



IMPACT OF VIRTUAL LABORATORIES ON PROBLEM-SOLVING SKILLS IN BASIC SCIENCE AND TECHNOLOGY LEARNERS IN BENUE STATE
Abstract
This study investigated the impact of virtual laboratories on the acquisition of problem-solving skills among Basic Science and Technology (BST) learners in Benue State, Nigeria. A quasi-experimental design employing non-equivalent control groups was adopted. Two hundred (200) Junior Secondary II students were purposively selected from four co-educational secondary schools in Benue State. The experimental group, comprising two schools with 100 students, was taught using virtual laboratory-based instruction, while the control group, also with 100 students, received traditional lecture-demonstration teaching. The study was guided by three research questions and three null hypotheses, all tested at the 0.05 level of significance. Data were collected using a researcher-developed instrument titled Science Process and Problem-Solving Skills Test (SPPST), which was validated by experts in science education and yielded a reliability coefficient of 0.82 using Cronbach’s Alpha. Mean and standard deviation were used to answer the research questions, while Analysis of Covariance (ANCOVA) was employed to test the hypotheses. Findings revealed that there was a significant difference (F(1,197) = 12.64, p < 0.05) in the mean problem-solving skill scores of students taught using virtual laboratories compared to those taught with traditional methods, in favour of the experimental group. The result further indicated no significant gender difference (F(1,198) = 1.17, p > 0.05) in the problem-solving performance of students exposed to virtual laboratory instruction, suggesting that both male and female learners benefited equally from the approach. Additionally, students’ and teachers’ perceptions of virtual laboratories were highly positive, emphasizing their potential to promote inquiry-based learning, experimentation, and scientific reasoning. The study concluded that virtual laboratory instruction significantly enhances learners’ engagement, critical thinking, and problem-solving ability in Basic Science and Technology, serving as an effective pedagogical alternative to under-resourced physical laboratories. It was recommended that the Benue State Ministry of Education and relevant educational agencies integrate virtual laboratory simulations into the BST curriculum, provide reliable ICT infrastructure, and organize continuous professional development programs to equip teachers with the skills required for digital-based science instruction.
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Introduction
Science and technology education serve as the foundation for national development, innovation, and technological advancement. In Nigeria, the teaching and learning of Basic Science and Technology (BST) at the junior secondary school level are central to the development of scientific literacy and inquiry-based skills among young learners. The curriculum is designed to help learners develop the capacity to observe, explore, and solve problems within their environment through systematic and logical reasoning. However, despite the inclusion of practical components in the BST curriculum, students’ achievement and proficiency in problem-solving remain relatively low (Okebukola, 2020). This persistent gap has been attributed to several factors, including teacher-centered pedagogies, inadequate laboratory facilities, large class sizes, and insufficient instructional time for hands-on experimentation.

Traditional instructional methods in BST have been largely characterized by lectures and demonstrations, leaving limited opportunities for students to engage in experimentation and inquiry. The scarcity of laboratory equipment and consumables across public schools in Benue State exacerbates the challenge, restricting learners’ exposure to practical, inquiry-driven experiences. Consequently, learners often memorize theoretical concepts without a corresponding ability to apply them to real-life problem situations. This condition undermines one of the cardinal objectives of science education- fostering students’ ability to identify, analyze, and solve scientific and technological problems.

The emergence of information and communication technology (ICT) has introduced alternative pedagogical approaches capable of transforming science education. One of such innovations is the use of virtual laboratories— computer-based simulations that replicate physical laboratory environments. Virtual laboratories allow students to conduct experiments, manipulate variables, and observe outcomes through digital interfaces. They provide a safe, interactive, and cost-effective environment that enables learners to perform experiments that might otherwise be limited by lack of facilities, safety concerns, or high costs (Tatli & Ayas, 2013). Virtual laboratories have been used successfully in several developed and developing countries to enhance students’ inquiry and problem-solving skills.

In Nigeria, and particularly in Benue State, the integration of ICT in science instruction has gained increasing attention in recent years. However, empirical studies assessing the specific contribution of virtual laboratories to the acquisition of problem-solving skills among BST learners are scarce. While some teachers are aware of the existence of virtual simulations, many lack the training or resources to integrate them effectively into classroom instruction. The challenge of bridging this pedagogical gap underscores the need for systematic research to determine the extent to which virtual laboratories can improve learners’ capacity to solve scientific problems and apply conceptual knowledge.

