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ABSTRACT

This study was conducted to investigate the Effects of Computer Simulations on
the Understanding of Theoretical Physics Concepts by Advanced Level
Students focusing on high schools in Chipinge District in Zimbabwe

The descriptive experimental design was used in the study. The teacher made
tests and questionnaires which were used for gathering data. The data gathered
were statistically treated and analysed using SPSS. Findings revealed that there
was, 40 or 50% male respondents and 40 or 50% female respondents. The pre-
test of experimental and control groups did not differ significantly, while post-
test of experimental and control groups were found to significantly different.
The evaluations of the teachers and learners on computer simulations and
traditional methods did not differ significantly in terms of
effectiveness/appropriateness, learners participation/ interaction ,influence on
cognitive skills and influence on content knowledge. There was significant
relationship between the sex and respondents who were exposed to computer
simulations while the performance of the male and female respondents in
traditional did not differ. Based on the findings of this research, the use of
computer simulations as instructional material in teaching abstract concepts in
physics is recommended as it enhances understanding. This may be used to
improve the performance of the learners. It may be tried in other schools and
other respondents. Further studies may be undertaken in other science subjects
to establish the validity of the studying process. Development of instructional
material, improvise other learning aids that may suit the needs and interest of
others can be implored.
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Chapter One

1.0 Introduction

This chapter presents the background to the study, statement to the problem,
research objectives, significance of the study, definition of terms and chapter
summary.

1.2 Background to the study

There is need for effective strategies to engage learners™ in learning complex
and abstract concepts. Theoretical or Abstract concepts are intangible, existing
beyond the realm of direct sensory perception. They encompass ideas,
emotions, and principles that cannot be directly experienced but are nonetheless
real. One approach that helps learners with abstract concepts is to explain the
connection between abstract concepts and the physical world, with examples,
metaphors analogies, computer simulations (Donnelly&McDaniel, 1993);
(Duit1991);( Evans & Evans 1989); (Falloon 2019); (Gentner&Asmuth, 2019);
Halpern etal.

In psychologists, concepts are considered abstract if they do not apply to
physical objects that we can touch, see, feel, smell or taste. Psychologists
usually distinguish concrete from abstract concepts by means of so-called
concreteness ratings. It is generally believed that, to fully understand an abstract
concept means that you can apply it to unfamiliar situations and the best way to
be able to do that is to practice as many situations as possible. As physics
teachers, preparing for class, we often go through a process of testing our own
understanding by self questioning. Most people believe that visual learning is
always effective and works more promptly. Whether it is a drawing, graphs,
doodle, or image, every visual illustration will help you to understand physics
easily. Also, learning from graphs or pictures can help you to memorize more.
What makes A Level Physics so hard is that Emphasis on Deep Understanding
over Memorisation is not applicable. A-Level Physics shifts away from the rote
memorisation that might have been sufficient at the GCSE level. It requires a
deep understanding of concepts and principles, challenging students to think
critically and apply their knowledge to new situations.

In Zimbabwe, According to the International Journal of Research and
Innovation in Social Science (IJRISS) |111|V111]|08|2019|2454-6186, The



Zimbabwean Advanced Level Physics Teachers™ Views on Inquiry-Based
Physics Instruction and Level of Actual Classroom Practice, the main findings
suggest that teachers are aware of inquiry-based science teaching approaches
yet depict low level inquiry-based physics practices in classroom. Recent
curricula reforms in developing countries have called for classroom teachers to
embrace more active forms of learning and teaching and shun teacher-
dominated forms of lesson delivery Bregman (2008); Kasembe (2011). This is
underpinned by the need, for learners to effectively master science concepts and
apply them in everyday life. Hence, curriculum innovations are calling upon
teachers to facilitate learning, create opportunities for the learner to actively
engage in learning process. Modern economies are guided by Technology
development and Physics concepts form part of the grounding. To this end the
Ministry of Primary and Secondary Education (2015: 3) projects that the “study
of Physics enables learners to be creative and innovative in industry and society
that can promote the application of Physics in industrial process for value
addition”. It is therefore one fact that is motivating the researcher to undertake
this study with the view to gain insight into factors that influence understanding
of abstract concepts by A level physics learners at Chikore High School.

1.3 Statement of the Problem

This study will investigate the effects of computer simulations in understanding
of theoretical concepts by Advanced Level Physics learners. The purpose of this
study will be to determine the effects of computer simulations compared to
traditional instruction approach in the understanding of theoretical concepts by
physics learners at Advanced Level. This study is designed to investigate
Advanced Level Physics learners understanding of theoretical concepts and
determine which is the best method of teaching this?

1.5 Research questions

1. What are the physics topics involving abstract concepts?

2. How effective are computer simulations in making students understand
abstract concepts compared to traditional instructional approach in Physics at
Advanced level?



3. Which teaching approach is more effective in making students understand
abstract concepts in Physics at Advanced Level?

1.6 Research Objectives

1. To identify Advanced Level physics topics involving abstract
concepts

2.To find out how effective are computer simulations in making students
understand abstract concepts compared to traditional instructional
approach in physics at Advanced Level.

3. To find out which teaching approach is more effective in making
students understand abstract concepts in Physics at Advanced Level.

4. Understand the limitations of computer simulations.

5. Provide recommendations for future research and practice.

1.7 Hypothesis

The dissertation aims to investigate whether the use of computer
simulations enhances the understanding of theoretical concepts in
physics among advanced level learners. The following are the
hypothesis of this thesis.

» The simulation environment provides learners with the observations and
experiences that, they must attempt to explain, assimilate and combine
with the existing knowledge.

» Computer simulations are used to study the dynamic behaviour of objects
or systems in response to conditions that cannot be easily or safely
applied in real life.

» Advantages of computer simulations:

= Simulations allow you to explore “what if” questions and
scenarios without having to experiment on the system itself.
= It helps you to identify bottlenecks in material, information and
product flow.
It helps you to gain insight into which variables are most important to system
performance (Kozma, R. D).



» Computer simulations modelling can assist in the design, creation, and
evaluation of complex systems by replicating a real or proposed system
using computer software when changes to the real actual system are
difficult to implement, involve high costs, or are impractical.

1.8 Significance of the study

The learners, teachers, schools, colleges and universities can benefit from this
study, as it reveals the best method to teach theoretical concepts that enhance
understanding (Kozma, R. D).

Computer simulations modelling, can assist in the design, creation, and
evaluation of complex systems by replicating areal or a proposed system using
computer software when changes to the actual system are difficult to
implement, involve high costs, or are impractical. Simulations promote the use
of critical and evaluate thinking. Because they are ambiguous or open-ended,
they encourage students to contemplate the implications of a scenario. The
situation feels real, and thus leads students to engage with the activity more
enthusiastically and interactively. In the present learning process computers are
being used for enhancing physics learning also. They can be used to analyse and
visualize data, communicate and monitor equipment. Computing can play an
important and varied role in advancing physics learning (Kozma, R. D).

1.9 Limitations

1.9.1 Due to financial constraints, the researcher used a small sample size at one
school that could be catered for by available resources.

1.9.2 Lack of cooperation by some teachers and learners was one of the
limitations. These were encouraged to cooperate.

1.9.3 The study was conducted in a limited period of time, this may not allowed
for observations of the long term effects of instructional supervision.



1.9.4 Response deviation, there may be a risk of response bias, in that
participants may not accurately report their experiences, or have may respond
differently “in the way they think is expected”:

» Uncontrolled variables, there may be other variables that influence
the understanding process that were not considered in the study.
Due to the failure of sample respondents to answer with candour, results
might not accurately reflect the opinions of all members of the included
population (Barker. D. R).

1.10 Delimitations:

» To assure manageability of the collected data, survey instruments used
only multiple-choice items and did not include open-ended response
items.

» Due to the large number of potential participants in the study population,
the population involved in the current study focused only on A Level
learners of Chikore High School.

» The topics chosen to be taught and tested were quantum physics and
telecommunication. These were chosen according to Paras (2014) on the
difficult lessons in physics. The program that was used in this study is the
application developed by the Physics education group at Bindura
University in Zimbabwe. This was not validated by the panel of
examiners.

1.11 Assumptions
1.11.1 It is assumed that:

e Participant’s gender did not significantly affect their perceptions.

e |t is assumed that all respondents answered all survey questions honestly
and to the best of their abilities.

e The sample that was used for the study is representative of target
population, hence the findings can be generalised.

1.11 Definition of key terms



The following terms are hereby defined operationally and/or conceptually as
used in this research study.

Computer animation is a general term for a kind of visual digital display
technology that simulates moving objects on screen.

Computer simulation is the use of computer to represent the dynamic responses
of one system by the behaviour of another system modelled after it. A
simulation uses a mathematical description, or model, of a real system in the
form of a computer program It is an imitation of a real concept or process
(Salandan, 2009)

Control group comprises participants who do not receive the experimental
treatment.

Experimental group is the group in an experiment that receives the variable
being tested.

Graphics refers to any visual representation of data and includes a variety of
forms including drawings, photographs, line art, graphs, diagrams, numbers,
symbols, geometric designs, maps and engineering drawings. Physics is the
branch of science which deals with the interaction between matter and energy
(Buntilla,2014).

Teaching method refers to the teaching systematic procedure of getting the
lesson across to the child (Lardizabal, 1999).

Video clip is a strip of motion-picture film, especially an excerpt from a longer
film or one inserted as part of another presentation, as of telecast of full-length
motion picture.

1.12 Summary

The chapter covered the problem and its setting. It discussed background to the
study, statement of the problem, research questions, research assumptions,
limitation of study, definitions of key terms and other related concepts. The
following chapter is going to cover a review of related literature.



Chapter Two

2.0 Review of Related Literature



2.1 Introduction

Having put into context, the problem and its setting, in chapter one, chapter two
explains the orientations of the effects of computer simulations on the
understanding of abstract concepts by advanced level physics students as a
framework. This is followed by an extensive review of literature and research
on the effects of computer simulations on the understanding of abstract concepts
by advanced level physics learners. The chapter will be divided into sections
that include (a) arguments on merits and demerits of computer simulations in
teaching abstract concepts, (b) conceptions on the nature of computer
simulations in teaching advanced level physics abstract concepts, (c) rationale
of computer simulations in teaching physics abstract concepts, (d) merits and
demerits of using traditional methods in teaching abstract concepts to advanced
level physics learners. The theoretical literature review, methodology literature
and thematic literature are the subsequent subtopics. This topic is skirted by a
summary (Kozma, R. D).

