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DEFINITION OF TERMS  

Academic performance Refers to the learner's accomplishment in Chemistry 

examinations. 

Chemistry Refers to one of the science subjects taught in 

secondary schools which studies the chemical 

composition of substances and chemical reactions. 

Chemistry practical work Refers to teaching and learning of Chemistry through 

experiments. 

Inquiry-Based Learning 

(IBL)  

Refers to a learner-centered teaching strategy where 

learners are actively engaged in the process of learning 

through various activities such as observation, 

carrying out investigations, collection of data, testing 

of hypothesis, analysis of data and communication of 

results from concepts studied. 

Performance predictors Refers to students’ attitudes and self-efficacy that 

predict academic performance of students. 

Self-efficacy Refers to student’s beliefs of their ability to perform 

well in Chemistry subject. 

Students’ attitude Refers to either positive or negative feelings that 

students have towards Chemistry. 

5E instructional model Refers to a teaching and learning model which serves 

as a framework for implementation of inquiry-based 

learning approach. It consists of 5 phases which 

include: engage, explore, explain, elaborate and 

evaluate. 

Utilization of IBL Refers to the use of IBL in practical lessons 
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ABSTRACT 

Chemistry is a crucial subject for a country like Kenya that seeks to be industrialized 

by the year 2030. Even though the subject is important, performance in the subject has 

been declining consistently in Kenya. A decline in performance in Chemistry has also 

been reported in Meru South Sub-County. The decline in performance has been 

attributed to teacher-centered learning methodologies, negative attitudes of students 

towards the subject and low self-efficacy. Teachers have been encouraged to use 

Inquiry-Based Learning (IBL) approach in teaching of Chemistry and particularly in 

practical lessons because it has been associated with improved attitudes and self-

efficacy. However, little is known on the uptake of inquiry-based learning approach 

by teachers in Chemistry practical lessons and how it is related to students’ attitudes 

and self-efficacy in Chemistry in Meru South Sub-County secondary schools. The 

purpose of this research was to examine the utilization of inquiry-based learning 

approach in Chemistry practical lessons, and determine the relationship between the 

utilization of inquiry-based learning approach and selected performance predictors i.e. 

students’ attitudes and self-efficacy in Chemistry. The study was guided by the 

Vygotsky’s social constructivism theory which emphasizes on the role of social 

interactions and active construction of knowledge. A mixed method research design 

was employed in this study. The target population was all secondary schools in Meru 

South Sub-County. Stratified and purposive sampling was used to select both public 

and private secondary schools. Purposive sampling was used to select 42 form three 

Chemistry teachers while 357 students were chosen for the research using basic 

random selection. Data collection was done using practical lesson observation 

schedule, teacher’s questionnaire, student’s questionnaire, and document analysis 

framework. Results revealed that teachers used inquiry-based learning approach in 

Chemistry practical lessons once a week (mean = 3.89). Results from correlation and 

regression analysis revealed that there is a significant positive relationship between 

inquiry-based learning and students’ attitudes towards Chemistry (r = .9972, p = .000, 

t = 58.285, p = 0.00). Besides, it was established that inquiry-based learning is 

positively associated with students’ efficacy beliefs in Chemistry (β= 0.903, p < 0.05). 

From the study findings, it was concluded that inquiry-based learning approach is an 

effective teaching technique for enhancing positive attitudes towards Chemistry 

among students as well as improving their confidence in Chemistry. The study findings 

are significant in the education sector in improving teacher training programs and calls 

for shift from teacher-centered teaching methodologies to learner centered teaching 

methodologies among practicing teachers. 
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CHAPTER ONE 

1.1 Background to the Study 

Chemistry is a discipline of science that is concerned with the chemical composition, 

characteristics and applications of matter (Das, 2018). It forms part of other sciences 

such as Biology, Agriculture and Physics and therefore, it is recognized as one of the 

important sciences (Chuks & Chidubem, 2018). Chemistry provides an overview of 

the world we live in, and understanding of various processes, and the importance of 

these processes in daily life such as qualitative analysis which can be used to detect 

metals present in water to ensure water safety (Njagi & Silas, 2015). Chemistry lays 

the foundation of many industrial processes such as food production,  manufacture of 

medicinal products and textiles among others (Protus & Shikuku, 2020). It also 

prepares students for professions and occupations at the tertiary level of education, as 

well as for life in general (Chepkorir et al., 2014). It is therefore a crucial subject for a 

country that seeks to be industrialized, and hence effective teaching is required.  

Despite its relevance, poor performance in Chemistry has been widely reported. For 

instance, in Nigeria, students are still performing poorly in Chemistry (Okwuduba, & 

Okigbo, 2018). In Ghana, poor performance in Chemistry has as well been reported  

(Hanson, 2017).  In Uganda, poor performance in Chemistry has been reported which 

has been attributed to the inability of teachers to make use of Inquiry-Based Learning 

(IBL) practices in teaching the subject (Ssempala, 2017). In Tanzania, poor science 

achievement has been linked to a lack of laboratories and non-inquiry-based teaching 

methods (Kinyota, 2020). This implies that inefficient instruction, instructors' inability 

to apply an inquiry-based learning strategy, and lack of laboratory equipment are all 

factors that contribute to low Chemistry achievement. In Kenya, performance of the 

Chemistry subject has been deteriorating according to the Kenya National 

Examinations Council (KNEC) reports of 2018 and 2019 since 2015. The lack of 

inquiry-based learning approaches has been blamed for the poor results (Chepkorir et 

al., 2014; Hassan & Akbar, 2020; Hushman & Marley, 2015), students' negative 

attitudes towards Chemistry (Kyalo, 2016; Ogembo et al., 2015) and low self-efficacy 

(Julius et al., 2018). Therefore, attitudes and efficacy beliefs of students in Chemistry 

cannot be ignored. 

Attitudes are predictors of students’ academic success (Liou, 2020; Ramnarain & 

Ramaila, 2018; Ucar & Sungur, 2017). According to Kousa et al. (2018), students with 
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positive attitudes do better than students with negative attitudes. In a school setting, 

students have varying attitudes about various courses. Some subjects are their 

favourites, and they have favourable feelings about them, whereas others are 

unpopular or difficult, and they have bad feelings about them (Cohen & Chang, 2020). 

A number of things can have an impact on these attitudes. Motivation and perceptions 

of the learning environment are two examples of these things (Cohen & Chang, 2020). 

Anxiety about science, its value, science self-esteem, motivation, love of science, and 

the dread of failing are all instances of attitude toward science (Uitto, 2014). The 

development of students' positive attitudes toward Chemistry is very important 

because attitudes are closely related with academic performance and also attitudes 

predict behaviors (Cheung, 2009). It is crucial to cultivate positive attitudes towards 

Chemistry among students as this will have positive impact on performance. 

Students' academic success in Chemistry is influenced by their self-efficacy. 

According to Bandura (1994), personal efficacy judgments influence what students do 

by affecting the decisions they make, the work they put in, the perseverance and 

persistence they show when faced with challenges, and the cognitive patterns and 

emotional reactions they have. People analyze information from four sources to 

develop their self-efficacy perceptions. The interpreted consequence of one's 

performance or mastery experience is the most influential source (Featonby, 2012). 

When outcomes are regarded as successful, self-efficacy rises; when they are 

interpreted as failures, it falls (Bandura, 1986). The vicarious experience that people 

have when they see others executing activities is another self-efficacy knowledge 

(Kirbulut, 2014). The social comparisons formed with other people are a part of one's 

vicarious experience. These comparisons, when combined with peer modeling, can 

have a big impact on how self-perceptions of competence in Chemistry evolve. Self-

efficacy beliefs are also formed as a result of verbal messages and social persuasions 

received from others (Aydin & Uzuntiryaki, 2009). Negative persuasions can destroy 

and erode self-beliefs; positive persuasions can encourage and strengthen. Anxiety and 

tension are physiological conditions that offer information regarding efficacy beliefs 

(Pajares, 2003). It's crucial to employ teaching strategies that increase students' 

efficacy beliefs in sciences particularly in Chemistry. 

Negative attitudes toward Chemistry, as well as low self-efficacy in the subject, are 

key concerns in Kenya (Kyalo, 2016; Julius et al 2018). This has been attributed to 
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teacher-centered methodologies used by teachers such as the lecture method that have 

a detrimental influence on learners' academic performance, attitudes and beliefs 

(Chepkorir et al., 2014; Hassan & Akbar, 2020; Hushman & Marley, 2015). Teacher-

centered strategies make learners passive instead of actively engaging them in the 

learning process (Kyalo, 2016; Liou, 2020). Waswa and Cheptinget (2013) argue that 

the teaching of Chemistry in Kenyan schools is too teacher-centered and this may have 

adverse effects on students' attitudes and self-efficacy hence the need to embrace the 

learner-centered instructional strategies. 

The learner-centered teaching technique of inquiry-based learning has been linked to 

favorable views toward Chemistry among students (Aktamis et al., 2016; Dajal & 

Umar, 2019; Ural, 2016). Inquiry teaching is a constructivist method of instruction that 

involves students actively participating in thinking rather than passively receiving 

information from a lecture (Schmid & Bogner, 2017). According to Aktamis et al. 

(2016), inquiry-based learning improves students' attitudes towards science when 

compared to traditional learning. Traditional teacher-centered methods, according to 

Tawfik et al. (2020) lead to rote learning of scientific concepts and should be replaced 

with student-centered and task-based learning methods. On the other hand, IBL 

approach is a student-centered method in which students discover everything in their 

immediate environment, develop strong arguments about the natural and physical 

world around them based on strong justifications, and grow into individuals who 

understand the importance of science and construct information (Aktamis et al., 2016). 

This implies that the utilization of inquiry-based learning practices can enhance 

positive attitudes towards Chemistry which translates to better performance. 

Inquiry-based learning approach has been attributed to increased students’ self-

efficacy (Sen & Vekli, 2016). According to Vishnumolakala et al. (2017), guided 

inquiry enhances the efficacy beliefs of students in Chemistry. Baanu and Oyelekan 

(2016) argue that students' beliefs in their capabilities highly influence academic 

achievement. As a result, learners who believe in their own efficacy are more likely to 

succeed than those who believe in their own inefficacy. According to a study by 

Farrand et al. (2016), the self-efficacy of junior participants who were engaged in 

inquiry-based science camp increased after participation. As opined by Nikmah et al. 

(2020), using the inquiry learning methodology can boost students' self-efficacy in 

science topics. Besides, Pitaloka et al. (2020) argues that using a guided inquiry 
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learning methodology can help students improve their science literacy and self-

efficacy. Self-assessment using the inquiry learning approach had a better impact on 

self-efficacy and student physics learning outcomes (Rapi et al., 2022). As a result, 

inquiry-based learning is an educational method that can enhance students' self-

efficacy beliefs when applied in the learning process.  

Practical work is regarded as vital in Chemistry instruction. It provides the best 

opportunity for inquiry-based learning implementation (Jerrim et al., 2020). This 

instructional approach ensures learners are actively engaged in the learning process. 

Globally, reforms have been made to incorporate inquiry-based learning approach in 

practical work. In New York, it is well established that incorporating inquiry-based 

learning into practical teaching improves students' attitudes, motivation, and academic 

accomplishment (Bittinger, 2015). In New Zealand, inquiry-based learning in practical 

lessons is known to enhance enjoyment and interest in Chemistry among students 

(Chairam et al., 2015). In South Africa and in Nigeria, inquiry-based learning in 

practical lessons is encouraged because it is believed to actively engage learners in the 

learning process, enhance academic achievement and problem-solving skills as well 

as improve students' attitudes (Akuma & Callaghan, 2019; Chuks & Chidubem, 2018; 

Ogunleye & Bamidele, 2010). Therefore, incorporating IBL in practical work is crucial 

for the success of students in Chemistry. 

In Kenya, the government has put efforts to shift teaching methodologies from teacher-

centered to inquiry-based learner-centered pedagogies in order to improve 

performance and develop positive attitudes towards Chemistry (Kiige & Atina, 2016). 

For example, the Government of Kenya in conjunction with the Japan International 

Cooperation Agency (JICA) initiated the Strengthening of Mathematics and Science 

in Secondary Education (SMASSE) project in 1998 intending to improve performance 

in Sciences and Mathematics (Kiige & Atina, 2016). Besides, the Centre of 

Mathematics, Science and Technology Education in Africa (CEMASTEA) has been 

conducting professional development of teachers since the year 2003.  

Despite the efforts by the government to improve performance in Chemistry, its 

performance is still declining as shown in Figure 1.1. In Meru South Sub-County, poor 

performance in Chemistry has also been reported (Mukami, 2015). According to table 

1.1, performance is below average. To improve students' performance in Chemistry, 
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the KNEC report (2018) proposes that teachers use an inquiry-based learning method. 

However, there is no adequate information on the application of this approach in 

Chemistry practical lessons, and how it relates with attitudes of students as well as 

their efficacy beliefs in Chemistry in Kenya. 

 

Figure 1.1: Chemistry performance Nationwide for the years 2015-2019 

Source: 2018 and 2019 Kenya Certificate of Secondary Education (KCSE) KNEC 

reports 

Table 1.1: Meru South Sub-County Chemistry results (K.C.S.E) 

Year  Mean score Percentage (%) 

2015 4.93 41.08 

2016 3.91 32.58 

2017 3.83 31.92 

2018 3.87 32.25 

2019 3.98 33.12 

Source: Sub-County Director of Education Office, Meru South Sub-County 

As a result, the purpose of this study was to look into the use of inquiry-based learning 

in Chemistry practical sessions and how it relates to students' attitudes and efficacy 

beliefs in Chemistry in Meru South Sub-County in Kenya.  
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1.2 Statement of the Problem 

Studies have shown that attitude and self-efficacy are predictors of academic 

performance in general. In particular, poor performance in Chemistry has been 

attributed to students' negative attitudes and low self-efficacy. Yet, it is envisaged that 

the adoption of inquiry-based learning approach would increase students' positive 

attitudes and self-efficacy in Chemistry. In Kenya, there is scarce literature on 

relationship between the application of inquiry-based learning approach during 

Chemistry practical lessons and how it is related to students' attitudes and self-efficacy. 

This study sought to examine the relationship between the application of inquiry-based 

learning approach and students' attitudes and self-efficacy in Chemistry in secondary 

schools in Meru South Sub-County, Kenya, which has continually posted poor 

performances. 

1.3 General Objective 

The general objective of this study was to investigate the effect of inquiry-based 

learning approach in Chemistry practical lessons on students' attitudes and self-

efficacy in Chemistry in secondary schools in Meru South Sub-County. 

1.4 Specific Objectives  

The specific objectives for this study were: 

1. To establish the extent to which inquiry-based learning approach has been used 

in Chemistry practical lessons. 

2. To find out the relationship between the use of inquiry-based learning approach 

and students’ attitudes towards Chemistry. 

3. To determine the relationship between the use of inquiry-based learning 

approach and students’ self-efficacy in Chemistry. 

1.5 Research Questions  

The study aimed to address the following research questions in order to accomplish 

the above goals: 

1. To what extent has the inquiry-based learning approach been used in Chemistry 

practical lessons? 

2. What is the relationship between the use of inquiry-based learning approach 

and students’ attitudes towards Chemistry? 
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3. What is the relationship between the use of inquiry-based learning approach 

and students’ self-efficacy in Chemistry? 

1.6 Justification of the Study 

The performance in Chemistry, which is one of the crucial science subjects, has been 

declining nationwide according to the KNEC reports of 2018 and 2019. Meru South 

Sub-County has also shown a decline in performance as outlined in table 1.1. Kenya 

has been spending a lot of money on In-Service Education and Training (INSET) and 

teaching and learning resources, especially in sciences but with very little achievement 

since the performance is still declining. However, little is known about the uptake of 

the inquiry-based learning approach in Kenya and particularly in Meru South Sub-

County as studies are quite scattered. Njoroge et al. (2014) express the need to conduct 

studies on how certain variables interact with inquiry-based learning approach to 

enhance students' performance in sciences. Njagi (2016) recommends more studies 

about inquiry-based learning which incorporates both qualitative and quantitative 

methods of data collection in order to make informed conclusions. As a result, the goal 

of this study was to look into the uptake of inquiry-based learning in Meru South Sub-

County, as well as how it relates to students' attitudes and self-efficacy in Chemistry. 

1.7 Significance of the Study 

This study will help in the realization of Kenya's Vision 2030 which emphasizes on 

Science, Technology, and Innovation (STI). Chemistry plays an important part in 

scientific and technological advancements, which can only be reached through high-

quality Chemistry instruction and learning. Kenya has implemented the Competence 

Based Curriculum (CBC) and hence inquiry-based learning will be employed in the 

Science, Technology, Engineering and Mathematics (STEM) pathway in senior school 

to equip learners with the required knowledge and skills. Teachers will use the 

knowledge to maximize the use of IBL in Chemistry lessons. The research will also 

be of importance to universities and teacher training programs to enhance 

improvement in the training of Chemistry teachers. Finally, the findings of this study 

will help educators, curriculum architects, and educational policymakers in putting up 

policies as well as the implementation of these policies to enhance quality teaching in 

Chemistry in secondary schools. 
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1.8 Assumptions of the Study 

It was assumed that teachers had the knowledge and skills on inquiry-based learning 

approach and they practiced it in the classrooms. Also, it was assumed that teachers 

would be able to isolate teaching and learning skills based on inquiry from the general 

repertoire of skills. Lastly, it was anticipated that the study participants would provide 

accurate and truthful data. 

1.9 Limitations of the Study 

This research was only done in selected secondary schools in Meru South Sub-county, 

Tharaka Nithi County which include national schools, extra-county schools, county 

schools and private schools hence the study results would not be generalizable to the 

entire country. Also, the study was limited to one teaching approach i.e., inquiry-based 

learning approach in practical lessons, specific teachers and students. 

