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ABSTRACT
This study investigated the impact of Information and Communication Technology (ICT) on the teaching and learning of chemistry in secondary schools in Ilorin West Local Government Area of Kwara State, Nigeria. Using a survey research design, data was collected from 150 chemistry teachers across multiple secondary schools through a structured questionnaire. The study examined ICT's impact on teaching effectiveness, implementation challenges, gender considerations, benefits, and impediments to adoption. Results revealed significant positive impacts of ICT on chemistry education, with over 90% of respondents agreeing that ICT enhanced student understanding, engagement, and research skills. However, major challenges were identified, including insufficient funding (93.3% agreement), inadequate teacher training (86.6%), and technical infrastructure issues (80%). While ICT resources were perceived as equally accessible to both genders (80%), their effectiveness in reducing gender disparities was limited. Benefits included improved visualization of abstract concepts (93.3%) and safe exploration of dangerous reactions (96.6%). Chi-square analysis showed significant relationships between ICT and teaching effectiveness, learning outcomes, and gender achievement in chemistry education. The study recommends increased investment in ICT infrastructure, comprehensive teacher training, and targeted interventions to maximize ICT's potential in chemistry education while addressing implementation challenges.
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CHAPTER ONE
INTRODUCTION
Background to the Study
It is undeniable that information and communication technology (ICT) can revolutionize the learning environment and, when properly implemented, may improve the learning process (Ghavifekr & Rosdy, 2015). However, for technology to be used effectively in the classroom, teachers must be competent and confident in technical, pedagogical, and content expertise (Dalal et al., 2021). Pedagogy is the act or practice of confidently educating with specific techniques, strategies, and technologies to achieve pedagogical goals (Konig et al., 2020). Because of its relevance in both teaching and learning, the role of information and communication technologies (ICT) in aiding education cannot be emphasized (Lawrence & Tar, 2018). 
According to Tezci (2011), teachers should learn not only how to use technology to enhance traditional teaching or increase productivity, but also how to integrate ICT into classroom activities to promote student learning from a student centered perspective. Bolaji, H. O., et al., (2022) cited Olakulehin (2007) underlines that effective learning with the use of computers and other information technologies as learning aids, rather than supplementing the teacher, is central to the instructional application of ICT. Despite the benefits of using ICT in teaching and learning, Eze and Aja (2014) argue that their utilization, particularly in secondary schools, is still limited since instructors and school administration have yet to completely embrace and employ them for instructional reasons. 
One of the issues impeding the proper execution of the secondary education curriculum in Nigeria is teachers' unwillingness to embrace and use ICT in the classroom. Teachers' lack of awareness of the use of ICT and their apathy toward innovation, according to Kabiru and Sakiyo (2013), is a contributing factors impeding the use of ICT for instructional reasons. The authors also discovered that teachers lacked time to learn new skills, had a significant number of students enrolled in their classes, and had an insufficient quantity of computers available in the classroom for student use.
The integration of Information and Communication Technology (ICT) in education has become a global phenomenon, driven by the rapid advancement of digital technologies and the need to equip students with the skills necessary for success in the 21st century (Gilakjani, 2017). In the field of chemistry education, ICT has emerged as a powerful tool for enhancing teaching and learning processes, offering innovative approaches to address the challenges of engaging students with abstract and complex concepts (Merchant et al., 2020).
The application of ICT in chemistry classrooms has been shown to improve students' understanding, motivation, and overall academic performance (Dori et al., 2018; Hwang et al., 2020). Through the use of simulations, animations, and interactive models, students can visualize and manipulate chemical processes, structures, and reactions, facilitating a deeper comprehension of the subject matter (Akcay et al., 2016; Šorgo et al., 2017).
Integration of ICT in chemistry education has enabled the adoption of student-centered and collaborative learning approaches, aligning with modern pedagogical strategies that emphasize active engagement and knowledge construction (Tsovaltzi et al., 2019; Aladé et al., 2020). Online platforms, discussion forums, and collaborative tools provide opportunities for students to actively engage with the subject matter, share their understanding, and learn from one another (Hwang et al., 2020; Ifinedo et al., 2022).
Despite the potential benefits of ICT in chemistry education, its effective implementation remains a significant challenge for many educational institutions, particularly in developing countries (Murugan, 2019; Aladé et al., 2020). Factors such as inadequate infrastructure, limited access to technology, lack of teacher training, and resistance to change can hinder the successful integration of ICT in the classroom (Mumcu & Usluel, 2010; Ramorola, 2016; Ifinedo et al., 2020).
In Nigeria, the adoption of ICT in education has been a priority for the government, with various initiatives and policies aimed at promoting digital literacy and the integration of technology in teaching and learning processes (Oyelere et al., 2022). However, the extent to which these initiatives have impacted the teaching and learning of chemistry in secondary schools, particularly in rural areas like Ilorin West Local Government Area of Kwara State, remains largely unexplored.
The integration of ICT in chemistry classrooms has facilitated the adoption of student-centered and collaborative learning approaches (Hwang et al., 2020). Online platforms, discussion forums, and collaborative tools enable students to actively engage with the subject matter, share their understanding, and learn from one another (Tsovaltzi et al., 2019).
The use of ICT in chemistry education has been found to improve students' understanding of abstract and complex concepts (Akcay et al., 2016). Through simulations, animations, and interactive models, students can visualize and manipulate chemical processes, structures, and reactions, facilitating a deeper comprehension of the subject matter (Dori et al., 2018).
ICT tools such as virtual laboratories and online experiments have also proven invaluable in chemistry education, particularly in resource-constrained environments (Šorgo et al., 2017). These tools allow students to perform experiments and observe phenomena that may be difficult, expensive, or dangerous to conduct in traditional laboratory settings (Merchant et al., 2020).
To address these challenges, it is crucial to provide adequate training and support for teachers to effectively incorporate ICT into their teaching practices (Ramorola, 2016). Moreover, a comprehensive evaluation of the impact of ICT on student learning outcomes and the development of best practices for its integration in chemistry education is essential (Aladé et al., 2020).
ICT has the potential to revolutionize the teaching and learning of chemistry in secondary schools, offering opportunities for enhanced visualization, experimentation, collaboration, and student engagement. However, effective implementation requires addressing infrastructural, pedagogical, and teacher training challenges to ensure that the benefits of ICT are fully realized.
This study aims to evaluate the influence of ICT on the teaching and learning of chemistry in secondary schools in Ilorin West Local Government Area of Kwara State. By examining the current state of ICT integration, identifying the challenges and opportunities, and assessing the impact on student learning outcomes, this research seeks to contribute to the growing body of knowledge on the effective implementation of ICT in chemistry education. 
Statement of Problem
The integration of Information and Communication Technology (ICT) in education has gained significant momentum globally, driven by the recognition of its potential to enhance teaching and learning processes. However, in the context of chemistry education in secondary schools in Ilorin West Local Government Area of Kwara State, the effective implementation of ICT remains a challenge. Despite the well-documented benefits of ICT in improving student engagement, understanding, and achievement in chemistry (Akcay et al., 2016; Dori et al., 2018), many secondary schools in the region face significant barriers that hinder the successful integration of technology in the classroom.
One of the major obstacles to the effective use of ICT in teaching and learning of chemistry education in secondary is the inadequate infrastructure and limited access to technological resources. Many secondary schools in the region lack functional computer labs, reliable internet connectivity, and up-to-date hardware and software necessary for integrating ICT into chemistry instruction. This deficiency in infrastructure severely limits the ability of teachers to leverage technology for enhancing the delivery of chemistry concepts, conducting virtual experiments, and engaging students in interactive and collaborative learning experiences.
Furthermore, the lack of comprehensive professional development and training opportunities for chemistry teachers in the region presents a significant barrier to the successful integration of ICT in the classroom. Many teachers may lack the necessary skills and knowledge to effectively utilize ICT tools and resources, hampering their ability to leverage technology to improve student engagement, understanding, and achievement in chemistry. Without adequate training and support, teachers may struggle to incorporate ICT into their teaching practices, resulting in a missed opportunity to enhance the learning experience for students.
The resistance to change and a lack of confidence in using technology can further exacerbate the challenges faced by teachers in adopting ICT in their chemistry classrooms. Some teachers may be hesitant to adopt new technologies, either due to a lack of familiarity or a perception that traditional teaching methods are sufficient. This reluctance to embrace ICT can limit the potential benefits that technology can offer in enhancing the teaching and learning of chemistry, particularly in a subject that often involves abstract and complex concepts.
The cumulative effect of these challenges is a potential negative impact on student learning outcomes in chemistry. Without the effective integration of ICT, secondary school students may struggle to develop a deep understanding of chemical concepts, miss out on opportunities for interactive and collaborative learning experiences, and ultimately, experience lower academic achievement. 
Addressing these issues is crucial to ensure that secondary school students in Ilorin West Local Government are not left behind in an increasingly technology-driven world and are adequately prepared for future academic and career pursuits. By evaluating the current state of ICT integration in chemistry education and identifying specific challenges and opportunities, this study aims to provide valuable insights and recommendations to stakeholders, policymakers, and educators for improving the teaching and learning of chemistry through the effective use of technology.
Purpose of the study
The primary purpose of this study is to comprehensively evaluate the influence of Information and Communication Technology (ICT) on the teaching and learning of chemistry in secondary schools in Ilorin West Local Government Area of Kwara State. Specifically, the study aims to achieve the following objectives:
1)  Examine the impact of ICT in teaching and learning of Chemistry Education.
2)  Identify the problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education
3) To examine the extent to which ICT has effect on gender in teaching and learning of Chemistry Education
4) Examine the usefulness of ICT in teaching and learning of Chemistry Education
5) To examine the impediment on the use of ICT in teaching and learning of Chemistry Education
By achieving these objectives, the study will contribute to the growing body of knowledge on the role of ICT in chemistry education and provide valuable insights to inform decision-making and policy formulation. Ultimately, the study aims to facilitate the effective integration of ICT in chemistry classrooms, thereby enhancing the teaching and learning experiences and improving student outcomes in the region.
[bookmark: _Hlk5134288]Research Questions
The following research questions are posed to guide this study.
1. What is the impact of ICT in teaching and learning of Chemistry Education?
2.  What are the problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education?
3. To what extent does ICT has effect on gender in the teaching and learning of Chemistry Education?
4. What are the benefits of ICT in the teaching and learning of Chemistry Education?
5. Are there impediments on the use of ICT in teaching and learning of Chemistry Education in secondary schools?
Research Hypotheses
The study was guided by the following research hypotheses:
H01: There is no significant impact of ICT in teaching and learning of Chemistry Education
Ho2: There is no significant problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education
H03: ICT has no significant effect on gender achievement in Chemistry Education.
H04: ICT does not has any significant effect on the teaching and learning of Chemistry Education.
H05: There is no impediment on the use of ICT in teaching and learning of Chemistry Education in secondary schools.
Significance of the Study
The significance of this study lies in its potential to contribute to the growing body of knowledge on the integration of Information and Communication Technology (ICT) in chemistry education. As the world continues to embrace technological advancements, it is imperative to understand the role and impact of ICT in enhancing teaching and learning processes, particularly in subjects like chemistry, which often involve abstract and complex concepts. By evaluating the current state of ICT integration in chemistry classrooms in Ilorin West Local Government Area of Kwara State, this study will provide valuable insights and empirical evidence to inform decision-making and policy formulation.
Addressing the challenges and barriers that may be hindering the effective implementation of ICT in chemistry education in the region. By identifying and analyzing these obstacles, such as inadequate infrastructure, limited access to technological resources, and lack of teacher training and professional development opportunities, the study can pave the way for developing targeted strategies and interventions to overcome these hurdles. Addressing these challenges is crucial for unlocking the full potential of ICT in enhancing the teaching and learning of chemistry.
The study will shed light on the impact of ICT on student engagement, understanding, and achievement in chemistry. By examining the influence of technology on these crucial aspects of learning, the study can provide valuable insights into the potential benefits of ICT integration and inform best practices for leveraging technology to improve student outcomes. This knowledge can guide educators and policymakers in developing effective approaches to enhance the chemistry learning experience and foster a deeper comprehension of the subject matter.
The significance of this study also extends to understanding the perceptions and attitudes of teachers and students towards the use of ICT in chemistry education. By exploring their perspectives, experiences, and concerns, the study can identify potential barriers or facilitators to the successful implementation of ICT. This understanding can inform strategies for promoting acceptance and fostering a positive attitude towards technology integration, which is crucial for achieving successful outcomes.
The study holds significance for stakeholders and policymakers in the education sector. The findings and recommendations derived from this research can guide the development and implementation of policies and initiatives aimed at promoting the effective integration of ICT in chemistry education. By providing evidence-based insights, the study can inform decision-making processes and resource allocation to support the adoption of technology in secondary schools, particularly in rural areas like Ilorin West Local Government Area.
Ultimately, the significance of this study lies in its potential to drive positive change and improve the quality of chemistry education in Ilorin West Local Government Area of Kwara State. By addressing the challenges, identifying opportunities, and providing recommendations for effective ICT integration, the study can contribute to the development of a more engaging, interactive, and effective learning environment for students. This, in turn, can enhance their understanding of chemistry, foster a deeper appreciation for the subject, and ultimately prepare them for future academic and career pursuits.
Scope of the Study
The scope of this study is confined to secondary schools within the Ilorin West Local Government Area of Kwara State, Nigeria. The study aims to investigate the influence of Information and Communication Technology (ICT) on the teaching and learning of chemistry in these secondary schools.
This study will evaluate the influence of Information and Communication Technology (ICT) on the teaching and learning of chemistry education through the use of questionnaire as a research instrument. The research covers selected senior secondary school in Ilorin West Local Government Area, Kwara State
Operational Definition of Terms
The following terms are defined as used in this study:
Information and Communication Technology (ICT): ICT refers to the diverse set of technological tools and resources utilized for creating, storing, managing, and communicating information. 
Integration of ICT: The process of incorporating and utilizing ICT tools and resources effectively into educational practices, such as teaching methods, learning activities, and assessment strategies, to enhance the overall teaching and learning experience.
Chemistry Education: The study and teaching of the subject of chemistry, which involves the understanding of the composition, structure, properties, and transformations of matter at the atomic and molecular levels.
Teaching: Teaching is an instruction or delivering a particular skill or subject or something that someone tells you to do. For teaching in this case may refer to showing or explaining to a student how to do something.
Learning: Learning is the process of acquiring new, or modifying existing, knowledge, behaviors, skills, values, or preferences.
Student Engagement: The degree of active involvement, motivation, and participation of students in the learning process, including their attention, interest, and emotional connection with the subject matter.
Student Achievement: The academic performance and mastery of chemistry-related knowledge and skills as measured by various assessment methods, such as tests, assignments, and projects.

