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ABSTRACT

The availability and accessibility of biology laboratory resources are crucial for effective practical
learning in secondary schools. This study examined the status of biology laboratory resources in seven
public and six private ordinary level secondary schools in Morogoro Municipality, Tanzania. Using a
mixed-method approach, data were collected from 40 participants, including 13 biology teachers, one
laboratory technician, and 26 students, through structured checklists and interviews. The analysis
involved descriptive statistics, chi-square tests, and content analysis. Results revealed a significant
difference in laboratory resources availability between public and private schools (x> =67.105, p =
0.000). While 50% of required laboratory items were adequately available in both school types, 33%
were absent in private schools compared to 14% in public schools. Practical manuals were the most
deficient resource. Limited time for practical sessions emerged as a key challenge in both school types.
To enhance biology practical learning, we recommend increasing resource allocation and extending
laboratory session durations in all schools.
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INTRODUCTION

Globally, science laboratories are acknowledged for helping students to apply theoretical knowledge
to hands-on experiences through direct interaction with the objects or events being studied and
manipulating equipment or materials to address real-world problems (Gobaw & Atagana, 2016).
Secondary schools are expected to have well-equipped science laboratories to enhance practical
teaching and learning. The status of laboratory resources in secondary schools, whether public or
private, significantly impacts the quality of science education. Practical activities conducted in
laboratories provide students with an opportunity to see, feel, touch, identify, and derive meaning
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from relevant topics (Kibani, 2021). With the rapid pace of innovation in science and technology,
students should engage in hands-on and minds-on learning to construct their own knowledge through
experience and form a perfect understanding of theoretical science concepts (Niyitanga et al., 2021).

In Tanzania, biology is one of the mandatory science subjects in the ordinary level secondary
education system (Kibani, 2021). The subject encompasses a range of topics, tailored to students'
levels of understanding, progressing from simple to more complex concepts. Each topic includes
various practical activities designed to enhance students' understanding (TIE, 2012). The goal is to
help students recognize and comprehend the connections between themselves, other living
organisms, and their environment (Amoah et al., 2023). Practical lessons are a crucial element of
biology teaching and learning, and no biology topic can be fully taught without incorporating
practical experience (Tordzro & Ofori, 2018). The effectiveness of a laboratory practical is
influenced by the availability and accessibility of laboratory resources. The biology laboratory
resources includes both human and physical resources, such as practical manuals, apparatus, reagents
or chemicals, models of tissues and organs, and laboratory buildings with supporting facilities like
preparation rooms, workbenches with stools and shelves, and sufficient space for conducting
practical (Amoah et al., 2023).

Laboratory resources facilitate easier knowledge transmission and enhance the effectiveness of
teaching and learning (Omosholape et al., 2022). However, Masime (2016), observed that students
in schools with adequate laboratory resources tend to have good learning outcomes. A well-equipped
laboratory enhances not only students' understanding of complex scientific concepts but also
develops scientific reasoning abilities and enhances mastery of science concepts (Tordzro & Ofori,
2018). Masime (2016) found a significant relationship between availability and utilization of
laboratory resources and students’ performance. On the other hand, research shows that many
secondary schools face challenges related to inadequate laboratory resources (llomo & Mlavi 2016;
Mokoro 2020). These challenges limit students’ practical experience, preventing them from
developing competency in practical skills, thereby affecting their performance in practical
examinations.

Moreover, the status of laboratory resources is influenced by several factors, including the number
of students enrolled and the amount of fund the school is receiving. Public schools often face budget
constraints and large number of students’ enrolled, while private schools may have better laboratories
due to private investments, school fees and small class size. This differences raises concerns about
inequality in science education and student preparedness for final exams. Although studies have
highlighted the importance of laboratories in improving students’ academic performance in science
subjects, there remains a gap in understanding the current status and challenges facing laboratories
between private and public schools in Tanzania. Therefore, this study aimed to assess the current
status of laboratory resources and identify challenges facing laboratory teaching and learning
between private and public secondary schools in Morogoro Municipality, Tanzania.
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2. MATERIAL AND METHODS
2.1 Study Area
This study was carried out as a case study in ordinary secondary schools in Morogoro Municipality,

Tanzania. Morogoro Municipality was purposively chosen to represent other district in the country.
The area is situated between latitudes 6.6° and 7.0° South and longitudes 37.5° and 37.8° East (Figure
1). The Municipality encompasses a total of 56 ordinary secondary schools, including 29 public

schools and 27 private schools.
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Figure 1: A map showing sampling sites (surveyed schools) in Morogoro Municipality,
Tanzania.

