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Enhancing Science Education: A Quantitative Study on the Efficacy of Virtual Labs in 

Elementary Classrooms

Introduction

In recent years, the integration of technology into science education has revolutionized 

traditional classroom practices, offering new and exciting ways to teach and learn. Laboratory 

work in science is important as it provides hands-on experiences to students where they are able 

to directly interact and physically manipulate materials and equipment. It provides an immersive 

experience that motivates the students to explore scientific concepts. In recent years, 

advancements in technology have revolutionized educational practices, offering innovative tools 

and resources that are helpful in enhancing the learning experiences of the students. One such 

innovation is the integration of virtual labs into elementary school classrooms. Virtual labs 

provide students with interactive simulations that mimic real-world laboratory experiences, 

allowing them to engage in hands-on experimentation in a virtual environment. Using virtual 

labs is a great way to actively engage students, develop mastery over a subject and in developing 

scientific reasoning ability. 

Purpose of the Study

Virtual labs are computer simulations that replicate the experience of traditional experiments in 

classroom settings and offer an innovative approach to teaching. This quantitative study aims to 

investigate the impact of virtual labs on students learning outcomes, engagement and attitudes 

towards using virtual labs. 
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Research Questions

The study aims to answer the following questions: 

1. To compare the academic performance of students who used traditional hands -on labs to 

those who used virtual labs.

2. To assess student engagement during virtual lab activities.

3. To explore students’ attitude towards using virtual labs and their effectiveness. 

Significance of the Study

Intrinsically, traditional approaches to physical labs, might be unable address all aspects of a 

physical phenomenon due to lack of equipment and resources.  This might lead to gaps in 

student’s engagement and achievement.  A study conducted by Gambari et al., (2013) 

investigated the efficacy of virtual labs on the achievement and attitudes of secondary students in 

Physics in Nigeria. They found that using virtual labs had a positive effect on student’s 

achievement, retention and attitudes when compared to using physical laboratories. By exploring 

the efficacy of virtual labs, this study seeks to address the challenges of students’ engagement 

and how it affects their attitudes towards learning. 

Another study conducted by Ambusaidi et al., (2018) investigated the impact of using virtual 

labs on 9th grade students’ achievement in Turkey.  They explored the students’ attitudes towards 

science and using virtual lab for learning. They found that while virtual labs did not have much 

impact on the achievement of the students, the students had a favorable attitude towards learning 

by virtual labs. As another example, Al-Duhani et al., (2023) explored 8th grade students’ 
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achievement in learning topics related to electricity. The results of study indicated that using the 

virtual lab significantly enhances the students’ achievement. This proposal is based on a similar 

thought process and aims to add to research on the integration of virtual labs in science 

classrooms and to investigate their impact on student’s learning outcomes. 

A study was carried out by authors Promono, et al., (2019) in Indonesia which explored the use 

of a virtual labs (VLab – “little scientist”) on science process skills of students in 4th and 

5th grade. The authors’ test results proved that the utilization of virtual labs had a direct 

correlation to student’s improved science processing skills, and that they were able to use real 

equipment in a lab after using the VLab – little scientists. The potential impact of this research 

will extend beyond the classroom as virtual labs can generate critical thinking and problem-

solving skills in students that will be beneficial to their learning and development.

The findings of this study have practical implications for teachers and curriculum developers as 

the results will indicate whether virtual labs can impact the learning of elementary students. 

While teachers can make informed decisions about integrating virtual labs in their teaching 

practices, curriculum designers and policy makers can refine the curriculum to incorporate 

virtual labs. 

Research Design

The study will involve students from grade 5 from multiple classrooms within the same school 

district. Two comparable group will be selected with Group A (experimental group) receiving 

instruction supplemented with the virtual lab, while Group B (control group) receives traditional 

instruction only. Pre – and post – test will be administered to both groups to assess understanding 
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and learning outcomes. Quantitative analysis of the test scores between the experimental and 

control group will be conducted to assess the effectiveness of virtual labs in improving student 

learning outcomes. Engagement and attitude of the students in the Experimental group will be 

assessed by using a survey questionnaire containing a 5-point Likert scale that will be answered 

by the students. The scores will be analyzed to determine the level of engagement during the 

virtual lab activities and the attitude of the students in using the virtual lab. 

Definitions of Terms

The key terms used in this study are: 

1. Virtual labs:  Virtual labs are an e-learning tool where activities, that typically take place 

in physical laboratory settings, are digitally simulated (Badillo et al., 2020). They provide 

an interactive learning experience in various scientific disciplines. 

2. Efficacy: It is the extent to which virtual labs are able to bring about desired results or are 

effective in increasing students’ learning outcome and engagement.  

3. Students’ learning outcome: Learning outcomes are defined as ‘statements of what a 

learner knows, understands and is able to do after completion of learning’ (Cedefop, 

2009, p.9). In this study, the performance of students on the post test after the virtual lab 

will determine their learning outcomes. 

4. Engagement: It is defined as “How involved or interested students appear to be in their 

learning and how connected they are to their classes, their institutions, and each other” 

(Axelson & Flick, 2010, p. 38). 

Christopher Shamburg
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5. Hands -on learning: It is defined as an instructional approach in which students are 

interacting and directly manipulating materials in a way that they gain knowledge by 

experience (Ekwueme et al., 2015). It involve using experiments and simulations that aid 

learning and understanding of the subject.

Limitations

The study is limited in scope based on sample size, as it may not be feasible to include a large 

number of students due to time and resource constrains. Having a small sample size may 

influence the internal and external validity of the study. The time spent on doing the virtual lab 

could be limited by the school schedule and it may have an impact on student learning outcomes. 

The study relies on surveys to measure engagement and attitudes, which may not be able to 

capture their experiences fully. Access to technology and disparities in students’ digital skills 

could also impact the study. 

Delimitations

The study will be conducted with 5th grade elementary students in a science classroom in one 

school district. Delimiting the study to a specific grade and school district will allow for a more 

targeted investigation within a particular developmental age of students. Delimiting to a school 

district may help eliminate factors such as curriculum, resources and school policies which may 

vary from one school district to another. The investigation will be carried on in a science 

Christopher Shamburg
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classroom to provide a focused examination of the effectiveness of a specific type of virtual lab 

within one discipline. 

Assumptions

The study assumes that using the virtual lab in science classrooms will have a positive effect on 

students’ learning outcome such as increased conceptual understanding and critical thinking 

skills. The study also assumes that during the investigation, the students will remain actively 

engaged with the virtual labs and complete assigned activities as intended. The study also 

assumes that all the participating elementary schools have adequate technology support such as 

access to computers and reliable internet connectivity. Lastly, the study assumes that the teachers 

involved in the study have sufficient knowledge and training in integrating virtual labs into their 

instructional practices. 

Christopher Shamburg
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