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Abstract

Physics is widely recognized as a fundamental
science that underpins technological advancement
and innovation. Despite its importance, many
secondary school students perceive the subject as
abstract and conceptually difficult, resulting in
persistent challenges in learning and achievement.
Conventional instructional approaches, which rely
predominantly on lectures and textbook-based
teaching, often fail to facilitate meaningful
understanding of complex concepts such as motion,
electromagnetism, and energy transformation.
Consequently, there is growing interest in the use of
computer-based simulation techniques as innovative
instructional tools capable of enhancing students’
conceptual understanding and academic
performance.Computer-based simulations provide
interactive virtual environments that enable learners
to visualize, manipulate, and investigate physical
phenomena that may be difficult to demonstrate
through conventional laboratory experiments. Studies
conducted in developed educational contexts have
shown that simulation tools, such as PhET
Interactive  Simulations,  significantly — improve
students' engagement, conceptual understanding, and
academic  achievement in  physics. However,
empirical evidence regarding the adoption and
effectiveness of simulation-based instruction in Kogi
State, Nigeria, remains limited. This study therefore
investigates the impact of computer simulation
techniques on the teaching and learning of physics
among secondary school students in Kogi State.
Specifically, the study examines the influence of
simulation-based instruction on students' academic
achievement,  conceptual  understanding, and
classroom engagement, with the aim of providing
empirical evidence to support the integration of
technology-enhanced instructional strategies into
physics education.The result revealed a significant
difference in student's engagement in physics between
the students taught with the computer-assisted
instructional method and those taught with the
conventional way at MD = 5.08, t (185) = 7.328, p <
.0001. It is recommended that computer-assisted
instructional strategies be fully integrated into
Physics teaching at the secondary school level.

Schools should be equipped with appropriate
technological resources, while teachers should
receive continuous training in the effective use of
educational technologies to maximize students’
engagement and improve learning outcomes.

Keywords: Computer - assisted,
electromagnetism, instruction, physics, simulation.

I. Introduction

Physics is a fundamental science that serves
as the foundation for scientific and technological
development. It equips learners with essential
scientific knowledge, problem-solving abilities,
critical thinking skills, and collaborative learning
competencies required to address contemporary
societal challenges. Consequently, providing every
learner with at least a basic understanding of physics
is crucial for national development and technological
advancement (Adeyemo, 2011).

In Nigeria, the importance of physics
education is reflected in the objectives of secondary
education as articulated in the National Policy on
Education, which emphasizes the development of
skilled manpower in applied sciences, technology,
and commerce at sub-professional levels (Federal
Republic of Nigeria [FRN], 2004). Accordingly, the
Nigerian Physics Curriculum encourages
instructional practices that stimulate learners'
creativity, critical thinking, and scientific inquiry.
Effective physics instruction should therefore foster
active learning, enabling students to investigate
scientific concepts, construct meaningful knowledge,
and develop competencies that contribute to national
and global development.

Active learning has become increasingly
important in contemporary education, particularly in
an era characterized by rapid technological
advancement and the widespread availability of
information. Learners who actively participate in the
learning process are more likely to become effective

communicators, critical thinkers, knowledgeable
inquirers, and emotionally balanced individuals
capable of respecting diverse perspectives

(International Baccalaureate Organization, 2007).
Consequently, physics teachers are expected to adopt
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innovative pedagogical approaches that promote
active engagement rather than passive reception of
information.

Despite its significance, physics is widely
perceived by secondary school students as an
abstract, complex, and challenging subject.
Traditional teaching approaches, which primarily
depend on lectures, textbook instruction, and teacher-
centred demonstrations, often fail to provide students
with  concrete  experiences  necessary  for
understanding abstract physical concepts such as
electromagnetism, motion, waves, and energy
transformation. These instructional limitations
frequently contribute to students' misconceptions,
low motivation, and poor academic achievement in
physics.

