CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND TO THE STUDY
        In recent years, the landscape of education has undergone a significant transformation due to the integration of technology into teaching and learning processes. This shift has been particularly pronounced in the field of chemistry education, where educators are exploring innovative methods to deliver content effectively. The emergence of online platforms has provided educators with a new avenue to disseminate knowledge, enabling students to engage with course materials remotely. According to a study by Means et al. (2014), online learning has become increasingly prevalent in higher education, with millions of students worldwide enrolling in online courses each year. This trend underscores the importance of investigating the challenges and opportunities associated with teaching chemistry through online platforms.
          Despite the growing popularity of online education, there are unique challenges associated with teaching chemistry in a virtual environment. One of the primary concerns is the practical component of chemistry instruction, which often requires hands-on laboratory experiences. Traditional laboratory activities are difficult to replicate in an online setting, raising questions about the efficacy of virtual laboratories in facilitating student learning. Additionally, educators must grapple with issues related to student engagement and motivation in online courses. Research by Artino (2008) suggests that maintaining student interest and participation can be more challenging in online environments compared to face-to-face instruction. These challenges highlight the need for a comprehensive examination of the online teaching methods used in chemistry education.
     Amidst the challenges, there are also numerous opportunities afforded by online platforms for teaching chemistry. Virtual simulations and interactive multimedia resources offer educators innovative tools to enhance the learning experience for students. Research by Bouck (2015) indicates that virtual simulations can effectively supplement traditional laboratory experiences, providing students with opportunities to explore chemical concepts in a safe and accessible manner. Additionally, online platforms facilitate asynchronous learning, allowing students to access course materials at their own pace and convenience. This flexibility can accommodate diverse learning styles and preferences, fostering a more inclusive learning environment. By leveraging these opportunities, educators can enhance the quality and accessibility of chemistry education for students worldwide.
      The COVID-19 pandemic has further underscored the importance of exploring online teaching methods in chemistry education. With the widespread closure of schools and universities, educators were forced to adapt quickly to distant teaching modalities. Research by Hodges et al. (2020) highlights the rapid transition to online learning during the pandemic and emphasizes the need for ongoing research and development in online education practices. The pandemic experience has provided valuable insights into the strengths and limitations of online teaching platforms, informing future strategies for delivering effective chemistry instruction in virtual environments. As educators continue to navigate the evolving landscape of education, understanding the implications of online teaching in chemistry education is essential for informing evidence-based practices and policy decisions.
     In light of these considerations, this study seeks to investigate the challenges and opportunities of teaching chemistry through online platforms. By examining the experiences of educators and students, as well as the effectiveness of various online teaching methods, this research aims to contribute to the ongoing dialogue surrounding online education in chemistry. Through a comprehensive exploration of the subject, this study aims to inform best practices for online chemistry instruction and provide insights that can enhance the quality and accessibility of chemistry education in the digital age.
1.2 STATEMENT OF THE PROBLEM
        The statement of the problem in this study revolves around the overarching question: What are the specific challenges and opportunities encountered when teaching chemistry through online platforms? As online education continues to gain adhesion, particularly in the wake of the COVID-19 pandemic, it is imperative to critically examine how effectively chemistry concepts can be conveyed in virtual learning environments. This investigation is crucial due to the unique nature of chemistry instruction, which often involves hands-on experimentation and visual demonstrations that may be difficult to replicate online. Thus, the problem statement encompasses a multifaceted inquiry into the efficacy, feasibility, and limitations of teaching chemistry through online platforms.
        One aspect of the problem statement concerns the adequacy of virtual laboratories in simulating authentic laboratory experiences. Traditional chemistry instruction often relies on laboratory experiments to reinforce theoretical concepts and develop practical skills. However, replicating these experiences in an online setting presents logistical and pedagogical challenges. Therefore, it is essential to assess the extent to which virtual laboratories can effectively replicate hands-on experimentation and provide students with meaningful learning experiences.
       Another facet of the problem statement relates to student engagement and motivation in online chemistry courses. Research suggests that maintaining student interest and participation can be more challenging in virtual learning environments compared to traditional classrooms. Factors such as technological barriers, distractions, and the absence of face-to-face interaction may impact students' ability to stay engaged and actively participate in online chemistry courses. Understanding these challenges is crucial for designing effective instructional strategies that promote student engagement and foster a supportive learning environment.
         Additionally, the problem statement encompasses an examination of the technological infrastructure and resources necessary to support online chemistry education. Access to reliable internet connections, appropriate software platforms, and interactive multimedia resources are essential components of successful online instruction. However, disparities in access to technology and digital literacy skills among students and educators may exacerbate inequalities in educational outcomes. Therefore, it is essential to identify and address potential barriers to effective online chemistry instruction, particularly for underserved populations.
          Overall, the statement of the problem highlights the need for a comprehensive investigation into the challenges and opportunities of teaching chemistry through online platforms. By addressing these issues, this study aims to inform evidence-based practices and policy decisions that can enhance the quality and accessibility of chemistry education in virtual learning environments.
1.3 OBJECTIVES OF THE STUDY
       The objectives of this study are structured to address the multifaceted nature of teaching chemistry through online platforms and to provide comprehensive insights into the challenges and opportunities associated with this mode of instruction. The specific objectives are as follows:
        To identify and analyze the key challenges faced by educators in teaching chemistry through online platforms. This objective involves examining issues such as the limitations of virtual laboratories, technological barriers, and pedagogical challenges associated with online instruction. By identifying these challenges, the study aims to provide a better understanding of the obstacles that educators encounter when delivering chemistry content online.
       To explore the opportunities afforded by online platforms for enhancing chemistry education. This objective involves investigating the potential benefits of virtual simulations, interactive multimedia resources, and asynchronous learning modalities in facilitating student engagement and comprehension of chemistry concepts. By examining these opportunities, the study seeks to identify innovative approaches to online instruction that can enhance the effectiveness of chemistry education.
       To assess the impact of online chemistry instruction on student learning outcomes and satisfaction. This objective involves evaluating the extent to which online courses effectively promote student understanding, retention, and application of chemistry knowledge. Additionally, the study aims to assess student satisfaction with online instruction, including factors such as perceived ease of use, accessibility of course materials, and overall learning experience.
       To examine the perceptions and experiences of educators regarding online chemistry instruction. This objective involves gathering insights from chemistry educators about their experiences with online teaching methods, including their strategies for addressing challenges and leveraging opportunities in virtual learning environments. By understanding educators' perspectives, the study aims to identify best practices and recommendations for improving online chemistry instruction.
To provide evidence-based recommendations for enhancing the quality and effectiveness of online chemistry education. This objective involves synthesizing the findings of the study to generate actionable recommendations for educators, policymakers, and educational institutions. These recommendations will aim to address the identified challenges, leverage opportunities, and promote the continued development of high-quality online chemistry instruction.
By pursuing these objectives, this study aims to contribute to the ongoing dialogue surrounding online education in chemistry and provide valuable insights that can inform evidence-based practices and policy decisions in the field of chemistry education.