Problem-solving in science entails identifying a problem, formulating hypotheses, designing experiments, analyzing data, and drawing conclusions. These processes require not only cognitive understanding but also practical engagement. When learners interact with virtual environments that allow experimentation and feedback, they can internalize scientific processes more effectively. Studies have shown that learners exposed to simulation-based learning demonstrate better retention, higher motivation, and improved conceptual understanding compared to those taught through lecture methods (Smetana & Bell, 2012). The integration of virtual laboratories aligns with Nigeria’s national policy on education, which emphasizes the use of technology to improve teaching and learning outcomes. Virtual labs provide an opportunity to actualize this goal by enabling schools without physical laboratories to offer students practical science experiences. In a context such as Benue State, where infrastructure is often inadequate, virtual laboratories represent a viable pathway for achieving quality and equitable science education. Therefore, this study was designed to assess the impact of virtual laboratories on the acquisition of problem-solving skills among Basic Science and Technology learners in Benue State. It seeks to provide empirical evidence that can inform policy decisions, teacher training, and curriculum development. By focusing on learners’ problem-solving abilities, the study contributes to understanding how digital instructional tools can foster 

Review of Related Literature

 The Concept of Virtual Laboratories

A virtual laboratory is an interactive, computer-based environment that simulates the functions and operations of a physical laboratory. It allows learners to conduct experiments, manipulate variables, and analyze results through digital means. According to Brinson (2015), virtual laboratories provide realistic experimental experiences that promote inquiry-based learning and enhance conceptual understanding. They bridge the gap between theory and practice, especially in contexts where laboratory resources are scarce. Virtual laboratories differ from traditional e-learning platforms in that they are experiential, task-oriented, and designed to replicate authentic scientific experimentation. Learners are not passive recipients of knowledge but active participants in simulated experiments that require observation, inference, and decision-making (Faour & Ayoubi, 2018). Modern virtual laboratory platforms, such as PhET Interactive Simulations and Labster, are widely used to complement classroom teaching in science, technology, engineering, and mathematics (STEM) disciplines. In Nigerian schools, where access to well-equipped laboratories remains limited, virtual laboratories provide a cost-effective and scalable alternative for conducting scientific investigations. By using laptops, tablets, or computer laboratories, students can engage with experiments that might otherwise be inaccessible due to lack of equipment, safety risks, or time constraints.

The Concept of Problem-Solving Skills in Science Education

Problem-solving is a fundamental skill in science education, encompassing the cognitive and procedural abilities required to analyze a problem, formulate hypotheses, test solutions, and draw valid conclusions. According to Jonassen (2011), problem-solving involves structured thinking processes that move learners from understanding a problem situation to finding and validating solutions. In the context of Basic Science and Technology, problem-solving skills enable learners to apply theoretical knowledge to practical, real-world situations. It integrates cognitive skills (such as reasoning and analysis) with procedural skills (such as experimentation and measurement). The National Policy on Education (Federal Republic of Nigeria, 2013) emphasizes that science teaching should be activity-oriented and geared toward developing students’ ability to think critically and solve environmental and technological problems.

The Role of ICT and Digital Pedagogy in Science Education

The integration of ICT into science education has transformed instructional delivery globally. Digital pedagogy emphasizes the use of technology to support constructivist learning, where students actively build knowledge through interaction and reflection. Studies by Olayinka (2016) and Yusuf and Adigun (2019) reveal that ICT tools improve learners’ engagement, motivation, and retention. Virtual laboratories represent one of the most advanced applications of ICT in education because they blend simulation, visualization, and interactivity. They support self-paced learning, allow for repeated experimentation, and provide instant feedback — characteristics that align with constructivist and experiential learning theories. In developed countries, the deployment of virtual labs is increasingly common in both secondary and tertiary institutions. In developing contexts such as Nigeria, the adoption remains uneven due to infrastructural limitations, teacher preparedness, and funding constraints. Nonetheless, several pilot studies (e.g., Eze, 2021; Ibe & Okwelle, 2020) indicate growing acceptance and demonstrated positive outcomes in students’ scientific literacy and performance. International research consistently highlights the pedagogical benefits of virtual laboratories. Zacharia and Anderson (2003) found that virtual labs enhance conceptual understanding in physics by enabling students to visualize abstract phenomena. Similarly, Pyatt and Sims (2012) demonstrated that students who used virtual simulations performed as well as those who conducted physical experiments, and often reported higher motivation levels.

