensuring the effective
integration of multimedia tools into chemistry education. Dorfman et al. (2019)
assert that training workshops can equip teachers with the necessary skills to utilise
multimedia resources effectively. These workshops may focus on practical
applications that demonstrate how to incorporate these tools into everyday
instruction. In addition to initial training, ongoing support is essential for teachers to
keep up with rapidly evolving technologies and pedagogical strategies (Dorfman et
al., 2019). Providing access to resources such as online courses, webinars, and peer
collaboration opportunities enables educators to continue their professional growth.
VanUitert et al. (2019) further emphasise that sustained professional
development—particularly when it includes modelling, curriculum materials, and data
-driven coaching—significantly improves teachers’ confidence and competence in
using multimedia. While these approaches are promising, there is limited research
on how professional development is adapted to meet the specific needs of science
educators in resource-constrained environments. This study seeks to explore how

targeted training and support influence the effective use of multimedia in chemistry
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instruction, particularly in contexts where access and pedagogical capacity may vary.

2.5.2 Integration to Curriculum

Integrating multimedia resources effectively into the chemistry curriculum requires
careful alignment with educational objectives. Coenders and Verhoef (2019) concur
that ensuring these resources support and enhance key concepts is essential for
maximising their impact on student learning. Multimedia tools should be selected
based on their ability to reinforce specific learning goals, whether it is visualising
molecular structures, demonstrating chemical reactions, or illustrating complex
theories (Coenders & Verhoef, 2019). Casselman, Eichler, and Atit (2021) assert that
when multimedia resources are aligned with curriculum objectives, they become
powerful tools for deepening student understanding and engagement. For instance,
an animated simulation of a chemical reaction can provide a dynamic visual
representation that complements theoretical instruction, making abstract concepts
more tangible. Additionally, well-integrated multimedia can facilitate differentiated
instruction and allow educators to cater to diverse learning styles and needs within
the classroom (Casselman, Eichler & Atit, 2021). Kukaj and Kozma (2023) further
argue that aligning multimedia with both cognitive and situative learning goals
enables students to engage with chemistry not only as a body of knowledge but also
as a process of scientific inquiry. Despite these insights, there is limited research on
how curriculum alignment is practically achieved in resource-constrained
environments. This study seeks to explore how multimedia tools can be strategically
embedded into chemistry instruction to support both conceptual mastery and

curricular coherence.

2.5.3 Encouraging Collaboration

Encouraging collaboration among students is another vital aspect of effective
chemistry education, and multimedia tools can play a significant role in facilitating
this process. Implementing group projects that utilise multimedia resources allows
students to work together, share ideas, and build a deeper understanding of
chemistry concepts through collaborative learning (Wentzel et al., 2019). By using
platforms that support collaborative work, such as shared digital presentations,
interactive simulations, or online discussion forums, students can engage in

meaningful discussions and collective problem-solving. These tools not only
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enhance communication skills but also promote teamwork, as students learn to
negotiate roles, delegate tasks, and synthesise different perspectives (Wentzel et al.,
2019). Casselman, Eichler, and Atit (2021) highlight that multimedia projects can
inspire creativity and allow students to present their findings in innovative ways,
such as through videos, podcasts, or interactive presentations. Zurweni et al. (2017)
further demonstrate that collaborative-creative learning models using virtual
laboratories significantly improve student engagement and mastery in analytical
chemistry, especially when real lab access is limited. Despite these promising
outcomes, few studies have examined how collaborative multimedia practices are
adapted in rural or under-resourced chemistry classrooms. This study seeks to
explore how such tools can be leveraged to foster meaningful peer interaction and

scientific inquiry in diverse educational contexts.

2.5.4 Accessibility Considerations

Accessibility considerations are vital when integrating multimedia resources into
chemistry education. Dupchu (2024) asserts that adopting a universal design
approach ensures that selected resources are accessible to all students, including
those with disabilities. This involves choosing tools that comply with accessibility
standards, allowing every learner to engage fully with the content (Dupchu, 2024).
Moreover, providing content in multiple formats—such as offering transcripts for
videos, audio descriptions, and captioning—can accommodate diverse learning
needs and preferences (Dupchu, 2024). This flexibility enables students to choose
the format that works best for them, enhancing comprehension and retention of
chemistry concepts. Incorporating accessibility features not only benefits students
with disabilities but also enhances the overall learning experience for all learners
(Casselman, Eichler & Atit, 2021). For instance, visual aids can support auditory
learners, while written materials can help visual learners reinforce their
understanding. Lopez and Spagnoli (2022) further demonstrate that inclusive
technologies—such as augmented reality and pre-laboratory videos—can
significantly improve access and engagement for students with disabilities in
chemistry courses. However, there remains limited research on how accessibility
practices are implemented in secondary school science classrooms, particularly in
under-resourced settings. This study seeks to explore how multimedia can be

designed and deployed to support equitable participation and learning in diverse
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chemistry education contexts.

2.5.5 Gamification

Gamification can also enhance student engagement in chemistry by incorporating
game-like elements such as quizzes, challenges, and rewards into the learning
process. Lufti et al. (2023) assert that these interactive components motivate
students to participate actively, fostering a sense of competition and achievement
that can make complex concepts more approachable. By creating challenges that
encourage teamwork and collaboration, educators can also promote social
interaction among students, reinforcing key chemistry concepts in a fun and
dynamic way (Lufti et al., 2023). Additionally, incorporating badges, leaderboards,
and progress tracking can provide immediate feedback, helping students recognise
their accomplishments and areas for improvement (Lufti et al., 2023). Chans and
Portuguez Castro (2021) further demonstrate that gamified strategies in chemistry
not only improve motivation and engagement but also lead to measurable gains in
academic performance and classroom participation. While these benefits are
increasingly recognised, there is limited research on how gamification is adapted
and perceived in secondary school chemistry settings, particularly in under-
resourced environments. This study seeks to explore how game-based learning tools
can be effectively integrated to support both engagement and conceptual mastery in

such contexts.

