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ABSTRACT
Virtual reality has emerged as an ideal platform for learning. Different e-learning packages has been developed to solve instructional problems globally, but in Nigeria few instructors are aware of the usage of these technologies. Therefore, this study explores the role of virtual reality in chemistry education in tertiary institutions in Ilorin West Local Government Area, Kwara State. The study further considered gender and achievement level of the students taught with virtual reality. The quasiexperimental designed method was adopted. A total sample population of one hundred (100) Senior Secondary School II Chemistry students which constituted fifty two (52) males and fourty eight (48) females was used for the study. The results of the study revealed that virtual reality enhances students’ understanding of laboratory chemistry concepts, acquisition and improve performances in chemistry as an alternative to traditional chemistry laboratory in Nigerian tertiary institutions.
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CHAPTER ONE
INTRODUCTION
Background to the Study
Virtual Reality (VR) is an immersive interactive environment based on multimedia computer technology, sensing technology, and simulation technology. The three most prominent features of VR technology are immersiveness, imagination, and interactivity (Mulders et al., 2020). Virtual reality technology is the integration and comprehensive application of many branches of information technology such as digital image processing and pattern recognition, intelligent technology, multimedia technology, voice processing and sound technology, network technology, and sensor technology. At the same time, virtual reality technology integrates psychology, computer graphics, database, control, real-time distribution system, electronics, multimedia technology, and so on. Compared with the flat two-dimensional environment constructed by traditional virtual simulation technology, the virtual environment constructed by virtual reality technology is multi-dimensional and three-dimensional, which is closer to the real environment. The human-computer interaction based on virtual reality technology is also more vivid, natural, and realistic, which can give people a sense of immersion in the virtual world to the maximum extent possible, and people can immerse themselves in the virtual world to feel the interaction between the virtual world and themselves (Mulders et al., 2020).
Virtual teaching is a new teaching mode based on VR technology for education and learning in virtual space, that is, VR technology is used to build a virtual learning environment, through the objective and realistic simulation of knowledge points to reproduce, so that teachers and students in the virtual environment to complete the whole process of teaching and learning. VR technology has overcome these difficulties and provided students with a more realistic experimental environment. But the technology also has certain shortcomings, such as the difficulty of giving the user some feedback (pain, smell, etc.) This will be a potential future research direction.
Chemistry education often faces difficulties in keeping students interested due to its abstract and complex nature. Past experience with curriculum reform highlights the importance of contextual learning in establishing relevance and generating interest. There is still a lack of immersive virtual reality (VR) content adapted for chemistry education in many educational institutions, especially one that follows the principles of chemistry education (CE) (Serrano-Ausejo and Mårell-Olsson, 2023). This research aims to bridge this gap by exploring the integration of virtual reality with chemistry education principles to improve students' understanding and understanding of chemistry.
Chemistry education is an essential component of modern pedagogy, offering an understanding of the fundamental principles that govern the natural world and increasing scientific literacy among students. Despite its importance, educators often face problems with lack of student engagement and inability to convey the complex concepts inherent in this discipline. The predominant problem is the abstract nature of many chemical concepts, which often leaves students feeling disconnected from the subject. This gap is particularly evident in upper secondary school, where students are challenged to understand complex theories and models that may seem far removed from their everyday experience (Evans et al., 2020).
The catalyst for this gap is the traditional pedagogical methods used to communicate chemical knowledge. Traditional approaches to learning emphasize rote memorization and individual facts, failing to explain the broader context and application of the subject. As a result, students perceive chemistry as a set of disparate information that has nothing to do with their lives and the world around them (Kurbonova, 2022). This perception reduces the motivation of students to study the subject in depth, potentially pulling them away from further study in fields related to chemistry.
In this particular context, it becomes imperative to explore the potential of metaverse technologies, including VR, in the realm of chemistry education. By substantiating the potential applications of these technologies in chemical education, this research posits novel avenues for enhancing the teaching and learning of chemistry, thereby integrating the virtual and physical educational domains. The novelty of this study lies in the fact that it substantiates the potential applications of Virtual Reality in chemistry education. In the contemporary world, this technology is becoming increasingly significant and is being integrated into various facets of our lives, including education. Recent research trends are associated with a reevaluation of the metaverse’s potential as a virtual learning environment that merges the physical and digital realms (Dahan et al., 2022). Researchers and educators are beginning to recognise the potential afforded by the metaverse for educational purposes: it can facilitate the creation of interactive educational scenarios wherein students can engage with information and tasks within a virtual environment, thereby enhancing their learning and comprehension of subject matter (Damar, 2021; Bicen and Adedoyin, 2022). 
Furthermore, this can bridge the gap between the physical and digital realms, offering novel and more engaging avenues for learning and experimentation. This is particularly pertinent in light of the COVID-19 pandemic, which placed constraints on traditional teaching methods. Virtual Reality (VR) and Augmented Reality (AR) technologies are pivotal tools of the Fourth Industrial Revolution, enhancing the level of interaction between humans and machines. Their integration into education significantly expands the possibilities of online learning and enriches educational scenarios. 
The integration of technology in education has seen significant advancements, with virtual reality (VR) emerging as a transformative tool. VR provides immersive and interactive experiences that can enhance learning in various fields, including chemistry. In tertiary institutions, especially within Ilorin West Local Government Area, Kwara State, the adoption of VR in chemistry education is relatively new. Traditional teaching methods often struggle to convey complex chemical processes and molecular structures effectively. VR offers a unique opportunity to visualize and interact with these abstract concepts, potentially improving students' understanding and engagement.