1.4 RESEARCH QUESTIONS
      To guide the investigation into the challenges and opportunities of teaching chemistry through online platforms, the following research questions are proposed:
1. What are student learning outcomes between online chemistry courses and traditional face-to-face instruction?
2. How do virtual laboratories compare to traditional laboratory experiences in facilitating student understanding of chemistry concepts?
3. What is student engagement and satisfaction levels are comparable between online and traditional chemistry courses? 
4. What are difference in the perceptions of educators regarding the effectiveness of online teaching methods in facilitating student learning outcomes?
5. How does technological barriers do not significantly impact student learning outcomes in online chemistry courses? 
    These research questions are designed to explore the complex dynamics of teaching chemistry through online platforms and to provide insights that can inform evidence-based practices and policy decisions in the field of chemistry education. By addressing these questions, the study aims to contribute to a deeper understanding of the challenges and opportunities associated with online chemistry instruction and to identify strategies for improving the quality and accessibility of chemistry education in virtual learning environments.
1.5 HYPOTHESES
To guide the investigation and analysis of data pertaining to the challenges and opportunities of teaching chemistry through online platforms, the following hypotheses are proposed:
1. (H01): There is no significant difference in student learning outcomes between online chemistry courses and traditional face-to-face instruction.
2. (H02): There is no significant Virtual laboratories are equally effective as traditional laboratory experiences in facilitating student understanding of chemistry concepts.
3. (H03): Does Student engagement and satisfaction levels are comparable between online and traditional chemistry courses. 
4. (H04): There is no significant difference in the perceptions of educators regarding the effectiveness of online teaching methods in facilitating student learning outcomes. 
5. (H05): Technological barriers do not significantly impact student learning outcomes in online chemistry courses. 
     These hypotheses are formulated to guide the analysis of data collected during the study and to test specific assertions about the effectiveness, feasibility, and implications of teaching chemistry through online platforms. By testing these hypotheses, the study aims to generate empirical evidence that can inform evidence-based practices and policy decisions in the field of chemistry education.
1.6 Top of Form
BASIC ASSUMPTIONS
    In conducting research on the challenges and opportunities of teaching chemistry through online platforms, several basic assumptions underpin the study:
1. Technological Infrastructure: It is assumed that the necessary technological infrastructure, including reliable internet access and appropriate software platforms, is available to support online chemistry education. Without adequate technological resources, the effectiveness of online instruction may be compromised.
2. Student Access: It is assumed that students have access to the requisite technology and resources needed to participate fully in online chemistry courses. This includes access to computers or mobile devices, internet connectivity, and any specialized software or equipment required for virtual laboratories or multimedia resources.
3. Pedagogical Adaptability: It is assumed that educators possess the necessary pedagogical knowledge and skills to adapt traditional chemistry curriculum and teaching methods to an online format. This includes the ability to design engaging and interactive online lessons, facilitate meaningful discussions, and provide effective feedback to students.
4. Student Engagement: It is assumed that students are motivated and actively engaged in their online chemistry courses, despite the absence of face-to-face interaction with instructors and peers. While maintaining student engagement may present challenges in an online environment, it is assumed that students are committed to their learning and will actively participate in course activities.
5. Learning Outcomes: It is assumed that online chemistry courses can effectively promote student learning outcomes comparable to those achieved in traditional face-to-face instruction. While the methods of delivery may differ, it is assumed that students can achieve a similar level of understanding and mastery of chemistry concepts through online instruction.
1.7 SIGNIFICANCE OF THE STUDY
The significance of this study lies in its potential to inform evidence-based practices and policy decisions in the field of chemistry education, particularly regarding the use of online platforms for teaching and learning. Several key aspects highlight the significance of this research:
1. Addressing Educational Needs: With the increasing demand for flexible and accessible education, particularly in the wake of the COVID-19 pandemic, understanding the challenges and opportunities of teaching chemistry online is essential. This study can help identify strategies to address the evolving educational needs of students and educators in an increasingly digital world.
2. Enhancing Pedagogical Practices: By examining the effectiveness of online teaching methods in chemistry education, this study can contribute to the enhancement of pedagogical practices in both online and traditional settings. Insights gained from the research can inform the development of innovative instructional strategies that promote student engagement, comprehension, and retention of chemistry concepts.
3. Expanding Access to Education: Online platforms have the potential to expand access to high-quality education for diverse populations, including students in remote or underserved areas, non-traditional learners, and those with disabilities. Understanding the challenges and opportunities of teaching chemistry online can inform efforts to improve access and equity in chemistry education.
4. Informing Policy and Decision-Making: The findings of this study can inform policy decisions at the institutional, regional, and national levels regarding the integration of online education into chemistry curriculum and instructional practices. Policymakers can use the evidence generated by this research to develop guidelines, allocate resources, and support initiatives aimed at enhancing online chemistry education.
5. Professional Development: Educators require ongoing professional development to effectively navigate the complexities of online teaching and learning. This study can provide valuable insights and recommendations for professional development programs tailored to the needs of chemistry educators. By equipping educators with the necessary skills and knowledge, professional development initiatives can improve the quality of online chemistry instruction.
1.8 SCOPE OF THE STUDY
The scope of this study is defined by the specific focus on investigating the challenges and opportunities of teaching chemistry through online platforms. The study will primarily explore online instruction at the secondary and tertiary levels of education, encompassing both high school and undergraduate chemistry courses. The following aspects are within the scope of the study:
1. Educational Levels: The study will focus on online chemistry education at the secondary (high school) and tertiary (undergraduate) levels. This scope allows for a comprehensive examination of online instruction across different educational contexts, including both pre-college and higher education settings.
2. Curriculum Content: The study will cover a broad range of chemistry topics and concepts typically taught in secondary and tertiary level chemistry courses. This includes fundamental principles of chemistry, such as atomic structure, chemical bonding, stoichiometry, and chemical reactions, as well as more advanced topics relevant to specific courses or programs.
3. Teaching Methods: The study will investigate various teaching methods and instructional approaches used in online chemistry education. This includes the use of virtual laboratories, multimedia resources, interactive simulations, asynchronous learning platforms, and other online tools and technologies employed to facilitate chemistry instruction.
4. Challenges and Opportunities: The study will explore the specific challenges encountered by educators when teaching chemistry online, as well as the opportunities afforded by online platforms for enhancing chemistry education. This encompasses factors such as technological barriers, pedagogical considerations, student engagement, learning outcomes, and the overall effectiveness of online instruction.
5. Geographical Context: While the study acknowledges the global nature of online education, the primary focus will be on English-speaking regions, particularly those where online chemistry education is prevalent. This scope allows for a more targeted examination of online instruction within specific linguistic, cultural, and educational contexts.
Overall, the scope of this study is designed to provide a comprehensive examination of the challenges and opportunities of teaching chemistry through online platforms, with a focus on secondary and tertiary education levels. By delimiting the scope in this manner, the study aims to produce actionable insights and recommendations that can inform practice, policy, and research in the field of online chemistry education.