2.6 Summary

In summary, the integration of multimedia resources in chemistry education
presents both opportunities and notable challenges. The potential for enhanced
engagement, improved understanding, and increased accessibility underscores the
transformative role that multimedia can play in facilitating effective learning
experiences. However, the barriers related to technology access, cost implications,
and the need for adequate training for educators cannot be overlooked. Addressing
these challenges is essential for harnessing the full benefits of multimedia in the
classroom. Additionally, further research is needed to explore the long-term impacts
of multimedia on student outcomes, the unique needs of diverse learners, and
effective assessment methods. By prioritizing these areas, educators can create a

more inclusive and engaging chemistry curriculum that empowers all students to
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succeed.
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Chapter 3: Research Methodology
3.1 Introduction

This chapter outlines the research methodology employed in the study to assess the
effectiveness of multimedia in chemistry education at Mavhuradona High School. It
provides a comprehensive framework detailing the research design, paradigm,
population, sampling methods, data collection techniques, and analytical tools. The
chapter emphasises the mixed methods approach, integrating qualitative and
quantitative data to ensure a holistic exploration of the research objectives. Ethical
considerations, including informed consent and confidentiality, are also discussed to

uphold the integrity of the study.

3.2 Research Design

Case study was used in the study. As Yin (2018) noted, the approach provides a
flexible structure that accommodated various data collection methods, enabling
richer insights into participant experiences. Stake (2019) argues that case studies
allow for an in-depth examination of real-life contexts, which is instrumental in
capturing the complexity of classroom interactions involving multimedia. While one
potential limitation of this design was the risk of limited generalizability, this concern
was addressed by employing triangulation and purposive sampling, as

recommended by Yin (2018), to strengthen the validity

3.3 Research Paradigm

The interpretive paradigm was used in this study. This approach aligned with the aim
of exploring participants’ experiences within their real-world context. As Pervin and
Mokhtar (2022) point out, the interpretive paradigm enables the researcher to
uncover nuanced insights by focusing on subjective meanings constructed through
social interactions. It offers flexibility in adapting research tools to the unique
dynamics of the school setting. However, a common critique of this paradigm lies in
its perceived lack of objectivity and the difficulty of generalising findings
(Alhoussawi, 2023). To address these concerns, the study incorporated mixed
methods and triangulated data sources, thereby enhancing the credibility and
transferability of its results. This methodological coherence supported a more

comprehensive understanding of multimedia’s impact on chemistry instruction.
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3.4 Research Methodology

A mixed methods approach was sued in the study. This methodology integrated
qualitative and quantitative strategies to capture both statistical trends and in-depth
perspectives. Tashakkori and Teddlie (2020) highlight the flexibility of this approach
in addressing varied research questions, while Fetters et al. (2022) emphasises its
strength in offering richer and more nuanced interpretations of complex educational
phenomena. Triangulation of data sources helped improve the validity of findings by
drawing from multiple viewpoints. This integration of methods enabled the research
to holistically evaluate the educational outcomes associated with multimedia use.
One notable disadvantage of the mixed methods approach lies in the challenge of
integrating qualitative and quantitative data effectively, particularly when the findings
from each strand differ or appear to contradict one another. As highlighted by
Tashakkori and Teddlie (2020), this complexity can pose difficulties in drawing
coherent conclusions or may lead to methodological imbalance if one strand
dominates the other. To address this, the study applied a structured framework for
data integration during analysis, guided by Fetters et al. (2022), ensuring that
qualitative insights complemented and clarified the quantitative trends. Triangulation
was strategically used not only to validate findings but also to reconcile differences
between data types, thus strengthening the interpretive depth and internal

consistency of the study’s conclusions.

3.5 Population and sampling

The study targeted the entire population of chemistry teachers and students at
Mavhuradonha High School. These individuals were directly involved in the teaching
and learning of chemistry and were considered best suited to provide insights into

the use and impact of multimedia resources

3.5.1 Population

The population of the study refers to the entire group of individuals relevant to the
research. For this study, the population consisted of all chemistry teachers and

chemistry students at Mavhuradona High School.

3.5.2 Sampling

The study used purposive sampling. Twenty-five students and five teachers from
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Mavhuradona High School were deliberately chosen based on their engagement with
chemistry instruction and their familiarity with multimedia tools. As noted by Nyimbili
and Nyimbili (2024), this approach enables the inclusion of individuals possessing
practical insights, while Ahmad and Wilkins (2024) emphasise its adaptability to
qualitative research contexts. Crossman (2020) observe that purposive sampling
also allowed for diverse perspectives to be captured. Although this method risked
potential selection bias, careful consideration was given to ensuring participant

diversity, thereby strengthening the representativeness and relevance of the findings.

3.6 Data Collection Methods

To gather comprehensive data, both qualitative and quantitative techniques were
used. Structured questionnaires were administered to students to capture
measurable trends and perceptions about multimedia use. In-depth interviews were

conducted with teachers to explore their experiences and challenges in greater detail.