2.0 Delimitations of the Study 

This research was conducted in form three Chemistry practical lessons and it focused 

only on how the inquiry-based learning approach had been used in practical lessons 

and students' attitudes and self-efficacy in Chemistry. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction  

This section covers the review of the related knowledge, theoretical framework, 

conceptual framework, summary of empirical literature, and research gap in that order. 

2.2 Inquiry-based Learning Approach 

The origins of the inquiry-based learning approach may be traced back to the writings 

of Jean Piaget, Lev Vygotsky, and David Ausubel, which developed through a 

synthesis of many teaching and learning strategies (Chowdhury, 2016). According to 

Chowdhury, inquiry-based learning is grounded on discovery learning whose key 

proponent is Jerome Bruner through his cognitive learning theory. It is a constructivist 

instructional strategy among other strategies such as discovery learning and peer-

assisted teaching (Baldock & Murphrey, 2020), where learners are given opportunities 

to research through experimentation to answer questions among other activities such 

as observation and testing of hypothesis. Inquiry-based learning refers to learner-

centered ways of teaching in which learners are actively engaged in various activities 

such as question formulation, developing hypothesis, planning and carrying out 

investigations, providing explanations and communicating their findings with the 

teacher facilitating the learning process (Eltanahy & Forawi, 2019; Hamed et al., 2020; 

Schmid & Bogner, 2017). According to the National Research Council (1996), 

inquiry-based learning refers to; 

A multifaceted activity that involves making observations; posing questions; 

examining books and other sources of information to see what is already 

known; planning investigations; reviewing what is already known in the light 

of experimental evidence; using tools to gather, analyze, and interpret data; 

proposing answers, explanations, and predictions; and communicating the 

results. 

There are four levels of inquiry-based learning which include confirmatory inquiry, 

structured inquiry, guided inquiry, and open inquiry (Carmel et al., 2019). According 

to Akuma and Callaghan (2019), low levels of inquiry need to be implemented first 

before moving to higher levels of inquiry. In the confirmatory inquiry, learners are 

given the question and the technique for doing the investigation. Also, in this level, 

learners are aware of the investigation's results before they conduct it. Therefore, 

learners carry out the investigation, analyze, and interpret data. In the structured 
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inquiry, students are normally provided with questions and a description of how the 

investigation should be carried out. It also includes the way the data should be analyzed 

and therefore the students are left to discover relationships (Carmel et al., 2019). 

Therefore, students determine ways of reporting the results of their experiences and 

conclusions. In the guided inquiry, learners are given the question but they are 

expected to come up with the procedure to answer the questions as well as explanation 

based on the results (Carmel et al., 2019). Lastly, in open inquiry, students formulate 

the questions, test hypotheses, conduct investigations, and report their findings. This 

process includes asking questions, developing and applying models, planning, 

performing investigations, analyzing, and interpreting data. The levels of inquiry-

based learning can be summarized as shown in table 2.1 according to Kinyota (2020).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

Table 2.1: Inquiry-based learning levels  

  Question  Procedures Data 

interpretation 

Confirmatory 

inquiry 

 Provided Provided Provided 

Structured 

inquiry 

 Provided Provided Open  

Guided inquiry  Provided Open  Open  

Open inquiry  Open  Open  Open  

 

Each level of inquiry is characterized by particular learning activities. In Chemistry 

teaching, leaners undergo different levels of inquiry which can be recognized by the 

different class activities including teachers’ and students’ roles. In practical settings, 

some learners might be given the opportunity to come up with research questions while 

in other settings, the teacher provides the research question for investigations. Also, in 

some settings, learners might be given the opportunity to design experimental 

procedures while others, learners might be provided with the experimental procedures 

by their teachers. Therefore, it depends on the practices of the teachers in terms of the 

freedom they give to learners when it comes to practical activities. It is important to 

note that the focus of this study was not on the levels of inquiry-based learning but on 

the phases of the 5E model which serves as a framework for IBL implementation.  
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2.3 Practical Work  

Practical work refers to hands-on laboratory activities that engage learners in the 

process of making observations, experimenting and deducing explanations and 

conclusions based on the findings (Olubu, 2015). It is one-of-a-kind teaching method 

in which learners work jointly and collaboratively in small groups to study a scientific 

topic. Laboratory activities have the ability to improve students' achievement, 

conceptual knowledge, attitudes and cognitive growth, if they are appropriately 

developed (Kurbanoglu & Akin, 2010). According to Ural (2016), practical work is 

very important in the teaching of Chemistry. This is because it helps learners 

understand the theoretical Chemistry concepts, acquire problem solving skills, and 

supports efficacy beliefs of students in teaching and learning of sciences (Chuks & 

Chidubem, 2018; Eymur, 2018; Ural, 2016). Learners can as well develop positive 

attitudes as a result of practical work (Cheung, 2009). Moreover, practical work where 

inquiry-based learning approach is used has been associated with positive attitudes 

towards Chemistry among students (Chuks & Chidubem, 2018). According to 

Hofstein and Lunetta (2004), and Mwangi (2016), laboratory work plays a crucial role 

in improving students' comprehension of Chemistry concepts as well as enhancing 

enjoyment in learning sciences. Therefore, practical work is very important in the 

teaching and learning of sciences. 

Practical lessons provide the best opportunities for inquiry learning approach due to 

the experimental nature of the strategy (Jerrim et al., 2020). However, investigations 

which focus on the application of this strategy in Chemistry practical lessons are scarce 

in the research literature (Akuma & Callaghan, 2019). Therefore, this study 

investigated how inquiry-based learning approach has been used in Chemistry 

practical sessions in order to address this gap. 

2.4 5E Instruction Model 

The 5E instructional paradigm is a teaching and learning framework that promotes 

inquiry learning (Cheng et al., 2016). It is grounded on the social constructivism theory 

of learning which takes into account learner's prior knowledge and experiences which 

help in learning new materials and developing their creativity (Yunus & Pammu, 

2017). It consists of five phases where learners are engaged and allowed to explore. 

Opportunities for explanations, elaboration and evaluation are included. 
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Engagement step takes into account the learner's past experience and knowledge, and 

therefore the role of the teacher is to trigger the learner's preconceived ideas about the 

concept under discussion to determine the best way to place the learner in the context 

of learning (Bybee et al., 2006). This is done through asking questions and defining 

problems aimed at fully engaging the learners. It is in this phase that curiosity towards 

the topic is stipulated and any misconceptions that learners have are identified. In the 

exploration phase, learners are allowed to carry out investigations on the concept under 

discussion. Learners work collaboratively probably in small groups without direct 

instruction from the teacher. The teacher in this phase acts as a guide. 

The explanation phase is a teacher-directed phase where the teacher gives definitions 

and explanations of scientific concepts. However, the teacher’s explanations are built 

on the learners’ explanations, that is, learners are first allowed to give their 

explanations. It is in this phase that any error or mistake are corrected to ensure 

effective learning (Ahmad et al., 2018). Learners participate in additional learning 

experiences that enhance concepts, processes, or abilities during the elaboration phase 

(Senturk & Camliyer, 2016). It also entails learners applying the acquired knowledge 

and skills in new situations like the encounter with problems that may require the 

explanations based on the acquired knowledge. Besides, learners are involved in group 

discussions which provide opportunities for them to express their understanding. In 

this phase, learners make connections between the concepts studied and other related 

concepts.  

The evaluation step provides learners with an important opportunity to assess their 

learning by applying what they have learned (Supasorn & Promarak, 2015). It is a 

phase where students obtain feedback on the adequacy of their explanations. This 

phase recommends that teachers come up with formative as well as summative 

assessments to assess the achievement of the learning objectives.  

2.5 Teachers’ utilization of inquiry-based learning in Chemistry teaching 

To begin with, there are few studies in the scientific education research literature that 

focus on teaching techniques related to inquiry-based learning application in practical 

work (Akuma & Callaghan, 2019). In several Ghanaian junior high schools, 

Mohammed et al. (2020) discovered only a few instances of inquiry-based learning. 

Akuma and Callaghan (2019) found that teachers in South African secondary schools 
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were seldom using inquiry-based learning practices. According to them, most of the 

teachers used traditional instruction method. Jiang and McComas (2015) discovered 

that higher levels of inquiry-based learning were widely used compared to lower levels 

of inquiry as reported by the students.  

According to Chichekian and Shore (2016), teachers with past inquiry experiences 

were more likely to adopt an inquiry approach, even if they had little experience in 

education inquiry settings. The number of years a teacher has taught, the highest 

degree he or she has earned, and the previous educational and employment experiences 

were all unrelated to an interest in employing inquiry-based learning approach in the 

classroom. However, research on how these factors influence the use of inquiry-based 

learning in classrooms is limited as most of the studies focus on how these factors 

influence performance of students in certain subjects. On the other hand, professional 

development of teachers is crucial for effective use of IBL in scientific classes 

(Aditomo & Klieme, 2020). It is important to understand how teacher characteristics 

influence classroom practices especially in Chemistry teaching in order to make 

informed decisions.  

In Kenya, few studies have focused on inquiry-based learning approach in teaching of 

sciences. Nancy (2013) evaluated the role of teacher characteristics on the successful 

use of IBL in science instruction in pre-schools in Migori County. The research 

findings showed that teacher characteristics such as teaching experience, type of 

training institute and professional levels do not influence the use of inquiry-based 

learning approach. In a separate study, Njagi (2016) discovered that teachers in Meru-

South Sub-County were using IBL to teach science in pre-schools. A study by Waswa 

and Cheptinget (2013) found that Chemistry teachers did not employ the inquiry 

technique to the level specified in the syllabus. CEMASTEA (2019) discovered that 

professional development had a beneficial impact on the usage of inquiry-based 

learning approaches and on students' attitudes toward Mathematics as well as science. 

However, studies that focus on the association between the use of IBL practices and 

students' efficacy beliefs and attitudes towards Chemistry in Meru South Sub-County 

are scarce in research literature. Therefore, this study was conducted to address this 

gap. 
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2.6 Inquiry-based learning Approach and Students’ Attitudes 

Researchers have long been interested in students' attitudes toward Chemistry learning, 

and there is concurrence on relevance of students' attitudes toward Chemistry lessons 

in school among scientific theorists and practitioners (Kurbanoglu & Akin, 2010). 

Positive or negative feelings toward Chemistry are referred to as attitudes. According 

to Liou (2020), attitudes are important factors that affect students' learning and 

achievement. This is supported by Kousa et al. (2018), and Ogembo et al. (2015) who 

argue that attitudes influence academic achievement and therefore, students with 

positive attitudes are likely to perform better in Chemistry. The improvement of 

students' favorable attitudes about Chemistry is critical for two reasons. First, research 

on the association between attitudes and performance revealed that both factors are 

strongly associated, and it also predicts behaviors (Kurbanoglu & Akin, 2010). 

Attitudes influence performance of students in Chemistry and therefore, getting to 

understand the relationship between IBL and attitudes of students is important.  

Inquiry-based teaching and learning has been associated with positive attitudes 

towards science (Aktamis et al., 2016; Chi et al., 2021; Ural, 2016; Wildan et al., 

2019). In Turkey, a meta-analysis done by Aktamis et al. (2016) found that in groups 

where inquiry-based learning was employed, students had much more positive 

attitudes than the groups where traditional teaching was used. They emphasized that 

inquiry teaching should be used in learning process to foster positive attitudes towards 

science. However, this analysis was reported based on only quantitative studies and 

therefore qualitative studies were left out. Another study done by Ural (2016) found 

that the use of guided-inquiry learning improves students' attitudes towards Chemistry 

laboratory. However, Simsek and Kabapinar (2010) found that inquiry-based learning 

had no effect on students’ attitudes towards science. Based on the above studies, it is 

evident that IBL is instrumental in enhancing positive attitudes towards Chemistry 

among students. 

In Indonesia, IBL is highly encouraged in science teaching. According to Wildan et al. 

(2019), the use of IBL enhances learners' motivation and leads to positive attitudes 

towards science. In their study on examining the influence of implementation of step 

wise inquiry approach on students' scientific attitudes, it was found that in classes 

where inquiry-based learning was utilized, there were higher scores for scientific 

attitudes as compared to those undertaking expository approaches. Basically, IBL 
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entails collaborative learning which ensures active learner engagement and increased 

interest towards learning (Rohaeti, 2020). IBL ensures learners take responsibility of 

their learning as they are involved in most of the learning activities hence they discover 

more knowledge leading to better understanding. 

In Nigeria, IBL practices have been found to be effective in enhancing attitude of 

students towards Chemistry. For instance, a study done by Chuks and Chidubem 

(2018) found that guided discovery improves students’ attitude towards Chemistry 

concepts at senior secondary level. This has been supported by Vincent-Ruz et al. 

(2020) who found that guided inquiry enhances students’ attitudes towards Chemistry. 

Similarly, inquiry-based learning enhances attitudes of students towards Chemistry 

(Irwanto, 2022, Johnson, 2021 & Younis, 2017). Another study done by Dajal and 

Umar (2019) on the impact of guided discovery on students' attitudes in Biology found 

a significant difference in mean attitude scores between the experimental and the 

control groups. The studies indicate that learner-centered teaching approaches be used 

to improve students' attitudes toward science. 

In Kenya, few studies have been conducted based on the influence of IBL on students’ 

learning outcomes such as attitudes, efficacy beliefs and performance. For example, 

CEMASTEA (2019) found that the use of inquiry-based learning approach improved 

students' attitudes towards Mathematics and science. The other studies looked at the 

impact of inquiry-based learning on Biology students' academic progress (Joy et al., 

2017) and academic achievement and motivation skills in Physics (Njoroge et al., 

2014). However, studies that focus on the association between the use of IBL practices 

and students' attitudes towards Chemistry in Meru South Sub-County are scarce in 

research literature. Therefore, this study was conducted to address this gap. 

2.7 Inquiry-based learning Approach and Students’ efficacy beliefs 

The belief in one's own ability to achieve a task is known as self-efficacy (You et al., 

2021). It demonstrates how confident children are in their ability to perform well in 

school (Baanu & Oyelekan, 2016). In many respects, such as academic achievement, 

a strong sense of effectiveness improves human accomplishment and personal well-

being. Self-efficacy beliefs are influenced by information from four sources: mastery 

experiences, vicarious experiences, verbal persuasion and physiological conditions 

(Bandura, 1994). The most powerful reference of self-efficacy beliefs is stated to be 
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mastery or enactive experiences, which are derived from what one has experienced. 

Observing a model's performance and comparing it to the observer provides vicarious 

sensations. Persuasion from others is a relatively poor source of self-efficacy. 

Physiological reactions such as stress, worry and other feelings perceived as indicators 

of physical incapacity are the last source of learners' self-efficacy. Some instructional 

tactics such as collaborative learning, question and answer, and problem-solving tasks, 

have been positively connected with students' perceived sources of self-efficacy 

(Cheung, 2015).  

According to Baanu and Oyelekan (2016), people who feel highly efficacious can 

withstand difficulties and carry out tasks to completion, while those with low efficacy 

beliefs usually avoid challenging tasks. Eymur (2018) opines that learners’ efficacy 

beliefs is a determinant of their performance. A study by You et al. (2021) showed that 

students’ efficacy highly influenced their success in Mathematics. Therefore, it’s a key 

construct that teachers should enhance by using appropriate teaching strategies.  

Inquiry-based teaching and learning has been associated with increased students’ self-

efficacy beliefs (Featonby, 2012; Husnaini & Chen, 2019; Lai et al., 2018; Sen & 

Vekli, 2016; Vishnumolakala et al., 2017). In Australia, Vishnumolakala et al. (2017) 

investigated the attitudes, efficacy beliefs and experiences of 559 first-year 

undergraduate Chemistry students from two cohorts in an inquiry-learning 

environment. They found that inquiry-based learning experiences develop students’ 

efficacy beliefs in Chemistry. 

In Indonesia, a study by Sulistiyo and Wijaya (2020) found that IBL improves 

students’ self-efficacy when compared to scientific learning strategy. This is because 

inquiry-based learning provides diverse sources of self-efficacy. This study employed 

the quasi-experimental research design which involved one hundred and ninety-one 

eleventh grade students. Another study conducted by Husnaini and Chen (2019) found 

that inquiry-based learning was more effective in improving scientific inquiry efficacy 

beliefs among learners. Cairns and Areepattamannil (2017) also conducted a study 

which involved 54 countries. They found that IBL is positively linked with students’ 

confidence in sciences but negatively associated with students’ performance in 

sciences and this was attributed to cognitive overload resulting from the high level of 

knowledge and skills hence lack of understanding.  
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In Turkey, inquiry-based teaching is known to influence students’ self-efficacy. A 

study by Kandil and Isiksal-Bostan (2019) found that application of inquiry-based 

learning improves self-efficacy of students in geometry. Also, Sen and Vekli (2016) 

argue that the use of technology embedded scientific inquiry improves students’ self-

efficacy in Biology laboratory. In China, computer-supported science inquiry 

technique is attributed to increased students’ self-efficacy (Lai et al., 2018). In New 

Zealand, it is evident that efficacy beliefs of students in literature can be improved by 

the use of inquiry activities, and which translates to improved academic achievement 

(Featonby, 2012). According to Featonby, self-efficacy and academic accomplishment 

are inextricably linked. 

In Nigeria, a study done by Dangana (2017) found that students who were taught using 

structured inquiry had increased self-efficacy as compared to students taught through 

the lecture method. This means that using an inquiry-based learning strategy in 

Chemistry class can boost students' self-efficacy beliefs, which can lead to improved 

performance. However, self-efficacy is not only influenced by use of inquiry-based 

learning approach but also teacher experience (Bagaka, 2011; Hill et al., 2018). 