2.1.1 Orientation of the impact of computer simulations on the
understanding of abstract concepts by advanced level physics learners.

The investigation of the impact of computer simulations on advanced level
physics learners™ understanding of abstract concepts is an essential topic in
science education. Computer simulations have been increasingly adopted as
educational tools in wvarious disciplines, including physics, to enhance
understanding and promote learning. The main objective of this study is to
determine how computer simulations affect the learning outcomes of advanced
level physics students in grasping complex and abstract concepts( Joshua, A, J.
2024). Computer simulations have become an integral part of teaching
advanced level physics abstract concepts due to their ability to enhance
understanding, provide visualisation of complex phenomena, offer interactive
learning experiences, and facilitate experimentation in a visual environment.
The rationale behind using computer simulations in teaching advanced physics
concepts lies in their effectiveness in bridging the gap between theoretical
knowledge and practical applications, promoting active engagement among
students, enabling personalised learning experiences fostering critical thinking
(Brett, L. R. 2024).



2.1.2 Effects of computer simulations on Understanding of Abstract
Concepts

Abstract concepts are fundamental concepts that cannot be directly observed or
measured but are instead inferred from empirical observations (Bishop&
Whitfield, 2011). Examples of abstract concepts in physics include force,
energy, momentum and electric charge. Research has shown that students often
struggle with learning abstract concepts due to their lack of concrete
representations (Reiner et al., 2008), computer simulations have appositive
effect on students™ understanding of abstract concepts. Specifically, they found
that computer simulation improve students’ conceptual knowledge, problem
solving skills, and motivation to learn. Furthermore, research suggests that
computer simulations can help students develop a deeper understanding of
abstract concepts by providing them with an opportunity to visualize and
manipulate complex systems (Kohnle& Kremer, 2017). However, other studies
have suggested that computer simulations may not always be effective and may
even lead to misconceptions if not used appropriately (Sustersic et al.,2017).
Therefore, it is essential to consider the quality and design of computer
simulations when evaluating their effectiveness (Anthony, J. 2024).

2.1.3Enhanced Conceptual Understanding

Computer simulations have been found to significantly enhance the conceptual
understanding of advanced level physics students regarding concepts (Rutten,
van Joolingen, & van Lankveld, 1997). Through interactive situations, students
can manipulate variables and observe the outcomes, which facilitate the
development of a deeper understanding of complex physics principles (Joshua,
A.lJ. 2024).

2.1.4 Improved Spatial Visualization skills

Advanced physics concepts often involve spatial relationship and visualization
of three-dimensional structures. Computer simulations can help students their
spatial visualization skills, enabling them to better comprehend abstract
concepts (Stieff, 2007). By providing a visual representation of complex physics
phenomena, situations enable students to develop a more intuitive
understanding of spatial relationships (Milions, G. 2024).



2.1.5 Increased Motivation and Engagement

among advanced level physics students (Plass, Homer, & Hayward, 2009). The
interactive nature of simuations provides students with an active learning
experience, which has been found to be more effective in promoting learning
than passive forms of instructions (Enrique, J. G. 2024).

2.2.0 Factors Affecting the Effectiveness of Computer Simulations

While computer simulations can be an effective tool in promoting the
understanding of abstract concepts among advanced level physics students,
several factors can affect their effectiveness. These factors include the quality of
the simulation, the level of guidance provided to the students, and the
opportunity for students to reflect on their learning (Smetana & Bell, 2012).

2.2.1 Research Methods and Limitations

Research on impact on computer simulations on the understanding of abstract
concepts by advanced level physics students has typically employed
experimental and quasi-experimental designs. However, these studies often
have small sample sizes and lack long-term follow-up, which limits their
generalizability and the ability to establish casualty (Hmelo-Silver, 2004).

2.3.0 Advantages of computer simulations in Teaching Abstract Concepts

Computer simulations have become an integral part of teaching advanced level
physics abstract concepts due to their ability to enhance understanding, provide
visualisation of complex phenomena, offer interactive learning experiences, and
facilitate experimentation in a visual environment. The rationale behind using
computer simulations in teaching advanced physics concepts lies in their
effectiveness in bridging the gap between theoretical knowledge and practical
applications, promoting active engagement among students, enabling
personalised learning experiences fostering critical thinking skills (Anthony, J.
2024).

2.3.1 Enhanced Visualisation and interaction

Computer simulations provide an interactive and visual environment that can
significantly aid in understanding abstract concepts. They allow learners to
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manipulate variables and observe the outcomes directly, which can lead to a
deeper understanding of the underlying principles. This is particularly useful in
subjects such as physics, calculus or computer science where abstract concepts
can be challenging to grasp through theoretical explanations alone (Resnick,
1987).

2.3.2 Adaptability and Personalisation

Computer simulations can be adapted to suit the learner's pace and level of
understanding. They can be paused, rewound, or repeated as needed, allowing
learners to consolidating their understanding before moving on. This flexibility
can lead to more effective learning, as it allows learners to engage with the
material in a way that best suits individual needs (Aldrich, 2004).

2.3.2 Immediate feedback

Computer simulations can provide immediate feedback, allowing learners to
correct their mistakes and misconceptions in real-time. This can lead to more
effective learning, as it allows learners to adjust their understanding and
strategies based on the feedback (Shute, 2008).

2.4.0 Disadvantages of Computer simulations in Teaching Abstract
Concepts

2.4.1 Lack of Tactile Experience

Computer simulations cannot provide the same tactile experience as physical
models or experiments. This can limit their effectiveness in subjects where
hands-on approach is beneficial, such as engineering or physics (Hake, 1998).

2.4.2 Over-reliance on Technology

Over-reliance on computer simulations can lead to a lack of understanding
principles. Learners may become too focused on the visual representation and
fail to grasp the underlying mathematics and physics. This can lead to
superficial understanding of the concepts, which can hinder their ability to apply
these concepts in different contexts (Trowbridge &Mintzes, 2002).

2.4.3 Equity and Accessibility
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Not all learners have equal access to the technology required to use computer
simulations. This can create a digital divide, where some learners have a
significant advantage others. Additionally learners who lack access to
technology may be at a disadvantage when it comes to understanding abstract
concepts that are best taught through simulations (Warschauer, 2004).

2.5.0 The Role of Computer Simulations in Teaching Physics Abstract
Concepts

Computer simulations have become an essential tool in teaching abstract
concepts in physics due to their ability to provide interactive, engaging and
visually appealing experiences that help students grasp complex ideas. They
offer a unique approach to learning by enabling students to manipulate and
explore physical phenomena in a controlled environment, which is not always
possible with traditional laboratory experiments (Milions, G. 2024).

2.5.1 Interactive Learning Experience

Simulations provide an interactive learning experience that allows students to
engage with abstract concepts in a more tangible way. By manipulating
variables and observing the effects, students can develop a deeper
understanding of the underlying physics principles. For instance, simulations
can help students visualize the motion of objects in different reference frames or
understand the behaviour of waves in various media (Anthony, J. 2024).

2.5.2 Visualization and Intuition Building

Computer simulations excel at providing visual representations phenomena,
which can be difficult to grasp through textbook reading or theoretical
explanations alone. By seeing these abstract concepts in action, students can
build intuition and form mental models that facilitate learning and problem-
solving. In particular, simulations can help students visualize multi dimensional
phenomena, such as electric and magnetic fields, or the behaviour of particles at
the quantum level (Hsu, Y. S. 2024).

2.5.3 Enhancing Understanding
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Computer simulations allow students to interact with abstract concepts in a
visual and interactive manner, making complex ideas more accessible and easier
to comprehend. By providing real-time feedback and visual representations of
physical phenomena, simulations help students develop a deeper understanding
of theoretical principles and their practical implications. The hands-on approach
enhances retention and comprehension of advanced physics concepts by
engaging multiple senses and cognitive processes simultaneously (Brett, L. R.
2024).

2.5.4 Visualisation of Complex Phenomena

One of the key benefits of computer simulations in teaching advanced physics
concept is the ability to visualize complex phenomena that are difficult to
observe directly in the physical world. Simulations can depict intricate
processes at various scales, form subatomic particles to astronomical bodies,
allowing students to explore phenomena such as quantum mechanics, relativity
or astrophysics in a dynamic and interactive way. Visual representations, aid in
conceptualizing abstract theories and models, by enabling students to grasp the
underlying principles through observations and manipulation (Addairo, D'.

2024).

2.5.4 Interactive learning Experiences

Computer simulations offer interactive learning experiences that engage
students actively in the learning process. Through simulation software, students
can manipulate variables, conduct experiments, test hypotheses, and observe
outcomes in a controlled visual environment. This hands-on approach
encourages exploration, experimentation and discovery, fostering curiosity and
creativity among learners. Interactive simulations promote self directed learning
by allowing students to explore different scenarios, analyze results and draw
conclusions independently (Anthony, J. 2024).

2.5.5 Facilitating Experimentation in a Visual environment

Simulations provide a safe and cost effective platform for contacting
experiments that may be impractical or dangerous to perform in a traditional
laboratory setting. By simulating physical systems or phenomena visually,
students can explore a wide range of scenarios without constraints such as time,
resources or safety concerns. Visual experiments enable students to test
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theoretical predictions, validate mathematical models and gain practical insights
into complex phenomena through trial-and-error exploration. This hands-on
experimentation fosters problem solving skills and scientific enquiry while
minimizing risks associated with real-world experiments (Enrique, J.G 2024).

2.5.6 Bridging theory and practice

Computer simulations bridge the gap between theoretical knowledge and
practical application by allowing students to apply abstract physics concepts in
simulated real-world scenarios. By connecting theory with practice through
interactive simulations, students can see how theoretical manifest in observable
phenomena or technological applications. This integration enhances the
relevance of abstract concepts by demonstrating their practical utility and
fostering connections between different areas of physics (Brett, L. R. 2024).

2.3.9 Promote Active Engagement

The interactive nature of computer simulations promotes active engagement
among students encouraging participation, collaboration and reflection
throughout the learning process. Students are actively involved in exploring
concepts, solving problems, making decisions based on data analysis from
simulations which leads to deeper understanding compared to passive forms of
instruction like lectures or textbooks (Joshua, A. J. 2024).

