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ABSTRACT

This study investigated the effectiveness of computer simulations on students’ academic performance in the topic of evolution in the Biology subject in secondary schools in Tanzania. A quasi-experimental research study design was employed, involving two schools with a sample of 191 students that were divided into experimental and control groups. The experimental groups received instructions using computer simulations while the control groups were taught using traditional teaching methods. Pretest and posttest scores were collected and analyzed using descriptive statistics, and paired samples t-test and independent samples t-test were used to measure performance variations. The results showed a significant gain in the posttest scores for both the control and experimental groups; however, the magnitude of the t-value (t = -32) for the experimental group was higher, reflecting a much stronger effect on students’ performance compared to the control group (t = -16), the gain in the experimental group is attributed to the additional advantage of the experimental group suggests that the computer simulations provided a unique learning benefit by fostering understanding through visualization of various topic phenomena . The gain in the control group may also be attributed for by teacher explanations, practice effects, increased familiarity with the test content, the use of various classroom activities, and individual teacher creativity.   The study found no significant disparity in the performances based on gender. These findings show the potential of integrating computer-assisted instruction in science education, especially in areas with limited resources. The study recommends the adoption of Computer technologies in educational contexts to foster dynamic learning.
Keywords: Computer simulations, Biology subject, Evolution, Teaching and Learning, Secondary schools, Tanzania.