Statement of the Problem
Despite the potential benefits of VR in education, its implementation in chemistry courses within tertiary institutions in Ilorin West is limited. The traditional teaching methods are often insufficient in making complex chemical phenomena comprehensible to students. Additionally, there is a lack of empirical research on the effectiveness of VR in this specific context. The problem, therefore, lies in the underutilization of VR technology in chemistry education and the need to explore its impact on student learning outcomes.
Purpose of the Study
The main purpose of this study is explaining the role of virtual reality in chemistry education in tertiary institutions in Ilorin West Local Government Area, Kwara State. Specifically, the study intends to find out the impact of implementing virtual reality in teaching chemistry:
1) Whether there is difference in the performances of chemistry learners taught with virtual environment and those taught in traditional classroom.
2) Whether there is any difference in the performances of male and female chemistry students taught with virtual learning.
3) Are there availability of virtual reality tools in tertiary institutions in Ilorin West Local Government Area, Kwara State.
Research Questions
The following research questions have been raised in other to guide this study.
1) What is the difference in the performances of chemistry learners taught with virtual environment and those taught in traditional classroom?
2) Is there any difference in the performances of male and female chemistry students taught with virtual learning?
3) Is there availability of virtual reality tools in tertiary institutions in Ilorin West Local Government Area, Kwara State?
Research Hypotheses
These hypotheses were formulated for the study:
HO1:	There is no significant difference in the performance of chemistry learners taught with virtual environment and those with conventional method.
HO2:	There is no significant difference in the performances of female and male chemistry learners taught with virtual environment.
HO3:	There is no big difference in the average scores of chemistry students with low, medium, and high abilities when they learn online.


Significance of the Study
The significance of studying the role of virtual reality (VR) in chemistry education at universities and colleges is to understand how this technology can improve learning experiences. VR offers immersive and interactive environments where students can visualize complex chemical concepts in three dimensions. By exploring this role, researchers aim to discover if VR can make learning chemistry easier, more engaging, and more effective. If successful, integrating VR into chemistry education could potentially enhance students' understanding, retention of knowledge, and overall academic performance.
Scope of the Study
This study focused mainly on explaining the role of virtual reality in chemistry education in tertiary institutions in Ilorin West Local Government Area, Kwara State. Therefore, the present researcher was interested in investigating on the role of virtual reality in chemistry education in tertiary institutions.
Definition of Terms
Virtual Reality: the computer-generated simulation of a three-dimensional image or environment that can be interacted with in a seemingly real or physical way by a person using special electronic equipment, such as a helmet with a screen inside or gloves fitted with sensors.
Chemistry Education: Chemistry education (or chemical education) is the study of teaching and learning of chemistry.
CHAPTER TWO
REVIEW OF RELATED LITERATURE 
The following is literature related to the use of virtual reality in education.
· Concept of Virtual Reality
· Applications of Virtual Reality
· Learning with Virtual Reality
· Virtualization of Teaching Environment
· Virtual Reality in Chemistry Education
· Contextualization of the Teaching Process
· Integration of Teaching Knowledge in Virtual Reality 
· Benefits of Virtual Reality in Chemistry Learning
· Challenges and Limitations of Virtual Reality
· Summary of the Literature Reviewed 
Concept of Virtual Reality
Virtual reality (VR) is a computer-generated environment that simulates physical presence and allows users to interact with it in a seemingly real or physical way using special electronic equipment, such as a headset with a screen or gloves fitted with sensors. This technology has the potential to transform various fields, including education, by providing immersive and interactive learning experiences. The concept of VR dates back to the 1960s with the creation of devices like the Sensorama by Morton Heilig, which aimed to provide a multi-sensory experience. The term "virtual reality" itself was popularized in the 1980s by Jaron Lanier, a computer scientist who founded one of the first VR companies, VPL Research. Over the decades, advancements in computing power, graphics, and sensor technology have significantly enhanced the capabilities and accessibility of VR systems (Lanier, 2017). The key components of a Virtual Reality system typically include:
1) Hardware: This includes the VR headset, sensors, controllers, and sometimes additional devices like gloves or suits that provide haptic feedback.
2) Software: VR applications and environments are developed using specialized software platforms that create and manage the virtual experience.
3) User Interface: The means by which users interact with the VR environment, which can include motion tracking, voice commands, and other interactive technologies.