3.6.1 In-depth Interviews

The study employed in-depth interviews to gather detailed perspectives from
participants regarding the influence of multimedia on chemistry education. This
method was particularly suited to exploring complex, context-specific experiences
that could not be easily quantified. As noted by Fetters et al. (2022), the interviews
yiel rich, nuanced insights into learners’ and educators’ interactions with multimedia
tools. Tashakkori and Teddlie (2020) underscore the value of this approach in
uncovering underlying patterns and participant meanings that might not emerge
through quantitative tools alone. The interviews were conducted with flexibility,
allowing for follow-up questions and clarification, thereby ensuring that responses
captured the depth and authenticity of participants’ experiences. However, a notable
challenge of in-depth interviews lays in the time-intensive nature of conducting and
analysing individual narratives (Fetters et al., 2022). This risked delaying data
synthesis and interpretation. To address this, the interview schedule was carefully
managed to ensure balance between depth and feasibility, while thematic analysis
techniques were applied to structure and streamline data processing without

compromising rigour.
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3.6.2 Questionnaire

The study employed questionnaires to collect both quantitative and qualitative data
on the use of multimedia in chemistry education. As stated by Lindemann (2023),
questionnaires enable efficient data collection from a broad participant base, making
them particularly suitable for educational settings with limited resources as was the
case in this study. Jain (2023) notes that the standardisation of responses facilitated
comparative analysis across respondents, while the inclusion of both open- and
closed-ended items allowed for a balance between structured measurement and
exploratory insight. A key limitation of this method was the potential for
misinterpretation of questions, which could compromise data accuracy. To address
this, the questionnaire was piloted with a small group of students and teachers.
Feedback from the pilot informed revisions to question wording and layout, thereby

improving clarity and enhancing the reliability of the responses.

3.7 Data analysis methods

The study employed triangulation to enhance the credibility of its findings by
integrating data from interviews, questionnaires, and observations. As Bhandari
(2023) explains, triangulation helps reduce bias and offers a more holistic
understanding of the research problem by drawing on multiple perspectives.
However, the approach posed challenges in terms of increased time and resource
demands, particularly during data synthesis. To address this, the study adopted a
structured analysis plan and prioritised convergence across data types to streamline
interpretation. Data visualisation was also used to present findings in accessible
formats such as bar graphs and pie charts. According to Tableau (2023),
visualisation techniques improve clarity by simplifying complex datasets and
enabling intuitive interpretation of trends. Nonetheless, there was a risk of
oversimplifying nuanced findings or misrepresenting data relationships. This was
mitigated by carefully selecting visual formats aligned with the nature of the data
and by providing contextual explanations alongside each graphic to preserve
analytical depth.

3.8 Reliability and Validity

Reliability in this study was ensured through the use of standardised data collection

22



procedures, including consistent interview protocols and structured questionnaires.
Bolarinwa (2015) states that such standardisation enhances the consistency and
replicability of results across participants. To further support reliability, the
instruments were pre-tested to identify and correct ambiguities, thereby improving
measurement stability. Validity was strengthened through methodological
triangulation, which involved integrating data from interviews, questionnaires, and
observations. As noted by Noble and Heale (2019), triangulation enhances the
accuracy of findings by cross-verifying evidence from multiple sources, ensuring that

the study accurately captured the phenomena under investigation.

3.9 Ethical Issues

The study adhered to ethical considerations to ensure integrity and respect for
participants. A formal permission letter was obtained from the university prior to the
commencement of the research, and additional approval was secured from
Mavhuradona High School to conduct the study on-site. Informed consent was
prioritised to ensure that all participants were fully aware of the study’s purpose and
their voluntary involvement. Confidentiality was strictly maintained to safeguard
participants’ identities and data throughout the research process. These measures
upheld ethical standards while fostering trust and cooperation among stakeholders

involved in the study.

3.10 Chapter Summary

In summary, the research employed a mixed methods approach, integrating
qualitative and quantitative techniques to generate comprehensive insights. A case
study design, grounded in the interpretive paradigm, was adopted to explore the
research context in depth. Purposive sampling guided the selection of 25 students
and 5 teachers as participants, ensuring their relevance to the study. Data collection
methods included in-depth interviews and questionnaires, both of which provided
complementary qualitative and quantitative data. Data analysis incorporated
triangulation and visualisations such as graphs and charts to enhance reliability and
clarity. Ethical considerations, including informed consent and confidentiality, were
prioritised to maintain the integrity of the research process. This foundation set the

stage for generating reliable and insightful findings.
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Chapter 4: Data Presentation, Analysis and Discussion
4.1 Introduction

This chapter presents the findings of the study. It analyses how multimedia
resources influence chemistry education. It examines response rates, demographic
distributions, and key factors such as visualization, retention, and accessibility. The
analysis highlights both benefits and challenges, including infrastructure limitations,
cost barriers, and digital distractions. The findings demonstrate that multimedia
enhances comprehension but requires strategic implementation for maximum
impact. Additionally, respondents recommend solutions such as backup power
systems, affordable technology, and stakeholder collaboration. These insights
contribute to understanding how digital tools can improve student learning

outcomes in chemistry education.

4.2 Response Rate

Before analysing the findings, it is important to establish the level of participation in
the study. A high response rate ensures the reliability and representativeness of the
data collected from both students and teachers. The table below summarizes the

expected and actual responses from each group.

Table 4.1 Response Rate

Respondent Expected Actual Response
Group Responses Responses Rate
Students 30 30 100%
Teachers 5 5 100%
Total 35 35 100%

The response rate for both interviews and questionnaires was 100%, indicating full
participation from all intended respondents. All 30 students completed the
questionnaire, ensuring comprehensive data on their perspectives regarding
multimedia in chemistry education. Additionally, teachers provided full responses,
offering insights into challenges and strategies for effective implementation. Some
students also participated in interviews, enriching the findings with detailed,
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qualitative observations.

4.3 Demographic Information

Understanding the demographic profile of respondents helps contextualize the
findings. Gender and age distributions can influence learning preferences, access to
technology, and engagement with multimedia tools. The following figures present

the gender and age breakdown of participants.