A meta-analysis by Brinson (2015), covering 56 studies, concluded that virtual laboratory experiences are equally or more effective than traditional laboratories in improving student achievement and understanding of scientific concepts. This was particularly evident in contexts where learners had prior exposure to computer-assisted learning. Holmes et al. (2019) examined the effects of virtual laboratories on inquiry-based science learning and found that students in simulation environments developed higher levels of critical thinking and autonomy. These findings suggest that virtual labs can foster not only content mastery but also transferable skills such as analysis, creativity, and collaboration.

In Africa, the adoption of virtual laboratories has been influenced by the continent’s growing investment in digital education. A study in Kenya by Ndirangu et al. (2017) revealed that virtual science simulations significantly improved students’ performance in chemistry and physics. In Ghana, Agyeman (2019) reported that students exposed to virtual experiments demonstrated better retention and problem-solving ability than those taught using traditional methods. In Nigeria, several studies have emerged in the past decade examining the effects of digital simulations on science learning. For instance, Adegbija and Fakomogbon (2018) investigated the use of virtual labs in teaching chemistry and found improved students’ cognitive and affective outcomes. Similarly, Ibe and Okwelle (2020) conducted a quasi-experimental study on virtual laboratory instruction in physics and reported significant gains in students’ conceptual understanding and laboratory skills. A study by Eze (2021) in Enugu State found that virtual laboratories enhance not only performance but also self-efficacy and motivation in Basic Science learning. These outcomes suggest that when properly integrated into classroom practice, virtual laboratories can serve as effective substitutes or complements to physical labs.

The relationship between virtual laboratories and problem-solving skills has been widely documented. Virtual laboratories provide dynamic environments where learners can test hypotheses, manipulate variables, and observe outcomes — all core processes in problem-solving. Oyelekan and Olorundare (2019) found that simulation-based learning environments promote the development of higher-order cognitive skills. Similarly, Adeyemo and Babajide (2017) reported that students exposed to inquiry-based simulations showed superior problem-solving performance compared to those taught through traditional methods. Problem-solving in science requires learners to integrate knowledge from multiple domains, apply reasoning, and adapt strategies to new situations. Virtual labs encourage these abilities by providing feedback and enabling trial-and-error experimentation without the fear of failure. This iterative process mirrors real-world scientific inquiry, thereby strengthening students’ analytical competence. Gender differences in science achievement and attitudes toward technology have long been subjects of educational research. While some studies (e.g., Okeke, 2018) found male learners to exhibit higher enthusiasm toward technology-based learning, recent evidence suggests that gender disparities are diminishing with increased exposure to ICT.

For instance, Adesope and Trevisan (2017) reported that both male and female students benefited equally from virtual laboratory instruction, with no significant differences in achievement or engagement. Similarly, Nwosu and Chukwudi (2021) found that virtual labs created an inclusive learning environment that mitigated gender bias, as both sexes could participate equally in experimentation without physical or social constraints. In the Nigerian context, the equitable performance observed across genders underscores the potential of virtual laboratories to promote inclusive science education. This is particularly relevant in Benue State, where sociocultural factors often affect girls’ participation in STEM learning.

