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                                                          ABSTRACT

This study aimed at assessing the utilisation of laboratories in teaching of science subjects in public secondary schools in Bukoba rural, Kagera, Tanzania. This study adopted the Constructivist Learning Theory of Dewey (1916). The study used the pragmatic research paradigm and mixed-methods approach with an explanatory sequential design. Stratified random and purposive sampling techniques were used to select 130 participants. Data were gathered through questionnaires and focus group discussions. Quantitative data were coded and analysed by the use of descriptive statistics (mean scores and standard deviations) while qualitative data were thematically analysed. Regarding the adequacy of science laboratories, findings have revealed that science laboratories are available but with insufficient spaces and have inadequate instructional materials. On the students' involvement in practical work, the results have indicated that practical work is done by demonstration to Form Four science students only, and they are conducted in large groups. In regard to challenges encountered by students during teaching/learning science subjects, findings have established that schools lack trained laboratory technicians, no allocation of time in the school timetable pertaining to conducting practical work and inadequate allocation of laboratory facilities. Based on the findings, parents should be sensitised to initiate programmes allowing available science teachers to use their weekend days to teach practical activities, subject to payment and other contributions. At the school level, school heads should ensure that the school timetables indicate the time allocation for practical activities. Local government authority is advised to design and build science laboratories according to the specified dimensions and international standards, employ adequately trained laboratory technicians and supply adequate teaching and learning materials. 
Key words: Utilisation, laboratories, teaching, science subjects, public secondary schools
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CHAPTER ONE

INTRODUCTION
1.1 
Introduction

This chapter introduces the study about utilisation of laboratories in teaching of science subjects in public secondary schools in Bukoba rural, Kagera, Tanzania. It is organised into the background to the study, problem statement and research objectives. It further presents research questions, scope and significance of the study.
1.2 
Background to the Study

“Education serves as a vital instrument for societal transformation, universally valued for its role in fostering the knowledge and skills necessary to drive progress and advancement across individuals, groups, and organizations at all levels” (Victor, 2017, p. 2). Scholars regard education as one of the basic needs of human beings and without it, humans cannot physically and spiritually progress (develop), prosper, and be happy in life (Pareek, 2019; Ramadhani & Titisari, 2019).
“The word Science is derived from the Latin word ‘Scientia.’ This means what is to be known, truth, certain or a fact. It could be viewed as an act of doing and is more involved with various investigative activities and processes regarding developing, controlling and acquiring skills, knowledge, attitude and capacity about the natural factors of the environment” (Onyeukwu & Enyaosah, 2016, p. 1). In order for any nation to advance in science and technology, it must invest in science education.
Usually, science involves practical work, which enables students to acquire scientific knowledge and be able to face global challenges (Musah & Bah, 2017). It is noted that, scientific practical activities help to develop logical thinking, scientific curiosity, science attitudes and skills in understanding the environment that students are living in (Dan & Adewoga, 2016; Susanti et al., 2016). Also, it is argued that, practical experiments in the laboratories make students active, observe, investigate, formulate hypotheses, collect and interpret data, learn new techniques and methods, acquire new and permanent knowledge (Seetee et al., 2016). The shortage of science subjects’ teaching/learning facilities, poor state of existing science laboratories as well as inadequate maintenance are inhibitors of students’ attendances, learning desire of science subjects and accomplishment of schools’ and students’ goals (Abdalla, 2017; Edward, 2018; Kapinga, 2017; Lyimo, Too, & Kipng’etich, 2017; Mkimbili, Tiplic, & Ødegaard, 2017). Despite the importance of science laboratories, studies suggest that, the situation in Tanzania is not conducive (Lohay, Mwonge, Naho, & Wandela, 2022; Lyanga & Chen, 2020). 
However, Rwehumbiza, Kabendera, and Ateka (2018) reported contrary information from Bukoba district. They established that instructional resources for science subjects were sufficiently available and that science laboratories were adequate. Such different observations called for a different study. This study, therefore, focused on the utilisation of laboratories for effective teaching of science subjects in public secondary schools in Bukoba district, Tanzania.
1.3 
Statement of the Problem

As stated earlier, effective teaching and learning of science subjects cannot take place without effective practical work in laboratories, as practical activities stimulate and motivate students' learning in science; they also encourage them to construct knowledge. For teachers, practical activities improve teachers’ confidence and the relationship between students and teachers.  As a result, they become more effective, more productive, and more creative (Makwinya, 2021; Sam-Kalagbor, 2021). This could be attained only if there were effective management and utilisation of the available teaching/learning facilities for practical activities in a school (Fatoba & Abidakuna, 2019; Ofoghi et al., 2016).
Studies in Tanzania have indicated that the state of science laboratories is not promising. For example, in Muheza, Tanga, Ilomo, and Mlavi (2018) indicated that science laboratories in secondary schools were insufficient. Recently, in Ngara district, Lohay et al. (2022) have established that science laboratories in the public secondary schools have been a problem. Similar findings were reported in Dodoma City (Lyanga & Chen, 2020), in Arumeru district (Mokoro, 2020), Karagwe district (Edward, 2018) and Bukoba district (Rwehumbiza et al., 2018).
Furthermore, studies have suggested that even the available instructional facilities in laboratories were not effectively utilised during the teaching and learning of science subjects in public secondary schools.  For instance, in Ilemela, Mwanza, Dalali (2021) found that teachers in public secondary schools ignored the usage of teaching/learning aids in the teaching and learning of science subjects, which ultimately impeded students’ understanding of various concepts. A similar investigation by Abdalla (2017), in the West district in Zanzibar, indicated that, there was a low usage of science instructional materials in secondary schools, which later impacted students’ academic achievements. Based on the argument presented above, it has been clear that, there was a scarcity and underutilization of science laboratories in different parts of Tanzania. 
However, evidence from Bukoba district shows that instructional resources for science subjects were sufficiently available and science laboratories were adequate in public secondary schools (Rwehumbiza et al., 2018). This study focused on the availability of the laboratories and instructional materials. Such different observations called for a different study. This study, therefore, focused on the extent these laboratories were utilised for effective teaching of science subjects in public secondary schools in Bukoba Rural District, Tanzania.
1.4 
Objectives of the Study

1.4.1 
General Objective

This study assessed the utilisation of laboratories in teaching of science subjects in public secondary schools in Tanzania.
1.4.2 
Specific Objectives

This study specifically:

(i) Assessed the adequacy of science laboratories in public secondary schools in Bukoba rural.

(ii) Determined the frequency of students’ involvement in the laboratory practical work in public secondary schools in Bukoba rural.

(iii) Explored challenges encountered by the students during teaching/learning of science subjects in public secondary schools in Bukoba rural.

1.5 
Research Questions

The research questions to answer the general objective of the study were:-

(i) How adequate are science laboratories in Bukoba rural public secondary schools?

(ii) To what extent have students been involved in the laboratory practical work in public secondary schools in Bukoba rural?

(iii) What are the challenges that students encountered during teaching/learning of science subjects in public secondary schools in Bukoba rural?
1.6 
Scope of the Study

This study was geographically carried within the boundaries of Bukoba rural with 4 Divisions and 29 wards as follows: Bugabo (5 wards), Kyamtwara (4 wards), Katerero (11 wards) and Rubale (9 wards). Only 10 public secondary schools were selected for the study. 
1.7 
Significance of the Study

This study would add value to the existing body of knowledge. The obtained knowledge would help the school supervisors and normal teachers to identify weaknesses that affect learners’ academic performance in science subjects. Also, this study would enable the local governments of Tanzania to identify strategies that might enable science teachers to effectively utilise science laboratories through seminars, workshops and refresher courses.

1.8 
Operational Definitions of Key Terms

Laboratories meant all special rooms where science subjects ought to be taught and learned; practical work has been conducted. 

Science subjects included only Biology, Chemistry and Physics subjects.

Public secondary schools meant the government-owned-schools which accommodate students who complete Primary School Leaving Examinations (PSLE). 

