CAUSES AND IMPACTS OF THE SCARCITY OF SCIENCE AND MATHEMATICS
TEACHERS ON EDUCATION IN TANZANIAN SECONDARY SCHOOLS

Dissertation Manuscript

Submitted to Unicaf University
in partial fulfillment of the requirements
for the degree of

Doctor of Philosophy (Ph.D.) in Education

By
JOSEPHINE DONALD MREMI

JUNE, 2023



Approval of the Thesis

CAUSES AND IMPACTS OF THE SCARCITY OF SCIENCE AND MATHEMATICS

TEACHERS ON EDUCATION IN TANZANIAN SECONDARY SCHOOLS

This Thesis by Josephine Donald Mremi has been approved by the committee members below,
who recommend it be accepted by the faculty of Unicaf University in partial fulfillment of
requirements for the degree of

Doctor of Philosophy (PhD) in Education

Thesis Committee:

Dr Muraina Olanrewaju, Supervisor

Dr Olga Novokhatskaya, Chair

Dr Joyce Zikhali, External examiner

Dr Vasilios Zorbas, Internal examiner



Abstract

CAUSES AND IMPACTS OF THE SCARCITY OF SCIENCE AND MATHEMATICS
TEACHERS ON EDUCATION IN TANZANIAN SECONDARY SCHOOLS
Josephine Donald Mremi

Unicaf University

This study examined the reasons and the impacts of the scarcity of mathematics and
sciences trainers on education in Tanzanian secondary schools. The goals of the current research
were to uncover the causes of the shortage of mathematics and science trainers in secondary
schools and their effects on these schools.

The study used a mixed-methods research approach. To be able to collect quantitative data,
questionnaires were employed, and to gather qualitative information from the common people at
the grassroots, interview questions were used. The data were examined using percentage
frequencies as well as thematic data analysis.

Moreover, students’ performance and passion for learning science and mathematics are
affected to some extent by the lack of scientific and mathematical teachers in secondary schools,
which alters their decision to pursue studies in the arts rather than these courses. The research also
showed that a scarcity of graduates in mathematics and scientific subjects, students' preference for
scientific-related careers, students' avoidance of studying science and math, the unemployment
rate in the nation, and insufficient educational facilities were all contributing causes of the shortage

of science and math teachers.



The study found that the effects of a lack of scientific and mathematical teachers included
poor performance, a dearth of graduates in those fields, students who showed little interest in those
disciplines, and a high teacher-to-student ratio. Other factors were the beliefs of students that math
and science were difficult to study, students asking for help from outside the classroom, as well as
unfinished syllabi. The study also discovered a cyclical relationship between the causes and
consequences of teacher shortages in science and mathematics on education in secondary school
performance in Tanzania.

The study recommended that every stakeholder involved in education plays a part in addressing
Tanzania's secondary schools' impact on the lack of science and math instructors. Also, the use of
the blueprint may elevate the teaching profession and alleviate the insufficient number of teachers

in math and science subjects.
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CHAPTER 1: INTRODUCTION AND BACKGROUND TO THE PROBLEM

Introduction

The research introduction is explained in Chapter 1 along with the problem statement, main study
purpose, goals, and objectives of the study. The chapter also discusses the nature and significance
of the study, which includes data collection techniques, data analysis, the importance of the study,
and research study questions. The objectives of this study are the source of the research questions,
and when these questions are resolved, those objectives are also established. In summary, Chapter
1 explains the research study's research proposal. The research section's major goal is to provide
information to the reader about what is being provided here and pique their interest in continuing

to read the entire dissertation.

Background of the Problem

Science and mathematics are important disciplines that are the key to progress and are useful in
the daily human life development of any nation. These subjects are useful in many activities that
humans perform in making life easier. Such activities include agricultural-related activities,
medical-related practices, industrial activities, Information and Technology issues, useful in
problem-solving, understating our environment, discovering new things of the past and future,
helping in making proof of things we see or discover, and many more (Anaeto et al., 2016). In
their studies, they recommend that among other things education should emphasize teaching
science at all levels and equip the entire society with scientific and technological thinking to adapt
the existing innovations and improve the people’s well-being in the societies they live in. The
improvement in terms of technology in development should be stimulated and encouraged in both

public and private sectors which together contribute to national development.



Based on another research by Nedev (2014), revealed that science and technology education is
meant to be a priority in most Latin American countries' educational curricula. Most countries in
Latin America are developing countries like Tanzania and are having similar educational
problems. According to Nedev (2014), policies, curricula, teaching techniques, and materials
connected to scientific disciplines, as well as the training of specialized instructors, have all been
devoted to keeping the teachers up-to-date and enthusiastic in their professional purpose. Well-
educated teachers will be naturally motivated to teach at the early school level. As a result of this
social environment, pupils will gravitate toward scientific and technological areas. The scientific
community has expressed grave worry in recent decades about the sharp decline in the number of

male and female students enrolling in scientific and technological fields (Nedev, 2014).

Tanzania is among the developing countries that have realized that science and mathematics
subjects are essential for economic stability and the improvement of the industrial sector (Hamilton
et al., 2010). Therefore, for the country to achieve industrial growth and development, science and
mathematics subjects are mostly needed to be taught in secondary schools. Moreover, based on
the current discovery of natural gas and oil in Tanzania, and the intention to shift the economy to
industrial production, the country needs to focus on training its people in those subjects. According
to Moshi (2014), the extraction of natural gas which was discovered in Tanzania needs preparation
including ensuring that human resources are made available to ensure the local community benefits
from the resources. The Government has to reduce donor dependence and educate its people.
However, for decades the country’s education sector has faced some challenges to achieving its

goal to grow fully scientifically and technologically (Moshi, 2014).

Tanzania is one of several nations throughout the world that are struggling with the issue of a lack

of scientific and math teachers, according to the United Nations Educational, Science, and Cultural



Organization (UNESCO, 2006). Additionally, UNESCO (2006) revealed in their study that there
is a scarcity of scientific and math instructors in several nations in South and West Africa.
According to Latifoglu (2016), the lack of scientific and math educators was getting worse in
several other nations, and it was noted that remote schools were more likely to retain newly hired
science instructors than metropolitan ones. The issue worsens in isolated rural areas where schools
lack primary teaching and learning resources, standard social services, and other essential services.
Latifoglu (2016) reported that it is also true that many new teachers do not plan to teach for the
rest of their lives, which is a relic of a bygone era. Some new teachers are looking for quick
promotions and fresh tasks. These are the main criteria in determining whether new instructors
will continue with it or quit. It all depends on whether they receive appropriate support and
supervision. These resources include a comprehensive induction program, rather than a one- or
two-day orientation for new teachers to learn about their new school. Mentoring from qualified

and dedicated peers is also essential.

Podolsky et al. (2016) reported that schools with adequate teaching and learning facilities and
housing resources and hygienic resources; appropriate student and teacher standards; and adequate
supporting staff have a constructive impact on teacher retention rates; and influence the ways of
teaching and learning process. The downside is also true that schools that do not have adequate
human resources and other teaching facilities are the cause of teachers’ fluctuations (Podolsky et
al., 2016). This means inadequate infrastructural facilities, as well as the ongoing failure and
degeneration of current teaching facilities, are the key difficulties for schools’ progress, and as a

result, it is affecting students' achievement and academic performance.

In Tanzania, several challenges were reported by Osaki (2007) that are hindering the effective

implementation of scientific and mathematics subject teaching in Tanzania and he explained that



this has increased as a result of the previous experience. Based on his argument Osaki (2007)
reported that those experiences were the delay in deciding on the medium of instruction in
teachers’ education programs which lead to the employment of incompetent language teachers at
pre-primary, primary, and secondary school levels, resulting in more of several incompetent
teachers in mathematics, science, and language. This shortage of science and mathematics teachers
has an impact on the effectiveness of teaching and learning those subjects (Ndalichako and Komba,
2014; Taasisi ya Maendeleo Shirikishi ya Vijana Arusha [TAMASHA], 2010). Furthermore, other
studies revealed that in Tanzania the scarcity of scientific and mathematics teachers is increasing
due to insufficient in-service programs and short courses for science and mathematics teachers,
particularly in rural areas of the country (Hakielimu, 2011; Mamlok-Naaman, 2014; The Citizen,

2019).

Moreover, Hamilton et al. (2010), reported that due to current global educational needs, rapid
changes, and advancements in science and technology, Tanzania has to take on educational
improvements that will bring together the demands of the 21st century. Tanzania has to produce
competent science and mathematics graduates to address the needs of progressively science and
technology; the graduates who apply critical thinking, with working skills and knowledge in
solving problems. This can be achieved through training our citizens and ensuring that they
perform highly to become competent in the areas of science and mathematics disciplines. Similar
recommendations have been made by researchers including Kalufya et al. (2015) and Moshi,

(2014).

In their study, Kalufya et al. (2015), revealed that localization of the workforce in the natural gas
and oil industry is necessary but there was a challenge during the implementation as there is a lack

of local people who have the needed qualification. Furthermore, it was reported that there is no



local training institution that specializes in natural gas and oil and this made it difficult to localize
the human resource. From that view, there is a need to educate our scientists who will specialize
in natural gas and oil. The government has to prepare a system that fosters localization by
establishing programs to train the local people in natural gas and oil which could create the
candidate’s employment in the industry. To be able to do so we need more competent science and

mathematics teachers.

In the process of solving the scarcity of science and mathematics teachers, the Ministry of
Education, Science, and Technology of Tanzania organized various reforms to develop and attain
improved education in the country. Based on a report by Osaki (2007), the established educational
reform programs comprised the School Mathematics Project (SMP) and School Science Project
(SSP) established in the year 1968 at the University of Dar Es Salaam, which were financed by the
United Nations Education Science and Culture Organization (UNESCO). The SSP program was
an undergraduate package of three years of courses that were concluded with a Bachelor of Science
with Education (BSc. (Education) degree award. The candidates involved in the course studied
two science or mathematics subjects and education courses including Physics and Mathematics
(PM), Chemistry and Mathematics (CM), Physics and Chemistry (PC), and Chemistry and Biology
(CB). The student teachers who graduated from these subjects were employed to teach specialized

subjects in various public secondary schools.

Furthermore, between 1985 and 1999, the Government of Tanzania in collaboration with the
communities introduced community secondary schools in the country to encourage extra
secondary school admissions. The intentions of introducing community secondary schools were
to increase enrollment in secondary schools and to reduce pupils who were not capable of joining

other kinds of schools (Projest, 2013; Wedgwood, 2007). These community schools rose to 380 in



numbers nationwide, causing more shortages of teachers which later affected the curriculum
implementation (Projest, 2013). The increase in the community secondary schools and the
enrollment of students caused more shortage of teachers and mostly in the science and mathematics
subjects. To be able to cope with the increased enrollment, several untrained but licensed teachers
were employed in public secondary schools. These teachers possessed diplomas or degrees but not

education, meaning that they were not professional teachers.

Moreover, Sumra & Rajani (2006) and Mamlok-Naaman (2014), described in their research study
that the community secondary schools were the most disadvantaged and challenged since they
lacked most of the significant teaching and learning facilities including reading resources, teaching
staff, laboratories, chemicals and the apparatus, libraries, textbooks, preparation rooms and
teachers’ facilities such as housing. As a consequence, teaching particularly science and
mathematics subjects were affected mostly when compared to non-science subjects. Furthermore,
Mamlok-Naaman (2014), discussed that the aforementioned challenges caused high school
students to develop a low level of curiosity and concentration in science and mathematics subjects
hence causing into further lack of scientists especially science and mathematics teachers in the

country.

In another study, the parents’ past perception, experience, and priority as reported from the
research study by Fomichova & Misonou (2018) are important to ensure that their children study
science and mathematics subjects for a better future. Children's attitudes regarding schooling are
heavily influenced by their parents' perspectives, ideas, and experiences. According to Fomichova
& Misonou (2018), in recent decades, educational interests have switched toward physics and
chemistry. Furthermore, in comparison to the 'superior' subjects, biology and earth science were

viewed as 'simple' and 'secondary' (physics and chemistry). This has been strengthened by the



calamitous condition for earth science, which is frequently denied to pupils in Japan's educational
system. As a result, the parents desired a more balanced structure. Based on gender and academic
performance, adolescents' opinions of science areas differed. Boys and best performers were
connected with physics and chemistry, whereas biology and physical science were meant to be
associated with girls and with low performance. This situation could have serious consequences
for scientific and environmental education. Parents, on the other hand, want a more sustainable

distribution system of education (Fomichova & Misonou, 2018).

However, Hamilton et al. (2010), discovered that there is extensive dissatisfaction between
students and teachers, mostly those who study mathematics and scientific subjects. Hamilton et al.
(2010) mentioned that in some secondary schools, the inadequate number of mathematics and
science teachers is the cause of the student's decision to search for extra classes outside the schools
to acquire sufficient training in these subjects. This shows that there is a commonness and
continuous scarcity of science and mathematics teachers despite all the reforms done in the
education system in the country. The current research study presumes that some unknown factors
are maintaining and sustaining the scarcity of teachers in science and mathematics and this may
have negative impacts on secondary schools as well as the country’s economic, scientific,
technological advancement, and education sector in the future. Limited information exists in the
literature on the factors that are causing the aforementioned problems and therefore, the current
research study aims at investigating and revealing those factors. Also, the current research study
aimed at assessing the impacts of the scarcity of mathematics and scientific teachers in Tanzanian

secondary schools.



Statement of the Problem

The problem is the causes of the teacher shortages in scientific and mathematical areas and how it
affects Tanzania's secondary schools. Currently, literature shows that this problem has been
prolonged in Tanzania for years despite all the Government interventions that have been made
through the Ministry of Education, Science, and Technology (Mamlok-Naaman, 2014; Ndalichako
and Komba, 2014; Osaki, 2007; Sijaona and Kitula, 2022; Projest, 2013). Moreover, another study
by Carver-Thomas and Darling-Hammond (2019), revealed that in the United States, the shortage
of science and mathematics teachers is caused by the shortage of enough facilities for teaching;
low earnings, and deprived conditions in workplaces. These cause most of the science and
mathematics teachers to run off their professions more than others, especially those with
alternative certifications, and in turn, it leads to more shortages of teachers in many schools. The
current study accepts that there must be some unknown strong factors staining and maintaining

this scarcity and this might emanate from the people in the grassroots.

Sijaona and Kitula, (2020) revealed that the early syllabi coverage is affected by the lack of both
math and science teachers in secondary schools, as well as some topics not being offered at all. In
many secondary schools, the lack of mathematics and scientific teachers has a similar impact on
students' learning habits since students lose interest in studying science and math and opt to study
the arts as a result of their negative attitudes about those disciplines. Moreover, Ndalichako and
Komba (2014), in their study revealed the existence of a serious shortage of teachers for
mathematics and scientific subjects in Tanzania’s secondary schools. This problem is a national
calamity and has a severe impact on the efficiency of teaching mathematics and science subjects
in secondary schools. Furthermore, Ndalichako and Komba (2014), in their study reported that

sums of 14,060 teachers were employed in 2013 by the Government in secondary schools, and out



of these teachers only 2,014 (14%) were science and mathematics teachers. Nationwide there is a
scarcity of 37,130 teachers in secondary schools and many of them about 26,948 (73%) are science

and mathematics teachers.