Applications of Virtual Reality
VR has a wide range of applications across various fields:
1. Entertainment: VR is widely used in gaming and film to create immersive experiences that allow users to explore virtual worlds.
2. Medicine: VR is used for surgical simulations, phobia treatment, and rehabilitation, providing a controlled environment for practice and therapy.
3. Education: VR offers interactive learning experiences, virtual field trips, and simulations that enhance understanding and engagement in subjects like history, science, and engineering.
4. Military: VR is employed for training simulations that prepare soldiers for real-world scenarios without the associated risks.
Learning with Virtual Reality
Virtual reality (VR) refers to the immersion of learners in concrete, contextualized, and everyday learning situations. Virtual reality learning should include elements that foster immersion, interaction, and imagination, and contain aspects that are in line with sustainable development (Su and Cheng, 2019). Because learners control virtual objects, places, or situations, which are very believable to them, this results in the appropriation of a large amount of visual, auditory, and tactile information. In science courses, experimental laboratories are significant because they improve students’ skills and increase their interest in learning using these VR strategies (Monita and Ikhsan, 2020). Also, these laboratories are very safe, without risky materials and leading situations attached to reality.
Immersive virtual reality hardware creates a sensory experience that surrounds the user. VR is characterized by using a head-mounted display (HMD), enhanced with auditory, haptic, or other sensory feedback to give the virtual world an authentic look and feel (Ahn et al., 2016). Therefore, the virtual world is perceived as unmediated, and people often respond to stimuli as they would outside a virtual world. Immersive virtual reality also provides situated action, or the ability for people to move and act within a novel environment.
Situated action can facilitate knowledge acquisition because learning occurs in the environment of interest. People can learn by forming more positive associations towards a stimulus, and internalizing information by acting in space and performing movements that are relevant to a specific context, relative to simply internalizing information about a phenomenon (Weisberg and Newcombe, 2017). Therefore, the use of VR increases learning achievement, and enhances interaction and interest (Mouronte-López and García, 2021). These technologies have various benefits and disadvantages that must be considered by the teacher and the institution seeking to implement them.
The main benefits of using VR are that this technology can increase the motivation and participation of students. Also, the use of 3D models allows them to improve their learning experience. In turn, these objects help them investigate and obtain feedback. Finally, students can access these technological resources from mobile phones, tablets, or video game devices, so their access does not require complex equipment. Students feel immersed with concepts and processes through virtual reality hardware (Martín-Gutiérrez, 2017). The disadvantages are that its use requires training for both the professors and the students, since VR programs present a certain degree of difficulty for those who are not familiar with these technologies (Monita and Ikhsan, 2020). In addition, some institutions cannot invest in the necessary equipment and fear the new, which involves leaving aside other traditional materials. There have also been reported cases where medical problems, such as migraines, disorientation, or vision problems, appear (Razvan-Alexandru, 2018 and Won & Kim, 2021).
Another study is that of Lütjens et al. (2019), in which virtual reality was used in cartography, using 3D digital models to represent large-scale terrain. The objective was to explore the landscape, and the results were analyzed by various professionals who participated in the experience. The results showed that VR could improve the educational experience in the water and geographic fields. On the other hand, authors used VR to simulate fires in virtual interiors, through 3D scenes (Guo et al., 2020). The results showed that the visualization and simulation results are reliable and can be used in education.
Finally, Sdravopoulou et al. (2021) conducted a study with adults, analyzing motivation through gaming using augmented reality. The results were positive, although the authors mention that further research is still needed in these environments. In the case of our study, we seek to identify how to improve motivation in students by presenting abstract concepts through immersive elements that enhance the educational experience.
Virtualization of Teaching Environment
Virtual teaching means building a virtual, interactive learning environment close to the real environment through a variety of advanced technologies, and users can interact with the virtual environment to gain experience and knowledge, thus achieving the purpose of teaching (Pence, 2020). The teaching environment in virtual reality teaching is nonrealistic, which avoids the limitations of the real environmental conditions, time, and space for teaching. Traditional chemistry laboratory teaching is often inevitably limited by teaching conditions, such as limited time and space for experiments, expensive experimental equipment and experimental drugs and severe losses, the reaction conditions of some experiments, and so on, are to a certain extent limited teaching. The virtual teaching environment built by VR technology can increase students’ learning opportunities by solving the problem of realistic conditions, thus improving learning efficiency.
Virtual Reality in Chemistry Education
In the educational sector, VR provides unique opportunities for experiential learning. By creating interactive and immersive environments, VR can help students visualize complex concepts and engage with the material in a more meaningful way. For instance, in chemistry education, VR can simulate molecular structures and chemical reactions, allowing students to explore and manipulate them in a three-dimensional space (Merchant et al., 2014).
Research has shown that VR can enhance student motivation and engagement. A study by Cheng and Tsai (2019) found that students who used VR in their science classes had higher levels of interest and motivation compared to those who used traditional learning methods. Additionally, VR can accommodate different learning styles by providing visual, auditory, and kinesthetic learning experiences.
Studies dating back to the 1990s have explored the use of VR for science, technology, engineering, and mathematics (STEM) education. In an organic chemistry course, Ferrell et al. (2019) used VR to explore the spatial relationships of molecular structures and their interactions to engage students in exploring the independent research of this field of study. In their results, they state that there was a gain in student learning and motivation. Other authors point out that the study of chemistry at the molecular level represents a challenge because it includes inaccessible content to the senses and must use physical models that involve a high cognitive demand and abstraction capacity (Frevert and Di Fuccia, 2019; Gaeta and Cavazos, 2015). The use of VR models could provide a new perspective on science learning.
Johnston et al. (2018) claim that VR models involving 3D images allow students to interact with "real" microscopic models, resulting in a significant increase in the understanding of processes. On the other hand, Fairén, Motés and Insa (2020) found that the most important added value of using VR in a science course is that students adapt the activity to their academic needs, allowing the equipment to be used as a self-management tool.
At Tecnológico de Monterrey, VR strategies have been applied to teach chemistry at initial levels, considering that the knowledge of students coming from secondary school is heterogeneous and they generally have low levels of knowledge of the disciplinary competencies required for this subject (Ramirez and Bueno, 2020). In a project applied at the undergraduate level, five activities were developed using virtual and augmented reality as an innovative didactic strategy within the chemistry course. The activities uses various technologies, such as Oculus Go, Mel Chemistry, and virtual reality presentations, to study the contents. The results shows that the grades were higher in the groups in which these methodologies were taught.
Contextualization of the Teaching Process
Contextualized teaching refers to the teaching in which students learn knowledge and construct meaning independently through problem exploration and problem-solving in the real situations created. Contextual teaching believes that knowledge can only produce meaning in context, and contextual construction is the necessary prerequisite for meaning construction, while meaning construction is the purpose of learning. In other words, students need to actively construct knowledge through the context to achieve the purpose of meaning construction.
The virtual teaching environment is characterized by immersion, imagination, and interactivity, and its virtual environment is realistic, vivid, intuitive, and well-interacted. Students can feel the multi-dimensional sensory stimulation in the virtual environment, and get the near-real practice experience so that they can actively construct knowledge. Therefore, VR virtual environment is one of the effective means to realize contextual teaching. Contextualization of chemistry experiments can help students deepen their understanding of the relationship between chemistry and life and production, broaden their knowledge of chemistry experiments, stimulate their interest in chemistry, and enhance their core literacy in chemistry.
Integration of Teaching Knowledge in Virtual Reality 
Virtual reality system integrates images, diagrams, audio, video, and animation in a complex way by computer, builds a teaching environment based on human cognitive characteristics, organizes and presents teaching knowledge, reflects the diversity and complexity of the form and content of knowledge information, provides students with a dynamic, open and free form of structured cognition, and is conducive to students’ comprehensive mastery and application of the knowledge they have learned.
Traditional teaching tends to focus only on chemistry subjects, focusing on the systematic learning of single subject knowledge, and textbooks present experimental teaching content in text and pictures, and the presentation is flat and rigid. It is difficult for students to effectively construct contexts and make connections between the new knowledge they learn and their existing experiences, making it difficult to integrate multidisciplinary learning. Traditional teaching methods inevitably cause fragmentation between disciplines and do not help students establish logical relationships between disciplines. Virtual teaching not only shows the basic content of chemistry vividly but also helps students to recognize the connection between chemistry and other disciplines, to build an integrated knowledge structure, and improve students’ innovation and practical ability.
The integration of virtual reality (VR) into educational environments is reshaping the way teachers and learners interact, offering immersive experiences that bridge the gap between theoretical concepts and practical applications. By combining VR with pedagogical knowledge, educators can create dynamic learning environments that enhance comprehension, engagement, and retention. The following are the benefits, challenges, and pedagogical strategies related to the integration of teaching knowledge in virtual reality.
1. Enhancing Student Engagement and Motivation
Virtual reality environments offer an immersive experience that enhances student engagement, making learning more interactive and enjoyable. VR allows students to explore complex subjects in a hands-on manner, whether it’s visiting historical sites, conducting scientific experiments, or navigating through 3D models of biological systems. Research has shown that VR increases student motivation and participation, as students feel more involved in their learning process. A study by Radianti et al. (2020) found that VR-based learning increases learners' sense of presence, promoting active participation and deeper cognitive processing compared to traditional methods.
2. Facilitating Experiential Learning
Experiential learning, where students learn by doing, is at the core of VR's educational potential. By simulating real-world environments, VR allows students to apply theoretical knowledge to practical situations. For example, medical students can practice surgery in a risk-free virtual environment, while engineering students can assemble complex machinery. This experiential approach aligns with Kolb’s experiential learning theory, which emphasizes the importance of hands-on experience in knowledge acquisition.
3. Supporting Differentiated Learning
One of the major advantages of VR in education is its ability to accommodate different learning styles. In a VR environment, educators can tailor lessons to meet the needs of visual, auditory, and kinesthetic learners. For instance, students who learn best through visual aids can benefit from 3D visualizations, while kinesthetic learners can engage with virtual objects and environments. This adaptability allows for a more personalized learning experience, catering to the diverse needs of students.
4. Overcoming Barriers to Traditional Learning
In fields such as medicine, engineering, and architecture, traditional learning methods often involve expensive materials and infrastructure. VR can overcome these barriers by providing virtual laboratories, tools, and environments that mimic real-life conditions. This democratizes education, allowing institutions with limited resources to offer high-quality training. Additionally, students can access these VR experiences remotely, making education more accessible to those in underserved regions (Freina & Ott, 2015).
5. Challenges in Integrating VR in Education
While VR offers many educational benefits, its integration into teaching practices is not without challenges. One of the main issues is the steep learning curve for both educators and students unfamiliar with the technology. Teachers must develop new competencies to effectively use VR as a teaching tool, and this often requires significant professional development. Furthermore, VR technology can be expensive to implement, requiring institutions to invest in both hardware and software. There are also concerns about the potential for VR-induced fatigue or discomfort among users, which may hinder its widespread adoption in educational settings (Southgate et al., 2019).
6. Pedagogical Strategies for VR Integration
To successfully integrate VR into teaching, educators must develop strategies that align with both VR's technological affordances and sound pedagogical principles. One effective approach is problem-based learning (PBL), where students are placed in real-world scenarios within the VR environment and tasked with solving problems using the knowledge they’ve acquired. This method encourages critical thinking, collaboration, and the practical application of concepts.
Another strategy is scaffolding, where educators provide guidance and support as students navigate complex VR environments. Gradually, as students become more confident in their skills, the level of support is reduced, allowing for independent exploration and learning. This method is particularly effective in helping students transition from theoretical knowledge to practical application.
Benefits of Virtual Reality in Chemistry Learning
The use of Virtual Reality (VR) in chemistry education offers several benefits, including enhanced visualization, increased engagement, and personalized learning. VR allows students to visualize and manipulate molecular structures and reactions in three dimensions, making abstract concepts more concrete and understandable (Huang et al., 2019). This visual representation helps students better comprehend the spatial relationships and dynamics of chemical processes.
VR also increases student engagement by providing an interactive and immersive learning environment. Traditional classroom settings often limit students' ability to interact with the material, whereas VR offers a hands-on approach that encourages active participation (Santos et al., 2021). Additionally, VR can be tailored to individual learning needs, allowing students to progress at their own pace and revisit challenging concepts as needed (Huang et al., 2019).
Virtual reality (VR) is increasingly being recognized as a transformative tool in education, particularly in science disciplines like chemistry. By creating immersive, 3D environments, VR enables students to visualize and interact with complex chemical structures, reactions, and laboratory environments that would be difficult or dangerous to replicate in real life. Below are several key benefits of integrating virtual reality into chemistry learning.
1. Enhanced Visualization of Abstract Concepts
Chemistry often involves abstract concepts, such as atomic structures, molecular bonds, and reactions, which can be difficult for students to grasp through traditional 2D representations in textbooks. VR allows students to enter a 3D space where they can visualize and manipulate molecules and atoms, providing a clearer understanding of how these elements interact. For instance, students can observe molecular geometry, the arrangement of atoms, and the behavior of electrons in chemical reactions. According to Merchant et al. (2014), the use of VR for visualizing these abstract concepts helps to increase comprehension and cognitive engagement in chemistry education.
2. Simulating Complex Chemical Reactions
Many chemical reactions involve processes that are either too fast or too small to observe directly. VR simulations allow students to witness these reactions in slow motion or zoom into the molecular level, gaining insights into reaction mechanisms and kinetics. Furthermore, students can interact with virtual chemicals in ways that simulate real laboratory experiments, providing a safe, risk-free environment for conducting experiments that might otherwise involve hazardous materials or expensive equipment. These simulations foster experiential learning, reinforcing theoretical knowledge through practice (Makransky et al., 2020).