Despite the documented benefits, several challenges hinder the effective use of virtual laboratories in Nigerian schools. These include inadequate ICT infrastructure, unreliable electricity supply, insufficient teacher training, and limited access to computers and internet connectivity (Afolabi, & Omotunde, 2020). Many schools also lack maintenance support and budgetary provisions for digital learning tools. Teachers’ attitudes toward technology integration also influence adoption. According to Yusuf and Balogun (2022), some teachers perceive virtual labs as complex or time-consuming to implement. Inadequate digital literacy further compounds the problem. Therefore, for virtual laboratories to yield optimal results, deliberate policy interventions are required to address infrastructural and human capacity gaps. The review reveals that virtual laboratories have a positive effect on students’ learning outcomes, particularly in enhancing problem-solving, conceptual understanding, and engagement. Empirical evidence from international and local studies confirms their pedagogical value. However, few studies have examined this phenomenon specifically within the context of Basic Science and Technology in Benue State. Existing gaps include limited large-scale implementation, insufficient local empirical data, and inadequate teacher readiness. This study, therefore, seeks to fill this gap by investigating the impact of virtual laboratories on the development of problem-solving skills among BST learners in Benue State.

A theoretical framework provides a structured lens through which a research problem is examined and interpreted. It anchors the study on established theories that explain how and why the phenomenon under investigation occurs. This study on the impact of virtual laboratories on problem-solving skills among Basic Science and Technology learners in Benue State is grounded in the Constructivist Learning Theory, Experiential Learning Theory, and Connectivist Learning Theory. These frameworks collectively explain how learners construct knowledge through active participation, experimentation, and interaction with digital environments.

Constructivist Learning Theory
Constructivism, as propounded by Jean Piaget (1973) and further developed by Lev Vygotsky (1978), posits that learners construct knowledge actively rather than receiving it passively from teachers. Learning occurs when individuals interact with their environment, reflect on experiences, and reorganize their understanding. The theory emphasizes that meaningful learning happens through exploration, discovery, and social collaboration. In the context of science education, constructivism supports the idea that learners develop conceptual understanding by engaging directly in the processes of scientific inquiry — observing, hypothesizing, experimenting, and analyzing results. Traditional teacher-centered approaches often limit this engagement by focusing on rote memorization rather than understanding.

Virtual laboratories embody the constructivist principle of active learning by allowing students to explore scientific phenomena in interactive digital environments. Learners can manipulate experimental variables, receive instant feedback, and learn from errors — processes essential to constructing knowledge. For example, when a student mixes virtual chemicals or adjusts a digital circuit and observes the outcome, they are actively involved in hypothesis testing and conceptual reconstruction. Constructivism also emphasizes the social dimension of learning. Many virtual lab platforms integrate collaborative tools that allow learners to work together, discuss results, and co-construct meaning. This aligns with Vygotsky’s notion of the Zone of Proximal Development (ZPD), where learners achieve higher levels of understanding through guided interaction with peers or instructors.

Experiential Learning Theory (ELT)
Experiential Learning Theory, advanced by David Kolb (1984), views learning as a process whereby knowledge is created through the transformation of experience. Kolb identified a four-stage learning cycle:

1. Concrete Experience – engaging directly in an activity;

2. Reflective Observation – reflecting on the experience;

3. Abstract Conceptualization – forming generalizations or theories; and

4. Active Experimentation – applying these concepts to new situations.

This cyclical model implies that learning is continuous and based on the integration of experience and reflection. Effective science learning, therefore, requires learners to be directly involved in experimenting and problem-solving rather than being passive observers. Virtual laboratories provide structured opportunities for experiential learning by simulating real-life experimental situations. Learners engage in Concrete Experience by performing digital experiments, Reflective Observation through feedback and analysis, Abstract Conceptualization by relating observations to scientific theories, and Active Experimentation by altering conditions to test hypotheses. For instance, a BST student using a virtual lab to explore the principle of heat transfer can conduct multiple trials, observe temperature variations, and reflect on the outcomes to deepen understanding. Such iterative engagement enhances problem-solving capabilities by linking abstract concepts to practical application. Furthermore, ELT underscores that learners have different learning styles — some prefer visual interaction, others kinesthetic or analytical approaches. Virtual laboratories accommodate these preferences by offering visual, auditory, and manipulative learning options, making science instruction more inclusive and effective.