CHAPTER TWO
This chapter deals with the review and appraisal of related literature. It is presented under the following sub-headings:
   - Definition and scope of ICT
   - Historical overview of ICT integration in education
   - Benefits and challenges of ICT integration in science/chemistry classrooms
   - Impact of ICT on student motivation and interest in chemistry
   - Role of ICT in promoting active learning and student-centered approaches
   - Strategies for using ICT to enhance student engagement in chemistry
   - Teachers’ Attitude towards the Use of ICT 
   - Studies on the effect of ICT integration on student performance in chemistry
   - Factors influencing the effectiveness of ICT in improving achievement
   - Appraisal of Literature Reviewed 
Definition and Scope of ICT 
Information and Communication Technology (ICT) is a broad term that encompasses various technological tools, resources, and systems used for creating, storing, managing, and communicating information (Gilakjani, 2017). ICT has become an integral part of modern society, revolutionizing the way we work, learn, and interact with the world around us (Oyelere et al., 2022).
In the context of education, ICT refers to a diverse array of digital technologies, including computers, software applications, multimedia resources, internet and communication networks, and a wide range of peripheral devices (Akcay et al., 2023). These technologies have the potential to transform traditional teaching and learning methods, enabling new and innovative approaches to delivering educational content, facilitating collaboration, and engaging students (Dori et al., 2018).
The scope of ICT in education is vast and encompasses various aspects of the teaching and learning process. ICT tools and resources can be utilized for:
1. Content delivery: Interactive whiteboards, multimedia presentations, and online learning platforms can be used to present and explain complex concepts in an engaging and interactive manner (Aladé et al., 2020).
2. Collaboration and communication: Online discussion forums, video conferencing tools, and social media platforms facilitate collaboration and communication among students, teachers, and educational institutions (Tsovaltzi et al., 2019).
3. Assessment and evaluation: ICT-enabled assessment tools, such as online quizzes, simulations, and automated grading systems, can provide immediate feedback and support personalized learning (Ifinedo et al., 2022).
4. Information management: Digital libraries, learning management systems, and educational databases offer access to vast repositories of educational resources and enable efficient management of information (Murugan, 2019).
5. Research and data analysis: ICT tools support data collection, analysis, and visualization, enabling students and researchers to conduct complex investigations and interpret results (Merchant et al., 2020).
6. Administrative and management tasks: ICT systems and software can streamline administrative processes, such as student enrollment, record-keeping, and resource management, improving efficiency and productivity (Mumcu & Usluel, 2010).
The scope of ICT in education extends beyond the traditional classroom setting, enabling remote and distance learning opportunities, as well as supporting lifelong learning and professional development for educators (Ramorola, 2016; Hwang et al., 2020).
It is important to note that the scope and implementation of ICT in education can vary across different educational institutions, regions, and countries, depending on factors such as infrastructure, resources, policies, and cultural contexts (Ifinedo et al., 2020; Akcay et al., 2016). Effective integration of ICT in education requires a comprehensive approach that addresses technological, pedagogical, and organizational aspects to ensure its successful adoption and impact on teaching and learning outcomes (Dori et al., 2024).
Historical Overview of ICT Integration in Education
The integration of Information and Communication Technology (ICT) in education has evolved significantly over the past few decades, driven by the rapid advancements in digital technologies and a growing recognition of their potential to enhance teaching and learning processes (Oyelere et al., 2022).
The early stages of ICT integration in education can be traced back to the 1970s and 1980s, when computers first began to make their way into classrooms (Aristovnik, 2012). During this period, the focus was primarily on teaching computer literacy skills and using computers for basic tasks such as word processing and data entry (Akcay et al., 2016).
In the 1990s, with the advent of the internet and multimedia technologies, ICT in education gained more momentum (Gilakjani, 2017). Educational institutions started to explore the use of online resources, interactive multimedia programs, and simulations to supplement traditional teaching methods (Dori et al., 2018). This period also saw the emergence of distance learning and virtual classrooms, which opened up new opportunities for remote education (Ramorola, 2016).
The early 2000s witnessed a significant shift towards the integration of ICT across various aspects of the educational process (Mumcu & Usluel, 2010). The widespread adoption of learning management systems (LMS), digital libraries, and collaborative tools facilitated the creation and sharing of educational content, as well as enabling more interactive and personalized learning experiences (Murugan, 2019).
As technology continued to advance, the integration of ICT in education became more sophisticated and widespread in the late 2000s and early 2010s (Ifinedo et al., 2020). The proliferation of mobile devices, cloud computing, and social media platforms opened up new avenues for learning, collaboration, and knowledge sharing (Tsovaltzi et al., 2019). Educational institutions began to explore the use of bring-your-own-device (BYOD) policies, flipped classrooms, and gamification to enhance student engagement and learning outcomes (Hwang et al., 2020).
In recent years, the COVID-19 pandemic has further accelerated the adoption of ICT in education, as educational institutions worldwide were forced to rapidly transition to remote and online learning (Aladé et al., 2020; Merchant et al., 2020). This unprecedented situation highlighted the importance of robust ICT infrastructure, digital resources, and teacher training in enabling effective virtual learning environments (Akcay et al., 2023).
Moving forward, the integration of ICT in education is expected to continue evolving, driven by emerging technologies such as artificial intelligence, virtual and augmented reality, and learning analytics (Dori et al., 2024). These advancements hold the potential to further personalize and enhance the learning experience, enabling more adaptive and data-driven educational approaches (Ifinedo et al., 2022).
It is important to note that the successful integration of ICT in education is not solely dependent on technological advancements but also requires careful consideration of pedagogical approaches, teacher training, and addressing socio-economic and infrastructural challenges to ensure equitable access and effective implementation (Akcay et al., 2016; Ramorola, 2016).
ICT Integration for Better Learning Outcomes 
To improve learning outcomes, the National Policy on Education highlighted the importance of integrating ICT to support teaching and learning. Teachers use ICT resources to make their lessons more exciting and engaging for their students. According to Hidayet (2010), most teachers who use modern technology in teaching and learning find it to be highly useful and simple to use. The degree to which technology is integrated into the classroom can influence a country's educational quality. ICT has a significant impact on education, providing a wealth of tools for improving the teaching and learning process and assisting in the identification of individual students' learning requirements to promote equitable opportunity. Because today's students are digital natives who can retrieve essential information in a short amount of time and access and spread information such as e-books and e-journals that may be utilized for self-paced learning, the usage of ICT is unavoidable for teachers during instruction (Danner & Pessu, 2013). 
Teachers are an essential component of the educational process. Teachers must play a prominent role in employing ICT tools in teaching and learning through the requisite skills required for their competency level if education is to effectively respond to the needs of the twenty-first century. To perform effectively in the profession, teachers must attain a particular degree of ICT competency, and their competency levels must be reviewed regularly due to evolving technology. As educators, teachers must constantly develop their skills in the use of ICT for instructional delivery. 
Rationale for Using ICT in Science/Chemistry Teaching And Learning
The integration of Information and Communication Technology (ICT) in science and chemistry education has become increasingly important due to its potential to enhance teaching and learning processes, and better prepare students for the digital age. Several rationales have been put forth by researchers and educators to support the use of ICT in science/chemistry classrooms:
1. Visualization and representation of abstract concepts: Science and chemistry often involve abstract and complex concepts that can be challenging for students to comprehend (Akcay et al., 2016; Dori et al., 2018). ICT tools such as simulations, animations, and interactive models provide visual representations and dynamic illustrations, which can aid in the understanding of these concepts (Merchant et al., 2020; Ifinedo et al., 2022).
2. Virtual experiments and laboratory simulations: Hands-on laboratory experiments are crucial in science and chemistry education, but they can be limited by constraints such as cost, safety concerns, and resource availability (Šorgo et al., 2017; Akcay et al., 2023). Virtual laboratories and simulations enabled by ICT offer a safe and cost-effective alternative, allowing students to conduct experiments, manipulate variables, and observe phenomena that may be difficult or impossible to replicate in a traditional laboratory setting (Dori et al., 2024).
3. Promoting inquiry-based and student-centered learning: ICT tools and resources can facilitate inquiry-based and student-centered learning approaches, which are considered effective pedagogical strategies in science and chemistry education (Hwang et al., 2020; Tsovaltzi et al., 2019). Online platforms, collaborative tools, and interactive resources encourage active engagement, problem-solving, and self-directed learning, fostering higher-order thinking skills and deeper conceptual understanding (Aladé et al., 2020).
4. Access to up-to-date and diverse educational resources: ICT provides access to a vast array of digital resources, including online databases, educational websites, and multimedia materials (Murugan, 2019). This enables students and teachers to access the latest scientific information, research findings, and diverse perspectives, enriching the learning experience and promoting scientific literacy (Ifinedo et al., 2020).
5. Collaboration and knowledge sharing: ICT tools such as discussion forums, video conferencing, and social media platforms facilitate collaboration and knowledge sharing among students, teachers, and the broader scientific community (Tsovaltzi et al., 2019; Akcay et al., 2016). This promotes the exchange of ideas, peer learning, and the development of communication and teamwork skills, which are essential in the field of science (Ramorola, 2016).
6. Preparation for the digital world: In today's rapidly evolving digital landscape, it is crucial for students to develop digital literacy and proficiency in using technology (Gilakjani, 2017; Oyelere et al., 2022). Integrating ICT in science and chemistry education not only enhances learning outcomes but also equips students with the necessary skills and competencies to succeed in a technology-driven society and future careers in STEM fields (Dori et al., 2018; Mumcu & Usluel, 2010).
Benefits and Challenges of ICT Integration in Science/Chemistry Classrooms
The integration of Information and Communication Technology (ICT) in science and chemistry education has gained significant attention due to its potential to transform the teaching and learning processes. However, alongside the numerous benefits, there are also challenges that need to be addressed for successful implementation. Benefits of ICT Integration in Science/Chemistry Classrooms:
1. Enhanced visualization and understanding of abstract concepts: ICT tools such as simulations, animations, and interactive models can help students visualize and comprehend abstract and complex scientific concepts more effectively (Akcay et al., 2016; Dori et al., 2018; Merchant et al., 2020).
2. Virtual experimentation and exploration: Virtual laboratories and simulations enabled by ICT allow students to conduct experiments, manipulate variables, and explore phenomena that may be difficult, expensive, or unsafe to replicate in traditional laboratory settings (Šorgo et al., 2017; Akcay et al., 2023; Dori et al., 2024).
3. Increased student engagement and motivation: ICT tools and resources can make learning more interactive, engaging, and enjoyable, leading to increased student motivation, interest, and participation in science and chemistry lessons (Hwang et al., 2020; Tsovaltzi et al., 2019; Aladé et al., 2020).
4. Collaborative and inquiry-based learning: ICT facilitates collaborative learning environments, enabling students to work together, share ideas, and engage in inquiry-based activities, which can foster critical thinking, problem-solving, and communication skills (Ifinedo et al., 2020; Murugan, 2019; Ramorola, 2016).
5. Access to up-to-date and diverse resources: ICT provides access to a vast array of digital resources, such as online databases, educational websites, and multimedia materials, allowing students and teachers to access the latest scientific information and diverse perspectives (Akcay et al., 2016; Gilakjani, 2017; Oyelere et al., 2022).
Challenges of ICT Integration in Science/Chemistry Classrooms:
1. Inadequate ICT infrastructure and resources: Many educational institutions, particularly in developing countries, face challenges related to inadequate ICT infrastructure, limited access to technological resources, and insufficient funding for maintaining and upgrading equipment (Ifinedo et al., 2022; Mumcu & Usluel, 2010; Aladé et al., 2020).
2. Teacher training and professional development: Effective integration of ICT in science/chemistry classrooms requires teachers to have the necessary skills, knowledge, and confidence in using technology for teaching and learning (Ramorola, 2016; Akcay et al., 2023; Dori et al., 2024). Lack of adequate training and professional development opportunities can hinder the successful implementation of ICT.
3. Resistance to change and negative attitudes: Some teachers and students may be resistant to change or have negative attitudes towards the use of ICT in education, stemming from factors such as lack of familiarity, technological anxiety, or a preference for traditional teaching methods (Ifinedo et al., 2020; Tsovaltzi et al., 2019; Hwang et al., 2020).
4. Technical issues and maintenance challenges: The integration of ICT in classrooms can be hindered by technical issues, such as software compatibility problems, hardware malfunctions, and internet connectivity issues (Murugan, 2019; Merchant et al., 2020; Akcay et al., 2016). Additionally, the maintenance and regular updating of ICT resources can be a challenge for some educational institutions.
5. Pedagogical and curriculum integration: Incorporating ICT into existing curricula and aligning it with effective pedagogical approaches can be a complex process, requiring careful planning, design, and adaptation of teaching strategies (Dori et al., 2018; Aladé et al., 2020; Gilakjani, 2017).
6. Equity and accessibility concerns: The digital divide and uneven access to ICT resources among different socio-economic groups, geographic regions, and educational institutions can exacerbate existing inequalities and create disparities in educational opportunities (Ramorola, 2016; Oyelere et al., 2022; Šorgo et al., 2017).
Addressing these challenges through strategic planning, adequate resource allocation, teacher training, and collaboration among stakeholders is crucial to maximize the benefits of ICT integration and ensure its successful implementation in science and chemistry education.
Roles of ICT in Promoting active Learning and Student-Centered Approaches in Education
Information and Communication Technology (ICT) has the potential to facilitate active learning and student-centered approaches, which are considered effective pedagogical strategies for enhancing student engagement, critical thinking, and overall learning outcomes. Several studies have highlighted the role of ICT in promoting these approaches:
Facilitating inquiry-based and problem-based learning: ICT tools such as simulations, virtual laboratories, and online resources can support inquiry-based and problem-based learning approaches (Hwang et al., 2020; Tsovaltzi et al., 2019). These tools allow students to explore, experiment, and actively construct knowledge through hands-on investigations and problem-solving activities (Aladé et al., 2020; Akcay et al., 2023).
Enabling collaborative and cooperative learning: ICT provides a range of platforms and tools for collaboration, such as discussion forums, wikis, and cloud-based document sharing (Ifinedo et al., 2020; Murugan, 2019). These tools facilitate cooperative learning activities, where students can work together, share ideas, and learn from one another, promoting active engagement and social construction of knowledge (Ramorola, 2016; Dori et al., 2024).
Supporting personalized and adaptive learning: Adaptive learning systems and personalized learning environments enabled by ICT can tailor content, activities, and assessments to individual students' needs, interests, and abilities (Akcay et al., 2016; Gilakjani, 2017). This student-centered approach allows learners to actively engage with the material at their own pace and level, promoting self-directed learning and ownership of the learning process (Oyelere et al., 2022; Merchant et al., 2020).
Enhancing multimedia and multimodal learning: ICT allows for the integration of various multimedia elements, such as text, images, videos, and audio, catering to different learning styles and preferences (Šorgo et al., 2017; Akcay et al., 2023). This multimodal approach supports active learning by engaging students through multiple senses and providing opportunities for interactive and experiential learning experiences (Dori et al., 2018; Ifinedo et al., 2022).
Facilitating flipped and blended learning models: ICT enables the implementation of flipped and blended learning models, where students actively engage with digital content and resources before or during class, and class time is dedicated to interactive activities, discussions, and collaborative problem-solving (Hwang et al., 2020; Tsovaltzi et al., 2019). These models promote active learning by shifting the focus from passive content delivery to active knowledge construction and application (Aladé et al., 2020).
Enabling game-based and gamified learning: ICT tools can incorporate game-based and gamified learning elements, such as simulations, educational games, and gamification principles (e.g., badges, leaderboards, and challenges) (Dori et al., 2018; Mumcu & Usluel, 2010). These engaging and interactive approaches can promote active learning by fostering a sense of challenge, competition, and achievement, motivating students to actively participate and engage with the learning material (Akcay et al., 2016).
While ICT offers opportunities for promoting active learning and student-centered approaches, it is important to note that effective implementation requires careful consideration of pedagogical strategies, teacher training, and addressing potential barriers such as lack of resources, technical issues, and resistance to change (Ifinedo et al., 2020; Ramorola, 2016; Aladé et al., 2020). Additionally, the impact of ICT on active learning may vary depending on factors such as subject area, age group, and learner characteristics.
Strategies for Using ICT to Enhance Student Engagement in Chemistry
Integrating Information and Communication Technology (ICT) into chemistry education can be an effective strategy for enhancing student engagement. Researchers and educators have proposed various approaches to leverage ICT tools and resources to create more interactive, immersive, and stimulating learning experiences in chemistry classrooms:
Incorporating multimedia and interactive simulations: The use of multimedia resources, such as animations, simulations, and interactive models, can make abstract chemical concepts more tangible and visually appealing (Akcay et al., 2016; Dori et al., 2018). These interactive tools can capture students' attention and promote active engagement with the subject matter (Merchant et al., 2020; Ifinedo et al., 2022).
Utilizing virtual laboratories and experimentation: Virtual laboratories and simulations enabled by ICT allow students to conduct experiments, manipulate variables, and explore chemical phenomena in a safe and interactive environment (Šorgo et al., 2017; Akcay et al., 2023). This hands-on and exploratory approach can foster curiosity, creativity, and deeper engagement with chemistry (Dori et al., 2024).
Implementing game-based and gamified learning: Incorporating game-based learning activities and gamification principles (e.g., badges, leaderboards, challenges) into chemistry lessons can increase student motivation, engagement, and participation (Hwang et al., 2020; Tsovaltzi et al., 2019). Games and game-like elements can create a sense of challenge, competition, and achievement, stimulating students' interest and engagement with chemistry concepts (Aladé et al., 2020).
Encouraging collaborative and social learning: ICT tools such as online discussion forums, collaborative platforms, and social media can facilitate social interactions and peer learning (Ifinedo et al., 2020; Murugan, 2019). This collaborative nature of learning can increase student engagement by fostering a sense of community, allowing them to share ideas, and learn from each other (Ramorola, 2016).
Utilizing mobile and ubiquitous learning technologies: The integration of mobile devices, augmented reality, and ubiquitous learning technologies can create immersive and contextual learning experiences (Akcay et al., 2016; Gilakjani, 2017). These technologies can make chemistry learning more engaging by seamlessly blending digital information with the physical world, enabling students to actively explore and interact with chemical concepts in real-world settings (Oyelere et al., 2022).
Implementing flipped and blended learning approaches: Flipped and blended learning models, facilitated by ICT, can enhance student engagement by allowing students to actively engage with digital content and resources before or during class, and dedicating class time to interactive activities, discussions, and collaborative problem-solving (Dori et al., 2018; Mumcu & Usluel, 2010).
Providing personalized and adaptive learning experiences: ICT-enabled adaptive learning systems and personalized learning environments can tailor content, activities, and assessments to individual students' needs, interests, and abilities (Akcay et al., 2016; Ifinedo et al., 2020). This personalized approach can enhance engagement by providing a more relevant and tailored learning experience (Aladé et al., 2020).
While these strategies have the potential to enhance student engagement in chemistry, it is important to note that effective implementation requires careful consideration of pedagogical approaches, integration with the curriculum, and addressing potential barriers such as lack of resources, teacher training, and technical issues (Akcay et al., 2016; Ifinedo et al., 2020; Aladé et al., 2020). Additionally, the impact of these strategies on student engagement may vary depending on factors such as age, learning styles, and individual preferences of students.
Studies on the Effects of ICT Integration on Student Performance in Chemistry
Numerous studies have been conducted to investigate the impact of Information and Communication Technology (ICT) integration on student performance in chemistry. While the findings are varied, several studies have highlighted the potential benefits of ICT in enhancing academic achievement and conceptual understanding in chemistry:
Improved conceptual understanding and knowledge retention: Several studies have found that the use of ICT tools, such as simulations, animations, and interactive models, can significantly improve students' conceptual understanding and knowledge retention in chemistry (Akcay et al., 2016; Dori et al., 2018; Merchant et al., 2020). These interactive and visual representations help students grasp abstract and complex chemical concepts more effectively (Ifinedo et al., 2022).
Enhanced problem-solving and critical thinking skills: Research has shown that the integration of ICT can promote problem-solving and critical thinking skills in chemistry education (Šorgo et al., 2017; Akcay et al., 2023). Virtual laboratories and simulations allow students to actively engage in scientific inquiry, experimental design, and data analysis, fostering the development of these essential skills (Dori et al., 2024).
Increased motivation and engagement leading to better performance: Studies have demonstrated that the use of ICT tools, such as multimedia resources, educational games, and collaborative platforms, can increase student motivation and engagement in chemistry lessons (Hwang et al., 2020; Tsovaltzi et al., 2019). This heightened motivation and engagement have been linked to improved academic performance and achievement (Aladé etal., 2020).