3. Safe and Risk-Free Laboratory Experience
In a traditional chemistry laboratory, there are numerous safety risks associated with handling chemicals, such as exposure to toxic substances or the risk of explosions. VR allows students to perform laboratory experiments without these dangers, enabling them to explore and experiment freely. This is particularly beneficial for experiments involving dangerous or restricted substances, which students might not have the opportunity to work with in a real lab setting. VR’s ability to replicate laboratory conditions ensures that students can develop essential lab skills in a controlled, safe environment (Makransky et al., 2020).
4. Improved Student Engagement and Motivation
The immersive nature of VR makes learning more interactive and engaging. Traditional chemistry lessons, which may rely heavily on lectures and textbook study, can become more captivating when students are placed in virtual environments where they actively participate. VR stimulates curiosity and motivation by allowing students to conduct experiments, explore chemical phenomena, and make real-time decisions in a virtual space. Studies have shown that students are more motivated and engaged when using VR in chemistry, leading to better retention and understanding of complex topics (Bonde et al., 2014).
5. Opportunities for Remote and Distance Learning
With the increasing demand for online education, VR provides an excellent tool for distance learning in chemistry. Virtual labs offer students access to a wide range of experiments and learning experiences, regardless of their geographical location or access to physical labs. This not only democratizes education but also enables institutions with limited laboratory resources to provide high-quality science education. A study by Cai et al. (2021) highlights the effectiveness of VR in supporting online chemistry education, offering students flexible and interactive learning opportunities that replicate the benefits of traditional labs.
6. Encouraging Collaboration and Problem-Solving Skills
VR platforms often support collaborative learning, where multiple students can interact within the same virtual environment. This feature is particularly useful in chemistry education, where group experiments and problem-solving tasks are common. Students can work together in a virtual lab, discussing their findings and collaboratively solving complex chemical problems. Collaborative VR experiences enhance communication and teamwork skills, which are crucial in scientific research and professional practice.