In Kenya, Aurah (2017) looked on the correlation between students' science efficacy, 

gender, and performance where academic success was strongly linked to students’ 

efficacy beliefs. However, there is scarce literature on relationship between the 

application of inquiry-based learning approach and students’ self-efficacy in 

Chemistry in Meru South Sub-County. This study therefore was done to address this 

gap. 

2.8 Theoretical Framework  

The social constructivism theory by Vygotsky (1978) was used to guide the research. 

The theory focuses on three key aspects which are social interactions, scaffolding and 

Zone of Proximal Development (ZPD). According to this theory, learning occurs when 

students are allowed to interact with each other and with their environment. It 

emphasizes on social activities and interactions with instructors, classmates and 

educational resources that have an impact on learners' cognitive and affective 

development. Social interactions that occur among groups of learners influence the 

nature of knowledge that is constructed by an individual (Walker & Sampson, 2013).  

Scaffolding involves setting up problems that are beyond the learner’s zone of actual 

development but are within the Zone of Proximal Development when suitably 
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structured and supported (Taber, 2015). The level of support reduces as the 

individual’s level of competence increases to the point that they can achieve the 

mastery of the task unsupported. Scaffolding enables learners to master concepts and 

build problem-solving skills that were initially beyond their reach (Taber, 2015).  

According to Vygotsky, learning occurs in the Zone of Proximal Development which 

is defined as the distance between the learner’s actual developmental level as 

determined by independent problem solving and the higher level of potential 

development as determined through problem-solving under adult guidance and in 

collaboration with more capable peers (Mahalingam et al., 2019). The idea behind the 

Zone of Proximal Development is that people learn best through collaboration with 

more knowledgeable persons (Al Mamun et al., 2020).  

According to Walker and Sampson (2013), the laboratory should provide a setting 

where students can interact with the material world using the tools, data collection 

techniques and models. This is evident in practical lessons where students are provided 

with opportunities to manipulate materials and apparatus, work collaboratively, carry 

out investigations, make observations, collect data, test hypotheses and communicate 

their findings (Perdana & Atmojo, 2019). In the process, learners discuss the meaning 

and end up creating new knowledge.  

During practical lessons, students encounter challenges. A teacher in inquiry-based 

learning acts as a guide and therefore he/she is required to provide the needed support 

to the students for example by giving elaborate explanation to a practical and assisting 

them in completion of the practical tasks. Learners are guided until the point where 

each learner is able to tackle the same task independently without help from the 

teacher. Besides, the more knowledgeable learners come in to assist the less 

knowledgeable where they discuss and guide each other. Scaffolding occurs with 

teachers providing workbooks and more practical materials to ensure effective 

practical work. Scaffolding aims at transferring the responsibility of learning to the 

student (Shabani et al., 2010) and therefore, teachers provide sufficient support for 

learners to do things on their own. Inquiry-based learning practices ensure that learners 

are actively engaged in both hands on and minds on activities. Through active 

engagement, learners are able to understand the concepts under study and this 
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translates to better performance in the subject. This increases their confidence in 

Chemistry and end up having positive attitudes towards the subject.  

2.9 Conceptual Framework         

The conceptual framework as shown in figure 2.1 illustrates how the application of 

inquiry-based learning practices affects students' performance in Chemistry which is 

determined by their attitudes and self-efficacy. The independent variable is the 

adoption of inquiry-based learning approach implemented through the 5E model 

consisting of engagement, exploration, explanation, elaboration and evaluation phases. 

The dependent variable is performance in Chemistry, where attitudes and self-efficacy 

are performance predictors. The intervening variables include teacher experience, 

teacher qualification, training, gender and class size. In this case, inquiry-based 

teaching and learning can influence students’ attitudes and self-efficacy but this would 

depend on the teacher experience, qualification, training, gender and class size. 
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Figure 2.1: Conceptual Framework 

2.10 Summary of empirical literature and research gaps 

According to the literature, inquiry-based learning is one of the most effective teaching 

strategies for improving students' positive attitudes and efficacy beliefs. Attitudes and 

efficacy beliefs highly influence the success of students and therefore, positive 

attitudes and increased efficacy beliefs are strongly related to academic achievement. 

Literature highlights that inquiry-based teaching and learning can best be done in 

practical lessons due to its practical nature.  
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Many studies have been conducted outside Kenya supporting the idea that inquiry-

based learning practices enhances positive attitudes and increased self-efficacy beliefs 

among learners in science subjects (Aktamis et al., 2016; Dajal & Umar, 2019; 

Dangana, 2017; Husnaini & Chen, 2019; Ural, 2016; Vishnumolakala et al., 2017). In 

Kenya, studies concerning inquiry-based learning approach and students’ attitudes and 

self-efficacy in Chemistry are scarce in literature. Some studies have been conducted 

that focus on other science subjects. For instance, a study done by Njoroge et al. (2014) 

found that in Physics, the use of inquiry-based teaching approaches enhances students’ 

success in terms of performance and motivation. Joy et al. (2017) found that teaching 

through inquiry improves academic success in Biology by improving science process 

skills. On the other hand, few studies have focused on teachers’ use of IBL in scientific 

classes (CEMASTEA, 2019; Njagi, 2016; Waswa & Cheptinget, 2013). Furthermore, 

studies concerning the use of inquiry-based learning approach and how it’s related to 

students’ attitudes and self-efficacy in Chemistry in Meru South Sub-County are 

scarce in research literature. This research therefore was conducted to address the gaps 

suggested by Njagi (2016), and (Njoroge et al., 2014). 
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 CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction  

This section explains the study's methodology. The research design, target population, 

sampling techniques, sample size, research instruments, pilot study, validity, 

reliability, data collecting methodologies, data analysis, logistical and ethical issues 

are all presented. 

3.2 Research Design 

Creswell (2013) describes a study design as a method for collecting, analyzing, 

interpreting, and reporting data in research investigations. A mixed-methods research 

strategy was used in this investigation. A mixed-method research design is a method 

of investigation that considers both qualitative and quantitative data (Tashakkori et al., 

2015). In this investigation, a concurrent triangulation mixed method research design 

was employed which according to Creswell (2014), entails gathering two types of data 

at the same time, and then integrating the information into the results interpretation. 

The design was adopted to best understand this phenomenon of the application of IBL 

approach in practical sessions. The study employed a qualitative method of data 

collection where classroom observations were made and the data from the observations 

was coded quantitatively. This made it possible for the qualitative data to be analyzed 

quantitatively making it easy for deductions to be made from the comparisons of the 

two data sets.  

3.3 Location of the Study 

The research was conducted in Meru South Sub-County in Tharaka Nithi County. The 

sub-county covers an area of 138.8 km2, with a total of 41 secondary schools: 1 

national school, 8 extra-county schools, 9 county schools, 20 sub-county schools and 

3 private schools. This area was purposefully selected because of its poor performance 

in Chemistry as outlined by Mukami (2015) and as shown in table 1.1. Even though 

low performance is noticeable in other counties, convenience sampling was used to 

choose Meru South Sub-County. Decision for convenience sampling included limited 

resources to support travel logistics in other counties and accessibility of the sub-

county. 
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3.4 Target Population  

The study targeted all the 62 form three Chemistry teachers and 3,321 form three 

Chemistry students from 41 secondary schools in Meru South Sub-County. Form three 

students were selected because at this point they had a better experience when it comes 

to practical work compared to form one and two students.  

Table 3.1: Target Population 

Schools Boys  Girls  Mixed  No. of 

students 

No. of teachers  

National  1 0 0 158 3 

Extra-county  2 4 2 753 16 

County 0 1 8 676 17 

Sub-county   0 0 20 1,340 20 

Private schools  1 2 0 394 6 

Total  4 7 30 3,321 62 

Source: Meru South Sub-County Education Office 

3.5 Sampling Techniques 

Stratified and purposive sampling was employed to select public secondary schools 

that had well-equipped laboratory facilities in terms of adequate laboratory equipment, 

chemicals and reagents. It was anticipated that all the secondary schools apart from the 

sub-county schools were expected to have well equipped laboratory facilities since 

they are well endowed with resources compared to the sub-county secondary schools. 

The learning institutions were classified into four groups; national schools, extra 

county schools, county schools, and sub-county schools, and which were further 

classified into three categories; boys’, girls’ and, mixed secondary schools. The 

national school, all extra-county and county schools were selected for this study. This 

involved all the boys’ secondary schools, girls’ secondary schools and mixed 

secondary schools in the previously mentioned categories. Private schools were 

purposively chosen because they could not be classified into categories like the public 

secondary schools. Form three Chemistry instructors were chosen using purposive 

sampling, whereas students in the observed classrooms were chosen using simple 

random sampling. This involved selecting 17 students from the observed lessons to 

complete the questionnaires. According to Creswell (2014), simple random sampling 

provides an opportunity for each student to be chosen to form the study sample.  
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3.6. Sample size 

The number of students to participate in this study was determined using the Yamane’s 

formula (Yamane, 1967) which is:  

𝑛 =
𝑁

1+𝑁(𝑒)^2
  hence,  𝑛 =

3,321

1+3,321(0.05)^2
= 357 

Where n is the sample size, N denotes the total population, and e denotes the level of 

precision. The formula was selected for this investigation because the population for 

the study was known and hence the sample size could be accurately obtained. Table 

3.2 illustrates the total number of sampled schools, and number of teachers and 

students who participated in the study. Therefore, 17 students were chosen from each 

school to take part in the study. 

Table 3.2: Sampling Frame Matrix 

Schools Sampled schools No. of students No. of teachers 

National 1 17 3 

Extra-county 8 136 16 

County 9 153 17 

Sub-county  0 0 0 

Private schools 3 51 6 

Total  21 357 42 

 

3.7 Research Instruments 

This sub-section covers the instruments that were used in data collection to achieve 

the goals of the study. To collect both qualitative and quantitative data, a variety of 

instruments were used which include practical lesson observation schedule, teacher 

questionnaire, student questionnaire and document analysis framework. 

3.7.1 Practical Lesson Observation Schedule 

An observation schedule is a document that is created before data collection and 

specifies the behavior and situational elements that will be observed and documented 

during the observation (Given, 2012). In this study, a quantitative observation schedule 

was used (Appendix I). There were two sections; A (protocol 1) and B (protocol 2). 

Protocol 1 consisted of 10 items where all the steps were covered as per the 5E model. 

The frequency with which the items would occur in the lesson were recorded in 10 
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minutes’ interval by ticking. Information from Protocol 1 would aid in completion of 

protocol 2 which had the same number of items as protocol 1. Protocol 2 was based 

on a 1-5 rating scale as follows; 1-never (0 frequency), 2-rarely (1-2 frequencies), 3-

sometimes (3-4 frequencies), 4-frequently (5-7 frequencies) and 5-very frequently (8-

10 frequencies). Protocol 1 was completed during the practical lesson and a total of 21 

lessons were observed. Protocol 2 was completed after the practical lesson based on 

the results from protocol 1. 

3.7.2 Teacher Questionnaire 

The purpose of the questionnaire was to obtain information concerning the 

characteristics of the teachers and how they utilized IBL approach. There were two 

components of the teacher's questionnaire with section A and B (Appendix II). The 

teacher's background information was covered in Section A with 8 items and the 

frequency with which inquiry-based learning approach was used was covered in 

Section B, with 10 items. The items were designed from the 5E instructional model 

and also from the existing literature (Mohammed et al., 2020; Turner et al., 2017). The 

teacher questionnaires were administered after the lesson observation. 

3.7.3 Student Questionnaire 

The student questionnaire was divided into three sections, i.e. A, B and C (Appendix 

III). The background information was covered in Section A which had 4 items. Section 

B had 15 items for measuring students’ attitudes towards Chemistry. The items were 

graded on a 5-point Likert scale with 5 indicating strong agreement, 4 indicating 

agreement, 3 indicating uncertainty, 2 indicating disagreement and 1 indicating strong 

disagreement. Section C had 26 items for measuring the student’s self-efficacy in 

Chemistry. It was based on a 5-point Likert; 5 = Strongly Agree, 4 = Agree, 3 = Not 

Sure, 2 = Disagree and 1 = Strongly disagree. The instrument for measuring students’ 

attitudes towards Chemistry was adapted from existing literature (Cheung, 2009; 

Kousa et al., 2018)  while self-efficacy instrument was adapted from Lin et al. (2013) 

and  Thomas et al. (2008). The student questionnaires were administered after the 

practical lesson. 

3.7.4 Document Analysis Framework 

The framework had 7 items for assessing the nature of practical tasks handled by 

students during practical lessons (Appendix IV). Student’s worksheets were examined 
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during practical lessons where the necessary information was obtained for analysis 

purposes.  

3.8 Pilot Study 

To determine the instruments’ validity and reliability, a pilot study was carried out in 

two secondary schools in Embu County. The selected secondary schools had similar 

characteristics with the schools which took part in the study, both an extra-county and 

a county school. During the pilot study, 90 student questionnaires and 2 teacher 

questionnaires were administered. Besides, 7 lessons were observed to familiarize with 

the lesson observation schedule as well as determine its validity and reliability. The 

researcher had fully familiarized with the observation schedule by the seventh lesson 

and therefore there was no need for more observations.  

3.9 Validity of the Instruments 

The researcher enlisted the help of supervisors and other specialists from the 

Department of Education to ensure the research instruments' face and content validity. 

Besides, the construct validity of the instruments was determined where data was 

subjected to Exploratory Factor Analysis (EFA) and the Principal Component 

Analysis (PCA) to determine the structure of the scales. The results from EFA and 

PCA revealed that some items had low factor loadings and therefore needed to be 

removed from the scales. However, a decision was made to include them in the final 

instruments because the sample size could have affected the results. From the piloting, 

some modifications were made on the research instruments to ensure no important 

information was missing.  

3.10 Reliability of the Instruments 

The internal consistency test was computed to determine the reliability of all the 

research instruments. The degree to which items in the instruments are "at least 

somewhat, positively inter-correlated" is referred to as internal consistency (Cavas et 

al., 2013). Cronbach's coefficient alpha is the most frequent statistical metric of 

internal consistency reliability, which is used in the construction of an instrument to 

see if items measuring the same concept yield similar results. Research instruments 

were piloted in two secondary schools outside the study area but with population 

characteristics similar to the targeted population. Reliability measures of the scales and 

sub-factors were calculated using the Cronbach alpha internal consistency coefficient. 
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The test items for the attitude scale were 15, for self-efficacy scale were 26, for inquiry-

based learning were 10 and for the observation schedule protocol 2 were 10. 

Based on the results, there were two sub-scales for the attitude scale with different 

reliabilities. Value and beliefs about Chemistry had a reliability of 0.791 while the 

liking of Chemistry theory and practical lessons had a reliability of 0.770. Therefore, 

the sub-scales were considered appropriate to measure specified constructs of 

attitudes.  

For the self-efficacy scale, the Cronbach alpha reliability for the items was found to 

be 0.784. Reliability for the cognitive abilities sub-scale was found to be 0.893 and 

0.742 was for ability to communicate, apply and accomplish laboratory activities sub-

scale. The sub-scales were therefore considered appropriate to measure students’ self-

efficacy in Chemistry. 

Reliability for the scale measuring the use of inquiry-based learning in the teacher’s 

questionnaire was computed. The reliability for the 10 items was found to be 0.802. 

This was acceptable as it was above 0.70. The lesson observation protocol 2 had a 

coefficient of 0.891. In conclusion, all the instruments were found to be reliable for 

the actual data collection. 

3.11 Data Collection Procedures 

The researcher obtained approval from the Board of Postgraduate Studies, University 

of Embu and an authorization from the National Commission for Science, Technology 

and Innovation (NACOSTI). Permission from Tharaka Nithi County Director of 

Education, Sub-County director of education in Meru South Sub-County and the 

school principals was also sought after which the researcher proceeded to the sampled 

schools to make arrangements for lesson observations. After the arrangements, the 

researcher visited the sampled schools for lesson observations where 21 practical 

lessons were observed. Video clips were taken from the practical lessons where the 

teachers were in agreement. Questionnaires were then administered and respondents 

were allowed one week to respond. Students’ worksheets were obtained during the 

practical lessons to document the nature of practical activities that learners were 

exposed to during these lessons. 
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3.12 Data Analysis  

Quantitative data from questionnaires was coded and analyzed with the help of the R 

software version 4.1.1 and Statistical Package for Social Sciences (SPSS) version 25. 

Descriptive statistics including pie charts, means, percentages and frequencies were 

used to present the data. Responses from student’s questionnaire were rated using 

Likert scale from strongly agree (5 points) to strongly disagree (1 point). Students’ 

self-efficacy in Chemistry was graded at 3 levels; from 0 to 1.6 as low level of self-

efficacy, 1.7 to 3.4 as average level of self-efficacy and 3.5 to 5.0 as high level of self-

efficacy.  

To establish how inquiry-based learning approach had been used, descriptive statistics 

such as means and percentages were utilized, and inferential statistics such as the 

analysis of variance.  Analysis of variance was used to determine the influence of 

teacher characteristics on the utilization of IBL. The utilization of inquiry-based 

learning was graded from 1 to 5. The conclusion was made based on the mean 

category, for example, a mean of 4.8 would mean that inquiry-based learning was used 

in every practical lesson. To establish how the use of inquiry-based learning approach 

was related to students’ attitude and self-efficacy in Chemistry, correlation analysis 

(Pearson’s moment correlation coefficient) and regression analysis were computed 

using the R software.  

3.13 Logistical and Ethical Considerations 

The researcher sought approval from the Board of Postgraduate Studies, University of 

Embu. The researcher also sought authorization from the National Commission for 

Science, Technology and Innovation (NACOSTI) (Appendix VI). Permission from 

Tharaka Nithi County Director of Education, Sub-County director of education in 

Meru South Sub-County, and the school principals was also sought. The researcher 

visited the sampled schools before data collection to explain the research purpose to 

the respondents, and plan for lesson observations with the Chemistry teachers. 