CHAPTER TWO

LITERATURE REVIEW
2.1 
Introduction

This chapter reviews literature related to the studies that investigated the utilisation of laboratories in the teaching of science subjects in public secondary schools. The reviewed literature is organised into theoretical and empirical literature reviews, research gaps and finally, the conceptual framework.
2.2 
Theoretical Literature Review

This study was anchored on the Constructivist Learning Theory. According to Suhendi (2018), this theory was propounded by Dewey (1916) and later modified by Piaget (1973) and Vygotsky (1978). Its basic principles are that, people are expected to learn after gaining experience from what they have been learning. From Piaget, the "teaching and learning process must be related to the practical real world where teachers and students can actively share their knowledge and experience" (Aljohani, 2017). From Vygotsky, the mind of the student in the classroom ought to be developed through interactions with various materials in the learning process (Mercer, 2020). 
In this sense, a student learns from his/her classmates and uses such experiences to make a successful sense of the materials he/she is interacting with (Bao, 2016). Akpan, Igwe, Mpamah, and Okoro (2020) and Frederick-Jonah (2022) were of the view that knowledge acquisition may take place in various ways through discussions, working as a team or any instructional interaction, brainstorming, answers to problems and others. In so doing, students interact with people, materials and immaterial environment where they can gain understanding and accumulate experiences and skills, which are needed in solving specific problems in life; and later, they become competent in specific profession.
This theory deemed appropriate to this study because science cannot be taught and learnt in abstract. It should involve practical work, which enables students to acquire scientific knowledge and skills in order to face global challenges. The available evidence indicated that, teachers in public secondary schools ignored the usage of laboratory instructional materials while teaching science subjects (Abdalla, 2017; Dalali, 2021) which hindered students to comprehend various concepts and their excel in science academic performances. In the upshot, this theory, in this study, gauged the utilisation of laboratories in teaching of science subjects in public secondary schools in Tanzania.
2.3 
Review of Empirical Literature

2.3.1 
Adequacy of Science Laboratories in Public Secondary Schools
In France, Zenke and Kurz (2023) carried a study on the “adequacy of science laboratories in universities in France.” This study used a qualitative approach. The methods for gathering information were interviews and documentary reviews. The findings established that, in all universities, science laboratories were available and adequate which helped students to learn through practical work. That study shed light on the proposed study but it was conducted in the universities in France. The proposed study made a comparison of the results in public secondary schools in Bukoba rural district in Tanzania.
Pacala and Cabralesto (2023) explored the “science education in public secondary schools in the Philippines.” The study employed a qualitative approach with a phenomenological research design. Data were gathered through interviews. The findings indicated that there were insufficient and inadequate science laboratories. Pacala and Cabralesto utilised a qualitative approach while the proposed study used a mixed-methods approach so as to benefit from the strengths of the two (qualitative and quantitative) methods.
In India, Kumar and Ramnath (2018) assessed the “availability and utilisation of chemistry laboratory resources in private and public higher secondary schools.” The study used a quantitative approach with a survey research design. Questionnaires were used for gathering information. The study divulged that most of the schools had well-equipped and adequate chemistry laboratories. As indicated above, Kumar and Ramnath employed a quantitative approach; thus, it was assumed here that it lacked in-depth information. The proposed study used a mixed-methods research approach to complement the strengths of both qualitative and quantitative methods.
Julius (2017) carried out a study in Uganda on the “effects of laboratory exposure on students’ academic achievement in practically based subjects in secondary schools.”  The study used a qualitative approach with a descriptive survey design. Observation, checklists and documentary reviews were the methods for gathering information. The study unveiled that the laboratories were unavailable at schools; instead, they used normal classrooms as laboratories. Science teaching materials were also insufficient or rather absent, and schools improvised with locally available materials. Julius’ study employed a qualitative research approach. It was argued here that there was a possibility of being affected by bias. The current study in Bukoba rural, Tanzania, employed a mixed-methods research approach so as to avoid or reduce bias.
In Ethiopia, Geleta (2016) examined the “upshot of availability and utilisation of science laboratory inputs on students’ academic achievement in high schools.” This study used a quantitative approach. Data were gathered through questionnaires and checklists. The study demonstrated the shortage of science laboratories and teaching/learning materials. The study in Ethiopia used a single research approach-quantitative-which was possibly full of some errors. The proposed study used a different approach (mixed-methods approach) to assess the utilisation of laboratories in teaching science subjects in Bukoba rural, Tanzania.
In Tanzania, Ilomo and Mlavi (2018) carried out a study in Muheza district, Tanga on the “effects of the availability of teaching and learning facilities on academic performance in the community-based secondary schools.”  The study used a mixed-methods research approach. The methods for gathering the required data were questionnaires and interviews. The findings indicated that there was an insufficiency of science laboratories. The study in Muheza district added weight to this study, which filled in the geographical gap in Bukoba rural, Kagera.
2.3.2 
Involvement of Students in the Laboratory Practical Work
Gericke, Högström and Wallin (2022) conducted a “systematic review on laboratory work in secondary schools in Sweden.” This study used a qualitative approach and the information gathering was by documentary reviews. The findings showed that, students were involved in practical work, which later improved their academic performance. The study gave an insightful information to the current study but it was conducted in Sweden unlike the current one which compared or contrasted the findings in Bukoba rural district in Tanzania.
In Indonesia, Mukra, Silitonga, and Restuati (2020) analyzed the “facilities and intensity of utilisation of Biology laboratories in public secondary schools.” The study used a descriptive quantitative approach. The methods for collecting data were questionnaires. It was found that science teacher’s engaged students in the biology practical work in the laboratories. The study in Indonesia employed a quantitative approach. In employing a single research approach, the current researcher believed that it lacked some important and deep information. The current study in Bukoba rural, Tanzania, employed both qualitative and quantitative approaches to complement each other by building on the strengths of the data collected.
In India, Das (2018) assessed the “availability of chemistry laboratory facilities and their utilisation in the higher secondary schools.” The study used a quantitative approach in line with a descriptive survey design. Methods for collecting data were questionnaires and checklists. The study established that science laboratories were ineffectively utilised. Das’s study in India was conducted in the higher secondary schools; the current one was conducted in the lower secondary schools in Bukoba rural, Tanzania. Again, the current study used both quantitative and qualitative approaches rather than the former so as to build the strengths of the collected data.
Olajide, Adebisi, and Tewogbade (2017) assessed the “laboratory resources, teachers’ and students’ involvement in practical activities in basic science in junior secondary schools in Nigeria.” The study used a mixed methods approach in conjunction with a descriptive survey design. Observation, checklists and questionnaires were the methods for gathering information. The findings indicated that students were rarely involved in practical activities. The study in Nigeria employed a descriptive survey design to reveal the involvement of students in the science practical work. The current study in Bukoba rural, Tanzania, employed a different design (explanatory sequential research design) to fill in the geographical gap.
In Tanzania, Rwehumbiza, Kabendera, and Ateka (2018) investigated the “availability and adequacy of teaching/learning materials for the implementation of compulsory science curriculum in public secondary schools in Bukoba district council.” The study adopted a mixed methods approach with the cross-sectional survey and phenomenology designs. Data were gathered through questionnaires, interviews and observation schedules. The findings portrayed that the frequency of science experiments was very low, which did not involve other students but only Form IV students as their final examinations approached. The researchers were very much acknowledged. The current study employed a different research design (explanatory sequential research design) to fill in the knowledge gap.
2.3.3 
Challenges Encountered by Students During the Teaching/Learning of Science Subjects
Stefanidou and Mandrikas (2023) carried out a study on “students’ views on science teaching at a distance in primary and secondary schools in Greece.” This study used a quantitative approach. Questionnaires were used for gathering information. The findings established that, learners were challenged with poor infrastructure, inadequate interactions with their fellows as well as teachers, distractions, insufficient practical work, and inadequate understanding of concepts. This study added weight to the proposed study, though it was conducted in Greece, unlike the current one, which was conducted in Bukoba rural district in Tanzania.
In the USA, Macias et al. (2022) assessed how the “COVID-19 pandemic impacted science teaching and science teachers of the eighth grade.” The study used a qualitative approach. Interviews were the method for gathering information. The results showed that students were remotely engaged in learning, inadequate time was spent on science lessons, and inadequate application of teaching methods. The current study set its tools to compare or contrast with the findings in Bukoba rural in Tanzania.
Kebbie (2019) carried out a study in Sierra Leone on the "factors inhibiting the effective teaching and learning of integrated science and related implications at the junior secondary schools.” This study used a quantitative approach in line with a descriptive survey design. Data were gathered through questionnaires. The results established that students were taught by untrained and unqualified teachers in teaching integrated science. The schools with a laboratory lacked teaching/learning facilities, and the time allocated for teaching/learning science subjects was not enough. The proposed study employed a mixed-methods approach with a convergent parallel design, unlike the former and filled in both knowledge and geographical gaps in Bukoba rural, Tanzania.