4.3.1 Gender

Gender dynamics may affect how students and teachers interact with multimedia
resources and perceive their effectiveness. This is why they were included in the

study.

m Male

Female

Figure 4.1: Gender Distribution of Respondents

The study comprised of 57 % females and about 43% females. The slightly higher
percentage of females suggests greater female representation in the study sample,
particularly among students. The gender balance among teachers ensures diverse

instructional perspectives.
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4.3.2 Age Distribution

Age distribution provides insight into the maturity and technological familiarity of
respondents. Younger students may be more adaptable to digital tools, while older

teachers may have varying levels of comfort with multimedia integration.

m15-16
m16-17
m25-35

36-45

Figure 4.2: Age Distribution of Respondents

The majority of students fall within the 15-16 age range (20 participants), with a
smaller group aged 16-17 (10 participants). This indicates that most respondents
are in their early secondary school years, which aligns with typical O-Level enrolment.
Meanwhile, teachers span broader age groups, with three falling in the 25-35 range
and two in the 36—45 range. This suggests a mix of relatively younger and more
seasoned educators. The presence of older teachers may contribute to experience-
based instruction, while younger teachers could bring familiarity with modern

teaching technologies.
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4.3 The Influence of Multimedia

Students mentioned various factors such as visualization, retention, interactivity, and
accessibility. The diagram below presents the frequency with which students

identified each factor as beneficial.

m Visualization
M Retention
m Interactivity

Accessibility

Figure 4.3: The influence of Multimedia on Learning

About 33% of students cited visualization as the most helpful factor in grasping
complex ideas. Retention was highlighted by 23%, showing that multimedia aids long
-term knowledge recall. Interactivity was preferred by 27%. They reflected its role in
hands-on engagement. Finally, 17% mentioned accessibility and emphasised the
importance of ease of use. These findings suggest that multimedia enhances

comprehension by catering to various learning styles and engagement preferences.

4.3.1 Retention

The findings from the interviews also indicate that indicate that multimedia tools
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significantly aid retention in chemistry education by reinforcing abstract concepts
through visual and interactive means. However, the extent of their effectiveness

depends on individual students' ability to comprehend complex chemistry topics.

"Multimedia resources help students recall concepts better, especially
animations and simulations that demonstrate reactions in real-time" one

student shared.

"Retention improves when students repeatedly engage with interactive
materials, but comprehension levels vary—some grasp concepts quickly, while

others struggle despite multimedia exposure,” another student explained.

"Multimedia enhances memory, but its impact depends on the student's ability
to understand chemistry principles. Some students still need additional

support beyond digital tools," a teacher noted.

Supporting this perspective, Dupchu (2024) argues that multimedia fosters retention
by making learning immersive but emphasizes the necessity of tailoring resources to
individual learning capacities. This aligns with the idea that while multimedia aids

memory recall, effective comprehension remains a critical factor in knowledge

4.3.2 Access to Learning Resources

The findings indicate that multimedia resources increase access to learning
resources, including textbooks, notes, and multimedia content. This plays a crucial
role in modern chemistry education. Teachers emphasize that high-quality, up-to-

date content improves lesson delivery and student engagement.

'Digital platforms provide instant access to updated chemistry materials,
making lessons more relevant and dynamic,” one teacher shared.

"Many students struggle with outdated textbooks, but digital notes allow them

to access the latest explanations and revisions,"” another teacher explained.

"While online resources are valuable, stable internet connectivity and device
availability remain challenges, limiting equitable access,” a third teacher
highlighted.
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Supporting this perspective, Aliyu and Talib (2023) assert that digital resources
enhance learning flexibility but require strong infrastructure for effective utilization.
Their study emphasizes that while multimedia and online textbooks enrich chemistry

education, accessibility must be addressed to ensure all students benefit.

4.3.3 Visual Aids

The findings suggest that visual aids significantly enhance students' ability to grasp
chemistry concepts by providing practical insights. This aligns with Universal Design
for Learning (UDL) principles. UDL which emphasises multiple means of
representation, which helps accommodate diverse learning needs by offering clear,

structured visuals.

"Seeing animated reactions makes it easier to understand how elements

interact, rather than just reading formulas in a textbook," one student shared.

'Diagrams and charts clarify abstract topics, especially organic chemistry,
where structural representations are key to comprehension,” another student

explained.

"Visual learning works well, but it depends on whether students engage with
the materials. Some prefer traditional methods, while others benefit more

from interactive graphics,” a teacher noted.

Supporting this perspective, Basham et al. (2020) argue that integrating well-
designed visual aids aligns with UDL principles, making educational content more
accessible and enhancing comprehension. Their research highlights that visual
elements foster cognitive engagement and deeper retention of scientific concepts.
Another study by Reyes et al. (2022) analyzed the application of Universal Design for
Learning (UDL) in online chemistry education. Their findings suggest that multiple
forms of content delivery, including animations, interactive simulations, and video

recordings, significantly enhance student comprehension.

4.4 Challenges Faced

Despite the benefits of multimedia, several barriers hinder its effective use. Several

challenges have been reported by students, including infrastructure issues, cost, and
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distractions. The diagram below quantifies these challenges.