Respondents were assured of the confidentiality of their information and consent was 

sought from them to take part in the research. 
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CHAPTER FOUR 

RESULTS, INTERPRETATION AND DISCUSSION 

4.1 Introduction 

This chapter presents the response rates, demographic information and the research 

findings as per the research objectives. The first objective of the study was to establish 

how the inquiry-based learning approach has been used in Chemistry practical lessons. 

The second objective was to find out the relationship between the use of inquiry-based 

learning approach and students’ attitudes towards Chemistry and lastly, to determine 

the relationship between the use of inquiry-based learning approach and students’ self-

efficacy in Chemistry. The chapter also includes the interpretation of the research 

findings and discussion of the results. 

4.2 Response Rates 

The questionnaire return rate for both the teachers and the students was 100% 

enhancing credibility of the research findings. This is because the researcher went in 

person to those that consented and hence there was no non-response bias. All the 

questionnaires were found eligible for data analysis. Therefore, 42 teacher 

questionnaires and 357 student questionnaires were used in data analysis.  

4.3 Demographic Information of Participants 

This section presents the demographic data of the teachers and students who 

participated in the study.   

4.3.1 Gender distribution among teachers 

In this study, the gender of the form three Chemistry teachers was examined. The 

results are shown in figure 4.1.  



30 

 

 

Figure 4.1: Gender distribution of the teachers  

Figure 4.1 shows that 76% of the teachers were males while 24% were females, an 

indication that most of the Chemistry teachers in Meru South Sub-County are males. 

The results from this study concur with the findings by Kyalo (2016) who found that 

majority of the Chemistry teachers were males (67%) while 33% were females. This 

is an indication that there is still gender disparity in terms of those pursuing science 

subjects especially Chemistry in the higher levels of education. 

4.3.2 Highest education qualification 

The study investigated the education qualification of teachers. The results are 

presented in figure 4.2. 
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Figure 4.2: Education qualification of the teachers 

According to figure 4.2, 93% of the teachers had a bachelor’s degree in education 

(science) while 7% of the teachers had a diploma. This suggest that all the teachers 

were qualified to teach secondary school Chemistry as all had attained the minimum 

requirement. A similar finding was discovered by Kilaha (2010) where majority of the 

Chemistry teachers had a Bachelor of Education (science) degree. This is an indication 

that most of the teachers teaching Chemistry in secondary schools have the required 

knowledge and skills to teach the subject. 

4.3.3 Teaching experience 

The study examined the teaching experiences of the teachers. The results for the 

teaching experience of the teachers are presented in table 4.1.  

Table 4.1: Teaching experience of teachers 

No. of years Frequency  Percentage  

0-4 16 38.1 

5-9 16 38.1 

10-14 6 14.3 

15-19 0 0 

20-24 2 4.8 

25-29 1 2.4 

30 and above 1 2.4 

Total  42 100 

 

Diploma
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Bachelor’s 
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Table 4.1 shows that 76.2% of the teachers had a teaching experience below 10 years 

while 23.8% had a teaching experience above 10 years. A similar finding was 

discovered by Njagi (2016) where majority of the teachers (78%) had 0-10 years 

teaching experience and 22% had 11 and above years of teaching experience. This 

implies that majority of the teachers had few years of experience in the field. 

4.3.4 Teacher professional development (CEMASTEA training) 

The study sought to find out whether teachers were trained by CEMASTEA. Results 

for the professional development of teachers are presented in figure 4.3. 

 

Figure 4.3: Professional development of Chemistry teachers in Meru-South Sub-

County 

According to figure 4.3, half of the teachers (50%) had been trained by CEMASTEA 

while the other 50% had not been trained. This implies that half of the teachers in Meru 

South Sub-County had undergone professional development while half had not. This 

could be attributed to the newly employed teachers since from their teaching 

experience, 16 out of 42 had 0-4 years teaching experience which accounts for 38%, 

implying that the teachers might not have had an opportunity to attend the workshops. 

4.3.5 Students’ distribution in Chemistry classes 

The study examined the class sizes in terms of the number of students. The results are 

presented in table 4.2.  
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Table 4.2: Class size distribution of form three Chemistry students in Meru South Sub-

County 

No. of students Frequency  Percentage % 

20-29 1 4.76 

30-39 3 14.29 

40-49 7 33.33 

Above 50 10 47.62 

Total  42 100 

 

Based on table 4.2, out of the 21 classes which were involved in the study, 10 of these 

classes had 50 students and above, 7 had between 40-49 students, 3 had 30-39 students 

while 1 had 20-29 students. This implies that most of the teachers handled large classes 

with over 50 students.  

4.3.6 Students’ gender 

The study examined the gender distribution among the students who participated in 

the study. The results are presented in figure 4.4.  

 

Figure 4.4: Gender distribution among the students 

According to figure 4.4, 44% of the students were males while 56% were females. The 

results show that majority of the students who took part in the study were females. 

This suggest that in Meru South Sub-County secondary schools, female students are 
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more than male students. A similar finding was discovered in a study done by Kilaha 

(2010) where there were more female students (51.8%) than male students (48.2%). 

4.3.7 Students’ performance in Chemistry 

Students were asked to indicate their performance in Chemistry in the questionnaire. 

The results of the student’s individual performance in Chemistry are presented in 

figure 4.5. 

 

Figure 4.5: Students’ performance in Chemistry in the end of term exam 

According to figure 4.5, out of 357 students, 49 of them scored a D+ in Chemistry, 48 

scored a C+, 43 scored C plain, 40 scored C-, 40 scored B-, 33 scored D-, 31 scored D 

plain, 27 scored B plain, 25 scored E, 16 scored B+, 4 scored A- and 1 student scored 

an A plain. The results revealed that the highest number of students scored a D+ 

followed by C+ while the least scored A plain. However, out of 357 students, 136 

(38%) managed to score a mean grade of C+ and above and this could be attributed to 

positive attitudes towards Chemistry. According to Ogembo et al. (2015), students 

who perform well in Chemistry usually have positive attitudes towards Chemistry.  

4.3.8 Affection for practical lessons 

The study examined the students’ affect for practical lessons. The students were asked 

to rate the extent to which they like practical lessons in a scale of 1-3 as follows, 1 

indicating Never, 2 – Sometimes and 3 – Always. Also students were asked to indicate 
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whether they like the way practical lessons are conducted or not. The results are 

presented in table 4.3.  

Table 4.3: Students’ affection for practical lessons 

  Frequency  Percentage  

Extent of liking for practical lessons Always 263 73.7 

Sometimes 94 26.3 

Total  357 100 

Students liking of how practical 

lesson are conducted 

Yes  344 96.36 

 No  13 3.64 

 Total 357 100 

 

The results according to table 4.3 show that 73.7% (263) of the students always like 

practical lessons while 26.3% (94) sometimes like practical lessons. There was no 

student who indicated that they never liked practical lessons and therefore the category 

of never was not included in the table. The results suggest that most of the students 

enjoy being involved in practical lessons hence leading to increased interest in 

Chemistry. The results concur with the findings by Mwangi (2016) who found that 

many students enjoy laboratory sessions. This is supported by Hofstein and Lunetta 

(2004) who argue that practical lessons enhance the motivation to learn science, instills 

interest towards science and improves attitude of students towards science subjects. 

On the other hand, practical lessons can be conducted in different ways where learners 

are given opportunity to interact with the apparatus as well as work in groups to carry 

out an investigation. Other lessons can be teacher demonstrations where the teacher 

does most of the practical work. This study investigated whether students like the way 

practical lessons are conducted. Results from the study show that 96.4% of the students 

like the way practical lessons are conducted while 3.6% don’t like (table 4.3). This 

suggests that most of the students in Meru South Sub-County enjoy being involved in 

practical activities. Similar findings were observed by Cheung (2009) who found that 

both the male and female participants had slightly favorable attitudes towards practical 

lessons.   
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4.4 Extent of IBL use in Chemistry practical lessons  

This study sought to find out the extent to which teachers used IBL approach. Teacher 

questionnaires and lesson observations were used to achieve this objective. This 

section presents the results on IBL use based on the self-reporting by teachers and 

results from the lesson observations.  

4.4.1 Self-reported IBL use 

Teachers were asked to rate the extent to which they used IBL practices in a scale of 

1-5. The results from teachers’ ratings on IBL use are presented in table 4.4. 

Table 4.4: Self-reported IBL use 

 Every 

lesson 

Once 

a 

week 

Once a 

month  

Once 

a term 

Never  Av. 

Item 

mean 

Engagement  81% 14.2

% 

3.6% 0% 1.2% 4.735 

I assess learners prior 

knowledge 

73.8% 21.4% 2.4% 0% 2.4% 4.64 

I make connection between 

past and present learning 

experiences for effective 

learning 

88.1% 7.1% 4.8% 

 

0% 0% 4.83 

Exploration  14.3

% 

58.35

% 

14.3% 4.75

% 

8.3% 3.655 

I allow learners to design and 

carry out experiments in the 

laboratory 

11.9% 54.8% 16.7% 7.1% 9.5% 3.52 

I allow learners to discuss 

among themselves results 

from investigations 

16.7% 61.9% 11.9% 2.4% 7.1% 3.79 

Explanation  64.2

% 

27.4

% 

3.6% 1.2% 3.6% 4.475 

I provide detailed 

explanations for 

69.0% 28.6% 0% 0% 2.4% 3.86 
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investigations to be 

undertaken by students 

I ask learners to explain their 

understanding of the 

concepts under study 

59.5% 26.2% 7.1% 2.4% 4.8% 3.10 

Elaboration  41.7

% 

22.6

% 

14.3% 13.1

% 

8.3% 3.76 

I provide instances for 

learners to extent their 

learned knowledge to get a 

deeper understanding 

38.1% 23.8% 16.7% 14.3% 7.1% 3.71 

I allow students to make 

connections between learned 

concepts and the world 

around them 

45.2% 21.4% 11.9% 11.9% 9.5% 3.81 

Evaluation  72.6

% 

23.8

% 

1.2% 2.4% 0% 4.665 

I pose related questions to 

students to assess their 

knowledge and skills 

76.2% 21.4% 0% 2.4% 0% 4.71 

I give assignments to assess 

learners understanding. 

69.0% 26.2% 2.4% 2.4% 0% 4.62 

Total       4.258 

 

According to table 4.4, 81% of the teachers indicated that they carry out learner 

engagement activities in every practical lesson, 14.2% of the teachers indicated that 

they engage learners once a week, 3.6% of the teachers said they engage learners once 

a month and 1.2% indicated that they don’t carry out engagement activities in practical 

lessons. On the type of engagement, 73.8% of the teachers indicated that they assess 

learners’ prior knowledge in every practical lesson while 88.1% of the teachers said 

that they make connections between past and present learning experiences for effective 

learning in every practical lesson.  
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In the exploration stage, 14.3% of the teachers indicated that they allow learners to 

explore in every practical lesson, 58.35% indicated once a week, 14.3% indicated once 

a month, 4.75% once a term and 8.3% never allowed learners to explore. On the type 

of exploration activity, 11.9% of the teachers gave students the opportunities to design 

and carry out experiments in every practical lesson as well discuss among themselves 

results from investigation (16.7%). A bigger percentage of the teachers (50% and 

above) said that they conduct these activities once a week.  

In explanation phase, 64.2% of the teachers indicated that they provide explanations 

for investigations in every practical lesson; 27.4% indicated once a week, 3.6% once 

a month, 1.2% once a term and 3.6% of the teachers never provided explanations for 

investigations. Based on the activities, 69% indicated that they provide detailed 

explanation for investigations in every practical lesson while 59.5% indicated that they 

ask learners to explain their understanding of the concepts under study in every 

practical lesson.  

For the elaboration phase, 41.7% of the teachers indicated that they allow learners to 

extend their learned knowledge and skills in new situations in every practical lesson, 

22.6% indicated once a week, 14.3% once a month, 14.3% indicated once a term while 

8.3% did not provide opportunities for learners to extend their learned knowledge.  

In evaluation phase, 72.6% of the teachers indicated that they assess learners 

understanding/achievement of lesson objectives in every practical lesson, 23.8% 

indicated once a week, 1.2% of them indicated they assess learners once a month and 

2.4% once a term. In this phase, all the teachers were engaged in learners’ assessment.   

The results revealed that each lesson had hooking activities that led students to engage 

with the lesson (M = 4.735). Also, teachers evaluated the understanding of their 

learners in every lesson (M = 4.665) and provided explanations for experimental work 

in every practical lesson (M = 4.475). The frequency to which teachers provided 

opportunities for learners to extent their knowledge as well as design and carry out 

experiments was once a week (M = 3.76 and 3.655) respectively. The overall mean for 

the IBL use was 4.255 out of the possible 5 points. This suggests that teachers used 

IBL once a week. The study results are consistent with previous research. For example, 

CEMASTEA (2019) found more practice of IBL in Chemistry lessons compared to 

Physics and Biology lessons. However, this study differs from the findings by 
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Mohammed et al. (2020) who found that IBL was not a common practice among 

teachers in Ghanaian schools. This could be explained by the fact that Chemistry 

teachers in Kenya have had training on IBL and so they tend to use it more.  

4.4.2 Observed IBL use 

21 lessons were observed with the help of lesson observation schedule with a scale of 

1-5 in order to establish the actual practice of IBL in Chemistry practical lessons. The 

results from the lesson observation are presented in table 4.5.  

Table 4.5: Observed use of IBL 

 

VF F SM R N Overall 

mean 

Engagement     7.1%  64.3% 28.6% 0% 0% 3.786 

Teacher assesses learners’ prior 

knowledge 

   9.5%  61.9% 28.6% 0% 0% 
3.81 

Teacher makes connection between past 

and present learning experiences for 

effective learning 

   4.8%  66.7% 28.6% 0% 0% 

3.76 

Exploration     9.6%  35.7% 33.3% 19% 2.4% 3.310 

Learners are given opportunity to design 

and carry out experiments in the 

laboratory 

    4.8%  23.8% 47.6% 19% 4.8% 

3.05 

Learners are allowed to discuss among 

themselves results from investigations 

  14.3%  47.6% 19% 19% 0% 
3.57 

Explanation     16.7%  33.4% 30.9% 19% 0% 3.476 

Teacher provides detailed explanations 

for investigations to be undertaken by 

students 

   28.6%  42.9% 14.3% 14.3% 0% 

3.86 

Teacher asks learners to explain their 

understanding of the concept under study. 

   4.8%  23.8% 47.6% 23.8% 0% 
3.10 
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Elaboration    4.8%  19% 52.4% 21.4% 2.4% 3.024 

The teacher  provides instances for 

learners to extent their learned knowledge 

to get a deeper understanding. 

 4.8% 23.8% 52.4% 19% 0% 

3.14 

Teacher allows students to make 

connections between learned concepts 

and the world around them. 

 4.8% 14.3% 52.4% 23.8% 4.8% 

2.90 

Evaluation  14.3% 45.2% 23.8% 16.7% 0% 3.571 

Teacher asks related questions to students 

to assess their knowledge and skills. 

 28.6% 57.1% 9.5% 4.8% 0% 
4.10 

Teacher gives class assignment 0% 33.3% 38.1% 28.6% 0% 3.05 

Total mean       3.433 

 

According to table 4.5, 7.1% of the teachers used engagement activities very 

frequently, 64.3% frequently and 28.6% sometimes. For the exploration, 9.6% of the 

teachers allowed learners to explore very frequently, 35.7% frequently, 33.3% 

sometimes, 19% rarely and 2.4% never allowed learners to explore. In explanation, 

16.7% gave explanations very frequently, 33.4% frequently, 30.9% sometimes and 

19% rarely gave explanations. For the elaboration phase, 4.8% provided opportunities 

for learners to extend their knowledge very frequently, 19% frequently, 52.4% 

sometimes, 21.4% rarely and 2.4% never. Lastly, for the evaluation phase, 14.3% 

assessed learners very frequently, 45.2% frequently, 23.8% sometimes and 16.7% 

rarely. Based on the results, engagement was carried out frequently (M = 3.786), 

exploration was sometimes carried out (M = 3.31), explanation was carried out 

frequently (M = 3.476), elaboration was sometimes carried out (M = 3.024) and 

evaluation was frequently carried out (M = 3.571). The mean for the five phases was 

3.433, suggesting that IBL practices were sometimes carried out.  

In order to establish IBL use, results from teacher questionnaires and lesson 

observations were merged. A comparison between the self-reported IBL use and the 
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observed IBL use was made for triangulation purposes. The comparison results are 

presented in figure 4.6. 

 

Figure 4.6: Comparison of teachers’ self-reported IBL vs. observed IBL 

According to figure 4.6, the self-reporting means were higher than the observations’ 

mean in all the phases. Therefore, teachers over reported on the extent to which they 

have used IBL consistently and with a steady margin. Therefore, in order to determine 

the actual extent of IBL use, results from lesson observation and teachers’ ratings were 

triangulated. A formula was developed and an over reporting index was calculated. 

This index refers to the factor by which a compromise between observer bias and self-

reported bias is established. The index was computed as shown below. 