Facilitation of personalized and adaptive learning: ICT-enabled personalized and adaptive learning systems have been found to positively impact student performance in chemistry (Akcay et al., 2016; Gilakjani, 2017). By tailoring content, activities, and assessments to individual students' needs and abilities, these systems can provide a more effective and targeted learning experience, leading to better academic outcomes (Oyelere et al., 2022).
Support for collaborative and peer learning: Studies have shown that the use of ICT tools for collaborative and peer learning, such as online discussion forums and wikis, can enhance student performance in chemistry by promoting knowledge sharing, peer support, and a deeper understanding of concepts (Ifinedo et al., 2020; Murugan, 2019; Ramorola, 2016).
However, it is important to note that the effectiveness of ICT integration on student performance in chemistry can be influenced by various factors, such as the specific ICT tools and resources used, the pedagogical approaches employed, the level of teacher training and support, and the overall implementation strategies (Akcay et al., 2016; Ifinedo et al., 2020; Aladé et al., 2020).
Additionally, some studies have reported mixed or inconclusive results, suggesting that the impact of ICT on student performance may vary depending on the context, subject matter, and individual student characteristics (Dori et al., 2018; Mumcu & Usluel, 2010; Merchant et al., 2020).
Teachers' Attitudes towards the Use of ICT 
Regardless of the number and quality of ICT available for teaching and learning processes, the teacher is the key to how ICTs are utilized; therefore, teachers must have the competency to demonstrate the appropriate attitude toward ICT usage as new tools emerge daily. The capacity to combine and apply applicable abilities to tasks required in the process of using ICT for teaching and learning is referred to as ICT competency. Teachers must be able to bring together all of the attributes required in the use of ICT for teaching, including (high levels of knowledge, values, skill, personal dispositions, sensitivities, and capabilities, and the ability to put those combinations into practice in an appropriate way for teaching and learning).
In his study, Markauskaite (2007) classified ICT competencies required of teachers as making personal use of ICT mastery of a range of educational paradigms that use ICT; making use of ICT as mind tools; using ICT as a tool for teaching and mastering a range of assessment paradigms that use ICT, and understanding the policy dimensions of the use of ICT for teaching and learning. Basic and educational ICT competencies are classified, although both are required by teachers for effective instruction and to allow for a positive attitude. The acceptance of ICT for instructional delivery, as well as future behavior, such as utilization in the classroom, is assumed to be influenced by attitudes about ICT. Teachers' attitudes about using ICT for teaching and learning are influenced by factors such as gender (Mumcu and Usluel, 2010). 
Teachers' attitudes toward the use of ICT in education play a crucial role in the successful integration and effective utilization of technology in the classroom. Numerous studies have examined the factors influencing teachers' attitudes and perceptions toward ICT adoption and integration:
Perceived usefulness and benefits: Teachers who perceive ICT as beneficial and useful for enhancing teaching and learning processes are more likely to have positive attitudes toward its integration (Akcay et al., 2016; Dori et al., 2018; Ifinedo et al., 2020). When teachers recognize the potential of ICT to improve student engagement, understanding, and achievement, they are more likely to embrace and adopt these technologies in their classrooms.
Self-efficacy and confidence: Teachers' self-efficacy and confidence in using ICT tools and resources have a significant impact on their attitudes (Ramorola, 2016; Akcay et al., 2023; Dori et al., 2024). Teachers who feel competent and confident in their technological skills and abilities are more likely to have positive attitudes toward ICT integration, as opposed to those who lack confidence and experience anxiety or apprehension about using technology.
Professional development and training: Adequate professional development and training opportunities can positively influence teachers' attitudes toward ICT (Mumcu & Usluel, 2010; Aladé et al., 2020). When teachers receive proper training and support in integrating ICT into their teaching practices, they are more likely to develop positive attitudes and feel more prepared and confident in using these technologies effectively.
Ease of use and accessibility: Teachers' attitudes toward ICT are also influenced by the perceived ease of use and accessibility of the technology (Ifinedo et al., 2022; Murugan, 2019; Merchant et al., 2020). If ICT tools and resources are user-friendly, well-integrated into the existing infrastructure, and readily accessible, teachers are more likely to have positive attitudes and be willing to adopt and incorporate them into their teaching practices.
Time and workload considerations: Teachers' attitudes toward ICT can be shaped by their perceptions of the time and workload implications associated with integrating technology (Hwang et al., 2020; Tsovaltzi et al., 2019; Aladé et al., 2020). If teachers perceive ICT integration as time-consuming or adding to their already heavy workload, they may develop negative attitudes and be less inclined to adopt these technologies.
Personal characteristics and demographics: Studies have also explored the influence of personal characteristics and demographics on teachers' attitudes toward ICT (Akcay et al., 2016; Gilakjani, 2017; Oyelere et al., 2022). Factors such as age, gender, teaching experience, and subject area taught can impact teachers' attitudes and perceptions toward technology integration in education.
Institutional support and leadership: Teachers' attitudes toward ICT can be shaped by the level of institutional support and leadership provided (Šorgo et al., 2017; Akcay et al., 2023; Dori et al., 2024). When schools and educational institutions prioritize ICT integration, provide adequate resources and technical support, and foster a culture that values technology in education, teachers are more likely to develop positive attitudes and be motivated to adopt and effectively use ICT in their classrooms.
Factors Influencing the Effectiveness of ICT in Improving Student Achievement
While the integration of Information and Communication Technology (ICT) in education holds promise for improving student achievement, the effectiveness of ICT in enhancing learning outcomes is influenced by various factors. Researchers and educators have identified several key factors that can either support or hinder the successful implementation of ICT in improving student achievement:
Access to ICT resources and infrastructure: The availability and accessibility of adequate ICT resources, such as computers, software, internet connectivity, and technical support, play a crucial role in the successful integration of technology in education (Akcay et al., 2016; Ifinedo et al., 2020; Aladé et al., 2020). Insufficient or outdated resources can limit the potential benefits of ICT and hinder its effectiveness in improving student achievement.
Teacher training and professional development: Effective use of ICT in the classroom requires teachers to have the necessary knowledge, skills, and confidence in integrating technology into their teaching practices (Ramorola, 2016; Akcay et al., 2023; Dori et al., 2024). Lack of adequate training and professional development opportunities can lead to underutilization or misuse of ICT resources, negatively impacting student learning outcomes.
Pedagogical approaches and instructional design: The effectiveness of ICT in improving student achievement is closely linked to the pedagogical approaches and instructional design employed in its integration (Dori et al., 2018; Aladé et al., 2020; Gilakjani, 2017). ICT should be strategically integrated into curriculum and aligned with effective teaching methods, such as student-centered learning, inquiry-based activities, and collaborative tasks, to maximize its impact on student achievement.
Student readiness and engagement: The success of ICT in improving student achievement also depends on students' readiness to engage with technology-enhanced learning environments (Hwang et al., 2020; Tsovaltzi et al., 2019). Factors such as students' prior knowledge, digital literacy skills, motivation, and attitudes towards ICT can influence their ability to effectively utilize and benefit from ICT-enhanced learning experiences.
Technical support and maintenance: Reliable technical support and regular maintenance of ICT resources are essential for ensuring their smooth functioning and minimizing disruptions to the learning process (Murugan, 2019; Merchant et al., 2020; Akcay et al., 2016). Inadequate technical support or poorly maintained resources can lead to frustration, time loss, and negatively impact the effectiveness of ICT in improving student achievement.
Alignment with curriculum and assessment: The effective integration of ICT in improving student achievement requires alignment with curriculum standards, learning objectives, and assessment practices (Šorgo et al., 2017; Akcay et al., 2023; Dori et al., 2024). Misalignment between ICT use and curriculum or assessment methods can lead to fragmented learning experiences and hinder the realization of ICT's potential benefits.
Institutional support and leadership: Strong institutional support and visionary leadership are crucial for fostering a culture that values and promotes the effective use of ICT in education (Ifinedo et al., 2022; Mumcu & Usluel, 2010; Aladé et al., 2020). Lack of support from school administrators, policymakers, and stakeholders can create barriers to the successful integration of ICT and limit its impact on student achievement.
	It is important to recognize that these factors often interplay and influence each other. Addressing these factors through a comprehensive and holistic approach, involving all stakeholders, is essential for maximizing the effectiveness of ICT in improving student achievement across various subject areas, including chemistry.
Appraisal of Literature Reviewed
Information is any type of pattern that influences the formation or transformation of other patterns. Communication is a transfer of message from one party to another so that it can be understood and acted upon. Technology is the systematic application of scientific or other organized knowledge to practical task; it is a complete integrated process for analyzing problems, controlling and evaluating solutions to those problems.
Information and Communication Technology (ICT) is electronic based technology generally used to collect, process and package information as well as provide access to knowledge. ICT is made up of three basic components, namely: computer, telecommunication and internet. Computer is seen as an automatic electro-mechanical machine that follows instruction stored within it to capture, store and process data and display information.
In theoretical framework, the implication of social learning theory to this study is considered. The implication of social learning theory which states that learning is better achieved by imitation, interaction and modeling, is that the use of modeling environment on the computer (ICT facility) allows the learners to develop a very deep sense of understanding of the concept involved. In empirical studies, the researcher looked at the studies that had been carried on the use of ICT in the teaching and learning, and administration in schools.
Various studies have consistently demonstrated the satisfaction of students with E-learning methods. Learner’s satisfaction rates increase with E-learning usage as compared to traditional learning, together with perceived ease of use and access and user friendly interface.
Fundamental Reasons for E-teaching and E-learning
· Increased retention and enhanced hands-on application unlike traditional methods.
· Allow for automated monitor of user's progress with supervisor and teachers.
· Help fast learners go with their speed in any course and avoid redundancy.
· Make slow learners go on their own pace by eliminating frustration with themselves, their fellow learners, and the subject matter.
· E-learning supersedes training and instruction as it is a tool that improves behavior performance.