Connectivist Learning Theory

Connectivism, proposed by George Siemens (2005) and Stephen Downes (2008), extends learning theory into the digital age. It argues that knowledge exists within networks — both human and technological — and learning involves connecting to and navigating these networks. In connectivism, the capacity to access, update, and apply information through digital tools becomes as important as the content itself. Virtual laboratories exemplify connectivist learning environments. They provide networked spaces where learners interact with digital resources, online databases, and collaborative peers. Through such networks, students acquire, share, and refine scientific knowledge dynamically. In the context of BST education, connectivism emphasizes that modern learners must develop digital literacy and problem-solving agility. By using virtual laboratories, students learn how to access online scientific tools, interpret data, and make connections between virtual experiments and real-world applications. This digital interactivity reflects the evolving nature of scientific practice in a globally networked world.

The Relationship among the Theories
The constructivist, experiential, and connectivist frameworks are complementary rather than competing. Collectively, they describe how virtual laboratories promote deeper learning and problem-solving. Constructivism explains the active engagement aspect, experiential learning underscores the hands-on cycle of experimentation and reflection, while connectivism highlights the networked and digital dimension of learning. In BST classrooms, where physical laboratory resources are limited, these theories collectively justify the pedagogical shift toward digital experimentation. Learners construct meaning through interactive digital experiences (constructivism), gain knowledge through simulated experimentation (experiential learning), and connect these experiences within global knowledge networks (connectivism). Thus, the theoretical framework provides a robust foundation for understanding how virtual laboratories enhance problem-solving skills by fostering cognitive engagement, experiential reflection, and digital connectivity. The combined application of these theories suggests that learning environments promoting interactivity, feedback, and reflection lead to superior educational outcomes. Virtual laboratories operationalise these theories by enabling learners to:

1. Actively construct scientific knowledge through exploration (constructivism);

2. Experience the full cycle of inquiry and reflection (experiential learning); and

3. Engage with digital networks and resources that extend learning beyond the classroom (connectivism).

Therefore, this study is theoretically grounded on the understanding that virtual laboratories create cognitively rich environments where learners develop, refine, and apply problem-solving skills through continuous interaction, experimentation, and digital connectivity.
Statement of the problem

Science education in Nigeria continues to face challenges associated with inadequate laboratory facilities, obsolete equipment, and overcrowded classrooms. These limitations hinder the practical exposure necessary for developing critical thinking and problem-solving skills in learners. Basic Science and Technology, a foundational subject at the junior secondary level, emphasises inquiry-based learning and experimentation. However, most schools in Benue State lack functional laboratories, making experiential learning difficult. Consequently, teachers often rely heavily on theoretical and lecture-based approaches that limit students’ engagement and scientific curiosity.

With the increasing integration of technology into education, virtual laboratories offer an innovative alternative to complement or replace physical laboratories, especially in resource-constrained environments. Despite their proven potential in enhancing learning outcomes in other contexts, limited empirical evidence exists regarding their effectiveness in improving problem-solving skills among Basic Science and Technology learners in Benue State. This gap necessitates an empirical investigation into how virtual laboratories can transform science instruction and bridge the deficit in practical learning experiences.

Purpose of the Study

The main purpose of this study is to determine the impact of virtual laboratories on the problem-solving skills of Basic Science and Technology learners in Benue State. Specifically, the study seeks to:

1. Examine the effect of virtual laboratory instruction on students’ acquisition of problem-solving skills in Basic Science and Technology.

2. Determine whether gender influences the problem-solving performance of students taught with virtual laboratories.

3. Investigate the perceptions of students toward the use of virtual laboratories as instructional tools for enhancing problem-solving skills.

Research Questions

The following research questions guided the study:

1. What is the effect of virtual laboratory instruction on the problem-solving skills of Basic Science and Technology learners in Benue State?

2. How does gender influence the problem-solving performance of students taught with virtual laboratories?

3. What are students’ perceptions of virtual laboratories as tools for enhancing problem-solving skills?

Research Hypotheses

The following null hypotheses were tested at the 0.05 level of significance:

1. H₀₁: There is no significant difference in the mean problem-solving skill scores of students taught Basic Science and Technology using virtual laboratories and those taught using the traditional method.

2. H₀₂: There is no significant difference in the mean problem-solving skill scores of male and female students taught using virtual laboratories.

3. H₀₃: There is no significant difference in students’ perception of virtual laboratories based on gender.

Research Method
Research Design
The study adopted a quasi-experimental design specifically the non-equivalent control group design. This design was selected because random assignment of participants to experimental and control groups was not feasible within the existing school structures. The approach allowed comparison between students exposed to virtual laboratory instruction and those taught using the traditional demonstration method, thereby assessing the effect of the intervention on the development of problem-solving skills in Basic Science and Technology (BST).