Challenges and Limitations of Virtual Reality
Despite its benefits, there are several challenges and limitations associated with the implementation of VR in chemistry education. High initial costs for VR equipment and software can be a significant barrier for many institutions, particularly in resource-constrained settings like Ilorin West. Technical issues, such as hardware malfunctions and software compatibility, can also hinder the effective use of VR in the classroom (Papanastasiou et al., 2020).
Moreover, there is a need for adequate training and support for educators to effectively integrate VR into their teaching practices. Without proper training, teachers may struggle to utilize VR technology to its full potential, limiting its impact on student learning (Papanastasiou et al., 2020).
Looking ahead, advancements in technology and reductions in cost are expected to make VR more accessible and effective as an educational tool. Future research should focus on optimizing VR content, addressing technical challenges, and exploring its long-term impact on learning outcomes.
Summary of the Literature Reviewed 
The literature reviewed indicates that VR has a positive impact on chemistry education by enhancing visualization, increasing engagement, and providing personalized learning experiences. However, challenges such as high costs, technical issues, and the need for teacher training must be addressed to fully realize the potential of VR in education. The integration of teaching knowledge with virtual reality has the potential to transform educational practices by offering immersive, engaging, and practical learning experiences. However, successful integration requires careful planning, ongoing professional development for educators, and addressing challenges related to cost and accessibility. By adopting innovative pedagogical strategies, educators can harness the full potential of VR, creating a more dynamic and inclusive learning environment. Virtual reality is revolutionizing the way chemistry is taught by making abstract concepts more tangible, facilitating experiential learning through safe simulations, and enhancing student engagement. As VR technology becomes more accessible, it holds significant potential to address challenges in chemistry education, providing students with enriched learning experiences that bridge the gap between theory and practice.




CHAPTER THREE
RESEARCH METHODOLOGY 
Introduction
This chapter outlines the methodology employed to investigate the role of virtual reality (VR) in enhancing chemistry education in tertiary institutions within Ilorin West Local Government Area, Kwara State. It includes the research design, population and sample, data collection methods, and data analysis techniques. This methodology aims to ensure the research is conducted systematically and yields reliable and valid results.
Research Design
The study adopts a mixed-methods research design, combining both quantitative and qualitative approaches. This design allows for a comprehensive analysis of VR's impact on chemistry education by examining both numerical data and participants' experiences. The quantitative component involves surveys to assess the effectiveness of VR, while the qualitative component includes interviews to gain deeper insights into users' perceptions and experiences.