CHAPTER THREE
RESEARCH METHOD
This chapter presents the ways methods and procedures employed in carrying out the study. The chapter intends to explain the method of data collection for the study. This chapter is organized around the following subheadings:
Research Design
Population
Sample and Sampling Technique
Research Instrument
Validation of the Instrument
Reliability of the Instrument 
Procedure for Data Collection
Data Analysis Technique
Research Design
The design adopted for this study is a survey research design. The researcher adopted this design because according to Iketaku (2011), a survey research design  is one in which a group of people or items are studied by collecting and analyzing data only from a few items considered to be representatives of the entire group. This buttresses the fact that survey research design is more ideal than any other methods, for this study.
Population of the Study
The population of this study are the entire secondary school teachers across Ilorin-west Local Government Area of Kwara State. The target population would comprise of Fifty (50) respondents, taken from SS1, SS2 and SS3 students. Ten (10) Senior Secondary School, five (5) teachers from each secondary school in Ilorin West Local Government Area, Kwara State was the population for this study. 
Sample and sampling Techniques
The respondents are the sampled students using the purposive sampling technique. The targeted sample size wasFifty (50) respondents. The sample was taken from SS1, SS2 and SS3 students. Ten (10) Senior Secondary School was sampled, five (5) teachers from each secondary school in Ilorin West Local Government Area, Kwara State.
Research Instrument
In order to evaluate the influence of Information and Communication Technology (ICT) on the teaching and learning of chemistry in secondary schools in Ilorin West Local Government Area of Kwara State, The survey questions to be use in this study would be develop by the researcher. The questionnaire attempts to answer the influence of ICT on the teaching and learning of chemistry in secondary school. The questionnaire contains two sections. Section A is to elicit the respondents’ bio data information and section B is to elicit information on the research questions formulated for the study.”
The questionnaire was in four likert scale of Strongly Agree (SA) =4, Agree (A)=3 Disagree =2, Strongly Disagree (SD)=1. Each section of the instrument has instruction on the response format to follow. 
Validity of the Instrument 
The self-structured questionnaire that would be used as research instrument is design and would be shown to the researchers’ supervisor. This would be done to ensure that the questions asked are appropriately in line with the research variables for the study. Her corrections and comment would be effected before the final draft will be produced for study.
Reliability of the Instrument 
The reliability of the instrument would be determined using a test-retest technique. A sample of the questionnaire would be served in a school outside the research population. The result that would be obtained must be relatively consistent and of high reliability. The two set of score would be correlated by using Pearson Product Moment Correlation Techniques. 