H Electricity
B Data Connectivity
m Cost Implications

Distraction

Figure 4.4: Challenges in the Use of Multimedia Devices

About 40% of students indicated that they face challenges in using multimedia
devices due to electricity shortages. There is not enough backup power and this
makes it difficult to access digital learning tools consistently. Another 27%
mentioned that most of the time, they cannot afford data and this limits their ability
to use online educational resources. Additionally, 20% highlighted cost implications.
They explained that purchasing the necessary gadgets or subscriptions is beyond
their financial means. Lastly, 13.3% stated that multimedia tools sometimes cause
distractions. This reduced their concentration levels during lessons. These findings
show that infrastructure limitations and financial constraints are major barriers to
effective multimedia use in chemistry education. Frequent power shortages make
digital learning unreliable, while high data costs restrict access to online resources.
Additionally, the high cost of devices and subscriptions prevents broader adoption
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4.4.1 Intermittent Electricity Supply

The findings indicate that intermittent electricity supply is a major barrier to utilizing
multimedia resources in chemistry education. Teachers report that frequent power
outages disrupt lessons, making it difficult to rely on computers, Wi-Fi, and other

digital learning tools.

"Electricity is scarce most of the time, which means we can't consistently use

projectors or online resources for teaching,” one teacher noted.

"Sometimes, students are eager to engage with multimedia tools, but power

cuts force us to revert to traditional methods,"another teacher explained.

"Without stable electricity, maintaining a digital learning environment is nearly
impossible. Even when backups like generators exist, they are costly and

unreliable,"a third teacher shared.

Supporting this concern, Sausan et al. (2020) highlight that technological barriers,
including electricity shortages, significantly hinder digital learning in under-resourced
schools. Their research emphasizes the need for sustainable solutions, such as
solar energy or alternative power sources, to ensure uninterrupted access to
educational technology. Thembane (2024) concur that power outages disrupt the

access to digital resources.

4.4.2 High Data Costs

Another theme is that high data costs and limited Wi-Fi access pose significant
challenges in integrating multimedia resources into chemistry education. Teachers
report that schools often struggle to maintain consistent internet access, making it

difficult for students to engage with digital learning tools.

"Data costs are too high for many students, and the school cannot always
afford to provide stable internet access," one teacher noted.

"Even when we have Wi-Fi, the connection is unreliable, and students cannot

consistently access online chemistry resources,” another teacher explained.

"Some students rely on mobile data, but the costs make it unsustainable for
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regular learning. Without affordable internet, digital education remains out of

reach,"” a third teacher shared.

Supporting this concern, Thembane (2024) highlights that rising data costs in
African schools limit students' ability to access online educational materials,
reinforcing the need for subsidized internet solutions. Additionally, GAID (2023)

reports that many schools lack the infrastructure to support digital learning

4.4.3 Lack of Concentration

It also emerged that digital devices can be a major source of distraction in chemistry
education, limiting students' ability to focus on lessons. Teachers report that
excessive screen time and access to non-educational content often reduce

engagement, prompting schools to regulate device usage.

"Students tend to shift their attention to social media or entertainment apps

instead of focusing on chemistry lessons," one teacher noted.

"While multimedia tools are beneficial, unrestricted access to digital devices
leads to multitasking, which negatively impacts comprehension,” another

teacher explained.

"We limit device use in classrooms to ensure students remain attentive.
Without restrictions, distractions become overwhelming,” a third teacher

shared.

Supporting this concern, Pérez-Judrez et al. (2023) highlight that digital distractions
significantly impact student performance, emphasizing the need for structured
device management in educational settings. Their study suggests that self-
regulation strategies and controlled access to technology can help mitigate

distractions while preserving the benefits of multimedia learning.

4.4 .4 Infrastructural Limitations

Teachers indicate that infrastructural limitations make it difficult for every student to
have access to digital devices such as computers and smartphones. Teachers report
that resource constraints prevent schools from providing adequate technology for all

learners, limiting the effectiveness of multimedia-based education.
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"Many students do not have personal devices, and the school cannot afford to

supply computers for everyone,”one teacher noted.

"Even when digital tools are available, they are often shared among multiple
students, reducing individual access and learning efficiency,"” another teacher

explained.

"Without sufficient funding, schools struggle to maintain and upgrade digital
infrastructure, making it hard to integrate technology into daily lessons,” a

third teacher shared.

Supporting this concern, Timotheou et al. (2023) highlight that schools with low
digital capacity face significant challenges in technology integration, emphasizing
the need for investment in infrastructure to ensure equitable access to digital
learning tools. Zou et al. (2025) further stress that socioeconomic disparities limit
students' ability to engage with digital education, reinforcing the importance of policy

interventions to bridge the gap.

4.6 Strategies and Interventions

To address the challenges identified, students and teachers proposed various
strategies. Some of the suggested solutions include infrastructure upgrades,
affordable access, and collaborative support. The diagram below summarizes the

frequency of each proposed solution.
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Figure 4.5: Strategies for Improvement

About 30% of students suggested backup power systems as a necessary solution to
improve access to multimedia tools. They highlighted that this could help solve the
issue of frequent electricity shortages. Data incentives were supported by roughly
23%. They emphasised the need for affordable internet access for educational
purposes. Around 27% preferred offline resource availability. They recognise that pre
-installed or downloadable content could reduce reliance on internet connectivity.
Lastly, 20% proposed mobile learning solutions. They highlighted the convenience of
smartphone-based platforms for studying. These findings indicate the need for a
combination of infrastructure improvements and financial support to enhance

multimedia accessibility in chemistry education

4.6.1 Backup Power Systems

Respondents highlighted that reliable power backup systems are essential for
sustaining digital learning environments. Teachers emphasize that upgrading the

school's solar infrastructure is necessary to accommodate the increasing reliance
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on digital devices and online resources.

"Our current solar setup is insufficient for the growing demand. We need a
more robust system to ensure uninterrupted access to multimedia tools," one

teacher noted.

"Frequent power outages disrupt lessons, making it difficult to integrate
technology effectively. A stronger solar backup would provide stability,"

another teacher explained.

"The school must prioritize expanding its solar capacity to support digital
education. Without reliable power, students struggle to engage with online

learning materials," a third teacher shared.