Recent advances in educational technology
have introduced computer-based  simulation
techniques as effective instructional tools capable of
addressing many of these challenges. Simulation-
based learning employs interactive digital models
that replicate real-world physical systems and
laboratory experiments within a virtual environment.
These technologies enable students to manipulate
variables, observe physical phenomena, test scientific
hypotheses, and receive immediate feedback without
the constraints associated with conventional
laboratory facilities. Consequently, simulations
provide opportunities for experiential learning,
enhance conceptual visualization, and facilitate
deeper understanding of complex scientific concepts.

Evidence from previous studies indicates
that computer simulations improve students'
academic achievement, conceptual understanding,
motivation, and engagement in physics learning.
Interactive simulation platforms, such as PhET
Interactive Simulations, have been successfully
integrated into science classrooms in many developed
countries, demonstrating significant positive effects
on students' learning outcomes. Nevertheless, the
implementation and effectiveness of simulation-
based instruction in many Nigerian secondary
schools, particularly in Kogi State, remain
inadequately explored.

The limited availability of empirical studies
within the Nigerian educational context creates a
knowledge gap regarding the extent to which
computer simulation techniques can enhance
students' learning outcomes in physics. Addressing
this gap is essential for informing educational policy,
curriculum implementation, teacher professional
development, and technology integration initiatives
aimed at improving science education. Therefore, this
study seeks to examine the impact of computer
simulation techniques on the teaching and learning of
physics among secondary school students in Kogi

State, Nigeria. The findings are expected to
contribute to the growing body of literature on
technology-enhanced learning and provide evidence-
based recommendations for improving physics
instruction in Nigerian secondary schools.

The integration of technology into the
education system has become a major trend across
societies, particularly in developing countries.
Numerous studies have highlighted the effectiveness
of computer-assisted instructional (CAI) methods in

improving students' participation, interest, and
academic achievement (Abdullahi et al., 2018; Joel &
Ephraim, 2019; Nkechi&Chibuzo, 2019;
Nwosu&Ndanwu, 2020). Computer-assisted

instruction involves the use of computer-based
technologies to support and enhance classroom
teaching and learning. Within the educational
environment, computers serve multiple purposes,
including improving students' learning capabilities
and promoting more effective instructional delivery
across different subject areas (Doko& Robert, 2015).
Computer-assisted  instruction is an
innovative teaching strategy that encourages
meaningful interaction between learners and
computer systems through the use of educational
software specifically designed to facilitate the
achievement of learning objectives. The approach
enables learners to progress at their own pace while
engaging with interactive instructional materials
tailored to their individual abilities. In this
instructional system, computers are used not only to
present learning content but also to monitor students'
progress and provide immediate feedback. The
interaction among learners, computer-controlled
displays, and response input devices creates an
engaging learning environment that supports the
attainment of desired educational outcomes.
Innovation refers to the process of
improving existing products, services, or processes
through the introduction of new ideas, methods, or
technologies. It may involve either incremental
improvements or radical transformations. In
contemporary  education, rapid advances in
information and communication technologies (ICT)
have significantly accelerated the pace of innovation,
reshaping teaching practices and learning experiences
while expanding opportunities for effective
knowledge acquisition (Ogurtsova et al., 2019).

II.  Research Methodology

Research has increasingly focused on the
use of technology-based instructional approaches in
physics education as a promising strategy for
improving teaching effectiveness and achieving the
desired learning outcomes in secondary schools.
Among these approaches, computer-assisted
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instruction has gained considerable attention for its
potential to enhance students' learning experiences.
Consequently, the primary objective of the present
study is to determine whether a significant difference
exists in the level of students' engagement in physics
between those taught using the computer-assisted
instructional method and those taught through the
conventional teaching method in secondary schools.