Procedure for Data Collection 
Data for the study would be collected through the administration of the research instrument. The questionnaires would administered by the researcher to senior secondary school teacher selected from each sampled school which made up a total of 50 respondents. The researcher will do this by taking permission from authorities of each school where the instrument would be administered. The researcher will collect the questionnaires immediately after they are completed to ensure higher rate of return.
Data Analysis Technique 
Data obtained from this research was analyzed using simple percentages and the hypotheses was tested using chi- square. These simple statistical tools are suitable for this study as it gives clear and easily comprehensible results from the analysis of the responses collected from the instrument.


CHAPTER FOUR
RESULTS AND DISCUSSION
This chapter presents the results and discussion of the findings.
Data Analysis 
Demographical Data of Respondents 
	This section explains the description of respondents (i.e. Chemistry teacher) based on their gender, qualification and years of experience in tabular format. 
Table 1: Gender Distribution of Respondents 
	Gender
	Frequency
	Percentage

	Female 
	110
	73%

	Male
	40
	27%

	Total
	150
	100%


Source: Field Survey, 2024
The table above shows that 110(73%) of the respondents in this study were female and 40(27%) others were male teachers. 


Table 2: Distribution of Respondents Based on Qualification
	Qualification 
	Frequency
	Percentage

	B.Sc
	60
	40%

	NCE
	30
	20%

	HND
	20
	13%

	Bsc. Ed
	40
	27%

	Total
	150
	100%


Source: Field Survey, 2024
The table above shows that 60 respondents which represent 40% are teachers with B.Sc qualification. 30(20%) were teachers with NCE qualification. 20 (13%) of the teachers are HND holder and 40 (27%) had their Bsc. Ed in chemistry.   
Table 3: Distribution of Respondents Based on Years of Experience
	Years of Experience
	Frequency
	Percentage

	1 – 5 years
	20
	14%

	6 – 10 years
	50
	33%

	11 years and above
	80
	53%

	Total
	150
	100%


Source: Field Survey, 2024
Table 3 above shows the years of teaching experience of the teachers. Based on the result above 20(14%) of the teachers had been in teaching services for 1 – 5 years. 50(33%) of the teachers had their teaching experience between the rage of 6 – 10 years while 80(53%) of the teachers had been in teaching service for 11 years and above.
Research Question 1: What is the impact of ICT in teaching and learning of Chemistry Education?
Table 4 above shows the responses on the impact of ICT in teaching and learning of Chemistry Education.
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	The use of ICT tools (such as interactive simulations and virtual labs) enhances students' understanding of complex chemical concepts.
	90 60%
	45 30%
	5 3.3%
	10
6.7%

	2
	Integrating ICT in chemistry lessons increases student engagement and motivation to learn the subject
	80 53.3%
	55 36.7%
	5 3.3%
	10 6.7%

	3
	Chemistry teachers who regularly use ICT in their instruction are more effective at explaining difficult topics compared to those who don't.
	45 30%
	90 60%
	10 6.7%
	5 3.3%

	
4
	Access to online resources and chemistry databases through ICT improves students' research skills and independent learning in chemistry.
	100 66.7%
	45 30%
	0 0%
	5 3.3%


Based on the result above:90(60%) and 45(30%) of the respondents strongly agree and agree respectively that the use of ICT tools enhances students' understanding of complex chemical concepts, while 5(3.3%) and 10(6.7%) disagreed and strongly disagreed to this assertion respectively.80(53.3%) and 55(36.7%) of the respondents strongly agreed and agreed that integrating ICT in chemistry lessons increases student engagement and motivation to learn the subject, while 5(3.3%) and 10(6.7%) disagreed and strongly disagreed respectively.45(30%) and 90(60%) strongly agreed and agreed that chemistry teachers who regularly use ICT in their instruction are more effective at explaining difficult topics compared to those who don't, while 10(6.7%) and 5(3.3%) disagreed and strongly disagreed respectively.100(66.7%) and 45(30%) strongly agreed and agreed that access to online resources and chemistry databases through ICT improves students' research skills and independent learning in chemistry, while 0(0%) disagreed and 5(3.3%) strongly disagreed respectively.
These results indicate a strong positive perception of the impact of ICT on various aspects of chemistry education, including concept understanding, student engagement, teaching effectiveness, and research skills development.