1. INTRODUCTION 

The 21st century is an era characterized by information abundance and it requires individuals with critical thinking, problem-solving skills, technological awareness, and global interconnectedness (Ahmad & Ismail, 2023). To achieve these skills in individuals, teaching approaches must equip learners with the competencies necessary to navigate a complex and dynamic world (Lavi et al., 2021). Relating with this, the Sustainable Development Goal 4, emphasizes that the youth and adults in this era must be equipped with relevant skills that would fit for employment and entrepreneurship (United Nations, 2015). These skills can be effectively achieved through science education, particularly in biology, where inquiry and evidence-based reasoning is facilitated essential for problem-solving and innovation. Biology as a science subject plays a key role in fostering an understanding of life’s fundamental principles and the interconnectedness of various biological systems (Djamahar et al., 2020). Furthermore, among biology’s core topics, evolution stands out, offering insights that are applicable across diverse fields such as health, agriculture, forensics, economics, literature, and environmental sustainability (Campos & Sá-Pinto, 2013; Fan & Salleh, 2018). 
 Concurrently, the growing integration of digital technologies in enhancing education has provided a chance for the application of various tools to enhance the teaching and learning process. Supportively, Computer simulations as digital learning tools provide interactive, game-like environments that connect abstract scientific concepts to real-world phenomena (Fadi & Aoude, 2015). These tools offer a controlled space where students can explore complex biological concepts, including evolution (Atabhotor & Kofoworola, 2020). Integrating simulations into teaching allows students to actively engage in observation, hypothesis testing, and collaborative problem-solving, all while reinforcing prior knowledge and enhancing critical thinking skills (Akhigbe & Ogufere, 2019; Lin, 2020; Mutheu et al., 2023).
1.2 Global and Regional Perspectives on Simulation-based learning
The growing global interest in integrating technology into education has led to uneven use of computer simulations across regions. In the United States, simulation-based learning has been adopted in various fields of study where its helps provide learning experiences in science that cannot be realistically seen and simplifies abstract scientific phenomena (Kuehne, 2020; Wieman et al., 2008). This adoption is supported by strong institutional investment, policy support, and the availability of technological infrastructure. In European contexts, great emphasis has been placed on teacher preparedness and model-based learning, where Stinken-Rosner (2020) stressed the importance of providing teachers with high-quality simulations to improve classroom engagement and advance scientific reasoning. Furthermore, Rutten et al. (2022) support this by elucidating the pedagogical value of simulations in fostering inquiry and deeper comprehension of scientific models, which can be improved by teachers' knowledge of this technology. The focus on teachers’ competence has shown the great efforts and investment by European countries to ensure professional and pedagogical development that is supported by advanced technological infrastructures.
By contrast, many Asian countries have also shown a strong commitment to simulation-enhanced learning especially in countries like Pakistan, Malaysia, and Singapore, where its adoption is supported by educational policies that prioritize technology integration and modernization suggesting the significance of the use of technology to simplify and diversify the learners’ experiences (Elangovan & Ismail, 2014; Lateef et al., 2021; Rehman et al., 2021). Li et al. (2021) noted that simulations support visualizations, hypothesis testing, and active inquiry, leading to improved academic outcomes in biology and other science subjects. Therefore, while the United States, Europe, and Asia emphasize the pedagogical value of the use of computer simulations, the United States and Europe’s approach tends to focus on empowering teachers in improving the learning environment, whilst Asia’s approach is guided by systemic reforms and the government’s initiatives. 
However, this progressive trend observed in the technologically advanced countries is not uniform in the African contexts, which are greatly at the early stages of simulation integration. In Nigeria, Atabhotor and Koforowola (2020) found that while simulations helped simplify complex concepts, their use remains limited to pilot initiatives. Likewise, Research in Malawi and South Africa points to the significance of the use of Computer simulations in instruction, despite infrastructural and teacher training challenges that hinder implementation (Dunn & Ramnarain, 2020; Msosa et al., 2023).  Within East Africa, while Rwanda and Kenya (Mihindo & Kamonjo, 2022; Tuyizere & Yadav, 2023; Uwambajimana & Minani, 2023) show positive results of the use of computer simulations in teaching and learning and their potential role in improving student engagement, content mastery and subject performance, these efforts are hindered by inadequate teacher training and limited access to technological infrastructures.
 A similar pattern is displayed in Tanzania, where, despite policy intentions towards learner-centred pedagogy, classroom practice remains mostly lecture-based due to insufficient ICT infrastructure and teacher preparation (Beichumila et al., 2022; Muojerwa & Juma, 2025; Rutakomozibwa, 2022). Unlike Asia, Europe, and the United States, where computer simulations are established as part of the digital learning environment, African countries are still establishing a foundational base in technological infrastructure, teacher capacity building, and policy refinement to implement such innovations effectively. These regional differences highlight how differences in economic investments in digital infrastructure, teacher training systems, and advanced policies support the implementation of computer simulations.
1.3 Teaching and Learning Evolution in Tanzania
Teaching evolution effectively is essential, as it not only inspires curiosity about the natural world but also nurtures higher-order thinking skills, such as application, analysis, evaluation, and creation. As a foundational concept in biology, evolution helps explain the emergence of traits in individuals, the development of life on Earth, and the processes leading to speciation, which is critical for understanding the foundational dynamics of life principles (German National Academy of Sciences, 2017; Plutzer et al., 2020). Recognizing the importance of evolution in real-life applications, the Tanzanian biology curriculum incorporates evolutionary concepts in Form four, the final year of secondary education (Ministry of Education, Science and Technology, 2023).  However, despite its significance, teaching evolutionary biology is challenged due to its complexity and the variety of theories involved. 
Consequently, Instruction of these concepts is relied on teacher–centered approaches, that lead to decreased student engagement, repetitive memorization, low retention, and creation of misconceptions, particularly in areas where evolutionary concepts contradict students’ intuitive beliefs (Hanisch & Eirdosh, 2023; Meisel, 2010). In the Tanzanian context, additional barriers such as resource limitations, teacher preparedness, and the swiftness of curriculum delivery further contribute to these challenges (Mwakalinga, 2022). To address this, a shift in pedagogical approaches towards technology integration in the teaching and learning environment would develop competencies and required digital skills to improve the quality of education (Tanzania ICT training policy, 2019). Educators should transition from being mere sources of knowledge to facilitators and guides who create a student-centered learning environment. Innovative teaching strategies, such as the use of computer simulations, show great promise in overcoming these limitations in teaching evolution concepts.
1.4 Research gap
The evolution topic requires students to visualize long-term processes and abstract genetic mechanisms that are difficult to grasp through conventional teaching methods, resulting to persistent misconceptions, low engagement, and poor retention of contents being taught. Although several studies in Tanzania and other  African contexts have examined the use of computer simulations in various science subjects such as physics ( Concepts of Ohm’s law, Electrostatics and quantum physics), Chemistry ( Concepts of  Organic chemistry, general chemistry) and Biology ( Concepts of ecology, cell division,); (Banda & Nzabahimana, 2023; Beichumila et al., 2022; Niyigena & Nzabalirwa, 2022), little to no empirical studies were found on the effectiveness of computer simulations in teaching the evolution topic. The limited presence of studies on simulation-based evolution learning limits the understanding of how such technology can influence the conceptual understanding of abstract phenomena on this topic.     Therefore, this study seeks to bridge this gap by examining the role of computer simulations in improving teaching and learning of the evolution topic in the biology subject in Tanzanian secondary schools. In doing so, it aims to contribute to the body of knowledge on integrating technology in resource-constrained environments while promoting 21st-century skills such as critical thinking, problem-solving, and digital fluency in science education.

