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ABSTRACT 
This study examined the effect of teaching bacterial growth using virtual laboratory simulation on science 

students’ academic achievements in secondary schools in Obio Akpor local Government Area of Rivers 

State, Nigeria. The study adopted a quasi-experimental design. Two secondary schools were purposively 

selected and randomly assigned to experimental and control groups. The experimental (virtual laboratory) 

group had an intact class of 53 students while the control (Discussion) group had an intact class of 51 

students, totaling a sample size of 104 students. The instruments used in this study for data collection was 

the Biology Practical Achievement Test (BPAT). The instrument was pilot tested on twenty students who 

were not part of the study, Kuder Richardson (KR-21) was used in determining the reliability coefficient 

at 0.74. Data were analyzed using mean, standard deviation and Analysis of Covariance (ANCOVA) 

tested at 0.05 level of significance. The findings showed that there was a significant difference in the 

performance mean score of students taught with virtual laboratory simulation and those taught with 

discussion method in favor of the virtual simulation group. It was recommended that Virtual Laboratory 

Simulations should be incorporated into class room science teaching. 

 Keywords: Virtual laboratory, simulation, Discussion, Students’ Achievement 

 

INTRODUCTION 

The influence of multimedia lies in the fact that it is multi-sensory. It stimulates many senses of its 

audience. It is also interactive and engaging, enabling the end users of the application to control the 

content and flow of information. This has introduced important changes in the educational system and 

also influence the way we communicate information to the learners.  
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Similarly, Information and communication technology is increasingly penetrating almost all domains of 

human life, including education. In addition, with the current global trend of achieving twenty-first 

century learning skills, where digital literacy is one of the core goals, there is an increasing, 

understandable desire to bring more educational technologies into the classroom (Dakhi et al., 2020; 

Smetana & Bell, 2012; Tarbutton, 2018) 

Multimedia technology has added a new dimension to learning experiences because concepts are easier to 

present and comprehend when words are complemented with images and animations. This has established 

the fact that learners retain more when a variety of senses are engaged in impacting knowledge; and the 

intensity of the experience aids retention and recall by engaging social, emotional and intellectual senses.  

The evolution of multimedia has made it very possible for learners to become more involved in their work 

which will in turn improve students’ academic achievement. With multimedia technologies, learners can 

create multimedia applications as part of their project requirements. This would make them active 

participant in their own learning process instead of just being passive learners in the process of their 

learning. World over, multimedia is now pervading the educational system as a tool for effective 

cognition in teaching and learning. Mainstreaming the technological media within what is called 

“Multimedia” is the pattern which led to infinite applications of computer technologies. The concept of 

this technology came into being with the appearance of sound cards, and then compact disks, and later the 

use of digital cameras and video were made essential educational tools. Recently, multimedia expanded to 

become an area of education on its own. Interaction is the main element in multimedia technology as most 

of its applications are characterized by full engagement of the audience. Multimedia programs provide 

different stimuli in their presentations which include a number of elements some of which are texts, 

spoken words, sound and music, graphics, animations, colors, painting and still pictures. These elements 

were mainstreamed in a comprehensive presentation so as to provide effective education which in turn 

will support the participation of the different senses of the learners in diverse programs (Hadmin, 2010). 

Multimedia instruction is one of the current examples of a new area of instructional research and practice 

that has generated a considerable amount of excitement among learners. Multimedia learning advocates 

for multitasking style of learning with assumptions of learning and access opportunities and educational 

challenges (American Society for Training and Development, 2015).  

Multimedia is the ability of computers to provide real-time representations of all existing media and 

sensory modes of instruction. Sensory modes are distinguished from media because they relate to the 

sensory format of information so that it can be compatible with one of the five senses. Visual and aural 

forms of information can be provided by a variety of media whereas taste, smell, and texture 

representations in media are very limited. Multimedia instruction is most often offered at a “distance” 

from live instructors and so is occasionally referred to as “distance education”. Singh (2013) suggests that 

multimedia should be used only when students have low prior knowledge; when students have low 

motivation; and when multimedia is effectively designed. Multimedia offers exciting possibilities for 

meeting the needs of 21st century learners. Multimedia presentations are more effective when the learner 

has the ability to interact with the presentation. This pacing can also be achieved by breaking the 

presentation into chunks; chunks allow users to select what they want to make use of at their own pace 

and learn better. Learning from multimedia presentations is enhanced when the structures for organizing 

the information are activated (Pollock, Chandler, & Sweller, 2017). Multimedia is most effective when 

the content and format actively engage the learner. Active engagement helps the student construct 

knowledge and organize information into meaningful schema, it is increasingly being used in many 

developed countries in computer-based narrated animation that explains how a causal system works, and 

one rationale for this trend is the assumption that multimedia has properties that can aid learners’ 

cognition, particularly the learning of abstract subject matter.  