The study adopted a quasi-experimental
research design involving pre-test and post-test
assessments with two groups: an experimental group
and a control group. The target population comprised
secondary school students in Kogi State, Nigeria. A
total of 300 science students, including both males
and females, were selected from six public secondary
schools with two schools selected from each
Senatorial district of the State. The selected schools
are; Muslim Community Secondary  school,
Lokogoma, Lokoja and Saint Augustine’s College,
Kabba from Kogi west: Government Science
Secondary school, Ogaminanna and Ebira Muslim
Community college, Okene from Kogi Central:
Community  Secondary = Commercial  College,
Anyigba and Ogah Memorial Grammar School, Idah
from Kogi East using a random sampling technique.
The participants were reported to be between 11 and
16 years of age. They were assigned to one of two
study conditions: Group A served as the experimental
group and received instruction through the computer-
assisted instructional method, while Group B served
as the control group and was taught using the
conventional instructional method.

Research Procedure

Prior to the commencement of the study,
approval was obtained from the authorities of the
selected secondary schools, and their cooperation was
secured throughout the research process. Physics
teachers from the participating schools were recruited
and trained as research assistants. The training, which

lasted for eight days in each school, was designed to
familiarize the teachers with the objectives of the
study, the research procedures, and the
implementation guidelines for both the experimental
and control groups.

The intervention was conducted over a
period of four weeks, with one physics lesson
delivered each week during the schools' regular
instructional periods. The regular physics teachers
facilitated the lessons using standardized lesson plans
prepared by the researcher. Teachers assigned to the
experimental group employed the computer-assisted
instructional (CAI) method, while those in the control
group used the conventional teaching approach. The
researcher supplied the lesson plans, instructional
materials, and CAI software, and made periodic visits
to the schools to monitor implementation and ensure
adherence to the research protocol.

Before the intervention, all participants
completed a pre-test questionnaire designed to assess
their initial level of engagement in physics. The
completed questionnaires were collected, scored, and
documented by the research assistants before being
submitted to the researcher for analysis.

Following the pre-test, the instructional
intervention  commenced.  Students in  the
experimental group were taught selected physics
concepts using computer-assisted  instruction,
whereas those in the control group received
instruction on the same content through the
conventional teaching method. At the end of the four-
week intervention, a post-test was administered using
the same instrument as the pre-test, with the order of
the questions rearranged to minimize recall bias. The
data obtained from both the pre-test and post-test
were subsequently analyzed to determine the effect of
the instructional methods on students' engagement in
physics.

I11. Results

Table 1: presents the mean and standard deviation scores of students taught Physics using the computer-assisted
instructional (CAI) method and those taught using the conventional discussion method.

Group N Mean Pre- test Post - test

SD Mean SD Mean Gain
Experimental 158 44.17 10.54 51.19 13.68 7.02
control 142 43.29 11.29 45.39 13.38 2.01
MD 0.88 5.08
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The pre-test results indicate that the
experimental group obtained a mean score of 44.17,
while the control group recorded a mean score of
43.29, resulting in a mean difference of 0.88. This
small difference suggests that both groups were
comparable in their initial level of engagement in
Physics before the intervention.

Following the instructional treatment, the
post-test results revealed that the experimental group
achieved a mean score of 51.19, whereas the control
group recorded a mean score of 45.39, yielding a
mean difference of 5.80. Furthermore, the gain scores
for the experimental and control groups were 7.02
and 2.01, respectively. These findings indicate that
students exposed to the computer-assisted
instructional method demonstrated a greater

improvement in their engagement in Physics than
those taught using the conventional instructional
approach.

To determine whether the observed
difference in students' engagement was statistically
significant, an independent samples #-test was
conducted. The analysis revealed a statistically
significant difference between the experimental and
control groups in favour of the computer-assisted
instructional method (MD = 5.80, #(185) = 7.328, p<
.0001), as presented in Table 2. The result suggests
that the wuse of computer-assisted instruction
significantly enhanced students' engagement in
Physics compared with the conventional discussion
method.

Table 2: Table showing the t-test comparison of the differences in student's engagement in physics.

Source of variation N Mean df t Sig
Experimental 158 51.19 13.68
Control 142 45.39 13.38 185 7.328 000

IV.  Discussion of Results

The study examined the effect of the
computer-assisted instructional (CAI) method on
students' engagement in Physics at the secondary
school level. The findings revealed that students who
were taught using the CAI method demonstrated a
higher level of engagement than those taught using
the conventional instructional method. Specifically,
the post-test results showed that the experimental
group recorded a higher mean engagement score (M
= 51.19, SD = 13.68) than the control group (M =
45.39, SD = 13.38). Furthermore, the independent-
samples t-test indicated a statistically significant
difference between the two groups, confirming that
the CAI method had a significant positive effect on
students' engagement in Physics.