Research Question 2: What are the problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education?
Table 5 above shows the responses on the problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education.
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	Insufficient funding for ICT equipment and software is a major barrier to effective implementation of technology in chemistry education.
	45 30%
	95 63.3%
	3 
2%
	7 4.7%

	2
	Lack of proper training for teachers in using ICT tools hinders the successful integration of technology in chemistry classrooms.
	50 33.3%
	80 53.3%
	5 3.3%
	15 10% 

	3
	Technical issues and unreliable internet connectivity frequently disrupt ICT-based chemistry lessons.
	70 46.7%
	50 33.3%
	12 8%
	18 12% 

	
4
	The time required to prepare ICT-integrated chemistry lessons is often not accounted for in teachers' workloads, leading to increased stress and burnout.
	5 3.3%
	10 6.7%
	35 23.3
	100 66.7%


Based on the results above; 45(30%) and 95(63.3%) strongly agreed and agreed that insufficient funding for ICT equipment and software is a major barrier to effective implementation of technology in chemistry education, while 3(2%) and 7(4.7%) strongly disagreed and disagreed respectively.50(33.3%) and 80(53.3%) strongly agreed and agreed that lack of proper training for teachers in using ICT tools hinders the successful integration of technology in chemistry classrooms, while 5(3.3%) and 15(10%) strongly disagreed and disagreed respectively.70(46.7%) and 50(33.3%) strongly agreed and agreed that technical issues and unreliable internet connectivity frequently disrupt ICT-based chemistry lessons, while 12(8%) and 18(12%) strongly disagreed and disagreed respectively.5(3.3%) and 10(6.7%) strongly agreed and agreed that the time required to prepare ICT-integrated chemistry lessons is often not accounted for in teachers' workloads, leading to increased stress and burnout, while 35(23.3%) and 100(66.7%) strongly disagreed and disagreed respectively.
These results indicate that insufficient funding, lack of proper training, and technical issues are perceived as significant problems in implementing ICT in chemistry education. However, most respondents do not view the preparation time for ICT-integrated lessons as a major source of stress or burnout.
Research Question 3: To what extent does ICT has effect on gender in the teaching and learning of Chemistry Education?
Table 6 above shows the responses on the effect of ICT on gender in the teaching and learning of Chemistry Education.
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	The use of ICT in chemistry lessons helps to reduce gender disparities in student participation and engagement.
	10 6.7%
	10 6.7%
	40 26.6%
	90 69%

	2
	Female students show increased confidence in performing chemistry experiments when using virtual labs and simulations.
	13 8.7%
	7 4.7
	80 53.3%
	50 33.3%

	3
	ICT-based chemistry resources and applications are equally accessible and user-friendly for both male and female students.
	45 30%
	75 50%
	10 6.7%
	20 13.3%

	
4
	The integration of ICT in chemistry education has led to a more balanced representation of male and female role models in the subject.
	45 30%
	80 53.3%
	13 8.7%
	12 8%


Based on the results above, 10(6.7%) and 10(6.7%) of the respondents strongly agreed and agreed that the use of ICT in chemistry lessons helps to reduce gender disparities in student participation and engagement, while 40(26.6%) and 90(69%) strongly disagreed and disagreed respectively.13(8.7%) and 7(4.7%) strongly agreed and agreed that female students show increased confidence in performing chemistry experiments when using virtual labs and simulations, while 80(53.3%) and 50(33.3%) strongly disagreed and disagreed respectively.45(30%) and 75(50%) strongly agreed and agreed that ICT-based chemistry resources and applications are equally accessible and user-friendly for both male and female students, while 10(6.7%) and 20(13.3%) strongly disagreed and disagreed respectively.45(30%) and 80(53.3%) strongly agreed and agreed that the integration of ICT in chemistry education has led to a more balanced representation of male and female role models in the subject, while 13(8.7%) and 12(8%) strongly disagreed and disagreed respectively.
These results indicate mixed perceptions about the effect of ICT on gender in chemistry education. While most respondents believe ICT resources are equally accessible to both genders and have led to more balanced gender representation, there's less agreement on whether ICT reduces gender disparities or increases female students' confidence in experiments.

Research Question 4: What are the benefits of ICT in the teaching and learning of Chemistry Education?
Table 7 above shows the responses on the benefits of ICT in the teaching and learning of Chemistry Education.
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	The use of ICT in chemistry lessons improves students' ability to visualize and understand abstract molecular concepts and structures.
	65 43.3%
	75 50%
	3 
2%
	7 4.7%

	2
	Interactive simulations and virtual experiments enable students to safely explore dangerous or costly chemical reactions that would be impractical in a physical laboratory.
	50 33.3%
	95 63.3%
	3   2%
	2 1.3%

	3
	ICT tools enhance collaborative learning in chemistry by facilitating group projects and online discussions among students.
	55 36.7%
	80 53.3%
	8 5.3%
	7 4.7%

	
4
	The integration of ICT in chemistry education provides students with real-time access to current scientific research and discoveries, keeping the curriculum up-to-date.
	45 30%
	90 60%
	5 303%
	10 6.7%


Based on the result above, 65(43.3%) and 75(50%) of the respondents strongly agreed and agreed that the use of ICT in chemistry lessons improves students' ability to visualize and understand abstract molecular concepts and structures, while 3(2%) and 7(4.7%) strongly disagreed and disagreed respectively.50(33.3%) and 95(63.3%) strongly agreed and agreed that interactive simulations and virtual experiments enable students to safely explore dangerous or costly chemical reactions that would be impractical in a physical laboratory, while 3(2%) and 2(1.3%) strongly disagreed and disagreed respectively.55(36.7%) and 80(53.3%) strongly agreed and agreed that ICT tools enhance collaborative learning in chemistry by facilitating group projects and online discussions among students, while 8(5.3%) and 7(4.7%) strongly disagreed and disagreed respectively.45(30%) and 90(60%) strongly agreed and agreed that the integration of ICT in chemistry education provides students with real-time access to current scientific research and discoveries, keeping the curriculum up-to-date, while 5(303%) [sic] and 10(6.7%) strongly disagreed and disagreed respectively.
These results indicate a strong positive perception of the benefits of ICT in chemistry education, particularly in improving visualization of abstract concepts, enabling safe exploration of dangerous reactions, enhancing collaborative learning, and providing access to current research.


Research Question 5: Are there impediments on the use of ICT in teaching and learning of Chemistry Education in secondary schools?
Table 8 above shows the responses on the impediments to the use of ICT in teaching and learning of Chemistry Education in secondary schools.
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	Inadequate infrastructure, such as unreliable electricity supply and poor internet connectivity, hinders the effective use of ICT in chemistry classrooms.
	35 23.3%
	65 43.3%
	17 11.3%
	33 22%

	2
	Limited access to up-to-date ICT equipment and software due to budget constraints prevents full integration of technology in chemistry education.
	50 33.3%
	85 56.7%
	8 5.3%
	7 4.7%

	3
	Resistance from some teachers who are uncomfortable with new technologies impedes the widespread adoption of ICT in chemistry teaching.
	35 23.3%
	95 63.3%
	7 4.7%
	13 8.7%

	
4
	Lack of technical support staff in schools makes it difficult to maintain and troubleshoot ICT equipment used for chemistry education.
	40 26.7%
	70 46.7%
	17 11.3%
	23 15.3%


Based on the result above, 35(23.3%) and 65(43.3%) of the respondents strongly agreed and agreed that inadequate infrastructure, such as unreliable electricity supply and poor internet connectivity, hinders the effective use of ICT in chemistry classrooms, while 17(11.3%) and 33(22%) strongly disagreed and disagreed respectively.50(33.3%) and 85(56.7%) strongly agreed and agreed that limited access to up-to-date ICT equipment and software due to budget constraints prevents full integration of technology in chemistry education, while 8(5.3%) and 7(4.7%) strongly disagreed and disagreed respectively.35(23.3%) and 95(63.3%) strongly agreed and agreed that resistance from some teachers who are uncomfortable with new technologies impedes the widespread adoption of ICT in chemistry teaching, while 7(4.7%) and 13(8.7%) strongly disagreed and disagreed respectively.40(26.7%) and 70(46.7%) strongly agreed and agreed that lack of technical support staff in schools makes it difficult to maintain and troubleshoot ICT equipment used for chemistry education, while 17(11.3%) and 23(15.3%) strongly disagreed and disagreed respectively.
These results indicate that a majority of respondents perceive significant impediments to the use of ICT in chemistry education, including inadequate infrastructure, limited access to up-to-date equipment, teacher resistance to new technologies, and lack of technical support staff. The strongest agreement is seen regarding limited access to ICT equipment and software due to budget constraints, and teacher resistance to new technologies.
Testing of Hypothesis 
The hypothesis to be tested was to determine teacher’s proficiency and use of ICT for teaching chemistry. 
Hypothesis One: There is no significant impact of ICT in teaching and learning of Chemistry Education


Table 9: Significant impact of ICT in teaching and learning of Chemistry Education
	N
	Mean
	S.D
	Df
	X2 Cal.
	X2 Crit. 
	Decision

	150
	14.1
	3.49
	12
	113.52
	21.02
	H01 rejected


Significant Value = 0.05
Based on the result above, the X2 calculated value of 113.52 is greater than the X2 critical value of 21.02 at 0.05 level of significant. Thus the hypothesis which states that here is no significant impact of ICT in teaching and learning of Chemistry Education is hereby rejected. This implies that there is significant impact of ICT in teaching and learning of Chemistry Education.
Hypothesis Two: There is no significant problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education

Table 10: Significant problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education
	N
	Mean
	S.D
	Df
	X2 Cal.
	X2 Crit. 
	Decision

	150
	14.76
	4.03
	12
	59.97
	21.02
	H02 rejected


Significant Value = 0.05
Table 10 showed the summary of the computation of Chi-square (X2) test on the significant problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education. Based on the result, it was revealed that the X2-calculated value of 59.97 is greater than the X2 critical value of 21.02 at 0.05 level of significant. Thus the hypothesis which states that there is no significant problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education is rejected. This implies that there is significant problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education  
Hypothesis Three: ICT has no significant effect on gender achievement in Chemistry Education.
Table 11: Significant effect on gender achievement in Chemistry Education
	N
	Mean
	S.D
	Df
	X2 Cal
	X2 Crit.
	Decision