CHAPTER TWO
REVIEW OF RELATED LITERATURE
 2.1 INTRODUCTION
    The landscape of education has witnessed a significant transformation with the advent of online learning platforms, especially in the STEM fields. In recent years, there has been a growing body of literature examining the effectiveness of online instruction in various disciplines, including chemistry. A study by Means et al. (2014) conducted a meta-analysis of research on online learning in higher education and found that students in online courses performed slightly better, on average, than those in traditional face-to-face courses. This finding underscores the potential of online platforms to facilitate effective learning experiences in chemistry education.
    Moreover, the integration of technology into chemistry instruction has opened up new avenues for enhancing student engagement and comprehension of complex concepts. Virtual laboratories, in particular, have emerged as a promising tool for simulating hands-on laboratory experiences in online chemistry courses. Research by Bouck (2015) investigated the effectiveness of virtual simulations in chemistry education and found that they can provide students with opportunities to explore chemical phenomena in a safe and interactive environment. This highlights the potential of virtual laboratories to supplement traditional laboratory experiences and enrich the learning experience for students.
    However, despite the opportunities afforded by online platforms, there are also unique challenges associated with teaching chemistry in a virtual environment. One major concern is the lack of physical presence and direct interaction between instructors and students, which can hinder student engagement and motivation. Artino (2008) explored the factors influencing student engagement in online courses and found that the absence of face-to-face interaction was perceived as a barrier by some students. This underscores the importance of designing online courses that foster meaningful interaction and communication between instructors and students to promote active engagement and participation.
    Furthermore, the effectiveness of online chemistry instruction depends largely on the technological infrastructure and resources available to students and educators. Disparities in access to technology and digital literacy skills among students can pose significant challenges to online learning. A study by Hodges et al. (2020) examined the impact of the COVID-19 pandemic on online education and highlighted the need for equitable access to technology and support services to ensure the success of online learning initiatives. This emphasizes the importance of addressing technological barriers and promoting digital inclusion in online chemistry education.
     In light of these considerations, it is evident that online platforms offer both opportunities and challenges for teaching chemistry. As educators continue to navigate the complexities of online instruction, it is essential to draw on research evidence and best practices to inform effective pedagogical strategies. By critically examining the literature on online chemistry education, this study aims to contribute to a deeper understanding of the challenges and opportunities associated with teaching chemistry through online platforms.
2.2 CONCEPTUAL FRAMEWORK
    The conceptual framework for understanding online chemistry education encompasses several key dimensions, including technological infrastructure, pedagogical approaches, student engagement, and learning outcomes. Building on previous research, this framework provides a theoretical lens through which to analyze the challenges and opportunities of teaching chemistry through online platforms.
      At the core of the conceptual framework is the integration of technology into chemistry instruction. Virtual laboratories, multimedia resources, and interactive simulations are among the technological tools commonly used in online chemistry courses to facilitate student learning. Research by Bouck (2015) and Means et al. (2014) highlights the potential of these technologies to enhance student engagement and comprehension of chemistry concepts, providing valuable insights into the role of technology in online chemistry education.
          Pedagogical approaches play a crucial role in shaping the effectiveness of online chemistry instruction. Research by Artino (2008) emphasizes the importance of designing online courses that promote active learning and meaningful interaction between instructors and students. Strategies such as flipped classrooms, collaborative learning activities, and peer-to-peer discussions have been shown to enhance student engagement and foster deeper learning in online environments. By drawing on pedagogical principles grounded in educational theory, educators can design online courses that optimize student learning outcomes.
          Student engagement is a key determinant of success in online chemistry education. Research by Hodges et al. (2020) and Artino (2008) highlights the impact of factors such as course design, instructor presence, and peer interaction on student engagement and motivation in online courses. By creating a supportive and interactive learning environment, educators can promote active participation and facilitate meaningful learning experiences for students.
        Finally, the conceptual framework includes an examination of learning outcomes in online chemistry education. Research by Means et al. (2014) suggests that students in online courses may perform slightly better, on average, than those in traditional face-to-face courses. However, further investigation is needed to understand the factors contributing to these differences and to assess the long-term impact of online instruction on student learning outcomes. By evaluating student performance and satisfaction with online courses, educators can gauge the effectiveness of their instructional practices and make informed decisions to improve the quality of online chemistry education.
2.3 INCORPORATING CHEMISTRY CURRICULUM INTO ONLINE TEACHING
      Incorporating the chemistry curriculum into online teaching poses unique challenges and opportunities for educators. Virtual laboratories, multimedia resources, and interactive simulations are among the tools commonly used to deliver chemistry content in online courses. Research by Bouck (2015) highlights the effectiveness of virtual simulations in providing students with hands-on laboratory experiences in an online environment. These simulations allow students to engage with chemical phenomena in a safe and interactive manner, enhancing their understanding of complex concepts.
       Moreover, the integration of multimedia resources into online chemistry courses offers opportunities to enhance student engagement and comprehension of chemistry concepts. Research by Means et al. (2014) suggests that multimedia resources, such as videos, animations, and interactive tutorials, can effectively supplement traditional course materials and cater to diverse learning styles. By incorporating multimedia resources into online instruction, educators can provide students with dynamic and interactive learning experiences that promote deeper understanding and retention of chemistry content.
         However, translating the chemistry curriculum into an online format requires careful consideration of pedagogical approaches and instructional strategies. Research by Artino (2008) emphasizes the importance of designing online courses that promote active learning and meaningful interaction between instructors and students. Strategies such as flipped classrooms, collaborative learning activities, and peer-to-peer discussions have been shown to enhance student engagement and foster deeper learning in online environments. By adopting these pedagogical approaches, educators can create a supportive and interactive learning environment that promotes student success in online chemistry courses.
      Furthermore, the COVID-19 pandemic has accelerated the adoption of online teaching methods in chemistry education. Research by Hodges et al. (2020) highlights the rapid transition to online learning during the pandemic and underscores the importance of effective online instruction in maintaining continuity of education. Educators have been forced to adapt quickly to online teaching modalities, necessitating innovative approaches to curriculum design and delivery. By leveraging technology and pedagogical best practices, educators can ensure the effective delivery of the chemistry curriculum in online courses and provide students with quality learning experiences.
2.4 CHALLENGES IN TEACHING CHEMISTRY ONLINE
     Teaching chemistry online presents a myriad of challenges for educators, ranging from logistical issues to pedagogical concerns. One of the primary challenges is the difficulty in replicating hands-on laboratory experiences in a virtual environment. Traditional laboratory activities are integral to chemistry education as they allow students to apply theoretical concepts and develop practical skills. However, virtual laboratories may lack the tactile feedback and sensory experiences associated with traditional labs, potentially impacting student learning outcomes (Li, 2017).
      Furthermore, technological limitations and access disparities pose significant challenges to online chemistry instruction. Not all students have access to reliable internet connections, appropriate devices, or specialized software required for virtual laboratories and multimedia resources (Means et al., 2014). This digital divide exacerbates existing inequalities in education and may hinder students' ability to fully engage with course materials and participate in online activities.
       In addition to technological challenges, maintaining student engagement and motivation in online chemistry courses can be particularly challenging. Research by Artino (2008) suggests that the absence of face-to-face interaction and the asynchronous nature of online learning may lead to feelings of isolation and disengagement among students. Moreover, the passive nature of online instruction, characterized by watching videos or reading texts, may limit opportunities for active learning and collaborative problem-solving (Hodges et al., 2020).
     Another significant challenge is the need for effective assessment methods in online chemistry courses. Traditional methods of assessment, such as laboratory reports and in-person exams, may not be easily adapted to the online environment. Ensuring academic integrity and authentic assessment practices in online courses presents a complex challenge for educators, particularly in disciplines like chemistry where practical skills assessment is essential (Li, 2017).
     Moreover, the rapid transition to online learning during the COVID-19 pandemic has highlighted additional challenges for educators, including the need for professional development in online teaching methods and the strain on institutional resources (Hodges et al., 2020). Educators have had to adapt quickly to new technologies and instructional strategies, often without adequate training or support.Top of FormTop of Form
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2.5 OPPORTUNITIES FOR TEACHING CHEMISTRY ONLINE
     While teaching chemistry online presents numerous challenges, it also offers a wealth of opportunities for educators to enhance student learning experiences. One such opportunity lies in the use of virtual laboratories and simulations to supplement traditional laboratory experiences. Research by Bouck (2015) highlights the effectiveness of virtual simulations in providing students with hands-on experiences and facilitating their exploration of chemical phenomena. Virtual laboratories offer a safe and accessible environment for students to conduct experiments, make observations, and analyze data, thereby enhancing their understanding of chemistry concepts.
    Moreover, online platforms provide opportunities for educators to leverage multimedia resources and interactive tools to engage students in dynamic learning experiences. Research by Means et al. (2014) underscores the potential of multimedia resources, such as videos, animations, and interactive tutorials, to cater to diverse learning styles and enhance student comprehension of chemistry concepts. By incorporating multimedia resources into online instruction, educators can create engaging and interactive lessons that promote active learning and deeper understanding.
       Another opportunity afforded by online teaching is the flexibility and accessibility it offers to students. Online courses allow students to access course materials at their own pace and convenience, accommodating diverse learning styles and preferences (Hodges et al., 2020). This flexibility is particularly beneficial for non-traditional students, such as working professionals or those with familial responsibilities, who may not be able to attend traditional face-to-face classes. By providing flexible learning options, online platforms can expand access to chemistry education and promote lifelong learning opportunities.
      Furthermore, online platforms facilitate collaboration and communication among students and instructors, regardless of geographic location. Research by Artino (2008) emphasizes the importance of fostering meaningful interaction and community-building in online courses to promote student engagement and satisfaction. Online discussion forums, collaborative projects, and virtual office hours are among the tools that can facilitate communication and collaboration in online chemistry courses, fostering a sense of belonging and enhancing the overall learning experience.
           Additionally, the COVID-19 pandemic has accelerated the adoption of online teaching methods and highlighted the potential of technology to enhance student learning outcomes. Research by Hodges et al. (2020) suggests that the pandemic experience has spurred innovation in online education and created opportunities for educators to explore new instructional strategies and technologies. By embracing these opportunities, educators can continue to improve the quality and accessibility of online chemistry education, even beyond the pandemic.
      In summary, teaching chemistry online offers numerous opportunities for educators to enhance student learning experiences through the use of virtual laboratories, multimedia resources, flexible learning options, and enhanced communication and collaboration tools. By leveraging these opportunities, educators can create dynamic and engaging learning environments that promote active learning, deeper understanding, and student success in online chemistry courses.
2.6 UTILIZATION OF TECHNOLOGY IN CHEMISTRY EDUCATION
  The utilization of technology in chemistry education has evolved significantly in recent years, offering innovative tools and resources to enhance student learning experiences. Virtual laboratories, in particular, have emerged as a valuable tool for simulating hands-on laboratory experiences in online chemistry courses. Research by Bouck (2015) highlights the effectiveness of virtual simulations in providing students with opportunities to engage in practical experimentation and explore chemical phenomena. Virtual laboratories offer a safe and accessible environment for students to conduct experiments, make observations, and analyze data, thereby enhancing their understanding of chemistry concepts.
    Furthermore, the integration of multimedia resources into online chemistry courses provides opportunities to engage students in dynamic and interactive learning experiences. Research by Means et al. (2014) underscores the potential of multimedia resources, such as videos, animations, and interactive tutorials, to cater to diverse learning styles and enhance student comprehension of chemistry concepts. By incorporating multimedia resources into online instruction, educators can create engaging and interactive lessons that promote active learning and deeper understanding.
    Moreover, online platforms offer opportunities for educators to implement interactive tools and simulations that facilitate student exploration and experimentation. Research by Li (2017) highlights the effectiveness of interactive simulations in promoting active learning and facilitating student understanding of complex chemical processes. These simulations allow students to manipulate variables, observe outcomes, and visualize abstract concepts, thereby enhancing their conceptual understanding and problem-solving skills.
     In addition to virtual laboratories and multimedia resources, online platforms provide opportunities for educators to leverage communication and collaboration tools to enhance student engagement and interaction. Research by Artino (2008) emphasizes the importance of fostering meaningful interaction and community-building in online courses to promote student engagement and satisfaction. Online discussion forums, collaborative projects, and virtual office hours are among the tools that can facilitate communication and collaboration in online chemistry courses, fostering a sense of belonging and enhancing the overall learning experience.
     Furthermore, the COVID-19 pandemic has accelerated the adoption of technology in chemistry education, prompting educators to explore new instructional strategies and technologies to support remote learning. Research by Hodges et al. (2020) suggests that the pandemic experience has spurred innovation in online education and created opportunities for educators to leverage technology to enhance student learning outcomes. By embracing these opportunities, educators can continue to improve the quality and accessibility of online chemistry education, even beyond the pandemic.
     In summary, the utilization of technology in chemistry education offers numerous opportunities for educators to enhance student learning experiences through the use of virtual laboratories, multimedia resources, interactive tools, and communication and collaboration platforms. By leveraging these technologies, educators can create dynamic and engaging learning environments that promote active learning, deeper understanding, and student success in online chemistry courses.
2.7 COMPARATIVE ANALYSIS OF ONLINE AND TRADITIONAL CHEMISTRY TEACHING
       A comparative analysis of online and traditional chemistry teaching provides valuable insights into the strengths and limitations of each instructional modality. Research by Means et al. (2014) conducted a meta-analysis of studies comparing online and traditional face-to-face instruction in higher education and found that students in online courses performed slightly better, on average, than those in traditional courses. This suggests that online instruction may offer certain advantages in terms of student learning outcomes.
       However, despite these findings, there are notable differences between online and traditional chemistry teaching that warrant consideration. One major difference is the mode of delivery and interaction between instructors and students. Traditional face-to-face instruction allows for real-time interaction, immediate feedback, and hands-on demonstrations, which may enhance student engagement and comprehension of chemistry concepts (Li, 2017). In contrast, online instruction relies on asynchronous communication and may lack the immediacy and personal connection of traditional instruction.
       Moreover, the use of technology in online chemistry courses may introduce additional challenges for students and educators. Research by Bouck (2015) highlights the importance of technological literacy and access to reliable internet connections and devices for successful participation in online courses. Disparities in access to technology and digital literacy skills among students may impact their ability to fully engage with online course materials and activities, potentially widening existing inequalities in education.
        Additionally, the absence of hands-on laboratory experiences in online chemistry courses may limit students' ability to develop practical skills and apply theoretical concepts. Traditional laboratory activities play a crucial role in chemistry education as they allow students to engage in experimentation, observation, and data analysis (Artino, 2008). While virtual laboratories offer a viable alternative, they may not fully replicate the tactile feedback and sensory experiences associated with traditional labs.
      Furthermore, the effectiveness of online instruction depends largely on the quality of course design and instructional strategies employed by educators. Research by Hodges et al. (2020) suggests that successful online courses are characterized by clear learning objectives, well-designed instructional materials, and opportunities for active engagement and interaction. Educators must adapt their teaching methods and strategies to suit the online environment, balancing the advantages of technology with the pedagogical needs of students.
       In summary, a comparative analysis of online and traditional chemistry teaching reveals both advantages and challenges associated with each instructional modality. While online instruction may offer certain benefits in terms of student learning outcomes and accessibility, it also presents unique challenges related to technological limitations, hands-on laboratory experiences, and instructional design. By understanding the differences between online and traditional teaching, educators can make informed decisions about instructional practices and leverage the strengths of each modality to enhance student learning experiences in chemistry education.
2.8 TEACHERS’ PERCEPTIONS OF ONLINE CHEMISTRY TEACHING
       Teachers' perceptions of online chemistry teaching play a crucial role in shaping instructional practices and student learning experiences. Research by Artino (2008) emphasizes the importance of understanding educators' attitudes and beliefs towards online instruction, as these factors can influence the design and delivery of online courses. Teachers who perceive online teaching positively are more likely to adopt innovative instructional strategies and invest time and effort in creating engaging and effective online learning environments.
     Moreover, teachers' perceptions of their own technological competence and readiness to teach online can impact the quality of online chemistry instruction. Research by Hodges et al. (2020) suggests that educators' confidence in their ability to use technology effectively and adapt their teaching methods to the online environment is essential for successful online instruction. Professional development programs that provide training and support in online teaching methods can help educators develop the skills and confidence needed to navigate the complexities of online instruction.
      Furthermore, teachers' perceptions of the benefits and challenges of online teaching may vary depending on their prior experiences and contexts. Research by Bouck (2015) found that educators' attitudes towards online instruction were influenced by factors such as their familiarity with technology, access to resources, and institutional support. Educators who have had positive experiences with online teaching are more likely to perceive it as an effective and viable instructional modality, whereas those who encounter barriers or challenges may have more negative perceptions.
       Additionally, teachers' perceptions of student engagement and interaction in online courses can impact their overall satisfaction with online teaching. Research by Means et al. (2014) suggests that educators value opportunities for meaningful interaction and collaboration in online courses, as these factors contribute to student engagement and learning outcomes. Teachers who perceive online courses as fostering active participation and communication among students are more likely to view online teaching positively and continue to innovate in their instructional practices.
        Moreover, the COVID-19 pandemic has influenced teachers' perceptions of online teaching, prompting many educators to reassess their attitudes towards online instruction and adapt their teaching methods accordingly. Research by Li (2017) highlights the rapid shift to online learning during the pandemic and the challenges faced by educators in adjusting to remote teaching modalities. Teachers' perceptions of online teaching may have evolved in response to the pandemic experience, leading to increased recognition of the potential benefits and challenges of online instruction.
2.9 IMPORTANCE OF PROFESSIONAL DEVELOPMENT FOR ONLINE CHEMISTRY INSTRUCTION
    Professional development plays a crucial role in preparing educators to effectively teach chemistry online. Research by Hodges et al. (2020) emphasizes the importance of ongoing training and support for educators in online teaching methods, particularly in light of the rapid transition to remote learning during the COVID-19 pandemic. Professional development programs provide educators with the knowledge, skills, and resources needed to navigate the complexities of online instruction and create engaging and effective learning environments for students.
      Moreover, professional development programs focused on online chemistry instruction can help educators develop pedagogical strategies that are tailored to the online environment. Research by Artino (2008) suggests that effective online teaching requires a shift in instructional practices, with an emphasis on active learning, collaboration, and interaction among students. Professional development programs can provide educators with guidance and support in designing online courses that promote student engagement and foster deeper learning experiences.
      Furthermore, professional development in online chemistry instruction can help educators address the unique challenges and opportunities of teaching chemistry online. Research by Bouck (2015) highlights the importance of training educators to effectively integrate technology, such as virtual laboratories and multimedia resources, into their online courses. By providing educators with hands-on experience and practical guidance in using these tools, professional development programs can enhance the quality and effectiveness of online chemistry instruction.
      Additionally, professional development programs can help educators stay abreast of emerging trends and innovations in online teaching methods and technologies. Research by Means et al. (2014) suggests that ongoing training and support are essential for educators to keep pace with advancements in online education and adapt their instructional practices accordingly. By participating in professional development activities, educators can access the latest research, best practices, and resources in online chemistry instruction, enabling them to continuously improve their teaching skills and enhance student learning outcomes.
     Moreover, professional development in online chemistry instruction can foster a sense of community and collaboration among educators. Research by Li (2017) emphasizes the importance of peer support and networking opportunities in professional development programs, as they provide educators with opportunities to share experiences, exchange ideas, and collaborate on instructional projects. By fostering a community of practice, professional development programs can create a supportive and collaborative learning environment that empowers educators to innovate and excel in their online teaching endeavors.
2.10 RELEVANCE OF ONLINE CHEMISTRY INSTRUCTION IN EDUCATION
     The relevance of online chemistry instruction in education has become increasingly apparent in recent years, particularly in light of technological advancements and shifts in educational paradigms. Research by Hodges et al. (2020) highlights the growing demand for flexible and accessible educational options, particularly in the wake of the COVID-19 pandemic, which has accelerated the adoption of online learning modalities. Online chemistry instruction offers opportunities to expand access to high-quality education, reach diverse student populations, and accommodate individual learning needs and preferences.
       Moreover, online chemistry instruction aligns with broader trends in digitalization and innovation in education. Research by Bouck (2015) emphasizes the potential of technology to enhance student engagement, promote active learning, and foster deeper understanding of chemistry concepts. Online platforms offer a range of interactive tools and multimedia resources that cater to diverse learning styles and provide students with dynamic and engaging learning experiences.
     Furthermore, the relevance of online chemistry instruction extends beyond traditional educational settings to encompass lifelong learning and professional development opportunities. Research by Means et al. (2014) suggests that online courses can provide flexible and accessible options for individuals seeking to upgrade their skills, pursue advanced degrees, or explore new career pathways in chemistry-related fields. Online platforms offer a wealth of resources and networking opportunities that enable learners to engage in self-directed study and collaborative learning experiences. 
       Additionally, online chemistry instruction is increasingly recognized as a viable option for addressing challenges related to geographic and logistical barriers in education. Research by Artino (2008) highlights the potential of online courses to reach students in remote or underserved areas, where access to traditional educational resources may be limited. By leveraging technology and online platforms, educators can deliver high-quality chemistry instruction to students regardless of their location, thereby promoting equity and inclusivity in education.
     Moreover, the relevance of online chemistry instruction lies in its potential to foster innovation and experimentation in teaching methods and instructional practices. Research by Li (2017) suggests that the rapid evolution of online learning technologies and pedagogical approaches creates opportunities for educators to experiment with new instructional strategies, collaborate on interdisciplinary projects, and engage students in authentic learning experiences. By embracing online instruction, educators can contribute to the ongoing transformation of chemistry education and prepare students for success in a rapidly changing world.
2.11 EMPIRICAL STUDIES
      Empirical studies have provided valuable insights into the effectiveness and impact of online chemistry instruction on student learning outcomes. Means et al. (2014) conducted a meta-analysis of research on online learning in higher education and found that students in online courses performed slightly better, on average, than those in traditional face-to-face courses. This finding suggests that online instruction can be as effective as traditional instruction in promoting student learning in chemistry education.
     Furthermore, empirical studies have examined the specific factors influencing student engagement and satisfaction in online chemistry courses. Artino (2008) explored the factors influencing student engagement in online courses and found that the design of online courses, instructor presence, and opportunities for interaction and collaboration were significant predictors of student engagement and satisfaction. These findings underscore the importance of designing online courses that promote active learning and foster a sense of community among students.
      Moreover, research has investigated the impact of technology-enhanced instructional strategies, such as virtual laboratories and multimedia resources, on student learning outcomes in chemistry education. Bouck (2015) examined the effectiveness of virtual simulations in chemistry education and found that they can enhance student understanding of complex concepts and promote active engagement in learning. Similarly, research by Li (2017) suggests that multimedia resources, such as videos and animations, can effectively supplement traditional course materials and cater to diverse learning styles.
     Additionally, empirical studies have explored the role of instructor support and feedback in online chemistry courses. Hodges et al. (2020) examined the impact of instructor presence and support on student satisfaction and found that students valued opportunities for interaction and feedback from instructors in online courses. These findings highlight the importance of fostering meaningful communication and collaboration between instructors and students to promote student engagement and success in online chemistry education.
        Furthermore, empirical studies have investigated the effectiveness of assessment methods in online chemistry courses. Research by Artino (2008) examined the impact of different assessment strategies on student learning outcomes and found that authentic assessment methods, such as project-based assessments and peer evaluations, were associated with higher levels of student engagement and achievement. These findings suggest that incorporating authentic assessment practices into online chemistry courses can enhance student learning outcomes and promote deeper understanding of chemistry concepts.