2.3.10 Enabling Personalized Learning Experiences

Computer simulations allow for personalized learning experiences tailored to
individual student needs and preferences. Students can progress as at their own
pace through interactive modules that adapt to their level of understanding or
learning style. Simulations can provide immediate feedback on performance,
offer hints or explanations when needed, and track progress over time to support
continuous improvement. Personalized learning experiences cater to diverse
student abilities while promoting autonomy and self regulation in the learning
process (Milions, G. 2024).

2.3.11 Fostering Critical Thinking Skills

Engaging with computer simulations requires students to think critically about
underlying assumptions, experimental design choices, data interpretation
methods which fosters analytical reasoning skills essential for scientific inquiry.
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By analysing simulation results critically evaluating hypotheses testing
alternative explanations students develop problem-solving strategies logical
reasoning abilities necessary for advanced physics research or applications
(Joshua, A. J. 2024).

2.3.12 Error Analysis

Simulations provide a safe environment for students to make mistakes and learn
from them withouhOght real-world consequences. By allowing students to test
hypothesis and analyze errors within the simulation framework, they can
develop critical thinking skills and improve problem-solving abilities (Brett, L.
R. 2024).

In conclusion, the rationale behind using computer simulations in teaching
physics abstract concepts lies in their ability to enhance visualization,
interactivity, conceptual understanding, engagement, accessibility and error
analysis for students (Hsu, Y. S. 2024).

2.4.0 Merits and Demerits of Using Traditional Methods in Teaching
Abstract Concepts to Advanced Level Physics students

2.4.1 Merits:

2.4.1.1 Established Pedagogy
Traditional teaching methods have been used for centuries and a proven track

record of effectively conveying complex concepts to students. This familiarity
can provide a sense of comfort and structure to both the students and instructors
(Enrique, J.G 2024).

Traditional methods often rely on textbooks, lectures and demonstrations, which
are easily accessible and widely available resources. This accessibility can be
beneficial for students who prefer tangible materials (Addairo, D". 2024).

15



2.4.1.2 Structured Learning Environment
Traditional teaching methods typically follow a structural curriculum with clear

learning objectives and milestones. This can help students stay organized and
track their progress more effectively (Brett, L. R. 2024).

2.4.3.3 Teacher-Centred Approach
In traditional settings, the instructor plays a central role in guiding the learning

process. This direct instruction can facilitate immediate feedback, clarification
of doubts and personalized support for students (Milions, G. 2024).

2.4.3.4 Cultural Significance
Traditional teaching methods may hold cultural significance or historical value

that adds depth and context to the learning experience. This can help students
appreciate the evolution of knowledge in their field (Joshua, A. J. 2024).

2.5.0 Demerits:
2.5.1 Passive learning

Traditional teaching methods often promote passive learning, where students
are expected to absorb through lectures or readings without actively engaging
with the material. This can hinder critical thinking skills and deep understanding
of abstract concepts (Brett, L. R. 2024).

2.5.1 Limited Interactivity

Traditional methods may lack opportunities for hands-on experimentation,
collaborative projects or interactive discussions that are crucial for exploring
abstract physics concepts in depth (Brett, L. R. 2024).

2.5.2 One-Size-Fits-All-Approach

The rigid structure of traditional teaching methods may not cater to individual
learning styles or pace of advanced level physics students. Some learners may
find the pace too slow or too fast for optimal comprehension (Milions, G. 2024).
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2.5.3 Outdated Content

In rapidly evolving fields like physics, traditional teaching methods may
struggle to keep up with the latest research findings and technological
advancements. This could lead to gaps in knowledge or outdated information
being presented to students (Joshua, A. J. 2024).

2.5.4 Lack of Real-World Application

Abstract physics concepts often require real world examples or practical
applications to enhance understanding. Traditional methods that focus solely on
theoretical explanations may fail to bridge between theory and practice
effectively (Addairo, D". 2024).

In conclusion, while traditional teaching methods have their merits in terms of
established pedagogy and accessibility, they also come with limitations such as
promoting passive learning, limited interactivity and one-size-fits-all approach
that may not be ideal for teaching abstract concepts to advanced level physics
students effectively (Joshua, A. J. 2024).

2.6.0 Theoretical literature review of the effects of computer simulations on
the understanding of abstract concepts by advanced level learners

2.6.1 Introduction

Computer simulations have become increasing prevalent in educational settings,
offering a dynamic and interactive way to engage learners in understanding
abstract concepts. Advanced level learners often encounter complex and
abstract ideas that can be challenging to grasp through traditional teaching
methods alone. This theoretical literature review aims to explore the impact of
computer simulations on the understanding of abstract concepts (Brett, L. R.
2024).

2.6.2 Theoretical framework
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The use of computer simulations in education is grounded in constructivist
learning theories, which emphasize active engagement, exploration and
reflection as key components of learning. By interacting with simulations,
learners can manipulate variables, observe outcomes and test hypothesis in the
controlled environment. This hands-on approach aligns with the constructivist
view that knowledge is actively constructed by the learner through experience
(Addairo, D". 2024).

2.7.0 Benefits of computer simulations

2.7.1 Enhanced visualization:
Computer simulations can help learners visualize abstract concepts that are
difficult to represent using traditional teaching tools. For example, simulations
can illustrate complex scientific phenomena or mathematical relationships in a
way that is more accessible and engaging learners (Brett, L. R. 2024).

Experiencing learning

Through simulations, advanced level learners can engage in experimental
learning experiences where they actively participate in the learning process.
This hands-on approach allows learners to explore concepts through trial and
error learning to deeper understanding of the underlying principles (Milions, G.
2024).

Interactive and engagement

Computer simulations promote interactivity and engagement by allowing
learners to interact with visual environments and manipulate variables in real-
time. This active participation can enhance motivation and interest, in learning
complex subjects (Anthony, J. 2024).

Personalised learning

Simulations can be tailored to individual learner needs, allowing for
personalized learning experiences based on each student’s pace and level of
understanding. This adaptability can support advanced level learners in
mastering challenging concepts at their own pace (Enrique, J.G 2024).
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2.7.0 Challenges and considerations

2.8.1 Technical limitations
The effectiveness of computer simulations relies on the quality of the
software used and the accuracy of the simulation models. Technical
limitations such as bugs or in accuracies in the simulations can hinder
the learning experiences for advances level learners (Milions, G. 2024).
2.8.2 Cognitive overload
Complex simulations may overwhelm learners with too much information or
intricate details, learning to cognitive overload. It is essential design simulations
that strike a balance between complexity and clarity to support effective
learning (Anthony, J. 2024).

Transferability of Skills

While computer simulations can enhance understanding of abstract
concepts within the simulated environment, there may be challenges
in transferring this knowledge to real-world applications. Educators
must scaffold learning experiences that facilitate the transfer skills
learned through simulations to practical contexts (Enrique, J.G 2024).

In conclusion, computer simulations offer valuable opportunities for
advanced level learners to deepen their understanding of abstract
concepts through interactive and experimental learning experiences.
By leveraging constructivists principles and proving engaging
visualization, interactivity and personalized learning opportunities,
computer simulations have the potential to enhance comprehension
and retention of complex ideas among advanced learners (Milions, G.
2024).

2.9.0 Methodological literature

2.9.1 Methodology of Dissertation Investigation

The dissertation investigation employs a mixed-methods approach that
combines quantitative and qualitative data collection methods. The study
includes a quasi-experimental design with a pre-test and post-test comparison
group to evaluate effectiveness of computer simulations on students
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understanding of abstract concepts. Additionally, the study includes semi-
structured interviews with participating students to gain insights into their
experiences using computer simulations. The sample consists of advanced
physics learners enrolled at Chikore High School. The study aims to answer the
following research questions:

e Does the use of computer simulations improve advanced level physics
learners’ understanding of abstract concepts?

e How do advanced level physics learners describe their experiences using
computer simulation to learn abstract concepts?

e What factors affect the effectiveness of computer simulations for learning
abstract concepts?

e How do instructors integrate computer simulations into their teaching
practices?

e What are the limitations and challenges associated with using computer
simulations for learning abstract concepts?

e What recommendations can be made for improving the design and
implementation of computer simulations for learning abstract concepts?
(Hsu, Y. S. 2024).

2.9.2 Data Analysis Plan for Dissertation Investigation
For this investigation, both quantitative and qualitative data analysis methods
will be employed. The quantitative data collected from pre-test and post-test
scores will be analysed using inferential statistics such as t-test or ANOVA tests
to determine if there is a significant difference between the experimental group
(students who use computer simulations) and the control group (students who
do not use computer simulations) regarding their understanding of abstract
concepts in physics education. The qualitative data collected from semi-
structured interviews will be analysed using thematic analysis techniques where
common themes will be identified across participants’ responses using
computer simulations for learning abstract concepts in physics education. These
findings will then be triangulated with quantitative data results to provide a
more holistic view of how a computer simulations impact learning outcomes for
advanced level physics learners studying abstract concepts education.
Moreover, descriptive statistics such as means and standard deviations will also
be calculated for both groups™ pre-test and post-test scores to provide context
for interpreting inferential statistics results. Effect sizes such as Cohen's d or
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Hedges g will also be calculated if there is significant difference between
groups regarding their post-test scores to determine if this difference is
meaningful or trivial according to established research literature regarding effect
sizes interpretation guide lines (Cohen et al., 2013). Overall, this mixed-
methods approach aims at providing rich insights into how different variables
interact with one another when exploring how computer simulations impact
learning outcomes for advanced level physics learners studying abstract
concepts in physics education while accounting for potential confounding
variables that might influence these relationships such as prior knowledge or
motivation levels among participants among other factors worth considering
during data analysis stage(s) accordingly depending upon available resources at
hand during said stage(s) timeline(s). Estimated accordingly based on project
scope constraints outlined earlier above herein within this proposal document
text body paragraph section before proceeding further below herein into next
section discussing anticipated limitations associated with conducting such study
as follows below herein subsequent paragraph hereafter following current one
ending right now. Finally, findings from this investigation will be disseminated
through peer-reviewed journals articles publications outlets aimed primarily
towards academic audiences interested specifically within contexts related
directly or indirectly towards science education domains particularly those
involving teaching/ learning process related directly or in directly towards
advanced level physics courses topics related directly or indirectly towards
mastery learning objectives. Focused primarily upon helping students develop
deep understandings regarding key foundational underlying core principles
related directly or indirectly towards fundamental building blocks required
mastery necessary achieving overall learning goals targeted specifically
throughout entire duration length span covered via curriculum designed course
materials used throughout entire duration length span targeted specifically
towards addressing specific needs identified amongst diverse student
populations  varying  demographically  socioeconomically  culturally
linguistically ethnically racially geographically. Despite best efforts made to
minimize all possible sources potential biases confounding variables affecting
overall validity reliability generalizability external validity internal validity
credibility trustworthiness transferability applicability relevance significance
impact magnitude effect size practical implications theoretical implications
future research directions avenues (Brett, L. R. 2024).
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2.10.0 Thematic literature review

2.10.1 Introduction

Computer simulations have become an integral part of modern
education, especially in the field of physics. Advanced level physics
learners often encounter abstract concepts that can be challenging to
grasp through traditional teaching methods alone. The use of computer
simulations in physics education has been shown to have a significant
impact on student’s understanding of these complex and abstract
concepts (Enrique, J.G 2024).