2.2 Research Design

The study used a mixed-methods approach, utilizing convergent mixed-methods design in which
quantitative and qualitative data were collected simultaneously during a single data collection phase
(Creswell & Creswell, 2018). This design was suitable as it provided a comprehensive understanding
of the availability of biology laboratory resources and the challenges associated with practical teaching
and learning. A comparative approach was also employed to examine differences between public and
private schools, enabling the quantification of disparities in laboratory environments.

2.3 Sampling Procedures and Data Collection

This study employed random stratification method to select sampling units from public and private
schools. Stratification was applied to create two groups, one for public schools and one for private
schools, after which a simple random sampling technique was used to select schools and participants
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from each group to participate in the study. This sampling method was chosen because every item in
the population had an equal chance of being included in the sample (Kothari, 2004)(Kothari, 2004). A
random number generator was used to randomize 7 public schools from a list of 29 schools as well as
6 private schools from a list of 27 ordinary-level secondary schools found in the municipality, making
a total of 13 schools. The study involved 40 respondents including 13 biology teachers, one laboratory
technician and 26 students.

Primary data were collected through a structured checklist and structured interviews. The checklist
included 55 laboratory items from the syllabus rated on the scale of sufficient, insufficient, and absent,
based on their availability in schools. Structured interviews were conducted with biology teachers,
laboratory technicians, and students to gather insights on laboratory conditions and challenges in
conducting practical activities. Biology was selected because it is a compulsory subject studied by
every student. Form Four students were chosen as they are nearing the end of their curriculum and are
likely to have more experience with laboratory environments. Biology teachers and technicians were
included as they are directly responsible for laboratory management.

2.4 Data Analysis

Descriptive analysis was used to assess the availability of laboratory human resources in public and
private schools. The availability of laboratory physical resources was evaluated using a Likert scale
(sufficient, insufficient, or absent). Differences in laboratory physical resources between school types
were analyzed using Pearson’s Chi-Square test to compare percentages. Additionally, content analysis
was applied to examine teachers’ and students’ perceptions, experiences, and challenges related to
biology laboratories in ordinary secondary schools. All analyses were performed using R software
(version 4.4.1; R Core Team, 2024).

3.0 RESULTS

3.1 Background information of the participants

This study included Form Four biology teachers, laboratory technicians, and Form Four students from
selected schools. The details of the participating schools, students, teachers, and technicians are
summarized in Table 1.

Table 1: Summary of participating schools, students, teachers, and laboratory technicians

School Type Number of schools Teachers and technician Students
N Male Female Male Female
Private 6 5 1 5 8
Public 7 4 4 7 6
Total 13 9 5 12 14
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3.2 Laboratory Human resources

The study assessed the availability of human resources supporting biology education in both public
and private secondary schools. The average number of students and human resources in the surveyed
schools is presented in Table 2.

Table 2: Students and biology human resources in schools

Description School Type Average
Teachers in-service training programs (past 5 years) Public 1
Private 2
Number of Biology teachers Public 4
Private 1
Number of students per class Public 282
Private 34
Number of laboratory technicians Public 0.1
Private 0

As shown in Table 2, biology teachers in public schools attended, on average, one in-service training
program in the past five years, while those in private schools attended an average of two. This suggests
a relatively balanced but slightly higher access to professional development opportunities in private
schools. Public schools also had more biology teachers on average (4) compared to private schools
(1); however, the student-to-class ratio was significantly higher in public schools, averaging 282
students per class compared to just 34 in private schools. Furthermore, while an average of one
laboratory technician was reported in public schools, none were reported in private schools. However,
85.7% of public schools lacked laboratory technicians, compared to 100% in private schools.

3.3 Laboratory physical resources

Laboratory physical resources refer to the materials and equipment available in biology laboratories to
support teaching and learning. The study revealed a statistically significant difference in the
availability of these resources between public and private secondary schools (> = 67.105, p = 0.000),
indicating unequal distribution of laboratory equipment across school types. Findings showed that 50%
of laboratory items were deemed sufficient in both public and private schools. However, disparities
emerged in the absence of laboratory items: 33% of required materials were completely absent in
private schools compared to 14% in public schools (Figure 2).
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Figure 2: (a) proportion of laboratory resources in public and private schools (b) proportion of

five groups of laboratory resources.

3.4 Students’ perceptions of laboratory use and practices

This section presents students’ responses regarding the status and use of their biology laboratories. The

responses were categorized by school type (public or private) and are summarized in Table 3.

