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Abstract 
This study examined the influence of virtual laboratories on the teaching and learning of Physics in 

secondary schools in Ebonyi State. The study specifically determined the influence of virtual laboratories 

on the teaching effectiveness of Physics teachers, students’ academic performance, and strategies for 

effective integration. A descriptive survey design was adopted. The population comprised 12,102 students 

and 42 Physics teachers from 13 public secondary schools, out of which a sample of 80 students and 42 

teachers was selected using stratified random sampling. Data were collected using a structured 

questionnaire titled Virtual Laboratory Utilization in Physics Questionnaire (VLUPQ), validated by 

experts, and yielded a reliability coefficient of 0.76 using Cronbach’s alpha. Data were analyzed using 

mean, standard deviation, Pearson Product-Moment Correlation, and multiple regression at 0.05 level of 

significance. Findings revealed that virtual laboratories significantly enhance teaching effectiveness and 

improve students’ academic performance in Physics; virtual laboratories have a significant positive 

influence on students’ academic performance; and provision of adequate ICT facilities, teacher training, 

curriculum integration, regular maintenance of technological infrastructure, and strong institutional and 

government support are key strategies for effective integration of virtual laboratories. The study concluded 

that virtual laboratories are effective tools for improving Physics instruction and learning outcomes. It was 

recommended that government and school authorities provide adequate ICT infrastructure and organize 

continuous teacher training for effective integration. 
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Introduction 

The importance of Physics in the sustainable 

development of any nation cannot be overemphasized. 

Physics in secondary schools in Nigeria is a core 

science subject aimed at exposing students to the study 

of matter, energy, motion, and their interactions, while 

laying a foundation for careers in engineering, 

technology, medicine, and applied sciences, as well as 

promoting scientific reasoning and problem-solving 

skills. Physics is regarded as the subject which deals 

with the scientific study of the fundamental constituents 

of the universe, their interactions, and the laws 

governing them (Adeoye, 2022; Musa, 2023). 

Similarly, the subject is described as a branch of science 

concerned with the systematic investigation of natural 

phenomena through observation, experimentation, and 

mathematical modeling (Ibrahim, 2024). 

 

In addition, Physics is viewed as a school subject that 

combines theoretical knowledge with practical 

activities to develop students’ scientific skills, 

analytical thinking, and competencies needed to address 

real-life technological challenges (Okoro, 2024; 

Adebayo & Chen, 2025). These definitions highlight 

Physics as both a body of knowledge and an 

activity-based discipline that requires active learner 

participation. In the context of this study, Physics refers 

to a science subject taught in secondary schools in 

Abakaliki Local Government Area of Ebonyi State, 

involving both theoretical instruction and practical 

activities aimed at enhancing students’ understanding 

of physical laws and phenomena, particularly through 

the use of virtual laboratories.
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Physics, as a fundamental science subject, plays a 

crucial role in fostering technological literacy, 

innovation, and national development. It provides 

learners with knowledge of mechanics, electricity, 

optics, thermodynamics, and modern physics, thereby 

equipping them with skills necessary for scientific and 

technological advancement. The effective teaching and 

learning of Physics, however, depend largely on the 

availability and utilization of practical laboratory 

experiences, which enable students to observe, 

experiment, and validate theoretical concepts through 

hands-on activities. In line with contemporary 

educational practices, science instruction is expected to 

be activity-based, learner-centered, and supported by 

adequate laboratory facilities to enhance meaningful 

learning outcomes (Adeoye, 2022; Zhang et al., 2023). 

 

Despite the recognized importance of practical work in 

Physics, secondary schools in many parts of Nigeria, 

including Abakaliki Local Government Area of Ebonyi 

State, continue to face significant challenges in the 

teaching and learning of the subject. These challenges 

include inadequate laboratory facilities, insufficient 

instructional materials, dilapidated equipment, poor 

funding, and limited teacher competence in conducting 

practical experiments. Studies have consistently 

reported that the absence or inadequacy of functional 

laboratories leads to excessive reliance on theoretical 

teaching methods, which negatively affect students’ 

understanding, interest, and academic performance in 

Physics (Eze & Okonkwo, 2022; Bello, 2024). 