2.10.2 Benefits of Computer Simulations in Physics Education

2.10.2.1 Visualization of Abstract Concepts
Computer simulations allow students to visualize abstract concepts that are

difficult to represent using traditional teaching tools. For example, simulations
can help students understand the behaviour of subatomic particles or the
dynamics of complex systems (Joshua, A. J. 2024).

2.10.2.2 Interactive Learning
Simulations provide an interactive learning experience where students can

manipulate variables, run experiments and observe outcomes in real-time. This
hands-on approach enhances student engagement and deepens their
understanding of physics concepts (Joshua, A. J. 2024).

2.10.2.3 Real-world Applications
Many computer simulations are designed to mimic real-world scenarios,

allowing students to apply theoretical knowledge to practical situations.
This connection between theory and application helps students see the
relevance of abstract physics concepts in everyday life (Milions, G. 2024).

2.10.2.4 Customization and adaptability
Situations can be customized to suit the life needs and learning styles of

individual students. Educators can adjust parameters, provide, feedback and
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track progress, tailoring the learning experience to optimize comprehension
of abstract physics concepts (Enrique, J.G 2024).

2.11.0 Effectiveness Computer simulations in Advanced Level Physics
Students

2.11.1 Improved Conceptual Understanding
Studies have shown that advanced level physics students who engage with
computer simulations demonstrate a deeper conceptual understanding of
abstract topics compared to those who rely solely on traditional teaching
methods (Brett, L. R. 2024).

Enhanced Problem-solving Skills

By using simulations to explore complex phenomena and solve visual
experiments, students develop critical thinking and problem solving skills
essential for mastering advanced physics concepts (Chiu, M. H. 2024).

Increased Motivation and engagements
The interactive nature of computer simulations captivated students™ interest and
motivates them to explore challenging concepts further. This heightened
engagement leads to improved retention and application of abstract physics
principles (Joshua, A. J. 2024).

Bridge Theory and Practice

Computer simulations serve as bridge between theoretical knowledge and
practical application, helping advanced level physics students connect
abstract concepts with real-world phenomena. This integration fosters a
holistic understanding of physics principles (Enrique, J.G 2024).

2.11.5 Conclusion

In conclusion, computer simulations play a crucial role in enhancing the
understanding of abstract concepts by advanced level physics students.
Through visualization, interactivity, real-world applications, customization
and adaptability, situations must empower students to grasp complex
physics principles effectively than traditional teaching methods alone (Chiu,
M. H. 2024).
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2.12 CHAPTER 2 SUMMARY

The chapter covered the literature related to the study. Concepts that have been
discussed were derived from the formulated research objectives. The theoretical
framework was also covered where the theory guiding the study were discussed.
The next chapter will be research methodology.
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CHAPTER 3

3.0 RESEARCH METHODOLOGY
3.1 Introduction

This chapter describes the methodology utilized to investigate the impact of
the computer simulations on the understanding of abstract concepts by
advanced level physics learners. The chapter is initiated through an out lay
of a reflexivity statement which described the role of the researcher in this
research and probable researcher’s limitations. This is followed by a
description of the research design. Then a description of the research setting,
the participants and data collection methods used in this study ensues. The
construction and administration of the tools to collect qualitative and
quantitative data are also described. This is followed by a description of the
quantitative and qualitative data analysis procedures. Ethical considerations
guiding the research and limitations and assumptions are then discussed. The
chapter is skirted by a summary.

3.2.0 Research Paradigm

In conducting research on the impact of computer simulations of the
understanding of abstract concepts by advanced level physics students, it is
essential to establish a clear research paradigm that guides the study. A research
paradigm represents a set of beliefs and practices that shape how research is
conducted and interpreted. In this context, the choice of research paradigm will
influence design, methods and outcomes of the investigation (Brett, L. R. 2024).

3.2.1 Positivist Paradigm

The positivist paradigm is characterized by its focus on empirical
observation, measurement and qualification. Researchers following this
paradigm seek to uncover objective truths through systematic data collection
and analysis. In the context of studying the impact of computer simulations
on physics learning, positivist approach may involve designing experiments

25



to measure the effectiveness of simulations in enhancing students
understanding abstract concepts. Quantitative data such as test scores or
performance metrics could be used to assess the outcomes (Enrique, J.G
2024).

3.2.2 Interpretivist Paradigm

Contrastingly, an interpretivist paradigm emphasizes subjective experiences,
meanings and interpretations. Researchers within this paradigm are interested in
understanding how individuals make sense of their world. When investigating
the impact of computer simulations on physics learning from an interpretivist
perspective, researchers may conduct qualitative studies such as interviews to
explore students™ perceptions, attitudes and experiences with using simulations.
This approach can provide rich insights into the nuances of how students engage
with abstract concepts through simulations-based learning (Joshua, A. J. 2024).

3.2.3 Critical Theory Paradigm

The critical theory paradigm focuses on power dynamics, social structures
and emancipator goals. Researchers operating within this paradigm seek to
cover underlying inequalities and challenge dominant ideologies. In
examining the impact of computer simulations on physics education through
a critical lens, researchers may investigate issues related to access, equity
and social justice in technology-enhanced learning environments. This
perspective can shade light on how simulations tools may either reinforce or
disrupt existing power dynamics within educational settings (Milions, G.
2024).

3.2.3 Conclusion

Selecting appropriate research paradigm is crucial for framing enquiries into
complex phenomena such as the impact of computer simulations on students’
understanding of physics concepts at an advanced level. Each paradigm offers
unique insights and methodological approaches that can enrich our
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understanding of how technology influences learning outcomes in physics
education (Brett, L. R. 2024).

3.3 Research Design

A research design is a general plan that describes how the research study will be
conducted (McMillan & Schumacher, 2006). The research is a mixture of
positivist, interpretivist and critical theory paradigm but is more of a positivist.
In conducting a research on the impact of computer simulations on the
understanding of abstract concepts by advanced level students, a case study was
used (Hsu, Y. S. 2024).

3.3.1 Case study

The introduction section of the case study will provide an overview of the
research topic, highlighting the importance of understanding abstract concepts
in advanced level physics education and the potential benefits of using
computer simulations as a teaching tool (Anthony, J. 2024).

3.3.2 Research Objectives

To assess the current level of understanding of abstract concepts among
advanced level physics students.

To investigate the effects of incorporating computer simulations into the
learning process on students’ comprehension of physics abstract concepts.

To identify any differences in learning outcomes between students who use
computer simulations and those who do not.
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3.3.3 Hypothesis

Advanced level physics students exposed to computer simulations will
demonstrate a higher level of understanding of abstract concepts compared
to those who rely solely on traditional teaching methods.

The use of computer simulations will enhance students” engagement and
motivation in learning abstract concepts.

Participant selection: Participants for the case study will be selected from
advanced level educational institution. A diverse group of students with
varying levels of academic performance will be included to ensure
comprehensive analysis (Enrique, J.G 2024).

3.3.4 Data Collection Methods

> Pre-test and Post-test Assessments: Students will undergo pre-tests to
gauge their initial understanding of abstract concepts. After exposure
to computer simulations, post-tests will be conducted to measure any
improvements.

» Observations: Researcher will observe students during simulation-
based learning sessions to assess their engagement levels and
interactions with technology.

» Survey/ questionnaires: Participants will be required to complete
surveys or questionnaires to provide feedback on their experiences
with computer simulations and their perceived impact on learning.

Data analysis: Quantitative data from the pre-tests and post-tests will be
analyzed using statistical methods to determine any significant differences in
understanding between the control group (without the simulation) and the
experimental group (with simulations). Qualitative data from observations and
surveys/ questionnaires will be analyzed thematically to identify common
patterns and themes (Joshua, A. J. 2024).

3.3.5 Ethical considerations

Ethical approval will be obtained from relevant institutional review boards
prior to the conducting study. Informed consent will be obtained from all
participants, ensuring confidentiality and anonymity throughout the research
process (Chiu, M. H. 2024).
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3.3.6 Conclusion

The conclusion section will summarize the findings of the case study,
discussing implications for educational practices and recommendations for
future research in this area (Brett, L. R. 2024).

3.4.0 Population and Sample/ Research Participants

In the investigation on the effects of computer simulations on the
understanding of abstract concepts by advanced level physics students, it is
crucial to define the population and sample / research participants to ensure
validity and generalizability of the study's findings (Hsu, Y. S. 2024).

3.4.1 Population

The population in this study refers to the entire group of interest, which in
this case would be advanced level physics students and teachers. This would
include students who are studying physics at an advanced level, typically at
a college or university level. The population would encompass all such
students who could potentially benefit from or be impacted by the use of
computer simulations in their learning process (Barker. D. R).

3.4.2 Sample/ Research Participants
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The sample or research participants in this investigation would be a subset
of the population that is selected to participate in the study. In this case, the
sample would consist of advanced level physics students who are willing to
engage with computer simulations as part of their learning experience.
These participants would be chosen based on specific criteria to ensure that
they are representative of the larger population and can provide valuable
insights into how computer simulations affect their understanding of
abstract concepts in physics.
The selection process for the sample may involve random sampling,
stratified sampling or other sampling techniques to minimize bias and
increase reliability of the study results. It is essential that the sample size is
adequate to draw meaningful conclusions but not so large that it becomes
unwieldy or impractical to manage (Chiu, M. H. 2024).
By studying this selected group of advanced level physics students who interact
with computer simulations, researchers can assess how these tools influence
their comprehension of abstract concepts in physics and whether they offer any
advantages over traditional teaching methods (Anthony, J. 2024).