These findings suggest that integrating
computer-assisted instruction into Physics teaching
can substantially enhance students' classroom
participation, interest, and overall engagement. The
interactive and multimedia features of computer-
assisted learning are likely to increase learners'
motivation by providing a more stimulating and
learner-centred instructional environment than the
conventional teaching approach. The ability of CAI
to combine text, graphics, animations, simulations,
audio, and immediate feedback may also contribute
to improved understanding of abstract Physics
concepts, thereby sustaining students' attention and
active participation throughout the learning process.

The findings of this study are consistent
with previous studies that reported the positive
impact of computer-assisted instruction on students'
learning outcomes and engagement (Bostan&Antohe,

2010; Chinwendu&Agommuoh, 2017; Kalpachka,
2020; Onah et al., 2020; Ugwuanyi&Okeke, 2020;
Dokwo S, 2021). According to Bostan and Antohe
(2010), computer-assisted instruction stimulates
learners' visual and auditory senses, enhances
conceptual understanding, and promotes meaningful
learning experiences. Consequently, the integration
of CAI into Physics instruction provides an effective
strategy for improving students' engagement and
fostering more productive teaching and learning in
Nigerian secondary schools.

V. Implications of the Study
The findings of this study have important

implications  for  teachers, students, school
administrators, curriculum developers, and
educational  policymakers. First, the results

demonstrate that computer-assisted instruction is an
effective pedagogical approach for improving
students' engagement in Physics. Physics teachers
should therefore be encouraged to integrate
computer-based instructional strategies into their
classroom practices to create more interactive and
engaging learning environments.

For school administrators, the findings
highlight the need to provide adequate technological
infrastructure, including computers, educational
software, reliable electricity, and internet access, to
facilitate the effective implementation of computer-
assisted instruction. Curriculum developers and
policymakers should also incorporate technology-
based instructional strategies into the Physics
curriculum and organize regular professional
development programmes to equip teachers with the

DOI: 10.5281/zen0do.22011190

| Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal

Page 407



@L International Journal of Advances in Engineering and Management (IJAEM)

Volume 8, Issue 8 August. 2026, pp: 404-410 www.ijaem.net

IJAEM
knowledge and skills required for effective deployment in teaching and learning in higher
technology integration. education: Using ICT impact assessment
Furthermore, the study suggests that model.Journal of Applied Research in Higher

continued reliance on conventional teaching methods
alone may not adequately promote students'
engagement in Physics. Therefore, sustained
investment in educational technology and teacher
capacity building is essential for improving the
quality of Physics education and enhancing students'
learning experiences.

VI.  Conclusion

This study investigated the effectiveness of
the computer-assisted instructional method in
enhancing secondary school students' engagement in
Physics. The findings demonstrated that students
exposed to computer-assisted instruction achieved
significantly higher engagement levels than those
taught using the conventional instructional method.
These results provide empirical evidence that
computer-assisted instruction is an effective
technological approach for promoting active learning
and improving students' engagement in Physics.The
study contributes to the growing body of literature
supporting the integration of educational technology
into science education, particularly within the
Nigerian educational context. However, the relatively
limited sample size may restrict the generalizability
of the findings to the broader student population.
Future studies should employ larger and more
representative samples, extend the duration of the
intervention, and investigate additional moderating
variables such as gender, school location, students'

prior computer literacy, and socioeconomic
background.
VII. Recommendations

Based on the findings, it is recommended
that computer-assisted instructional strategies be fully
integrated into Physics teaching at the secondary
school level. Schools should be equipped with
appropriate technological resources, while teachers
should receive continuous training in the effective
use of educational technologies to maximize students'
engagement and improve learning outcomes.
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