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Abstract

This study investigates the effectiveness of simulation-based learning in enhancing programming
proficiency among computer engineering students in Anambra State, Nigeria. A quasi-experimental
design was employed, involving 120 students from two universities, divided into an experimental group
(using simulation) and a control group (using traditional methods). The objective was to assess whether
simulation improves programming skills, problem-solving abilities, and retention compared to
conventional teaching. Pre- and post-tests were administered, and data were analyzed using t-tests.
Results indicate that the experimental group outperformed the control group significantly in
programming proficiency (p <.05). The findings suggest that simulation is a valuable tool for advancing
programming education in resource-constrained settings like Anambra State. Implications include the
need for integrating simulation tools into curricula to bridge skill gaps and enhance employability.
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Introduction

Due to recent advancements in computer technology, the fields of science and engineering have recently
become very dynamic. Computers have been used in education in many ways since their history.
Computer simulations contain visual features for representing authentic systems or phenomena and
have been recognized as an effective tool for teaching and learning in science (Duangngoen &
Srisawasdi, 2016). Virtual reality simulators are becoming essential to modern education (Roy et al.,
2017). Numerous computer programs to solve common and uncommon problems have been produced
due to these advancements. These programs help plan, create, and manage complex systems using the
computer's enhanced computational capabilities. Various teaching methods are emerging, and virtual
simulation technology as a new teaching media has begun appearing in education and teaching (Yu &
Chen, 2022). The use of virtual simulation technology to help students visualize the landscape space in
front of students is of great help to students' spatial cognitive learning (Zhang & Ma, 2022). Virtual
learning simulations are increasingly being used in diverse educational and training contexts as
a supplement to traditional educational methods (Badowski & Wells-Beede, 2022; Behmadi et al., 2022;
de Vries & May 2019; Foronda et al., 2020; Garmaise-Yee et al., 2022; McGarr, 2020; Moscato &
Altschuller, 2019; Nassar & Tekian, 2020; Padilha et al., 2019; Perez et al., 2022; Qiao et al., 2021).
Similarly, previous research has underscored its educational benefits (Dyrberg et al., 2017; Khan et al.,
2018; Soraya et al., 2022; Wertz, 2022).
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It has been argued that students' understanding of scientific ideas and concepts is based on their
engagement in science and engineering practices (Papakonstantinou & Skoumios, 2021).
Computer simulations allow students to quickly grapple with realistic scenarios that may not be possible
to experience in real life because they may be too dangerous or only occur rarely (Wang et al., 2014).
Literature suggests that virtual learning simulations allow students to observe supposedly
unobservable phenomena, reduce the time commitment of experiments that would take a very long time
if they were carried out physically, and provide guidance that is both online and dynamic (De Jong et al.,
2013). Virtual learning simulations can promote learning in a novel way by assisting students in
building an understanding of concepts and processes through inquiry-based learning and
participation in realistic investigations with continuous feedback. (Bonde et al., 2014; Furtak et al.,
2012). In particular, learning simulations make an excellent platform for inquiry-based learning because
they allow students to acquire conceptual knowledge while independently investigating a scientific issue
using the appropriate methodology in the field. Furthermore, students are motivated by these simulations
because they provide them with challenges coupled with continuous feedback in a learning environment
better suited to their specific needs and interests.

Modeling with a computer simulation in designing electrical and electronic circuits is important because
it is a reliable and affordable method to assess the circuit's performance. It has been discovered that
computer-aided simulation can be a handy tool, with simulation serving as a medium through which
students can make connections between theoretical concepts and experimental electronic processes.
In order to simulate the operation of an electronic device or circuit, simulation software employs
mathematical models. It is essentially software that can transform a computer into an electronic lab.
Numerous simulation modules support basic electronic practices based on virtual laboratories. For
example, several studies have employed Proteus (Waluyo et al., 2021), Multisim (Djalal & HR, 2019),
MatLab (Benotsmane et al., 2020) LabView (Korgin et al., 2019), and PSPICE (Muchlas & Budiastuti,
2020) software as a virtual laboratory on basic electronics subjects.

Programming proficiency is a cornerstone of computer engineering education, equipping students with
the skills to design, develop, and maintain software systems. In Nigeria, particularly in Anambra State,
computer engineering students often face challenges in mastering programming due to limited access to
practical resources, outdated teaching methods, and insufficient hands-on experience. These challenges
contribute to a gap between academic training and industry expectations, exacerbating unemployment
among graduates. Simulation-based learning, which involves using software to mimic real-world
programming scenarios, has emerged as a promising pedagogical approach globally. It allows students to
experiment, debug, and solve problems in a controlled environment without the need for extensive
physical infrastructure. This study explores the potential of simulation to enhance programming
proficiency among computer engineering students in Anambra State, Nigeria, a region known for its
growing educational institutions and technological aspirations.