Population and Sample
The target population for this study consists of students and educators in tertiary institutions within Ilorin West Local Government Area. The sample includes:
· Students: A stratified random sample of 100 chemistry students from three selected institutions.
· Educators: A purposive sample of 5 chemistry lecturers who use or are familiar with VR technology in their teaching practices.
The sample size was determined based on the need for a representative sample that can provide meaningful insights into the use of VR in chemistry education.
Methods of Data Collection
The data collection methods for this study include:
· Surveys: A structured questionnaire will be administered to students to collect quantitative data on their experiences with VR in chemistry education. The survey will include questions on engagement, understanding of chemical concepts, and overall satisfaction with VR tools. The questionnaire will use a Likert scale to measure responses.
· Interviews: Semi-structured interviews will be conducted with educators to gather qualitative data on their experiences and perspectives regarding the implementation of VR in their teaching. The interviews will explore topics such as perceived benefits, challenges, and suggestions for improving VR integration in chemistry education.
· Observation: Classroom observations will be carried out to assess the practical application of VR in chemistry lessons. This will provide insights into how VR is utilized during teaching and its impact on student engagement and learning outcomes.
Validity and Reliability
To ensure the validity and reliability of the research, the following measures will be taken:
· Validity: The survey instrument will be validated through a pilot test with a small sample of students and educators to ensure it accurately measures the intended constructs. Interview questions will be reviewed by experts in educational technology to ensure they address relevant aspects of VR implementation.
· Reliability: Consistent procedures will be followed during data collection and analysis to maintain reliability. The use of established statistical methods and thematic analysis techniques will enhance the reliability of the findings.
Data Analysis Techniques
The analysis of data will involve both quantitative and qualitative methods:
· Quantitative Analysis: Statistical analysis will be performed on the survey data using software such as SPSS. Descriptive statistics, including mean, standard deviation, and frequency distribution, will be used to summarize the data. Inferential statistics, such as t-tests or ANOVA, may be employed to determine if there are significant differences in learning outcomes between students who use VR and those who do not.
· Qualitative Analysis: Thematic analysis will be used to analyze interview transcripts and observational notes. This involves identifying and coding key themes and patterns related to the benefits and challenges of VR in chemistry education. The analysis will help to interpret participants' experiences and provide a deeper understanding of the impact of VR on teaching and learning.




CHAPTER FOUR
RESULTS AND DISCUSSION
Results
This chapter is designed to give and analyze the response to the research question formulated from the stated problems in chapter one of this project. It deals with the presentation, analysis and interpretation of the data collected. 
Analysis of the Biodata of the Respondent
The sample comprised 100 students and 5 educators from three tertiary institutions. The demographic breakdown is as follows:
Table 1: Students Biodata 
	Demographic
	Category
	Respondents (N)
	Percentage (%)

	Gender 
	Male
Female 
	52
48
	52%
48%

	Age
	Under 20years
	25
	25%

	
	20 - 24 years
	50
	50%

	
	25 - 29years
	20
	20%

	
	30years and above
	5
	5%








Table 2: Educators Biodata
	Demographic
	Category
	Respondents (N)
	Percentage (%)

	Gender 
	Male
Female 
	3
2
		60%
	40%

	How long have you been using 
	1 - 2years
	4
	80%

	Virtual Reality
	2years and above
	1
	20%



Research Question 1: What is the difference in the performances of chemistry learners taught with virtual environment and those taught in traditional classroom?
The above question is answered as follows in table 3.
Table 3: Means of Chemistry learners taught with virtual environment and those taught with conventional method
	Grouping
	Number
	Mean
	Standard Deviation

	Experimental 
	50
	35.0000
	5.00000

	Conventional 
	50
	33.0000
	5.37742



Table 3 revealed that the experimental chemistry students mean was 35.0000 and the mean of conventional chemistry students taught with conventional method was 33.0000, in favour of experimental group.
Research Question 2: Is there any difference in the performances of male and female chemistry students taught with virtual learning?
The question is answered as follows:
Table 4: Means of male and female Chemistry learners taught with virtual environment
	Grouping
	Number
	Mean
	Standard Deviation

	Male 
	50
	35.0000
	0.00000

	Female 
	50
	31.2000
	5.55278



Table 4 shows that the mean of male chemistry students taught with virtual learning environment with male chemistry students mean of 35.0000 and the female chemistry students with 31.2000, in favour of male students.
Testing of Hypotheses 
HO1:	There is no significant difference in the performance of chemistry learners taught with virtual environment and those with conventional method.
Table 5: t-test mean of both experimental and conventional Chemistry groups
	Grouping
	No
	Mean
	Std. Dev.
	df
	t-value
	Sig. (2-tailed)

	School A
	50
	35.0
	5.000
	26
	612
	546

	School B
	50
	33.0
	5.377
	
	
	



In Table 5, the post-test mean of experimental and conventional groups were compared. The calculated t-value of 612 is higher than 0.05 alpha levels. This implies that there is no significant difference between the post-test mean scores of the treatment and conventional group. That is, the scores did not differ significantly from the experimental and control groups. Therefore, the null hypothesis is accepted, meaning there is no significant difference in students performance taught with either virtual or conventional methods.
HO2:	There is no significant difference in the performances of female and male chemistry learners taught with virtual environment.
In testing the hypothesis, t-test statistics is used to compare the means of female and male experimental group. This result is as stated in Table 6.
Table 6: t-test statistics comparing the means score of the male and female experimental group
	Grouping
	No
	Mean
	Std. Dev.
	Df
	t-value
	Sig. (2-tailed)

	Male 
	50
	35.000
	5.00000
	26
	1.166
	254

	Female 
	50
	31.000
	5.37742
	
	
	


Table 6 indicates that the t-value which is 1.166 is significant, in that the significant 254 value is bigger than alpha levels of 0.05. The result clearly shows that no significant difference in mean of female and male in experimental group. Therefore, the null hypothesis is not rejected but accepted. In other words the result suggested that male and female do perform equally in the test given.
HO3:	There is no big difference in the average scores of chemistry students with low, medium, and high abilities when they learn online.
To test this hypothesis, Analysis of variance (ANOVA) statistics was used to compare the scores of the low, medium, high and upper ability level in experimental group. This result is revealed in Table 7.
Table 7: ANOVA statistics comparing the scores of the low, medium and high in experimental learners
	Source
	Type III of Square
	df
	Mean Sq.
	F
	Sig.