Table 3: Students’ response toward the status of their laboratories

Description School Proportion (%)
Type SA A N D SD
We conduct one practical Public 0.0 21.4 21.4 42.9 14.3
session per week
Private 50.0 8.3 16.7 25.0 0.0
We work in groups Public 64.3 14.3 7.1 14.3 0.0
Private 66.7 333 0.0 0.0 0.0
Teacher uses demonstration Public 14.3 35.7 7.1 14.3 28.6
method when teaching
practical Private 50.0 16.7 8.3 25.0 0.0
Key: SA = strongly agree, A= Agree, N=Neutral, D= Disagree, SD=strongly disagree.
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Table 3 shows that only 21.4% of students in public schools agreed or strongly agreed that they conduct
one practical session per week, compared to 50% in private schools. However, both public and private
school students reported working in groups during practical sessions, with 64.3% and 66.7% strongly
agreeing, respectively. Regarding teaching methods, 50% of students in private schools strongly
agreed that their teachers use the demonstration method during practical lessons, compared to only
14.3% in public schools.

3.5 Challenges facing biology laboratory teaching and learning
This section presents the challenges encountered in the teaching and learning of biology practical as

reported by teachers, laboratory technicians, and students. These challenges include time constraints,
large class sizes, lack of resources, and low student motivation. A summary of the responses is
presented in Table 5.

Table 5: Teachers, laboratory technicians and students’ response on the challenges they are
facing in conducting practical

Challenges Faced School Type Proportion (%)
SA A N D SD
Inadequate time Public 455 36.4 45 9.1 45
Private 16.7 33.3 0.0 38.9 111
Large class size Public 50.0 455 45 0.0 0.0
Private 11.1 16.7 0.0 44.4 27.8
Lack of enough laboratory resources Public 36.4 13.6 9.1 4.5 36.4
Private 16.7 111 22.2 16.7 33.3
Lack of students motivation Public 22.7 273 9.1 18.2 22.7
Private 5.6 11.1 5.6 44.4 33.3

Key: SA = strongly agree, A= Agree, N=Neutral, D= Disagree, SD=strongly disagree.

The findings indicate that 81.9% of respondents from public schools and 50% from private schools
reported that inadequate time was a major constraint in conducting practical sessions. Class size was
another significant challenge, with 95.5% of public-school respondents indicating large class sizes
compared to 27.8% from private schools. Beyond the quantitative data, several qualitative challenges
were raised during interviews with teachers and students. Among the most common issues was
language barriers, and poor student reporting skills. Teachers also reported that some students
experience fear or discomfort when handling or observing certain biological specimens. Moreover,
overcrowded student groups were frequently mentioned, especially in public schools, where limited
laboratory equipment must be shared among many students. Another serious concern raised was the
use of low-quality laboratory supplies. Teachers reported receiving industrial chemicals instead of
laboratory-grade materials. One public-school teacher highlighted this issue, stating:
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“Most of the heads of schools are the ones who purchase resources, as a result, you may find that some chemicals are
not good. For example, a supplier can bring you industrial chemicals instead of laboratory chemicals.”

Teachers also expressed frustration due to a lack of administrative support for acquiring necessary
resources, especially when purchases are delayed until regional or national examination periods. A
private-school teacher noted:

“School administrators are not willing to purchase teaching resources once they are required; rather, they wait until the
checklist is provided for regional and national examinations.”

Finally, students reported that there is little follow-up on practical activities assigned by teachers,
which may diminish the effectiveness of practical-based learning and accountability in skill
development.

4.0 DISCUSSION
4.1 Status of laboratory resources

The findings of this study revealed considerable disparities in the availability and quality of biology
laboratory resources between public and private secondary schools in Morogoro Municipality. Public
schools generally had more biology teachers and a slightly better presence of laboratory technicians,
though still limited. However, these advantages were offset by significantly larger class sizes,
averaging 282 students per class compared to just 34 in private schools. This imbalance suggests that
public school teachers face a disproportionately high teaching load, which may negatively affect both
instruction and students’ engagement in practical sessions. The lack of adequate human resources,
particularly laboratory technicians, compounds this issue in both public and private schools, as teachers
must often manage both instructional duties and laboratory preparation.

In terms of physical laboratory resources, the study found that while 50% of the required materials
were rated as sufficient in both school types, the complete absence of certain resources was more
pronounced in private schools (33%) than in public schools (14%). This result challenges common
assumptions that private institutions are always better resourced and highlights the need for case-by-
case evaluations. The statistically significant differences (> = 67.105, p = 0.000) between school types
affirm that inequalities in resource distribution are substantial and may hinder efforts to standardize
the quality of science education across the country. These findings are consistent with other studies
conducted in sub-Saharan Africa, which have documented similar challenges in practical science
instruction due to under-resourced laboratories (Okafor, 2014; Julius, 2017; Mokoro, 2020; Sakibu &
Kamugisha, 2022).