In Ethiopia, Zengele and Alemayehu (2016) conducted a study on the “status of secondary schools’ science laboratory activities for quality education.” It used a descriptive mixed-methods approach. The information was gathered through questionnaires, interviews, observations and checklists. The study found that students were faced with insufficient laboratory rooms and the trained laboratory technicians were absent; others were a lack of teachers’ commitment and interests in teaching science subjects, unreliable grading and assessment system of science subjects’ examinations. Zengele and Alemayehu’s study was conducted in Ethiopia. The proposed study filled in a geographical gap in Bukoba rural, Tanzania.
In Tanzania, Lyanga and Chen (2020) carried out a study in Dodoma municipality on the “factors affecting students’ academic performance in science subjects in public secondary schools.” The study employed a qualitative approach. The information was gathered through interview, observation and checklists. The results indicated that, the schools experienced the shortage of chemicals for practical work and enough and quality textbooks. Furthermore, the study established that, there existed the shortage of qualified and competent science teachers. Lyanga and Chen’s study was conducted in Dodoma municipality, and it used a single approach – a qualitative research approach. The current one was conducted in Bukoba rural, Tanzania, and it employed a different approach – mixed methods research approach – to outweigh the weaknesses of using a single approach.
2.4 
Research Gaps
Empirical literature review was carried out on three aspects: adequacy of science laboratories, students' involvement in the laboratory practical work and challenges encountered by students during the teaching/learning of science subjects. Most of the reviewed literature either used a qualitative or quantitative approach. A study employing a single research method may be limited in its ability to gather comprehensive and in-depth information compared to a mixed-methods approach. Mixed methods, by integrating various methodologies, can offer complementary strengths, leading to a more robust knowledge base and potentially reducing the impact of biases and errors in the data collection and analysis. 
Furthermore, the reviewed literature predominantly focuses on international research contexts (for example, Indonesia and India) and regional (for example, Ethiopia and Uganda) contexts in secondary schools, to mention but a few. However, the one which was conducted in Bukoba district, Tanzania (Rwehumbiza et al., 2018) did not directly investigate the utilisation of laboratories in teaching of science subjects in public secondary schools, but the adequacy of teaching/learning materials for the implementation of compulsory science curriculum. Based on the facts above, there was a notable gap to be filled in Bukoba rural district, Kagera.
2.5 
Conceptual Framework

This study's conceptual framework was guided by the independent, intermediate and dependent variables as noted in the figure 2.1.
Figure 2.1 illustrates the utilisation of laboratories in the teaching of science subjects in public secondary schools. The independent variables were the adequacy of science laboratories, students' involvement in the laboratory practical work, dependent variable was the teaching of science subjects, while challenges encountered by students during the teaching/learning of science subjects was an intermediate variable.


Figure 2.1: Conceptual Framework Diagram

Source: The Researcher (2025)
The researcher believed that the independent, dependent and intermediate variables were interrelated. The researcher assumed that, in order for effective teaching of science subjects in public secondary schools, science laboratories (Biology, Chemistry and Physics) should be adequate and effectively utilised by both teachers and students. Again, it was not the matter of the adequacy of science laboratories in schools but effective teaching and learning; teachers and/or laboratory technicians should also thoroughly involve students in practical work. This could only be achieved if the schools possessed recognised practical time-tables, trained teachers and technicians, adequate teaching and learning materials and others. However, in the teaching and learning of science subjects, students were expected to encounter various challenges. 
These could be the presence of untrained and unqualified teachers or unreliable grading and assessment system of science subjects’ examinations and others. Based on the relationship of the named variables, it was assumed that, if laboratories were effectively utilised by both teachers and students, there would have existed an effective teaching of science subjects in public secondary schools.

CHAPTER THREE

RESEARCH METHODOLOGY

3.1 
Introduction

This chapter introduces the research methodology. It also presents the research paradigm, approach, design and area of the study; furthermore, it presents targeted population, sample size and sampling techniques; additionally, the methods for collecting data, validity and reliability, data analysis and ethical considerations are also presented.
3.2 
Research Paradigm

This study used the pragmatic research paradigm, which balances both positivist and interpretivist paradigms. Usually, the “Pragmatic” paradigm is associated with mixed approach studies (Tanlaka, Ewashen, & King-Shier, 2019). This paradigm considers that, there is no single best way to conduct research; thus, the current researcher utilised the strengths of both, positivist and interpretivist, to avoid some short falls which could be found if one of the two could have been used (Revez & Borges, 2018). 
The chosen paradigm allowed the current researcher to examine a problem from multiple perspectives. This reduced the inherent bias of using only one particular method (CIHR, 2019). However, the pragmatic research paradigm is said to have some limitations. One of its limitations is to promote relativism and a high cost (Reed, 2018). Despite that, the current researcher believed that, the chosen research paradigm was more relevant as it enabled the researcher to use both qualitative and quantitative methods.
3.3 
Research Approach

This study used a mixed methods approach. According to Hafsa (2019), the mixed-methods approach allows the researcher to collect and analyse data, integrate the findings, and draw inferences using both qualitative and quantitative approaches in a single study. With mixed-methods approach, the current researcher believed that, there was no single best way of doing research; both quantitative and qualitative data were collected and analysed in the same study. Thus, the weaknesses of one method were outweighed by the strengths of another (Queirós, Faria, & Almeida, 2017).
3.4 
Research Design
This study employed an explanatory sequential design. According to Molina-Azorin et al., (2018), this design first collects and analyses quantitative data followed by collecting and analysing qualitative data. This research design was opted because the study used the quantitative participants' characteristics to guide purposeful sampling for the qualitative phase (Demir & Pismek, 2018). These two phases aimed at collecting data on the adequacy of science laboratories and students' involvement in the laboratory practical work; finally, it collected data on the challenges encountered by students during teaching/learning of science subjects in public secondary schools in Bukoba rural district.
3.5 
Area of the Study

This study was conducted in Bukoba-rural district. Administratively, the district is has 4 Divisions and 29 wards as follows: Bugabo (5 wards), Kyamtwara (4 wards), Katerero (11 wards) and Rubale (9 wards) with a population of 289 697. The socio-economic activities in the district include subsistence farming, fishing, hunting, and small-scale mining. Education-wise, it has 42 secondary schools (33 being public and 9 private). This area was selected because evidence showed that science laboratories were adequate (Rwehumbiza et al., 2018). However, there was little evidence of the extent of the utilisation of those laboratories in the teaching of science subjects in public secondary schools.  Therefore, there was a notable gap to be filled in public secondary schools by this study in this area.
3.6 
Targeted Population of the Study

The targeted population for this study included science teachers (STs) and all students in all public secondary schools in Bukoba rural. According to the Bukoba Rural Secondary Education Office (2024), the district had a total of  222 STs and 19 139 students (9 292 boys and 9 847 girls). Science teachers (STs) who are teaching science subjects were in a position to avail information regarding the adequacy of science laboratories in Bukoba rural. They also shared with the researcher the frequency of students’ involvement in the laboratory practical work. Students were also in a position to answer questions on the frequency of involvement in the laboratory practical work and challenges they encountered during teaching/learning of science subjects.
3.7 
Sample Size and Sampling Techniques

3.7.1 
Sample Size

A sample of 130 participants was involved in the study.  It included 30 STs and 100 students. The selection of 100 students was determined by the Taro Yamane formula (1967): 

                       N

n =          ____________

                     1+N (e)2
where n=sample size, N=targeted population, 1=constant and e=marginal error was 0.01 (10%). In this study, N=19 139 students; e was 0.1 (10%), confidence level=90%. Therefore, n could be calculated as:

                   19,139

n=         ______________

              1+ 19,139 * (0.1)2
               19,139

n=    ________

              192.39

n=         99.5

Table 3.1: Summarises the total sample size of the study.

Table 3.1: Distribution of Respondents (N=130)

	Respondents’ Category
	Gender
	Sample Size
	Percentage (%)
	Sampling Technique

	Science Teachers (STs)
	
	30
	23.0
	Purposive Sampling

	Students  
	Boys
	50
	38.5
	Stratified Random Sampling

	
	Girls
	50
	38.5
	Stratified Random Sampling

	                            Total
	130
	100.0
	


Source: The Researcher (2025)
3.7.2 
Sampling techniques

Simple random, stratified random, and purposive sampling techniques were used for the sample size selection.