Consequently, students often find it difficult to grasp 

abstract physical concepts such as electromagnetic 

induction, wave-particle duality, and projectile motion, 

resulting in poor achievement in external examinations. 

 

In response to these persistent challenges, several 

measures have been implemented by government and 

educational stakeholders to improve Physics education 

in Nigerian secondary schools. These measures include 

the provision of laboratory equipment, organization of 

teacher training and retraining programmes, curriculum 

reforms emphasizing practical-oriented teaching, and 

the introduction of Information and Communication 

Technology in education. Additionally, agencies such 

as the Universal Basic Education Commission and State 

Ministries of Education have made efforts to equip 

schools with science laboratory facilities and 

instructional materials (UBEC, 2023; Federal Ministry 

of Education, 2024). However, these interventions have 

not produced the desired improvement in students’ 

learning outcomes due to factors such as inadequate 

funding, poor maintenance culture, irregular power 

supply, lack of technical support, and insufficient 

teacher preparedness for effective utilization of 

available resources (Okafor & Danjuma, 2023; Yusuf, 

2025). 

 

The advent of digital technology has introduced 

innovative approaches to teaching and learning, 

particularly in science education. One such innovation 

is the use of virtual laboratories, which are 

computer-based simulations designed to replicate real 

laboratory environments and experiments. Virtual 

laboratories provide students with opportunities to 

conduct experiments in a simulated environment, 

thereby overcoming the limitations associated with 

physical laboratories. According to Wang and Li 

(2024), virtual laboratories enhance students’ 

engagement and understanding by allowing them to 

visualize complex physical processes and perform 

experiments repeatedly without constraints of 

equipment cost or safety hazards. Similarly, Akinbade 

and Ogbonna (2023) assert that virtual laboratories 

offer flexible, cost-effective, and interactive learning 

experiences that can significantly improve students’ 

academic achievement in Physics. 

 

The integration of virtual laboratories into Physics 

instruction aligns with constructivist learning theory, 

which emphasizes active student participation, 

exploration, and experiential learning. Through virtual 

simulations, students can manipulate variables, observe 

outcomes, and develop critical thinking and 

problem-solving skills. Furthermore, virtual 

laboratories provide immediate feedback, support 

individualized learning, and eliminate risks associated 

with high-voltage circuits or radioactive sources in 

traditional laboratories (Nwosu & Patel, 2024; Ibrahim, 

2024). These features make virtual laboratories 

particularly relevant in resource-constrained 

environments where access to well-equipped physical 

laboratories is limited. Notwithstanding the potential 

benefits of virtual laboratories, their adoption and 

utilization in secondary schools in Ebonyi State seems 

to remain relatively low. Many schools lack the 

necessary digital infrastructure, such as computers, 

internet connectivity, and stable electricity supply, 

which are essential for implementing virtual laboratory 

instruction. In addition, teachers often lack the requisite 
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skills and training to effectively integrate virtual 

laboratories into their teaching practices. This situation 

creates a gap between technological innovation and 

classroom implementation, thereby limiting the 

potential impact of virtual laboratories on the teaching 

and learning of Physics (Okafor & Ugwu, 2023; Eze, 

2025). Given these challenges, there is a growing need 

to explore alternative and innovative instructional 

approaches that can enhance Physics education in the 

study area. Virtual laboratories present a viable solution 

to the limitations of traditional laboratory instruction, 

yet empirical evidence on their effectiveness in the 

context of public secondary schools remains limited. 

Therefore, this study seeks to investigate the influence 

of virtual laboratories on the teaching and learning of 

Physics, with a view to determining their potential in 

improving instructional delivery and students’ learning 

outcomes in secondary schools in Ebonyi State. 

 

Statement of the Problem 
The teaching and learning of Physics in secondary 

schools are expected to be practical-oriented, 

inquiry-driven, and supported by adequate laboratory 

experiences to enhance students’ understanding of 

physical concepts. However, in public secondary 

schools in Ebonyi State, the effective implementation 

of practical Physics instruction remains a major 

challenge. Classroom practices and examination 

outcomes reveal that many students perform poorly in 

Physics, particularly in areas that require practical 

knowledge and application. This persistent 

underperformance appears to stem from the dominance 

of theoretical teaching methods and the limited 

exposure of students to hands-on laboratory activities. 