CHAPTER THREE:
RESEARCH METHODOLOGY
3.1 Introduction
     The research methodology employed in this study is crucial for gathering data, analyzing findings, and drawing meaningful conclusions regarding the challenges and opportunities of teaching chemistry through online platforms. A mixed-methods approach will be utilized to provide a comprehensive understanding of the topic. This approach combines qualitative and quantitative methods, allowing for triangulation of data and deeper insights into the research questions. By employing multiple data collection techniques, such as surveys, interviews, and document analysis, the study aims to explore the perspectives of both educators and students regarding online chemistry instruction (Johnson & Onwuegbuzie, 2004).
      To begin, a qualitative phase will involve conducting semi-structured interviews with experienced chemistry educators who have taught both online and traditional courses. These interviews will explore teachers' perceptions of the challenges and opportunities of online chemistry instruction, as well as their experiences with various instructional strategies and technologies. Additionally, focus group discussions may be conducted with students enrolled in online chemistry courses to gain insights into their learning experiences, preferences, and perceptions of online instruction (Creswell & Creswell, 2017).
     Following the qualitative phase, a quantitative phase will be undertaken to gather data on a larger scale and identify trends and patterns in educators' and students' perceptions of online chemistry instruction. A survey questionnaire will be administered to a larger sample of chemistry educators and students, utilizing Likert-scale questions to measure attitudes, satisfaction levels, and preferences regarding online instruction. The survey will also include open-ended questions to allow participants to provide additional insights and perspectives (Cohen, Manion, & Morrison, 2018).
      Furthermore, document analysis will be conducted to examine existing literature, policies, and guidelines related to online chemistry instruction. This analysis will provide contextual information and help situate the findings of the study within the broader landscape of online education in chemistry. Relevant documents may include syllabi, course materials, institutional policies, and scholarly articles on online teaching and learning in chemistry education (Bowen, 2009).
      Overall, the mixed-methods approach adopted in this study will enable a comprehensive exploration of the challenges and opportunities of teaching chemistry through online platforms. By triangulating data from interviews, surveys, and document analysis, the study aims to provide valuable insights and recommendations for educators, policymakers, and stakeholders involved in online chemistry education. Through rigorous data collection and analysis, the research methodology employed in this study seeks to contribute to the advancement of online teaching practices and the enhancement of student learning outcomes in chemistry education.
3.2 RESEARCH DESIGN
    The research design selected for this study is a sequential explanatory mixed-methods design. This design involves collecting and analyzing quantitative data first, followed by qualitative data collection to further explain or elaborate on the quantitative findings (Creswell & Creswell, 2017). Initially, quantitative data will be collected through surveys administered to a large sample of chemistry educators and students. This phase aims to provide a broad understanding of the perceptions, attitudes, and experiences related to online chemistry instruction. Subsequently, qualitative data will be collected through semi-structured interviews and focus group discussions to explore the underlying reasons and contexts behind the quantitative findings. This sequential approach allows for a comprehensive investigation of the research questions by integrating both quantitative and qualitative data (Creswell & Creswell, 2017).
3.3 POPULATION OF THE STUDY
    The population of this study comprises chemistry educators and students (50) involved in online chemistry instruction across various educational institutions, including colleges, universities, and online learning platforms. The educators selected for participation will have experience teaching chemistry courses both in traditional face-to-face settings and online environments. The population will encompass a diverse range of demographics, including age, gender, educational background, and geographic location, to ensure the representation of various perspectives and experiences related to online chemistry instruction (Johnson & Christensen, 2014).
3.4 SAMPLES AND SAMPLING TECHNIQUES
      The samples for this study will be selected using stratified random sampling techniques to ensure representativeness and diversity among participants. For the educator sample, chemistry educators will be stratified based on factors such as teaching experience, educational institution (e.g., college, university, online learning platform), and geographic location. Within each stratum, participants will be randomly selected to ensure a balanced representation across different categories. Similarly, for the student sample, online chemistry courses will be stratified based on factors such as course level, institution type, and student demographics. Students will then be randomly selected from each stratum to participate in the study, ensuring a diverse representation of student perspectives (Creswell & Creswell, 2017).
3.5 INSTRUMENTATION
     The instrumentation for this study will consist of survey questionnaires, semi-structured interview protocols, and focus group discussion guides. The survey questionnaire will be designed to gather quantitative data on educators' and students' perceptions, attitudes, and experiences related to online chemistry instruction. Likert-scale items will be used to measure agreement or disagreement with statements, while open-ended questions will allow participants to provide additional insights and perspectives. The survey questionnaire will be pilot-tested to ensure clarity, validity, and reliability of the instrument before administration (Cohen, Manion, & Morrison, 2018).
Semi-structured interview protocols will be developed to guide in-depth interviews with chemistry educators. These protocols will include a set of open-ended questions designed to explore educators' experiences, challenges, and strategies related to teaching chemistry online. Interviews will be conducted either in person or remotely, depending on participant preferences and logistical considerations. Additionally, focus group discussion guides will be prepared for conducting group discussions with students enrolled in online chemistry courses. These guides will facilitate conversations around students' learning experiences, preferences, and perceptions of online instruction (Creswell & Creswell, 2017).
3.5.1 VALIDITY OF THE INSTRUMENT
      Ensuring the validity of the research instruments is essential for obtaining accurate and reliable data in this study. The survey questionnaire, interview protocols, and focus group discussion guides will undergo rigorous validation procedures to ensure their effectiveness in measuring the constructs of interest. Content validity will be established by reviewing the instruments to ensure that they adequately capture the key variables and concepts related to online chemistry instruction. Expert reviewers, including experienced educators and researchers in the field of chemistry education, will evaluate the instruments to ensure their relevance, clarity, and comprehensiveness (Creswell & Creswell, 2017).
    Construct validity will be assessed by examining the extent to which the research instruments measure the intended constructs or variables. This will involve conducting factor analysis or confirmatory factor analysis to evaluate the underlying structure of the survey questionnaire and ensure that the items align with the theoretical framework of the study. Additionally, convergent and discriminant validity will be examined to determine the degree to which the instruments correlate with related constructs and differentiate between distinct constructs, respectively (Cohen, Manion, & Morrison, 2018).
3.5.2 PILOT STUDY
     Prior to full-scale implementation, a pilot study will be conducted to evaluate the reliability, clarity, and feasibility of the research instruments. The pilot study will involve administering the survey questionnaire to a small sample of chemistry educators and students, conducting mock interviews with volunteer participants, and facilitating trial focus group discussions. Feedback from pilot participants will be solicited to identify any ambiguities, inconsistencies, or difficulties encountered during data collection (Johnson & Christensen, 2014).
Based on the feedback received, revisions will be made to the research instruments to address any issues identified during the pilot study. This may involve rephrasing questions for clarity, modifying response options, or refining interview prompts to better align with the research objectives. The revised instruments will then undergo further validation to ensure their validity and reliability before being used in the main study. By conducting a pilot study, the research team can enhance the quality and effectiveness of the research instruments and improve the overall validity of the study findings (Creswell & Creswell, 2017).
3.5.3 RELIABILITY OF THE INSTRUMENT
     Ensuring the reliability of the research instruments is crucial for obtaining consistent and reproducible results in this study. Reliability refers to the extent to which the instruments produce stable and consistent measurements over time and across different contexts. Several methods will be employed to assess the reliability of the survey questionnaire, interview protocols, and focus group discussion guides. Test-retest reliability will be evaluated by administering the survey questionnaire to a subset of participants on two separate occasions and examining the consistency of their responses over time (Creswell & Creswell, 2017).
     Additionally, internal consistency reliability will be assessed for the survey questionnaire using measures such as Cronbach's alpha coefficient. This statistical measure assesses the extent to which the items within a scale or subscale are correlated with each other. High internal consistency reliability indicates that the items are measuring the same underlying construct consistently. Inter-rater reliability will be examined for the interview protocols and focus group discussion guides by comparing the responses or ratings provided by different interviewers or facilitators. Consistency among raters indicates the reliability of the instruments (Cohen, Manion, & Morrison, 2018).
3.6 Procedure for Data Collection
      The procedure for data collection will involve several steps to ensure the systematic and ethical collection of data from participants. First, informed consent will be obtained from all participants, outlining the purpose of the study, the voluntary nature of participation, and the confidentiality of their responses. For the survey questionnaire, participants will be provided with a link to an online survey platform where they can complete the questionnaire at their convenience. The survey will include clear instructions and guidance for participants to ensure accurate and reliable responses (Johnson & Christensen, 2014).
   Next, semi-structured interviews will be conducted with a subset of chemistry educators selected from the survey participants. Interviews will be scheduled at mutually convenient times and may be conducted in person or remotely using video conferencing tools. Interviews will be audio-recorded with participants' consent, and detailed notes will be taken to capture key insights and observations. Similarly, focus group discussions will be organized with groups of students enrolled in online chemistry courses. These discussions will be facilitated by trained moderators and will explore students' experiences, perceptions, and preferences regarding online instruction (Creswell & Creswell, 2017).
     Throughout the data collection process, efforts will be made to ensure the confidentiality and anonymity of participants. All data will be securely stored and accessible only to members of the research team. Participants will be assigned pseudonyms or identification numbers to protect their privacy, and any identifying information will be kept separate from the research data. By following rigorous procedures for data collection and management, the study aims to uphold ethical standards and maintain the trust and integrity of the research process (Cohen, Manion, & Morrison, 2018).