1.5 Objective
To investigate the effectiveness of the use of computer simulations in improving students’ test scores in evolution in secondary schools.

1.6 Hypotheses
H₀₁: There is no significant difference between pre-test and post-test scores within the experimental group.
H₀₂: There is no significant difference between pre-test and post-test scores within the control group.
H₀₃: There is no significant difference in post-test scores between the experimental and control group.

1.7 Theoretical framework
This study is grounded in Kolb’s Experiential Learning Theory (Kolb, 1984), which conceptualizes learning as a dynamic process where knowledge emerges through the transformation of experience. According to Kolb (2013), learners actively construct understanding by engaging with new experiences, reflecting on those experiences, forming abstract concepts and applying the contexts in practical applications.
Experiential learning theory is represented as a four-stage cyclic model;
1.	Concrete experience: This is where learners encounter a new experience or reinterpret past experiences
2.	Reflective observation: Learners critically reflect on the learning experience, identifying patterns, gaps or connections.
3.	Abstract conceptualization: Learners develop new ideas, frameworks, or modifications to existing concepts based on their reflections.
4.	Active experimentation: Learners test new understandings in real-world situations, generating further experiences (Feinstein et al., 2002; Reshmad´sa & Vijayakumari, 2018)

This framework is relevant to learning with computer simulations as exposure to the simulations functions as a concrete experience, immersing learners in realistic scenarios that stimulate the need to acquire knowledge (Ross, 2021). It occurs as learners engage with the simulated environment by observing changes that occur as an outcome of the manipulation of variables related to evolution. During Reflective observation, learners critically examine their actions and outcomes, comparing them with prior knowledge. As learners review the outcomes of the simulations provided and compare the results with what is expected in real-life environments. In the Abstract conceptualization phase, learners integrate feedback to refine their understanding through the use of their own knowledge to explain and relate the feedback provided from the simulations to explain and relate the available principles and theories of evolution, such as natural selection. Finally, active experimentation occurs as learners apply the information obtained from the computer simulations in real-life settings, reinforcing the learning process (Bartle, 2015).