Over reporting index = ( 
Self reported mean − Observed mean

Self reported mean + Observed mean
 ) × 100  

 

(
4.062 − 3.433

7.495
) × 100 = 8.39% 

The over reporting index was found to be 8.39%. This suggests that the teachers’ 

ratings on IBL use were higher by 8.39%. Since there is a possibility that the observer 

also underrated, the over reporting index was divided by two. Therefore, the self-

reported mean was subjected to a reduction of 4.195% hence the final mean was 

computed to be 3.89. From this mean, it can be concluded that the extent of teachers’ 
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use of IBL in Chemistry practical lessons was once a week. Since the mean was 3.89 

out of the possible 5 points, this was expressed as a percentage giving a result of 77.8% 

and therefore it can be concluded that 77.8% of the lessons used IBL. The results are 

consistent with the findings by Njagi (2016) who found that teachers were using 

inquiry-based learning approach in science teaching. However, the research findings 

contradict the findings by Akuma and Callaghan (2019) who found minimal 

application of IBL practices in practical work. As noted earlier, teachers in Kenya have 

had training on IBL and so they tend to use it more. Professional development helps 

teachers to perfect on their teaching methodologies. This has helped to transform the 

design of practical from traditional oriented laboratory work to IBL oriented laboratory 

work.  

Based on the study findings, it can be deduced that when asked for self-report on the 

extent to which they use IBL, Chemistry teachers give a steady but consistent 

overrating of about 4.195%. This is supported by O’Sullivan (2006) who opines that 

teachers may not report on their actual classroom practices and therefore data gathered 

from them may not be sufficient hence the need for other better ways of understanding 

teachers’ practices. 

This study also examined students’ worksheets to find out the kind of activities 

learners are engaged in. The results are presented in table 4.6. Based on the table, it is 

clear that all the teachers provided research questions for investigations (100%) hence 

learners were not given opportunity to develop research questions. 38.1% of the 

teachers allowed learners to design procedures for investigations while 61.9% did not. 

All the teachers (100%) allowed learners to make observations, collect and analyze 

data. Also, 81% of the teachers provided opportunities for learners to extend their 

knowledge and skills to new situations while 19% did not. Finally, all the teachers did 

an evaluation for achievement of lesson objectives. This is in agreement with the 

results from the lesson observation where only 14.3% of the teachers said they allow 

learners to design and carry out experiments in the laboratory in every practical lesson. 

However, all the teachers gave learners the opportunity to make observations from the 

experiments, collect and analyze data as well as evaluating the learners’ understanding. 

Therefore, it can be concluded that teachers actually carried out the IBL practices but 

the use of IBL was limited. According to Aditomo and Klieme (2020), for IBL to be 

effectively implemented, there is need for support and extensive training of teachers. 
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Table 4.6: Activities learners engage in during practical lessons 

IBL practices  Yes  

F (%) 

No 

F (%) 

The teacher provides research questions to students 

for investigations 

21 (100%) 0 (0%) 

The teacher allows learners to develop research 

questions 

0 (0%) 21 (100%) 

Students develop/design procedures for 

investigations 

8 (38.1%) 13 (61.9%) 

The teacher provides procedures for investigations 21 (100%) 0 (0%) 

Learners make observations, collect and analyze 

data 

21 (100%) 0 (0%) 

Students are allowed to apply knowledge learned 

into new situations  

17 (81%) 4 (19%) 

Students are given tests/questions to evaluate their 

understanding 

21 (100%) 0 (0%) 

 

4.4.3 Influence of teacher characteristics on IBL use 

Teachers were asked to report on their gender, qualification, experience and training 

in the questionnaires. An ANOVA was computed whose goal was to check whether 

there is a significant difference in the utilization of inquiry-based learning and gender, 

qualification, experience or training. The results are presented in tables 4.7, 4.8, 4.9 

and 4.10 respectively. 
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Table 4.7: Influence of gender on the practice of IBL 

 

 Sum of Squares df Mean Square F Sig. 

Between Groups  6.344 1 6.344 .239 .628 

Within Groups  1063.775 40 26.594   

Total  1070.119 41    

 

Table 4.7 shows that F (1, 40) = 0.239, p = 0.628. The results suggest that there is no 

significant difference in the utilization of inquiry-based learning in reference to the 

gender of teachers, p > 0.05. Therefore, this suggests that male teachers and female 

teachers in Meru South Sub-County use IBL almost in the same way.  

Table 4.8: Influence of education qualification on the practice of IBL 

 Sum of Squares df Mean Square F Sig. 

Between 

Groups 
.529 1 .529 .020 .889 

Within Groups 1069.590 40 26.740   

Total 1070.119 41    

 

According to table 4.8, F (1, 40) = 0.20, p = 0.889.  The results suggest that there is no 

significant difference in the utilization of inquiry-based learning in reference to the 

education qualification of teachers, p > 0.05. 

Table 4.9: Influence of teaching experience on the practice of IBL  

 Sum of Squares df Mean Square F Sig. 

Between 

Groups 
156.436 5 31.287 1.233 .314 

Within Groups 913.683 36 25.380   

Total 1070.119 41    
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Table 4.9 shows that F (5, 36) = 1.233, p = 0.314. The findings suggest that there is no 

significant difference in the utilization of inquiry-based learning among teachers with 

different teaching experiences, p > 0.05. 

Table 4.10: Influence of professional development on the practice of IBL 

 Sum of Squares df Mean Square F Sig.  

Between Groups 188.595 1 188.595 8.558 .006  

Within Groups 881.524 40 22.038    

Total 1070.119 41     

 

According to table 4.10, F (1, 40) = 8.558, p ˂ 0.05. The findings suggest that there is 

a significant difference between trained and untrained teachers in terms of utilization 

of inquiry-based learning. This suggest that trained teachers had acquired additional 

knowledge and skills and hence practiced inquiry-based learning more than untrained 

teachers. The results revealed that gender, education qualification and teaching 

experience do not influence the IBL use. The results are consistent with the findings 

by Chichekian and Shore (2016) who discovered that the teaching experience of a 

teacher, education qualification and prior educational and work experiences were not 

related to an inclination toward using inquiry in the classroom. Therefore, the use of 

IBL is not influenced by gender, education qualification and teaching experience but 

it is strongly influenced by teacher professional development. 

4.5 Correlation between inquiry-based learning and students’ attitudes towards 

Chemistry. 

The study sought to find out the relationship between IBL and students’ attitudes 

towards Chemistry. Student questionnaires were used to find out attitude of students 

towards Chemistry. The results of the students’ attitudes towards Chemistry are 

presented in table 4.11.  
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Table 4.11: Students’ attitudes towards Chemistry 

Items 

SA 

 

A 

  

NS 

 

D 

 

SD 

 M SD 

1. I know that I will require 

Chemistry knowledge in my 

future career 

   48.5% 36.7% 10.9% 2% 2% 

4.28 .880 

2. When I do practicals, I am 

able to come up with answers 

to challenging tasks on 

Chemistry 

   26.1% 47.1% 16.2% 8.4% 2.2% 

3.86 .972 

3. Chemistry is a crucial 

subject that people need to 

study 

   45.1% 31.4% 13.2% 5.3% 5.0% 

4.06 1.118 

4. I like attempting challenging 

tasks in Chemistry 

  31.9% 47.9% 10.9% 7.6% 1.7% 
4.01 .941 

5. I feel empowered when I am 

doing experiments in the 

laboratory 

  52.7% 37.5% 6.2% 2% 1.7% 

4.38 .824 

6. Chemistry is important for 

providing solutions to daily life 

problems 

  24.4% 32.2% 26.6% 12% 4.8% 

3.59 1.122 

7. I intend to take a career 

related to Chemistry to get a 

good job in future 

   44.8% 20.7% 16.2% 8.1% 10.1% 

3.82 1.348 

8. We have interesting 

exercises in Chemistry 

   30.5% 44.8% 11.2% 9.2% 4.2% 
3.88 1.075 

9. I will be happy to dedicate 

most of my time in doing 

experiments 

   49.3% 32.8% 9.5% 4.8% 3.6% 

4.19 1.035 
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11. It is important for people to 

get an understanding of 

Chemistry since it influences 

their lives 

   23.8% 34.7% 24.6% 9% 7.8% 

3.58 1.172 

12. I like to do Chemistry 

 experiments 

  37.3% 39.8% 13.2% 5.3% 4.5% 

4.00 1.060 

13. I enjoy Chemistry lessons   50.1% 38.9% 6.2% 3.9% 0.8% 4.34 .827 

14. Given an opportunity, I can 

carry out a project in 

Chemistry 

  37.5% 30.5% 16% 8.4% 7.6% 

3.82 1.234 

15. Chemistry is an easy 

subject 

  22.4% 34.7% 17.6% 13.2% 12% 
3.42 1.297 

Overall item mean   37.5% 36.4% 14.2% 7% 4.9% 3.945 1.065 

SA = Strongly Agree, A = Agree, NT = Not Sure, D = Disagree, SD = Strongly 

Disagree 

According to table 4.11, 85.2% of the students agreed that they enjoy Chemistry 

lessons. Besides, 90.2% of the students agreed that they feel empowered when doing 

experiments in the laboratory while 77.1% agreed that they like to do Chemistry 

experiments. Looking at the overall percentages, the biggest number of the students 

agreed with the items while a few disagreed with the items. The means of the items 

ranged between 3.42 and 4.38. The overall mean was 3.945, approximately 4.0, with 

a standard deviation of 1.065. CEMASTEA (2019) opines that a general score that is 

beyond three on a Likert scale is considered high, and it indicates a positive attribute 

of the variable measured. Therefore, the results from this study suggests that students’ 

attitudes towards Chemistry in Meru South Sub-County are positive. Similar findings 

were obtained where students developed positive attitudes towards Chemistry as a 

result of active engagement through group work (Vishnumolakala et al., 2017). In 

addition, Wahyudiati et al. (2020) found that student teachers had positive attitudes 

towards the learning of Chemistry. However, students may exhibit negative attitudes 
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towards Chemistry and this could be brought about by the way teachers teach the 

subject material (Al-najdi, 2013). 

4.5.1 Correlation Analysis 

This study sought to find out the relationship between inquiry-based learning and 

students’ attitudes towards Chemistry. Pearson’s Moment Correlation Coefficient was 

computed followed by a simple linear regression. The results from the correlation 

analysis are presented in table 4.12.  

Table 4.12: Pearson’s correlation between inquiry-based learning and students’ 

attitudes towards Chemistry 

 Inquiry-based learning 

 

 

  Attitudes 

Pearson Correlation .9972 

Sig. (2-tailed) .000 

N 21 

 

Table 4.12 shows that r = .9972, p = .000, at 95% confidence interval. The results 

suggest that there is a strong positive correlation between inquiry-based learning and 

students’ attitudes towards Chemistry. This is consistent with the findings by Riegle-

crumb et al. (2019) who found that there is a positive association between IBL and 

students’ interest in science. Besides, Sesen and Tarhan (2013) discovered that training 

that focuses on inquiry-based laboratory activities results in significantly higher 

favourable views toward Chemistry and laboratory activities meaning there is a 

positive relationship between the two aspects. However, the results of this study 

contradict the findings by Simsek and Kabapinar (2010) who found that IBL had no 

effect on attitudes of students towards science. This could have been explained by the 

short period of the intervention as outlined by the researchers.  

4.5.2 Regression Analysis 

The statistical assumptions of linearity, independence, homoscedasticity and normality 

were checked before the regression analysis (Zach, 2020). The results are presented in 

figure 4.7 (linearity), figure 4.8 (homoscedasticity), figures 4.9, 4.10, 4.11 (normality) 

and table 4.12 (independence).  
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Figure 4.7: Scatter plot of inquiry-based learning vs. attitudes 

Equation of the line; Y = 1.869 + 0.51X 

Figure 4.7 shows that there exists a linear relationship between utilization of inquiry-

based learning and students’ attitudes towards Chemistry. 

 

Figure 4.8: Plot of Residuals vs. Fitted values 
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Figure 4.8, which shows a plot of fitted values vs residuals suggests that the variance 

of residuals is the same hence homoscedasticity principal was not violated. 

 

Figure 4.9: Q-Q plot for normality test 

Figure 4.9 shows that the normality principle was upheld.   

 

Figure 4.10: Histogram for students’ attitudes towards Chemistry. 
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Figure 4.11: Histogram for the utilization of inquiry-based learning 

Figure 4.10 and 4.11 are histograms showing students’ attitudes towards Chemistry 

and the utilization of inquiry-based learning. The findings suggest that the data was 

normally distributed. The Durbin-Watson test value according to table 4.13 is 1.908 

approximately to 2.0 implying that there is no autocorrelation and therefore 

independence assumption was met. Values in the range of 1.5 to 2.5 are considered to 

be quite typical by test statisticians and values outside this range may be cause for 

concern (Glen, 2016).  

The regression analysis results which include the fitness of the model, and distribution 

of coefficients are presented in this section. The fitness of the model is presented in 

table 4.13 

Table 4.13: Model Fitness of IBL vs attitudes 

Model R R Square Adjusted R Square 

Std. Error of 

the Estimate      Durbin-Watson 

1 .997 .994 .994 .022923       1.908 
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According to table 4.13, R2 = 0.994 (99.4%). The results suggest that IBL explains 

99% of the variations in students’ attitudes towards Chemistry. The Analysis of 

Variance indicates whether the dependent variable is significantly explained by the 

dependent variable (Mungeria, 2021). The ANOVA results are presented in table 4.14. 

Table 4.14: Analysis of Variance; IBL vs attitudes 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1.785 1 1.785 3397.116 .000 

Residual .010 19 .001   

Total 1.795 20    

 

Table 4.14 indicates that the model was statistically significant, F (1,19) = 3397.116, 

P = .000. This suggests that IBL is a good predictor of attitudes of students towards 

Chemistry. This is in agreement with Rohaeti (2020) who opines that collaborative 

works allow students to solve problems with their peers while they construct 

knowledge and improve their performance during the activities which then lead to 

improved attitudes. Besides, Koksal and Berberoglu (2014) in a repeated analysis of 

variance found that there is a positive effect of guided-inquiry instruction on students’ 

attitudes towards science (η2 = 0.07). This suggests that the use of IBL can lead to 

increased attitudes of students towards science subjects.  

The regression coefficients were computed and the results are presented in table 4.15.   

Table 4.15: Distribution of Coefficients 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 1.869 .036  52.019 .000 

Inquiry-

based 

learning 

.051 .001 .997 58.285 .000 
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According to table 4.15, β= 0.997, p < 0.05. The results suggest that there is a strong 

relationship between inquiry-based learning and students’ attitudes towards 

Chemistry. Besides, a unit increase in the utilization of IBL can lead to 0.051-unit 

increase in positive attitudes towards Chemistry. The results concur with the findings 

by Chi et al. (2021) who discovered that students who reported having more inquiry-

based science practices had a significantly higher interest in broad science, enjoyment 

of science and science self-efficacy. However, in as much as inquiry-based science 

activity is essential to nurture students’ science-related attitudes and beliefs, its 

effectiveness depends on how teachers are involved during the inquiry process (Chi et 

al., 2021). This suggests that the more a teacher effectively employs the inquiry 

approach in teaching, the more students develop interest in Chemistry.  

4.6 Relationship between inquiry-based learning and students’ self-efficacy in 

Chemistry 

This study sought to find out the relationship between inquiry-based learning and 

students’ self-efficacy in Chemistry. Questionnaires were used to determine the 

efficacy beliefs of students in Chemistry in a scale of 1-5. The results of the students’ 

self-efficacy in Chemistry are presented in table 4.16. 

Table 4.16: Students’ self-efficacy in Chemistry 

Item 

SA 

  

A 

 

NS  D 

 

SD 

  M 

Std. 

Dev 

1. I'm aware that Chemistry-

related concepts are present 

in a range of everyday 

situations. 

  29.7% 39.2% 20.4% 6.2% 4.5% 

 3.835 1.062 

2. I can evaluate the solutions 

of Chemistry problems 

  13.2% 44% 25.5% 13.2% 4.2% 
 3.487 1.016 

3. I am confident that I can 

comprehend even the most 

challenging Chemistry 

materials. 

  25.8% 38.7% 20.7% 10.4% 4.2% 

3.716 1.088 

4. I am sure I can come up 

with solutions to daily 

challenges by using 

Chemistry 

    12% 38.4% 25.5% 14.6% 9.5% 

3.289 1.146 
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5. In Chemistry classes, I am 

able to comment on concepts 

provided by my classmates. 

   29.4% 47.9% 11.2% 9.2% 2.2% 

3.930 .988 

6. I know how to organize 

apparatus for Chemistry 

practicals 

   44.8% 33.3% 14% 5.9% 2% 

4.132 .993 

7. I get more understanding of 

Chemistry by doing 

practicals than theory 

  52.9% 27.2% 12.3% 5.9% 1.4% 

4.247 .979 

9. I am able to use science 

related strategies to get 

solutions to daily challenges 

  17.9% 36.7% 26.6% 12.3% 6.4% 

3.473 1.116 

10. In Chemistry classes, I 

able to express my own 

opinions clearly 

 am         

24.4% 

37.8% 17.9% 13.2% 6.7% 

3.599 1.182 

11. I am able to make a good 

choice on a formula to find a 

solution to a Chemistry 

problem 

   20.4% 35.3% 30.3% 8.7% 5.3% 

3.569 1.073 

12. When it comes to 

interpreting graphs and charts 

linked to Chemistry, I am 

confident. 