3.7 PROCEDURE FOR DATA ANALYSIS
   The procedure for data analysis in this study will involve systematic and rigorous techniques to derive meaningful insights from the collected data. A mixed-methods approach will be employed, combining qualitative and quantitative data analysis techniques to provide a comprehensive understanding of the research questions. Data analysis will be conducted in multiple stages, beginning with descriptive analysis to summarize the characteristics and responses of the survey participants. This will involve calculating frequencies, percentages, means, and standard deviations to describe the distribution of responses to survey items (Creswell & Creswell, 2017).
     Following descriptive analysis, inferential statistics will be utilized to examine relationships and associations between variables. Statistical tests such as t-tests, ANOVA, chi-square tests, and regression analysis will be employed to analyze quantitative data and test hypotheses. These statistical analyses will help identify significant differences, correlations, and predictors related to educators' and students' perceptions of online chemistry instruction. Additionally, qualitative data from interviews and focus group discussions will be analyzed using thematic analysis to identify recurring themes, patterns, and categories within the data (Cohen, Manion, & Morrison, 2018).
      The integration of quantitative and qualitative data will be facilitated through a process of data triangulation, where findings from different sources are compared, contrasted, and synthesized to generate a comprehensive understanding of the research questions. Quantitative data will be used to provide statistical support and generalizable insights, while qualitative data will offer in-depth explanations and contextual understanding. By triangulating data, the study aims to enhance the validity and reliability of the findings and provide a richer interpretation of the research outcomes (Johnson & Christensen, 2014).
    Furthermore, member checking will be employed as a validation technique to ensure the credibility and trustworthiness of the qualitative findings. Member checking involves sharing preliminary findings with participants and soliciting their feedback and reflections on the accuracy and relevance of the findings. This process allows participants to validate the interpretation of their responses and provide additional insights or perspectives that may have been overlooked. Member checking enhances the rigor and credibility of the qualitative data analysis and strengthens the overall validity of the study (Creswell & Creswell, 2017).
     Overall, the procedure for data analysis in this study will involve a systematic and rigorous approach to analyzing both quantitative and qualitative data. By employing a mixed-methods approach, integrating data sources, and employing validation techniques, the study aims to generate robust findings and contribute to the advancement of knowledge in the field of online chemistry instruction.
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CHAPTER FOUR
DATA PRESENTATION ANALYSIS AND INTERPRETATION
4.1 Presentation and analysis of demographic data
The data collected from the respondents were analyzed in tabular form with simple percentage for easy understanding. A total of 125 questionnaires were distributed to the respondent (100 students and 25 teachers). The researcher was able to get back 118 questionnaires from the respondents (95 student and 23 teachers).
Table 1 Gender distribution
	Gender
	Students
	Teacher

