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Research Study 1 

       The study, “Effect of science virtual laboratory combination with demonstration methods 

on lower -secondary school students’ scientific literacy ability in a science course”, conducted by 

authors Lestari et al., (2023) investigated how combining virtual laboratories with demonstration 

methods influenced students’ scientific literacy. The research employed a quasi-experimental 

design where students were divided into three groups: Experimental group 1 (using a 

combination of virtual laboratories and demonstration method), Experimental group 2 (using 

only virtual laboratories and Control group (using only demonstration methods). Each group 

underwent pretest and posttest assessments measuring scientific literacy, administered before and 

after the intervention. The researchers applied mixed-methods analysis of variance (ANOVA) to 

evaluate the effectiveness of the interventions. 

          The results of the study showed that significant differences were observed between pretest 

and posttest scores across all groups, with the Experiment group 1 demonstrating the most 

substantial improvement. This indicated that each intervention led to measurable improvements 

in scientific literacy. These findings directly address the research question regarding the impact 

of combining virtual laboratories with demonstration methods on students' scientific literacy. 

The data also indicated that this combined approach was more effective than using virtual 

laboratories or demonstration methods alone. The mixed-methods ANOVA provided robust 

quantitative evidence supporting the efficacy of integrating virtual laboratory simulations with 

traditional demonstration methods.   

Research Study 2 

          In the study “Assessing the impact of a virtual lab in an allied health program”, the authors 

Kay, Goulding and Li (2018) conducted a mixed method study on allied health students in which 



they explored the effectiveness of an online virtual laboratory as a preparatory tool for students 

in a medical laboratory science program. Data was collected through a Likert scale survey 

assessing various aspects of the virtual lab experience, such as visual learning, authenticity, 

learner control, organization, and scaffolding. To measure knowledge acquisition, students 

undertook multiple-choice pretests and posttest before and after engaging with the virtual lab. 

Participants provided written responses to open – ended questions regarding their experiences 

with the virtual lab, highlighting perceived benefits and challenges. A subset of students 

underwent a think -aloud protocol and verbalized their thought processes while interacting with 

the virtual lab, offering insights into their cognitive engagement and problem-solving strategies. 

          Analysis of the data was done by using by calculating the mean scores and standard 

deviations for the Likert-scale survey items. It summarized the  students' responses to the survey, 

providing an overview of their perceptions, learning effectiveness, and overall satisfaction with 

the virtual lab. These descriptive measures helped identify general trends and patterns in how 

students experienced and evaluated the virtual lab environment. Inferential statistics, such as 

paired t-tests and ANOVA, were employed to assess the significance of changes in pretest and 

posttest scores for knowledge acquisition and to determine whether the observed student 

perceptions of the virtual lab were statistically significant and could be generalized beyond the 

sample. By applying inferential methods, the authors aimed to assess whether the positive 

feedback was meaningful and not due to chance, thereby supporting conclusions about the 

broader impact of virtual labs in allied health education. This helped strengthen the validity of 

their findings and their applicability to similar educational settings. Thematic analysis was 

conducted on open-ended responses and think-aloud protocols to identify recurring themes and 

patterns related to the virtual lab's impact. The results reported that the students had positive 



attitudes toward visual learning, authenticity, learner control, organization, and scaffolding 

provided by the virtual lab. The virtual labs were also perceived to facilitate faster acquisition of 

laboratory skills and contribute to greater success in learning.   

Research Study 3 

           The study “The impact of Virtual Lab Learning experiences on 9th Grade Students’ 

Achievement and their attitudes towards Science Learning by Virtual Lab”  was conducted by 

authors Ambusaidi et al., (2018) on 9th grade students in Oman. A quasi-experimental design was 

used in this study. Data was collected by means of pre and post tests administered to an 

experimental group and a controlled group before and after the intervention to evaluate 

knowledge gains. Two attitude scales were also administered: one measuring students' attitudes 

towards science and the other assessing their attitudes towards virtual labs.  

          The data was analyzed using descriptive statistics and inferential statistics methods. The 

authors calculated the mean scores and standard deviations for both pretest and posttest results, 

as well as attitude scale responses. They found no significant difference between the 

experimental and control groups regarding attitudes towards science, implying that virtual labs 

did not notably influence students' perceptions of science. Students in the experimental group 

exhibited overall positive attitudes towards virtual lab learning experiences, highlighting an 

appreciation for this instructional method. Independent samples t-test was used to compare the 

pretest scores between experimental and control groups to ensure initial equivalence and 

Analysis of Covariance (ANCOVA) was used to assess posttest scores while controlling for 

pretest scores. The ANCOVA indicated no significant effect of virtual lab usage on students' 

academic achievement, even after adjusting for pretest scores. The results indicated that 

integrating virtual labs into science education did not lead to significant improvements in 



students' academic achievements or their attitudes towards science. However, students responded 

favorably to the virtual lab learning experiences, indicating a potential avenue for enhancing 

science education that warrants further exploration.  