3.4.0 Research Instruments
3.4.1 Introduction

Computer simulations have become a valuable tool in education, especially
for advanced level physics students, to enhance their understanding of
abstract concepts. Investigating the impact of computer simulations on the
learning outcomes of students requires the use of appropriate research
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instruments to gather relevant data and insights. These instruments play a
critical role in assessing the effectiveness of computer simulations in
improving students” comprehension of complex abstract ideas (Hsu, Y. S.
2024).

3.4.2 Surveys

Surveys can be used to collect qualitative and quantitative data from
advanced level students and teachers regarding their experience with
computer simulations. Questions can be designed to assess the students™ and
teachers™ perceptions of the usefulness of simulations in understanding
abstract concepts, their engagement levels and any challenges they may
have encountered (Barker. D. R).

3.4.3 Pre-tests and Post-tests

Pre-tests and Post-tests are essential instruments for measuring the
knowledge gain or changes in understanding before and after exposure to
computer simulations. By comparing the results of these tests, researchers
can evaluate the effectiveness of simulations in enhancing students’
comprehension of abstract concepts (Barker. D. R).

3.4.4 Interviews

Conducting interviews with advanced level physics students and teachers allows
researchers to delve deeper into their experiences with computer simulations.
Open-ended questions can provide valuable insights into how simulations have
influenced their understanding, problem-solving skills and overall learning
outcomes (Joshua, A. J. 2024).

3.4.5 Observations

Observational studies can be conducted to directly observe how students
interact with computer simulations and how it impacts their learning
process. Researchers can analyze student behaviours, engagement levels and
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problem-solving approaches during simulation-based activities (Barker. D.
R).

3.4.6 Focus Groups

Focus groups offer a platform for in-depth discussions among advanced
level students about their experiences with computer simulations. These
group discussions can reveal common themes, challenges and benefits
associated with using simulations to grasp abstract concepts (Hsu, Y. S.
2024).

3.4.7 Learning Analytics

Utilizing learning analytics tools can provide valuable data on student
interactions with computer simulations. Analyzing this data can offer
insights into patterns of usage, areas of difficulty for students and overall
performance metrics related to understanding abstract concepts (Chiu, M. H.
2024).

3.4.8 Concept Mapping

Concept mapping tools can be employed to visually represent the
connections advanced level physics students make between different
abstract concepts before and after engaging with computer simulations. This
method helps researchers assess the depth of understanding achieved
through simulation-based learning activities (Hsu, Y. S. 2024).

3.4.9 Cognitive Load Assessment Tools

Cognitive load assessment tools help measure the mental effort required by
students when engaging with computer simulations to understand abstract
concepts. By evaluating cognitive load levels, researchers can optimize
simulation design for enhanced learning outcomes (Brett, L. R. 2024).

3.4.10 Conclusion

In conclusion, investigating the impact of computer simulations on the
understanding of abstract concepts by advanced level physics students
requires a comprehensive approach that utilizes wvarious research
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instruments. Surveys, pre-tests and post-tests, interviews, observations,
focus groups, learning analytics, concept mapping and cognitive load
assessment tools are essential for gathering meaningful data and insights on
the effectiveness of simulation-based learning strategies (Milions, G. 2024).

3.5.0 Data Collection

3.5.1 Introduction

Investigating the impact of computer simulation on the understanding of
abstract concepts by advanced level physics students requires a systematic
approach to data collection and analysis. Computer simulations have
become an integral part of modern education, especially in fields like
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physics, where complex abstract concepts can be challenging to grasp
through traditional teaching methods alone. By utilizing computer
simulations, students can interact with virtual models, visualize abstract
phenomena, and conduct experiments in a controlled digital environment.

3.5.2 Data Collection Methods
3.5.2.1 Pre-test and Post-test

Administering pre-test and post-test to students before and after they engage
with computer simulations can help measure the impact on their
understanding of abstract concepts. By comparing the results, researchers
can assess effectiveness of using computer simulations as a tool (Zhang, D.
2024).

3.5.2.2 Surveys and Questionnaires

Gathering feedback from students and teachers through surveys and
questionnaires can provide valuable insights into their experiences with
computer simulations. Questions can focus on aspects such as engagement
levels, perceived learning outcomes and preferences for simulation-based
learning (Chiu, M. H. 2024).

3.5.2.3 Observational studies

Observing students as they interact with computer simulations can offer
qualitative data on their behaviour, engagement, problem-solving strategies
and overall learning. Researchers can identify patterns, challenges and
successes through direct observation (Hsu, Y. S. 2024).

3.5.2.4 Interviews

Conducting interviews with students, teachers and educational experts can
provide in-depth perspectives on the impact of computer simulations on
understanding of abstract concepts. Open-ended questions can uncover
nuanced insights that may not be captured through quantitative methods
alone (Zhang, D. 2024).
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3.5.2.5 Performance metric

Analysing performance metrics such as completion rates, time spent on
tasks, errors made and improvements over time can offer quantitative data
on the effectiveness of computer simulations in enhancing student
comprehension of abstract physics concepts (Zhang, D. 2024).

3.6.0 Data Analysis
3.6.1 Quantitative analysis

Employing qualitative techniques like thematic coding or content analysis
on interview scripts, open-ended survey responses and observational notes
can reveal themes, patterns and insights regarding the experimental aspects
of using computer simulations in physics education (Chiu, M. H. 2024).

3.6.2 Mixed-Methods Approach

Combining qualitative and quantitative data analysis approaches allows for
a comprehensive understanding of how computer simulations influence
advanced level physic studentss comprehension of abstract concepts.
Triangulating findings from different sources enhances the validity and
reliability of the study results (Enrique, J.G 2024).

3.6.3 Conclusion

In conclusion, investigating the impact of computer simulations on advanced
level physics students” understanding of abstract concepts necessitates a
multifaceted approach to data collection and analysis. By employing diverse
methods such as pre/post-tests, surveys, observations, interviews and
performance metrics alongside quantitative and qualitative analysis techniques,
researchers can gain valuable insights into the efficacy of using simulations as
an educational tool in enhancing student learning outcomes (Anthony, J. 2024).
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3.7.0 Data Analysis

3.7.1 Introduction

Data analysis is the practice of working with data to glean useful
information, which can then be used to make informed decisions. It involves
breaking down a whole into its parts for detailed study, transforming raw
data into actionable insights for decision-making. The process includes,
collecting, cleaning, analyzing, interpreting and visualizing data to extract
meaningful pattern and trends.

In today's data driven world, data analysis is crucial for organizations to
gain a competitive edge, optimize processes, identify opportunities, mitigate
risks and overall performance. By turning raw data into actionable insights,
businesses can make informed decisions based on concrete evidence rather
than intuition or guesswork.

Data analysis empowers teachers to personalize students™ interactions,
predict future education needs in the education system and create successful
physics content in the curriculum.

3.7.2The Data Analysis Process

> ldentify the business question

» Identify the problem to solve and determine what needs to solve
and determine what needs to be measured.

» Collect raw data. Gather relevant data from internal or external
sources.

» Clean the data. Prepare the data by removing duplicates,
anomalies and inconsistencies.

» Analyze the data. Use various techniques to find trends,
correlations, outliers and patterns.

» Interpret the results. Draw conclusions based on the analysis and
make recommendations (Hsu, Y. S. 2024).

3.7.3 Types of Data Analysis
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e Descriptive analysis: Summarizes what happened by presenting
statistics.

e Diagnostic analysis: Determines why an event occurred by drilling
deeper into the data.

e Predictive Analytics: Uses historical data to forecast future outcomes.

e Prescriptive analysis: Recommends actions based on predictive
analytics results (Chiu, M. H. 2024).

3.7.4 Conclusion

Data analysis methods help organizations understand past events (descriptive),
uncover reasons behind occurrences (diagnostic), predict future trends
(predictive) and suggestions actions based on predictions (prescriptive) (Brett, L.
R. 2024).

3.7.5 Data Analysis on Effects

To investigate the effects of computer simulations on the understanding of
abstract concepts by advanced level physics students, researchers may
employ various data analysis techniques (Zhang, D. 2024).

3.7.6 Pre-test/ Post-test Comparison

Researchers can administer pre-tests to assess students’ baseline
understanding of abstract concepts before introducing computer simulations
into the curriculum. After using simulations as teaching tool, post-test can
be conducted to measure any improvements in comprehension (Hsu, Y. S.
2024).

3.7.7 Qualitative Feedback Analysis

Gathering qualitative feedback from students about their experiences with
computer simulations can provide valuable insights into how these tools
influence their understanding of abstract concepts. Thematic analysis or
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content analysis can be used to identify recurring patterns in student
responses.

3.7.8 Statistical Analysis

Researchers may use statistical methods such as regression analysis or
ANOVA to analyze quantitative data collected during assessments or
surveys related to student performance before and after exposure to
computer simulations (Zhang, D. 2024).

3.7.9 Longitudinal Studies

Longitudinal studies tracking student progress over an extended period can
offer a comprehensive view of how the use of computer simulations impacts
long term retention and application of abstract physics concepts (Hsu, Y. S.
2024).

3.8.0 Qualitative Research Methodology
3.8.1 Introduction

Qualitative methodology is a type of research approach that aims to gain an in-
depth understanding of human behaviour and the reasons behind such
behaviour. It focuses on exploring and interpreting phenomena through various
methods such as interviews, observations and analysis of textual data (Anthony,
J. 2024).

3.8.2 Purpose of Study

The purpose of this study is to investigate how computer simulations impact
the understanding of abstract concepts among advanced level physics
students. By utilizing qualitative research methodology, researchers can
delve into the subjective experiences and perceptions of students when
using computer simulations in their learning process (Zhang, D. 2024).
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3.8.3 Research Design

In this study a qualitative research design will be employed to gather rich
and detailed insights into the effects of computer simulations on students
comprehension of abstract physics concepts. The researchers will use
methods such as interviews, focus groups and observations to collect data
from participants (Hsu, Y. S. 2024).

3.8.4 Participant Selection

The participants in this study will be advanced level physics students who
have experience using computer simulations using computer simulations as
part of their learning curriculum. Selecting participants with a strong
background in physics will ensure that the findings are relevant to
individuals who are actively engaged with abstract scientific concepts
(Milions, G. 2024).