Efforts have been made by government and educational 

stakeholders to improve the situation through the 

provision of laboratory facilities, teacher training 

programmes, and the introduction of ICT-based 

instructional approaches. Despite these interventions, 

the expected improvement in students’ learning 

outcomes has not been realized. In many schools, 

laboratory facilities are either inadequate, poorly 

maintained, or completely unavailable. Where such 

facilities exist, they are often underutilized due to large 

class sizes, time constraints, and limited teacher 

competence in organizing effective practical sessions. 

In addition, challenges such as irregular power supply 

and insufficient technological infrastructure further 

hinder the integration of innovative teaching methods. 

Nevertheless, the emergence of virtual laboratories 

presents a viable alternative to the limitations of 

conventional laboratory instruction. Virtual 

laboratories have the capacity to simulate real-life 

experiments, promote active learning, and provide 

students with opportunities to engage in repeated 

practice without the constraints associated with 

physical laboratories. However, in public secondary 

schools in Ebonyi State, the extent to which these 

digital tools are available and utilized in the teaching 

and learning of Pshysics is not clearly established. This 

creates a gap between the potential benefits of virtual 

laboratories and their actual application in classroom 

practice. The problem of this study, therefore, lies in the 

continued poor performance of students in Physics 

despite existing efforts to improve science education, 

and the uncertainty regarding the effectiveness of 

virtual laboratories as an instructional approach. This 

situation raises the need to investigate the influence of 

virtual laboratories on the teaching and learning of 

Physics in secondary schools in Ebonyi State, Nigeria. 

 

Purpose of the Study 

The main purpose of this study was to determine the 

influence of virtual laboratories on the teaching and 

learning of Physics in Ebonyi State. Specifically, the 

study seeks to ascertain the: 

1. Influence of virtual laboratories on the teaching 

effectiveness of Physics teachers in secondary 

schools in Ebonyi State. 

2. Influence of virtual laboratories on students’ 

academic performance in Physics in secondary 

schools in  Ebonyi State. 

3. Strategies for effective integration of virtual 

laboratories in teaching and learning of Physics 

in secondary schools in Ebonyi State. 

 

Research Questions 
The following research questions guided the study: 

1. What is the influence of virtual laboratories on 

the teaching effectiveness of Physics teachers 

in secondary schools in Ebonyi State? 

2. What is the influence of virtual laboratories on 

students’ academic performance in Physics in 

secondary schools in Ebonyi State? 

3. What are the strategies for effective integration 

of virtual laboratories in the teaching and 

learning of Physics in secondary schools in 

Ebonyi State? 
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Hypotheses 

The following null hypotheses were tested at 0.05 level 

of significance to guide the study: 

H01: Virtual laboratories have no significant influence 

on the teaching effectiveness of Physics teachers in 

secondary schools in Ebonyi State. 

H02: Virtual laboratories have no significant influence 

on students’ academic performance in Physics in 

secondary schools in Ebonyi State. 

H03:There is no significant relationship between the 

adoption of strategies for integrating virtual laboratories 

and the effectiveness of teaching and learning of 

Physics in secondary schools in Ebonyi State. 

 

Methodology 

This study adopted a descriptive survey design to 

examine the influence of virtual laboratories on the 

teaching and learning of Physics in secondary schools 

in Ebonyi State. The population comprised 12,102 

students and 42 Physics teachers drawn from 13 public 

secondary schools in the state. Using stratified random 

sampling, a sample of 80 students and 42 Physics 

teachers was selected to ensure representation across 

schools. Data were collected with a researcher-

structured questionnaire titled *Virtual Laboratory 

Utilization in Physics Questionnaire (VLUPQ)*, which 

was face and content validated by experts in Science 

Education and Measurement and Evaluation. To 

establish reliability, the instrument was trial-tested and 

yielded a Cronbach’s alpha coefficient of 0.76, 

indicating acceptable internal consistency. Data 

obtained from respondents were analyzed using 

descriptive statistics of mean and standard deviation to 

answer research questions, while inferential statistics 

involving Pearson Product-Moment Correlation and 

multiple regression were employed to test the 

hypotheses at the 0.05 level of significance.