The Tanzanian Government is still prioritizing employing science and mathematics teachers who
are most needed, and deferment employment for art teachers in secondary schools. Kamagi (2017)
reported the decline in the need for art teachers in both government and private schools. According
to Kamagi (2017), public secondary schools have a sum of 88, 999 teachers, whereby arts subject
teachers were 70,459 and science and mathematics teachers were 18,545 in total. Thus, there is a
need for about 24,716 science and mathematics teachers as well as 355 laboratory technicians in
the country as stated by the Deputy Minister for Education, Science, and Technology in the
parliament (Kamagi, 2017). This indicates that there is still high a scarcity of teachers in science
and mathematics and this is contributing to some impacts on secondary schools. The factors that
are sustaining the problem of the scarcity of teachers in science and mathematics need to be
addressed and it can be done by unveiling the factors that are causing the problem. The authorities
in the education sector have to know the factors and deal with them to minimize or eradicate the

problem.

Even though there have been ongoing initiatives and reforms to address the lack of scientific and
math teachers throughout secondary schools across the nation, as evidenced by the different
literary works, the issue continues. The goal of the current research study is to support efforts to
address the dilemma of a lack of science and math instructors in secondary schools. As a result,
the purpose of the present investigation is to identify the root causes of the ongoing shortage of

mathematical and science trainers in Tanzania as well as their effects on secondary schools.
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Purpose of the Study, Research Aims, and Objectives

Purpose of the Study

This mixed-methods study's major goal is to identify the causes of Tanzania's shortage of science
and math teachers as well as how it affects secondary schools. By utilizing mixed research method
tools for data collecting, analysis, and presenting of results, the present research study examined
the reasons driving the shortage of science and mathematics instructors. In this mixed-methods
study, questionnaires, interviews, and other instruments were utilized to gather data from the
research subjects. The research study looked into what's behind secondary schools' present
shortage of science and math instructors. The impact of the lack of scientific and math teachers in
Tanzania's secondary schools, notably in the Kibaha and Bagamoyo areas, was also evaluated in

the study.

Moreover, the study assessed the strategies that are been used by school management and other
education stakeholders to minimize the scarcity of teachers in science and mathematics in
secondary schools. Moreover, the research study determined the extent to which the strategies
taken by the school management have been achieved and their intention to solve the problem of

the scarcity of teachers in science and mathematics in secondary schools.

Aims of the Study

The main goals of the current study are to investigate the causes of the ongoing shortage of

mathematical and scientific as well as to evaluate the effects on Tanzania's secondary schools.
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Objectives of Study

The major goals of the current study are to identify the causes and impacts of the teacher shortage
in science and mathematics in Tanzania's secondary schools. In summary, the study intended to

specifically work and achieve the following objectives:

1. To determine the extent of the scarcity of teachers in science and mathematics in
secondary schools in Tanzania.

2. To investigate the factors that are causing the scarcity of teachers in science and
mathematics in secondary schools.

3. To assess the difference in the responses of the teachers and students on the factors
causing the scarcity of science and mathematics teachers in secondary schools.

4. To determine the impacts of the scarcity of science and mathematics teachers on
education in secondary schools in Tanzania.

5. To determine the difference in the responses of the teachers and students on the impacts
of the scarcity of science and mathematics teachers in secondary schools in Tanzania.

6. To assess the strategies used to minimize the scarcity of science and mathematics
teaching in secondary schools in Tanzania.

7. To evaluate how effectively the approaches used by the school management are to
manage the scarcity of science and mathematics teaching in secondary schools in

Tanzania.
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Nature and Significance of the Study

Nature of Study

The deficiency of scientific and mathematics personnel in high secondary schools in Tanzania has
persisted for several decades, which is a challenge and a concern for the Ministry of Education,
Science and Technology (Kamagi, 2017; Ndalichako and Komba 2014; Osaki 2007; Projest 2018;
Sijaona and Kitula, 2022; TAMASHA 2010; UNESCO, 2006). These studies have shown that
there are scientific and math teacher shortages in numerous secondary schools throughout
Tanzania, which may have a significant impact on the academic performance of Tanzanian
secondary school learners. A report by Kamagi 2017, indicated the existence of a total of 88,999
teachers in public secondary schools whereby 70,459 were art teachers and 18,545 science and
mathematics teachers. According to the research, secondary schools in Tanzania require more than

24 716 mathematical and scientific trainers.

From the literature reviewed, nothing is known about the effects of the lack of math and science
subjects in Tanzania's secondary schools. As an example, Ndalichako and Komba (2014)
documented the lack of science and math instructors but they left out any information regarding
how much of an impact this lack had on these secondary education institutions and the nation as a

whole.

While the literature has indicated many efforts and interventions that have been done to resolve
the problem in different approaches including educational policy amendments and educational
reforms, but still the problem subsists. With the global rapid change and growing science and
technology, the country must work more to produce more scientific professionals who can work

to meet the increasing changes in world technological time (Hamilton et al., 2010). This can be
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achieved if the number of contributing factors that cause the persistence of the scarcity of
mathematics and scientific teachers are thoroughly investigated and in place to help the educational
stakeholders to work on them when resolving the problem. Thus, the present research study is
working to reveal the causes and impacts of the continuous existence of the inadequate number of

teachers in mathematics and scientific trainers in Tanzania’s secondary schools.

Significance of Study

Teachers are an important part of education for a sustainable society, not only because they are a
valuable resource in delivering education programs all over the world, but also because they are
frequently key players in promoting and modeling socially sustainable behavior and attitudes.
They are frequently the only tertiary educated, professional occupation present in many developing
countries; in small towns and villages, their true job goes far beyond the classroom into many
aspects of the community. The scarcity of teachers may be relieved to some extent through
carefully focused recruitment initiatives, but they would need to be accompanied by a re-
evaluation of teachers' working conditions and career paths. The completion of this research study
will benefit education stakeholders in different sections of education including secondary school
management teams, students, teachers, the government, and others like the parents. The following

are the significance of this research study:

i.  The research study findings could be useful to government education officers, policy-makers
and decision-makers, school education managers, teachers, parents, students, and other
stakeholders to understand the in-depth factors causing the scarcity of scientific and

mathematical teachers in Tanzania’s secondary schools.
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The research study findings could help government education officers, school education
managers, and other stakeholders to comprehend thoroughly the impacts of factors that are
been caused by the scarcity of teachers in mathematics and scientific subjects in Tanzanian

secondary schools.

The research findings may serve as a reference to the educational planners, policy-makers,
and decision-makers to invest more in science and mathematics teachers’ training, allocate
enough of them in secondary schools to promote the provision of quality science and
mathematics subjects and minimize the scarcity of these teachers in secondary schools in

Tanzania.

The research study findings might be of assistance be appropriate authorities such as the
Ministry of Science and Technology, and the teachers’ training colleges which are
accountable for teacher training to find the best ways of training, retaining, and attracting
scientific and mathematics teachers in the teaching profession to reduce the scarcity in

secondary schools.

The information obtained from this research study could be the base for further assessment
of the issues related to the scarcity of scientific and mathematics teachers in Tanzanian
secondary schools. There are many recommendations for further research presented in this
research study which created some avenues for researchers to investigate more on this

subject matter.

The research study findings could help the school management to review the approaches
they have been using to minimize the scarcity of teachers in scientific and mathematics

subjects and the impacts on the secondary schools in Tanzania. Through this research study,
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the school management could be able to set appropriate strategies to minimize the scarcity
of teachers, especially science and mathematics teachers as well as find a way to improve

the existing strategies to be able to be more productive.

The research study findings may be useful to students whose interest is to join science careers
in their future endeavours. These students would be able to understand the importance of
becoming future mathematics and scientific subject teachers in the society where they
belong. Through this research, the student would be able to know that they have a big
contribution to resolving the scarcity of science and mathematics teachers in secondary

schools.

The research findings may be useful to parents whose priority and perception for their
children is to join science for their future careers. Through this research, the parents could
be able to understand better the subject matter and therefore be able to appropriately advise

their children regarding science and mathematics subjects and related careers.

Research Questions

The primary goal of this study was to examine the causes of the shortage of science and math

trainers in Tanzania as well as how it has affected secondary schools. To be able to unveil those

factors this research worked to answer some questions with the help of people who are working in

the education sector and the schools, hereby referred to as participants. In this case, the participants

were the education officers, the teachers who were teaching science and mathematics subjects, and

the students who were studying the same.
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Generally, these research questions were used as the initial steps of research and formed major
guidelines and the bases of where the researcher was going. When these questions were
answered in this research study, the problem of the study is as well answered. As a result, the

following primary research topics were addressed in this particular research study:

1. What is the scarcity level of science and mathematics teachers in secondary schools in

Tanzania?

2. What are the factors causing the scarcity of science and mathematics teachers in secondary
schools in Tanzania?

3. What is the difference in the responses of the teachers and students on the factors causing
the scarcity of science and mathematics teachers in secondary schools?

4. What are the impacts of the scarcity of science and mathematics teachers on secondary
schools in Tanzania?

5. What are the differences in the responses of teachers and students on the impacts of the
scarcity of sciences and mathematics in secondary schools in Tanzania?

6. What strategies could be used to minimize the scarcity of science and mathematics teaching
in secondary schools in Tanzania?

7. How effectively are the approaches used by the school management to manage the scarcity

of science and mathematics teaching in secondary schools in Tanzania?

Data Collection Methods

This research study used mixed research methods with multiple case studies, to gather the
necessary primary data from the study area (Creswell, 2009). During data collection, a non-

probability sampling technique was used to collect the information from the participants and the
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region, and the districts were purposively selected while the schools were randomly selected. The
individual research participants were purposively selected. In this particular research, different
education stakeholders were involved including different education officers, secondary school
teachers who were teaching science and mathematics, and secondary school students who were

studying science and mathematics subjects.

Two Tanzania mainland districts which are Kibaha and Bagamoyo were selected purposively from
Pwani Region to be involved in the study based on the three years of secondary school performance
of the national examination results. The choice reflected the limits of the performance, including
good and poor performance schools in general in those particular districts. Science subjects
including Biology, Chemistry, and Physics, as well as mathematics subjects, were taught in those

secondary schools up to an advanced level repeatedly, for at least three years.

According to Etikan et al. (2016), samples were collected from 8 secondary schools from the two
districts which were chosen by using the criterion which was purposively selected. The choices
were done based on the intensity of their examination performance over the past three years. The
schools were randomly selected from a list of all secondary schools which were teaching science
and mathematics subjects for at least more than three years consecutively. Moreover, data were
collected from various other stakeholders of education other than the schools, including the quality

assurance team of the districts and other district education officers.

A total of eight (8) education officers and education quality assurance officers from the two districts
were interviewed. A total of 45 teachers from all eight (8) secondary schools from both districts

were interviewed and this made a total of 53 teachers and other education officers. Moreover, a
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sum of 98 students from 8 secondary schools was involved in the response to the questionnaire

provided to the students through their teachers.

Interviews and questionnaires were the research tools that were mainly used to collect data from
the study area. Semi-structured and structured interview guiding questions were used with different
education officers and science and mathematics teachers during data collection. The main points
of the interviews were to collect and discover the views, practices, and beliefs on the factors
causing the scarcity of mathematics and science and the impacts on secondary schools in Tanzania

(Gill et al., 2008).

Before the beginning of the interview, the researcher briefly explained the purpose of the interview
and obtained consent from the participants, and continue with the interview. The participants were
allowed to choose to continue with the interview or to withdraw at any time during and even after
the interview. The participants who agreed to be interviewed were given the consent form to sign.

The participant’s personal information remained confidential and was not included in this report.

During the interview sessions, the researcher established a rapport with the participants, before the
interview as this can give positive sound effects on the development of the interview session. The
most important idea during the interview was to ensure that the questions were neutral, open-
ended, and understandable. The interview length varied according to the participant’s
understanding, the topic to be discussed; the researcher’s ability to interview, and was conducted
within an average of 30 — 60 minutes (Gill et al., 2008). During the interviews, the conversations
were noted for further use in the research dissertation write-up and immediately after each

interview session, the researcher made field notes that were used at the time of data analysis.
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Also, simple questions were asked at the beginning of the interview followed by the more difficult
ones to build the interviewee’s confidence. The researcher listened to the respondents without
interruptions to allow freedom of expression; body language was used mostly like smiling,
nodding, and looking interested. At the end of the interview session, the researcher thanked
participants for their responses, and time and asked them to say anything they felt they want to

know.

Furthermore, quantitative data were collected according to Gill et al. (2008), where the students
were given the questionnaire with the help of their teachers. The students were briefly informed
about the aim of the research and they were also given a choice to join the research if they would
like to and that it was a must. A consent form was supplied for all those who accepted to participate.
The students were able to respond to the questionnaire provided to them by their teachers. An
average of 12 students from eight (8) secondary schools students responded to the questionnaire.
The activity was supervised by their teachers who monitored, guided, and assisted the students as
necessary. Because the research data were gathered while the world was experiencing a
coronavirus pandemic, there was little interaction between the researcher and the students.
Interviews were at some point conducted using Kobo Toolbox through mobile phones to ensure
that the participants and the researcher kept their distance. The medium of communication was by
using both Kiswahili (the National language) and English languages, especially when giving a
brief background of the research to give more opportunity and freedom to the participants to fully

participate and communicate their experiences and views.

Before conducting the major research study, pre-testing was done to test the reliability and validity
of the research instruments and assess the extent to which these instruments measure what it is

designed to measure. This helped the researcher to be able to adjust the tools/instruments to be
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more precise and consistently measure the theory under study. During the pre-testing of the tools,
the researcher was able to realize the existence of biases and adjust accordingly to avoid unfairness
in the major research work that followed later (Kimberlin & Winterstein, 2008). This was done to
ensure that the interview guide questions were precise and were able to draw all the information
needed during the interviews the questionnaire was answered and therefore the research questions

were as well responded to.

Summary

In general, Chapter 1 was based on the research proposal which comprises the following subtitles:
the introduction, which contains the problem's context and a summary of the issue. Chapter 1
includes information about the study's goals, objectives, and purpose as well. The chapter also
covers the purpose and relevance of the study, as well as the methods used to acquire the data, how
the data were analyzed, and why the study was important. Thus, this chapter carries the general
overview of the whole research on the factors causing the scarcity of scientific and mathematics
teachers and the impacts on secondary schools specifically in the Kibaha and Bagamoyo Districts

in the Pwani Region in Tanzania.

The introduction part of this section discussed the importance of science and mathematics subjects
in everyday life. Also, gives an overview of the significance of science and mathematics in
economics and scientific development. The section emphasizes the difficulties encountered when
implementing the curriculum in the areas of science and mathematics. The section also provides
the existence of the problem of scarcity of teachers in scientific and mathematics and the impacts
on secondary schools in Tanzania. In short, the section summarizes the background of the research

problem.