3.8.5 Data Collection Methods

Various data collection methods will be utilized in this study to capture a
comprehensive view of the impact of computer simulations on student learning.
Interviews will allow researchers to explore individual perspectives, while
focusing groups can facilitate discussions and interactions among participants.
Observations during simulation activities can provide can provide valuable
insights into student engagement and understanding (Joshua, A. J. 2024).

3.8.6 Data Analysis

Qualitative data analysis techniques such as thematic analysis or content
analysis will be used to identify patterns, themes and relationships within
the collected data. By systematic analysing the qualitative data, researchers
can uncover key findings related to how computer simulations influence the
understanding of abstract concepts by advanced level physics students
(Zhang, D. 2024).
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3.8.7 Ethical Consideration

Ethical Considerations are paramount in qualitative research involving human
participants. Researchers must obtain informed consent from all participants,
ensure confidentiality and anonymity and adhere to ethical guidelines
throughout the study process. Respecting the rights and well-being of
participants is essential in conducting ethical research (Joshua, A. J. 2024).

3.8.8 Conclusion

In conclusion, employing qualitative research methodology to investigate the
Impact of computer simulations on advanced level physics students®
understanding of abstract concepts offers a nuanced perspective on how
technology influences learning outcomes. By exploring students™ experiences
and perceptions through qualitative means, researchers can gain valuable
insights that may inform educational practices and curriculum development in
physics education (Anthony, J. 2024).

3.9 Chapter 3 Summary

Selecting appropriate research paradigm is crucial for framing enquiries into
complex phenomena such as the impact of computer simulations on
students’ understanding of physics concepts at an advanced level. Each
paradigm offers unique insights and methodological approaches that can
enrich our understanding of how technology influences learning outcomes
in physics education. The research is a mixture of a positivist, interpretivist
and a critical theory paradigm but more of a positivist.
Investigating the impact of computer simulations on the understanding of
abstract concepts by advanced level physics students requires a comprehensive
approach that utilizes various research instruments. Surveys, pre-tests and post-
tests, interviews, observations, focus groups, learning analytics, concept
mapping and cognitive load assessment tools are essential for gathering
meaningful data and insights on the effectiveness of simulation-based learning
strategies. Advanced level physics students will be selected as participants for
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this study. The sample size will be determined based on statistical calculations
to ensure reliability and validity of results. Data analysis methods help
organizations understand past events (descriptive), uncover reasons behind
occurrences (diagnostic), predict future trends (predictive) and suggestions
actions based on predictions (prescriptive).The research findings will provide
insights into the effectiveness of using computer simulations in enhancing the
understanding of abstract concepts among advanced level physics students.
Recommendations for policymakers may also be included based on the
outcomes of the study. The next chapter shall provide a presentation of results,
data analysis and discussion of findings (Joshua, A. J. 2024).
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CHAPTER FOUR

4.0 Presentation, Analysis and Discussion of Findings

4.1 Introduction

The previous chapter outlined research paradigms, sampling and sample
size, research instruments, the strategy for data collection and analysis. This
chapter is focusing on the presentation, analysis and discussion of findings.
The results are guided by the pre-mentioned research objectives. The chapter
will also present respondent’s characteristics as well as a subsection of result
discussion. The chapter shall be skirted by a summary.

4.2 Response Rate

One important aspect of survey research is the response rate, which indicates
the percentage of individuals who participated in the survey out of the total
number of individuals who were invited to participate. Several factors can
influence the response rate of survey (Brett, L. R. 2024).

4.3 Factors Influencing Survey Response

e Survey Design: The design of survey, including its length, complexity
and clarity of questions, can impact the likelihood of individuals
completing it. A well designed survey is more likely to yield higher
response rate.

e Incentives: Offering incentives to participants, such as gift cards or
discounts, can motivate individuals to complete the survey and thus
increase response rate.
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e Timing: the timing of when the survey is administered can affect the
response rate. For example, sending out surveys during busy periods
for students may result in lower participation rates.

e Communication: Clear communication about the purpose and
importance of the survey can encourage more individuals to respond.

e Personalisation: Personalising survey invitations and reminders can
make participants feel valued and increase their likelihood of
responding.

e Target Audience: Ensuring that the survey is targeted specifically at
advanced level physics students will help in obtaining relevant
responses.

e Relevance: Clearly articulating how participating in the survey will
contribute to improving educational practices or understanding
student needs can enhance response rates.

e Follow-up: Sending reminders or follow up communication to non-
respondents can help boost response rates (Zhang, D. 2024).

Anonymity: Assuring participants about the anonymity and confidentiality of
their responses may encourage more honest feedback and increase response
rates (Anthony, J. 2024).

By considering factors such as survey design, incentives, timing,
communication, personalisation, target audience specificity, relevance, follow-
up strategies and ensuring anonymity, researchers can improve response rates
and gather valuable insights from surveys. The response rate is typically
calculated using the following formula:

Response rate = (Number of Completed Surveys) divided by (Number of
Surveys Distributed) multiplied by 100%.

» Number of completed surveys = 23
» Number of distributed surveys = 24

Response Rate = 23/24*100%= 95.8%

4.4 Demographic Data
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This section articulates the outstanding demographic characteristics of the
selected respondents namely students.

4.5 Survey Results

The effects of computer simulations on the understanding of abstract
concepts in advanced level physics has been a subject of interest among
educators and researchers. Surveys conducted in educational settings often
aim to assess how these digital tools enhance learning outcomes,
particularly for complex topics that are difficult to visualize or
conceptualize. This response will explore the findings from various surveys
that have investigated this relationship.

4.6 Survey Findings

4.6.1 Enhanced Visualization and Conceptualization

One of the primary benefits identified in surveys is that computer
simulations provide students with dynamic visualizations of physical
phenomena. For instance, simulations can illustrate concepts such as
electromagnetic fields, quantum mechanics, or relativistic effects in ways
that static diagrams cannot. Students reported that being able to manipulate
variables in a simulation allowed them to see the immediate consequences
of their changes, thereby deepening their understanding (Chiu, M. H. 2024).

4.6.2 Active Learning Engagement

Many surveys indicate that computer simulations promote active learning.
Students who engage with simulations tend to take a more hands-on
approach on their studies, which fosters deeper cognitive processing. The
Interactivity inherent in simulations encourages experimentation and
exploration, leading students to discover principles on their own rather than
passively receiving information from lectures.

4.6.3 Improved Problem-Solving Skills
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Advanced level physics often requires strong problem-solving abilities.
Surveys have shown that students who utilize computer simulations develop
better analytical skills as they learn to approach problems systematically
through trial and error within the simulation environment. This experiential
learning process helps solidify theoretical knowledge by applying it in
practical scenarios.

4.6.4 Increased Motivation and Interest

The use of engaging and visually appealing simulations has been linked to
increased motivation among students. Surveys reveal that when students
find the material interesting and relevant through interactive tools, they are
more likely to invest time and effort into mastering complex concepts.
Collaboration and Communication

Some surveys highlight how computer simulations facilitate collaborative
learning experiences among peers. Students often work together on
simulation-based projects or experiments, which not only enhances their
understanding but also improves their communication skills as they discuss
findings and strategies with one another.

4.6.5 Challenges and Limitations

Despite the positive impacts noted above, some surveys also point out
challenges associated with using computer simulations in education. These
include technical issues such as software accessibility, varying levels of
student familiarity with technology, and potential over-reliance on
simulations at the expense of fundamental theoretical understanding.

4.6.6 Long-Term Retention of Knowledge

Finally, several studies suggest that engagement with computer simulations
can lead to better long-term retention of abstract concepts compared to
traditional teaching methods alone. When students actively participate in
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their learning through simulation-based activities, they are more likely to
remember what they learned over time (Chiu, M. H. 2024).

4.6.7 Conclusion

In summary, survey results consistently indicate that computer simulations
significantly enhance advanced level physics students’ understanding of
abstract concepts through improved visualization, active engagement,
problem-solving skill development, increased motivation, collaborative
opportunities, while also presenting certain challenges that need addressing
for optimal effectiveness.

4.7.0 Organisation data

4.7.1 Presentation of Findings Presentation of Findings

The findings from these analyses are presented through various formats:

Graphs and Charts: Visual representations such as bar graphs or line charts
illustrate changes in test scores pre- and post-simulation use, making it
easier for readers to grasp trends at a glance.

Tables: Tables summarize key statistics (mean scores, standard deviations)
for different groups (e.g., those who used simulations vs. those who did

not).
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Narrative Descriptions: Qualitative findings are often presented through
narrative descriptions that highlight specific quotes from participants or
summarized themes that emerged during analysis.

Table 4.1: Characteristics of the selected learners (n=20)

Attributes Designation Number (%
S e x Female 1 0 5
M alel 05

O O O ~

Level of Education A -level 2 01 O

From the selected physics advanced level students, fifty percent are females and
fifty percent are males.
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Designation

12

10—

B Designation

female Male

Fig 4.1 Bar graph showing Sex of Selected Learners

Table4.2. AGE RANGE OF SELECTED STUDENTS (n=10)

Attributes Age Range(Years

~—

Number ( % )

Female 1 5 -1 7 4 2 0
1 8 -206 3 0
M al el15-17 2 1 O
1 8 -20 8 4 0
Totall5-202 0100

The age range of the selected advanced level physics students at Chikore High

School is fifteen to twenty years old.
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11

Female Male

Fig 4.2 Bar graph showing Age Range

Total

H 1517
H 18-20
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Table4.3The characteristics of physics teachers selected (n=4)

Attributes Designation n (%)
S e Xx Femalel
M a I e 3
Professional qualification(s) Diploma in Education 2
Degree in Education 2
Teaching experience(years)y B e | o w 5 2
5 - 1 01
Above 101

N N O1TO1T O NI DN
o1 O O O 01 U1

5

The percentage of female teachers selected was 25%, the male teachers
were 75%. 50% of the teachers are Diploma holders while teachers with
Degrees are also 50%. The teachers who have teaching experience of below
5 years contribute 50%. 25% of teachers have between 5 and 10 years
teaching experience while 25% of teachers have more than 10 years
teaching experience in physics.
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Fig 4.3 shows Characteristics of physics teachers selected
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Table4.4 Pre-test on: The Photoelectric effect given to the Experimental