Supporting this perspective, Ndlovu et al. (2024) highlight that integrating solar
power into educational institutions enhances sustainability and ensures consistent
access to digital resources. Their study emphasizes the need for energy storage
solutions and scalable solar systems to meet the growing technological demands in

school.

4.6.2 Affordable Technology Solutions

The findings indicate that investing in affordable and accessible digital devices is a
practical solution to address technological limitations in education. Teachers
suggest that low-cost alternatives can help schools meet pressing technological

needs while ensuring broader student access to digital learning tools.

"Budget-friendly tablets and refurbished computers could make digital
learning more accessible without straining school resources,” one teacher

noted.

"Instead of high-end devices, schools should prioritize durable and cost-
effective options that support essential educational functions,” another

teacher explained.

"Affordable technology solutions can bridge the gap for students who lack
personal devices, ensuring that everyone has access to multimedia learning

tools,"a third teacher shared.
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Supporting this perspective, Celik and Baturay (2024) emphasize that cost-effective
technology investments can significantly improve digital accessibility in education.
Their study highlights the importance of balancing affordability with functionality to
ensure that students benefit from technological advancements without financial

barriers.

4.6.3 Stakeholder Collaboration

Some respondents highlighted that partnerships with NGOs, businesses, and other
stakeholders can significantly enhance educational resources and infrastructure.
Teachers emphasize that external collaborations provide financial support,
technology access, and training opportunities that schools might otherwise struggle
to afford.

'"NGOs can help supply digital devices and learning materials, ensuring

students have the tools they need," one teacher noted.

"Businesses could sponsor internet access or provide funding for solar power
upgrades, making digital learning more sustainable,” another teacher
explained.

‘Collaborating with stakeholders allows schools to implement long-term
solutions, from teacher training to infrastructure development,”a third teacher

shared.

Supporting this perspective, Mwangi et al. (2024) examine the role of NGOs in
secondary education, highlighting their contributions to administration, infrastructure,
and teacher training. Their study emphasizes that strategic partnerships improve
educational quality and accessibility, reinforcing the importance of stakeholder

engagement in school development.

4.7 Discussion

Multimedia resources improve chemistry learning by enhancing visualization,
retention, and interactivity. Students find animations and simulations useful for
grasping complex reactions, making abstract concepts clearer. Interactive tools

encourage engagement, allowing hands-on practice that reinforces understanding.
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Accessibility plays a role in making learning flexible, as students can revisit
multimedia materials anytime. However, comprehension varies among learners,
meaning some still require additional support beyond digital resources. Overall,
multimedia fosters a dynamic learning experience, catering to different cognitive
styles and improving knowledge retention. A study by Obinna et al. (2021) explores
the cognitive benefits of multimedia in chemistry education, emphasizing that
animations and interactive simulations enhance student comprehension by making
abstract concepts more tangible. Their research highlights that multimedia fosters
engagement and improves retention, particularly in complex subjects like chemistry.
Similarly, Kozma and Russell (2012) discuss the role of interactive multimedia in pre-
lab chemistry training, noting that digital tools such as quizzes, videos, and
simulations significantly improve students' ability to grasp experimental procedures.
Their findings suggest that multimedia resources not only aid understanding but
also boost confidence in applying theoretical knowledge to practical scenarios.
These studies reinforce the idea that multimedia enhances chemistry learning by

catering to diverse cognitive styles and improving knowledge retention.

Educators face significant challenges when implementing multimedia resources in
chemistry education. Power shortages frequently disrupt lessons and prevent
consistent use of digital tools. High data costs and unreliable internet access limit
students' ability to engage with online resources. Financial barriers make it difficult
to acquire the necessary devices and restrict broader adoption. Distractions from
digital platforms reduce student concentration and negatively impact learning
outcomes. This is because students end up not concentrating much in lessons.
Additionally, infrastructure limitations hinder accessibility, as many schools lack
adequate technology. There are not enough devices to meet educational needs.
Several scholars have examined the challenges educators face when implementing
multimedia resources in chemistry education. Aliyu and Talib (2017) discuss how
video-based learning enhances student engagement but is hindered by accessibility
issues, including limited school hours and infrastructure constraints. Their study
highlights the need for structured implementation to maximize benefits. Chitsaka
(2024) explores the difficulties rural teachers encounter when using ICT tools for
chemistry instruction, emphasizing that lack of technological expertise and
inadequate resources limit effective multimedia integration. Corrienna et al. (2017)

37



analyse the advantages and disadvantages of educational videos in chemistry,
noting that while they improve comprehension, alignment with educational
standards and accessibility remain key challenges. These studies reinforce the need

for sustainable solutions to improve multimedia accessibility in chemistry education.

Respondents recommend improving access to multimedia in chemistry education by
investing in backup power systems to address electricity shortages. They assert that
affordable internet or offline resources are necessary to mitigate high data costs and
connectivity challenges. Additionally, they emphasize the importance of structured
technology policies to minimize distractions and keep students focused. Stakeholder
collaboration with NGOs and businesses is encouraged to provide digital devices
and educator training. Respondents also highlight the need for curriculum-aligned
multimedia content that accommodates diverse learning needs, ensuring students
benefit from interactive simulations, animations, and digital textbooks. Several
scholars have examined strategies to enhance multimedia use in chemistry
education. Obinna et al. (2021) highlight that animated-media instructional strategies
improve student retention and engagement, reinforcing the need for structured
digital learning environments. Tenaw (2014) discusses effective teaching strategies,
emphasizing that integrating multimedia tools enhances comprehension and
accommodates diverse learning styles. Bellou et al. (2018) review digital learning
technologies in chemistry education, noting that multimedia and simulations
significantly improve student understanding and accessibility. These studies
collectively support the importance of reliable infrastructure, affordable internet
access, structured technology policies, and stakeholder collaboration in optimizing

multimedia-based chemistry education.