This phenomenon, according to Adegoke (2016) who observed in developing countries that effect of 

multimedia lies in the fact that it is multi-sensory. It stimulates both the visual and auditory senses of the 

learner. It helps the teacher turn the classroom into a dimension of sight, of sound and of mind. However, 

multimedia design in educational technology takes the advantage of both audio and visual working 
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memories without over loading one or the other. Designers of multi-media instruction should be guided 

by certain principles. Thus, every meaningful system and organization has rules of personal conduct that 

characterizes their composition, standard and operation. These rules can be referred to as the principles of 

that system or organization.  

Virtual laboratory simulations offer a powerful tool for enhancing student understanding of bacterial 

growth in a safe, interactive, and cost-effective manner. By incorporating virtual experiments into 

microbiology education, students can engage in hands-on learning experiences that deepen their 

knowledge of microbial growth processes and foster critical thinking skills essential for future scientific 

endeavors. Virtual laboratory simulations (VLSs) have gained great importance recently with the 

development of technology, and their use is supported by many specialists and researchers. Today, 

distance education has become more common due to the COVID -19 pandemic worldwide, increasing the 

value and significance of virtual laboratories in the education world. Virtual laboratories overcome 

several disadvantages of real (practical) laboratories. As an example, in the practical laboratory, 

experiments are conducted once in a limited time frame, but in the virtual laboratory, these experiments 

can be repeated until understanding and learning goals are reached. Virtual laboratories can simplify 

complex and confusing experimental processes. More importantly, an experiment involving a dangerous 

substance can be performed safely in the virtual laboratory. The virtual laboratory allows us to understand 

possible consequences that may arise if one of the steps in the process is performed incorrectly or 

incompletely. In these circumstances, students can become more confident and more aware of possible 

dangers while performing the same experiment in the practical laboratory. Furthermore, since no ethical 

approval is needed, these simulations provide the opportunity to conduct various experiments in 

simulated animals and human beings. 

Teaching bacterial growth is a fundamental aspect of microbiology education, providing students with a 

hands-on understanding of how bacteria multiply and thrive in various conditions. In recent years, the 

integration of virtual laboratory simulations has revolutionized the way students can engage in learning 

about microbial growth. By utilizing virtual simulations, students can explore the intricacies of bacterial 

growth in a safe and controlled environment, enhancing their comprehension and retention of key 

concepts. 

Virtual laboratory simulations eliminate the risks associated with handling live bacteria in a traditional lab 

setting, ensuring a safe learning environment for students. Virtual simulations can be accessed anytime, 

anywhere, allowing students to engage with the material outside of the classroom and at their own pace. 

Setting up and maintaining a physical laboratory for bacterial growth experiments can be costly. Virtual 

simulations offer a cost-effective alternative that does not require expensive equipment or consumables. 

Virtual simulations provide an interactive learning experience, allowing students to manipulate variables 

and observe the effects on bacterial growth in real-time. Students can collect and analyze data generated 

from virtual experiments, honing their analytical skills and reinforcing scientific inquiry. 

Key Concepts Covered in Virtual Laboratory Simulations 

a. Students can observe and analyze the different phases of bacterial growth, including lag phase, 

exponential phase, stationary phase, and death phase. 

b. Virtual simulations allow students to explore how factors such as temperature, pH, nutrient 

availability, and oxygen levels impact bacterial growth rates. 

c. Students can investigate the development of antibiotic resistance in bacteria through virtual 

experiments, highlighting the importance of prudent antibiotic use. 

d. Virtual simulations can demonstrate how bacteria form biofilms, complex communities that 

enhance their survival and resistance to environmental stresses. 

These concepts can be implemented through the following Strategies: 

1. Incorporate virtual laboratory simulations on bacterial growth as part of microbiology courses at 

the high school or college level. 

2. Assign virtual experiments as pre-lab activities to introduce concepts before conducting hands-on 

experiments in a physical lab. 