	
	Frequency
	Means         
	Frequency  
	Means 

	Male   
	         45                   
	0.47            
	10
	0.43

	Female   
	         50                   
	0.52            
	13
	0.56

	 Total                       
	         95                    
	0.99           
	23
	0.99




Source: field work, 2024
     Table 1 shows that 45 of the students Respondents are male, representing 0.47 of the total respondent and 50 of the students Respondents are female, representing 0.52 of the total respondent while 13 of the teachers Respondents are male representing 0.43 of the total respondents and 10 of the teachers Respondents are female representing 0.56
Table 2 Position held by respondents        
	Gender
	Students
	Teacher

	
	Frequency
	Means         
	Frequency  
	Means 

	Male   
	         45                   
	0.47            
	10
	0.56

	Female   
	         50                   
	0.52            
	13
	0.43

	 Total                       
	         95                    
	0.99            
	23
	0.95


   Source: Questionnaire Administered 2024
   Table 2 shows that 45 of the Respondents  are male students representing 0.47 of the total respondents and 50 of the Respondents are female student representing 0.52 of the respondents while 10 of the Respondents are male teachers representing 0.56 of the respondents and 13 of the Respondents are female teachers representing 0.95of the total respondents.
   Table 3 : There is no significant difference in student learning outcomes between online chemistry courses and traditional face-to-face instruction.
	S/N                  
	Questions
	Response
	Students
	Teacher    

	
	
	
	Freq   
	Means     
	Freq    
	Means

	1.
	There is a lot of challenges in teaching /studies chemistry online.
	A
SA
D
SD
	15         
30                                    
20
20
	0.16
0.32 
0.21
0.21
	6
  ___
  ___
  ___
	0.26
 ___
  ___
  ___

	2.
	Teaching chemistry online does not enhance better understanding 
	A
SA
D
SD
	8
22
33
32
	0.08
0.23
0.35
0.35
	  ___
  ___ 
  20
   3
	  ___
  ___
  0.87
  0.13

	3.
	How difficult do find it to teach /learn chemistry online compared to online? 
	A
SA
D
SD
	25
18
20
32
	0.26
0.19
0.21
0.34
	13
10
____
____
	0.57
0.43
____
____


 Source: Questionnaire Administered 2023
     Table 3 shows the responses of the students and teachers respondents  representing 15(0.16) and 30(0.32)  ‘agreed’ and strongly  agreed respectively with question 1 There is a lot of challenges in teaching /studies chemistry online. While 20(0.21) and 30(0.32) of student total respondents disagreed and ‘strongly disagreed’. Also 6(0.26)  and 17(0.34) of  teacher’s respondents agreed and ‘strongly disagreed’.
8(0.08) and 22(0.23) of student total respondents ‘ agreed’ and strongly agreed respectively with question 2 Teaching chemistry online does not enhance better understanding . While 33(0.35) and 32(0.34) of student total respondents ‘disagreed’& ‘strongly disagreed’. Also, 20(0.87) and 3(0.13) of total teacher’s respondents   disagreed and ‘strongly disagreed’ that school environment does not influence students academic performance.
25(0.26) and  18(0.19) of student total respondents ‘ agreed’ and strongly agreed’ respectively with question 3 that how difficult do find it to teach /learn chemistry online compared to online while 20(0.21) and 32 (0.34) of the student respondents disagreed and strongly disagreed. Also 13(57%) and 10(43%) of total teacher’s respondents ‘agreed’ and strongly agreed that the school environment affect student’s academic performance. 
Table 4 Virtual laboratories are equally effective as traditional laboratory experiences in facilitating student understanding of chemistry concepts.
	S/N                  
	Questions
	Response
	Students
	Teacher    

	
	
	
	Freq   
	Means        
	Freq    
	Means 

	1.
	Did you find it as relevant  opportunities teaching chemistry online.
	A
SA
D
SD
	25
23
18
20                               
	0.26 
0.34
0.19
0.20
	7
  9
  3
  4
	0.30
 0.39
 013
  0.17