   23.8% 40.6% 19.6% 10.9% 5% 

3.672 1.105 

13. I am sure I can come up 

with answers to solve a 

Chemistry problem 

   13.7% 44.5% 25.5% 10.1% 6.2% 

3.496 1.048 

14. I can make remarks on a 

specified Chemistry concept 

   29.7% 43.1% 17.9% 6.4% 2.8% 
3.905 .989 

15. I am sure I can carry out 

practical activities in the 

Chemistry laboratory 

successfully 

   42% 40.1% 12% 4.2% 1.7% 

4.165 .914 

16. I am sure I will get an 

excellent grade in Chemistry 

   63.9% 21.3% 12.3% 2% 0.6% 
4.459 .826 

17. I can easily explain 

Chemistry topics to others 

   25.2% 35.3% 28.9% 6.7% 3.9% 
3.712 1.04 

18. I am able to gather data 

during the Chemistry 

practicals 

  31.7% 44.3% 15.1% 7.6% 1.4% 

3.972 .948 

19. I am confident I can 

master the skills taught in 

Chemistry 

  31.1% 43.7% 18.5% 4.5% 2.2% 

3.969 .937 
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20. I am sure I can transfer the 

Chemistry learned 

knowledge to everyday 

experiences 

  27.2% 42% 18.5% 8.1% 4.2% 

3.798 1.059 

21. I am sure I can do a great 

work on Chemistry tasks 

given in class 

  37.3% 35.3% 19% 5.6% 2.8% 

3.986 1.021 

22. I am sure I can master the 

basic concepts in Chemistry 

  31.9% 45.7% 14.8% 4.5% 3.1% 
3.989 .963 

23. I am sure I can use 

equipment in the Chemistry 

laboratory 

  60.5% 30.3% 6.4% 0.6% 2.2% 

4.462 .826 

24. I feel comfortable to talk 

about Chemistry concepts 

with my course mates 

  48.7% 38.9% 7.3% 2.2% 2.8% 

4.286 .907 

25. In Chemistry lessons, I 

can present my ideas properly 

   24.4% 37% 24.4% 9% 5.3% 
3.661 1.102 

26. I think I am successful in 

Chemistry 

  43.1% 30.3% 16.8% 4.8% 5% 
4.017 1.117 

Overall Mean   32.2% 38% 18.5% 7.5% 3.8% 3.873 1.018 

 

According to table 4.16, 85.2% of the students agreed that they will get an excellent 

grade in Chemistry with an item mean of 4.459. Also, 90.8% of the students said that 

they are confident of using equipment in the Chemistry laboratory with an item mean 

of 4.462. For all the other items, the biggest number of students agreed with items 

where the item means ranged between 3.289 and 4.462. The overall mean of students’ 

self-efficacy in Chemistry was 3.873, with an overall standard deviation of 1.018. 

According to Mazana et al. (2018), a mean above 3.0 indicates high self-efficacy while 

a mean below 3.0 indicates low self-efficacy. Besides, CEMASTEA (2019) opines 

that a general score that is beyond three on a Likert scale is considered high, and it 

indicates a positive attribute of the variable measured. Besides, small standard 

deviations occur where there is concurrence on the items among the students. 

Therefore, based on the results, students in Meru South Sub-County had high self-

efficacy in Chemistry. Similar findings were revealed in the study by Baanu and 

Oyelekan (2016). Also, Ramnarain and Ramaila (2018) found that students' efficacy 

beliefs were slightly above neutral with students displaying a favorable opinion of self-

efficacy.   



56 

 

4.6.1 Correlation Analysis 

The results from the correlation analysis between inquiry-based learning and students’ 

self-efficacy in Chemistry are presented in table 4.17. 

Table 4.17: Pearson’s correlation between inquiry-based learning and students’ self-

efficacy in Chemistry 

 Self-efficacy 

Inquiry-based learning  Pearson Correlation .903 

Sig. (2-tailed) .000 

N 21 

 

According to table 4.17, r = 0.903, p = 000 at 95% confidence interval. The results 

establish that there is a strong positive relationship between inquiry-based learning and 

students’ self-efficacy in Chemistry. This finding is supported by Husnaini and Chen 

(2019) who opines that inquiry-based learning is effective in improving efficacy 

beliefs of students in scientific inquiry. This suggests that the more a teacher practices 

inquiry-based learning, the higher the students’ self-efficacy in Chemistry. 

4.6.2 Regression Analysis  

Before carrying out the regression analysis, statistical assumptions of linearity, 

independence, homoscedasticity and normality were checked. Results for the linearity 

assumption are presented in figure 4.12.  
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Figure 4.12: A plot of self-efficacy vs inquiry-based learning  

Equation of the line is; Y = 2. 024623 + 0.045586X, R2 = 0.8155.  

According to figure 4.12, majority of the points align along the line of best fit. In 

general, as the level of inquiry-based learning rises, so does the level of student self-

efficacy. This shows that there exists a linear relationship between utilization of 

inquiry-based learning and students’ self-efficacy in Chemistry. The homoscedasticity 

and normality assumptions were met as shown in figures 4.13, 4.14, and 4.15. The 

Durbin-Watson test value according to table 4.18, is close to 2.0 implying that there is 

no autocorrelation and therefore independence assumption was met. 
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Figure 4.13: Residuals vs. fitted values; self-efficacy and inquiry-based learning 

 

 

Figure 4.14: Q-Q plot for self-efficacy 
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Figure 4.15: Histogram for students’ self-efficacy 

The results from regression analysis are presented in tables 4.18, 4.19 and 4.20.  

Table 4.18: Model Fitness of IBL vs self-efficacy 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate Durbin-Watson 

1 .903 .8155 .8057 .1302 2.190 

 

According to table 4.18, R2 = 0.8155 (81.55%). The results suggest that about 82% of 

students’ efficacy beliefs in Chemistry are influenced by IBL. The remaining 

percentage goes to the other factors which could have an influence on students’ self-

efficacy in Chemistry such as mastery experiences, verbal persuasion, physiological 

states and vicarious experiences. The Analysis of Variance was carried out. The results 

are presented in table 4.19. 
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Table 4.19: Analysis of Variance; IBL vs self-efficacy 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 1.42339 1 1.42339 83.954 .000 

Residual .32213 19 .01695   

Total 1.746 20    

 

Table 4.19 shows that F (1,19) = 83.954, P = .000, hence the model was statistically 

significant. This suggest that IBL is a good predictor of efficacy beliefs of students in 

Chemistry. The results agree with the findings by Eymur (2018) who found that, 

inquiry learning enhances the efficacy beliefs of students in Chemistry. Besides, Sen 

and Vekli (2016) argue that the use of an inquiry-based education strategy improves 

science teachers' perceptions of their efficacy beliefs in experimental work. 

The regression coefficients were computed and the results are presented in table 4.20. 

Table 4.20: Distribution of coefficients 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 2.024623 .204076  9.921 .000 

Inquiry-based learning .045586 .004975 .903 9.163 .000 

 

According to table 4.20, β= 0.903, p < 0.05. The results suggest that there is a strong 

relationship between inquiry-based learning and students’ self-efficacy in Chemistry. 

Besides, a unit increase in the utilization of IBL can lead to 0.046-unit increase in 

efficacy beliefs of students in Chemistry. The results concur with the findings by  

Tawfik et al. (2020), who opines that inquiry-based instruction, when compared to 

more didactic techniques, leads to greater gains in self-efficacy as students engage in 

problem-solving activities. Madden (2011) found that after participating in demanding 

inquiry-based laboratories, freshman Biology honors students felt more secure about 

understanding science. However, the results contradict the findings by Cairns and 
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Areepattamannil (2017) who found that IBL was negatively associated with students’ 

learning outcome in terms of their performance. Therefore, it can be concluded that 

IBL has a positive impact on students’ efficacy beliefs in sciences. 
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CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Introduction  

This chapter presents the summary of the findings and the conclusions based on the 

findings. The chapter also presents the recommendations and suggestions for further 

studies.  

5.2 Summary of the research findings 

This section presents a summary of the study’s findings based on the research 

objectives which include: establishing the extent to which inquiry-based learning has 

been used in Chemistry practical lessons, determining the relationship between the use 

of inquiry-based learning and students’ attitudes towards Chemistry and lastly 

determining the relationship between inquiry-based learning and students’ self-

efficacy in Chemistry. 

5.2.1 IBL use in Chemistry practical lessons 

This study sought to find out the extent to which the inquiry-based learning approach 

had been used in Chemistry practical lessons in Meru South Sub-County. The study 

found that teachers in Meru South Sub-County made use of inquiry-based learning 

approach in Chemistry practical lessons once a week. Besides, 77.8% of the practical 

lessons used IBL based on the study results. Triangulation of both self-reported and 

observed IBL use revealed that when teachers are asked to give a report based on their 

teaching, they tend to over-report by 4.195%. Based on the findings of this study, some 

of the teacher characteristics such as gender, academic qualification and teaching 

experience do not influence the use of IBL. However, professional development of 

teachers such as training by CEMASTEA influences the use of IBL where trained 

teachers tend to use the IBL approach more in practical lessons compared to the 

untrained teachers.  

5.2.2 Relationship between inquiry-based learning and students’ attitudes 

towards Chemistry 

The research examined whether there is a relationship between the use of inquiry-

based learning approach and students’ attitudes towards Chemistry. The findings of 

the study suggest that the use of inquiry-based learning influences students’ attitudes 

toward Chemistry. The Pearson’s moment correlation coefficient revealed that there is 
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a strong positive association between inquiry-based learning and students’ attitudes 

towards Chemistry (r = .9972, p = .000). The results from regression analysis revealed 

that 99% of students’ attitudes in Chemistry are influenced by the use of IBL approach 

(R2 = .994, F (1,19) = 3397.116, P = .000). Besides, the results from the scatter plot 

diagram revealed that when the use of IBL is high, students’ attitudes towards 

Chemistry are positive. 

5.2.3 Relationship between inquiry-based learning and students’ self-efficacy in 

Chemistry 

This study sought to find out whether there is a relationship between inquiry-based 

learning and students’ efficacy beliefs in Chemistry. The study discovered a link 

between inquiry-based learning and students' self-efficacy in Chemistry. According to 

Pearson's correlation coefficient findings, there is a substantial positive association 

between inquiry-based learning and students' self-efficacy in Chemistry in secondary 

schools (r = 0.903, p = 000). The scatter plot revealed that the efficacy beliefs of 

students in Chemistry increase with increased use of inquiry-based learning. Also, 

results from regression analysis revealed that about 82% of students' self-efficacy in 

Chemistry is influenced by the use of inquiry-based learning (R2 = 0.8155, F (1,19) = 

83.954, P = .000).  

5.3 Conclusion 

This study has established the extent to which inquiry-based learning approach has 

been used in Chemistry practical lessons and how the use of this approach influences 

students' attitudes and self-efficacy in Chemistry. The results suggest that most of the 

teachers actively engaged learners in the teaching and learning of Chemistry which 

translates to improved attitudes towards Chemistry, enhanced efficacy and improved 

academic performance. On the other hand, there is need for observations when 

evaluating teachers in terms of their effectiveness in using specific teaching 

methodologies to obtain more accurate information since they tend to over report when 

asked to give a report on their teaching practices. Based on the study findings, it is 

evident that the use of inquiry-based learning approach has a positive influence on 

students' attitudes and efficacy beliefs in Chemistry. As a result, inquiry-based learning 

should be used to improve students' attitudes and efficacy beliefs in science subjects, 

particularly Chemistry, as it has been found to be one of the most effective techniques. 
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The findings from this study are supported by Vygotsky's social constructivism theory 

which emphasizes on social activities and interactions with instructors, classmates and 

educational resources that have an impact on learners' cognitive and affective 

development. Collaborative learning is a key aspect of social constructivism. The 

inquiry-based learning approach is a strategy that encourages collaborative learning 

and hence the negotiation of knowledge which translates to effective learning in terms 

of attitudes, confidence in students' capability and improved performance. The use of 

practical work helps students conceptualize theoretical concepts. This allows students 

to understand the theoretical concepts better and therefore can develop positive 

attitudes towards the subject. Once the students have a positive affect towards the 

subject, they can dedicate most of their time to reading, and their understanding of the 

subject increases. This translates to confidence in mastering the Chemistry concepts 

and hence improved performance in the subject.  

5.4 Recommendations 

Based on the findings, the study recommends the following:  

1) Education policy makers should come up with policies that guide the 

implementation of learner-centered teaching methodologies such as inquiry-

based learning approach in teaching of sciences.   

2) Teacher training institutions such as colleges and universities should expose 

teacher trainees to IBL to ensure they obtain the required knowledge and skills 

for effective teaching. 

3) Institutions dealing with the professional development of teachers should 

extend the training on IBL to all teachers to ensure all the teachers have the 

adequate knowledge and skills to employ this approach in the teaching of 

Chemistry. 

5.5 Suggestions for further studies  

1) A similar study should be conducted to find out how the use of inquiry-based 

learning influences students’ performance in science subjects including all the 

categories of schools in Kenya. 

2)  The study recommends further studies on the interaction effect of inquiry-

based learning on learning outcomes in other classes other than the form three 
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classes, which should capture learners’ experiences in inquiry-based learning 

through interviews or focus group discussions. 

3) Since the study did not focus on specific levels of inquiry-based learning, the 

study recommends further studies on the relationship between the use of 

specific levels of inquiry-based learning and students' learning outcomes in 

Kenya. 

4) Further research should be carried out to determine the effectiveness of other 

learner-centered teaching approaches such as project-based learning and 

flipped classrooms in teaching and learning of science subjects in Kenya.   

  



66 

 

REFERENCES 

Aditomo, A., & Klieme, E. (2020). Forms of inquiry-based science instruction and 

their relations with learning outcomes : evidence from high and low-performing 

education systems. International Journal of Science Education, 42(4), 504–525. 

https://doi.org/10.1080/09500693.2020.1716093 

Ahmad, N., Shaheen, N., & Gohar, S. (2018). 5E instructional model: Enhancing 

students academic achievement in the subject of general science at primary 

level. Sir Syed Journal of Education & Social Research, 1(1), 90-100. 

Aktamis, H., Higde, E., & Ozden, B. (2016). Effects of the inquiry- based learning 

method on students ’ achievement , science process skills and attitudes towards 

Science : A meta-analysis science. Journal of Turkish Science Education, 13(4), 

248–261. https://doi.org/10.12973/tused.10183a 

Akuma, F. V., & Callaghan, R. (2019). Teaching practices linked to the 

implementation of inquiry-based practical work in certain science classrooms. 

Journal of Research in Science Teaching, 56(1), 64–90. 

https://doi.org/10.1002/tea.21469 

Al-najdi, S. D. (2013). Students’ attitude towards learning Chemistry. Journal of Al-

Quds Open University for Educational & Psychological Research & Studies, 

1(1). 

Aurah, C. (2017). Investigating the relationship between science self-efficacy beliefs, 

gender, and academic achievement among high school students in Kenya. 

Journal of Education and Practice, 8(8), 146–153. 

Aydin, Y. C., & Uzuntiryaki, E. (2009). Development and psychometric evaluation 

of the high school Chemistry self-efficacy scale. Educational and Psychological 

Measurement, 69(5), 868-880. 

Baanu, T. F., & Oyelekan, O. S. (2016). Self-efficacy and Chemistry students’ 

academic achievement in senior secondary schools in North-Central, Nigeria. 

Malaysian Online Journal of Educational Sciences, 4(1), 43–52. 

Bagaka, J. G. (2011). The role of teacher characteristics and practices on upper 

secondary school students' Mathematics self-efficacy in Nyanza province of 

Kenya: a multilevel analysis. International Journal of Science and Mathematics 

Education, 9(4), 817–842. 

Baldock, K., & Murphrey, T. P. (2020). Secondary students’ perceptions of inquiry-

based learning in the agriculture classroom. Journal of Agricultural Education, 

61(1), 235–246. https://doi.org/10.5032/jae.2020.01235 

Bandura, A. ( 1986). Social foundations of thought and action: A social cognitive 

theory. Englewood Cliffs, NJ: Prentice Hall. 

Bandura, A. (1994). Self-Efficacy. In Encyclopedia of human behaviour (Vol. 4, pp. 

71–81). San Diego: Academic Press. 

Bittinger, D. J. (2015). The impact of an inquiry based approach on attitude, 

motivation and achievement in a high school Physics laboratory. [Master's 

thesis, State University of New York]. 

Bybee, R. W., Taylor, J. A., Gardner, A., Scotter, P. Van, Carlson, J., Westbrook, A., 



67 

 

& Landes, N. (2006). The BSCS 5E instructional model: Origins and 

effectiveness. 

Cairns, D., & Areepattamannil, S. (2017). Exploring the relations of inquiry-based 

teaching to science achievement and dispositions in 54 countries. Research in 

science education, 49, 1–23. https://doi.org/10.1007/s11165-017-9639-x 

Carmel, J. H., Herrington, D. G., Posey, L. A., Ward, J. S., Pollock, A. M., & 

Cooper, M. M. (2019). Helping students to do science : Characterizing scientific 

practices in general Chemistry laboratory curricula. Journal of Chemical 

Education, 93(3), 423–434. https://doi.org/10.1021/acs.jchemed.8b00912 

Cavas, B., Holbrook, J., Kask, K., & Rannikmae, M. (2013). Development of an 

instrument to determine science teachers’ implementation of inquiry based 

science education in their classrooms. International Online Journal of Primary 

Education, 2(2), 9-22. 

Centre for Mathematics, Science and Technology Education in Africa. (2019). 

Impact of professional development: The extent of implementation of IBL in 

classrooms in Kenya. 

https://www.cemastea.ac.ke/index.php/component/k2/item/297-impact-

assessment-the-extent-of-implementation-of-ibl-in-classrooms-in-kenya 

Chairam, S., Klahan, N., & Coll, R. K. (2015). Exploring Secondary Students ’ 

Understanding of Chemical Kinetics through Inquiry- Based Learning 

Activities. Eurasia Journal of Mathematics, Science and Technology Education,  

11(5), 937–956. https://doi.org/10.12973/eurasia.2015.1365a 

Cheng, P.-H., Yang, Y.-T. C., Chang, S.-H. G., & Kuo, F.-R. R. (2016). 5E mobile 

inquiry learning approach for enhancing learning motivation and scientific 

inquiry ability of university students. IEEE Transactions on Education, 59(2), 

147–153. https://doi.org/10.1109/TE.2015.2467352 

Chepkorir, S., Cheptonui, E. M., & Chemutai, A. (2014). The relationship between 

teacher-related factors and students’ attitudes towards secondary school 

Chemistry subject in Bureti district, Kenya. Journal of Technology and Science 

Education, 4(4), 228–236. 