4.8 Summary

In conclusion, the findings demonstrate that multimedia resources play a significant
role in enhancing student comprehension in chemistry education through
visualization, retention, and accessibility. However, challenges such as power
shortages, high data costs, and digital distractions hinder effective implementation.
Respondents emphasize the need for solutions, including backup power systems,
affordable technology, and stakeholder collaboration. While multimedia tools

improve learning outcomes, their success depends on proper integration and
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support.
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Chapter 5: Summary, Conclusions and Recommendations
5.1 Introduction

This chapter provides concluding remarks to the study. It summarises key findings
and draws insights. It reflects on the implications of the results in relation to the
research objectives and theoretical frameworks. The chapter also presents
actionable recommendations aimed at addressing identified barriers and enhancing
teaching practices.

5.2 Summary

Chapter 1 introduced the study by outlining the background, problem statement, and
research objectives. It focused on the increasing relevance of multimedia in
enhancing science education, particularly in chemistry. The chapter highlighted the
gap in understanding how multimedia tools influence student comprehension and
engagement in low-resource settings. It presented the central research questions,
which aimed to assess the impact of multimedia, identify integration challenges, and
propose effective strategies. The significance of the study was emphasized. It noted
the study’s potential to inform policy and practice in ICT integration. The chapter
also defined key terms and clarified the study’s scope and limitations. Chapter 1 laid
the groundwork for the subsequent chapters. It positioned as a pedagogical tool with
transformative potential in science education. It concluded by outlining the structure

of the dissertation and the methodological approach to be employed.

Chapter 2 reviewed existing literature on the use of multimedia in education, with a
particular focus on its application in science and chemistry teaching. It examined
empirical studies that demonstrated how multimedia tools, such as animations,
simulations, and videos, enhanced student understanding, engagement, and
retention. The review also addressed challenges associated with multimedia
integration, including infrastructural limitations, digital literacy gaps, and unequal
access to technology. The chapter critically analyzed both global and local
perspectives and identified patterns and gaps relevant to the study’s context.
Theoretical frameworks such as Cognitive Load Theory and Constructivism were
discussed to provide a conceptual basis for interpreting the findings. These theories
supported the idea that multimedia can reduce cognitive overload and promote

active learning through visualization and interaction. Chapter 2 concluded by linking
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the reviewed literature and theories to the study’s objectives.

Chapter 3 described the methodological approach adopted in the study. The study
employed a mixed-methods design which combined both quantitative and qualitative
techniques to capture a comprehensive view of the phenomenon. Data was collected
through structured questionnaires administered to students and semi-structured
interviews conducted with teachers. Purposive sampling was used to ensure
relevance and depth. Ethical considerations were addressed, including informed
consent, confidentiality, and voluntary participation. Procedures for data collection
and analysis were outlined, with quantitative data analyzed using descriptive
statistics and qualitative data subjected to thematic analysis. The chapter also
discussed measures taken to ensure validity and reliability, such as triangulation and
pilot testing. By detailing the research process, Chapter 3 provided transparency and

rigor.

Chapter 4 presented the findings of the study, organized around key themes that
emerged from both quantitative and qualitative data. The results revealed that
multimedia significantly improves students’ understanding of chemistry concepts by
making abstract ideas more accessible and engaging. Students reported enhanced
retention and motivation when exposed to visual and interactive content. However,
the chapter also highlighted substantial challenges in the use of multimedia. These
include unreliable electricity, limited access to devices, high data costs, and
insufficient teacher training. These barriers affect the consistent and effective use of
multimedia in classrooms. The discussion section interpreted the findings in relation
to the literature and theoretical frameworks introduced in Chapter 2. It confirmed the
relevance of Cognitive Load Theory and Constructivism in explaining the observed

outcomes. The chapter emphasized the contextual nature of multimedia integration.

Chapter 5 provided the concluding remarks of the study. It summarised the key
findings and offered practical recommendations. The research confirmed that
multimedia has significantly enhanced students’ understanding of chemistry by
simplifying abstract concepts through visual and interactive tools. It fostered active
learning and improved retention, particularly when aligned with curriculum objectives.
However, the study also revealed persistent challenges, including unreliable

electricity, high data costs, limited access to devices, and inadequate teacher
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training. These barriers had hindered consistent multimedia integration and risked
widening educational disparities. To address these issues, the chapter
recommended investments in solar power systems, affordable digital devices, and
offline learning platforms. It also emphasised the importance of regular teacher
training and collaboration among stakeholders to support infrastructure and
resource provision. Effective multimedia use required strategic planning, inclusive

instructional design, and policy support.

5.3 Conclusions

The study concludes that multimedia significantly enhances students’ understanding
of chemistry concepts by transforming abstract ideas into visually engaging and
interactive experiences. Through animations, simulations, and video demonstrations,
learners at Mavhuradonha High School are able to grasp complex topics. The
integration of multimedia fosters active learning and enable students to visualize
processes that are otherwise difficult to comprehend through traditional methods.
This aligns with cognitive theories that emphasize the role of visual stimuli in
knowledge retention and conceptual development. The findings reveal that students
exposed to multimedia resources demonstrated improved performance and
confidence in tackling chemistry problems. However, the effectiveness of
multimedia was contingent upon the availability of reliable infrastructure and teacher
preparedness. Thus, while multimedia holds transformative potential, its impact is
maximized when supported by adequate resources and pedagogical training.