3.7.2.1 Simple Random Sampling Technique
This technique was used to select 10 public secondary schools from the area of the study. The researcher wrote the names of all schools and the same visited a nearby public secondary school where he asked ten students to pick one of the papers. The names of the schools which were picked by the students were the ones which were used in the study. This technique was used because it enabled each school to be selected without any bias (Bhardwaj, 2022).
3.7.2.2 Stratified Random Sampling Technique
The student population was stratified by gender, creating two groups: one for boys and one for girls. Within the boys' group, a sample of 50 respondents was randomly selected. Each participating school contributed 5 boys to this sample. To select the boys for the study, a method involving numbered and blank papers was employed. Papers were placed in a box, and each boy from a specific school was allowed to pick one paper. Those boys who selected a blank paper were included in the study. The same procedure was used in selecting 50 girls in a female stratum. This technique was preferred to because it allowed every student to be selected without any discrimination (Sharma, 2017).
3.7.2.3 Purposive Sampling Technique
This technique was used to select 30 science teachers from the selected public secondary schools. Each school had to provide 3 teachers (1 for Biology, 1 for Chemistry and 1 for Physics). Within the school, the researcher asked for the statistics of all science teachers from the academic office. Thereafter, the researcher convened a short meeting with them in which he explained the aim of the study. The researcher divided science teachers into three groups: those teaching Physics, Chemistry and Biology. Those who taught Physics, Chemistry and Biology subjects were included in the study. This trend was done to all schools until all 30 teachers were obtained. These were purposively selected because they were the ones teaching science subjects in their respective schools; they were in a position to share with the researcher their personal experiences and perceptions about the adequacy of science laboratories in public secondary schools. They also shared with the researcher on the students' involvement in the laboratory practical activities and challenges students encountered during teaching/learning of science subjects in Bukoba rural.
3.8 
Data Collection Methods
Questionnaires and focus group discussions were employed for collection data.
3.8.1 
Questionnaires

This method gathered quantitative data from students. Well-structured questions prepared by the researcher were distributed to students, where they were asked to choose responses from a 5-point Likert rating scale, which covered all specific objectives. The respondents were asked to choose and assign a tick (√) corresponding to their choices (See Appendix 1). This method was preferred because it reduced bias and helped to collect data from a large group of people (Etikan  & Bala, 2017).
3.8.2 
Focus Group Discussion
Focus group discussion was used to gather information from all selected STs. Pre-set discussion questions were asked to the respective respondents according to the scheduled time-table. Discussion sessions did not exceed 50 minutes. Three science teachers in the selected public secondary schools formed a group for discussions. This means that, the researcher visited all 10 schools for discussions. Every participant in a group was given equal and enough opportunity to give his/her opinions and data were captured by using a note book and voice recorder. Both Kiswahili and English were used so as to enable the participants’ freedoms. The researcher employed this method because it helped to draw up attitudes, feelings, beliefs, experiences and reactions of the participants on the utilisation of laboratories in teaching of science subjects in Bukoba rural which were not feasible using only questionnaires (See Appendix 2).
3.9 
Validity and Reliability of Research Instruments

3.9.1 
Validity of Research Instruments
The validity of the study's instruments was established through content validity, a process that involved seeking expert feedback from the supervisor, fellow students, and academics, as well as piloting the instruments. This expert consultation and piloting were conducted to refine the instruments before the primary data collection phase (Mohajan, 2017). The qualitative data trustworthiness was also observed through credibility, transferability, dependability and conformability before data were collected (Denzin & Linkoln, 2018).
For the reasons stated above, a pilot study of 39 participants (9 STs and 30 students) was conducted from 3 public secondary schools. These schools were Kabale, Katoma and Bujunangoma, all in Bukoba rural. These pilot respondents were not included in the study. The collected data from the pilot study were refined so as to improve their validity.

3.9.2 
Reliability of Research Instruments
The pilot test was conducted to determine the internal consistencies of the quantitative instruments by using the Cronbach's Alpha value. The Cronbach’s Alpha values were calculated by the SPSS computer programme version 28.0. According to Schrepp (2020), the scale with Cronbach’s Alpha of 0.70 and above is considered good and acceptable.
This study had three independent variables. The first variable had 7 items; the second had 5 items while the last had 6 items. They were all tested for the Cronbach’s Alpha. Table 3.2 shows the output results.
Table 3.2: Reliability Scale Results

	S/N
	Variable
	Cronbach's Alpha
	Cronbach's Alpha Based on Standardised Items
	No. of Items
	Strength of Association

	1.
	ASL
	.63
	.62
	7
	Good and acceptable

	2.
	ISPW
	.40
	.30
	5
	Moderate and acceptable

	3.
	CESSS
	.79
	.79
	6
	Good and acceptable


ASL=Adequacy of Science Laboratories, ISPW=Involvement of Students in Practical Work, CESSS=Challenges Encountered by Students in Science Subjects

Source: Data Analysis (2025)
From Table 3.2 shows the Cronbach’s Alpha for the adequacy of science laboratories was .63 which indicated good and acceptable, for involvement of students in practical work was .40 found to be moderate and acceptable while for challenges encountered by students in science subjects with 6 items was found to be good and acceptable with an internal consistency of .79.

Reliability for qualitative data from focus group discussion was ensured through replicability of audio recordings and full transcriptions recorded in the notebook (Maguire & Delahunt, 2017).
3.10 
Data Analysis

After the questionnaires were collected from the respondents, then followed the process of analysing the quantitative data. The researcher filled in the respondents' choices in the questionnaires in SPSS. Then, he ran SPSS to get the mean scores and standard deviations. The mean scores were preferred because they took into account the responses of an individual, while standard deviations indicated how far each response of each individual varied from the mean scores. Qualitative data from focus group discussions were analysed in the following ways: first, the discussions were sorted and put together thematically as they were arranged in the notebook. The direct quotes and narrations were written on the rough work, and later, were assisted by audio from the sound recorder to ascertain if the quotes in the notebook matched with those in the sound recorder. Where the quotes in the notebook were not well understood, the researcher retrieved the sounds several times to analyse appropriate qualitative data under specific themes (Daniel, 2016). After that, the researcher started to write those responses thematically. The participants’ responses, which were answered in Kiswahili, were translated, analysed and presented in English.
3.11 
Ethical Considerations

The researcher initiated the study by obtaining necessary approvals. First, clearance and permission letters were secured from the Directorate of Postgraduate Studies (DPGS) at the Open University of Tanzania and the Bukoba District Council Executive Director. Subsequently, the researcher visited the schools to explain the study's objectives to potential participants. Confidentiality was a priority; participants were assured that their personal details would remain undisclosed. Furthermore, participants were informed of their right to withdraw from the study at any time without penalty.
CHAPTER FOUR

FINDINGS AND DISCUSSION
4.1 
Introduction
The discussions of the findings in this chapter based on the study that investigated about the utilisation of laboratories in teaching of science subjects in public secondary schools in Bukoba rural, Kagera, Tanzania. The discussions were organised into: the adequacy of science laboratories, students' involvement in the laboratory practical work and challenges encountered by students during teaching/learning of science subjects.
4.2 
Adequacy of Science Laboratories
The first specific objective assessed the adequacy of science laboratories in public secondary schools. Data were analysed by using the mean scores and standard deviations. The output results were summarised in Table 4.1.
Table 4.1: Students’ Responses about the Adequacy of Science Laboratories (n=100)

	Activities
	Responses
	Interpretation 

	
	M
	SD
	

	Chemistry laboratory is available
	4.09
	1.083
	Agree 

	Physics laboratory is available
	3.73
	1.136
	Agree 

	Biology laboratory is available
	3.70
	1.193
	Agree  

	Physics laboratory has adequate instructional materials
	3.53
	1.243
	Agree  

	Chemistry laboratory has enough space 
	2.28
	1.303
	Disagree

	Biology laboratory has enough space 
	2.16
	1.316
	Disagree

	Physics laboratory has enough space 
	1.80
	1.247
	Disagree 


Source: Data Analysis (2025)
The findings in Table 4.1 shows that, most students agreed that, science laboratories in public secondary schools were available: Chemistry laboratory (M=4.09, SD=1.083), Physics laboratory (M=3.73, SD=1.136) and Biology laboratory (M=3.70, SD=1.193). They also agreed that, it was only the Physics laboratory, among the three laboratories, with adequate instructional materials (M=3.53, SD=1.243). Qualitative data from focus group discussions with STs indicated a similar understanding. Most STs considered that, science laboratories were available at their respective schools but some were not equipped with instructional materials. 
For instance, one of the STs noted:

“Science laboratories at the school I am teaching are available but Chemistry and Biology laboratories have inadequate instructional materials compared to Physics laboratory.” (ST-A, 09 October, 2023, 8.30 A.M)

Furthermore, quantitative data show that students were of the opinion that all science laboratories had limited space compared to normal classrooms: Chemistry laboratory (M=2.28, SD=1.303), Biology laboratory (M=2.16, SD=1.316) and Physics laboratory (M=1.80, SD=1.247). These observations are in line with those from focus group discussions with the STs, who opined that science laboratories were built below the required standard of science laboratories. 
One of the STs commented:

At my school, Biology and Physics laboratories have been built as if they were normal classrooms. They do not have enough space as recommended by the government. (ST-B, 10 October 2023, 02: 30 P.M)

Another ST added:

At the school where I am working, the Chemistry laboratory, despite lacking enough space as required, has no fume chamber. (ST-C, 10 October 2023, 02: 35 P.M)

On this aspect, findings from the quantitative and qualitative data show that, science laboratories were available. These observations are in line with those of Kumar and Ramnath (2018), who also reported that secondary schools had science laboratories. However, these observations are contrary to the findings of Julius (2017), which established that the schools had no laboratories; science teaching materials were also insufficient or rather absent. These findings concur with those of Geleta (2016), and Ilomo and Mlavi (2018) who informed that, there was inadequacy of science laboratories and teaching/learning materials. The findings in the current study contravened the Constructivist Learning theory as it was developed by Vygotsky. The theory requires that, the student’s mind in the classroom ought to develop through interactions with various materials in the learning process (Mercer, 2020).
4.3 
Involvement of Students in the Laboratory Practical Work
The second specific objective determined the frequency of students’ involvement in the laboratory practical work. Data were analysed using the mean scores and standard deviations. Table 4.2 summarises the frequency of students’ involvement in the laboratory practical work. 
On the frequency of students’ involvement in the laboratory practical, quantitative data in Table 4 shows that, teachers taught practical work by demonstration (M=3.80, SD=1.247); practical work is only carried out to Form Four students (M=3.73, SD=1.171) and if performed, they were in large groups (M=3.59, SD=1.422).