Cheung, D. (2009). Students’ attitudes toward Chemistry lessons: The interaction 

effect between grade level and gender. Research in Science Education, 39(1), 

75–91. https://doi.org/10.1007/s11165-007-9075-4 

Cheung, D. (2015). The combined effects of classroom teaching and learning 

strategy on students' Chemistry self-efficacy. Research in Science Education, 

45(1), 101-116. https://doi.org/10.1007/s11165-014-9415-0 

Chi, S., Wang, Z., & Liu, X. (2021). Moderating effects of teacher feedback on the 

associations among inquiry-based science practices and students’ science-

related attitudes and beliefs. International Journal of Science Education, 43(14), 

2426–2456. https://doi.org/10.1080/09500693.2021.1968532 

Chichekian, T., & Shore, B. M. (2016). Preservice and practicing teachers' self-

efficacy for inquiry-based instruction. Cogent Education, 3(1), 1236872. 

https://doi.org/10.1080/2331186X.2016.1236872 



68 

 

Chowdhury, R. (2016). Inquiry based learning as an instructional strategy to increase 

student achievement in math and science. Selected papers on the practice of 

educational communications and technology: 39th Annual proceedings, 2, 177–

188.  

Chuks, Z. O., & Chidubem, N. Z. (2018). Effect of instructional methods on students' 

attitudes in some Chemistry concepts at senior secondary level. Global 

Scientific Journals, 6(7), 46–61. 

Cohen, S. M., & Chang, M. (2020). Science achievement within the United States : A 

view through affective and demographic lenses. Educational Studies, 46(2), 

221–239. https://doi.org/10.1080/03055698.2018.1555455 

Creswell, J. W. (2013). Qualitative inquiry research design (3rd ed.). Thousand 

Oaks: Sage Publications. 

Creswell, J. W. (2014). Research Design: Qualitative, quantitative, and mixed 

methods (3rd ed.). Thousand Oaks: Sage Publications. 

Dajal, R. . M., & Umar, A. (2019). Effects of guided discovery method on students’ 

attitude to , and achievement in Biology in senior secondary schools, Bauchi 

State. International Journal of Research and Scientific Innovation, 6(8), 105–

110. 

Dangana, M. (2017). Impact of inquiry-based instruction on self-efficacy and 

understanding of nature of science among Biology students in Lafiagi, Kwara 

state, Nigeria. [Master's thesis, Ahmadu Bello University]. 

Das, C. (2018). A Study on the availability of Chemistry laboratory facilities and it’s 

utilization in the higher secondary schools of Guwahati City, Assam. 

International Journal of Innovative Science and Research Technology, 3(9). 

Eltanahy, M., & Forawi, S. (2019). Science teachers' and students' perceptions of the 

implementation of inquiry-based learning instruction in a middle school in 

Dubai. Journal of Education, 199(1), 13–23. 

https://doi.org/10.1177/0022057419835791 

Eymur, G. (2018). Developing high school students’ self-efficacy and perceptions 

about inquiry and laboratory skills through argument-driven inquiry. Journal of 

Chemical Education, 95(5). https://doi.org/10.1021/acs.jchemed.7b00934 

Farrand, K., Wild, T., & Hilson, M. (2016). Self-Efficacy of students with visual 

impairments before and after participation in an Inquiry-Based Camp. Journal 

of Science Education for Students with Disabilities, 19(1), 50–60. 

https://doi.org/10.14448/jsesd.09.0004 

Featonby, A. (2012). The use of the ‘teaching as inquiry model’ to develop students’ 

self-efficacy in literature response essay writing. ERIC, 13(1), 24–35. 

Gibson, H. L., & Chase, C. (2002). Longitudinal impact of an inquiry-based science 

program on middle school students’ attitudes toward science. Science 

Education, 86(5), 693–705. https://doi.org/10.1002/sce.10039 

Given, L. M. (2012). The SAGE Encyclopedia of Qualitative Research Methods. 

Sage publications, lnc. 



69 

 

Glen, S. (2016). Durbin Watson Test & Test Statistic. Statistics How To. Elementary 

Statistics for the Rest of Us! https://www.statology.org/linear-regression-

assumptions/ 

Hamed, S., Ezquerra, A., Porlan, R., & Rivero, A. (2020). Exploring pre-service 

primary teachers’ progression towards inquiry-based science learning. 

Educational Research, 62(3), 357–374. 

https://doi.org/10.1080/00131881.2020.1780624 

Hanson, R. (2017). Enhancing students' performance in organic Chemistry through 

context-based learning and micro activities - a case study. European Journal of 

Research and Reflection in Educational Sciences, 5(6), 7-20. 

Hassan, M. U., & Akbar, R. A. (2020). Tracing the effects of teachers’ centered 

teaching methods on students’ achievement scores: Secondary level study. 

Bulletin of Education and Research, 42(1), 29–43. 

Hill, H. C., Charalambous, C. Y., & Chin, M. J. (2018). Teacher characteristics and 

student learning in Mathematics : A comprehensive assessment. Educational 

Policy, 33(7), 1103–1134. https://doi.org/10.1177/0895904818755468 

Hofstein, A., & Lunetta, V. N. (2004). The Laboratory in Science Education: 

Foundations for the Twenty-First Century. Science Education, 88(1), 28–54. 

https://doi.org/10.1002/sce.10106 

Hushman, C. J., & Marley, S. C. (2015). Guided instruction improves elementary 

student learning and self-efficacy in science. The Journal of Educational 

Research ISSN:, 108(5), 371–381. 

https://doi.org/10.1080/00220671.2014.899958 

Husnaini, S. J., & Chen, S. (2019). Effects of guided inquiry virtual and physical 

laboratories on conceptual understanding, inquiry performance, scientific 

inquiry self-efficacy, and enjoyment. Physical Review Physics Education 

Research, 15(1), 010119. 

https://doi.org/10.1103/PhysRevPhysEducRes.15.010119 

Irwanto, I. (2022). The impact of research-oriented collaborative inquiry learning on 

pre-service teachers’ scientific process skills and attitudes. Journal of 

Technology and Science Education, 12(2), 410-425. 

https://doi.org/10.3926/jotse.1583 

Jerrim, J., Oliver, M., & Sims, S. (2020). The relationship between inquiry-based 

teaching and students' achievement. New evidence from a longitudinal PISA 

study in England. Learning and Instruction, 80, 101310. 

https://doi.org/10.1016/j.learninstruc.2020.101310 

Jiang, F., & McComas, W. F. (2015). The effects of inquiry teaching on student 

science achievement and attitudes: Evidence from Propensity Score Analysis of 

PISA Data. International Journal of Science Education, 37(3), 554–576. 

https://doi.org/10.1080/09500693.2014.1000426 

Johnson, M. R. C. (2021). Effects of stepwise guided inquiry on students' attitudes 

and depth of knowledge from written lab reflections in high school Chemistry. 

[Master's thesis, University of Northern Iowa]. 

https://scholarworks.uni.edu/grp/1757 



70 

 

Joy, W. M., Dinah, S. C., Opara, S. M., & Momanyi, L. O. (2017). Fostering 

students’ learning in the 21st century: Effect of inquiry-based learning on 

students’ achievement of science process skills in Biology subject. African 

Journal of Education, Science and Technology, 4(2), 137–145. 

Julius, J. K., Twoli, N. W., & Maundu, J. N. (2018). Enhancement of Chemistry self-

efficacy of students using computer aided instruction among secondary school 

learners in Kenya. International Journal for Innovation Education and 

Research, 6(8), 79-90 

Kandil, S., & Isiksal-Bostan, M. (2019). Effect of inquiry-based instruction enriched 

with origami activities on achievement, and self-efficacy in geometry. 

International Journal of Mathematical Education in Science and Technology, 

50(4), 557–576. https://doi.org/10.1080/0020739X.2018.1527407 

Kiige, M. J., & Atina, J. O. (2016). The Effectiveness of SMASSE teacher training 

programme on KCSE performance in Mathematics and Chemistry subjects in 

Kikuyu district, Kenya. Journal of Education and Practice, 7(6), 156–163. 

http://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=EJ1092464

&site=ehost-live 

Kinyota, M. (2020). The status of and challenges facing secondary science teaching 

in Tanzania: a focus on inquiry-based science teaching and the nature of 

science. International Journal of Science Education, 42(13), 2126–2144. 

https://doi.org/10.1080/09500693.2020.1813348 

Kirbulut, Z. D. (2014). Modeling the relationship between high school students' 

Chemistry self-efficacy and metacognitive awareness. International Journal of 

Environmental and Science Education, 9(2), 177-196. 

Kenya National Examination Council. (2018). Chemistry 233 Kenya Certificate of 

Secondary Education KNEC Report. https://kcserevision.com/kcse-2018-knec-

examination-reports/ 

Kenya National Examination Council. (2019). Chemistry 233 Kenya Certificate of 

Secondary Education KNEC Report. https://teacher.co.ke/2019-kcse-Chemistry-

233-knec-report/ 

Kilaha, K.K. (2010). Teachers' characteristics and their effects on students’ 

achievements in Chemistry: a case study of Bungoma North District. [Master’s 

thesis, Moi University]. 

Koksal, E. A., & Berberoglu, G. (2014). The effect of guided-inquiry instruction on 

6th Grade Turkish students’ achievement, science process skills, and attitudes 

toward science. International Journal of Science Education, 36(1), 66–78. 

https://doi.org/10.1080/09500693.2012.721942 

Kousa, P., Kavonius, R., & Aksela, M. (2018). Low-achieving students’ attitudes 

towards learning Chemistry and Chemistry teaching methods. Chemistry 

Education Research and Practice, 19(2), 431–441. 

https://doi.org/10.1039/C7RP00226B 

Kurbanoglu, N. I., & Akin, A. (2010). The Relationships between University 

students’ Chemistry laboratory anxiety, attitudes, and self-efficacy beliefs. 

Australian Journal of Teacher Education, 35(8), 48–59. 



71 

 

https://doi.org/10.14221/ajte.2010v35n8.4 

Kyalo, M. B. (2016). School factors influencing students’ performance in Chemistry 

in Kenya Certificate of Secondary Education in Makueni County, Kenya. 

[Master's thesis, University of Nairobi]. 

Lai, C., Hwang, G., & Tu, Y. (2018). The effects of computer-supported self-

regulation in science inquiry on learning outcomes, learning processes, and self-

efficacy. Educational Technology Research and Development, 66(4), 863-892. 

https://doi.org/10.1007/s11423-018-9585-y 

Lin, T., Tan, A. L., & Tsai, C. (2013). A cross-cultural comparison of Singaporean 

and Taiwanese eighth graders’ science learning self-efficacy from a multi-

dimensional perspective. International Journal of Science Education, 35(7), 

1083-1109. https://doi.org/10.1080/09500693.2013.776193 

Liou, P. Y. (2021). Students’ attitudes toward science and science achievement: An 

analysis of the differential effects of science instructional practices. Journal of 

Research in Science Teaching, 58(3), 310–334. 

https://doi.org/10.1002/tea.21643 

Madden, K. R. (2011). The use of inquiry-based instruction to increase motivation 

and academic success in a high school Biology classroom. [Master's thesis, 

Montana State University]. 

Mahalingam, M., Morlino, E. A., & Fasella, E. (2019). The Impact of Technology-

Assisted “Scaffolding” on Student Learning in General Chemistry. In 

Technology Integration in Chemistry Education and Research (TICER) (pp. 

233-245). American Chemical Society. 

Al Mamun, M. A. Al, Lawrie, G., & Wright, T. (2020). Instructional design of 

scaffolded online learning modules for self-directed and inquiry-based learning 

environments. Computers and Education, 144, 103695. 

https://doi.org/10.1016/j.compedu.2019.103695 

Mazana, M. Y., Montero, C. S., & Casmir, R. O. (2018). Investigating students’ 

attitude towards learning Mathematics. International Electronic Journal of 

Mathematics Education, 14(1), 207–231. https://doi.org/10.29333/iejme/3997 

Mohammed, S. M., Amponsah, K. D., Ampadu, E., & Kumassah, E. K. (2020). 

Extent of implementation of inquiry-based science teaching and learning in 

Ghanaian Junior High Schools. EURASIA Journal of Mathematics, Science and 

Technology Education, 16(12). https://doi.org/10.29333/ejmste/9373 

Mukami, N. E. (2015). Extent of utilization of laboratories in teaching and learning 

Chemistry in public secondary schools in Meru South District, Kenya. [Master's 

thesis, Kenyatta University]. http://ir-library.ku.ac.ke/handle/123456789/14318 

Mungeria, J. K. (2021). Influence of Collaborative Learning Strategy on Learner 

Achievement in Accounting in Secondary Schools in Igembe Central Sub-

County, Kenya. [Master's thesis, University of Nairobi]. 

Mwangi, J. T. (2016). Effect of Chemistry practicals on students’ performance in 

Chemistry in public secondary schools of Machakos and Nairobi counties in 

Kenya [Doctoral dissertation, University of Nairobi]. 



72 

 

https://doi.org/10.21275/ART20191080 

Nancy, I. A. (2013). Influence of teacher’s characteristics on effective use of Inquiry 

Based Approach in teaching science in preschools in Kuja zone, Rongo district. 

[Master's thesis, University of Nairobi]. 

National Research Council, (NRC). (1996). National science Education standards. 

National Academcy Press. 

http://www.csun.edu/science/ref/curriculum/reforms/nses/nses-complete.pdf 

Nikmah, C., Tukiran, T., & Nasrudin, H. (2020). Improvement of self-efficacy and 

student learning outcomes using Argument Driven Inquiry Learning Model. 

Jurnal Pendidikan Sains (Jps), 8(2), 133. 

https://doi.org/10.26714/jps.8.2.2020.133-138 

Njagi, J. (2016). Determinants of use of inquiry based instruction by early childhood 

teachers’ in teaching science in Meru South Sub-county, Kenya. [Master's 

thesis, Kenyatta University]. 

Njagi, M. W., & Silas, E. N. (2015). Relevance of Kenya secondary school 

Chemistry instruction in preparation of students pursuing Chemistry at 

university level. International Journal of Innovation Education and Research, 

3(12), 55–64. 

Njoroge, G. N., Changeiywo, J., & Ndirangu, M. (2014). Effects of inquiry-based 

teaching approach on secondary school students ’ achievement and motivation 

in Physics in Nyeri County , Kenya. International Journal of Academic 

Research In Education and Review, 2(1), 1–16. 

https://doi.org/10.14662/IJARER2013.010 

O’Sullivan, M. (2006). Lesson observation and quality in primary education as 

contextual teaching and learning processes. International Journal of 

Educational Development, 26(3), 246–260. 

Ogembo, J. O., Otanga, H., & Yaki, R. N. (2015). Students’ and teachers’ attitude 

and performance in Chemistry in secondary schools in Kwale County, Kenya. 

Global Journal of Interdisciplinary Social Sciences, 4(3), 39–43. 

Ogunleye, B. O., & Bamidele, A. daniel. (2010). Effect of inquiry- based 

instructional approach on senior secondary school students’ achievement and 

problem - solving in practical Chemistry. International Journal of Applied 

Psychology and Human Performance, 6, 1309–1328. 

Okwuduba, E. N., & Okigbo, E. C. (2018). Effect of teaching methods on 

students'academic performance in Chemistry in Nigeria: meta-analytic 

review. Bulgarian Journal of Science and Education Policy, 12(2), 418-434. 

Olubu, O. M. (2015). Effects of laboratory learning environment on students' 

learning outcomes in secondary school Chemistry. International Journal of Arts 

& Sciences, 8(2), 507. 

Pajares, F. (2003). Self-efficacy beliefs, motivation, and achievement in writing: A 

review of the literature. Reading and Writing Quarterly, 19(2), 139–158. 

https://doi.org/10.1080/10573560308222 

Perdana, R., & Atmojo, I. R. W. (2019). A conceptual of teaching models inquiry-



73 

 

based social constructivism (Ibsc). In IOP Conference Series: Earth and 

Environmental Science (Vol. 243, No. 1, p. 012110). IOP Publishing. 

Pitaloka, H. V, Sofya, E., & Efkar, T. (2020). The Effectiveness of Guided Inquiry 

Learning Model to Improve Science Literacy Skills and Students Self Efficacy 

on Acidbase Materials. Jurnal Pendidikan Dan Pembelajaran Kimia, 9(3), 139–

152. https://doi.org/10.23960/jppk.v9.i3.202013 

Protus, W. M., & Shikuku, B. (2020). Influence of SMASSE active learning 

techniques on students attitude towards Mathematics in secondary schools in 

Baringo County, Kenya. European Journal of Education Studies, 6(11), 279–

293. https://doi.org/10.5281/zenodo.3659254 

Ramnarain, U., & Ramaila, S. (2018). The relationship between Chemistry self-

efficacy of South African first year university students and their academic 

performance †. Chemistry Education Research and Practice, 19(1), 60–67. 

https://doi.org/10.1039/c7rp00110j 

Rapi, N. K., Widiarini, P., & Suastra, I. W. (2022). The Effect of Self-Assessment 

with Inquiry Learning Model to Self-Efficacy and Physics Learning Outcomes. 

Proceedings of the 4th International Conference on Innovative Research Across 

Disciplines (ICIRAD 2021), 613, 89–96. 

https://doi.org/10.2991/assehr.k.211222.013 

Riegle-crumb, C., Morton, K., Nguyen, U., & Dasgupta, N. (2019). Inquiry-based 

instruction in Science and Mathematics in middle school classrooms : 

Examining its association with students' attitudes by gender and race / ethnicity. 