20

Chapter 1 discussed the efforts that have been done by different education stakeholders in trying
to minimize the scarcity of mathematics and science teachers in Tanzania. The main stakeholders
who were involved in resolving the problem of scarcity of scientific and mathematics teachers
included the Tanzanian Ministry of Education, Science, and Technology, school management
teams, policy-makers, decision-makers, different researchers and scholars, teachers, and students.
Some of the efforts undertaken to resolve the scarcity of science and mathematics teachers include
the introduction of in-service programs, different research, and reforms in the education system.
Yet the problem seems to continue persisting in Tanzania despite all the efforts discussed in the
chapter. Therefore, the researcher is thrilled to be part of the education stakeholder to resolve the
problem of the scarcity of scientific and mathematics teachers and the impacts on secondary

schools in Tanzania.
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CHAPTER 2: LITERATURE REVIEW

Introduction

Chapter 2 presents the literature review which is comprised of the chapter introduction; definition
of terms and conceptual framework. The researcher read the literature on three different topics: the
global shortage of science and math teachers, the shortage of scientific and math teachers in Africa,
and the shortage of science and math teachers in Tanzania. A study of the literature was conducted
on the relationship between socioeconomic, political, and policy, as well as cultural issues and the
shortage of scientific and mathematics trainers. In addition, the investigator has conducted and
presented an analysis of the literature in Chapter 2 that focuses on the effects of the teacher
shortage in science and mathematics, the stakeholders' accountability in addressing the impacts of

the teacher shortage, and finally a summary of Chapter 2.

The chapter provides a review of the theory and literature relevant to this study which is about the
factors causing the scarcity of teachers in science and mathematics and the impacts caused on
secondary schools in Tanzania. The concepts of the scarcity of science and mathematics teachers
and the impacts of the scarcity are also explored. The chapter also reviews some of the existing
research on factors causing the scarcity of teachers in science and mathematics and the impacts on

secondary schools globally, in Africa, and Tanzania.

Moreover, the literature reviewed globally covered different countries such as the USA, UK,
Australia, and others. In Africa the literature review covered countries such as South Africa,
Kenya, and Nigeria, just to mention a few. The literature review also covers world reports by
UNICEF, ILO, World Bank, and UNESCO just to name a few. The presentation of this chapter is

organized under the following sub-headings: definition of terms as used in this research; the
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conceptual framework, the scarcity of scientific and mathematics teachers — the global overview;
Africa overview; and Tanzania overview. Other subtitles in the chapter include socio-economic
factors and the scarcity of science and mathematics teachers; political and policy factors; cultural
factors as well as the impacts caused by the scarcity of scientific and mathematics teachers in
secondary schools; stakeholder’s responsibility in resolving the scarcity problem and the impacts

caused on secondary schools in Tanzania.

In general, the current chapter reviews the available literature related to this study from a wide
range (globally) to a narrow range (Africa) and lastly to the specific study area (Tanzania). In this
Chapter 2, the main work of the researcher was to search from the existing literature on the current
research the related theories, and the scholarly research published recently within not more than
five years back. However, for the exploration of a historical overview and the trend of the issues
on the study subject, the researchers reviewed scholarly research published more than five years

back.

Also, the chapter establishes a conceptual framework based on presumed variables, which are the
factors causing the scarcity of mathematics and scientific teachers as well as the impacts of the
scarcity on secondary schools in Tanzania. It involves mostly a thorough library and internet
searches of the related literature based on a variety of scholarly resources. Different search engines
were used to search for the current information related to the topic under the research study. The
conceptual framework displays the idea of this particular research as related to other scholars’
ideas and works on the presumed factors causing the scarcity of scientific and mathematics
teachers in secondary schools in Tanzania. The conceptual framework shows how these causative
factors interrelate with each other in the fashion that in the end, the impacts become the causative

factors and the problem becomes difficult to solve and therefore remains unresolved.
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The term factor as used in this research means something or event that influences or contributes to
the effects such decision-making or the situation of something. In this research study, it (factor)
means something that causes the scarcity of scientific and mathematics teachers in secondary
schools in Tanzania. The term scarcity in this research study means a situation where there are
limited resources or a shortage of supply. The situation on the availability of teachers is considered
a shortage when more than 90% of the students are been taught by teachers who are not qualified
to teach a given subject (Dlamini, 2014). The term impact means the effects on something, which
may be positive or negative influence or repercussions on the surrounding community, individuals,
institution, project, program, or policy. Positive impacts refer to something beneficial and negative

impacts mean the unfavorable or adverse conditions in or situation.

Also, Munna and Kalam (2021), explained that learning is the process of gaining knowledge and
abilities through instruction, experience, or study. Moreover, the knowledge that is passed from
experts to learners can be characterized as the teaching-learning process. The process through
which a teacher identifies and creates the learning objectives produces teaching resources, and puts
the teaching and learning strategy into action is described as the combination of the different
aspects within the process (Munna & Kalam, 2021). According to Padhi (2021), learning is an
innate nature of man that exists in his surroundings or is facilitated by favorable circumstances.
The teaching process might result in learning. On the other hand, a teacher should take learning
into account when preparing classes because it is a crucial component of education (Munna &
Kalam, 2021). Teaching is the act of involving students in the process of learning new information
and abilities (Padhi, 2021). To put it another way, learning is the process of giving the learner the
ability to comprehend and apply concepts, skills, and knowledge as well as to actively participate

in activities or processes that entail the establishment of an environment for learning, while helping



25

learners learn. However, man can learn even without being taught, and this is referred to as

experience. Teaching is done to learn to meet a predetermined package (Padhi, 2021).

However, there is no meaning in teaching until the learner acquires knowledge or skills that can
be used to construct action (Padhi, 2021). Although man can learn without being taught, teaching
is required for the purposeful learning of new things. This is why teaching and learning are viewed
as a single concept which is termed teaching-learning. In other words, there is a relationship
between teaching and learning processes. When we consider teaching-learning as a whole, there
are five components: the learner (student), the trainer (teacher), the materials to be taught
(curriculum), the teaching methods, and the environment for teaching-learning (Padhi, 2021;
Munna and Kalam, 2021). These five components must be properly maintained for the teaching-
learning process to be effective. The factors related to the five components mentioned are the
factors that determine teaching-learning processes. Teaching is a collection of events that occur
outside of the learners and are intended to support internal knowledge acquisition (Padhi, 2021).
Furthermore, teaching (instruction) takes place outside of the learner and learning is internal to
learners’ learning. Teaching is the act of instructions to students in a classroom setting to help
them to learn and acquire the desired knowledge, skills, and ways of living in society (Padhi,

2021).

Moreover, Padhi (2021), said that Teaching-learning is a process in which an educator assesses
learning needs, develops specific learning objectives, develops teaching and learning strategies,
implements a work plan, and evaluates the outcomes of the instruction. Also, teaching is a process
in which the learner, teacher, curriculum, and other variables are organized systematically and

psychologically to achieve some predetermined goals. From my point of view, teachers must be
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qualified personnel, with adequate qualifications for the levels they are teaching and competent

with the subject matter that they are teaching in secondary schools.

Another term that needs to be defined is the word research which can be defined as a systematic
process of investigating the problem to establish facts and solutions or coming up with new
findings through observation, experiment, comparison, and field study (Kothari, 2004). There are
several types of research but this specific research study defines mixed research as an active search
technique that was used in the current research. Mixed research involves both qualitative and
quantitative research techniques for a better understanding of a research problem. A mixed-
methodologies research design is a process for gathering, analyzing, and mixing research methods
from the quantitative and the qualitative in a single study. To facilitate translation, mixed methods
let researchers conceptually and analytically combine qualitative research and quantitative data
(such as semi-structured interviews, observations, and questionnaires) with conventional

epidemiological and quantitative research methodologies.

The qualitative research technique involves non-numerical data and is conducted primarily through
interviews. The confirmation of truth claims involves logic and methods that may not be entirely
appropriate, but the values underlying such claims, as well as the motivation for researching
specific questions, do stem from the framework. Conducting research requires time, care, morality,
precision, and perseverance with data collection and analysis methods, interpretations, and
language (Kapur, 2018). These are required to realize one's quest for meaning by contributing to
and connecting with diverse communities of researchers, teachers, learners, and marginalized
individuals. The search for meaning is like a lamp, illuminating passages, and turning points as the
researchers navigate multifaceted and diverse settings, questions, knowledge, and methods (Kapur,

2018).
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On the other hand, the quantitative data collecting method involves gathering quantifiable
numerical data through the use of surveys, close-ended or multiple-choice questions, and other
techniques. Quantitative information is based on statistics and may be calculated or tallied.
Quantitative information tells us how much, how often, or how frequently something occurs.
Quantitative methods emphasize precise measurements and the statistical, mathematical, or
numerical analysis of data gathered through surveys questionnaires, and other types of research,
as well as the manipulation of statistical data that has formerly been calculated using computing

techniques.

The word data can be defined as the facts or information for the things that are known or unknown
collected for reference or analysis. Data collection means the process of gathering the information
or data of interest from different sources, be the library, field, or laboratory through data collection
tools like interviews, observation, surveys, or questionnaires to answer the intended research
question, test hypothesis, or evaluate outcomes (Kothari, 2004). On the other hand, data analysis
is the process of summarizing data, and interpreting it to get the pattern or the logical meaning,

relationships, or trend of the data collected (Kothari, 2004).

Conceptual Framework

A conceptual framework is a framework that outlines how variables considered relevant in a study
interrelate with one another and communicate the researcher's opinions about the study's concepts
(Kothari, 2004). According to Adom et al. (2018), the conceptual framework is created based on
a relevant literature review of the relevant research and/or theories. The conceptual framework
aids in identifying and clarifying what the researcher values as central components of a study and

links these components to other diverse components of other studies. A theoretical framework in
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research is based on the idea of theories, but a conceptual framework is something the researcher
can create based on the theory after conducting literature research (Adom et al., 2018). The
researcher conducted a literature review for the present study and built the conceptual framework

based on the evaluation of concepts from the review.

The current research study aims to examine the causes and impacts of the scarcity of scientific and
mathematics teachers in Tanzanian secondary schools. From the literature, the scarcity of scientific
and mathematics teachers that exists in secondary schools has negative impacts on students who
are interested in studying these particular subjects. The conceptual framework is developed from
the literature reviews on the related research. The literature revealed that the scarcity of science
and mathematics teachers has emanated from various factors including poor performance which
causes the diminished number of scientific and mathematics graduates. If some of these graduates
join others for science and mathematics-related careers, then the teaching profession remains

unflavored.

Figure 1 summarizes the conceptual framework as presumed by the researcher concerning the
causes and impacts of the scarcity of mathematics and scientific teachers in Tanzanian secondary
schools. The current research planned to come up with proof of the presumed factors causing the
scarcity of scientific and mathematics teachers and their impacts on secondary schools in Tanzania.
Figure 1 also shows how these presumed factors interact with each other. Moreover, Figure 1 also
shows how these factors and impacts interact among themselves and affect the achievement in the

teaching-learning process of these subjects in secondary schools in Tanzania.

Presumed causes and impacts of the scarcity of scientific and mathematics teachers include funds

and budget for funding the two subjects in secondary schools; socio-economic factors such as
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stigma and perception of the society towards science and mathematics subjects; factors related to
education policy; other factors influenced by the political aspects; and teaching and learning
environment in secondary schools. Some examples of policy-related factors include Education for
All (EFA) movement that has increased the enrolment in pre-primary, primary, and secondary
schools. The implementation of this Education for All Movement increased the teacher student-
ratio because the number of students increased abruptly, while the number of teachers remained
the same or it may be lower due to some of them reaching their retirement time, others dying, or

dropping their teaching career.

The literature also indicated that students are not interested in teaching careers. Individual interest
is what matters when it comes the time to choose the subject combinations that one is interested to
learn. Cheung (2018) revealed that there are five factors affecting students’ interest in science
subjects including science self-concept, gender, grade levels, science self-concepts, situational
influence in science lessons as well as individual interest in science. Furthermore, it was explained
that the strongest factors that cause individual interest in studying science were science self-
concept, followed by the individual interest in science, and lastly the situational influence on

science subjects.

Some learners lose interest in scientific and mathematics subjects and want to select to study other
non-science subjects. The result of that scenario is fewer individuals who graduate in science and
mathematics and very few of them decide to join a teaching career. The consequence of this causes
the scarcity of teachers in science and mathematics and the impacts on Tanzanian secondary

schools (Figure 1).
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Thus, the impacts have some negative consequences on individual students’ achievement, the
education system as well as the country’s scientific and technological development at large.
Therefore, these factors that are presumed to cause the scarcity of teachers in science and
mathematics in secondary schools in Tanzania are presented in Figure 1. The factors include socio-
cultural factors such as stigma and the perception of society towards science and mathematics in
secondary schools. Socio-economic factors include the availability of budget and funds to support
science and mathematics teaching, and policy and political factors that can affect curriculum

stability (Figure 1).

The current research study investigates to unveil the factors causing the persistence of the scarcity
of science and mathematical teachers to be able to find a way to resolve the problem. According
to Kapur (2018), the education system can be enhanced through appropriate teaching-learning
methods, a proper curriculum, trained and qualified teachers, and a suitable school environment.
This implies that without appropriate teaching methodology, the student’s performance is
negatively affected. Furthermore, without a proper curriculum, the trainees would lack relevant
knowledge and skills to be able to apply them in their daily life. Also, if the teachers are not well
trained and qualified to teach, then the students will also perform poorly. Apart from that, also
teaching methodology, the school environment should be favorable for teaching and learning to

achieve the best results in the end.

According to Kapur (2018), effective curriculum and instructional methodologies, well-trained
and competent teaching staff, acceptable teaching-learning strategies, and adequate school
environments can all contribute to improving the educational system. Furthermore, effective

implementation of the school curriculum is dependent on a variety of factors, including the
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availability of learning facilities, such as textbooks, laboratories, computers with the internet, and,
most importantly, qualified teachers’ availability. Furthermore, the availability of teachers is
insufficient for students' growth and development; teachers must also possess the necessary
knowledge, skills, and abilities to deliver the subject matter. Teachers are simply not being
produced in sufficient numbers by teacher education institutions. If they are being produced, then
fewer are being employed. To improve teaching-learning, there is a need to employ sufficient

numbers of qualified teachers to meet the demand in secondary schools (Kapur, 2018).

According to conventional wisdom, there are two staffing issues at the school level, which include
two converging macro demographic trends: increasing student enrolment and increasing teacher
turnover as this causes the teaching workforce declines (Kapur, 2018). As a result, teachers are in
short supply, especially those who teach science and mathematics subjects. This problem persists
high in rural areas and urban locations forcing most school systems to lower standards to recruit
well-trained teachers and fill vacancies, which predictably may result in high levels of qualified
teachers and improvements in school performance. In contrast, students * performance appears to
indicate that teacher turnover has a detrimental impact on the standard of the school. Yet, other
simulations imply that under a policy framework where underperforming teachers can be precisely
discovered and substituted with more competent instructors, turnover may alternatively have

significant beneficial benefits (Adnot et al., 2016).

The lack of scientific and math teachers in such secondary schools has some influence on how
those subjects are taught and learned. In a study, Cheung (2018) found that if teachers wish to
encourage students to pick science disciplines, they should focus on tying academic self-concept

with interest in the subject. As indicated in Figure 1 socio-economic factors are one of the
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presumed causative factors in the scarcity of mathematics and scientific teachers in secondary
schools. Socio-economic factors include the availability of budget and funds that could be used to
support students and facilities in schools; socio-cultural factors (include stigma and perception);
political and policy factors (Education for All Movement — (EAM) that has caused more students
enrolment in schools); and uncertainty on the motivation to science and mathematics teachers. All

these have caused the scarcity of mathematics and scientific teachers in secondary schools.