Table 4.2: Frequency of Students’ Involvement in the Laboratory Practical Work (n=100)

	Activities
	Responses
	Interpretation 

	
	M
	SD
	

	Teachers teach practical work by demonstration
	3.80
	1.247
	Agree 

	Practical work is only carried out for Form Four students
	3.73
	1.171
	Agree 

	Practical work in the laboratories is performed in large groups
	3.59
	1.422
	Agree 

	We have practical texts and workbooks for science subjects
	3.51
	1.374
	Agree 

	We are effectively involved in practical work
	2.85
	1.641
	Disagree


Source: Data analysis (2025)
Furthermore, despite being availed with practical text and workbooks for science subjects (M=3.51, SD=1.374), students were of the opinion that, they were not effectively involved in practical work (M=2.85, SD=1.641). During focus group discussions, some of the STs noted that, since most science laboratories had inadequate chemical materials, students were taught through demonstrations. 
One of STs noted:

I do not have adequate chemicals and apparatus in my school. What I do when I want to teach practical work, I combine students in large groups and teach them through demonstration. (ST-D, 11 October 2023, 8.05 A.M)
A similar finding was observed from another ST. She commented:

Since I do not have adequate chemicals and apparatus in my school, I always teach practical work to only Form IV students so as to allow them to prepare well for their national practical examinations.” (ST-D, 11 October 2023, 8.15 A.M)

In regard to this aspect, both quantitative and qualitative data indicate that, teachers taught practical work by demonstration and in large groups. This means that, most of the students were not effectively involved in practical work. These observations are supported by Das (2018) as well as Olajide et al. (2017) who noted that, there was an ineffective use of science laboratories; students were rarely involved in practical activities. 
Furthermore, quantitative and qualitative data established that, practical work was carried out only to Form Four students. These observations concur with those of Rwehumbiza et al. (2018) who reported that, the frequency of science experiments was very low in schools and involved only Form IV students as the their examinations approached.These findings of the current study are also in contravention of the Constructivist Learning theory, which guided the same. Piaget as one of the contributor to this theory posited that, the teaching and learning process must be related to the practical real world where knowledge and experiences can be actively shared among teachers and learners (Aljohani, 2017). 
Also, Vygotsky as one of the developer to this theory was of the views that, the mind of the student in the classroom ought to develop through interactions with various materials while learning (Mercer, 2020). Apart from the findings of the proposed study and the adopted theory, there were contrary views from Mukra et al., (2020). These researchers identified that, science teachers engaged students in the practical work in the laboratories during the teaching and learning of science subjects.
4.4 
Challenges Encountered by Students During Teaching/Learning of Science Subjects
The last specific objective explored the challenges faced by students during the teaching/learning of science subjects. The quantitative data from students’ descriptive statistics regarding this aspect are summarised in Table 4.3.
Table 4.3: Challenges Encountered by the Students during Teaching/Learning of Science Subjects (n=100)

	Activities
	Responses
	Interpretation 

	
	M
	SD
	

	The school has no trained laboratory technicians at all
	4.03
	1.322
	Agree 

	Some teachers discourage students to study science subjects
	3.88
	1.335
	Agree 

	Time to conduct practical work is not allocated in the school timetable
	3.81
	1.331
	Agree 

	Science teachers perform practical work to Form Four science students only
	3.72
	1.296
	Agree 

	Laboratory facilities at school are not adequate
	3.67
	1.272
	Agree 

	Science teachers are not committed in their work
	2.89
	1.620
	Disagree 


Source: Data analysis (2025)
The findings in Table 4.3 indicate that, students encountered several challenges during teaching/learning of science subjects. Quantitative data show that, schools had no trained laboratory technicians et al, (M=4.03, SD=1.322), discouragements about science subjects from teachers (M=3.88, SD=1.335) and no allocation of time to conduct practical work in the school timetable (M=3.81, SD=1.331). These observations aligned with the data from focus group discussions. 
For instance, one ST commented:

…all schools in this district have no science laboratory technicians. We, science teachers, are burdened with our duties of teaching in such a way that we cannot manage to teach students practical activities for only 40 or 80 minutes…” (ST-E, 16 October 2023, 3.15 P.M).
Another ST added:

Another challenge we have is that teaching science subjects needs more time, while practical activities are not included in the school timetable because laboratory technicians are unavailable. Science syllabi are also too long in such a way that, if you teach through practical work, you fail to complete them on time. (ST-F, 16 October 2023, 3.20 P.M).
Furthermore, findings indicate that not all students performed practical work, but only Form Four science students (M=3.72, SD=1.296); laboratory facilities at schools were inadequate (M=3.67, SD=1.272). These observations aligned with the data from focus group discussions. 
For instance, one ST commented:

…my school lacks adequate laboratory instructional materials to be used for all students studying science subjects. So, what I do, I only engage Form Four science students in practical work in order to make them excel in their national examinations… (ST-G, 16 October 2023, 3.25 P.M).
Quantitative data also showed that students denied having not committed to their practical work (M=2.89, SD=1.620). This finding is in line with the observations from the focus group discussions with the STs when one noted that:

…students’ academic performance in science subjects in our schools would have been higher if students would have been involved in frequent practical activities from Form one…” (ST-H, 16 October 2023, 3.30 P.M).
On this issue, both quantitative and qualitative data have established that students encountered several challenges in their learning of science subjects at their respective schools. These included a lack of trained laboratory technicians. This finding resembles that of Lyanga and Chen (2020) as well as that of Kebbie (2019), who reported that schools faced a shortage of laboratory technicians. Other challenges were the conduct of practical work to Form Four science students only and the inadequacy of laboratory facilities. These observations are in line with those of Zengele and Alemayehu (2016), who found that students were faced with inadequate laboratory facilities and the absence of laboratory technicians. Qualitative data showed that teachers were committed to their work, unlike the observations of Zengele and Alemayehu (2016), who further found that science teachers lacked commitment and interest in teaching science subjects. Qualitative data for the current research supported the Constructivist Learning Theory, which concludes that teaching and learning must relate to the practical real world where teachers and students could actively share their knowledge and experiences (Aljohani, 2017).
CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1 
Summary of the Study

The main objective of this study was to assess the utilisation of laboratories in teaching science subjects in public secondary schools in Tanzania. It consisted of three specific objectives to be achieved. These were to: assess the adequacy of science laboratories, determine the frequency of students’ involvement in the laboratory practical work, and explore challenges encountered by the students during teaching/learning of science subjects.
The specific objectives were achieved by the use of a mixed-methods approach in conjunction with a convergent parallel design. The study had a sample size of 130 (30 STs and 100 students), which was selected through stratified random and purposive sampling techniques. Descriptive statistics in terms of mean scores and standard deviations were used to analyse quantitative data with the aid of the SPSS software, whereas qualitative data were thematically analysed.
5.2 
Key Findings of the Study
5.2.1 
Adequacy of Science Laboratories
The findings from both quantitative and qualitative data revealed that science laboratories (Chemistry, Physics, and Biology) were available but had insufficient spaces. Furthermore, both quantitative and qualitative data showed that, only Physics laboratories had adequate instructional materials.

5.2.2 
Involvement of Students in the Laboratory Practical Work
Both quantitative and qualitative data indicated that, practical work was carried out by demonstration to Form Four science students only, who performed it in large groups.
5.2.3 
Challenges encountered by Students During Teaching/Learning of Science Subjects
Both quantitative and qualitative findings established that, students encountered several challenges during the teaching and learning of science subjects. These included a lack of trained laboratory technicians, discouragements from teachers about studying science subjects and none allocation of time in the school time-table pertaining to conducting practical work. Also, practical work was only carried to Form Four science students and inadequacy of laboratory facilities.
5.3 
Conclusions

Based on the findings and discussions, this study concludes that: 

(i) Science laboratories were available despite lacking enough spaces and inadequate instructional materials.
(ii) Students were not effectively involved in practical activities with the exception of Form Four science students. 