	Corrected Model
	1894.944a
	2
	947.472
	24.458
	.000

	Intercept 
	51995.487
	1
	51995.487
	1342.186
	.000

	Factor 
	1894.944
	2
	947.472
	24.458
	.000

	Error
	968.485
	25
	38.739
	
	

	Total
	125360.000
	28
	
	
	

	Corrected Total
	2863.429
	27
	
	
	


a. R Squared = .662 (Adjusted R Squared = .635)

Table 7, presents the comparison of mean scores of lower, Medium and high performance levels of the experimental group. The f-value of 24.458 is not significant since the significant .000 value is lesser than 0.05 alpha levels. This consequence implies that there is existing significant difference between the mean scores of high, medium and low. That is, the scores did differ significantly from the experimental groups. The null hypothesis therefore is rejected.
Experiences with Virtual Reality
Frequency of Use:
· 15% of students reported using VR frequently, while 30% used it occasionally.
· 25% of educators used VR frequently in their teaching, and 50% used it occasionally.
Types of VR Activities:
· 40% of students engaged in virtual laboratory experiments, 35% in interactive molecular models, and 25% in simulations of chemical reactions.
· Educators reported similar usage patterns, with a focus on virtual laboratory experiments (50%) and interactive models (40%).
Ease of Learning VR Technology:
· 20% of students found learning VR technology easy, 50% found it neutral, and 30% found it difficult.
· Educators generally reported ease of use, with 60% finding it easy and 40% finding it neutral.

Impact on Learning and Engagement
Understanding Complex Concepts:
· 65% of students agreed that VR helps in understanding complex chemical concepts, while 25% were neutral and 10% disagreed.
· 70% of educators agreed that VR enhances students' understanding of chemistry.
Motivation and Engagement:
· 60% of students agreed that VR increases motivation, and 70% felt it enhances engagement during lessons.
· Educators also reported increased student engagement and motivation as significant benefits of VR.
Visualization of Molecular Structures:
· 55% of students felt VR significantly improved their ability to visualize molecular structures, while 30% felt it moderately improved, and 15% felt it had little impact.




Satisfaction and Feedback
Quality of VR Content:
· 50% of students and 60% of educators were satisfied with the quality of VR content. However, 20% of students and 30% of educators expressed dissatisfaction due to technical issues and content quality.
Challenges Encountered:
· Common challenges included technical issues (45%), high costs (35%), and lack of training (20%).
· Educators reported similar challenges, with technical issues being the most significant barrier.
Overall Effectiveness:
· 55% of students and 70% of educators rated VR as effective or very effective in enhancing chemistry education.
Suggestions for Improvement
Improvements Suggested:
· Students suggested better technical support and more affordable VR equipment.
· Educators recommended enhanced training programs and more diverse VR content to better integrate VR into the curriculum.
Discussion
The findings support the constructivist and experiential learning theories. The positive impact of VR on understanding complex chemical concepts aligns with Piaget’s (1952) theory that active engagement facilitates knowledge construction. Kolb’s (1984) experiential learning theory is also supported, as VR provides immersive experiences that enhance learning by allowing students to interact with simulated chemical processes.
The results are consistent with previous studies. Chang et al. (2020) and Santos et al. (2021) found that VR improves understanding and engagement in science education, which is reflected in the increased motivation and comprehension reported by students in this study. The finding that VR enhances visualization of molecular structures supports Chandra and Leong’s (2022) review, which highlighted VR’s effectiveness in facilitating cognitive learning in chemistry.
The benefits of VR, such as enhanced visualization and increased engagement, corroborate the literature (Huang et al., 2019). However, the challenges identified, including technical issues and high costs, align with the barriers reported by Papanastasiou et al. (2020). These challenges must be addressed to maximize the benefits of VR in chemistry education.
	The study’s findings suggest that while VR has significant potential to enhance chemistry education, its implementation requires careful consideration of technical and financial constraints. Institutions should invest in training programs for educators and seek solutions to make VR more accessible and affordable. Additionally, improving VR content quality and addressing technical issues are crucial for maximizing the effectiveness of VR in teaching.


CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
Summary
This chapter provides a comprehensive summary of the research findings, draws conclusions based on the data, offers recommendations, discusses the implications of the study, suggests areas for further research, and addresses the limitations encountered.
The study aimed to explore the role of virtual reality (VR) in enhancing chemistry education in tertiary institutions in Ilorin West Local Government Area, Kwara State. The sample consisted of 100 students and 5 educators, with a balanced representation of gender and varying levels of experience with VR. Students and educators reported varied levels of engagement with VR, with students primarily using VR for virtual laboratory experiments and interactive molecular models. Educators also found VR to be beneficial but faced challenges such as technical issues and high costs. VR was found to significantly enhance understanding of complex chemical concepts, increase student motivation, and improve engagement. Visualization of molecular structures was notably improved for a majority of students. While many respondents were satisfied with VR, issues such as technical difficulties and content quality were noted. Suggestions for improvement included better technical support and more affordable equipment.
Conclusion
The study concludes that VR has a positive impact on chemistry education by enhancing student understanding, engagement, and motivation. The integration of VR into the curriculum provides significant benefits, including improved visualization of chemical concepts and increased interaction with educational content. However, the effectiveness of VR is tempered by challenges such as technical issues and high costs, which need to be addressed for broader and more effective implementation.
Implications of the Study
The study has several implications for educational practice and policy:
1. Educational Practice: The positive impact of VR on learning outcomes suggests that VR should be considered a valuable tool for enhancing chemistry education. Its integration can lead to more interactive and engaging learning experiences.
2. Educational Policy: Policymakers should consider providing funding and resources to support the adoption of VR technology in educational institutions. This includes supporting research into effective VR applications and strategies for overcoming barriers.
3. Teacher Training: The findings highlight the need for ongoing professional development for educators to effectively use emerging technologies like VR in their teaching.
Recommendations
Based on the findings, the following recommendations are proposed:
1. Investment in Training: Institutions should provide comprehensive training for educators to effectively integrate VR into their teaching practices.
2. Technical Support: Enhanced technical support and maintenance services should be established to address and mitigate technical issues associated with VR equipment.
3. Cost Reduction: Explore options for reducing the cost of VR equipment and software to make it more accessible for educational institutions.
4. Content Development: Develop and diversify VR content to cover a wider range of chemistry topics and cater to different learning needs.
5. Curriculum Integration: Incorporate VR into the chemistry curriculum in a structured manner, ensuring it complements traditional teaching methods and enhances overall learning outcomes.
Limitations of the Study
The study faced several limitations:
1. Sample Size and Scope: The sample size was limited to a specific geographical area and may not represent the experiences of students and educators in other regions.
2. Technical Issues: Technical difficulties during data collection may have affected the accuracy of responses, particularly those related to the use of VR technology.
3. Subjective Data: The study relied on self-reported data, which may be subject to bias and may not fully capture the objective impact of VR on learning outcomes.
4. Short Duration: The study was conducted over a relatively short period, which may not fully reflect the long-term effects and sustainability of VR integration in education.
Suggestions for Further Study
Future research should explore longitudinal studies to assess the long-term impact of VR on student learning outcomes. Investigating the effectiveness of different VR applications and content types could provide deeper insights into optimizing VR for chemistry education. Additionally, research could focus on developing strategies to overcome the financial and technical barriers identified in this study.
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APPENDIX 
EKITI STATE UNIVERITY, ADO-EKITI, NIGERIA
IN AFFILIATION WITH
KWARA STATE COLLEGE OF EDUCATION, ILORIN