It is also concluded that while multimedia offers substantial pedagogical benefits, its
integration into chemistry teaching at Mavhuradonha High School is hindered by a
range of systemic and contextual challenges. The major challenge is that there is
unreliable electricity supply and limited access to digital devices. This restricts
consistent use of multimedia tools. High data costs and poor internet connectivity
further exacerbate the digital divide, making it difficult for both teachers and
students to access online resources. Additionally, the study found that many
educators lack sufficient training and confidence in using multimedia effectively.
This results in underutilisation or misapplication of available technologies.
Classroom management issues also emerged, with students occasionally distracted

by non-educational content when using digital platforms. These challenges reflect
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broader structural inequities in resource allocation and digital literacy. The findings
suggest that without targeted interventions, multimedia integration risks reinforcing
existing educational disparities. Therefore, addressing these barriers is essential to

unlocking the full potential of multimedia in enhancing science education outcomes.

The study concludes that effective multimedia integration in chemistry education
requires a multifaceted strategy that addresses both pedagogical and infrastructural
dimensions. Based on the findings, successful implementation hinges on equipping
schools with reliable power sources, such as solar energy, and affordable digital
devices to ensure consistent access. Equally critical is the professional development
of teachers, who must be trained not only in the technical use of multimedia tools
but also in aligning them with curriculum objectives and learner needs. The study
emphasizes the importance of stakeholder collaboration. It is recommended that
there should be partnerships between government, NGOs, and private sector actors
to support resource provision and capacity building. Policy interventions, such as
subsidizing data costs and promoting offline access through preloaded content,
were also identified as key enablers. Furthermore, the integration of multimedia
should be guided by instructional design principles that prioritize interactivity,
relevance, and inclusivity. By adopting these strategies, schools can create a more
engaging and equitable learning environment, where multimedia serves as a catalyst

for deeper understanding and improved academic performance in chemistry.

5.4 Recommendations

Based on the study, the following recommendations have been m1ade;

Schools should prioritize the installation of solar power systems and provision of
affordable digital devices to ensure uninterrupted access to multimedia tools. This
would mitigate electricity shortages and reduce dependency on costly data plans

and enable consistent integration of technology in science classrooms.

Education authorities must implement regular training programs focused on
multimedia pedagogy. These should include both technical skills and instructional
strategies to help teachers align digital tools with curriculum goals and manage

classroom dynamics effectively.
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To address connectivity challenges, schools should adopt platforms that offer
preloaded content and offline access. Mobile-compatible resources can further
extend reach, especially in contexts where smartphones are more accessible than

computers.

Government, NGOs, and private sector actors should collaborate to support resource
provision, training, and policy development. Such partnerships can bridge funding
gaps and promote innovation in ICT integration.

Multimedia tools must be tailored to specific chemistry learning objectives and
adapted to diverse student profiles. Instructional design should emphasize
interactivity, clarity, and relevance to ensure that technology enhances learning

outcomes.
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Appendix B: Questionnaire for Students

Data Collection Tool 2: Students

Questionnaire Guide

Respondent NUMDEr: ..o
Age.. e

SEX! e

Date: .

Preamble

My name is Mildret Munoti, and | am a student at Bindura University of Science
Education (BUSE), studying for a Bachelor of Science in Chemistry Education. The
title of my research is The Impact of Multimedia on Chemistry Education: Case of
Mavhuradonha High School. In this section, | will be collecting interview data to
understand your opinions and experiences related to multimedia use in chemistry
learning.

The information you provide will remain confidential and will be used solely for
academic purposes.

Thank you for your cooperation.
Instructions

Please answer the following questions based on your experiences and
understanding of multimedia in the teaching and learning of chemistry. Your
responses will remain confidential.

1. How do you currently incorporate multimedia tools in your chemistry teaching or
learning process?
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2. What challenges do you face when using multimedia resources to teach or learn
chemistry?

In what ways do multimedia tools help you understand complex chemistry concepts
better?

3. How would you describe the effectiveness of multimedia compared to traditional
teaching methods in chemistry education?

4. What multimedia resources have you found most useful in engaging with
chemistry topics? Why?

53



5. What barriers prevent wider adoption of multimedia resources in chemistry
education at Mavhuradonha High School?

6. What improvements or additions would you suggest to enhance the use of
multimedia in chemistry lessons?

7. How do you think multimedia can be integrated more effectively into Zimbabwe’s
chemistry education system?
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Appendix C: Interview Guide for Teachers

Data Collection Tool 2: Students

Questionnaire Guide

Respondent NUMDEr: ..o
Age.. e

SEX! e

Date: .

Preamble

My name is Mildret Munoti, and | am a student at Bindura University of Science
Education (BUSE), studying for a Bachelor of Science in Chemistry Education. The
title of my research is The Impact of Multimedia on Chemistry Education: Case of
Mavhuradonha High School. In this section, | will be collecting interview data to
understand your opinions and experiences related to multimedia use in chemistry
learning.

The information you provide will remain confidential and will be used solely for
academic purposes.

Thank you for your cooperation.
Instructions

Please answer the following questions based on your experiences and
understanding of multimedia in the teaching and learning of chemistry. Your
responses will remain confidential.
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Questions

1.

2.

What challenges do you face when using multimedia resources to teach or learn
chemistry?

In what ways do multimedia tools help you understand complex chemistry
concepts better?

. How would you describe the effectiveness of multimedia compared to traditional

teaching methods in chemistry education?

. What multimedia resources have you found most useful in engaging with

chemistry topics? Why?

What barriers prevent wider adoption of multimedia resources in chemistry
education at Mavhuradonha High School?

What improvements or additions would you suggest to enhance the use of
multimedia in chemistry lessons?

. How do you think multimedia can be integrated more effectively into Zimbabwe's

chemistry education system?
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