2. methodology 
2.1 Research design
 The study employed a quasi-experimental pre-test- post-test study design with non-equivalent groups to assess the impact of computer simulations on students’ achievement in the topic of evolution in biology (Creswell & Creswell, 2022). This design was selected because there was a reliance on intact classes. The design allowed comparison of learners’ performance between students’ taught through conventional methods (control group) and those taught using computer simulations (experimental group) obtained from PhET simulations, Biology simulations and Evolution simulation softwares.
2.2 Study Area
The study was conducted in two government secondary schools located in Morogoro Municipality, Tanzania. It is an area with growing emphasis on integrating information and communication technologies (ICT) in education. The two schools were purposively selected due to the availability of ICT infrastructure, making them suitable for implementing computer simulation-based instruction. Both schools offer biology as a core subject in teaching and learning, in the continuing Ordinary Level Secondary curriculum and have comparable population sizes, providing a relevant context for the study. However, the schools’ ICT readiness may also influence the results, as students and teachers might already possess higher familiarity with technology use than those in less equipped schools. 
Consequently, the findings may be more representative of schools with similar ICT capacity and may not fully reflect the challenges associated with those with limited resources. This can be considered when generalizing the study findings.
2.3 Population and Sample
The target population consisted of Form four students in two public secondary schools in Morogoro Municipality, Tanzania. Students from each school were invited to participate, and those who consented were randomly assigned to experimental and control groups. The sample size was determined using Guilford and Frutcher's (1973) formula, which estimates the minimum number of participants required to achieve adequate statistical power for pre-post comparison at a 95% confidence level. Based on this calculation, an ideal sample size of approximately 110 students per school was recommended. Due to practical constraints such as student dropouts, withdrawal of consent, and scheduling constraints, 97 students were recruited from School A and 94 students from School B, yielding a total sample of 191 students. This reduction may have slightly lowered the statistical power to detect small effects.  Within each school, students were randomly assigned to experimental and control groups using the lottery method while efforts were made to maintain gender balance between the groups to minimize potential bias. This represents a quasi-experimental design rather than a fully randomized individual assignment.
2.4 Sampling procedures
Purposive sampling was used to select the two participating public secondary schools in Morogoro Municipality, Tanzania. The schools were chosen because of the possession of adequate ICT infrastructure, including computer laboratories and electricity supply, which was essential for the study. Within each school, simple random sampling was employed to assign form four students into experimental and control groups using the lottery method. Before the intervention, a pretest was administered to both groups to assess the baseline knowledge on the topic. Independent samples t-tests were conducted to determine whether there were statistically significant differences between the groups before treatment. This ensured that any observed posttest differences could be attributed to the intervention and not other factors. To control teacher-related effects, the same biology teacher taught both groups using standardized lesson plans and materials, differing only in the method of instruction. Efforts were also made to keep the classroom environments comparable by maintaining similar instructional time, content coverage, and assessment conditions. Furthermore, gender stratification prior to random assignment helped maintain gender representation, minimizing gender-related bias. These procedures enhanced internal validity and minimized the influence of extraneous variables. 
2.5 Data collection 
Data was collected using a pre-test and post-test designed to assess students’ understanding of evolution concepts before and after the intervention. The instruments consisted of 20 multiple-choice items aligned with the Form Four biology curriculum consisting of items set from concepts of organic evolution, theories of the origin of life, theories of organic evolution and Evidences and applications of organic evolution aimed at enabling students’ with an understanding of basic evolution concepts, knowledge of mechanisms of evolution, application of evolutionary principles and improving scientific thinking and reasoning. To establish content validity, a table of specifications (TOS) was constructed, mapping each test item to the key learning objectives and subtopics of evolution in the ordinary level biology syllabus. This ensured that all important elements of the topic were adequately represented and that items assessed only the intended content areas. In addition, the test items were reviewed by experienced biology teachers to ensure that the prepared items were appropriate for students’ thinking and ability, the use of correct terms in questioning, as well as the conciseness of test items, thereby contributing to face validity. A pilot study with students from a non-participating school was conducted to refine the items, and the final version demonstrated an acceptable reliability with a Cronbach’s alpha of 0.78. 
During the main study, a pre-test was administered to all participants in the experimental (98) and control (93) groups in standardized classroom environments. The experimental group then received computer simulation-based instruction where simulations were sourced from PhET interactive simulations, Biology simulations and Evolution simulation open sourced platforms covering key evolution topics such as theories of evolution, mutation and adaptation. Each simulation used portrayed allowed learners to observe changes in populations over time reflecting the cause and effect relationships in evolution. The choice of simulations helped in visualizing various processes in evolution, creating an active and engaging lesson that was conducted over a three-week period with two simulation based lessons per week with each lesson lasting for 40 minutes. On the other hand, the control group was taught using conventional teaching methods over a period of three weeks. Following the intervention, the post-test that was identical in content and difficulty to the pre-test was administered to both groups to ensure comparability of scores. All assessments were supervised by the researcher in collaboration with the biology teachers to ensure reliability in the collected data.