In Figure 1 it is indicated that the availability of budget and funds for science and mathematics
subjects has an impact on the secondary schools which most of them fail to furnish the school
laboratories with chemicals, instruments, and other necessary facilities. Whenever the budget and
funds are limited it causes inadequate laboratory facilities and triggers a lack of interest in self-
practice and limited experience in science and mathematics among students as justified in Michael
(2015). In line with this, limited laboratory facilities can cause uncertainty of motivation to
teachers and students since the science curriculum is only partially being implemented.
Furthermore, the availability of laboratory facilities could make studying science effective and
enjoyable for both the students and the teachers. Using the laboratory in learning science subjects
enhances students’ self-practice and brings more understanding of the respective subject (Michael,
2015). The use of the laboratory motivates teachers and it becomes possible and easier to illustrate
or demonstrate difficult concepts under study. Thus, science laboratories and associate facilities

must be available in secondary schools in Tanzania.

Furthermore, sociocultural factors such as stigma and perception of society on science and
mathematics careers in the community affect mostly girls who want to join science and
mathematics classes. According to Uwineza et al. (2018), there is a perception that females feel

unwanted in science and mathematics-related careers because they lack role models and there is
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only male domination in those STEM fields. Also, historically there are societal stereotypes about
female students regarding science and mathematics subjects which are negative. Thus, females
grow up with the perception that science and mathematics are for males, and this indicates the
existence of education inequalities in society. Also, there is a perception in society that science

and mathematics are hard subjects to study.

Moreover, during the implementation of the Education for All movement in Tanzania, the process
has caused an increase in several schools in the country. These schools are community secondary
schools which increased the number of enrolments in secondary schools and raise the problem of
the scarcity of teachers specifically in mathematics and scientific subjects in secondary schools.
The increase of community secondary schools in response to the “Education for All Movement”
caused the scarcity of teachers since the number of teachers increased did not match the
enrolments. This is justified by Projest (2013), in a study that revealed that the increase in
community secondary schools has caused the scarcity of mathematics and science teachers in

Tanzania.

Moreover, the implementation of the curriculum depends on the availability of teachers apart from
teaching and learning facilities (Kapur, 2018). There have been frequent changes in the
implementation of the curriculum whenever there is a change in the political leader in Tanzania.
Some of the changes have caused the school curriculum to remain unstable. This unstable situation
of the curriculum has been affecting the student’s performance, especially in mathematics and
scientific subjects. Politically, the interest on the leadership side might have some effects that can
cause instability in the educational curriculum. A frequent change of political leadership in the
country has an impact on the education curriculum (Figure 1). The newly nominated Minister of

Education, Science, and Technology may come up with reforms in the education system that
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sometimes affect the schools and this change has an impact when there is a need of changing the

policy and may result in an unstable education curriculum (Figurel).

Figure 1
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The impacts of the scarcity of science and mathematics teachers include students’ avoidance of
science and mathematics (Figure 1). This is one of the reasons that there are few graduates in
scientific and mathematics subjects in Tanzanian secondary schools which leads to stress in the
concerned subjects, resulting in poor performance and later causing more scarcity of teachers in

secondary schools (Michael, 2015). Moreover, it is reported that if there are few science and
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mathematics graduate teachers, it may cause an increasing teacher-student ratio and result in poor
teaching methods and poor performance which can further increase the scarcity of science and
mathematics teachers (Figure 1; Michael, 2015). To be able to increase the teacher-student ratio
the education sector in Tanzania decided to employ many untrained licensed teachers (Projest,
2013). Rural located secondary schools were affected most when compared to urban schools where
the teacher-student ratio was 1:68 and 1:41 respectively (Projest, 2013). With this high teacher-
student ratio (1:68), in rural located secondary schools, the teachers can’t be able to teach
effectively and the result is poor performance in science and mathematics subjects. According to
Mazana et al. (2019), there are cross-factors relating to students, teachers, and schools with low
mathematics performance. One of the elements or characteristics that is believed to have a
considerable influence on whether students perform better or worse in mathematics is their
attitude. Once a positive outlook is developed, it can aid students in learning more efficiently.
Attitudes can change and grow with time. A negative attitude, on the other hand, prevents effective
learning and therefore has an impact on performance (Mazana et al., 2019). Depending on the
student, in many cases, attitude may have a favorable or negative impact on how well learners

succeed in mathematics.

Furthermore, in 2014 the government of Tanzania introduced a free education policy that makes
the pre-primary and primary schools fees-free which later in 2016 was extended to lower secondary
education. This extension of free education was implemented using education circular no 5 of
November 2015 which directed the education boards to ensure that secondary education is free.
Through this policy, enrollment in secondary schools increased while the number of teachers
remained almost the same. This means in a few years; a big number of these students were

upgraded to upper secondary school. The schools demanded also a big number of teachers since
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there was a high teacher-student ratio and a high teacher workload. In this policy registration and
examination fees that parents used to pay in the past were waived. The implementation of the
policy caused a significant financial barrier in schools. As a result of the implementation of this
policy, the primary school population boomed by 31% in 2017 (UNICEF, 2018). This indicates
that the issue of a lack of science and math teachers has gotten worse. The scarcity of teachers was
a topic in the Tanzania parliamentary meeting as reported by Kamagi 2017 as cited in Chapter 1

of this research.

Additionally, Figure 1 illustrates the causes that contribute to Tanzania's shortage of science and
math instructors as well as the effects of that shortage. Thus, the problem is maintained like that
until something is done to interrupt the trend. If there is no action taken to address the implications
of the lack of math and scientific teachers, the issue will not be resolved anytime soon but will

instead continue to exist.

Table 1 provides an overview of the presumptive causes, consequences, as well as the impact of
the lack of instructors in mathematics and science on learners and the educational system. The
main factors include political and policy-related factors such as “The Education for All
Movement” and the interest on the leadership side; socio-cultural factors (stigma and perception);
and socio-economic factors (availability of budget and funds). These main factors have impacts
on the students and the education system in general. Some of the effects as summarized in Table
1 are in turn causing the scarcity of mathematics and scientific teachers and therefore, they are also
considered causative factors. They include budget and funds as well as a few mathematics and

science graduate teachers.
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The effects of the shortage of science and math teachers include a high teacher-to-student ratio,
poor teaching techniques, subpar performance, a lack of self-practice and interest, the professions
of science as well as math teachers shifting, and finally the shortage of science along with math
teachers (Table 1). According to UNICEF (2018), the teacher-student ratio in primary schools
stands at 1:145 in Tanzania's Mainland. With this ratio, the quality of learning is negatively
impacted. This calls for an urgent need to increase the number of teachers in primary schools. At
the same time, the schools are facing a challenge of infrastructure, where the classrooms become
scarce and even the toilets are not enough. In this case, Tanzania has to hire tens of thousands of
teachers to fill the existing gap. Hiring all those teachers is another challenge (UNICEF, 2018).
Currently, UNICEF is supporting the government of Tanzania with adequate capacity building and
training. There is also a volunteer program in which the UNICEF deployment among many
unemployed college and university graduates clamoring for work as a stopgap measuring pending
government recruitment procedures. The current gap in terms of teacher recruitment in Tanzania

stands for thousands.

The scarcity and science and mathematics teachers and the impacts have effects on students who
are studying those science subjects. These effects include limited experience and poor
performance; avoidance of science subjects by students; few science and mathematics personnel
hence more scarcity of those teachers; and lastly poor scientific and technological growth of the

country (Table 1).
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Summary of the Factors Causing the Scarcity of Mathematics and Scientific Teachers and the

Impact

Factors

Impacts

Effects

Political and Policy
factors — (Education for
All movement; Interest
on the leadership side)

Socio-cultural factors

Socio-economic factors
(Availability of budget
and funds)

Limited laboratory

facilities

Few science and
mathematics graduate

teachers

High teacher-student ratio
Poor teaching methodology

Unstable curriculum

Stigma and perception of scientific
and mathematics

Stress in teaching science and
Mathematics

Lack of teaching facilities

Low enumeration of science &
mathematics teacher

Lack of interest due to poor self-
practice

Science and mathematics graduates
change their career

Scarcity of scientific and

mathematics teachers

e Poor performance in science
and mathematics subjects

e Student’s avoidance of
studying science and math

e There are limited laboratory
facilities

e Uncertainty of motivation for
teachers

e Limited experience and hence
poor performance

e Few science and mathematics
graduate teachers

e Tanzania's slow scientific and
technical development
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Shortage of Mathematicians and Scientists in Teaching — A Global Review

When there are not enough teachers in a certain subject area while the student population is
expanding, this is referred to as a teacher shortage (Pister, 2007). The situation is faced at all levels
of education and in many countries worldwide. The big problem is the retention of the teachers
working in the educational sector which is caused by the fact that teachers are not enjoying the
privilege of school curricula control delivery but rather they are acting as professionals where they
value time above compensation (Pister, 2007). In a study conducted on the trends and issues related
to science education specifically on the shortage of science teachers, it was found that many
science teachers are leaving the teaching profession. Some science teachers are overwhelmed and

feel unsupported in the classroom and their expectations are not clear (Mangrubang, 2005).

There are several factors mentioned in various studies about the scarcity of science teachers in
different regions of the world including the USA, Europe, and Africa. A memo by McKenna
(2018), in the USA from the Learning Policy Institute, said that some factors are causing the
shortage of science teachers. The factors mentioned include challenging working conditions for
the teachers, lack of administrative support, lack of adequate teaching preparation, teachers
turnover, lack of science teachers’ and low salaries relative to other science-related professions.
For years, teacher shortages have been in the news and raising concern across the country and New
York is no exception (New York Educational Conference Board, 2020). Indeed, state officials
estimate that over the next ten years, schools will require an additional 180,000 teachers. Given
the declining trends in teacher training programs, it appears unlikely that demand will be met.
According to New York Educational Conference Board (2020), the number of students enrolled
in the state's undergraduate and graduate teacher education programs fell by 53% between 2009

and 2017, from over 79,000 to over 37,000. The problem will be compounded by teacher
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retirements. There were over 36,000 active Teacher Retirement System (TRS) members between
the ages of 50 and 55 in November 2018, according to data from the New York State TRS (New

York Educational Conference Board, 2020).

According to the New York Educational Conference Board (2020), the scarcity of replacements is
caused by several variables. Individuals in teacher preparation programs (or recent graduates), for
example, frequently substitute to get classroom experience; fewer enrollees equal fewer
substitutes. In addition, the New York Educational Conference Board (2020), reported that when
the economy is booming, many who might otherwise seek substitute teaching employment prefer
to work full-time with benefits. Individuals without qualifications are not allowed to substitute for
more than 40 days in a single school district each school year, which makes it difficult to recruit
substitute teachers. Educators from various origins are likewise lacking in New York classrooms.
In addition, school districts are dealing with a lack of diversity in the educator workforce. In other
words, the workforce does not reflect the rich diversity of children in New York or across the

country.

Teacher shortages, according to the Learning Policy Institute report, may force the school
management to hire less experienced instructors, lower the number of courses provided, or increase
class sizes, all of which hurt student learning (McKenna, 2018). Turnover has an influence on all
kids in a school not just those with a new teacher, by undermining school stability, collegial
connections, collaboration, and the accumulation of institutional knowledge. Taking it a step
further, a study of 850,000 fourth- and fifth-graders in New York City over eight years found that
grades with high teacher turnover had lower mathematics and English language arts achievement
(McKenna, 2018). Students are also harmed by substitute teacher shortages. When replacements

are not available, regular faculty members may forego preparation time to cover classes. Because



40

teachers do not have time to prepare for their classes or collaborate with colleagues, this is a lose-
lose situation for all pupils concerned. Building leaders and paraprofessionals may be called in to
cover courses, which means their usual responsibilities are jeopardized. When replacement
teachers are unable to be placed in schools, kids are distributed to other classrooms, resulting in
greater class sizes. Learning is interrupted once again since educators do not always teach at the
same pace as their colleagues, and students may be assigned to classes that are ahead of or behind
their own. New York's students are also harmed by a lack of diversity in the educational workforce

(McKenna, 2018).

It is crucial to give instructors effective initial preparation for getting ready for teaching and
continued assistance once they reach the classroom. According to Sterling (2020), a study
suggested that teacher preparation has connections to both engagement and student
accomplishment. Effective teacher preparation is not necessarily feasible as the need to hire
instructors who are not qualified grows. Therefore, it is crucial to give instructors continual support
throughout their first few years in the teaching profession when they are employed with little to no
training as teachers. Sterling (2020) reported that within the first five years of classroom
instruction, in the United States, the teacher retention statistic declines significantly, but it declines
even more dramatically for those teachers who received inadequate initial preparation for their
profession. Additionally, studies show that highly qualified teachers have the biggest influence on

high student accomplishment.

Amongst the most important concerns confronting policymakers is how to recruit and hire teachers
with stable teaching professions and be capable of meeting the complex needs of all students while
also meeting the increasing demands of the health economy (McKenna, 2018). Recurrent teacher

shortages are caused by both a decline in new teachers entering the profession and high rates of
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teacher turnover, in particular, secondary school scientific and mathematics trainers. This turnover
is costly and hurts student achievement and school improvement efforts. A good understanding of
why teachers join and quit the job, as well as what, might entice them to remain or return, is critical
to improving educational opportunities for all students, particularly those in the most

disadvantaged schools (McKenna, 2018).

Furthermore, Dolenc et al. (2021), in a research study in Sylvania, provided evidence of a baseline
for action to prevent the educational catastrophe that would result from the predicted shortage of
STEM teachers in Slovenia's lower secondary schools by identifying factors and continuing to
develop supporting experience-based opportunities which may encourage teachers to participate.
It may be estimated that, without a modification in educational policy supporting students to
choose to teach STEM courses as a vocation, the number of STEM instructors will fall below those

acceptable thresholds, based on data received from relevant organizations.

According to Dolenc et al. (2021), there is certainly no need to discuss the value of persons who
are highly educated in Science, Technology, Engineering, and Mathematics (collectively STEM)
and who are adept in Information and Communication Technology (ICT) in any community. If
societies require such profiles, they must recruit a sufficient number of students to enroll in study
and qualification programs leading to the required professions. Furthermore, as has long been
acknowledged, the fundamental obstacle is not in constructing physical structures or purchasing
equipment; rather, the issue is in finding skilled workers to operate inside those structures and with
the equipment that has been placed. To paraphrase what is being written, if nations require STEM-
educated individuals, they must make every effort to develop sufficient numbers of well-educated
instructors to give this training at all levels of education. Slovenia, a small country, faces three

interconnected difficulties in STEM education (Dolenc et al., 2021). The only way to keep STEM
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education of excellent quality is to raise the number of STEM-engaging students in pedagogical
courses. The proposed solution will require strong government financial assistance as well as the

integration of teacher education strategy into Slovenian national policy (Dolenc et al., 2021).

Furthermore, Laming (2021), reported that the current global teacher shortage has major
ramifications for countries striving to adopt sustainable education. The inclusion of universal
primary education as the second of the UN Millennium Goals recognized the importance of
education in reducing poverty, promoting peace and security, and protecting the environment.
Because of the anticipated teacher shortage, programs aiming at improving awareness of
sustainable practices, such as the Australian Sustainable Schools Program, the British Sustainable
Development Action Plan for Schools, or the Nepali Sustainable Community Development

Program, may be jeopardized (Laming, 2021).

Laming (2021) in the study report, revealed that some of the world's most developed and least
developed countries may face moderate to severe teacher shortages, especially in high-demand
subjects like math and science. Unfortunately, rich countries such as the United Kingdom, the
United States, and Australia see hiring foreign teachers as the simplest answer to the problem
(Laming, 2021). Overseas recruitment is not a bad idea if done properly and with the understanding
that it is only a temporary solution. Hiring teachers from developing countries, such as Africa and
the Caribbean, to fill vacancies in wealthier countries is not a long-term solution (Laming, 2021).