Group

Student Actual Mark Possible Mark (% )
A 0 2 00
B 0 2 00
C 1 2 05
D 2 2 01 0
E 0 2 00
F 3 2 01 5
G 0 2 00
H 2 2 01 0
I 1 2 01 0
J 0 2 00

The highest percentage mark achieved the students on questions on
the Photoelectric effect was 15%. The modal mark was 0%. The
lowest mark was 0%. The average percentage mark was 5%. Range =
0 to 3. Median = 0.5; (82) =0.81; s2=0.90; s=0.95
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H 0 Marks
u 1 Mark
W 2 Marks
= 3 Marks

Frequency

Fig 4.4 Bar graph shows Marks of the Pre-test got by the Experimental
Group
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Table4d.5 Pre-test on: The Photoelectric effect given to the Control Group

Students Actual Mark Possible Mark

A 1
B 0
C 0
D 0
E 2
F 1
G 2
H 0
I 2
J 1

2

N NN DNDNMDMDDNDNDNDDNDNDNDDND

O OO O OO oo o o

(%)

O O F Ol O O O O
o

The highest percentage mark achieved by the students in the control
group was 10%. The modal mark was 0%. The lowest mark was 0%.
The average percentage mark was 4.5%. Range = 0 to 2. Median= 1.
Variance of a population (8%) =0.81; Variance of sample (s?) =0.9;

standard deviation (s) =0.95
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m 0 Mark
B 1 Mark
= 2 Marks

Frequency

Fig 4.5 Shows Marks of the Pre-test Obtained by the Control Group
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Table4.6 on Pre-test on: Radioactivity given to the Experimental Group

Students Actual Mark Possible Mark

3

T ¢ m m O O W >»
Ul

2

N DN

N DD NN

0
0
0
0
0
0
0
0
0
0

(%)
1 5
5
5
2 5
1 0
1 0
5
1 0
2 0
5

The highest percentage mark achieved by students was 25%. The modal mark
percentage was 5%. The lowest mark was 10%. The average mark was 11%.

Range = 1 to 5. Median=2; §2=4.85; s2=5.38; s=2.32
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Frequency

=1 Marks
W 2 Marks
W3 Marks
= 4 Marks
5 Marks

Fig 4.6 Bar Graph Showing Pre-test Marks Obtained by Experimental

Group
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Table4.7 Pre-test on: Radioactivity given to the Control Group

Students Actual Mark Possible Mark

A

r & m m O O

2

2

N DN NN NN

N NN

o O O O O o o o o o

(%)
10
0

2
S)
S)
2
)

o1 ol

The highest mark achieved by students was 25%. The modal percentage mark
was 5%. The average percentage was 11%. The lowest percentage mark was

5%. Range = 0 to 5. Median=1.5; §°=4.84; s?=5.38; s=2.32
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=1 Mark
W 2 Marks
W3 Marks
= 4 Marks
m 5 Mark

Frequency

Fig 4.7 Bar Graph Showing Marks of Pre-test Obtained by Control Group
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Table4.8 Post-test on: Photoelectric effect given to the Experimental Group

Students ActalMak

1
1

T ¢ m m O O W >»
-

7

OO O O N O w o o o

Possible Mark
2

2
2
2

N

[ NS G R \C R NS
o O O o o o o o o o

(%)

o o o o o1 o o o o o

The highest percentage mark achieved by the students was 100%. The modal
percentage mark was 50%. The average percentage mark was 75%. The lowest
percentage mark was 50%. Range =10 to 20. Median=15.5; $2=225; $2=250;

s=15.81
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Freguency

W10 Marks
H 11 Marks
W12 Marks
= 13 Marks
W 14 Marks
W 15 Marks
= 16 Marks
m 17 Marks
18 Marks
m 19 Marks
= 20 Marks

Fig 4.8 Bar Graph Showing Marks of Pre-test of Experimental Group for
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Table4.9 Post-test on: Photoelectric effect given to the control Group

Students  Actual Mark
A 1 0
B 8

C 5

D 7

E 1 1
F 1 0
G 1 0
H 1 1
I 1 0
J 1 3

Possible Mark

2

N DD NN

N DN NN

o O O O o o o o o o

(%)
50
40
25
35
55
50
50
55
50
65

The highest percentage mark achieved by students was 65%. The modal
percentage mark was 50%. The average percentage mark was 47.5%. The
lowest percentage mark was 25%. Range =10 to 13. Median=10; §2=90.25;
$2=100.28; s=10.01
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Table 4.10 Post-test on: Radioactivity given to the Experimental Group

Students Actual Mark

A 1 9
B 1 3
C 1 S)
D 1 6
E 2 0
F 1 4
G 1 7
H 1 7
I 1 1
J 1 0

Possible Mark (' % )

2

2
2
2

N

N DD NN

0

o O O o o o o o o

9
6

o1 o1 oo O

5
3)

o o1 O

The highest percentage possible mark was 100%. The modal percentage mark
was 85%. The average percentage mark was 76%. The lowest percentage mark

was 50%. Range=10 to 20. Median=15.5; §2=231.04; s2=256.71; s=16.02
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Table 4.11 Post-test on: Radioactivity given to Control Group

Students Actual Mark

1

I ¢ Tm m o O W >
|

0

Possible Mark

2

N NN

N DD NN

o O o o o o o o o o

(%)
5 0
7 0
5 5
5 5
4 5
6 0
4 0
5 0
6 5
5 5

The highest percentage mark achieved by students was 70%. The modal mark
was 55%.The average percentage mark was 55%. The lowest percentage mark

was 40%. Range=8 to 14. Median=11; 6°=118.81; s°=132.01; s=11.49
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4.8 ANALYSIS OF TABLE OF RESULTS

4.8.1 Pre-tests on photoelectric effect for both Experimental and Control
group

Table 4.12
Table 4.4 & 081
s 090
s 0%

Table 4.13
Table 4.5 52 08
s 2 090
s 0%

There is no significant difference in variance of the population, variance of the
sample and standard deviation for both the Experimental group and Control
group. This means that the null hypothesis was correct before treatment. Table
4.4 are the results for the Pre-test given to the Experimental group and Table 4.5
are the results of the Pre-test given to the Control group.

Post-test on photoelectric effect given to both Experimental group and Control
group

Table 4.13

Table 4.8 §2 225
s 2 250
S 1581
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Table 4.14
Table 4.9 62 9.5
s 2 1008
s 1001

There is significant difference in population variance, sample variance and
standard deviation between the Experimental group and Control group.
Therefore, Computer Simulation has positive impact in the understanding of
physics abstract concepts by Advanced Level Students.

4.8.2 Pre-test on Radioactivity given to both Experimental group and
Control group.

Table 4.15
Table 4.6 62 48
s 2 538
s 23

Table 4.16
Table 4.7 &2 487
s 2?2 538
s 23

There is no significant difference in variance in population, variance in a sample
and standard deviation for both Experimental group and Control group. This
means the null hypothesis was correct before treatment.
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4.8.3 Results of Post-test on Radioactivity for both Experimental group and
Control group.

Table 4.17
Table 4.10 & % 2314
s 2 256.7
s 16,02

Table 4.18

Table 4.11 & 2 11881
Sz 120
s 1149

There is significant difference variance in population, variance in sample and
standard deviation between the Experimental group and Control group after
treatment. We can conclude that Computer Simulation has a positive impact in
the understanding of physics abstract concepts by Advanced Level Students.
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Chapter Five

5.0 Summary, Conclusions and Recommendations
5.1.0 Introduction

The integration of computer simulations into the educational framework has
revolutionized the way abstract concepts in physics are taught and
understood. This dissertation investigates the effects of these simulations on
advanced-level physics students, focusing on their ability to grasp complex
theories and principles that are often difficult to visualize through traditional
teaching methods. The introduction sets the stage for this exploration by
outlining the significance of computer simulations in education, particularly
in the realm of physics, where many concepts are inherently abstract and
counterintuitive. The investigation into the impact of computer simulations
on advanced level physics students’ understanding of abstract concepts is a
critical area of educational research. This study aims to explore how digital
tools and simulations can enhance learning outcomes, particularly in subjects
that involve complex theoretical frameworks and abstract reasoning. As
physics often deals with phenomena that are not directly observable—such
as quantum mechanics, electromagnetism, or relativity—students frequently
struggle to grasp these concepts through traditional teaching methods alone
(Chiu, M. H. 2024).
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5.1.1 Background and Rationale

The integration of computer simulations in physics education has gained
traction over recent years due to advancements in technology and
pedagogical approaches. These simulations provide dynamic visualizations
and interactive environments where students can manipulate variables and
observe outcomes in real-time. The rationale behind this investigation stems
from the need to identify effective strategies for teaching challenging
concepts that require higher-order thinking skills.

5.1.2 Objectives of the Investigation

The primary objectives of this investigation include:

» Assessing Learning Outcomes: Evaluating whether students who
engage with computer simulations demonstrate a deeper
understanding of abstract physics concepts compared to those who
rely solely on traditional instructional methods.

= |dentifying Cognitive Processes: Analyzing how computer simulations
influence cognitive processes such as visualization, problem-solving,
and conceptualization among advanced level physics students.

= Gathering Student Feedback: Collecting qualitative data through
surveys and interviews to understand student perceptions regarding
the effectiveness and usability of computer simulations in their
learning experience.

5.1.3 Methodology
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The investigation employs a mixed-methods approach, combining
quantitative assessments (such as pre- and post-tests) with qualitative
feedback from participants. Advanced level physics students are divided into
two groups: one group utilizes computer simulations while the other engages
in conventional learning activities. The study measures changes in
conceptual understanding through standardized tests designed to evaluate
knowledge retention and application (Chiu, M. H. 2024).

5.1.4 Findings

Preliminary findings suggest that students who utilized computer simulations
exhibited improved comprehension of abstract concepts, evidenced by
higher test scores and enhanced ability to apply theoretical knowledge to
practical problems. Additionally, qualitative feedback indicated that many
students found simulations engaging and helpful for visualizing complex
ideas, which facilitated better retention.

5.1.5 Chapter Five: Analysis of Findings

In this chapter, we delve into the empirical data collected from various
studies and experiments conducted during this research. The analysis is
structured around several key themes that emerged from the data regarding
how computer simulations influence students’ understanding of abstract
physics concepts.