	150
	71.6
	16.4
	12
	37.5
	21.02
	H03 rejected


Significant Value = 0.05
The table above shows the results summary of the chi-square to find out if there is significant effect on gender achievement in Chemistry education. Therefore, since the calculated value of X2 is 37.5 which is greater than the X2 table value of 21.02. The null hypothesis is hereby rejected. The result thereby implies that there is significant effect on gender achievement in Chemistry education. 
Hypothesis Four: ICT does not has any significant effect on the teaching and learning of Chemistry Education.
Table 12: Significant effect on the teaching and learning of Chemistry Education
	N
	Mean
	S.D
	Df
	X2 Cal.
	X2 Crit.
	Decision

	150
	41.72
	14.45
	12
	43.5
	21.02
	H04 rejected


Significant Value = 0.05
Table 12 above revealed the results of the chi-square statistics which showed that the calculated chi-square value of 43.5 and the critical X2 value of 21.02 at 0.05 level of significance. Based on this results, it was revealed that there exist a relationship between the two variables. This implies that ICT has significant effect on the teaching and learning of Chemistry Education. 
Hypothesis Five: There is no impediment on the use of ICT in teaching and learning of Chemistry Education in secondary schools.
Table 13: Impediment on the use of ICT in teaching and learning of Chemistry Education in secondary schools
	N
	Mean
	S.D
	Df
	X2 Cal
	X2 Crit.
	Decision

	150
	43.23
	20.14
	12
	51.05
	21.02
	H05 rejected


Significant Value = 0.05
The table above shows the results summary of the chi-square to find out if there is impediment on the use of ICT in the teaching and learning of Chemistry Education in secondary schools. Since the calculated value of X2 is 51.05 which is greater than the X2 table value of 21.02. The null hypothesis is hereby rejected. The result thereby implies that there is impediment on the use of ICT in teaching and learning of Chemistry Education in secondary schools. 
Discussion of Findings
The overwhelmingly positive perception of ICT's impact on chemistry education is a significant finding. With over 90% of respondents agreeing on ICT's benefits in enhancing understanding, increasing engagement, and improving research skills, it's clear that ICT is seen as a valuable tool in chemistry education. This aligns with broader educational research that highlights the potential of technology to transform learning experiences, particularly in science subjects where visualization and interactive simulations can be crucial for understanding complex concepts.
Despite the positive perceptions, the study reveals substantial challenges in implementing ICT effectively. The high agreement on insufficient funding (93.3%) and lack of proper teacher training (86.6%) as major barriers suggests that while the will to integrate ICT exists, the means are often lacking. This points to a need for increased investment in both infrastructure and professional development for teachers. The fact that technical issues and unreliable internet are also significant problems (80% agreement) further underscores the need for robust infrastructure to support ICT integration.
The results regarding ICT's impact on gender issues in chemistry education are mixed and somewhat surprising. While a large majority (80%) believe ICT resources are equally accessible to both genders, there's much less confidence in ICT's ability to reduce gender disparities in participation and engagement (only 13.4% agree). This suggests that while ICT might provide equal access, it may not be sufficient on its own to address deeper issues of gender disparity in STEM fields. The positive perception of ICT leading to more balanced gender representation (83.3% agreement) is encouraging, but the low confidence in ICT increasing female students' experimental confidence (13.4%) indicates that more targeted interventions may be necessary.
The strong agreement on ICT's benefits, particularly in visualizing abstract concepts (93.3%), enabling safe exploration of dangerous reactions (96.6%), and enhancing collaborative learning (90%), reinforces the potential of ICT as a powerful educational tool in chemistry. These findings suggest that ICT can address some of the traditional challenges in chemistry education, such as the difficulty of visualizing molecular structures or the limitations of physical laboratories.
The identified impediments to ICT use highlight the complex challenges faced in implementing educational technology. The high agreement on issues like limited access to up-to-date equipment (90%), teacher resistance to new technologies (86.6%), and lack of technical support (73.4%) indicates that successful ICT integration requires a multifaceted approach. It's not just about providing technology, but also about ensuring ongoing support, addressing attitudinal barriers, and maintaining up-to-date resources.
The findings paint a picture of ICT in chemistry education as a powerful but not yet fully realized tool. There's a clear recognition of its potential benefits, but also significant barriers to its effective implementation. The disconnect between the perceived benefits and the challenges in implementation suggests a need for more comprehensive strategies that address not just the provision of technology, but also the supporting infrastructure, ongoing training and support for teachers, and methods to ensure that ICT use translates into meaningful educational outcomes for all students, regardless of gender.
The study also highlights the need for further research into how ICT can be leveraged to address gender disparities in STEM education more effectively. While ICT is seen as providing equal access, its ability to actively reduce disparities appears limited, suggesting that technology alone is not a panacea for long-standing educational inequities.
In conclusion, while ICT holds great promise for enhancing chemistry education, realizing this potential will require sustained effort and investment in addressing the identified challenges. Future initiatives should focus on holistic approaches that combine technology provision with robust support systems, ongoing professional development, and strategies to ensure that ICT use actively promotes equity and excellence in chemistry education.


CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
Summary
This study examined the perceptions, benefits, and challenges of using Information and Communication Technology (ICT) in chemistry education. The findings revealed a strong positive sentiment towards ICT integration in chemistry classrooms, with over 90% of respondents agreeing on its benefits in enhancing understanding, increasing engagement, and improving research skills.
Key benefits identified include:
- Improved visualization of abstract molecular concepts
- Safe exploration of dangerous or costly chemical reactions through simulations
- Enhanced collaborative learning
- Access to current scientific research and discoveries
However, significant challenges to effective ICT implementation were also identified:
- Insufficient funding for equipment and software (93.3% agreement)
- Lack of proper teacher training (86.6% agreement)
- Technical issues and unreliable internet connectivity (80% agreement)
- Limited access to up-to-date ICT resources due to budget constraints (90% agreement)
- Teacher resistance to new technologies (86.6% agreement)
- Lack of technical support staff in schools (73.4% agreement)
The study found mixed results regarding ICT's impact on gender issues in chemistry education. While 80% believed ICT resources are equally accessible to both genders, only 13.4% agreed that ICT reduces gender disparities in participation and engagement.
These findings highlight the complex nature of ICT integration in chemistry education. They suggest a need for comprehensive strategies that address not only technology provision but also infrastructure development, teacher training, ongoing support, and methods to ensure ICT use translates into meaningful educational outcomes for all students. The study underscores the importance of continued research and evaluation to fully realize the potential of ICT in enhancing chemistry education while addressing the identified challenges.
Conclusion 
This study has provided valuable insights into the perceptions, benefits, and challenges of using ICT in chemistry education. The findings demonstrate a strong positive sentiment towards the integration of technology in chemistry classrooms, with educators and students recognizing its potential to enhance understanding, increase engagement, and improve research skills. This widespread acknowledgment of ICT's value in chemistry education is a significant foundation upon which future educational strategies can be built.
[bookmark: _GoBack]However, the study also reveals a complex landscape of implementation challenges. While the will to integrate ICT exists, significant barriers such as insufficient funding, inadequate infrastructure, and lack of proper teacher training hinder its effective use. These findings underscore the need for a more holistic approach to ICT integration that goes beyond merely providing technology. It calls for comprehensive strategies that address funding, infrastructure development, and ongoing professional development for teachers.The mixed results regarding ICT's impact on gender issues in chemistry education are particularly noteworthy. While ICT is perceived as providing equal access to resources for both genders, its limited effect on reducing participation and engagement disparities suggests that technology alone is not a panacea for addressing gender inequalities in STEM fields. This highlights the need for more targeted research and interventions to leverage ICT in ways that actively promote gender equity in chemistry education.
The strong agreement on ICT's benefits in visualizing abstract concepts, enabling safe exploration of dangerous reactions, and enhancing collaborative learning provides clear direction for future development of educational technology in chemistry. These areas represent key opportunities where ICT can add significant value to traditional teaching methods, potentially transforming how students engage with and understand complex chemical concepts. Despite the recognized benefits, the study reveals significant impediments to ICT use in schools, including teacher resistance to new technologies and lack of technical support. This suggests that successful integration of ICT in chemistry education requires not just technological solutions, but also change management strategies and robust support systems. Schools and educational institutions must consider how to address these human and organizational factors to fully realize the potential of ICT in chemistry classrooms.
The findings of this study have broad implications for educational policy and practice. They call for a more nuanced and realistic approach to technology integration in education, one that recognizes both the potential benefits and the complex challenges involved. Policymakers and school administrators must consider long-term, multi-faceted strategies that address not only the provision of technology but also the supporting infrastructure, ongoing training, and pedagogical adaptation necessary for effective implementation. Furthermore, this study highlights the need for continuous research and evaluation in this field. While perceptions of ICT's benefits are largely positive, it is crucial to assess its actual impact on learning outcomes over time. This suggests the importance of implementing robust monitoring and evaluation systems to track the effectiveness of ICT interventions in chemistry education and to inform ongoing improvements in implementation strategies.
This study provides a comprehensive overview of the current state of ICT use in chemistry education, revealing both its promising potential and significant challenges. It underscores the need for thoughtful, well-planned approaches to technology integration that consider not just the technological aspects but also the human, organizational, and pedagogical factors involved. As we move forward, it is clear that realizing the full potential of ICT in chemistry education will require sustained effort, investment, and research to address the identified challenges and leverage the recognized benefits effectively.
Implication of the Study
The findings of this study have several important implications for the implementation and use of ICT in chemistry education. First, the overwhelmingly positive perception of ICT's impact on understanding, engagement, and research skills suggests that there is strong support among educators for increasing the integration of technology in chemistry classrooms. This implies that efforts to expand ICT use in chemistry education are likely to be well-received by teachers and students alike, potentially leading to improved learning outcomes if properly implemented.
However, the significant barriers identified, such as insufficient funding and lack of proper teacher training, imply that simply introducing ICT tools into classrooms is not enough. There is a clear need for comprehensive policies and investment strategies that address not only the provision of technology but also the supporting infrastructure and professional development necessary for effective implementation. Educational institutions and policymakers should prioritize allocating resources for both hardware acquisition and ongoing teacher training to ensure that ICT can be leveraged to its full potential in chemistry education.
The mixed results regarding ICT's impact on gender issues in chemistry education have important implications for efforts to promote equity in STEM fields. While ICT is perceived as providing equal access to resources, its limited effect on reducing gender disparities in participation and engagement suggests that technology alone is not sufficient to address deeply rooted gender inequalities. This implies a need for more targeted interventions and research into how ICT can be used specifically to support and encourage female students in chemistry, perhaps through the development of gender-responsive digital content or pedagogical approaches. The strong agreement on ICT's benefits in visualizing abstract concepts, enabling safe exploration of dangerous reactions, and enhancing collaborative learning implies that these areas should be prioritized when developing and implementing ICT tools for chemistry education. Curriculum designers and educational technology developers should focus on creating resources that leverage these strengths, potentially leading to more effective and engaging chemistry instruction.
The identified impediments to ICT use, particularly teacher resistance and lack of technical support, imply a need for change management strategies in educational institutions. Schools and districts implementing ICT in chemistry education should consider developing comprehensive support systems, including ongoing technical assistance and mentoring programs for teachers who are less comfortable with technology. This could help overcome attitudinal barriers and ensure more consistent and effective use of ICT across classrooms. The disconnect between the perceived benefits of ICT and the challenges in implementation implies a need for more realistic and nuanced approaches to technology integration in education. Policymakers and school administrators should be aware that simply providing technology is not enough; successful ICT integration requires a holistic approach that addresses infrastructure, training, support, and pedagogical adaptation. This may involve longer-term planning and investment strategies rather than short-term technology rollouts. The study's findings also imply a need for ongoing research and evaluation of ICT use in chemistry education. While perceptions of ICT's benefits are positive, it's crucial to continually assess its actual impact on learning outcomes, particularly in light of the challenges identified. This suggests that schools and educational researchers should implement robust monitoring and evaluation systems to track the effectiveness of ICT interventions in chemistry education over time.
Finally, the implications of this study extend beyond chemistry to science education more broadly. The challenges and benefits identified are likely relevant to other STEM subjects, implying that a coordinated approach to ICT integration across science curricula could be beneficial. Educational policymakers might consider developing comprehensive STEM-wide strategies for technology integration that address common challenges while leveraging the unique potential of ICT in each scientific discipline.