The loss of the capital invested in highly skilled employees has a significant negative impact.

Students' attitudes toward mathematics (motivation), student age, inadequate learning
methodologies, poor background in mathematics, and previous test results are all factors that

contribute to students' failure in mathematics (Mazana et al., 2020). According to Mazana et al.
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(2020), education in primary and secondary schools, especially lower secondary schools, have
greater failure rates. Gender disparities persist at all levels of education, with girls falling in
elementary, secondary, and college exams as a result of cultural variables affecting female
students' performance. Policy, environment, and culture all have a part in determining why
students perform poorly in mathematics in Tanzania. According to Mazana et al. (2020), the
research findings the majority of mathematics educators have mixed feelings about their students'
abilities and the teaching-learning environment. Furthermore, enhancements in teaching-learning
settings, classroom instructions, teaching skills, student learning skills, teacher training programs,
community attitude, and accountability are offered as ways to improve the problem. The findings
give educators and other stakeholders information regarding mathematics achievement patterns
and associated factors, allowing them to assess the implications of mathematics curriculum and

instructional techniques at all levels of education (Mazana et al., 2020).

The world experienced and reached enormous scientific and technological development in recent
years but not all countries have been affected equally by progression (The United Nations
Educational, Science and Cultural Organization — [UNESCO], 2006). Some countries are growing
faster than others. Also, the ability to cope with and apply sciences and technology depends on the
country’s modernization and economic development. According to UNESCO (2006), many
countries are facing a shortage of teachers in science and mathematics and therefore it is a big
challenge worldwide including countries in Africa and South Sahara. Teachers allow their students
to learn about many parts of the world that they would otherwise be unaware of, and the effects of
their loss extend far beyond the classroom. Teachers are generally highly esteemed community
members who serve in a variety of leadership capacities, especially in rural communities where

other professionals are scarce. Since a lack of education is intimately related to sickness,



45

impoverishment, and uncontrolled population growth, the skills and knowledge they possess are
at risk of being lost, which poses an imminent danger to national and regional stability (UNESCO,

2006).

According to UNESCO (2006), concerns about current or impending teacher shortages have been
raised in both industrialized and developing countries for decades. However, the nature of these
gaps can vary significantly. Some countries have well-established education institutions that
include nearly all children in primary school and are rapidly doing that at the secondary level.
Their teaching staffs have minimum qualifications or exceed them, and they do pretty well in terms
of efficiency, quality, and equity. Because of the constant fall in the number of school-aged
children, education spending has increased. As a result, the problem isn't necessarily one of
meeting rising educational demand. Moreover, UNESCO (2006), reported that teacher shortages
are most commonly caused by a lack of specialized teachers, either in terms of subject matter or
the capacity to work with special needs students. Concerns have also been raised concerning the
ability of certain schools, notably those serving the most disadvantaged students and communities,
to attract instructors. Other countries' school-age populations are continually increasing, and
universal primary or basic education has yet to be achieved. Furthermore, the teaching force has a
poor degree of qualification. In this case, teacher shortages are due to a lack of supply or placement

of teachers to satisfy demand.

Another study by Nedev (2014), in Mexico, reported that engineers should be trained not only in
how to utilize operations manuals more effectively but also in how to use them more effectively.
Indeed, the goal is to determine, within the constraints, which aspects are the most relevant in
influencing the educational problem. Mexico's engineering level is considered to be lower than

that of developed nations. There are also several engineering schools, but they all suffer from a
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shortage of development resources, such as laboratory equipment and highly educated people, to

varying degrees. This is attributable, in part, to an individual country's technological dependency.

Moreover, another report by the International Labor Organization - ILO (2008), highlighted that a
widespread issue in many countries is the lack of trained scientific and mathematics teachers. The
International Labour Organization (ILO) estimated that 18 million more teachers would be needed
globally by 2015 to meet the demands of the Education for All movement and the Millennium
Development Goals (MDGs). To achieve this, many nations have increased their efforts to enroll
a sizable proportion of students in scientific and mathematics courses. Enrollment attempts have
rarely produced the expected effects in the majority of these countries since there are insufficiently

competent and passionate instructors in mathematics and science (ILO, 2008).

Whenever there is increasing in student enrolment and the increase results in a scarcity of teachers,
especially in science and mathematics subjects (Kapur, 2018). The shortage of science and
mathematics teachers is the result of many reasons including the number of teachers in demand
and the number available for supply; the issue of existing working conditions and existing policies
(Garcia & Weiss, 2019). Shortage of teachers and turnover have become crucial issues affecting
education in schools as they affect the quality of teaching which causes poor performance in
science subjects. Moreover, this poor performance has impacted the students’ future careers and

their perception of science-related study (McKenna, 2018).

Furthermore, the memo by McKenna (2018), revealed that in some schools the classrooms were
staffed by under-qualified science teachers as a result of the shortage of teachers. Also, this study
revealed that there is poor retention of some new teachers within five years of the teaching career

and that if these teachers are receiving good collaboration, extra resources, and a strong network,
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teacher turnover could be minimized. According to McKenna (2018), teachers’ turnover in science
and mathematics varies with states from 19% to 70% where the smaller percentage is in schools

that offer high salaries and the higher percentage is in schools that pay low salaries.

Sterling (2020) reported that there is a rising issue in the United States of America with the
shortage of scientific and math teachers. Whenever the teacher shortage intensifies, underqualified
instructors are hired to fill the gap, or teachers without credentials in science or mathematics are
assigned to teach those subjects. Since these underqualified educators are not staying in the field,
the teacher shortage issue is not being resolved, and the level of turnover for educators is
increasing. Additionally, more experienced teachers are quitting the field due to low pay and job
discontent. According to Sterling (2020), teachers' initial training and support whenever they enter
the field are essential for their survival and retention in the early years. Additionally. The greatest
influence on successful classroom management and excellent student accomplishment is exerted

by well-prepared teachers.

Furthermore, it is revealed that teachers’ turnover may be caused by some factors which include
salaries, and inadequate provision of mentorship programs, especially in the early years of teaching
(Kapur, 2018). However, Ingersoll (2003), reported that the shortage of teachers in secondary
schools is caused by some different factors including the retirement of the aged teachers, personal
or family problems, job dissatisfaction, poor professional advancement, student discipline
problems, too large classes, inadequate knowledge and skills, inadequate time to prepare and
change to pursue other careers. Moreover, it was reported that the shortage of teachers is associated
with two demographic converging trends which include increasing teacher turnover and increasing
student enrolment (Ingersoll 2006; Kapur 2018). These trends are forcing school systems to

employ unqualified teachers so as solve the problem and later lead to poor school performance.
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Teacher turnover impacts students’ achievements at all levels of education by disrupting the

school’s steadiness and the buildup of knowledge (Ingersoll, 2003).

According to Dee and Goldhaber (2017), teacher-hiring difficulties have greatly expanded, but
there is no evidence that these challenges are a prevalent issue in the United States of America
(USA) public schools. However, in their research, they did find compelling evidence of teacher
hiring and retention challenges in sufficiently high levels and difficult-to-staff schools. These
targeted teacher shortage challenges are related to long-standing issues with how we recruit, train,
and compensate teachers. The shortage of Science Technology Engineering and Mathematics
(STEM) teachers varies from one state to another in the USA according to the location of the
school and the economic status of the school. As a result, the solutions to staffing issues should be
targeted as well. These issues are indeed strongly evident by considering the implications of using
monetary incentives to address staffing shortages. The most straightforward policy lever that can
be used to make a teaching job more desirable is to increase its pay. Investigation showed that the
shortage of teachers in the United States of America (USA) is a challenge that exists for a long
time due to the way they train, recruit, and compensate (Dee & Goldhaber, 2017). Moreover, White
(2019), revealed that in the United States of America (USA) Department of Education report, the
shortage of teachers between 2018 -2019 was high in some districts including Georgia, Florida,
and California where the shortages were in the high and middle schools and special education,

science, and mathematics teachers.

Dee and Goldhaber, (2017) reported some other initiatives to address teacher shortages that hold
a lot of promise. For example, by establishing a regional or even national employment market for
educators through genuine licensing requirements reciprocity, the attempt to teach the employment

market would become more flexible and capable of addressing local shortages. Dee and
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Goldhaber, (2017) reported that somewhere at the local level, districts can engage in strategic
planning to address their recruitment challenges. To encourage teachers, for example, some
municipalities are going to experiment with assertive, high-touch, digitally native recruitment
methods. This technique has the advantage of being immediately implementable and strictly
restricted to a specific region’s esteem needs. These issues may indeed be best illustrated by
considering the implications of using monetary incentives to resolve staff shortages. Increased pay
is the most simple and direct policy mechanism that can be used to start making a teaching job
unite desirable (Dee & Goldhaber, 2017). In the research methodology Dee and Goldhaber (2017),
demonstrate the importance of directing resources to areas of greatest need; purposeful impacts on
staffing necessitate requires relatively large financial investments. Allocating funds for salaries
and increasing teaching facilities to resolve issues that are receiving attention in specific subjects

and schools dilute the success of those limited resources.

In the USA Dee and Goldhaber (2017), the scarcity of scientific and mathematics instructors is a
growing problem and as the situation worsens in the schools, teachers without science and
mathematics backgrounds are assigned to teach while in other schools unqualified teachers are
hired to fill the shortage. These un(der)qualified teachers include those who have Bachelor’s
degrees in science and mathematics but they have not studied education courses. Some
un(der)qualified teachers are not permanent in the teaching profession, thus when they leave, they
create a high teacher turnover rate in schools. The high teacher turnover has a large impact on

effective classroom teaching and learning and students’ achievement or academic performance.

According to Dee and Goldhaber (2017), the necessity of allocating resources to areas of high need
is demonstrated by research on this technique; considerable impacts on staffing need very large

financial outlays. Allocating funds to pay raises across the board to address problems that are
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predominantly cantered in specific courses and schools spreads those scarce resources so thinly
that their impact is severely diminished. Other techniques to deal with teacher shortages are also
promising. For example, full licensure equivalence would make the teaching labor market more
flexible and better able to solve local shortages by creating a regional or even nationwide labor
market for instructors. There are other entrepreneurial approaches that districts might use to handle

their hiring difficulties at the local level.

Dee and Goldhaber, (2017), explained that this strategy has the advantage of being quick to deploy
and tightly focused on specific areas of need. Early recruiting initiatives that widen the pool of
eligible candidates, as well as the forward-looking utilization of student-teaching placements in
anticipation of near-term hiring needs, can help districts alleviate teacher shortages. There must be
careful emphasis that, while these solutions, and persuasive logic and empirical backing, the
underlying evidence base is damaged. Given the scarcity of evidence, Dee and Goldhaber, (2017),
advise states and districts considering these recommendations to adopt an inquiry mindset, in
which the design, execution, and evaluation of such efforts are iterative, accelerating the efficacy

of reforms at scale.

According to Ingersoll & Perda (2009), in their report mathematics and science teachers have
roughly the same annual turnover rates as other teachers. However, unlike in the case of English
teachers, the educational system does not have a large surplus of new mathematics and science
teachers in comparison to total turnover. In the field of English, the supply of new teachers from
the pipeline and the reserve pool is more than enough to cover all losses due to retirement or other
reasons. In mathematics and science, the balance between new teacher supply and total turnover,
which includes both retirement and other reasons, is much tighter. The pipeline and reserve pool

supply of new teachers is insufficient, with only slightly more than one new mathematics or science
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teacher for each science and mathematics class who leaves the teaching profession (Ingersoll &
Perda 2009). Furthermore, Ingersoll and Perda (2009) reported in their research findings that,
teacher turnover is not distributed evenly. There are large variations in turnover within states, as
well as large differences in turnover between schools. Also, these disparities are related to the
attractiveness of working conditions in schools. While retirement accounted for less than a quarter
of all mathematics and science teachers who superannuated at the finish of the 1999-2000
academic year, job dissatisfaction accounted for roughly half of their attrition (Ingersoll & Perda,

2009).

Also, there have been education and curriculum reforms that have missed the necessary resources
for implementation. During these reforms, it sometimes takes time for the teachers and the students
to be able to cope, adapt and change their routine of teaching and learning methods respectively
(Osaki, 2007). Many of the above problems have persisted due to insufficient planning by the

education administrators and the involved secondary schools.

However, with the changing world of science education, it is important to strengthen the students,
especially at the secondary school lower level. The emphasis could be on the need for early
childhood science education to prepare scientists and technologists for advancements in research
and innovation as a basis for economic prosperity and the welfare of a rising economy (Hamilton
et al., 2010). These groups of students are the base who feed the middle and tertiary levels. From
the economic perspective, uncertainty, and rapid technological changes, it is proper to train and
improve the quality and flexibility of the workforce through training. Science education has
suffered economically which led to a decrease in funding in many countries. Darling-Hammond
and Carver-Thomas (2016), revealed in their study that high-poverty schools are likely to suffer a

lack of highly qualified teachers as these teachers tend to join schools that proved them with better
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pay, working conditions, and other support. This means that it is very difficult to retain highly
qualified teachers in high-poverty schools since those schools offer low-income to the teachers.
Garcia and Weiss (2019), in their study, reported that to retain teachers in schools, we must tackle
the working conditions and some other factors contributing to the long-lasting scarcity of teachers

in high-poverty secondary schools.

Moreover, Sutcher et al. (2016), reported a shortage of qualified teachers in mathematics, science,
special education, as well as bilingual education in the United States of America in 2015. To
address the problem, several states have opted to employ untrained teachers. According to Sutcher
et al. (2016), report the shortage of teachers has been caused by the decline in the enrolment of
teachers and the increase in the teacher-pupil ratios which are caused by increasing student

enrolment and high teacher turnover.

From the above literature, there is a shortage of teachers, especially in scientific and mathematics
subjects. Reasons for the lack of teachers vary from one place to another worldwide. All in all, the
scarcity of teachers in scientific and mathematics subjects has impacts on individual students, the
nation as a whole, as well as the educational system. Scarcity plays some negative consequences
on the learners’ achievement in the academic area. The increase in enrolment with few teaching
staff causes stress to the teaching process, especially when the turnover is caused by the teachers
departing from their jobs (Ingersoll, 2003). The students have been affected negatively items
performance and their future careers. The current study intends to examine the main factors that
are causing the scarcity of teachers in scientific and mathematics subjects in secondary schools

and the impacts on Tanzanian secondary schools.
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Scarcity of Scientists and Mathematicians Teachers: Africa Review

Tanzania and other African nations, like those in the rest of Africa, also have a teacher shortage in
mathematical and scientific subjects. Many academics and researchers in Africa are attempting to
determine some of the causes of the dearth of secondary-level mathematical and scientific
instructors. Some of them were studying the shortage of one among the science subjects, either

Physics, Biology, or Chemistry while others were studying all science subjects.

One of the most pressing public policy concerns facing many countries is finding enough trained
teachers to staff classrooms. Teacher shortages have long been a concern in Ghana, caused by
educational expansion as well as bad socioeconomic and political conditions, and exacerbated by
a high attrition rate (Cobbold, 2015). The search for a solution is still ongoing. Moreover, Cobbold
(2015), reported that in exchange for a pay raise, teachers' workloads are increased by raising class
sizes and/or the average number of classes given to each instructor, as well as lengthening their
working hours. The "double-shift" arrangement, in which schools provide lessons for one group
of students in the mornings and another in the afternoons, is a variation of this policy (Cobbold,
2015). This means less money spent on equipment and fewer teachers, with the added benefit of
being able to deal with a shortage of infrastructure and teaching-learning resources. Such
overloading strategies are common in developing nations; they can ultimately drive skilled
instructors into other professions, particularly as overall working conditions and real compensation

rates continue to deteriorate (Cobbold, 2015).