John & Okonkwo  …….. Int. J.  Innovative Educ. Res 13(1):217-224, 2025 

 



220 
 

3. Use virtual simulations for formative assessments to gauge student understanding and provide 

immediate feedback on performance. 

4. Encourage collaborative learning by having students work in groups to design and conduct virtual 

experiments, fostering teamwork and communication skills. 

Awyed, (2016), carried out a study on the effects of using interactive laboratory simulation in teaching 

Biology; the study investigated interactive simulation in a high school biology class with a focus on 

whether interactive simulation technology had an effect on academic achievement, as measured by 

standardized assessment scores. Also, the study included a survey to measure student attitudes and 

opinions towards this technology and to determine whether there was a link between positive attitudes 

towards technology and assessment scores. Sixty eight (68) female students from 11th grade took part in 

the study as the experimental group, with a control group of 34 students taught through traditional 

approaches. The findings of the study showed that the experimental group had a significantly (6.2%) 

higher mean score than the control group, suggesting a positive relationship between the use of interactive 

simulation technology and academic achievement. The findings also showed that students in the 

experimental group had a positive attitude towards the technology, in general, higher scores than those 

who did not.  

Yaki et al (2020) investigated the effects of computer laboratory simulation and practical demonstration 

instructional strategy on the achievement of secondary school students in practical Biology. The Pretest-

Posttest experimental group design was adopted for the study, with a sample size of 60 SSII students. A 

Computer simulation laboratory Package (CSLP) was developed as treatment instrument for this study. 

The Biology practical achievement test (BPAT) was the instrument used in collecting data for the study. 

The results revealed that there is significant difference between the experimental group and control group, 

with the experimental group having a significant improvement in performance after they were exposed to 

treatment.. 

Statement of the Problem 

Laboratories play a crucial role in the learning process, particularly for science students. However, the 

scarcity of adequate laboratory facilities has a significant impact on both teaching and learning. 

Insufficient resources such as a lack of equipment, an unfavorable laboratory environment, and limited 

access time restrict teachers' ability to conduct even simple laboratory activities. Hands-on laboratory 

experiences are essential for helping students develop a deeper understanding of complex scientific 

concepts, which are difficult to grasp through lectures alone. Without laboratory access, students miss the 

opportunity to apply theoretical knowledge to practical experiments and real-world situations. 

Virtual laboratory simulations offer an effective alternative, providing a meaningful virtual experience 

where students can explore key scientific principles, concepts, and processes. These simulations allow 

students to perform experiments multiple times without wasting materials and to revisit failed 

experiments until they succeed. Through this, they can deepen their understanding by visualizing 

experiments in the virtual setting. 

The search for innovative teaching strategies has emerged from growing concerns over the poor academic 

performance of Nigerian students. The traditional lecture method, which remains widely used by science 

teachers, even for practical lessons, limits students’ ability to acquire science process skills needed for 

their examinations. There is an increasing need for instructional strategies that enhance performance and 

foster a better understanding of practical science. 

Despite the importance of comprehending bacterial growth in biology and related fields, students often 

struggle with this concept due to the limitations of conventional teaching methods. These include: 

a. Lack of hands-on experience with bacterial cultures 

b. Difficulty visualizing microbial growth and interactions 

c.  Limited opportunities for experimentation and exploration 

Consequently, students’ academic achievements in understanding bacterial growth may be adversely 

affected, leading to: 

a. Poor understanding of bacterial growth and its applications 
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b. Insufficient preparation for careers in science, technology, engineering, and mathematics (STEM) 

c. Decreased interest and motivation in pursuing biology-related fields 

Therefore, this study seeks to investigate the impact of using virtual laboratory simulations in teaching 

bacterial growth on students’ academic performance. 

Research Questions  

1. How do achievements of students taught bacterial growth using virtual laboratory simulation differ 

from those in the discussion group? 

2. Is there any difference in the achievements of male and female students taught bacterial growth using 

virtual laboratory simulation? 

Hypothesis 

Ho1:There is no significant difference between the mean achievement scores of students taught bacterial 

growth using virtual laboratory simulation and those in the Discussion group. 

Ho2: There is no significant gender difference in the performance of students taught bacterial growth 

using virtual laboratory simulation. 

 

METHODOLOGY 

The research design adopted for the study is Pretest-Posttest experimental group design. The population 

comprised of all secondary school 2 students in Obio Akpor local government area in Rivers State. 