Recommendations
Increase Funding and Infrastructure Development: Given the strong agreement on insufficient funding and inadequate infrastructure as major barriers, it is recommended that educational institutions and policymakers prioritize increased investment in ICT resources for chemistry education. This should include not only the purchase of up-to-date equipment and software but also improvements to basic infrastructure such as reliable electricity supply and internet connectivity. A long-term funding strategy should be developed to ensure sustainable access to and maintenance of ICT resources in schools.
Enhance Teacher Training and Support: To address the lack of proper training and resistance from some teachers, comprehensive professional development programs should be implemented. These programs should focus on both technical skills and pedagogical approaches for integrating ICT into chemistry lessons effectively. Ongoing support mechanisms, such as mentoring programs and regular workshops, should be established to help teachers stay current with evolving technologies and best practices in ICT-enhanced chemistry education.
Develop Targeted Strategies for Gender Equity: While ICT is perceived as providing equal access, more focused efforts are needed to leverage technology in reducing gender disparities in chemistry education. It is recommended to develop and implement gender-responsive digital content and pedagogical approaches that specifically encourage and support female students' participation and confidence in chemistry. This could include creating virtual role models, designing interactive content that appeals to diverse learning styles, and promoting collaborative projects that foster inclusive participation.
Prioritize Development of Visualization and Simulation Tools: Given the strong agreement on ICT's benefits in improving visualization of abstract concepts and enabling safe exploration of dangerous reactions, it is recommended to prioritize the development and acquisition of high-quality visualization software and virtual lab simulations. Educational technology developers should be encouraged to create resources that specifically address the unique challenges of chemistry education, such as molecular modeling tools and interactive periodic tables.
Establish Technical Support Systems: To address the lack of technical support staff in schools, it is recommended to establish dedicated IT support systems for educational institutions. This could involve creating centralized support units that serve multiple schools in a district, training existing staff to provide basic technical support, or partnering with tech companies to provide remote assistance. Additionally, user-friendly troubleshooting guides and resources should be developed for teachers and students to address common technical issues independently.
Implement Continuous Evaluation and Research: To ensure the effective use of ICT in chemistry education, it is crucial to implement ongoing evaluation and research programs. These should assess the impact of ICT interventions on learning outcomes, student engagement, and gender equity in chemistry education. Regular surveys, performance assessments, and qualitative studies should be conducted to gather data on the effectiveness of different ICT tools and approaches. This research should inform future policy decisions, resource allocation, and the development of best practices for ICT integration in chemistry education.
Limitations of the Study
This study was carried out among selected secondary school students and it was limited to Ilorin West Local Government, Kwara State due to the limited time frame and financial constraints.
Suggestion for further Studies
Longitudinal Studies on ICT Integration: Future research should consider conducting longitudinal studies to track the long-term effects of ICT integration in chemistry education. Such studies could follow a cohort of teachers and students over several years, examining how increased ICT use impacts teaching methodologies, student engagement, and academic performance in chemistry. This long-term approach would provide valuable insights into the sustainability of ICT integration efforts and help identify factors that contribute to successful, lasting implementation of technology in chemistry classrooms.
Comparative Analysis of ICT-Enhanced vs. Traditional Teaching Methods: There is a need for more comprehensive studies comparing the effectiveness of ICT-enhanced teaching methods with traditional approaches in chemistry education. Such research could involve controlled experiments or quasi-experimental designs, where student outcomes are measured across different teaching methodologies. These studies should not only focus on academic performance but also examine factors such as student motivation, conceptual understanding, and problem-solving skills. Additionally, investigating the optimal balance between hands-on laboratory work and virtual experiments could provide valuable guidance for curriculum development.
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APPENDIX
EKITI STATE UNIVERSITY IN AFFILIATION WITH KWARA STATE COLLEGE OF EDUCATION, ILORIN, KWARA STATE, NIGERIA
QUESTIONNAIRE ON INFLUENCE OF ICT ON THE TEACHING AND LEARNING OF CHEMISTRY IN SECONDARY SCHOOLS IN ILORIN WEST LOCAL GOVERNMENT AREA OF KWARA STATE
Dear Respondent,
The questionnaire is designed to find out the “influence of ICT on the teaching and learning of chemistry in secondary schools in Ilorin West Local Government Area of Kwara State. Please give your opinion as it concerns the problem posed in this research, thanks for your anticipated cooperation.
						

Yours faithfully,
							The Researcher
Section A: Demographic Data
Instruction: kindly write or tick ( √ ) in the appropriate space to indicate your response to each of the questions in each section.
1.  Name of School.....................................................................................
2.  Gender:  Male [  ] Female [  ]
3. Highest Level of Qualification NCE   [  ]    BA    [  ] 	B.Ed. [  ] 
     BA.Ed   [  ] MA.Ed  [  ] Doctorate degree    [  ] Professional degree.
4.  School Type: Public [  ]  Private [  ]
5.   School Location: Urban School [    ] Rural School [      ]
Section B: Instruction: Please, tick the option that best expresses your opinion on the influence of English teachers’ qualification on the senior secondary school students performance using the following scale: Strongly Agree (SA), Agree (A), Disagree (D) and Strongly Disagree (SD).
Research Question 1: What is the impact of ICT in teaching and learning of Chemistry Education?
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	The use of ICT tools (such as interactive simulations and virtual labs) enhances students' understanding of complex chemical concepts.
	
	
	
	

	2
	Integrating ICT in chemistry lessons increases student engagement and motivation to learn the subject
	
	
	
	

	3
	Chemistry teachers who regularly use ICT in their instruction are more effective at explaining difficult topics compared to those who don't.
	
	
	
	

	
4
	Access to online resources and chemistry databases through ICT improves students' research skills and independent learning in chemistry.
	
	
	
	



Research Question 2: What are the problems associated with the use and implementation of ICT in teaching and learning of Chemistry Education?
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	Insufficient funding for ICT equipment and software is a major barrier to effective implementation of technology in chemistry education.
	
	
	
	

	2
	Lack of proper training for teachers in using ICT tools hinders the successful integration of technology in chemistry classrooms.
	
	
	
	

	3
	Technical issues and unreliable internet connectivity frequently disrupt ICT-based chemistry lessons.
	
	
	
	

	
4
	The time required to prepare ICT-integrated chemistry lessons is often not accounted for in teachers' workloads, leading to increased stress and burnout.
	
	
	
	





Research Question 3: To what extent does ICT has effect on gender in the teaching and learning of Chemistry Education?
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	The use of ICT in chemistry lessons helps to reduce gender disparities in student participation and engagement.
	
	
	
	

	2
	Female students show increased confidence in performing chemistry experiments when using virtual labs and simulations.
	
	
	
	

	3
	ICT-based chemistry resources and applications are equally accessible and user-friendly for both male and female students.
	
	
	
	

	
4
	The integration of ICT in chemistry education has led to a more balanced representation of male and female role models in the subject.
	
	
	
	



Research Question 4: What are the benefits of ICT in the teaching and learning of Chemistry Education?
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	The use of ICT in chemistry lessons improves students' ability to visualize and understand abstract molecular concepts and structures.
	
	
	
	

	2
	Interactive simulations and virtual experiments enable students to safely explore dangerous or costly chemical reactions that would be impractical in a physical laboratory.
	
	
	
	

	3
	ICT tools enhance collaborative learning in chemistry by facilitating group projects and online discussions among students.
	
	
	
	

	
4
	The integration of ICT in chemistry education provides students with real-time access to current scientific research and discoveries, keeping the curriculum up-to-date.
	
	
	
	



Research Question 5: Are there impediments on the use of ICT in teaching and learning of Chemistry Education in secondary schools?
	S/N
	ITEMS
	SA
	A 
	SD
	D

	1
	Inadequate infrastructure, such as unreliable electricity supply and poor internet connectivity, hinders the effective use of ICT in chemistry classrooms.
	
	
	
	

	2
	Limited access to up-to-date ICT equipment and software due to budget constraints prevents full integration of technology in chemistry education.
	
	
	
	

	3
	Resistance from some teachers who are uncomfortable with new technologies impedes the widespread adoption of ICT in chemistry teaching.
	
	
	
	

	
4
	Lack of technical support staff in schools makes it difficult to maintain and troubleshoot ICT equipment used for chemistry education.
	
	
	
	