(iii) Lack of trained laboratory technicians, discouragements from teachers about studying science subjects, none allocation of time in the school time-table pertaining to conducting practical work and inadequate of laboratory facilities were some of the challenges faced by learners during teaching/learning of science subjects.    
5.4 
Recommendations

The recommendations in this section are grouped into policy, practice and further studies.
5.4.1 
Recommendations for Policy

The central government is recommended in her national education policy for public secondary schools to take into account that all schools have trained laboratory technicians instead of using teachers teaching science subjects as laboratory technicians at the same time. This is because findings have shown that space and laboratory technicians were lacking in all schools. Furthermore, laboratories in all schools should meet international building standards. This is because the findings have shown that all science laboratories have insufficient space.
5.4.2 
Recommendations for Practice

The local government is advised to increase the budget for the procurement of laboratory instructional materials and the employment of adequate laboratory technicians in public secondary schools.
They should make sure that, all science laboratories are designed and built according to the specified dimensions. At the school level, school heads should ensure that the school timetables indicate the time allocation for practical activities. Furthermore, they should cooperate with parents and initiate programmes allowing available science teachers to use their weekend days to teach practical activities, subject to payment and other contributions from both the school and parents. The heads of science departments, in working together with the heads of schools, should take into account that there are adequate teaching and learning materials at the schools.
5.4.3 
Recommendations for Further Studies
The study is about the utilisation of laboratories in teaching science subjects in public secondary schools in Bukoba rural, as one of the eight districts in Kagera region. It is advised that a similar study should also be carried out in the remaining districts so as to get a deep understanding of the phenomenon.
It is also recommended that a similar study can also be conducted in private secondary schools so as to compare the findings. Furthermore, it is suggested that a quantitative study can be carried out to capture a larger sample and a broader area of investigation.
5.5 
Limitations of the Study

The study used the English language during interviews with science teachers. One of the barriers was the use of the English language, as most participants were not comfortable with it. The researcher mitigated this challenge by interviewing them in Kiswahili language which helped to gather relevant information for the same. 
This study used questionnaires for collecting quantitative data from students. Some students were expected to provide responses within a specific timeframe, but some did not. The reasons for non-submission are suggested to be reluctance. The researcher addressed this limitation by visiting and reminding them in their respective schools for the collection of the same.
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                                                         APPENDICES

Appendix 1: Questionnaire for Students

1. Introduction

Dear respondent,

My name is Waswa Seluu, a student of the Open University of Tanzania. This questionnaire intends to collect empirical data for this study. Kindly, assign a single tick [√] of your choice for each item.

2. Questions

2.1 Question No. 1. How adequate are science laboratories in your school?

KEY: Strongly Agree= 5; Agree= 4; Undecided=3; Disagree=2; Strongly Disagree=1
	
	Response

	S/N
	Item
	5
	4
	3
	2
	1

	1.
	Biology laboratory is available
	
	
	
	
	

	2.
	Biology laboratory has enough space than normal classrooms
	
	
	
	
	

	3.
	Chemistry laboratory is available
	
	
	
	
	

	4.
	Chemistry laboratory has enough space than normal classrooms
	
	
	
	
	

	5.
	Physics laboratory is available
	
	
	
	
	

	6.
	Physics laboratory has enough space than normal classrooms
	
	
	
	
	

	7.
	Physics laboratory has adequate instructional materials
	
	
	
	
	


2.2 Question No. 2. To what extent are you involved in the laboratory practical work? ISPW
KEY: Strongly Agree= 5; Agree= 4; Undecided=3; Disagree=2; Strongly Disagree=1
	
	Response

	S/N
	Item
	5
	4
	3
	2
	1

	1.
	We have practical text and workbooks for science subjects
	
	
	
	
	

	2.
	We are effectively involved in practical work
	
	
	
	
	

	3.
	Teachers teach practical work by demonstration
	
	
	
	
	

	4.
	Practical work in the laboratories are  performed in large groups
	
	
	
	
	

	5.
	Practical work is only carried to Form Four students
	
	
	
	
	


2.3 Question No. 3. What are the challenges that you face during teaching/learning of science subjects? CESSS
KEY: Strongly Agree= 5; Agree= 4; Undecided=3; Disagree=2; Strongly Disagree=1
	
	Response

	S/N
	Item
	5
	4
	3
	2
	1

	1.
	Laboratory facilities at school are not adequate
	
	
	
	
	

	2.
	Time to conduct practical work is not allocated in the school timetable
	
	
	
	
	

	3.
	Some teachers discourage students to study science subjects
	
	
	
	
	

	4.
	The school has no trained laboratory technicians at all
	
	
	
	
	

	5.
	Science teachers perform practical work to Form Four science students only
	
	
	
	
	

	6.
	Science teachers are not committed in their work 
	
	
	
	
	


Thank you very much.
Appendix 2: Focus Group Discussion Guide for Science Teachers

2.1 How adequate are science laboratories in Bukoba rural?

Question 1. What is your comment on the adequacy of Biology laboratories?

Question 2. What is your comment on the adequacy of Chemistry laboratories?

Question 3. What is your comment on the adequacy of Physics laboratories?

Question 4. What is your comment on the adequacy of Biology laboratory instructional materials?

Question 5. What is your comment on the adequacy of Chemistry laboratory instructional materials?

Question 6.  What is your comment on the adequacy of Physics laboratory instructional materials?
2.2 What is the students' involvement rate in the laboratory practical work in Bukoba rural?

Question 1: How often do you involve students in practical work?

Question 2: How often do you involve students in preparing teaching aids using locally available resources?

Question 3: Which teaching methods do you often use in carrying practical work?

Question 4: Which class do you frequently carry practical work and why?
2.3 What do you think are the challenges that students encounter during teaching/learning of science subjects?

Question 1: How adequate are science teachers and laboratory technicians in your school? 
Question 2: At what time do you conduct practical work (if any)? Is that time allocated in the timetables?

Question 3: How do you get the locally available teaching/learning materials?

Question 4: What are other challenges do you likely face in your teaching of science subjects in your school?

Thank you very much.
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Abstract 

This study sought to assess the utilisation of laboratories in teaching of science subjects in public secondary schools in Bukoba rural, Kagera, Tanzania. Pragmatic paradigm was employed. Moreover, a mixed-methods approach with an explanatory research design were used.  A sample of 130 (30 science teachers and 100 students) respondents was drawn using stratified random and purposive sampling techniques from a population of 222 science teachers and 19 139 students respectively. Structured questionnaires and focus group discussions were used to collect data. Quantitative data were analysed through descriptive statistics (mean scores and standard deviations) while qualitative data were thematically analysed. Regarding the adequacy of science laboratories, the findings revealed that, science laboratories are available but they have no enough spaces as well as inadequate instructional materials. On the students' involvement in practical work, the results indicated that, practical work is being done by demonstration and only to Form Four science students; furthermore, they are being performed in large groups. With regard to challenges encountered by students during teaching/learning science subjects, the findings established that, schools are lacking trained laboratory technicians, discouragements to students from teachers about studying science subjects and none allocation of time in the school time-table for conducting practical work. Other findings were that, practical work is only being carried out to Form Four science students and inadequate laboratory facilities. Based on the findings, the government is advised to design and build science laboratories according to the specified dimensions and international standards. It should also employ adequately trained laboratory technicians and supply adequate teaching and learning materials.

Key words: Utilisation, laboratories, teaching, science subjects, public secondary schools

1. INTRODUCTION 
“Education is a transformational tool in every society, thus, it should be held in high esteem because it is the acquisition of knowledge and skills required to sustain individual, groups, and organisational advancement at all levels and spheres of life” (Victor, 2017,   p. 2). It is one of the basic needs of human beings and without it, humans cannot physically and spiritually progress (develop), prosper, and be happy in life (Pareek, 2019; Ramadhani & Titisari, 2019).
In order for any nation to advance in science and technology, she must invest in science education because science (Onyeukwu & Enyaosah, 2016). Usually, science involves practical work, which enables students to acquire scientific skills and knowledge, and be able to face global challenges (Musah & Bah, 2017). As noted, scientific practical activities help to develop logical thinking, scientific curiosity, science attitudes and skills in understanding the environment that students are living in (Dan & Adewoga, 2016; Susanti et al., 2016). Practical experiments in the laboratories make students active, observe, investigate, formulate hypotheses, collect and interpret data, learn new techniques and methods, acquire new and permanent knowledge (Seetee et al., 2016). The shortage of science subjects’ teaching/learning facilities, poor state of the existing science laboratories as well as inadequate maintenance are inhibitors of students’ attendances, learning desire of science subjects and accomplishment of schools’ and students’ goals (Lyimo et al., 2017; Mkimbili et al., 2017). This can be attained only if there is effective management and utilisation of the available teaching/learning facilities for practical activities in a school (Fatoba & Abidakuna, 2019; Ofoghi et al., 2016).
However, evidence in Tanzania indicates that, the state of science laboratories in public secondary schools is not promising. For example, in Muheza, Tanga, Ilomo and Mlavi (2018) found that, science laboratories are insufficient. In Ngara district, Lohay et al., (2022) established that, science laboratories are a problem. Similar findings were reported in Dodoma City (Lyanga & Chen, 2020), in Arumeru district (Mokoro, 2020), Karagwe district (Edward, 2018) and Bukoba district (Rwehumbiza et al., 2018).
Furthermore, evidence shows that, even the available instructional facilities in the laboratories were not being effectively utilised during the teaching and learning of science subjects.  For instance, in Ilemela, Mwanza, Dalali (2021) found that, teachers were  ignoring  the usage of teaching/learning aids in the teaching and learning of science subjects, which ultimately impeded students’ understanding of various concepts. A similar investigation by Abdalla (2017), in the West district in Zanzibar, indicated that, there was a low usage of science instructional materials in secondary schools, which later negatively impacted students’ academic achievements.