	2.
	Technology enhance teaching chemistry online. 
	A
SA
D
SD
	30
20
15
30
	0.32
21
0.16
0.32
	  6
  8 
  ___
   9
	  0.26
  0.35
  ___
   39

	3.
	Unavailable of data to access affect teaching chemistry online. 
	A
SA
D
SD
	22
8
33
32
	0.23
0.08
0.35
0.34
	__
__
8
15
	__
__
0.35
0.65


 Source: Questionnaire Administered 2024
Table 4 shows the responses of the students and teachers respondents representing 25(0.26 and 32(0.34) agreed and strongly agreed respectively with question 1 Did you find it as relevant opportunities teaching chemistry online. While 18 (0.19 and 20(0.21) of student total respondents disagreed and ‘strongly disagreed’. Also 7(0.30) and 9 (0.39) of teacher’s respondents agreed and ‘strongly agreed.
30(0.32) and 20(0.21) of student total respondents agreed and strongly agreed respectively with question 2 that Technology enhance teaching chemistry online. While 15(0.16) and 30(0.32) of student total respondents ‘disagreed’& ‘strongly disagreed’. Also, 6(0.26) and 8(0.35) of total teacher’s respondents agreed and strongly agreed that Technology enhance teaching chemistry online. while 9(0.39) strongly disagreed.
22(0.23) and 8(0.08) of student total respondents agreed and strongly agreed’ respectively with question 3 Unavailable of data to access affect teaching chemistry online. While 33(0.35) and 32 (0.34) of the student respondents disagreed and strongly disagreed. Also 8(0.35) and 15(0.65) of teacher’s respondents disagreed and strongly disagreed that unavailable of data to access affect teaching chemistry online. 
 Table 5 Student engagement and satisfaction levels are comparable between online and traditional chemistry courses
	S/N                  
	Questions
	Response
	Students
	Teacher    

	
	
	
	Freq   
	Means           
	Freq    
	Means

	1.
	Poor data analyzer affect chemistry teaching online.
	A
SA
D
SD
	33  
34    
28 
__                                        
	0.35             
0.36
0.29
__
	 ___
  ___
  5
  7
	__
 __
 0.22   
  0.30

	2.
	Lack of electricity affect teaching chemistry online.  
	A
SA
D
SD
	20
18
25
32
	0.21
0.19
0.26
0.35
	4
7
3
9
	0.17
0.30
0.13
0.39

	3.
	Unrealistic target is one of the major challenges facing teaching chemistry online.  
	A
SA
D
SD
	31
__
29
35
	0.33
__
0.31
0.37
	5
6
4
8
	0.22
0.26
0.17
0.35


Source: Questionnaire Administered 2023
Table 5 shows the responses of the students and teachers respondents  representing 33(0.35) and 34(0.36)  agreed and strongly  agreed respectively with question 1 Poor data analyzer affect chemistry teaching online While 28(0.29) of total students respondent disagreed. Also 5(0.22) and 7(0.30) of  teacher’s respondents disagreed and strongly disagreed that Poor data analyzer affect chemistry teaching online.
 20(0.21) and 18(0.19) of student total respondents agreed and strongly agreed respectively with question 2 that the Lack of electricity affect teaching chemistry online. While 25(0.26) and 32(0.35) of student total respondents ‘disagreed’& ‘strongly disagreed’. Also, 4(0.17) and 7(0.30) of total teacher’s respondents agreed and strongly agreed that Lack of electricity affect teaching chemistry online. while 3(0.13) and 9(0.39) disagreed and strongly disagreed.
31(0.33) of student total respondents agreed with questions 3 Unrealistic target is one of the major challenges facing teaching chemistry online. while 29(0.31) and 35(0.37) of the student respondents disagreed and strongly disagreed. Also 5(0.22) and 6(0.26) of total teacher’s respondents agreed and strongly agreed that   Unrealistic target is one of the major challenges facing teaching chemistry online. while 4(0.17) and 8(0.35) of teacher's total respondent disagreed and strongly disagreed.
Table 6 There is no significant difference in the perceptions of educators regarding the effectiveness of online teaching methods in facilitating student learning outcomes. 
	S/N                  
	Questions
	Response
	Students
	Teacher    

	
	
	
	Freq   
	Means         
	Freq    
	Means 

	1.
	Government should facilitate the use of gadget in educational to enhance teaching online. 
	A
SA
D
SD
	12
23
35
25                               
	0.13 
0.24  
0.37
0.26
	__
  10
6
  7
	__
0.44
0.26
 0.30

	2.
	The government should create an environment that improved technology. 
	A
SA
D
SD
	16
35
19
25
	0.17
0.37
0.20
0.26
	  4
  7 
  6
   6
	  0.17
  0.30
 0.26
 0.26

	3.
	Rural area lack proper internet network  
	A
SA
D
SD
	14
26
35
20
	0.15
0.27
0.37
0.21
	8
5
7
3
	0.35
0.22
0.30
0.13


Source: Questionnaire Administered 2024
    Table 6 shows the responses of the students and teachers respondents  representing 12(0.23) and 23(0.24)  agreed and strongly  agreed respectively with question 1 that Government should facilitate  the use of gadget in educational to enhance teaching online. While 35(0.37) and 25(0.26) of total students respondent disagreed and strongly disagreed. Also 10(0.44) of teacher’s respondents strongly agreed that Government should facilitate the use of gadget in educational to enhance teaching online. While 6(0.26) and 7 (0.30) of the teacher respondent disagreed and strongly disagreed. 
16(0.17) and 35(0.37) of student total respondents agreed and strongly agreed respectively with question 2 that the government should create an environment that improved technology. While 19(0.20) and 25(0.26) of student total respondents disagreed’& strongly disagreed’. Also, 4(0.17) and 7(0.30) of total teacher’s respondents agreed and strongly agreed that while 6(0.26) and 6(0.26) disagreed and strongly disagreed.
 14(0.15) and 26(0.27) of student's total respondents  agreed and strongly agreed with question 3 that  school location are known to influence students learning while 35(0.37) and 20 (0.21) of the student respondents disagreed and strongly disagreed. Also 8(0.35) and 5(0.22) of total teacher’s respondent agreed and strongly agreed that rural area lack proper internet network while 7(0.30) and 3 (0.13) of teacher's total respondent disagreed and strongly disagreed.
Table 7 Technological barriers do not significantly impact student learning outcomes in online chemistry courses. Top of Form
	S/N                  
	Questions
	Response
	Students
	Teacher    

	
	
	
	Freq   
	Means         
	Freq    
	Means 

	1.
	Series of student has little knowledge about technology  
	A
SA
D
SD
	22
8
32
33                              
	0.23 
0.08  
0.34
0.35
	8
5
3
7
	0.35
0.22
0.13
0.30

	2.
	Chemistry teacher should be easily accessible by the student.
	A
SA
D
SD
	23
10
25
37
	0.24
0.11
0.26
0.39
	6
4
3
10
	0.26
0.17
0.13
0.44

	3.
	Government should provide gadget for the student.  
	A
SA
D
SD
	23
10
25
37
	0.24
0.11
0.26
0.39
	6
4
3
10
	0.26
0.17
0.13
0.44


22(0.23) and 8 (0.08) of student total respondents ‘agreed’ and strongly agreed’ respectively. Also 8 (0.35) and 5(0.22) of total teacher’s respondents ‘ agreed’ and strongly agreed with that Series of student has little knowledge about technology ,While 32(0.34) and 33(0.35) of student total respondents ‘disagreed’& ‘strongly disagreed’. 
23(0.24) and 10(0.11) of student total respondents agreed and strongly agreed’ respectively. Also 6(0.26) and 4(0.17) of total teacher’s respondents agreed and strongly agreed with that Chemistry teacher should be easily accessible by the student. While 25(0.26) and 37(0.39) of student total respondents ‘disagreed’& ‘strongly disagreed’.
23(0.24) and 10(0.11) of student total respondents agreed and strongly agreed’ respectively. Also 6(0.26) and 4(0.17) of total teacher’s respondents agreed and strongly agreed with that Government should provide gadget for the student. While 25(0. 26) and 37(0.39) of student total respondents ‘disagreed’& ‘strongly disagreed’.
4.2 Test of hypothesis
 Hypothesis 1 
There is no significant difference in student learning outcomes between online chemistry courses and traditional face-to-face instruction.
Table: 8 Observed frequency   
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	5
	8
	3
	7
	23

	Students 
	18
	25
	20
	32
	95

	Total
	23
	33
	23
	39
	118


Source: Questionnaire Administered 2024
Expected frequency= Row total  × column total
                                          Grand total

Table : 9 Expected frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	4.48
	6.44
	4.48
	 7.60
	23

	Students 
	18.52
	26.56
	18.52
	31.40
	95

	Total
	23
	33
	23
	39
	118


Source : Questionnaire Administered 2024
Table 9  shows that 39 respondents  representing 7 teachers and 32 students reject the null hypothesis and accept the alternate hypothesis that state that there is no significant difference in student learning outcomes between online chemistry courses and traditional face-to-face instruction.
 Hypothesis 2
Virtual laboratories are equally effective as traditional laboratory experiences in facilitating student understanding of chemistry concepts.