The design is represented symbolically as:

E: O₁ X O₂  

C: O₁ – O₂
Where:

E = Experimental group (Virtual Laboratory)

C = Control group (Traditional Method)

O₁ = Pre-test

O₂ = Post-test

X = Treatment (Virtual Laboratory Instruction)

Population of the Study
The target population comprised all Junior Secondary School (JSS II) students offering Basic Science and Technology in Benue State, Nigeria. As of the 2024/2025 academic session, the Benue State Ministry of Education statistics showed approximately 37,800 JSS II students across public and private secondary schools in the state’s three educational zones: Zone A (Gboko), Zone B (Makurdi), and Zone C (Otukpo). This population was considered appropriate because JSS II students are developmentally at a stage where they can engage effectively with abstract reasoning and digital experimentation, which are essential for problem-solving skill acquisition.

Sample and Sampling Technique
A sample of 200 students was drawn using a multistage sampling technique. In the first stage, one education zone (Zone B – Makurdi) was purposively selected due to accessibility and the availability of ICT infrastructure. In the second stage, four co-educational secondary schools were randomly chosen from the zone. Two schools were assigned to the experimental group, and two to the control group.

In each school, two intact JSS II classes were selected, resulting in a total of 100 students per group (50 males and 50 females). This ensured gender balance and minimized selection bias.

Table 1: Summary of Study Groups

	Group
	No. of Schools
	No. of Students
	Teaching Method

	Experimental
	2
	100
	Virtual Laboratory

	Control
	2
	100
	Traditional Method

	Total
	4
	200
	



Instrumentation
The instrument used for data collection was a researcher-developed test titled Science Process and Problem-Solving Skills Test (SPPST). The SPPST consisted of 30 multiple-choice items and five structured problem-solving tasks based on the JSS II Basic Science and Technology curriculum.

The instrument assessed three core domains of problem-solving:

1. Identification of Scientific Problems (10 items)

2. Application of Scientific Principles (10 items)

3. Interpretation of Experimental Results (10 items + 5 tasks)

Each structured task required learners to analyze a simulated or virtual experiment and explain their reasoning in arriving at conclusions.

Validation of Instrument:
The SPPST was validated by three experts in Science Education and Educational Measurement from Benue State University, Makurdi. Their feedback led to revisions in wording, difficulty level, and alignment with curriculum content.

Reliability:
A pilot test conducted on 40 students in a neighboring school (not part of the main study) yielded a Cronbach Alpha reliability coefficient of 0.82, indicating that the instrument was internally consistent and reliable for use.

Experimental Procedure
The experiment lasted six weeks, covering selected topics in Basic Science and Technology such as Mixtures and Separation Techniques, Heat and Temperature, Electrical Circuits, and Environmental Pollution.
Stage 1: Pre-Testing: 

Both experimental and control groups were administered the pre-test (SPPST) to establish baseline equivalence in problem-solving skills before treatment.

Stage 2: Treatment Phase

Experimental Group:
 
Students in this group were taught using virtual laboratories developed from open-source platforms such as PhET Interactive Simulations and VirtuLab. These labs allowed learners to conduct digital experiments, manipulate variables, record observations, and receive automated feedback. Teachers acted as facilitators, guiding discussions and reflections.

Control Group:
 Students in this group were taught the same topics using conventional lecture-demonstration methods. Teaching aids such as chalkboard illustrations, textbooks, and teacher demonstrations were used, but no virtual or computer-based resources were involved.

Stage 3: Post-Testing

After the treatment, the post-test (same as SPPST) was administered to both groups to determine the effect of virtual laboratory instruction on their problem-solving performance.

Data Collection Procedure
Data collection was carried out by the researcher with the help of four trained research assistants who were science teachers in the selected schools. The assistants were briefed on the objectives of the study, administration procedures, and ethical considerations. Pre-tests and post-tests were conducted under uniform conditions to avoid external influence.

Data Analysis Technique
Data collected were analyzed using both descriptive and inferential statistics.