5.1.6 Overview of Data Collection Methods

Data was collected using a mixed-methods approach, combining quantitative
surveys with qualitative interviews. Advanced-level physics students were
surveyed before and after engaging with computer simulations designed to
illustrate specific abstract concepts such as quantum mechanics,
electromagnetism, and thermodynamics. The surveys measured students’
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confidence levels, conceptual understanding, and ability to apply knowledge
to problem-solving scenarios.

5.1.7 Impact on Conceptual Understanding

The results indicate a significant improvement in students’ conceptual
understanding after interacting with computer simulations. Many participants
reported that visualizing phenomena such as wave-particle duality or electric
field interactions through simulation provided clarity that traditional lectures
could not achieve. For instance, one student noted that “seeing how particles
behave under different conditions helped me understand why they act
differently in real life.”

5.1.8 Enhancement of Problem-Solving Skills

Another critical finding was the enhancement of problem-solving skills
among students who utilized simulations. The interactive nature of these
tools allowed students to experiment with variables and observe outcomes in
real-time, fostering a deeper comprehension of cause-and-effect relationships
within physical systems. This hands-on experience translated into improved
performance on assessments that required analytical thinking and application
of theoretical knowledge (Hsu, Y. S. 2024).

5.1.9 Student Engagement and Motivation

Engagement levels also saw a marked increase when students used computer
simulations as part of their learning process. The gamification aspect
inherent in many simulation tools made learning more enjoyable and less
intimidating for students grappling with challenging material. Feedback from
interviews highlighted that many students felt more motivated to explore
topics further when they could manipulate variables within a simulated
environment.
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5.1.10 Limitations and Challenges

Despite the positive outcomes associated with computer simulations, some
limitations were identified during the study. Not all students responded
equally well; some expressed frustration when technology failed or when
they struggled to connect simulation results with theoretical principles
effectively. Additionally, there was a concern regarding over-reliance on
technology at the expense of fundamental problem-solving skills
traditionally developed through manual calculations.

5.2.0 Conclusion

Computer simulations have become an integral part of physics education,
particularly at advanced levels. They provide a dynamic and interactive
platform for students to explore complex physical phenomena that are often
difficult to visualize or comprehend through traditional teaching methods.
By allowing students to manipulate variables and observe outcomes in real-
time, simulations can enhance understanding and retention of abstract
concepts (Hsu, Y. S. 2024).

5.2.1 Enhancing Conceptual Understanding

One of the primary impacts of computer simulations is their ability to bridge
the gap between theoretical knowledge and practical application. Advanced
level physics students often grapple with abstract concepts such as quantum
mechanics, electromagnetism, and relativity. Simulations enable these
students to visualize these concepts in a more tangible way. For instance,
visualizing electric fields or wave-particle duality can be challenging;
however, simulations can provide graphical representations that make these
ideas more accessible.

Research indicates that when students engage with simulations, they develop
a deeper conceptual understanding. This is largely due to the interactive
nature of simulations, which encourages active learning. Students are not
merely passive recipients of information; instead, they actively engage with
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the material by experimenting with different parameters and observing the
results. This hands-on approach fosters critical thinking skills and promotes
a more profound comprehension of abstract theories (Chiu, M. H. 2024).

5.2.2 Facilitating Problem-Solving Skills

Another significant impact of computer simulations is their role in enhancing
problem-solving skills among advanced physics students. Simulations often
present scenarios that require analytical thinking and application of
theoretical principles to solve complex problems. By working through these
scenarios, students learn how to approach problems methodically, test
hypotheses, and draw conclusions based on empirical evidence generated by
the simulation.

Moreover, simulations can expose students to real-world applications of
physics concepts. For example, simulating the behaviour of particles in a
collider or modelling astrophysical phenomena allows students to see how
abstract theories manifest in practical situations. This contextualization not
only aids understanding but also motivates students by demonstrating the
relevance of their studies (Milions, G. 2024).

5.2.3 Promoting Collaborative Learning

Computer simulations also facilitate collaborative learning environments
where students can work together on projects or experiments. This
collaboration enhances communication skills and

Despite their numerous benefits, there are challenges associated with using
computer simulations in physics education. One concern is that reliance on
simulations may lead some students to develop a superficial understanding if
they do not engage critically with the underlying principles being simulated.
It is essential for educators to balance simulation use with traditional
teaching methods that emphasize theoretical foundations.
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Furthermore, access to technology can be a barrier for some institutions or
individuals. Ensuring equitable access to high-quality simulation tools is
crucial for maximizing their educational impact (Hsu, Y. S. 2024).

5.2.4 Conclusion: The Overall Effect

In conclusion, computer simulations significantly enhance advanced level
physics students’ understanding of abstract concepts by providing interactive
visualizations that bridge theory and practice, fostering problem-solving
skills through practical applications, promoting collaborative learning
experiences among peers, while also presenting certain challenges that must
be addressed by educators. As technology continues to evolve, integrating
computer simulations into physics curricula will likely become increasingly
important in preparing future scientists who can navigate both theoretical
complexities and practical realities effectively. Computer simulations have
become an integral part of physics education, particularly at advanced levels.
They provide a dynamic and interactive platform for students to explore
complex physical phenomena that are often difficult to visualize or
comprehend through traditional teaching methods. By allowing students to
manipulate variables and observe outcomes in real-time, simulations can
enhance understanding and retention of abstract concepts (Chiu, M. H. 2024).

5.3.0 Recommendations for Future Research

Based on these findings, it is recommended that future research should focus
on developing best practices for integrating computer simulations into
physics curricula effectively while addressing potential pitfalls such as
technological dependency or inadequate foundational knowledge among
students (Chiu, M. H. 2024).

5.3.1 Integration of Computer Simulations into Curriculum
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It is essential to integrate computer simulations systematically into the physics
curriculum. This integration should not be an isolated event but rather a
continuous part of the learning process. By embedding simulations within
theoretical lessons, students can visualize complex phenomena, making abstract
concepts more tangible. For instance, using simulations to demonstrate
electromagnetic fields or quantum mechanics can bridge the gap between theory
and real-world applications (Anthony, J. 2024).

5.3.2 Emphasis on Active Learning Strategies

Encouraging active learning through computer simulations is crucial.
Students should be prompted to engage with simulations actively rather than
passively observing them. This can include tasks such as manipulating
variables, predicting outcomes, and analyzing results. Active engagement
fosters deeper cognitive processing and helps students develop critical
thinking skills necessary for understanding complex physical concepts (Hsu,
Y. S. 2024).

5.3.3Development of Guided Inquiry-Based Learning Modules

Creating guided inquiry-based learning modules that incorporate computer
simulations can significantly enhance student comprehension. These
modules should encourage students to ask questions, formulate hypotheses,
and conduct experiments within the simulation environment. By guiding
students through structured inquiries, educators can help them develop a
more profound understanding of abstract concepts while also fostering
scientific reasoning skills (Chiu, M. H. 2024).

5.3.4 Training for Educators

To maximize the effectiveness of computer simulations in teaching physics,
it is vital to provide training for educators on how to effectively use these
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tools in their teaching practices. Professional development programs should
focus on integrating technology into pedagogy and developing strategies for
facilitating discussions around simulation results with students.

5.3.5 Assessment Strategies Aligned with Simulation Use

Assessment methods should align with the use of computer simulations in
teaching abstract concepts. Traditional assessment techniques may not
adequately measure students’ understanding when they have engaged with
simulations extensively. Therefore, formative assessments that involve
reflective writing about simulation experiences or project-based assessments
that require applying learned concepts in new contexts could provide better
insights into student comprehension (Hsu, Y. S. 2024).

5.3.6 Collaboration and Peer Learning Opportunities

Encouraging collaboration among students during simulation activities can
enhance learning outcomes significantly. Group work allows students to share
insights, discuss different approaches to problems, and learn from one another’s
perspectives. Peer learning opportunities foster a community of inquiry where
students feel comfortable exploring complex ideas together.

5.3.7 Continuous Feedback Mechanisms

Implementing continuous feedback mechanisms throughout the simulation
experience is crucial for student growth and understanding. Educators should
provide timely feedback on student performance during simulation exercises,
helping them identify misconceptions and areas needing improvement promptly
(Brett, L. R. 2024).
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5.3.8 Research-Driven Practices

Finally, ongoing research into the effectiveness of computer simulations in
teaching physics should inform instructional practices continually. Educators
are encouraged to stay updated with current studies and findings related to
educational technology’s impact on learning outcomes so they can adapt their
teaching strategies accordingly.

In summary, integrating computer simulations into physics education requires a
multifaceted approach that includes curriculum development, active learning
strategies, educator training, aligned assessments, collaborative opportunities,
continuous feedback mechanisms, and research-driven practices (Chiu, M. H.
2024).

In conclusion, Chapter Five provides compelling evidence supporting the
hypothesis that computer simulations significantly enhance advanced-level
physics students’ understanding of abstract concepts while also improving
engagement and motivation levels in learning environments.
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Appendix

Pre-test and Post-test: Photoelectric effect

QL. Explain what is the photoelectric effect? (2)

Q2. What three conclusions were drawn from detailed experimentation? (6)
Q3. What is meant by the work function energy of a metal? (2)

Q4. How is the maximum Kinetic energy of photoelectric effect calculated? (3)

Q5. An isolated zinc plate with neutral charge is exposed to high frequency
ultraviolet light. State and explain the effect of the ultraviolet light on the charge
of the plate. (4)

Q6. Explain why photoelectric emission from a metal surface only occurs when
the frequency of the incident radiation exceeds a certain threshold value. (3)
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Pre-test and Post-test on Radioactivity

Q1 What makes an atom Radioactive? (2)

Q2 Name three types of nuclear radiation and give three properties of each? (3)
Q3 Name 5 sources of background radiation. (5)

Q4 Draw a diagram showing the relative penetration of alpha, beta and gamma
radiation. (6)

Q5 Give the symbols and describe the constituents of alpha, beta and gamma
radiation. (4)
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QUESTIONNAIRE

You are required to complete this questionnaire by putting a tick in the
appropriate box.

1. Your sex
Male Female

2. Are you a Physics teacher?
Yes No

3. Are you a Physics student?
Yes No

4. Are you Computer literate?
Yes No

5. Do you have access to computers at your school?

Yes I:I NOI:|

6. Do you know the meaning of Physics Abstract concepts?

Yesl:| Nol:|

7. Which of the following methods of teaching do you think is most
effective in teaching physics abstract concepts?
Traditional I:I Practical I:I Computer Simulations I:I
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