According to Cobbold (2015), research findings showed that the second policy strategy is to
increase the number of teachers by using monetary and nonmonetary incentives to make teaching

more appealing and flexible to enter. One strategy is to lower teacher qualification standards by
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hiring persons who are not fully licensed or requesting certified instructors to teach areas in which
they are not prepared, a practice known as out-of-license and out-of-field teaching in the literature.
Some countries hire retired and international educators. Another possibility is to reform teacher
education and certification systems to produce more teachers in a shorter time and at a lower cost.
Another supply-side approach that has been considered in the literature is reducing the average
class size to improve working conditions and recruit more teachers. Thus, it is suggested and
recommended that having a small class size could eventually result in high-quality learning.
Cobbold (2015) research findings revealed that class size decreases had a small positive influence
on student learning, while class size increases have a detrimental impact. The problem is that class
size is both a demand and supply component, so any strategy that aims to use the classroom must

account for both.

According to the Government of the Republic of Tanzania (2020), a primary school teacher must
teach 28 to 30 periods per week, while a secondary school teacher must teach 12 to 24 periods per
week, according to the Ministry of Education, Science, and Technology. Only twelve periods are
meant to be allotted to school administrators. Manyengo (2021) in a study discovered that some
primary school teachers had more than 70 periods per week. These teachers are typically found in
public primary schools teaching grade one. High enrolment rates and teacher shortages are two
factors contributing to the heavy workload (Manyengo, 2021). It was discovered that some science
teachers at public secondary schools had up to 50 periods each week. In addition to teaching,
teachers had to oversee extracurricular activities as directed by the school's head. Private primary
school teachers often teach 25 to 30 lessons per week, while private secondary school teachers

typically teach 22 to 30 lessons per week. The workload at secondary technical schools is
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comparable to that in private schools. This information shows that there is a shortage of teachers

from primary to secondary schools.

Dlamini (2014) did an overview study on the factors associated with the shortage of Physics
teachers in secondary schools in Swaziland. The research study findings by Dlamini (2014),
revealed that there are some factors associated with the shortage of Physics teachers including
policy-related factors and institutional and professional-related levels. Dlamini (2014) revealed
that the government of Swaziland is aware of the shortage of science teachers that exist in the
education system and the Ministry of Education and Training in the country has been working to
find strategies on how to increase the intake of scientific and mathematical teachers to supply and

fill the noted scarcity gap in the education system.

According to Barrett et al. (2019), there has been a lack of qualified teachers specifically for
scientific and mathematical subjects in secondary schools from Sub-Saharan Africa. This problem
worsened with the introduction of the ‘Education for All” movement at secondary school levels
where more students were enrolled while there is no recruitment and retention of teachers (Kapur,
2018). To improve teachers’ status and attract more of them to the teaching profession, many
efforts and strategies have been made in the region to ensure that there is the retention of scientific
and mathematical teachers in secondary schools. The increments of the teachers’ salaries, clearly
defined career pathways, accreditation of achievements, and opportunities for promotion should
be considered (Barrett et al., 2019; Kapur, 2018). The academic success of secondary school
students may be hampered by a lack of qualified teachers and their unequal distribution,
particularly in impoverished communities. However, Abdi and Kharbirymbai (2019), argued that
following self-rule, Kenya steadily grew the pool of qualified teachers available for employment,

with the number of qualified teachers without jobs soon expected to exceed that of government
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employees. Yet, there are not enough teachers in public schools, and there are differences in the
initial training and deployment of teachers, including some localities having yet to generate a

single certified teacher.

In Sub-Saharan Africa, including Tanzania, there are few science and math instructors despite the
tactics and attempts made to reduce the shortages. This is due to the dearth of science graduates
individuals who chose teaching as a profession. It is obvious that these people do choose other
careers or leave the teaching career after joining and as a result retaining them becomes more
problematic (Barrett et al., 2019; Kapur, 2018). The impacts of this shortage affect mostly the
learners who have various learning abilities and skills that with the shortage they may not be able
to achieve (Kapur, 2018). This is a negative impact on the learners. There must be continuous
intervention to ensure that the impacts are at minimal levels. The lack of qualified teachers and
their unequal distribution, particularly in underserved areas, typically aggravate the equity gap in
education (Abdi & Kharbirymbai 2019). Teachers should receive professional training, be suitably
hired and paid, be motivated, and be supported within well-resourced, functional, and controlled
systems because they are an essential requirement for ensuring the highest possible standard of

learning.

Many scholars have studied and indicated that there are shortages of scientific and mathematics
teachers in secondary schools, but many of them have not ascertained the causes of the shortage
and the impacts of the scarcity on students, teachers, or the education sector at large (Kapur, 2018;
Projest, 2013; Ndalichako and Komba, 2014). According to Kapur (2018), the issue of a shortage
of scientific as well as mathematics teachers in secondary schools must be addressed throughout

all levels of education from primary through to the tertiary level as these levels feed one another.
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This means that learners at all education levels must be equipped with science and mathematics

knowledge and skills to be able to enroll in those subjects at the tertiary level.

To improve the recruitment of Science and Mathematics teachers, many Sub-Saharan African
countries decided to offer scholarships and bursaries. In South Africa for example there are two
programs which are Funza Lushaka Bursary Program (FLBP) and the South African Mathematics
and Teacher Intern Program (SAMTIP). These two programs have improved the enrolment of B
Ed and PGEC courses in science and mathematics disciplines (Barrett et al., (2019). Apart from
all those efforts of minimizing the scarcity of teachers, it is still an issue that needs to be addressed
in many countries in Africa. Magano (2014) reported that there is a need to strengthen the Funza-
Lushaka Bursary through proper planning to ensure that the training of the teachers is done
effectively based on identified needs. If the scarcity of teachers is identified in the rural area the

Funza-Lushaka bursary should specifically address the shortage.

The South Africa Council of Educators (SACE, 2011) revealed that teachers’ supply is influenced
by the number of private and public institutions that are licensed to train teachers. The number of
new teachers will rise as more colleges train them. However, this expanded number of institutions
must never come at the cost of the quality of the studies they offer. If no learner’s engine for
programs and those who do not drop out, having institutions is insufficient. Moreover, SACE
(2011) revealed that by permitting alternative pathways into teaching, the combination of full and
part-time interaction in obtaining the B.Ed. assures a prospective rise in supply. If potential
teachers take advantage of distance education, it will boost the supply of student instructors.
Simultaneously, the proposed regulation allows teachers who wish to alter the phase or study area

in which they are qualified to teach to do so by completing additional training. It allows teachers



58

to move around the institution without losing their jobs. The issue, as with the other strategies for

increasing supply, is the quality of the permitted suppliers and their supervision.

The role of legislation, natural attrition, unplanned attrition, economic considerations, and the
expense of education was investigated by the South African Council of Educators. Teacher-
demand research must shift away from aggregate studies, which miss out on hidden demand.
Teachers teaching outside of their area of specialization or teachers migrating to other schools, but

are not lost to the education system, are examples of hidden demand (SACE, 2011).

According to SACE (2011), teacher demand, from an economic standpoint, is a function of pricing
for purchasing teacher services and represents the number of instructors a monopoly (government)
is willing to buy at a given price. This economic definition also implies that future instructors may
opt out of the teaching market if the current monopoly prices are lower than teachers' reservation
prices, rising demand. There is always a trade-off between demand and price from the
government's standpoint, which results in an increased or decreased need for instructors. Demand
can also be viewed from a policy perspective, in which demand is determined by set policy
imperatives such as the learner-to-educator ratio. Regardless of the available budget, these decide
how many teachers are required. Learning areas and instructors with the necessary skills for
inclusive education will urge that this be stretched. The amount of teacher demand is the result of

two processes occurring at the same time.

SACE (2011) reported the legislation and policy that governs the educational system, and the
second one is the effects of using technology in the classroom on demand. The first is the
educational legislation and policy that controls the system. Second, demand is affected by the

usage of technology in the classroom. South Africa is also a signatory to the Dakar Framework,
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which lays out six objectives for achieving universal basic education by 2015. Two of the six goals
have direct implications for the provision of excellent educators since they commit governments
to increase the basic education that is both free and required for all children. The government must
also ensure that all young people and adult learning needs are satisfied. This could potentially
boost enrolment numbers in areas where school coverage isn't perfect. It also indicates that students

will stay in school longer, meaning a higher demand for an excellent education.

According to the SACE (2011), the challenge of distinguishing between rural and urban areas
complicates demand. What is evident, however, is that some geographic areas and institutions
provide significant recruitment and retention issues. The difficulty of working and living
conditions for teachers is a defining feature of certain geographic areas and schools. It's worth
noting that in other nations, regional demand is more closely linked to the characteristics of
students in particular schools than to a shortage of resources including teachers (SACE, 2011).
The impact of pedagogical change on demand is the focus here. The implementation of new
pedagogy implies that there is a demand for teachers who have been trained in the new pedagogy.
Even if teachers are actively teaching, there is a lack of teachers until they are trained, whether
through inset or preset, which is another sort of hidden demand. It is crucial to highlight, however,
that in most circumstances, the shortfall is generally masked because classrooms have teachers
who are instructing. Learner performance is affected by incorrect teaching or misinterpretation of

the new methodology (SACE, 2011).

A push to lower learner-to-educator ratios would increase demand, which must be balanced against
the budget and learning impact. If the policy is to be completely implemented, it will increase
demand. The rate of educator attrition has an impact on teacher demand. Deaths, resignations,

retirement, dismissals, and temporary exits from the profession all affect the attrition rate (SACE,
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2011). Teachers' age distributions can be used to forecast demand due to retirements. Similarly,
by modeling death rates in the profession, mortality rates, and the needed results can be predicted
and prepared for. The rate of resignations from the profession or inside the organization is the most
difficult to plan for. That means policymakers will continue to plan based on assumptions rather
than actual educational needs. The rate of educator attrition has an impact on teacher demand. The
rate of resignations from the profession or inside the organization is the most difficult to plan for

(SACE, 2011).

That means policymakers will continue to plan based on assumptions rather than actual educational
needs. To begin with, the South African Council of Educators (SACE) had to work with other
stakeholders to identify critical teacher quality metrics. These should include factors such as
general qualification, specialization, and other indicators of teacher quality. Currently, supply and
demand research does not take into account the impact of quality and its distribution. What the
quality indicators suggest about the quantity-quality tradeoff, the quality-price relationship, and
estimates on teacher supply quality and quantity are all needed. Second, because SACE is the
licensing agency, the impact of the teacher certifications it certifies must be assessed (SACE,

2011).

Moreover, Barrett et al. (2019), revealed that South Africa introduced two more programs which
are Alternative Teaching Training Program (ATTP) and Professional Development Program
(PDP). The two programs were aimed at training and supplying suitably qualified teachers and
addressing the issue of unqualified teachers’ practice by improving their knowledge and teaching
skills respectively. Moreover, there has been a widening of using mobile technology to play arole

in developing teachers’ knowledge and skills through programs such as The Teachers Education
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in Sub-Saharan Africa (TESSA) and the Secondary Science Project (SSP) in Zambia. These

programs provide educators with materials to improve pedagogical skills and subject knowledge.

The use of laboratories in teaching science gives students more practical and improves scientific
skills and understanding. This is because active involvement, participation in activities, and quality
teaching are all dependent on students' interests. Therefore, teachers must incorporate such
activities into their teaching approaches while presenting difficult subjects such as science and
mathematics topics. In Zimbabwe for example the distribution of enough scientific laboratory kits
enabled teachers to perform demonstrations that also improved their teaching methods and the

understanding of their students in science subjects (Barrett et al., 2019).

The studies by Dlamini (2014) and Kapur (2018), revealed that the main solution to the scarcity
of teachers in this field of science and mathematics, the policymakers and the educationist to
consider improving science and mathematics working conditions, the teachers’ remuneration, and
their status. Improving science teachers’ working conditions by empowering them with classroom
management skills and providing them with content knowledge in science and mathematics could
probably retain most of them in the teaching profession much longer. Dlamini (2014) reported that
policy is an essential improvement and substance of human resources in the education system and
lack of the policies affects the processes of teaching at the institutional levels. Policies must state

how to empower pre-service teachers at the tertiary level to handle the science subject concepts.

Lack of educational policies has much more effects on the quality of science teachers that may
result in the employment of non-specialist science and mathematics teachers. Employing non-
specialist science and mathematics teachers affects the learners as they will not acquire enough

basic knowledge to pursue the subjects. It may also cause and affect the teacher-student ratio and
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employing non-specialist teachers can result in poor performance of students (Dlamini, 2014). The
result of this poor performance is to keep the problem of the scarcity of scientific and mathematics
teachers in secondary schools since more students will shy off from choosing to study science
discipline. If this will happen, it means fewer scientists are produced, especially science and

mathematics teachers.

Furthermore, Kapur (2018), argued that the less pay for many teachers also results in individual
teachers looking for other high pay jobs. Also, it was revealed that more reasons for the shortage
of teachers including the ones who reach retirement age, and others due to family or personal
problems that remains temporary or permanent and result in a shortage of teachers in secondary
schools. The World Bank (2006) report shows that the teacher-student ratio in Swaziland is 1:32
and 1:13 in primary and secondary schools respectively, indicating the adequate number of
teachers in that country. However, due to low enrolment in teacher training institutions, there was

a shortage of science and mathematics teachers (Dlamini, 2014).

In another study by Bourdon et al. (2007), in Francophone Africa, primary school enrolment is
quite low. In recent years, many countries have launched large teacher recruitment programs, in
which teachers are no longer employed as civil servants, but instead based on (fixed-term)
contracts, which typically imply significantly lower salaries and a significantly shorter period of
professional training. While this program has increased primary enrolment, there is concern that
school quality may suffer. Bourdon et al. (2007) examined the influence on educational quality in
this study by estimating non-parametrically the quantile treatment effects for Niger, Togo, and

Mali, using highly informative data that is comparable across these countries.
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According to research findings, contractual teachers operate better for low-ability students from
lower classes compared to high-ability students in the upper grades (Bourdon et al., 2007). Positive
treatment effects appeared to be more prominent at the low to moderate ability quantiles, while
negative treatment effects tended to be more pronounced at the high ability quantiles. As a result,
it appears that contractual teachers are better at teaching pupils with learning disabilities than they
are that advanced youngsters. This means that contract instructors are more likely to eliminate
student outcomes inequalities. Simultaneously, Bourdon et al. (2007), noticed that there are
significant variances between the countries. Overall, findings showed that there are positive
benefits in Mali, mixed effects in Togo (with good impacts in 2nd grade and negative effects in
5th grade), and negative effects in Niger. Bourdon et al. (2007) reported that this ranking is in line
with theoretical predictions based on a closer look at the three countries' distinct approaches to
implementing the contract teacher program. The contract teacher system functions largely through
local communities in Mali and, to a lesser extent in Togo. This may have resulted in more effective

monitoring and recruiting of contract instructors.