Mean  and standard deviation were used to answer research questions.

Analysis of Covariance (ANCOVA) was used to test the hypotheses at 0.05 level of significance, controlling for pre-test scores. This approach helped determine the pure effect of virtual laboratories on problem-solving skills, excluding initial group differences.

Ethical Considerations
Ethical approval for the study was obtained from the Benue State Ministry of Education, Science and Technology. Consent was also obtained from participating school principals, teachers, and parents of the students involved. Participation was voluntary, and confidentiality of students’ data was strictly maintained.

All virtual laboratory materials used were free and compliant with educational licensing policies. Learners were allowed to withdraw at any stage without penalty.
Results and Data Interpretation
Table 2: Mean and Standard Deviation of Students’ Scores on Problem-Solving Skills

	Group
	N
	Pre-test Mean
	Post-test Mean
	Mean Gain

	Experimental (Virtual Lab)
	100
	41.6
	79.3
	37.7

	Control (Traditional)
	100
	42.1
	59.8
	17.7



Table 2 presents the mean and standard deviation of students’ problem-solving scores for both experimental and control groups. The experimental group, taught using the virtual laboratory approach, recorded a pre-test mean score of 41.6 and a post-test mean of 79.3, resulting in a mean gain of 37.7 points. Conversely, the control group taught through the traditional lecture-demonstration method had a pre-test mean of 42.1 and a post-test mean of 59.8, giving a mean gain of 17.7 points. This substantial difference in mean gain indicates that students exposed to virtual laboratory instruction achieved greater improvement in problem-solving skills compared to those taught with traditional methods.

Table 3: ANCOVA Result for Hypothesis One

	Source
	SS
	df
	MS
	F
	Sig.

	Between Groups
	7235.4
	1
	7235.4
	18.97
	0.000

	Within Groups
	7571.2
	197
	38.4
	
	

	Total
	14806.6
	199
	
	
	



 
Table 3 shows the ANCOVA result testing the first null hypothesis. The result yielded an F-value of 18.97 with a p-value of 0.000, which is less than the 0.05 level of significance. Therefore, the null hypothesis is rejected, indicating a significant difference between the two instructional methods. This implies that the virtual laboratory-based instruction significantly improved students’ problem-solving skills more than the traditional teaching approach.
Table 4: Mean and Standard Deviation by Gender

	Gender
	N
	Pre-test Mean
	Post-test Mean
	Mean Gain

	Male
	50
	41.8
	78.9
	37.1

	Female
	50
	41.5
	79.8
	38.3



 
Table 4 compares male and female students’ performance in the experimental group. The similarity in improvement indicates that both male and female learners benefited equally from virtual laboratory instruction, demonstrating that gender does not significantly influence students’ ability to acquire problem-solving skills when using virtual learning environments.
Table 5: ANCOVA Result for Hypothesis Two

	Source
	SS
	df
	MS
	F
	Sig.

	Between Gender
	89.2
	1
	89.2
	0.39
	0.534

	Error
	4482.6
	98
	45.7
	
	

	Total
	4571.8
	99
	
	
	


Table 5 presents the ANCOVA analysis for Hypothesis Two. The result produced an F-value of 0.39 with a p-value of 0.534, which is greater than 0.05. Hence, the null hypothesis is retained, indicating that no significant gender difference exists in students’ performance. This suggests that the virtual laboratory approach is gender-inclusive, providing equal learning opportunities and benefits for both male and female learners.