 

 

Results 

Research Question One: What is the influence of virtual laboratories on the teaching effectiveness of Physics 

teachers in secondary schools in Ebonyi State? 

 Table 1: Mean and Standard Deviation on the Influence of Virtual Laboratories on Teaching Effectiveness 

S/N Item Statements 
Mean 

(X̄) 
 SD Decision 

1 
Virtual laboratories enhance teachers’ instructional 

delivery 

 

3.45 

 

0.62 

 

Accepted 

2 
Virtual laboratories improve teachers’ demonstration of 

experiments 

 

3.52 

 

0.58 

 

Accepted 

3 
Virtual laboratories increase teachers’ confidence in 

teaching Physics 

 

3.38 

 

0.65 

 

Accepted 

4 
Virtual laboratories support effective classroom 

management 

 

3.21 

 

0.71 

 

Accepted 

5 
Virtual laboratories improve lesson clarity and 

understanding 

 

3.49 

 

0.60 

 

Accepted 

 Grand Mean score 3.41  Accepted 

 

The results in Table 4.1 show that all items have mean 

scores above the benchmark of 2.50, indicating 

agreement among respondents. The grand mean of 3.41 

suggests that virtual laboratories significantly enhance 

the teaching effectiveness of Physics teachers. This 

implies that virtual laboratories improve instructional 

delivery, demonstration of experiments, teacher 

confidence, and clarity of lessons.
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Research Question Two: What is the influence of virtual laboratories on students’ academic performance in 

Physics in secondary schools in Ebonyi State?  

Table 4.2: Multiple Regression Analysis on Influence of Virtual Laboratories on Academic Performance 

Variables B Beta (β) t-value Sig. 

Constant 1.204 - 4.12 0.000 

Access to virtual labs 0.312 0.285 3.45 0.001 

Frequency of use 0.428 0.392 4.18 0.000 

Student engagement 0.365 0.341 3.87 0.000 

R = 0.721, R² = 0.520 

The regression results indicate that virtual laboratory 

variables jointly explain 52.0% of the variance in 

students’ academic performance in Physics. Frequency 

of use (β = 0.392) had the highest predictive influence, 

followed by student engagement (β = 0.341) and access 

(β = 0.285). All variables are statistically significant (p 

< 0.05), indicating that virtual laboratories positively 

influence students’ academic performance.

 

Research Question Three: What are the strategies for effective integration of virtual laboratories in the teaching 

and learning of Physics in secondary schools in Ebonyi State? 

Table 3: Mean and Standard Deviation scores on the strategies for effective integration of virtual laboratories 

in the teaching and learning of Physics in secondary schools  

S/N Item Statements 
Mean 

(X̄) 
 SD Decision 

1 Provision of adequate ICT facilities 3.56 0.59 Accepted 

2 Teacher training on virtual laboratory usage 3.62 0.55 Accepted 

3 Integration into curriculum planning 3.48 0.63 Accepted 

4 Regular maintenance of ICT tools 3.40 0.67 Accepted 

5 Government and institutional support 3.59 0.57 Accepted 

 Grand Mean score 3.55  Accepted 

  
The findings reveal that all identified strategies are 

effective, with a grand mean of 3.53. This indicates 

strong agreement that proper infrastructure, training, 

curriculum integration, maintenance, and institutional 

support are critical for effective integration of virtual 

laboratories.

 

Test of Hypotheses 

H0₁: Virtual laboratories have no significant influence on teaching effectiveness in senior secondary schools in 

Ebonyi State. 

Table 4: Correlation Analysis 

Variables N r p-value Decision 

Virtual laboratories & teaching 

effectiveness 
42 0.684 0.000 Rejected 

 

Since p-value (0.000) < 0.05, the null hypothesis is 

rejected. Therefore, there is a significant positive 

relationship between virtual laboratories and teaching 

effectiveness. This indicates that increased use of 

virtual laboratories enhances teachers’ effectiveness

 

H0₂: Virtual laboratories have no significant influence on students’ academic performance in senior secondary 

schools in Ebonyi State. 