 
Table : 10 Observed frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	7
	8
	5
	 3
	23

	Students 
	30
	15
	20
	30
	95

	Total
	37
	23
	25
	33
	118


Source : Questionnaire Administered 2023
Expected frequency=     Row total  × column total
                                           Grand total	
Table :11  Expected frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	7.21
	4.48
	4.88
	6.43
	23

	Students 
	29.79
	18.53
	20.13
	26.56
	95

	Total
	37
	23
	25
	33
	118


Source : Questionnaire Administered 2024
Table11 shows that 33 respondents  representing 3 teachers and 30 students reject the null hypothesis and accept the alternate hypothesis that state that Virtual laboratories are equally effective as traditional laboratory experiences in facilitating student understanding of chemistry concepts 
Hypothesis 3
 Student engagement and satisfaction levels are comparable between online and traditional chemistry courses. 
Table 12: Observed frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	3
	4
	7
	9
	23

	Students 
	30
	15
	20
	30
	95

	Total
	33
	19
	27
	39
	118


Source : Questionnaire Administered 2024
Expected frequency= Row total  × column total
                                             Grand total


Table :13  Expected frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	6.44
	3.70
	5.27
	7.60
	23

	Students 
	26.56
	25.30
	21.73
	31.40
	95

	Total
	33
	19
	27
	39
	118


Source : Questionnaire Administered 2023
Table 12  shows that   39 of the respondents representing 9 teachers and 30 students reject the null hypothesis and accept the alternate hypothesis that state that student engagement and satisfaction levels are comparable between online and traditional chemistry courses. 
Hypothesis 4
There is no significant difference in the perceptions of educators regarding the effectiveness of online teaching methods in facilitating student learning outcomes. 


Table: 14 Observed frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	4
	6
	6
	7
	23

	Students 
	16
	19
	25
	35
	95

	Total
	20
	25
	31
	42
	118


Source : Questionnaire Administered 2023
Expected frequency= Row total  × column total
                                             Grand total
  Table :15  Expected frequency
	                                    A
	         SA
	      D
	SD
	T

	Teachers 
	3.90
	5.88
	6.04
	8.19
	23

	Students 
	16.10
	20.13
	24.96
	33.81
	95

	Total
	20
	25
	31
	42
	118


Source: Questionnaire Administered 2024
Table 15 shows that 42 respondents representing 7 teachers and 35 students reject the null hypothesis and accept the alternate hypothesis that state that   There is no significant difference in the perceptions of educators regarding the effectiveness of online teaching methods in facilitating student learning outcomes. 
 4.3 Discussion of Findings
    In this section, the data collected from survey on the topic “influence of school environment on academic performance of secondary school students (A case study of some selected secondary schools in Ilorin west local government). Reponses to the answers on research questions would be discussed. The aim of this research questions was to find out the influence of school environment on academic performance of secondary school. From the above findings, it is crystal clear that school environment affect students’ academic performance most especially when it is not conducive for teaching and learning. Adequate facilities such as gadget, network provider, electricity, and so on encourage effective teaching and learning. The research find out that school location also affect students academic performance when the school location is rural, lack of network in the location of the students. School location affect those from rural area mostly because the standard schools are mostly located in urban area. Therefore school environment, school facilities and school location influence students academic performance either positively or negatively.
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CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
      This chapter presents the summary of the project report, drawn conclusions, gives recommendations, and suggestions for further studies based on the obtained results. 
5.1 Summary
The study examined the investigating the challenges and opportunities of teaching chemistry through online platforms. The description survey was adopted for the study and sample random sampling technique was used to select ten senior secondary schools in Ilorin West Local Government Area, Kwara State. Also purposive sampling technique was considered appropriate to select hundred chemistry students’ and twenty-five teachers. Questionnaires was the main research instruments for the study and it was validated by the project supervisor and expert test. The questionnaire was administered personally by the researcher.      
       The findings agreed with the opinion of Okafor(2003) and Ezen (1995) that adequate provision of facilities in the school promote the academic performance and achievement of the students and also ensure the effective teachers performance in teaching and learning activities.          
5.2 Conclusion
From the findings of this study, the following inferences are drawn:    
The findings show that professional qualification of teachers, ineffective teaching method and poor recruitment system contributed to the problem, Studies have equally shown that issues militating against the effectiveness of teaching and learning of chemistry in Nigeria include; poor funding, lack of qualified teachers, problem of infrastructure, pedagogical problem, and phobia for chemistry, absence of and/or insufficient field trips. The result indicated that limited access to both the students and teachers to internet has greatly affect the academic achievement of students learning through online platform.
5.4 Recommendations
On the basis of the results obtained the following are the key recommendations of the study.
Teachers should be given the privilege to attend seminars, workshops and conferences so that they can be conversant with the result developments in the teaching of chemistry online.
     Measures must be taken to improve the quality of chemistry teachers. This includes more careful recruitments, improved preparation of chemistry teachers in training institutions, retraining programmes for young teachers with limited expenses, in-service and long vacations courses, improvement in teachers’ salaries with special allowance for chemistry teachers. These could be ways by which chemistry teaching can be made more attractive to the teachers.
     Teachers should be involve all students in practical work as it is known that learners learn faster when a hands-on approach is used. Government, stakeholders, school owners, and all community should encourage students, parents and public enlightenment and awareness on the importance of online learning of natural science subjects for the nation development of our dear country.
    Teachers should be assisting in improving the attitudes of students toward the theory and practical components of chemistry in order to enhance achievement in the schools certificate examinations.
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APPENDIX I
EKITI STATE UNIVERSITY, ADO EKITI
IN AFFILIATION WITH
KWARA STATE COLLEGE OF EDUCATION, ILORIN.
FACULTY OF EDUCATION
DEPARTMENT OF CHEMISTRY EDUCATION.
Dear Respondent,
    This questionnaire is designed to collect information on research topic titled “INVESTIGATING THE CHALLENGES AND OPPORTUNTIES OF TEACHING  CHEMISTRY THROUGH ONLINE PLATFORMS”. It would be appreciated if you can answer the questions sincerely. Your identity and every bit of information supplied shall be kept confidentially.
Thank you. 
                                                                                           Yours faithfully,
                                                                     IBILOLA ADEMOLA CHRISTINA
 


APPENDIX II
THE INVESTIGATING THE CHALLENGES AND OPPORTUNITIES OF TEACHING CHEMISTRY THROUGH ONLINE PLATFORMS.
Section A. Demographic Information of Respondents
PERSONAL DATA
Male ( ) female ( )
Age of respondent 21-30（ ）31-40（ ）41-50（ ）
Marital status: single ( ), married ( ) Divorced (  ) widowed (  )
Length of service: below 5 years ( ), 5 - 10 years ( ) above 10 years (~› Qualification: Below O' level ( ), SSCE ( ), OND/NCE (  )
INSTRUCTION: 
Section b:- Please tick ( ) in the appropriate box, use the scale on the right to reflect your views on the items below: 
Key: SA - Strongly agree, A – Agree , D – Disagree , SD – Strongly disagree    
	S/N
	GENERAL STATEMENT
	SA
	A
	 D
	 SD

	A
	There is no significant difference in student learning outcomes between online chemistry course and traditional face to face instruction.  

	Q1
	There is a lot of challenges in teaching/studying chemistry online
	
	
	
	

	Q2
	Teaching chemistry online does not enhance better understanding. 
	
	
	
	

	Q3
	How difficult do you find it to teach/learn chemistry online compared to in person 
	
	
	
	


	B
	There is no significant virtual laboratories are equally effective as traditional laboratory experience in facilitating student understanding of chemistry concepts  

	Q4
	Did you find it as relevant opportunity teaching chemistry online.
	
	
	
	
	

	Q5
	Technology enhance teaching chemistry online
	
	
	
	
	

	Q6
	Unavailable of data to access internet affect teaching chemistry online.
	
	
	
	
	


	C
	Does student engagement and satisfaction levels are comparable between online and traditional chemistry courses.

	Q7
	Poor data analyzer affect  chemistry online
	
	
	
	
	

	Q8
	Lack of electricity affect teaching chemistry online   
	
	
	
	
	

	Q9
	Unrealistic target is one of the major challenges facing teaching chemistry online.
	
	
	
	
	

	D
	There is no significant difference in the perceptions of educator regarding the effectiveness of online teaching methods in facilitating student learning outcomes.

	Q10
	Government should initial the use of gadget in educational sector to enhance teach.
	
	
	
	
	

	Q11
	The Government should creates an environment that improved technology 
	
	
	
	
	

	Q12
	Rural area lack proper internet network.
	
	
	
	
	

	E
	Technological barriers do not significantly impact student learning outcomes in online chemistry courses.

	Q13
	Series of student has little knowledge about technology 
	
	
	
	
	

	Q14
	Chemistry teacher should be easily accessible by the student    
	
	
	
	
	

	Q15
	Government should provide gadget for the student
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