4.2 Students’ perceptions and laboratory practices
Student responses indicated variations in the frequency and delivery of practical sessions across

schools. Private school students were more likely to report regular practical sessions and more frequent
use of demonstration methods by teachers. While demonstrations can be effective in visualizing
complex concepts, over-reliance on them, especially in lieu of student-centered experiments, may
result in passive learning and inadequate skill acquisition (Pareek, 2019). Only a minority of public-
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school students reported weekly practical sessions, likely due to resource constraints and high student
numbers per class. The widespread use of group work in both settings reflects an effort to mitigate
these constraints; however, it also suggests that individual hands-on experiences may be limited,
particularly in overcrowded classrooms. The disparity in practical exposure between school types may
contribute to differences in student performance and interest in science career. Research has shown
that early and consistent exposure to well-resourced laboratories enhances conceptual understanding,
scientific reasoning, and motivation (Daba et al., 2016; Kibirige & Maponya, 2021; Wekwe et al.,
2024).

4.3 Challenges affecting practical biology teaching and learning
Several challenges were identified as barriers to effective biology practical teaching and learning. Time

constraints were the most frequently cited issue, particularly in public schools, where the combination
of a congested curriculum and large class sizes leaves little room for comprehensive laboratory
sessions. This aligns with previous studies that have highlighted insufficient instructional time as a
barrier to quality science education (Imanda, 2020). Large class sizes were also reported as a major
concern, especially in public schools, where over 95% of respondents identified it as a significant
challenge. In such contexts, overcrowding not only limits access to laboratory equipment but also
compromises the safety and quality of learning experiences (Mokoro, 2020). The effectiveness of
group work in these settings may be further diminished by uneven participation and limited teacher
supervision. Qualitative insights revealed additional issues, including the use of non-standard
(industrial) chemicals, inadequate administrative support, and delayed procurement of teaching
resources. These operational inefficiencies hinder timely and effective preparation of practical lessons.
The finding that some students experience fear or discomfort in handling biological specimens further
emphasizes the need for early, supportive exposure to laboratory environments to build confidence
and familiarity. Language barriers and poor reporting skills among students were also highlighted as
key limitations. These factors not only impede students’ comprehension of laboratory instructions but
also limit their ability to communicate scientific findings effectively; skills that are essential for
academic and professional success in the sciences. This observation is consistent with prior research
emphasizing the importance of integrating scientific literacy and language support into science
instruction (Heliawati et al., 2020). Finally, the lack of follow-up and assessment of assigned practical
tasks was noted as a potential contributor to reduced accountability and learning outcomes. Without
regular monitoring and feedback, students may not develop the discipline or reflective practices
required for scientific inquiry.

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

This study has shed light on the status of biology laboratories and their associated resources, including
apparatus, tissue and organ models, reagents, practical manuals, and laboratory buildings. The findings
revealed a statistically significant difference in the availability of laboratory resources between
schools. While 50% of both public and private schools had sufficient laboratory items as outlined in
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the syllabus, private schools exhibited a greater resource deficit compared to public schools. Practical
manuals were found to be the most commonly absent resource. Furthermore, both categories of schools
reported a shortage of laboratory technicians. The study also identified insufficient time for conducting
practical sessions as a major challenge experienced by both teachers and students. Additional
challenges in public schools included large class sizes, low student motivation in practical activities,
and inadequate laboratory resources.

5.2 Recommendations

Based on these findings, it is recommended that the government, through the Ministry of Education,
Science and Technology, allocate adequate and realistic budgets to address the shortage and absence
of essential laboratory resources in public schools. Quality assurance units should ensure that all
resources are purchased in accordance with actual school requirements to enhance efficiency and
relevance. Additionally, government bodies should take the lead in coordinating the distribution of
laboratory resources to minimize the risk of schools acquiring irrelevant or unnecessary items. The
school quality assurance team should also ensure the timely procurement of laboratory materials,
particularly well before examination periods, to avoid last-minute purchases that may compromise the
learning process. Moreover, schools should prioritize the recruitment of qualified laboratory
technicians to support teachers in the preparation and execution of practical lessons, thereby
strengthening the overall effectiveness of practical learning in biology education.

For private schools, it is recommended that school owners and administrators invest more in equipping
their laboratories with the necessary apparatus, models, reagents, and practical manuals to meet
curriculum standards. Additionally, collaboration with education authorities and training institutions
could help improve technical support and ensure that students in private schools have equal
opportunities to benefit from quality science education.
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9.0 Limitations

The study was planned to involve 14 schools, including 7 public and 7 private schools, but due to
logistical issues, the researcher failed to reach all schools. Therefore, the strata in this study consisted
of 6 private schools and 7 public schools.
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