Table 4.5: Regression ANOVA 

Source SS df MS F Sig. 

Regression 28.45 3 9.48 18.62 0.000 

Residual 26.29 76 0.35   

Total 54.74 79    
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Since p-value (0.000) < 0.05, the null hypothesis is 

rejected. Therefore, virtual laboratories significantly 

influence students’ academic performance in Physics in 

senior secondary schools in Ebonyi State.

 

H0₃: There is no significant relationship between integration strategies and effectiveness of teaching and learning 

of Physics in senior secondary schools in  Ebonyi State. 

Table 4.6: Pearson Correlation 

Variables N r p-value Decision 

Integration strategies & 

teaching/learning effectiveness 
122 0.712 0.000 Rejected 

 

Since p-value (0.000) < 0.05, the null hypothesis is 

rejected. Therefore, there is a strong positive 

relationship between integration strategies and effective 

teaching and learning of Physics in senior secondary 

schools in Ebonyi State, Nigeria. 

 

Discussion of Findings 

The results are interpreted in relation to existing 

empirical and theoretical literature on the use of virtual 

laboratories in science education, particularly within the 

context of Biology teaching and learning. The finding 

of the study revealed that virtual laboratories 

significantly enhance the teaching effectiveness of 

Physics teachers in secondary schools. The descriptive 

analysis indicated that teachers strongly agreed that 

virtual laboratories improve instructional delivery, 

facilitate clearer explanations of physics concepts, 

enhance the demonstration of experiments, and promote 

better classroom interaction. This finding suggests that 

virtual laboratories serve as pedagogical tools that 

enrich the teaching process by making abstract and 

complex biological concepts more concrete and 

accessible. This result is consistent with contemporary 

research in science education which emphasizes the 

transformative role of digital simulation tools in 

teaching. Navarro, Arias-Calderón, Henríquez, and 

Riquelme (2024) found that virtual laboratories enable 

teachers to present complex biological processes 

through interactive simulations, thereby improving 

instructional clarity and effectiveness. Their study 

further noted that teachers who integrate virtual 

laboratories into their teaching demonstrate higher 

levels of pedagogical innovation and confidence. 

Similarly, Byukusenge, Nsanganwimana and Tarmo 

(2022), in their systematic review, reported that virtual 

laboratories are particularly effective in teaching 

abstract topics such as genetics, microbiology, and 

molecular biology, where real-life experimentation may 

be limited by cost, safety, or logistical constraints. 

 

The implication of this finding is that virtual 

laboratories not only supplement traditional teaching 

methods but also redefine the instructional process by 

providing opportunities for repeated experimentation, 

visualization, and interactive learning. The significant 

relationship observed in the hypothesis testing further 

strengthens this conclusion, indicating that increased 

utilization of virtual laboratories corresponds with 

improved teaching effectiveness. This aligns with the 

principles of constructivist learning theory, which posits 

that knowledge is actively constructed through 

interaction, exploration, and engagement with learning 

materials. Virtual laboratories, by design, support such 

interactive and learner-centered instructional 

approaches, thereby enhancing teachers’ effectiveness. 

 

The finding of the study also demonstrated that virtual 

laboratories have a significant positive influence on 

students’ academic performance in Physics. The 

regression analysis revealed that access to virtual 

laboratories, frequency of use, and student engagement 

collectively predict students’ academic performance, 

with frequency of use emerging as the strongest 

predictor. This indicates that consistent and sustained 

exposure to virtual laboratory environments plays a 

critical role in enhancing students’ learning outcomes. 

This finding is strongly supported by recent empirical 

studies. Bazie, Lemma, Workneh, and Estifanos (2024), 

in a quasi-experimental study, found that students who 

were exposed to virtual laboratory instruction 

performed significantly better than those taught using 

conventional laboratory methods. The study attributed 

this improvement to increased opportunities for 

practice, immediate feedback, and enhanced conceptual 

understanding provided by virtual simulations. In a 

similar vein, Sibinda, Kabunga, and Goodwell (2025) 

reported that virtual laboratory simulations 

significantly improved students’ academic performance 
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and conceptual understanding in science subjects, 

particularly in areas requiring visualization and 

experimentation. Consequently, Li and Liang (2024), 

through a meta-analysis of multiple studies, established 

that virtual laboratories have a significant positive 

effect on students’ academic achievement, with notable 

improvements in knowledge retention and application. 