Moreover, Mamlok-Naaman (2006), in a research study revealed that the community schools are
the most underprivileged and challenged with a high enrolment of students and low in employing
scientific and mathematics teachers. Moreover, community schools lack most of the significant
teaching and learning facilities including libraries, reading resources, teaching staff, preparation
rooms, laboratories and apparatus, and teachers’ necessary facilities such as housing. As a result,
the process of teaching-learning particularly scientific and mathematics subjects is affected the

most in comparison with non-science subjects.
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Scarcity of Scientists and Mathematicians Teachers: Tanzania Review

The scarcity of scientific and mathematics teachers in Tanzanian secondary schools is existing in
both urban and rural areas. This is most likely causing some impacts on either students or schools
and the nation at large. Several scholars reported the issue related to the factors causing the scarcity
of scientific as well as mathematics teachers in secondary schools (Kamagi, 2017; King’aru, 2014,
Mamlok-Naaman, 2014; Saga, 2014; Ndalichako and Komba, 2014; Projest, 2013; Semali and
Mehta, 2012; and The Citizen, 2022). The lack of scientific and mathematics teachers in secondary
schools is a difficult problem in Tanzania, as it is in other nations throughout the world. Mamlok-
Naaman (2014); Saga (2014), in different studies revealed that the scarcity of science teachers and
mathematics in Tanzania is increasing due to the inadequate in-service programs for science and
mathematics teachers mainly in rural areas. Projest (2013) reported the shortage of teachers
problem and provided the measures taken against this challenge including the employment of

untrained and with less instructional skills teachers to teach science subjects.

According to the Government of the United Republic of Tanzania (2020), 97.8% of primary school
teachers in both public and private schools were qualified in 2019. Comparable to primary schools,
93.2 percent of teachers in secondary schools, including public and private, were qualified, while
the other teachers either did not teach or had qualifications below a college diploma. A total of
80,000 teachers in both primary and secondary schools are needed in Tanzanian, whereas teachers
in public schools require 66,000 in primary schools, and 14,000 in secondary schools (Malanga
2019; The Citizen, 2019). Particularly science and mathematics subjects are more impacted. In the
2019-20 fiscal year, the government is taking steps to hire 13,526 teachers in public primary and
secondary schools (Manyengo, 2021). Thus, the information given here is proof of the existence

of scarcity of teachers in both mathematics as well as scientific subjects in Tanzanian secondary
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schools. Also, this implies that we still have a lot to do to minimize the scarcity of teachers not

only in secondary schools but also in primary schools.

The impacts of the scarcity of scientific as well as mathematics teachers in secondary schools have
been reported regarding the national examination results for Tanzanian secondary schools for the
year 2018. Physics and mathematics were the most poorly performed subjects with 20 percent
passing in that year (The Citizen, 2019). The lack of mathematical and scientific teachers was cited
as the cause of these findings. Other explanations included a high teacher-to-student ratio, pupils'
negative perceptions of mathematics as a challenging subject, and a dearth of textbooks in
secondary schools. According to The Citizen (2019), about 10 students once at a time used one
book in a lesson indicating the inadequacy of this important teaching facility. Additionally, The
Citizen (2019) found that mathematics is very easy to forget, needs extensive practice, and requires
logic and reasoning and the capacity to think in words from the standpoint of the students. This an
evidence of the scarcity of teachers in scientific as well as mathematical subjects in secondary
schools in Tanzania. The present study looked into the factors causing the scarcity of the teachers

and effects of Tanzania's secondary schools' lack of science and math teachers.

The study by Semali and Mehta (2012), revealed that many schools enroll more than their capacity
and as a result, they share available resources with a large group of students. Such resources
include science textbooks and laboratory facilities such that some students end up watching others
experimenting as there are not enough chemicals or equipment. Some schools lack laboratories
and therefore teaching and learning took place in a theoretical way than on a practical basis. In
their study, Semali & Mehta (2012), reported that many of the science textbooks used between
2007 and 2009 are authored outside of Tanzania, and therefore may have missed the local content

that can address the students’ familiarity.
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Resources for teaching and learning, such as adequate instructional supplies and equipment, clean
equipment, rational student-to-teacher ratios, laboratories, library, and appropriate support staff,
can personal characteristics of employee retention and the type of classroom instructions be
necessary to ensure high student performance. Limited resources and a high number of students in

a classroom demoralize the teachers during the instructional process and cause poor performance.

Semali and Mehta (2012) in their study also reported that there is a perception that science and
mathematics subjects are hard, and this perception discourages girls from studying science
subjects. While mathematics can be considered an important subject at this age in secondary
schools, students do not like to study mathematics subject. According to Ukobizaba et al. (2021),
the reasons why students hate mathematics relate to how mathematics is taught. Mostly, the
teachers fail to demonstrate the use of mathematics and the relationship between mathematics and
students’ everyday life. The teachers provide a few worked examples that the students consider
not enough for them to like mathematics. Students receive poor grades or marks at the close of the
school term. Semali and Mehta (2012) in their study further come up with the finding that there is
low motivation for teachers who teach science regardless of their efforts to prepare laboratory
experiments and lessons. Science and mathematics subjects need more practical work than theory

to help the students to understand them.

According to King’aru (2014), a study conducted in Tanzania showed that there is still a lot to be
done in secondary schools to raise the performance of science subjects to standard. There is a need
to increase the reading resources both textbooks and supplementary books, improve teachers’
science knowledge, and skills, and equip all laboratories with the important and necessary
equipment and chemicals. Secondary schools lacked important teaching and learning facilities,

according to the research literature including libraries, labs, textbooks, classrooms, and furniture.
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Syllabus coverage received a low rating as well. King’aru (2014) reported that unfavorable
evaluations of teaching and learning tools raise major questions about their efficacy in teaching as
well as the learning process. A lack of suitable teaching and learning resources has been linked to
poor syllabus coverage. A scarcity of textbooks, for example, limits the number and quality of
tasks that instructors can assign to students, slowing down the teaching-learning activities and
reducing syllabus coverage. And insufficient coverage of the syllabus is likely to result in poor

achievement academically.

The above challenges lead to the further problem of producing scientists who cannot practice but
only have the knowledge to respond correctly to the examination questions. It is a very serious
challenge as these students become unqualified graduates to teach in the class. Apart from all those
challenges yet student teachers opt to study science and mathematics subjects. According to Semali
and Mehta (2012), the main reason revealed from their study on why the students choose to study
science and mathematics includes the personal interest of the student teachers in those subjects
which are Biology, Physics, Chemistry, and Mathematics. However, it was also revealed in their
study that some students who are studying science and mathematics abandon those subjects when
they join the tertiary level due to poor knowledge that has been caused by the lack of teaching

resources, laboratories, and other learning facilities in secondary schools.

King’aru (2014) revealed that science subject performance among students in secondary schools
seems to be very poor. The reasons given for this poor performance include negative attitude
toward science subjects among students, poor teaching methodology, lack of teaching as well as
learning material or resources such as textbooks, and lack of well-furnished laboratories. Also,
there is an unfit environment for teaching scientific and mathematical subjects in some secondary

schools. In some schools’ science practices are carried out in the classrooms where the theory part



68

is also taking place. Moreover, teachers were also facing difficulty and were discouraged to teach
science subjects due to students’ negative, perceptions of science subjects and as a result poorer
performance (King’aru, 2014). Many students have the perception that science and mathematics

are hard subjects to learn.

Semali and Mehta (2012) realized in their study that effective education is the outcome of the
collaboration of multiple performers including teachers and students, community and
administrators, and teachers must be sufficiently competent with the content of science subjects,
and teaching methods while appreciating also local knowledge systems. In their study, Semali and
Mehta (2012), suggested that the challenges to reforming the Tanzanian educational formation to
meet the 21% - century demands will require extensive, further research. Therefore, the current
study is designed to investigate the causes and impacts of the scarcity of teachers in sciences and

mathematics on Tanzanian education in secondary schools.

From the literature reviewed, there is also limited information on the factors that are causing this
scarcity and maintaining the problem for many years. The current study is working to find out the
factors contributing to the scarcity of secondary school scientific and mathematical teachers and
make an assessment of the impacts caused by this scarcity problem on the secondary schools in
the country. The study intends to examine the participants’ interest in science and mathematics
teaching; evaluate the efficiency of the approaches used by the school management to reduce the
impacts of science and mathematics teachers scarcity, and determine the ways to minimize the

scarcity and the impacts of the scarcity of these important scientific and mathematical teachers.
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Socio-economic Factors and Scarcity of Science and Mathematics Teachers

From the current research conceptual framework, it was presumed that there are socio-economic
factors that were causing the scarcity of scientific and mathematical teachers. Shortages of trained
teachers in secondary schools have caused the schools to employ unqualified personnel, especially
in the rural areas where teachers are scarcer. The employment of unqualified teachers may be the
result of the budget and funding limitations, and also the challenging working conditions. The
choice of unqualified teachers is because the cost of paying them is low compared to the most
qualified teachers. The result of this low pay as perceived by society is that the status of the teacher
declines because unqualified people are also been called teachers (Hellsten & Prytula, 2018). Low
pay affects the teachers’ motivation and morale to teach which in the long run affects the students’
performance. This implies that the teacher should be motivated, encourage and get better payment

so that they perform their daily teaching activities effectively.

According to Handal et al. (2018), reported that the opportunity to secure a permanent position;
the attraction to a rural environment; the perception of a stronger sense of collegiality in rural
locations; and the attraction to gaining rural educational experience/exposure are the first four
emerging possibility factors influencing the decision to accept a rural teaching position. Personal
incentives appear to be behind some of these factors. Teachers also showed a readiness to assist
those who were less fortunate. As a result, they are potent possibility factors. If efforts aiding low
socio-economic groups are included or combined with recruitment techniques, attitudes can be

very useful.

Moreover, Handal et al. (2018), revealed that when acting as a restrictive predictor of teaching in

rural and isolated places, family considerations might become an essential constraint factor.
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Females and those who grew up in rural regions were more affected by family issues than males.
While promoting the idea of having rural teaching experience/exposure can be exploited in a
recruitment campaign or a teacher national curriculum, this is not achievable due to family

considerations (Handal et al., 2018).

Also, Handal et al. (2018), reported that the majority of teachers at rural and distant schools are
relatively inexperienced, according to the research study. It was also discovered that the vast
majority of teachers only stayed for a short period. The system appears to spend resources
encouraging if not outright tempting, instructors to relocate to rural and isolated schools. To keep
them there, additional resources are used. However, the majority of teachers leave, and the
resources spent have not resulted in the expected result. Overall, Overall, there are benefits to both
in-service as well as pre-service teacher education. from the findings of this study by focusing
more on potential factors and establishing supportive experience opportunities that may encourage

teachers to explore rural and remote teaching assignments (Handal et al., 2018).

The provision of motivation is an opportunity strategy that can be used to increase professional
progression and if it has not been provided, the teachers tend to leave their careers (Hellsten &
Prytula, 2018). Motivation to teachers can be provided through salary increments, short course
programs, promotions, in-service courses, and access to teaching resources. Motivation varies
from intrinsic to extrinsic among teachers and also differs with marital status, gender, program of
study, and age group (Hellsten & Prytula, 2018). Moreover, this teacher most teachers could raise
their performance in such a way that even the students are also motivated to join the teaching

career.



70

Several researchers have done some studies and revealed that in Tanzania like other countries there
IS an existence of scarcity of teachers specifically in science (Chemistry, Physics, and Biology) as
well as Mathematics teachers in secondary schools in Tanzania (Kamagi, 2017; Ndalichako and
Komba, 2014; Nghambi, 2017; Osaki, 2007; Projest, 2014; Saga, 2014). The scarcity of scientific
and mathematical teachers is the result of many factors including the change in the numbers
required at a particular period and the number of teachers available for supply at that same time

(Garcia & Weiss, 2019).

In recent years, researchers have shown that there has been increased enrolment of students in
secondary schools which mismatch with the available resources such as teachers, teaching
materials (including radio, printed material like charts, maps, textbooks, and non-printed materials
such as real objects, machines, computers), laboratories and funding (Saga, 2014; Nghambi, 2017).
There was a greater demand for trainers as a result of the increase in secondary school enrollment.
Ndalichako and Komba (2014) revealed in their study that in 2013 there was a shortage of about
37,130 teachers in secondary schools in Tanzania, whereby about a total of 26,948 teachers were
science and mathematics teachers. Three years later Kamagi (2017), reported a shortage of about
24,716 scientific and mathematical teachers in Tanzanian secondary schools. This is relatively a
big number of required teachers in this particular education area that if not addressed the impacts

on the education sector might be challenging to reverse.

According to the literature, numerous initiatives and changes have been implemented to at least
lessen the issue of a shortage of science and math instructors. There must be significant effects on
students as well as the education sector from the continued shortage of instructors in mathematics
and science in Tanzanian secondary schools. There is a constant need for these teachers due to the

dearth of scientific and mathematics trainers in secondary schools, which results in fewer students
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enrolling in science courses in teacher preparation programs (Saga, 2014). The studies by Nghambi
(2017) and Saga (2014) recommended that the Tanzania Ministry of Science and Technology
should train and employ an adequate number of scientific and mathematical teachers to fill the gap

of scarcity in secondary schools.

According to the literature, Tanzania's Vision 2025 development plan correctly correlates
Tanzania's weak economic base with low science and technology usage, which has resulted in low
productivity and growth. According to the Tanzania Vision 2025 plan, education should be
considered as a strategic agent of mentality transformation and for the creation of a well-educated
nation that is very well furnished with the knowledge needed to fully resolve the country's
development challenges (UNESCO, 2013). Unfortunately, despite considerable advances in the

science and technology industries, this shift has yet to take place.

Tanzania's National Vision for 2025 expresses a strong intention to transform the country from
one of the "poorest of the poor" to a middle-income country by 2025 and make significant progress
toward meeting the millennium development objectives (UNESCO, 2013). This goal will be
impossible to fulfill without considerable improvements in educational quality at all levels. Quality
education is one where the educational intentions are realistic and current, and the system of
education, from the formulation of policies to the design and construction of curriculum and
syllabuses, as well as teaching, learning, and assessment, is functioning well. In most
circumstances, if these components are in place, learners should attain high levels of success.
Achievement may be low despite high requirements, or it may be high despite low standards due
to test circumstances or flawed and unreliable assessments. When considering a relevant
education, factors such as strong education policies, good curriculum, good textbooks, and other

teaching materials, good teaching as well as learning procedures, effective methods of assessment,
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evaluation, and remedial education programs may all be taken into account. (Projest, 2013).

However, there existed a Bachelor of Education (B. Ed) degree that produced a small number of
graduates who went on to work in adult education institutions or teacher training programs to train
future teachers. To further their awareness of issues related to professional education, these
graduates studied educational administration, educational psychology, curriculum, or adult
education alongside or in addition to one major subject (Biology, Mathematics, Chemistry,
Physics, Geography, English language, etc.). While BA (Ed) and BSc (Ed) individuals took
additional courses in their chosen fields of study to prepare for employment as educators of such
subjects at suitable levels, B. Ed students selected more elective subjects in their fourth year

(Osaki, 2007).