Based on the argument presented above, it is clear that, there is a scarcity and under-utilisation of science laboratories in different parts of Tanzania. However, little is known of the utilisation of laboratories in teaching of science subjects in Bukoba rural. Therefore, this study aims at assessing the adequacy of science laboratories, determining the frequency of students’ involvement in the laboratory practical work and explore the challenges encountered by the students during teaching/learning of science subjects in Bukoba rural, Kagera, Tanzania.
2. LITERATURE REVIEW 

Adequacy of Science Laboratories 
Zenke and Kurz (2023) assessed the adequacy of science laboratories in Universities in France by gathering information with interviews and documentary reviews. The findings established that, in all universities, science laboratories were available and adequate which helped students to learn through practical work. Pacala and Cabralesto (2023) explored the science education in public secondary schools in the Philippine. With a qualitative approach supported by a phenomenological design. The findings indicated that, there were insufficient and inadequate science laboratories. 
In India, Kumar and Ramnath (2018) assessed the availability and utilisation of chemistry laboratory resources in private and public higher secondary schools. The study used a quantitative approach with a survey research design. Questionnaires were used for gathering information. The study revealed that, most of the schools had well equipped and adequate chemistry laboratories. Julius (2017) carried a study in Uganda on the effects of laboratory exposure on students’ academic achievement in practically based subjects in secondary schools. 

By using observation, checklists and documentary reviews for gathering information, the study unveiled that, the laboratories were unavailable at schools instead they used normal classrooms as laboratories. Science teaching materials were also insufficient or rather absent, and schools were  improvising locally available materials. In Ethiopia, Geleta (2016) examined the upshot of the availability and utilisation of science laboratory inputs on students’ academic achievement in high schools. Data were gathered through questionnaires and checklists. The study demonstrated that, there was the shortage of science laboratories and teaching/learning materials. In Tanzania, Ilomo and Mlavi (2018) examined the effects of the availability of teaching and learning facilities on academic performance in the community-based secondary schools in Muheza district, Tanga. The study used a mixed methods research approach. The methods for gathering data were questionnaires and interviews. The findings indicated that, there was insufficient science laboratories. 
Involvement of Students in the Laboratory Practical Work
Gericke et al., (2022) made the systematic review on laboratory work in secondary schools in Sweden. The findings showed that, students were involved in practical work, which later improved their academic performance. In Indonesia, Mukra et al., (2020) analysed the facilities and intensity of utilisation of Biology laboratories in public secondary schools. Through questionnaires, the found that, science teachers were engaging students in the Biology practical work in the laboratories. Das (2018) assessed the availability of chemistry laboratory facilities and their utilisation in the higher secondary schools in India. With questionnaires and checklists, the study established that, science laboratories were ineffectively utilised. Olajide et al., (2017) assessed the laboratory resources, teachers’ and students’ involvement in practical activities in basic science in junior secondary schools in Nigeria. 
The findings indicated that, students were rarely involved in practical activities. In Tanzania, Rwehumbiza et al., (2018) examined the availability and adequacy of teaching/learning materials for the implementation of compulsory science curriculum in public secondary schools in Bukoba district council. The study adopted a mixed methods approach with the cross-sectional survey and phenomenology designs. Data were gathered through questionnaires, interviews and observation schedules. The findings portrayed that,  the frequency of science experiments was very low which did not involve other students but only  Form IV students as their final examinations approached. 
Challenges Encountered by Students During Teaching/Learning of Science Subjects
Stefanidou and Mandrikas (2023) examined the students’ views on science teaching at a distance in primary and secondary schools in Greece through questionnaires. The study established that, learners were challenged with poor infrastructure, inadequate interactions with their fellows as well as teachers. Others were distractions, insufficient practical work, and inadequate understanding of concepts. In the USA, Macias et al., (2022) assessed how COVID-19 pandemic impacted science teaching and science teachers of the eighth grade. Interviews were used in gathering information. The results showed that, students were remotely engaged in learning, inadequate time was spent on science lessons and inadequate application of teaching methods. Kebbie (2019) carried a study in Sierra Leone on the factors inhibiting the effective teaching and learning of integrated science and related implications at the junior secondary schools. 
Through questionnaires, the study established that, students were taught by the untrained and unqualified teachers in teaching integrated science. The schools with laboratory lacked teaching/learning facilities and time allocated for teaching/learning science subjects were not enough. In Ethiopia, Zengele and Alemayehu (2016) conducted a study on the status of secondary schools’ science laboratory activities for quality education. The study found that, students were faced with insufficient laboratory rooms and the trained laboratory technicians were absent; others were lack of teachers’ commitment and interests in teaching science subjects, unreliable grading and assessment system of science subjects’ examinations. In Tanzania, Lyanga and Chen (2020) explored the factors affecting students’ academic performance in science subjects in public secondary schools in Dodoma municipality. The study employed a qualitative approach. The information was gathered through interview, observation and checklists. The results indicated that, the schools experienced the shortage of chemicals for practical work, and enough and quality textbooks. Furthermore, the study established that, there existed the shortage of qualified and competent science teachers. 
3. METHODOLOGY 

The pragmatic paradigm was used in this study. This study employed a mixed-methods approach supported by an explanatory sequential design. The sampling frame consisted of 130 participants from public secondary schools in Bukoba rural district. The Yamane formula (1967) was used to calculate the appropriate sample size for the study of 100 students. Meeting every participant of the population during the investigation was challenging for the researcher. According to Kothari et al., (2022), sampling allows for a higher overall accuracy than censusing. Because of this, the researcher employed a straightforward stratified simple random and purposive sampling techniques. Structured questionnaires were employed for quantitative data collection from 100 students while focus group discussions collected qualitative data from 30 science teachers (STs). Quantitative data were descriptively analysed while qualitative data were thematically analysed. This study checked for the reliability of the quantitative data by using the Crobanch's Alpha values with the SPSS computer programme version 28.0 while qualitative data were checked for trustworthiness through credibility, transferability, dependability and conformability (Denzin & Linkoln, 2018).
4. RESULTS AND DISCUSSION 

Adequacy of Science Laboratories
The quantitative data in Table 1 show that, the science laboratories in public secondary schools were available: Chemistry laboratory (M=4.09, SD=1.083), Physics laboratory (M=3.73, SD=1.136) and Biology laboratory (M=3.70, SD=1.193). It was only the Physics laboratory, among the three laboratories, with adequate instructional materials (M=3.53, SD=1.243).

Table 1: Students’ responses about the adequacy of science laboratories 

	Activities
	Responses
	Interpretation 

	
	M
	SD
	

	Chemistry laboratory is available
	4.09
	1.083
	Agree 

	Physics laboratory is available
	3.73
	1.136
	Agree 

	Biology laboratory is available
	3.70
	1.193
	Agree  

	Physics laboratory has adequate instructional materials
	3.53
	1.243
	Agree  

	Chemistry laboratory has enough space 
	2.28
	1.303
	Disagree

	Biology laboratory has enough space 
	2.16
	1.316
	Disagree

	Physics laboratory has enough space 
	1.80
	1.247
	Disagree 


Source: Data analysis (2024)
Qualitative data from focus group discussions with the STs considered that, science laboratories were available in their respective schools but some were not equipped with instructional materials. 
For instance, one of the STs noted:

“Science laboratories in the school I am teaching are available but Chemistry and Biology laboratories have inadequate instructional materials compared to Physics laboratory.” (ST-A, 09 October, 2023, 8.30 A.M)
Furthermore, quantitative data show that, students were of the opinion that, all science laboratories had limited space compared to normal classrooms: Chemistry laboratory (M=2.28, SD=1.303), Biology laboratory (M=2.16, SD=1.316) and Physics laboratory (M=1.80, SD=1.247). These observations are in line with those from focus group discussions with the STs, who opined that, science laboratories were built below the required standard of science laboratories. On this, one of the STs commented:

“In my school, Biology and Physics laboratories were built as if they were normal classrooms. They do not have enough space as recommended.” (ST-B, 10 October, 2023, 02: 30, P.M)

On the same matter, another ST added:

“In the school that I am working at, , despite lacking enough space as required, the Chemistry laboratory has no fume chamber.” (ST-C, 10 October, 2023, 02: 35, P.M).