This reinforces the present study’s findings, confirming 

that virtual laboratories are effective tools for 

improving students’ academic performance. The role of 

student engagement, as identified in this study, is also 

corroborated by Sapriati, Suhandoko, Yundayani, 

Karim, Kusmawan, Adnan, and Suhandoko (2023), 

who found that virtual laboratories enhance students’ 

motivation, self-regulated learning, and active 

participation in the learning process. Their findings 

suggest that when students actively engage with virtual 

simulations, they develop deeper understanding, critical 

thinking skills, and improved academic outcomes. 

 

The finding of the study also identified key strategies 

necessary for the effective integration of virtual 

laboratories in the teaching and learning of Physics. 

These strategies include the provision of adequate ICT 

facilities, teacher training, curriculum integration, 

regular maintenance of technological infrastructure, 

and strong institutional and government support. The 

high mean ratings for these variables indicate that 

respondents recognize the importance of systemic and 

structural support in the successful implementation of 

virtual laboratories. This finding is consistent with 

existing literature which highlights the critical role of 

institutional readiness and teacher competence in the 

adoption of educational technologies. Byukusenge, 

Nsanganwimana, and Tarmo (2022) emphasized that 

the effectiveness of virtual laboratories depends largely 

on proper curriculum integration and teachers’ 

proficiency in using digital tools. Without adequate 

training, teachers may be unable to fully utilize the 

potential of virtual laboratory technologies. Similarly, 

Navarro, Arias-Calderón, Henríquez, and Riquelme 

(2024) noted that institutional support, including access 

to reliable internet and functional ICT infrastructure, 

significantly influences both teacher adoption and 

student engagement in virtual learning environments. 

 

The significant relationship found between integration 

strategies and teaching-learning effectiveness further 

underscores the importance of these factors. It implies 

that the success of virtual laboratories is not solely 

dependent on their availability but also on how well 

they are implemented and supported within the 

educational system. In essence, virtual laboratories 

require a holistic approach that combines technological 

provision, capacity building, and policy support. The 

study therefore suggests that strategic investment in 

virtual laboratory technologies, coupled with deliberate 

efforts to train teachers and integrate these tools into the 

curriculum, can significantly improve the quality of 

Physics education. Such interventions would not only 

address existing gaps in practical science instruction but 

also align the Nigerian educational system with global 

trends in digital and technology-enhanced learning. 

 

Conclusion  
This study examined the influence of virtual 

laboratories on the teaching and learning of Physics in 

secondary schools in Ebonyi State. Based on the 

findings, it is evident that virtual laboratories play a 

significant role in enhancing both teaching 

effectiveness and students’ academic performance in 

Physics. The study established that teachers who utilize 

virtual laboratories demonstrate improved instructional 

delivery, clearer explanation of concepts, and better 

classroom engagement. In addition, the study revealed 

that students exposed to virtual laboratories perform 

better academically due to increased engagement, better 

understanding of abstract concepts, and opportunities 

for repeated practice. The findings also showed that 

effective integration of virtual laboratories depends on 

critical factors such as availability of ICT facilities, 

teacher training, curriculum alignment, and institutional 

support. The study therefore concludes that virtual 

laboratories are indispensable tools for improving 

Physics education, especially in environments where 

traditional laboratory resources are limited. 

 

Recommendations 

Based on the findings of the study, the following 

recommendations are made: 

1. Government and school authorities should 

provide adequate ICT facilities, including 

computers, internet access, and virtual 

laboratory software, to enable effective 

implementation of virtual laboratories in 

secondary schools. 

2. Regular training, workshops, and professional 

development programmes should be organized 

for Physics teachers to enhance their 
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competence in using virtual laboratories and 

other digital instructional tools. 

3. Educational policymakers should integrate 

virtual laboratories into the Physics curriculum 

and develop clear guidelines for their 

implementation. Schools should also ensure 

consistent use of virtual laboratories to 

complement traditional teaching methods. 
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