Purposive sampling technique was used to select two secondary schools in Obio Akpor LGA, Rivers 

State Nigeria. The two intact classes made up of 104 students were assigned to experimental group 

(virtual simulation group) and control group (Discussion teaching method) respectively. A Bacteria 

growth virtual simulation laboratory Package (BGVSLP) was used as treatment instrument for this study; 

the package consisted of the stages in bacteria growth. 

Instruments for Data Collection  
The instrument used in collecting data for the study was researcher adopted Biology Practical 

Achievement Test (BPAT). The BPAT consisted of 25 multiple choice objective items with four options 

(A–D)The instrument was pilot tested, and its reliability coefficient determined as 0.74 using Kuder 

Richardson (KR-21). The study was for four weeks. Before the commencement of the treatment, the 

researcher administered the Biology Practical Achievement Test (BPAT) on the sampled students as 

pretest to ascertain the equivalence of the students before the treatment. Treatment was followed 

immediately; thereafter the four weeks treatment the BPAT was administered as post-test to measure the 

achievement of the students in the two groups. The scores obtained were subjected to data analysis. The 

data were analyzed based on the stated hypotheses, using mean, standard deviation and ANCOVA.  

 

RESULTS AND DISCUSSIONS  

Research question 1: What is the mean score difference in achievement of students taught with virtual 

laboratory and those taught using discussion method?  

Table 1: Pretest, posttest scores of students taught biology using virtual laboratory simulation 

Groups  N Pretest Posttest Mean gain 

Mean Std.dev Mean Std.dev  

Experimental  53 13.09 2.72 42.22 2.65 29.13 

Control  51 15.35 1.71 28.60 3.92 4.96 

Table 1 shows that prior to the use of virtual laboratory simulation in the teaching of bacterial growth, the 

mean score and standard deviation of  students in the experimental group were 13.09  2.72 respectively. 

While the control group had pretest mean score of 15.35 and the standard deviation of 1.71. The  posttest 

mean scores for the experimental students is 42.22 while for the control group is 28.60 with the standard 

deviation of 2.65 and 3.92 respectively. The table also showed the mean gain difference of 29.13 for 

experimental group and 4.96 in the control group.  
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Research Question 2. What is the mean score difference in the achievement of male and female students 

taught bacterial growth using virtual laboratory simulation? 

Table 2: Pretest and Posttest achievement scores of male and female students taught using virtual 

laboratory simulation 

Gender   N Mean Std.dev 

Male  32 43.00 2.79 

Female   21 41.04 1.93 

Data in Table 2 revealed mean achievement score of 43.0 with standard deviation of 2.79 for male 

students, while the female students had mean achievement score of 41.04 with standard deviation of 1.93. 

Male students therefore, performed slightly better than their female counterparts in Biology.  

HO1: There is no significant difference between the mean achievement scores of students taught bacterial 

growth using virtual laboratory simulation and those in the Discussion group.  

Table 3: ANCOVA comparison of post achievement scores of students taught biology using virtual 

laboratory simulation 
Source Type III Sum of 

Squares 

Df Mean Square F Sig. 

Corrected Model 4897.520a 2 2448.760 233.273 .000 

Intercept 4291.510 1 4291.510 408.816 .000 

Pretest  77.201 1 77.201 7.354 .008 

Teaching method 3390.192 1 3390.192 322.955 .000 

Error 1060.239 101 10.497   

Total 137379.000 104    

Corrected Total 5957.760 103 
   

a. R Squared = .822 (Adjusted R Squared = .819) 

Table 4 indicates that there is a significant difference in the mean achievement scores of students in the 

experimental and control groups. This is based on the fact that the calculated F-value of 322.955 and with 

probability value of 0.000 which is less than the alpha value of 0.05 set for the study. That is F(1,101) = 

322.955 and P= 0.00 <∝ = 0.05. To this effect, the null hypothesis 1 (H01) is rejected. This implies that 

there is a significant difference between the mean achievement scores of students taught Biology using 

virtual laboratory simulation and those taught with discussion method.  

HO2:There is no significant gender difference in the performance of students taught bacterial growth 

using virtual laboratory simulation. 
Table 4: ANCOVA Comparison of Post Achievement Scores of Male and Female Students Exposed to Virtual 

Laboratory Simulation. 

Source Type III Sum of 

Squares 

Df Mean Square F Sig. 