2.6 Data analysis
Data gathered from the tests was analyzed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics, including frequencies, percentages, means, and standard deviations, were computed for pre-test and post-test scores, categorized by Sex, group, and school.
 To evaluate learning outcomes, paired samples t-tests were used to compare pre-test and post-test scores within each group, while independent samples t-tests assessed differences in post-test scores between the experimental and control groups. Prior to data analysis, assumptions of normality and homogeneity of variances were evaluated to ensure the appropriateness of parametric tests. Normality of the pre-test and post-test scores was assessed by the Shapiro-Wilk test, and the Levine’s test was employed to examine the homogeneity of variances between the experimental and control groups. The results indicated no considerable violations, supporting the use of parametric procedures. The level of statistical significance was set at p < 0.05. Additionally, to mitigate the reduction of the sample, effect sizes were also calculated to determine the magnitude of the intervention's impact on students’ understanding of evolution concepts. Cohen’s d was computed for the difference between the experimental and control groups on the post-test scores providing a standardized measure of the intervention’s effect. This calculation allowed the researcher to confirm that the sample was still adequate to detect the meaningful differences. 


3. results 
Table 1, provides the gender distribution information of the respondents

       Table 1: Gender Distribution of respondents[image: ]
 The demographic data show a relatively balanced gender distribution across the two selected schools. In School A, 45 males (46%) and 52 females (54%) participated, while School B had 44 males (47%) and 50 females (53%). Overall, the total sample comprised of 191 students, with 89 males (47%) and 102 females (53%). The distribution was consistent across the two schools and closely reflects their enrollment patterns, indicating that the sample is representative of the student population. The gender balance observed minimizes potential gender-related bias and supports valid comparisons of the intervention’s effects across by sex. 

3.1 Descriptive statistics
Table 2 displays the means and standard deviations for pre-test and post-test scores in the experimental and control groups. The experimental group demonstrated an increase in mean scores from the pre-test (M=37.50, SD = 12.73) to the post-test (M=64.63, SD = 10.37). The control group also improved from the pre-test (M= 48.33, SD = 13.58) to the post-test (M= 60.79, SD = 10.84). Although both groups showed gains, the experimental group achieved a larger improvement (increase of 27.13 points) compared with the control group (increase of 12.46 points). Although sample sizes were slightly lower at post-test due to student dropouts, the pattern of results suggests a meaningful advantage for the intervention.
 
Table 2: Descriptive statistics for Pre-test and Post-test scores by Group




[image: ]
3.2 Test of Hypotheses
Hypothesis 1:  There is no significant difference between pre-test and post-test scores within the experimental group.
A paired sample t-test was conducted to compare the experimental group’s pre-test and post-test scores (see Table 3). Results indicated a statistically significant increase in achievement from pre-test (M= 37.50, SD = 12.73) to post-test (M= 64.63, SD = 10.37), t (94) = -32.20, p < .001, d = 3.30 and 95% CI for the mean difference [-28.9, -25.4]. Because the p-value was below .001, the null hypothesis was rejected, indicating that the computer simulation intervention produced a substantial gain in student performance. The slight reduction in sample size from pre-test (n = 98) to post-test (n = 95) resulted from student dropouts; hence, no data were imputed. 
Hypothesis 2: There is no significant difference between pre-test and post-test scores within the control group.
         A paired-samples t-test also showed a significant improvement for the control group, from pretest (M 48.33, SD = 13.58) to posttest (M = 60.79, SD = 10.84), t (88) = 16.60, p < .001, d = 1.88, 95% CI for the mean difference [-13.9, -10.5]. The negative mean difference reflects that the test was calculated as pre-test minus post-test; thus, the negative value indicates an improvement rather than a decline. Although the control group improved, the gain (mean difference ≈ 12.5) was notably smaller than that of the experimental group. The control group was taught using traditional methods only (no computer simulation), yet the students still demonstrated a meaningful learning gain between pretest and posttest. From this, the null hypothesis was rejected. The reduction in sample size from n = 93 in the pre-test to n = 89 in post-test was due to students’ dropouts.
Hypothesis 3: There is no significant difference in post-test scores between the experimental and control groups
An independent sample t-test compared post-test scores between the experimental (M = 64.63, SD = 10.37, n = 95) and control (M = 60.78, SD = 10.84, n = 89). Levine’s test indicated unequal variances (p =.015); therefore, the “equal variances not assumed” result was reported. The analysis revealed a significant group difference, t (179.7) = 2.46, p .015, d = 0.36, 95% CI for the mean difference [0.75,6.83]. It should be noted that the t-values for the paired sample tests differ from the independent sample t-test. The paired samples t-test examines the change in scores over time within a single group, taking into account the correlation between the pre- and post-test scores, while the independent samples t-test compares the mean post-test scores between the two groups. The post-test mean for the experimental group was 64.63, while the control group was 60.78; the difference of 3.85 points represents the gain attributed to the use of computer simulation in instruction beyond typical classroom effects. This small improvement supports the rejection of the null hypothesis.
The summary findings show that both groups significantly improved in performance, as elaborated in Table 3 below; 
[bookmark: _GoBack]Table 3: Summary Key statistics for Hypotheses 1, 2, and 3
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4. DISCUSSION