 Research Study 4 

          The study “The Effect of the Virtual Laboratory on Students’ Achievement and Attitude in 

Chemistry” was conducted on 9th grade students Turkey by the author Cengiz Tuysuz (2010). It 

utilizes a quasi -experimental design with an experimental – control group model and 

investigated the effect of virtual labs on students’ achievement and attitude. A 15 -item 

knowledge scale was developed by the authors to assess students' understanding of the 

"Separation of Matter" unit. Both control and experimental groups completed this as a pre-test 

and post-test. A 24-item Likert-type chemistry attitude scale was also developed to measure 

students' attitudes toward chemistry, administered before and after the instructional period. 

Additionally a control group of students received traditional instruction using the "chalk and 

talk" method, while the experimental group engaged in instruction supplemented with virtual 

laboratory experiments.  

          Data was analyzed using a paired samples t-test to evaluate the within-group differences 

by comparing pre-test and post-test scores for both the knowledge scale and the chemistry 

attitude scale. An independent samples t-test was used to assess the between-group differences to 

determine the impact of the instructional methods on achievement and attitude. The experimental 

group showed a significant increase compared to the control group for both the scales. 

This highlighted the effectiveness of virtual labs in enhancing student achievement and indicated 

that virtual labs positively influenced students' attitudes toward chemistry. The use of inferential 

statistics in this study provides empirical evidence supporting the integration of virtual 



laboratories into chemistry education, showcasing substantial benefits in student learning 

outcomes and engagement.  

Research Study 5   

          The study “Effects of Virtual Laboratory experiments on Students’ Academic Performance 

in Physics Practical” was conducted by authors Abdullahi et al., (2020) on students in Nigeria. 

The research aimed to assess how different instructional strategies—virtual lab experiments 

(VLE) combined with conventional methods, virtual lab experiments (VLE) only, and 

conventional methods only—affected students' academic performance in physics practical class.  

          Data was collected by means of the Researcher Made Test of Academic Performance in 

Physics Practical (RMTAPP), administered before and after the instructional interventions to 

assess students’ academic performance. Mean scores and standard deviations were calculated to 

summarize students' performance across different groups. Analysis of Covariance (ANCOVA) 

was used to determine the effectiveness of the instructional strategies while controlling for pre-

test scores. A Post Hoc Analysis (Tukey HSD Test) was conducted to identify specific 

differences between groups following significant ANCOVA results. The combination of VLE 

and conventional methods yielded the highest mean post-test score followed by VLE-only 

instruction, with conventional methods alone resulting in the lowest mean score, which meant 

that integrating VLE with conventional methods significantly enhanced students' performance 

compared to using conventional methods alone or VLE-only instruction. The ANCOVA revealed 

a significant main effect of teaching strategies on students' academic performance indicating that 

the type of instructional strategy employed had a measurable impact on student achievement.  



          Using the results from descriptive and inferential statistics, the authors  concluded that 

combining virtual laboratory experiments with conventional teaching methods significantly 

improves students' academic performance in physics practical class. They recommended that 

physics educators adopt this combined approach, especially in resource-constrained settings 

where physical laboratory facilities may be limited.  

Conclusion 

          Collectively, the five studies—by Lestari et al. (2023), Kay, Goulding, and Li (2018), 

Ambusaidi et al. (2018), Tuysuz (2010), and Abdullahi et al. (2020)—offer valuable insights into 

the integration of virtual laboratory experiences across different disciplines and educational 

levels. The studies used a mix of quantitative (pre/post-test, statistical analysis, ANCOVA, etc.) 

and qualitative (attitude surveys, open-ended questions, think-aloud protocols) approaches, 

making their findings robust. The mixed-methods approach allowed for a comprehensive 

understanding of both academic achievement and attitudinal shifts, with several studies showing 

that while performance gains were not always substantial, students’ perceptions of learning were 

generally positive. All studies utilized inferential statistics methods to determine whether the 

effects observed—such as improvements in scientific literacy, academic performance, or 

attitudes toward science—are statistically significant and not due to chance. By applying 

inferential statistics, researchers can make generalizations from sample data to larger 

populations, supporting evidence-based decisions about integrating virtual labs into science 

education. While each study offers unique contributions, they collectively highlight the positive 

effects of using virtual labs in educational settings, emphasizing the need for further research to 

maximize its potential impact.  
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