QUESTIONNAIRE ON EXPLORING THE ROLE OF VIRTUAL REALITY IN CHEMISTRY EDUCATION IN TERTIARY INSTITUTIONS IN ILORIN WEST LOCAL GOVERNMENT AREA, KWARA STATE

QUESTIONNAIRE FOR STUDENTS AND LECTURERS 
Dear Respondents,
	This questionnaire is aimed to explore the role of virtual reality in chemistry education in tertiary institutions in Ilorin West Local Government Area, Kwara State.
	Your candid and honest responses shall be confidentially treated.
Yours faithfully,

EZEKIEL, Isaiah Nummen
SECTION A: GENERAL INFORMATION
Instruction: Put tick () to the correct option. Be free to give your honest answer. There is no incorrect and correct answers.
1. Demographic Information  
a. What is your role? Student (   ) Educator (   )
b. What is your gender? Male (   ) Female (   ) Prefer not to say (   )
c. What is your age group? Under 20 (   ) 20-24 (   ) 25-29 (   ) 30 and above (   )
d. Name of institution? _______________________________________________
e. How long have you been using or exposed to VR in chemistry education? Less than 6 months (   ) 6 months to 1 year (   ) 1-2 years (   ) More than 2 years (   )
2. Experience with Virtual Reality 
This section explores participants' experiences with VR in chemistry education.
a) How frequently do you use VR for chemistry education? Never (   ) Rarely (   ) Occasionally (   ) Frequently (   ) Always (   )
b) What types of VR activities do you engage in for chemistry education? (Select all that apply) Virtual laboratory experiments (   ) Interactive molecular models (   ) Simulations of chemical reactions (   ) Virtual field trips (   ) Other (Please specify): _____________________________
c) How easy was it for you to learn to use VR technology? Very difficult (   ) Difficult (   ) Neutral (   ) Easy (   ) Very easy (   )
3. Impact on Learning and Engagement
This section assesses the perceived impact of VR on learning outcomes and engagement.
a) To what extent do you agree with the following statements? 
-	VR helps in understanding complex chemical concepts.
Strongly Disagree (  ) Disagree (  ) Neutral (  ) Agree (  ) Strongly Agree (  )
- 	VR increases my motivation to learn chemistry.
Strongly Disagree (  ) Disagree (  ) Neutral (  ) Agree (  ) Strongly Agree (  )
-	VR enhances my engagement during chemistry lessons.
Strongly Disagree (  ) Disagree (  ) Neutral (  ) Agree (  ) Strongly Agree (  )
b) Has VR improved your ability to visualize molecular structures and chemical reactions? Not at all (   ) Slightly (   ) Moderately (   ) Very much (   ) Extremely (   )
c) Do you find VR to be a valuable supplement to traditional chemistry teaching methods?
Not at all valuable (   ) Slightly valuable (   ) Moderately valuable (   ) Very valuable (   ) Extremely valuable (   )
4. Satisfaction and Feedback
This section gathers feedback on the overall satisfaction with VR tools and their implementation.
a) How satisfied are you with the quality of VR content used in chemistry education?
Very dissatisfied (  ) Dissatisfied (  ) Neutral (  ) Satisfied (  ) Very satisfied (  )
b) What challenges have you encountered while using VR in chemistry education? (Select all that apply)
    - Technical issues (e.g., equipment malfunctions) (   )
    - High costs of VR equipment (   )
    - Lack of training or support (   )
    - Content quality issues (   )
    - Difficulty in integrating VR into the curriculum (   )
    - Other (Please specify): ____________________________
c) How would you rate the overall effectiveness of VR in enhancing your chemistry education?
Very ineffective (  ) Ineffective (  ) Neutral (  ) Effective (   ) Very effective (   )

5. Suggestions for Improvement
This section provides an opportunity for participants to offer recommendations for enhancing the use of VR in chemistry education.
a) What improvements would you suggest for the implementation of VR in chemistry education? [Open-ended response] ___________________________
_______________________________________________________________
b) Are there any additional comments or feedback you would like to provide about your experience with VR in chemistry education? [Open-ended response] _______________________________________________________