  4.1 Interpretation of findings
  H₀₁ stated that there is no significant difference between pre-test and post-test scores within the experimental group.
Results showed that students exposed to simulation-based instruction improved markedly, increasing their mean score from M = 37.50 (SD = 12.73) on the pretest to M = 64.63 (SD = 10.37) on the post-test, a gain of 27.1 points. This improvement provides strong evidence to reject H₀₁, confirming that simulation activities significantly enhanced learning within the experimental group. These findings align with reports that technology-enhanced environments can accelerate conceptual understanding when students actively manipulate variables and receive immediate feedback (Celik, 2021). Overall, the intervention was effective in helping students grasp the targeted concepts beyond what might be expected from normal classroom exposure or random variation. Class activeness in responding to the asked questions piqued students’ curiosity in the content being taught. The large effect size implied by the t value shows that this improvement is not a trivial difference but reflects a robust and consistent learning benefit, substantiating the value of the use of computer simulations in increasing students’ interests and participation.

H₀₂ proposed that there is no significant difference between pre-test and post-test scores within the control group.
Although students receiving traditional teaching also improved (from M = 48.33, SD = 13.58 to M = 60.79, SD = 10.84; gain = 12.5 points), paired-sample analyses indicate a significant increase, leading to the rejection of H₀₂. This demonstrates that regular teaching methods can produce meaningful gains, though the magnitude was smaller than that achieved with simulations. Similar patterns are reported in other controlled studies, where traditional methods yield moderate learning but fall short of technology-supported, inquiry-oriented approaches (Salame & Makki, 2021). The normal classroom instruction itself can lead to significant learning gains, which might stem from varied teacher explanations, practice effects, increased familiarity with the test content, the use of various classroom activities, and individual teacher creativity. However, this suggests that while conventional teaching is effective to a degree, the computer simulation intervention provides an additional boost to learning outcomes beyond what standard instruction achieves.