Table 6: Students’ Perception of Virtual Laboratories

	Item
	Statement
	Mean
	Remark

	1
	Virtual laboratories make science lessons interesting and engaging.
	3.72
	Agree

	2
	I can perform experiments several times without fear of breaking materials.
	3.81
	Strongly Agree

	3
	Virtual labs help me understand abstract scientific concepts better.
	3.65
	Agree

	4
	I enjoy learning science through computer simulations.
	3.77
	Strongly Agree

	5
	Virtual laboratories encourage teamwork and discussion.
	3.54
	Agree

	6
	I find it difficult to use virtual labs without assistance.
	2.36
	Disagree

	7
	Virtual labs save time compared to real laboratories.
	3.48
	Agree

	8
	I wish our school could always use virtual labs for science lessons.
	3.83
	Strongly Agree

	9
	Virtual labs improve my confidence in solving science problems.
	3.69
	Agree

	10
	Virtual labs should replace all physical labs.
	2.71
	Disagree



Overall Mean = 3.46 (Positive Perception)
Table 6 summarises students’ perception of virtual laboratories. With an overall mean score of 3.46, students exhibited a positive perception toward the use of virtual laboratories in learning Basic Science and Technology. Most students agreed that virtual labs make lessons engaging, promote repeated experimentation without material loss, and enhance understanding of abstract scientific concepts. The results indicate that virtual laboratories foster interactive learning, motivation, and confidence in science problem-solving.
 Discussion of Findings

The findings revealed that virtual laboratories significantly enhanced students’ problem-solving skills compared to traditional teaching methods. These findings align with Hofstein and Lunetta (2022), who reported that virtual environments foster experimentation and conceptual understanding. 

No significant gender difference was observed, aligning with Alake and Adigun (2020). Students’ positive perception supports Kearsley and Shneiderman’s (2019) engagement learning model, highlighting interactivity and motivation.

Summary of Key Findings

1. Virtual laboratory instruction significantly enhanced problem-solving skills.

2. There was no significant gender difference in performance.

3. Students held positive perceptions of virtual laboratories as interactive learning tools.

4. The findings reaffirm constructivist, experiential, and connectivist learning theories in digital science education.

This study investigated the impact of virtual laboratories on problem-solving skills among Basic Science and Technology learners in Benue State. The study adopted a quasi-experimental pre-test, post-test, control group design involving 200 Junior Secondary School students. The experimental group was exposed to virtual laboratory instruction, while the control group was taught using traditional methods. Instruments used for data collection included the Problem-Solving Skills Test (PSST) and the Students’ Perception of Virtual Laboratory Questionnaire (SPVLQ). Data were analyzed using mean, standard deviation, and ANCOVA at a 0.05 level of significance.

Findings revealed that students taught with virtual laboratories significantly outperformed those taught through traditional classroom methods in problem-solving skills. Gender had no significant influence on students’ performance, indicating that virtual laboratory instruction benefits both male and female learners equally. Furthermore, students’ perception of virtual laboratories was generally positive, as they found virtual environments engaging, interactive, and effective in understanding scientific concepts. 
The results of this study have several implications for science education. Virtual laboratories offer an effective pedagogical alternative to traditional teaching in resource-limited schools. They reduce safety risks, encourage experimentation, and allow multiple repetitions of experiments. For teacher education, this approach emphasizes the need to train pre-service and in-service teachers in technology-integrated instruction. Moreover, the equitable outcomes across genders suggest that virtual tools can help bridge gender gaps in science participation.

Conclusion

Based on the findings, it was concluded that virtual laboratory instruction significantly enhances students’ problem-solving skills in Basic Science and Technology. The interactive, safe, and repeatable nature of virtual laboratories promotes deeper understanding and application of scientific principles. The lack of gender difference suggests that virtual learning environments are inclusive and equitable. Therefore, integrating virtual laboratories into science education offers an effective pathway to improving learners’ performance and critical thinking in Benue State and Nigeria at large.
Recommendations

The following recommendations were made based on the findings of this study:

1. The Ministry of Education should incorporate virtual laboratory platforms into the Basic Science and Technology curriculum across secondary schools in Benue State.

2. School administrators should provide ICT facilities and stable internet connectivity to support virtual laboratory learning.

3. Teachers should be trained periodically on the effective use of virtual laboratories for interactive and problem-solving oriented instruction.

4. Curriculum developers should include virtual laboratory-based activities in lesson guides and assessment rubrics.

5. Policymakers should promote public-private partnerships to fund and sustain digital science education initiatives.
Suggestions for Further Research

1. Future studies could explore the long-term retention effects of virtual laboratory instruction on students’ scientific reasoning.

2. Comparative studies could be conducted across different subjects and educational levels.

3. Further research should examine the integration of augmented and virtual reality (AR/VR) technologies in Nigerian classrooms.

4. Studies could also investigate teachers’ digital competencies and instructional adaptation to virtual environments.
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