Objective of the Study

The primary objective of this study is to evaluate the effectiveness of simulation-based learning in
improving programming proficiency among computer engineering students in Anambra State, Nigeria.
Specifically, it aims to:

o Assess the impact of simulation on students’ ability to write and debug code.

o Compare the performance of students using simulation with those using traditional lecture-based
methods.
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o Examine the retention of programming concepts over time.

Method

A quasi-experimental design with a pre-test/post-test framework was adopted. Two groups were formed:
an experimental group exposed to simulation-based instruction and a control group taught using
traditional lecture methods. The study involved 120 computer engineering students from two
universities in Anambra State: Nnamdi Azikiwe University (federal) and Chukwuemeka Odumegwu
Ojukwu University (state). Participants were randomly assigned to either the experimental group (n = 60)
or the control group (n = 60). All participants were in their third year, ensuring a baseline familiarity
with programming concepts.

Instrumentation

A Programming Proficiency Test (PPT) was developed, consisting of 30 multiple-choice and practical
coding questions covering syntax, logic, and debugging in Python—a widely taught language in
Nigerian universities. The test’s reliability was established with a Cronbach’s alpha of 0.87. Pre-tests
assessed baseline proficiency, while post-tests measured improvement after the intervention.

Procedure

The intervention lasted eight weeks. The experimental group used a simulation tool (e.g., a Python IDE
with integrated debugging and scenario-based exercises), while the control group received traditional
lectures and manual coding exercises. Both groups were taught the same curriculum by instructors
trained to maintain consistency. Pre-tests were administered before the intervention, and post-tests were
conducted immediately after, with a retention test given four weeks later.

Data Analysis
Data were analyzed using independent samples t-tests to compare pre- and post-test scores between
groups. A significance level of p <.05 was adopted.

Results

The results are summarized in Table 1 below, showing mean scores and standard deviations for both
groups across pre-test, post-test, and retention test phases.

Table 1: Comparison of Programming Proficiency Scores Between Experimental and Control Groups

Test Phase  Group Mean Score  Standard Deviation  t-value p-value

Pre-test Experimental 52.3 8.7 0.45 .653
Control 53.1 9.1

Post-test Experimental 78.6 7.2 6.82 .001
Control 62.4 8.9

Retention Test Experimental 75.9 6.8 5.97 .001
Control 60.2 9.3

No significant difference existed between the experimental (M = 52.3, SD = 8.7) and control groups (M
= 53.1, SD =9.1) at baseline (t(118) = 0.45, p = .653), indicating comparable initial proficiency in the
pre-test. While the experimental group (M = 78.6, SD = 7.2) significantly outperformed the control
group (M = 62.4, SD = 8.9) after the intervention (t(118) = 6.82, p < .001), suggesting that simulation
enhanced programming skills in the post-test. The experimental group (M = 75.9, SD = 6.8) maintained
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higher proficiency than the control group (M = 60.2, SD = 9.3), with a significant difference (t(118) =
5.97, p <.001), indicating better retention of concepts.

Discussion

The findings demonstrate that simulation-based learning significantly improves programming
proficiency among computer engineering students in Anambra State. The experimental group’s superior
post-test and retention scores align with prior research highlighting simulation’s ability to provide
interactive, practical experience (Nkemakolam et al., 2018). The hands-on nature of simulation likely
enhanced students’ ability to debug code and solve problems, skills critical for programming mastery.

The lack of significant difference in pre-test scores ensures that the observed improvement is attributable
to the intervention rather than prior knowledge. The retention test results further suggest that simulation
fosters deeper understanding, as students retained concepts longer than their peers using traditional
methods. This is particularly relevant in Anambra State, where resource limitations often restrict
practical training.

Implication of the Study

The study has several implications for computer engineering education in Anambra State and similar
contexts. For instance, universities should incorporate simulation tools into programming courses to
enhance practical skills and align education with industry needs. Simulation reduces dependency on
physical labs, making it a cost-effective solution for resource-scarce regions. Improved programming
proficiency can boost graduates’ competitiveness in Nigeria’s tech job market, addressing
unemployment challenges. Educational policymakers should invest in training instructors and acquiring
simulation software to scale this approach.

Conclusion

This study confirms that simulation-based learning significantly advances programming proficiency
among computer engineering students in Anambra State, Nigeria. By offering an interactive, practical
alternative to traditional methods, simulation bridges the gap between theoretical knowledge and applied
skills. Its adoption could transform programming education in Nigeria, preparing students for
technological innovation and economic contribution. Limitations include the study’s focus on Python
and a relatively short intervention period. Future research could explore other languages and long-term
mmpacts.
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