Corrected Model 166.263a 2 83.131 20.885 .000 

Intercept 5157.267 1 5157.267 1295.664 .000 

Pretest  117.932 1 117.932 29.628 .000 

Gender  33.968 1 33.968 8.534 .005 

Error 199.020 50 3.980   

Total 94868.000 53    

Corrected Total 365.283 52    

a. R Squared = .455 (Adjusted R Squared = .433) 
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An examination of Table 4 shows that an F (1, 50) = 8.534, α = 0.005 for the main effect (treatment) was 

significant at 0.05 alpha level. This result shows that the male students’ performance did not differ 

significantly from that of their female counterparts when both were taught using virtual laboratory 

simulation when the covariate (pre-test) was statistically controlled. 

 

DISCUSSION OF FINDINGS 

The data in Table 1 highlights a substantial improvement in the achievement scores of students taught 

bacterial growth using virtual laboratory simulation compared to those taught through the discussion 

method. The experimental group, which used virtual laboratory simulations, achieved a mean gain of 29.13, 

whereas the control group using discussion methods only had a mean gain of 4.96. This difference reflects 

the effectiveness of virtual laboratory simulations in enhancing learning outcomes. The ANCOVA results in 

Table 3 further validate this finding. The significant F-value of 322.955 and p-value of 0.000 indicate a 

statistically significant difference in achievement scores between the experimental and control groups. This 

suggests that the virtual laboratory simulation is a more effective teaching method than the discussion 

method for teaching bacterial growth, leading to improved student performance. This is in agreement with 

Yaki et al (2020), who found a positive relationship between computer laboratory simulation and students 

performance. It is also in agreement with Awyed, (2016), who also found a positive correlation with 

computer laboratory simulation and students achievement.  

From Table 2, male students achieved a slightly higher mean score (43.00) than female students (41.04) 

when taught using virtual laboratory simulations. However, the standard deviations (2.79 for males and 1.93 

for females) indicate that there was not much variability in performance within each gender group. The 

ANCOVA results in Table 4 indicate that the difference in mean scores between male and female students 

was statistically significant, with an F-value of 8.534 and a p-value of 0.005. Despite this significance, the 

R-squared value of 0.455 suggests that gender only explains a small portion of the variability in 

performance. This implies that while male students performed slightly better, the overall performance of 

both genders was comparable, and the teaching method was effective for both. 

Summary of Findings 

Students taught using virtual laboratory simulation demonstrated significantly higher achievement scores 

compared to those taught using the discussion method. The experimental group achieved a mean gain of 

29.13, while the control group had only a mean gain of 4.96.The ANCOVA analysis confirmed a significant 

difference in achievement scores (F = 322.955, p = 0.000), leading to the rejection of the null hypothesis 

(H01).Male students had slightly higher achievement scores (43.00) than female students (41.04).The 

ANCOVA analysis revealed a statistically significant difference between male and female performance (F = 

8.534, p = 0.005). However, the effect size was modest, indicating that both genders benefited from the 

virtual laboratory simulation. 

Implications 

The findings suggest that virtual laboratory simulations are an effective teaching tool for enhancing student 

achievement in biology. These tools can bridge the gap between theoretical learning and practical 

application, making them a valuable addition to modern biology curricula. Furthermore, the minimal gender 

disparity highlights the inclusiveness of the teaching method, suggesting it can be universally applied to 

benefit diverse student populations. 

 

CONCLUSION 

The study reveals that using virtual laboratory simulations significantly improves students’ achievement in 

learning bacterial growth compared to the discussion method. The experimental group demonstrated a 

substantial mean gain, affirming the effectiveness of virtual laboratory simulations as an innovative and 

impactful teaching strategy. Additionally, while male students performed slightly better than female 

students, the difference in their performance was minimal, indicating that virtual laboratory simulations are 

equally effective for both genders. 
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RECOMMENDATIONS 

1. Integration of Virtual Laboratory Simulations: Educational institutions should adopt virtual laboratory 

simulations in biology curricula, particularly for teaching complex topics like bacterial growth. This 

method bridges the gap between theoretical concepts and practical understanding, thereby enhancing 

student performance. 

2. Teacher Training and Support: Teachers should be trained on the use of virtual laboratory simulations to 

maximize their effectiveness in classrooms. Professional development workshops can equip educators 

with the technical skills and pedagogical strategies needed to implement this method successfully. 

By implementing these recommendations, educators and policymakers can leverage virtual laboratory 

simulations to enhance the quality and inclusivity of science education. 
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