AERA Open, 5(3), 1–17. https://doi.org/10.1177/2332858419867653 

Rohaeti, E. (2020). Research-oriented collaborative inquiry learning model: 

Improving students’ scientific attitudes in general Chemistry. Journal of Baltic 

Science Education, 19(1), 108–120. 

Schmid, S., & Bogner, F. X. (2017). How an inquiry-based classroom lesson 

intervenes in science efficacy, career-orientation and self-determination. 

International Journal of Science Education, 39(17), 2342–2360. 

https://doi.org/10.1080/09500693.2017.1380332 

Sen, C., & Vekli, G. S. (2016). The impact of inquiry based instruction on science 

process skills and self-efficacy perceptions of pre-service science teachers at a 

University Level Biology Laboratory. Universal Journal of Educational 

Research, 4(3), 603–612. https://doi.org/10.13189/ujer.2016.040319 

Senturk and Camliyer (2016). A New Learning Model on Physical Education: 5E 

Learning Cycle. Universal Journal of Educational Research, 4(1): 26-29. 

Sesen, B. A., & Tarhan, L. (2013). Inquiry-Based Laboratory Activities in 

ElectroChemistry: High School Students’ Achievements and Attitudes. 

Research in Science Education, 43(1), 413–435. https://doi.org/10.1007/s11165-

011-9275-9 

Shabani, K., Khatib, M., & Ebadi, S. (2010). Vygotsky’s Zone of Proximal 

Development: Instructional implications and teachers' professional 

development. English language teaching, 3(4), 237–248. 

https://doi.org/10.5539/elt.v3n4p237 



74 

 

Simsek, P., & Kabapinar, F. (2010). The effects of inquiry-based learning on 

elementary students’ conceptual understanding of matter, scientific process 

skills and science attitudes. Procedia - Social and Behavioral Sciences, 2(2), 

1190–1194. https://doi.org/10.1016/j.sbspro.2010.03.170 

Ssempala, F. (2017). Science teachers’ understanding and practice of inquiry-based 

instruction in Uganda [Doctoral dissertation, Syracuse University]. 

https://surface.syr.edu/etd 

Sulistiyo, M. A. S., & Wijaya, A. (2020). The effectiveness of inquiry-based learning 

on computational thinking skills and self-efficacy of high school students. 

Journal of Physics: Conference Series, 1581(2020). 

https://doi.org/10.1088/1742-6596/1581/1/012046 

Supasorn, S. and Promarak, V. (2015). Implementation of 5e inquiry incorporated 

with analogy learning approach to enhance conceptual understanding of 

chemical reaction rate for grade 11 students. Chemistry Education Research and  

Practice, 16(1), 121–132. 

Taber, K. S. (2015). Meeting educational objectives in the affective and cognitive 

domains: Personal and social constructivist perspectives on enjoyment, 

motivation and learning Chemistry. Affective dimensions in Chemistry 

education, 3-27. 

Tashakkori, A., Teddlie, C., & Creswell, J. W. (2015). Mapping the developing 

landscape of mixed methods research. In SAGE Handbook of Mixed Methods in 

Social & Behavioral Research (pp. 45–68). SAGE Publications, Inc. 

https://doi.org/10.4135/9781506335193.n2 

Tawfik, A. A., Hung, W., & Giabbanelli, P. J. (2020). Comparing How Different 

Inquiry-based Approaches Impact Learning Outcomes. The Interdisciplinary 

Journal of Problem-Based Learning, 14(1). 

Thomas, G., Anderson, D., & Nashon, S. (2008). Development of an instrument 

designed to investigate elements of science students' metacognition, self-

efficacy and learning processes: The SEMLI-S. International Journal of Science 

Education, 30(13), 1701–1724. https://doi.org/10.1080/09500690701482493 

Turner, R. C., Keiffer, E. A., & Salamo, G. J. (2017). Observing Inquiry-Based 

Learning Environments Using the Scholastic Inquiry Observation Instrument. 

International Journal of Science and Mathematics Education, 16(8). 

https://doi.org/10.1007/s10763-017-9843-1 

Ucar, F. M., & Sungur, S. (2017). The role of perceived classroom goal structures, 

self-efficacy, and engagement in student science achievement. Research in 

Science & Technological Education, 35(2), 149–168. 

https://doi.org/10.1080/02635143.2017.1278684 

Uitto, A. (2014). Interest, attitudes and self-efficacy beliefs explaining upper-

secondary school students’ orientation towards Biology-related careers. 

International Journal of Science and Mathematics Education, 12(6), 1425–

1444. https://doi.org/10.1007/s10763-014-9516-2 

Ural, E. (2016). The effect of guided-inquiry laboratory experiments on science 

education students’ Chemistry laboratory attitudes, anxiety and achievement. 



75 

 

Journal of Education and Training Studies, 4(4), 217–227. 

https://doi.org/10.11114/jets.v4i4.1395 

Vincent-Ruz, P., Meyer, T., Roe, S. G., & Schunn, C. D. (2020). Short-term and 

long-term effects of POGIL in a large-enrollment general Chemistry 

course. Journal of Chemical Education, 97(5), 1228-1238. 

Vishnumolakala, V. R., Southam, D. C., Treagust, D. F., Mocerino, M., & Qureshi, 

S. (2017). Students’ attitudes, self-efficacy and experiences in a modified 

process-oriented guided inquiry learning undergraduate Chemistry classroom. 

Chemistry Education Research and Practice, 18(2), 340–352. 

https://doi.org/10.1039/c6rp00233a 

Wahyudiati, D., Rohaeti, E., Irwanto, Wiyarsi, A., & Sumardi, L. (2020). Attitudes 

toward Chemistry, self-efficacy, and learning experiences of pre-service 

Chemistry teachers: Grade level and gender differences. International Journal 

of Instruction, 13(1), 235–254. https://doi.org/10.29333/iji.2020.13116a 

Walker, J. P., & Sampson, V. (2013). Learning to argue and arguing to learn: 

Argument‐driven inquiry as a way to help undergraduate Chemistry students 

learn how to construct arguments and engage in argumentation during a 

laboratory course. Journal of Research in Science Teaching, 50(5), 561-596. 

Waswa, P., & Cheptinget, R. (2013). Inquiry learning in secondary school 

Chemistry: Are science teachers using IT ? African Journal of Education, 

Science and Technology, 1(1), 153–166. 

Wildan, W., Hakim, A., Siahaan, J., & Anwar, Y. A. S. (2019). A Stepwise Inquiry 

Approach to Improving Communication Skills and Scientific Attitudes on a 

Biochemistry Course. International Journal of Instruction, 12(4), 407–422. 

https://doi.org/10.29333/iji.2019.12427a 

Yamane, T. (1967). Statistics: An introductory analysis (2nd Edition). Harper and 

Row. 

You, S., Kim, E. K., Lim, S. A., & Dang, M. (2021). Student and teacher 

characteristics on student Math achievement. Journal of Pacific Rim 

Psychology, 15, 1834490921991428. 

https://doi.org/10.1177/1834490921991428 

Younis, B. K. (2017). The effects of scientific inquiry simulations on students’ 

higher order thinking skills of chemical reaction and attitude towards 

Chemistry. American Journal of Educational Research, 5(11), 1158-1161. 

Yunus, N., & Pammu, A. (2017). The implementation of inquiry-based learning to 

reading comprehension of EFL students. International Jurnal of Science and 

Research (IJSR), 6(3), 1067–1071. https://doi.org/10.21275/ART20171521 

Zach. (2020). The four assumptions of linear regression. Statology. 

https://www.statology.org/linear-regression-assumptions/ 

 

 

  



76 

 

APPENDICES 

APPENDIX I: PRACTICAL LESSON OBSERVATION SCHEDULE 

SECTION A: OBSERVATION PROTOCOL 1 

Lesson No…………………                                                    Date……………………. 

Teacher……………………                                                          Form: ………….....                         

Materials……………………………………………………………………………… 

Sub-topic……………………………………………………………………………… 

Lesson objective(s): By the end of the lesson, the learner should be able to; 

……………………………………………………………………………………….. 

Inquiry-based learning 

practices 

  Frequency in a 10-minutes interval (Tick) 

(A practical lesson takes 80 minutes) 

1-

10  

11-

20 

21-

30 

31-

40 

41-

50 

51-

60 

61-

70 

71-

80 

Engagement          

Teacher examines learners past 

knowledge and gives them 

opportunity to question. 

        

Teacher makes connection 

between past and present 

learning experiences for 

effective learning. 

        

Exploration          
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Learners are given opportunity to 

design and carry out experiments 

in the laboratory. 

        

Learners are allowed to discuss 

among themselves results from 

investigations. 

        

Explanation          

Teacher provides detailed 

explanations for investigations to 

be undertaken by students. 

        

Teacher asks learners to explain 

their understanding of the 

concept under study. 

        

Elaboration          

The teacher provides instances 

for learners to extent their 

learned knowledge to get a 

deeper understanding. 

        

Teacher allows students to make 

connections between learned 

concepts and the world around 

them. 

        

Evaluation          
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SECTION B: PROTOCOL 2 

Protocol 2 will be used to tabulate the frequency of inquiry-based learning approach 

in Chemistry practical lessons. It is based on a scale 1-5 as outlined: 1 = never, 2 = 

Rarely, 3 = sometimes, 4 = frequently and 5 = very frequently.  

Inquiry-based 

learning practices 

Very 

frequently 

5 

Frequently 

4 

Sometimes  

3 

Rarely  

2 

Never 

1  

Engagement       

Teacher examines 

learners past 

knowledge and gives 

them opportunity to 

question. 

     

Teacher makes 

connection between 

past and present 

     

Teacher asks related questions to 

students to assess their 

knowledge and skills. 

        

Teacher gives class 

assignment/administer a test to 

assess learners understanding. 
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learning experiences 

for effective learning 

Exploration       

Learners are given 

opportunity to design 

and carry out 

experiments in the 

laboratory 

     

Learners are allowed to 

discuss among 

themselves results from 

investigations 

     

Explanation       

Teacher provides 

detailed explanations 

for investigations to be 

undertaken by students. 

     

Teacher asks learners 

to explain their 

understanding of the 

concept under study. 

     

Elaboration       

The teacher provides 

instances for learners to 

extent their learned 
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knowledge to get a 

deeper understanding. 

Teacher allows 

students to make 

connections between 

learned concepts and 

the world around them. 

     

Evaluation       

Teacher asks related 

questions to students to 

assess their knowledge 

and skills. 

     

Teacher gives class 

assignment/administer 

a test to assess learners’ 

understanding. 
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APPENDIX II: TEACHER QUESTIONNAIRE 

The questionnaire is designed for teachers to rate how often they use inquiry-based 

learning practices in Chemistry practical lessons. The information will be anonymous 

and confidential. You are therefore kindly requested to provide honest and accurate 

information.  

SECTION A: DEMOGRAPHIC CHARACTERISTICS 

Please tick in the boxes provided. 

1. Gender: Male   Female  

2. Highest Education Qualification 

 Diploma     BED        Master’s degree                        PhD  

3. Teaching experience (years) 

 0-4        5-9           10-14             15-19      20-24     25-29           

  30 and above   

4. Number of students in class 

20-29  30-39  40-49   Above 50 

5. What was the form three Chemistry mean grade in the latest exam?  

 E D-         D D+       C-        C          C+         B-       B      

 B+       A-      A 

6. Have you been trained by CEMASTEA? 

Yes   No 

          If yes, please indicate the year(s) when you were trained; 

a. ...............   e.................... 
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b. ...............   f.................... 

c. ............... 

d. ............... 

7. Have you had any other training or seminar on how to teach Chemistry?  

Yes   No      

     If yes, please specify.................................................................. 

8. How many laboratories do you have in your school?..................... 

9. Is the laboratory(s) well equipped?.................... 

10. How many Chemistry practical lessons do you conduct within a period of 2 

weeks for form three students?...................... 

11. Other than during normal lessons, how many Chemistry practical sessions do 

you conduct in a period of 1 month for form three students?............. 

12. How many Chemistry practical tests e.g. paper three do you conduct in a period 

of 1 year for form three class?.................. 

SECTION B: USE OF INQUIRY-BASED LEARNING 

This section is based on a 5-point Likert scale: 5 = Every Lesson (EL), 4 = Once a 

Week (OW), 3 = Once a Month (OM), 2= Once a Term (OT), and 1 = Never (N).  

Please indicate the extent to which you utilize the listed inquiry-based learning 

practices in Chemistry practical lessons by ticking in the respective column. 
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Inquiry-based learning practices EL OW OM OT N 

I assess learners’ prior knowledge       

I make connection between the past and present 

learning experiences for effective learning 

     

I allow learners to design and carry out 

experiments in the laboratory 

     

I allow learners to discuss results from 

investigations 

     

I provide detailed explanations for 

investigations to be undertaken by students 

     

I ask learners to explain their understanding of 

the concepts under study 

     

I provide instances for learners to extent their 

learned knowledge to get a deeper 

understanding. 

     

I allow students to make connections between 

learned concepts and the world around them 

     

I pose related questions to students to assess 

their knowledge and skills 

     

I give assignments to assess learners’ 

understanding. 
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APPENDIX III: STUDENT QUESTIONNAIRE 

This questionnaire aims to gather information on students’ academic achievement, 

self-efficacy and attitudes towards Chemistry. Don’t include your identify or the name 

of your institution anywhere in this questionnaire. The information will be confidential 

and used exclusively for research reasons. As a result, you are respectfully urged to 

answer the questions truthfully. Your contribution will be greatly valued.  

SECTION A. BACKGROUND INFORMATION 

Please tick in the boxes. 

1. Gender: Male   Female 

2. What did you score in the last Chemistry examination?  

E D-         D D+       C-        C          C+         B-       B          B+    

  A-        A 

Indicate the marks scored in; 

Paper 1...................marks 

Paper 2...................marks 

Paper 3...................marks 

3. Do you like practical lessons? Please tick the extent to which you like them in 

the spaces provided. 

Always                                   Sometimes                          Never  

4. Do you like the way practical lessons are conducted? (Tick in the spaces 

provided)  

   Yes           No  
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SECTION B. STUDENT’S ATTITUDE TOWARDS CHEMISTRY 

This section consists of 15 items on student’s attitudes towards Chemistry lessons.  

Please tick in the boxes the level to which you agree with the statements. 

5 = Strongly Agree (SA), 4 = Agree (A), 3 = Not Sure (NS), 2 = Disagree (D), and 1= 

Strongly disagree (SD). 

Item  SA A NS D SD 

I know that I will require Chemistry knowledge in my 

future career 

     

When I do practicals, I am able to come up with answers 

to challenging tasks on Chemistry  

     

Chemistry is a crucial subject that people need to study      

I like trying to solve new problems in Chemistry      

I feel empowered when I am doing experiments in the 

laboratory 

     

Chemistry is important for bringing solutions to daily 

life problems 

     

I intend to take a career related to Chemistry to get a 

good job in future 

     

We have interesting exercises in Chemistry      

I will be happy to dedicate most of my time in doing 

experiments 

     

Chemistry is one of my favorite subjects      

It is important for people to get an understanding of 

Chemistry since it influences their lives 
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Chemistry lessons are interesting      

I like to do Chemistry experiments      

Given an opportunity, I can carry out a project in 

Chemistry  

     

Chemistry is an easy subject      

 

SECTION C. STUDENT’S SELF-EFFICACY IN CHEMISTRY 

Please tick in the boxes the level to which you agree with the statements. 

5 = Strongly Agree (SA), 4 = Agree (A), 3 = Not Sure (NS), 2 = Disagree (D), and 1= 

Strongly disagree (SD). 

Item  SA A NS D SD 

I know that a variety of daily life events entail 

Chemistry-related concepts 

     

I can evaluate the solutions of Chemistry problems       

I am sure I can understand the most difficult 

materials presented in Chemistry 

     

I am sure I can come up with solutions to daily 

challenges by using Chemistry  

     

I am able to make remarks on ideas presented by 

my course mates in Chemistry lessons 

     

I know how to organize apparatus for Chemistry 

practicals 
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I get more understanding of Chemistry by doing 

practicals than theory 

     

I am confident of doing experiments with teacher’s 

guidance 

     

I am able to use science related strategies to get 

solutions to daily challenges 

     

In Chemistry classes, I am able to express my own 

opinions clearly 

     

I am able to make a good choice on a formula to 

find a solution to a Chemistry problem 

     

I feel confident when I interpret graphs/charts 

related to Chemistry 

     

I am sure I can come up with answers to solve a 

Chemistry problem 

     

I can make remarks on a specified Chemistry 

concept  

     

I am sure I can carry out practical activities in the 

Chemistry laboratory successfully 

     

I am sure I will get an excellent grade in Chemistry      

I can easily explain Chemistry topics to others       

I am able to gather data during the Chemistry 

practicals  

     

I am confident I can master the skills taught in 

Chemistry 
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I am sure I can transfer the Chemistry learned 

knowledge in everyday experiences 

     

I am sure I can do a great work on Chemistry tasks 

given in class 

     

I am sure I can master the basic concepts in 

Chemistry 

     

I am sure I can use equipment in the Chemistry 

laboratory  

     

I feel comfortable to talk about Chemistry concepts 

with my course mates  

     

In Chemistry lessons, I can present my ideas 

properly  

     

I think I am successful in Chemistry      
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APPENDIX IV: DOCUMENT ANALYSIS FRAMEWORK 

The purpose of the document analysis framework is to assess the nature of practical 

tasks on students’ worksheets. 

Statement  Yes  No  

The teacher provides research questions to 

students for investigations 

  

The teacher allows learners to develop research 

questions 

  

Students develop/design procedures for 

investigations 

  

The teacher provides procedures for 

investigations 

  

Learners make observations, collect and analyze 

data 

  

Students are allowed to apply knowledge learned 

into new situations  

  

Students are given tests/questions to evaluate 

their understanding 
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