H₀₃ stated that there is no significant difference in posttest scores between the experimental and control groups.
The experimental group outperformed the control group on the post-test by 3.84 points. An independent-sample t-test yielded a moderate effect size (Cohen’s d = 0.38, 95% CI [0.10, 0.65]), allowing the rejection of H₀₃. This indicates that simulation-based instruction conferred a moderate but educationally meaningful advantage, consistent with meta-analytic evidence showing that well-designed simulations typically produce small to moderate gains over traditional teaching. These results show that students exposed to computer simulation-based teaching outperformed those who received traditional instruction, even after both groups completed the same unit of study. While both groups improved significantly from pre-test to post-test, the additional advantage of the experimental group suggests that the computer simulations provided a unique learning benefit by fostering understanding through visualization of various topic phenomena. Although, the effect size is small to moderate, it remains educationally meaningful in settings where even the smallest gains can translate into improved pass rates. The role of computer simulations is meaningful in improving the teaching and learning process.
Although the experimental group improved more than the control group, the 3.8 post-test point margin reflects a moderate advantage. Several factors may account for this; First, the relatively short duration of the intervention may have constrained potential learning gains, a finding echoed by Falloon (2019), who reported larger effects in a longer-term implementation. Second, variations in teacher facilitation could also have constrained the magnitude of improvement, as they play a role in altering how students can understand concepts. 
4.2 Comparison with other studies
The results support findings from various research indicating the value of computer simulations in enhancing subject understanding across various science domains (Akhigbe & Ogufere, 2019; Ben Ouahi et al., 2021; Daniel et al., 2024; Lasisi et al., 2021). However, despite the similar findings, stronger effects sizes are reported in majority of them. The moderate improvement observed in this study, may be accounted for by limited ICT infrastructure, inconsistent access to computers and teacher’s variance in technology use. In Tanzanian classrooms, where there is a restrained resource availability, the observed gains suggest that integrating minimal simulation based instruction is enough to produce meaningful educational benefits. This reinforces suggestions provided by the Tanzania Institute of Education (2023), The Tanzania National ICT Policy (2023) that advocates the incorporation of technology in the teaching and learning environment.
Despite the results, generalization is limited as the study focused on two secondary schools in Morogoro Municipal. Nevertheless, the findings offer practical insights for everyday classroom instruction. Teachers can be use simulations as exploration tools, allowing students to manipulate variables or create interactive reinforcements for the subject matter. Such applications can enrich biology learning by fostering a deep understanding and classroom engagement.

5. Conclusion

Guided by Kolb’s Experiential Learning theory, the study examined the effectiveness of computer simulations in improving teaching and learning of evolutionary biology in secondary schools. The findings revealed that the students who engaged with simulation-based instruction achieved greater performances when compared to those taught using traditional methods. The use of computer simulations provided opportunities for concrete experiences and learning through active experimentation by allowing learners to manipulate evolutionary variables, observe outcomes, and refine their understanding; processes emphasized in Kolb’s model. In addition to the achievements, students displayed higher engagement and more active participation during lessons, suggesting that learning with computer simulations fosters deeper, inquiry-based learning, highly increased students’ engagement, increased students’ understanding, and increased participation in class activities. Despite various challenges such as limited infrastructure and occasional students’ dropouts, the study highlighted that integrating computer simulations in teaching and learning is a practical and impactful strategy for enhancing conceptual understanding and participation. Importantly, the study concludes that the use of computer simulations as a teaching aid should be valued and considered in teaching and learning to increase efficiency in science instruction. For a greater impact, education policy makers and curriculum developers are encouraged to incorporate simulation-based learning in the curricula and provide professional development that equips teachers to facilitate a more experiential learning environment.
5.1 Limitations
Infrastructure constraints (limited computer access and occasional software glitches) affected implementation. Although these challenges were noted, it is difficult to determine how these constraints may have particularly influenced learning gains. Furthermore, student dropouts occurred across the testing period, with a dropout from 98 students at pre-test to 95 students at post-test in the experimental group and 93 to 89 students in the control group. Also, teachers varied in how they conducted classroom instruction; this could have contributed to the simulation instruction's outcomes. As well as, the sample size selection limited generalizability as the study consisted of two secondary schools that were purposively selected; hence, selection bias cannot be ruled out. These limitations collectively suggest that, while the findings provide credible evidence that computer simulations enhance learning evolution in the biology subject, they should be verified with larger controlled implementations.
5.2 Recommendations
Education policy makers should consider incorporating technological tools in teaching complex abstract concepts in biology, such as evolution. Furthermore, teacher professional development should be highly encouraged to equip teachers with the necessary skills to handle emerging technological tools that can enhance instruction. Further infrastructural support should also be instilled in schools to enable access to various technological tools that can be of great importance in the teaching and learning context. Future studies can also be conducted using computer simulations in more extended or lengthier time frames. The study also recommends the use of computer simulations in teaching and learning as it has shown the potential of significant gains in student’s scores.
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School Gender Frequency Percentage (%)

School A Male 45 46
Female 52 54
School B Male 44 47
Female 50 53

Total 191 100
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