Involvement of Students in the Laboratory Practical Work

On the frequency of students’ involvement in the laboratory practical, quantitative data in Table 2 show that, teachers were teaching practical work by demonstration (M=3.80, SD=1.247); practical work was being carried  out  only to Form Four students (M=3.73, SD=1.171) and if performed, they were in large groups (M=3.59, SD=1.422). Furthermore, despite being availed with practical text and workbooks for science subjects (M=3.51, SD=1.374), students were of the opinion that, they were not being effectively involved in the  practical work (M=2.85, SD=1.641).

Table 2: Frequency of students’ involvement in the laboratory practical work 

	Activities
	Responses
	Interpretation 

	
	M
	SD
	

	Teachers teach practical work by demonstration
	3.80
	1.247
	Agree 

	Practical work is only carried out for only Form Four students
	3.73
	1.171
	Agree 

	Practical work in the laboratories is performed in large groups
	3.59
	1.422
	Agree 

	We have practical text and workbooks for science subjects
	3.51
	1.374
	Agree 

	We are effectively involved in practical work
	2.85
	1.641
	Disagree


Source: Data analysis (2024)

During focus group discussions, some of the STs noted that, since most science laboratories had inadequate chemical materials, students were being taught through demonstrations. On this, one of the STs noted:

“I do not have adequate chemicals and apparatus in my school. What I do when I want to teach practical work, I combine students in large groups and teach them through demonstration.” (ST-D, 11 October, 2023, 8.05 A.M)
A similar finding was observed from another ST. S/he commented:

“Since I do not have adequate chemicals and apparatus in my school. I always teach practical work to only Form IV students so as to allow them prepare well for their national practical examinations.” (ST-D, 11 October, 2023, 8.15 A.M)

Challenges Encountered by Students During Teaching/Learning of Science Subjects

The quantitative data in Table 3 indicate that, students were  encountering several challenges during the teaching/learning of science subjects. Quantitative data show that, schools had no trained laboratory technicians at all (M=4.03, SD=1.322), discouragements about science subjects from teachers (M=3.88, SD=1.335) and no allocation of time to conduct practical work in the school timetable (M=3.81, SD=1.331). These observations align with the data from the focus group discussions. For instance, one ST commented:
“…all schools in this district have no science laboratory technicians. We, science teachers are burdened with our duties of teaching in such a way we cannot manage to teach students’ practical activities for only 40 or 80 minutes…” (ST-E, 16 October, 2023, 3.15 P.M).
Another ST added:

“Another challenge we have is that, teaching science subjects needs more time while practical activities are not included in the school timetable because laboratory technicians are unavailable. Science syllabi are also too long in such a way that, if you teach through practical work, you fail to complete them on time.” (ST-F, 16 October, 2023, 3.20 P.M).
Table 3: Challenges encountered by the students during teaching/learning of science subjects 

	Activities
	Responses
	Interpretation 

	
	M
	SD
	

	The school has no trained laboratory technicians at all
	4.03
	1.322
	Agree 

	Some teachers discourage students to study science subjects
	3.88
	1.335
	Agree 

	Time to conduct practical work is not allocated in the school timetable
	3.81
	1.331
	Agree 

	Science teachers perform practical work to Form Four science students only
	3.72
	1.296
	Agree 

	Laboratory facilities at school are not adequate
	3.67
	1.272
	Agree 

	Science teachers are not committed in their work
	2.89
	1.620
	Disagree 


Source: Data analysis (2024)
Furthermore, quantitative data indicated that, not all students were  performing practical work but only to Form Four science students (M=3.72, SD=1.296); laboratory facilities at schools were inadequate (M=3.67, SD=1.272). These observations align with the data from the focus group discussions. On this, one ST commented:

“…my school lacks adequate laboratory instructional materials to be used for all students studying science subjects. So, what I do, I only engage Form Four science students in practical work in order to make them excel in their national examinations…” (ST-G, 16 October, 2023, 3.25 P.M).
Furthermore, quantitative data also showed that, students denied having not committed themselves to their practical work (M=2.89, SD=1.620). This finding is in line with the observations from the focus group discussions with the STs when one of them noted that:

“…students’ academic performance in science subjects in our schools would have been higher if students were  being involved in frequent practical activities from Form one…” (ST-H, 16 October, 2023, 3.30 P.M).

Discussion 

Adequacy of Science Laboratories

The findings generated from the quantitative and qualitative data show that, science laboratories were available. These observations are in line with those of Kumar and Ramnath (2018) who also reported that, secondary schools had science laboratories. However, these observations are contrary to the findings of Julius (2017) which established that, the schools had no laboratories; science teaching materials were also insufficient or rather absent. These findings concur with those of Geleta (2016), and Ilomo and Mlavi (2018) who informed that, there was inadequacy of science laboratories and teaching/learning materials. The findings in the current study go against  the Constructivist Learning theory as it was developed by Vygotsky. The theory requires that, the student’s mind in the classroom ought to develop through interactions with various materials in the learning process (Mercer, 2020).
Involvement of Students in the Laboratory Practical Work

Both quantitative and qualitative data indicate that, teachers were teaching practical work by demonstration and in large groups. This means that, most of the students were not effectively being involved in practical work. These observations are supported by Das (2018) as well as Olajide et al. (2017) who noted that, there was an ineffective use of science laboratories and the students were rarely being involved in practical activities. Furthermore, quantitative and qualitative data established that, practical work was being carried out only to Form Four students. 
These observations concur with those of Rwehumbiza et al. (2018) who reported that, the frequency of science experiments was being very low in schools and involved only Form IV students as their examinations approached. These findings are in contravention of the Constructivist Learning theory which guided the same. Piaget as one of the contributors to this theory posited that, the teaching and learning process must be related to the practical real world where knowledge and experiences can be actively shared among teachers and learners (Aljohani, 2017). Also, Vygotsky as one of the developers to this theory was of the views that, the mind of the student in the classroom ought to develop through interactions with various materials while learning (Mercer, 2020). The findings of the current study and the adopted theory, are contrary to those of Mukra et al., (2020). These researchers identified that, science teachers were  engaging students in the practical work in the laboratories during the teaching and learning of science subjects.
Challenges Encountered by Students During Teaching/Learning of Science Subjects

Both quantitative and qualitative data established that, students were encountering several challenges in their learning of science subjects i in their respective schools. These included lack of trained laboratory technicians. This find resembles that of Lyanga and Chen (2020) as well as that of Kebbie (2019) who reported that, schools faced the shortage of laboratory technicians. Other challenges were the conduct of the practical work to Form Four science students only and inadequacy of laboratory facilities. 
These observations are in line with that of Zengele and Alemayehu (2016) who found that, students were faced with inadequate laboratory facilities' supply and the absence of laboratory technicians. Qualitative data showed that, teachers were committed to their work unlike the observations of Zengele and Alemayehu (2016) who further found that, science teachers lacked commitment and interests in teaching science subjects. Qualitative data for the current research were supported by Piaget in the Constructivist Learning Theory who concluded that, teaching and learning must relate to the practical real world where teachers and students could actively share their knowledge and experiences (Aljohani, 2017).

5. CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Based on the findings and discussions, this study concludes that: 

Science laboratories were available despite lacking enough spaces and inadequate instructional materials. Students were not effectively being involved in practical activities with the exception of Form Four science students. 
Lack of trained laboratory technicians, discouragements from teachers about studying science subjects, non-allocation of time in the school time-table pertaining to conducting practical work and inadequacy of laboratory facilities were some of the challenges that were  being  faced by learners during teaching/learning of science subjects.    
Recommendations

The central government is recommended in her national education policy in public secondary schools to take into account that, all schools have trained laboratory technicians instead of using teachers teaching science subjects as laboratory technicians at the same time. This is because,  as the findings have shown, space and laboratory technicians were lacking in all schools. Furthermore, laboratories in all schools should meet international building standards. This is because; the findings showed that, all science laboratories had no enough space.
The regional administration and local government authorities should make sure that, all science laboratories are designed and built according to the specified dimensions. At the school level, school heads should ensure that, the school timetables indicate the time allocation for practical activities. Furthermore, they should cooperate with parents and initiate programmes allowing available science teachers to use their weekend days to perform practical activities, subject to payment and other contributions from both the school and parents. The heads of science departments,  by working together with the heads of school, should take into account that, there are adequate teaching and learning materials at the schools.
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