According to Osaki (2007), initiatives have been put in place to enhance and expand the teaching
of mathematical and scientific subjects in Tanzania's secondary schools. One of the initiatives was
The Science Teacher Improvement Project (STIP) in secondary schools, which used a 'starter
experiment' approach and saw positive results in its initial testing. This initiative, however, never
progressed beyond the trial stage. The University of Dar es Salaam's Teacher Education in
Mathematics and Science (TEMS) effort fostered pre-service education program review and
reform between 1996 and 2004. As a result, new pedagogy courses were established inside the
four-year BSc (Ed) and B.Ed. (Science) programs. The unfortunate part is that the pre-service
portion of TEAMS has been severely harmed by the decrease of the four-year undergraduate
program to a three-year bachelor’s program, which has resulted in the elimination of courses that
took eight years to conceive, create, and test (Osaki, 2007). Without a competent professional
review and assessment, political order was used to accomplish this (Osaki, 2007). The most

important lesson is that we must avoid the behavior of refusing to learn from the past and
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abandoning a project once it has been completed without attempting to maintain the positive

aspects through local finance (Osaki, 2007).

The lack of links between the technology and education sectors is having a significant impact on
national growth in two ways. One approach is through the educational system's inability to
generate qualified science and technology graduates - those with the knowledge, skills, and
competencies to fulfill present and future demands. These expectations are not confined to the
commercial sector; they also include public-sector development requirements. Tanzanian
institutions tasked with solving challenges in public health, food security, and other sectors
frequently struggle to fill positions in research, policy, and support roles due to a lack of trained

scientific and technical personnel (Kihwele, 2014).

Another way that these weak ties are impacting national development is by limiting the technology
sector's ability to meet the country's development needs. Both commercial and public sector
organizations can't contribute as much to national progress as they could if they had skilled
employees and the kind of creative collaboration and invention that comes from a thriving
educational system. As a result, the country's growth plan is hampered by an insufficient
educational system that is incapable of fulfilling its intended purpose of teaching youngsters to
satisfy the country's current and future demands (Kihwele, 2014). Although more research is
needed to understand the technology sector's unique potential for driving national economic
growth and development, it is evident that considerably more investment in science and technology
education is required. However, such investment must begin with a more defined set of policies
that link the expansion and development of the technology industry to Tanzania's social and

economic development goals.
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Recently, education sectors encountered a problem that interfered with the teaching-learning
process in all countries worldwide. The problem was the COVID-19 pandemic that has wreaked
havoc around the globe. It originated in China and is now spreading throughout the world. The
COVID-19 epidemic has caused major disturbances in people's lives and many countries are
pursuing a variety of steps to stop the spread including lockdowns to foster social separation
(Olanrewaju & Mremi, 2021). To control the spread of the novel coronavirus, state governments
started to close schools and colleges in many countries across the world. Coronavirus was first
announced in the mid-month of March 2020 and to avoid crowding the schools were closed
temporarily as a measure to avoid the spread. Initially, for a month closure of schools was
announced by many governments but gradually the time of closure was extended and it is uncertain
when they will reopen. All schools, colleges, and other institutions have been declared closed
because of the pandemic. This is causing havoc with the educational system as a whole.
Policymakers are confronted with a slew of issues when it comes to developing educational
policies. The traditional method of teaching using offline settings has been replaced by online
teaching (Allo, 2020; Olanrewaju & Mremi, 2021; Saavedra, 2020). It was the first time for both
students and teachers to experience this new online teaching-learning method in the education
sector. Students, teachers, and parents are all experiencing difficulties as a result of this shift in

teaching techniques.

The closure of schools, colleges, and universities has affected not just the instruction of students
but also the assessment of students all over the world. Because of the closure of educational
institutions, several tests and assessments have been canceled or postponed (Olanrewaju & Mremi,
2021). The closure of educational institutions such as secondary schools, colleges, and universities

as well as both internal and external evaluations for qualifications are interfering with students'
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ability to learn. The labor market placement of new graduates is also being impacted by the
lockdown. Moreover, the availability of several mathematics and science instructors in secondary
schools is impacted by this matter. To avoid new graduates experiencing extended periods of
unemployment, new policies supporting their entry into the labor market should be developed.
This had the greatest impact on science and mathematics topics, which require more practical work

than any other subject. It is impossible to do laboratory tasks online.

Moreover, students lacked appropriate skills and knowledge in the use of e-learning programs.
They also did not have access to equipment or an internet connection for e-learning. Before the
pandemic, the pupils were not well equipped to use e-learning. As a result, it was difficult for
teachers to prepare their students for learning in an online environment in the event of an
emergency. Generally, secondary school science and mathematics instructors found it difficult to
use e-learning as a medium of instruction during the COVID-19 pandemic's school closures.
Students' lack of understanding and skill in using e-learning, as well as their lack of access to
gadgets and internet connections, were the most important impediments (Olanrewaju & Mremi,
2021). Thus, due to the coronavirus pandemic, the student’s performance is negatively affected

especially in science and mathematics subjects.

From the above literature, the issue of the scarcity and mathematics teachers is complex and also
there has been little known on the factors causing and maintaining, and sustaining the scarcity of
mathematics and scientific teachers, despite all efforts. Therefore, the current study strives for
working on any more contributing factors to this problem and also to find out the specific impacts

that may have been caused on the student and the education system in Tanzania.
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Political and Policy Issues and Lack of Science and Math Teachers

Based on the conceptual framework of the research study, political and policy-related factors were
presumed to cause the scarcity of mathematical and scientific teachers. According to Hamilton et
al. (2010), in a report to the United Nations International Children’s Emergency Fund (UNICEF)
revealed that science students' performance as well as mathematics, and technology is not only
affected by the inadequacy policy but also other factors such as inadequate both in pre-service as
well as in-service training, the questions of teachers’ competency, lack of relevancy of education
programs as well as policy implementation. Furthermore, it was suggested in that report that, in
contrast to other issues like enrollment in elementary and secondary schools, the strategy does not
address the issue of the shortage of scientific and mathematics teachers. The enrolment of students
and the number of available or recruited science and mathematics teachers do not match and thus

create the problem of a high teacher-student ratio.

The most effective policies for attracting and retaining strong science and mathematics teachers
include increasing their compensation or salaries, improving their training, providing continuous
professional development programs, and improve their working conditions, encouraging seminars
and workshops, and improving school management practices that otherwise create barriers to
recruitment and retention (Podolsky et al., 2016). Moreover, in a report, Podolsky et al. (2016),
reported that both the quantity and the quality of individuals who are training to become teachers,
as well as the availability of qualified teachers and how they are distributed across the nation, are
all impacted by teacher salaries. Also, salaries appear to influence teachers who are likely to quit

when they work in rural areas.
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Podolsky et al. (2016) in a report identify five primary elements, as well as related policies, that
influence teachers' decisions to enter, stay in, or quit the teaching profession based on a study of a
large body of literature on teacher recruitment and retention which include salary and other forms
of remuneration; entrance requirements and costs; human resource management and hiring; new
teacher orientation and assistance; and working environments, such as school management
leadership, collaboration among professionals and participatory decision-making, accountability
procedures, and teaching and learning resources. One of the most critical drivers of a well-
functioning education system is that it must equip the students with complex knowledge that will
enable them to cope with the changing world of science and technology. However, a recent spike
in teacher demand, along with a dwindling supply and a consistent rate of teachers quitting the
field, poses a threat to student’s academic and economic performance. Premature retirement of

teachers hurts student learning and costs taxpayers money (Podolsky et al., 2016).

The performance of students in scientific as well as mathematical in secondary schools is also been
affected by the lack of books, lack of professional and experienced teachers, instructional time,
committed teachers, the language of instruction, curriculum reform, shortage of qualified
mathematics and science and class size (Michael, 2015; Nghambi, 2017). There have been
curriculum reforms in Tanzania that have been frequently changing with the change of political
leadership. Taking curriculum as an example, Hamilton et al. (2010), in their study revealed that
sometimes curriculum reforms happen and the teachers are supposed to implement them while
they have not received any training on how to use such curricula. This has been observed during
the change of secondary school syllabi from content-based to competent-based (URT-MOEVT,
2010). The main objective of the change was to involve the student in problem-solving activities

that will finally lead to effective learning. If the teachers are not trained to perform the new method,
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the importance of this method will not have an effective impact on the learners (Michael, 2015).
Therefore, in such cases, the policy reform used to enhance the standard of instruction and learning
in such institutions seem to be undermined (Hamilton et al., 2010). Moreover, Hamilton et al.
(2010), reported that due to the current global educational needs, advancements in science, and
rapid changes in technology, Tanzania has to make educational improvements that will concentrate
on the demands of the 21% century. Tanzania has to address the needs of progressively scientific
and technological development by producing competent science graduates who will think

critically, with proper working skills and knowledge in solving problems.

The Tanzania National Vision 2025 is to take the country into a middle-income state (URT, 2000).
This vision is to be achieved through the improvement of the quality of education at all levels
among other things. Some reforms have been done to improve the education sector and rectify the
problem of the scarcity of teachers in science and mathematics in secondary schools without
success. Some of these efforts on educational reforms are reported by researchers including Osaki
(2007); Projest (2014), in which the move in preparation of teachers in science, as well as
mathematics, started long in 1968, and also there was an in-service program designed for the
existing teachers. The reforms, among other things, include the introduction of educational
programs where two science subjects were taught at the medium college and university levels to
create more science teachers. Such subjects which were taught included Chemistry and
Mathematics, Physics and Mathematics Chemistry and Biology, Chemistry, and Physics, (Osaki,
2007). Apart from those efforts, the issue of scarcity of teachers in science along with mathematics

in secondary schools is still experienced in Tanzania.

According to Osaki (2007), some of those reforms took off, and later they were discontinued more

changes came in 1973 when Tanzania started its institution — the Tanzania Institute of Education
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(TIE) which works in preparing some science and mathematics teaching and learning materials,

examined by National Examination Council of Tanzania (NECTA). At this time Tanzania stopped

using the Cambridge Overseas Examination system. So many efforts have taken place to improve

science and mathematics including the introduction of some projects like the Secondary

Development Program (SEDP), Science Teacher Improvement Project (STIP), and Science

Education in Secondary School (SESS) just to mention a few (Osaki, 2007).

Tanzanians have learned many lessons from recent interventions and reforms in science as well as

in mathematics education, and teacher training, but Osaki's study focuses on five of the most

important lessons including:

Science curricula that do not stimulate inquiry learning, problem-solving, and independent
thinking among students will fail to produce effective future scientists.

Science curriculum designers and developers must acknowledge that a considerable
majority of students will not become research scientists, and as a result, they require a
softer science that addresses their role as scientifically educated and responsible citizens
now and in the future. This means that science education should promote investigative
methods, as well as local and social issues, and connect them to their current and future
lives.

Creating a good curriculum is not alone sufficient. Through MEd programs and other
upgrading programs, there is a need to prototype and test new teaching and learning
materials, in-service teacher training programs, relevant textbooks, and professional
growth processes. Some attempted materials and courses may be rejected or modified after

pre-testing.
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To reach all of the children, the type and level of language used in textbooks and the
classroom are critical. At the very least, it is necessary to enable each child to understand
and relate to what we are discussing in the classroom, as well as to recognize its
significance in their lives. We recently realized that information and communication
technology (ICT) can play a significant role in this area by making easily written content
more accessible to students and teachers rather than relying solely on old textbooks.

To train instructors who are proficient in both content and pedagogy, because no system
of education, no matter how enormous the library, how large the classroom, or how much
better the material facilities are, can overcome the competence of its teachers. Teachers
must have access to high-quality professional development programs regularly.
According to a new MOEVT initiative financed by Japan International Agency (JICA),
there are intentions to modernize the classroom.

Plans to develop laboratories and educate laboratory technicians in most secondary
schools. The move to decentralize INSET (In-Service Education and Training of
Teachers) to districts is a game-changer. Professional development may become less
expensive and easier to administer at the district, ward, and village levels as a result. If
this program is to be successful at the grassroots level, qualified INSET trainers are
required, and the time to develop, test, and implement it is now. Strong, professional
teachers and subject organizations go hand in hand with competent trainers. For instance,
Science Teachers Associations, for example, or subject associations for teachers of
physics, chemistry, biology, mathematics, geography, and other subjects, should include

teachers at all levels.
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e Schools, particularly non-government schools, invest much in gaining a high social status
to recruit good pupils and well-off parents. As a result, some institutions have expelled
weak students, leaving only those who have demonstrated the ability to pass the Ordinary
- '0" and Advanced level - 'A' level examinations on their own. For the most part, this
approach contradicts the entire notion of high-quality secondary education. It's
particularly terrible when this is done by religious school leaders, who are, on the whole,

expected to devote themselves to serving and assisting the weaker members of society.

While those reforms were practiced there was also the expansion of secondary schools which
meant also an increase in enrolment which in turn increased the demand for more teachers. Projest
(2013) revealed that there was an increase in the number of community secondary schools to 383

in number.

However, on the 1% of July 2020, Tanzania announced to the World Bank that its position is raised
from poor to lower-middle income, five years earlier than planned (World Bank, 2020). This recent
achievement of the National Vision 2025 which came five years before the planned year means
that Tanzania has advanced its development to a high extent and faster than expected. Moreover,
the (World Bank 2020), reported that there has been steady economic growth which has been
observed or noted in transportation infrastructures and energy sectors. Apart from the mentioned
advancement economically the scarcity of science and mathematics teachers is still an issue that
needs to be resolved. Therefore, this particular research study is working to find out the unknown
factors that are causing the persistence of the scarcity of teachers in science as well as mathematics

in Tanzania’s secondary schools.
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Cultural Considerations and the Shortage of Science and Math Teachers

In the conceptual framework, the researcher assumed that cultural factors contributed to the dearth
of scientific and math instructors in Tanzania's secondary schools. In the literature, some scholarly
researchers reported the cultural issues which are causing the scarcity of teachers, especially
science along with mathematics teachers. According to Michael (2015), in his study conducted in
Kibaha Tanzania, the cultural background of a student plays a major role in educational
achievements. In the study by Michael (2015), it was reported that the family background of a
student can affect his/her academic performance. This means that two different individual students
with different cultural backgrounds are affected differently in their mathematics performance since
their families do differ in experience and care, perception and interest in mathematics, cultural
view of learners, and attitude towards mathematics. Also, parents’ economic status tends to
determine the student’s performance. Michael, (2015) reported that those students who have
parents with high income perform better than those with parents with low income. Moreover,
students with two parents tend to perform better than those with single parents, likewise, the

students who speak English perform better than those who do not.

In summary, Michael (2015), revealed that there is a cultural influence on students’ performance,
also other factors that influence performance include the teacher-student relationship, the nature
of the school environment, the school management system, and the process of learning
mathematics. In his study, Michael (2015), found that individual students’ poor mathematics
background, inadequate self-practice, and poor teaching as well as learning environment are the
main challenges that affect students in learning mathematics. Based on those challenges there is a
need to investigate whether they have caused the scarcity of teachers in scientific and mathematics

in Tanzania’s secondary schools. On the other hand, they may also be the impacts of this scarcity.
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Therefore, this specific research is thrilled to find out the factors causing the scarcity of teachers

and the impacts on secondary schools in Tanzania.

Effects of Teacher Shortages in Scientific and Mathematics in Secondary Schools

In the conceptual framework, the researcher presumed that the scarcity of teachers in scientific
subjects as well as in mathematics has negative impacts on students’ achievement and the national
education system at large. The students’ perception of mathematics and scientific subjects reflects
what is existing in society even without assessing the situations in their community. There is a
belief in society that science and mathematics are hard subjects to study in society (Kihwele, 2014;
The Citizen, 2019). Society’s perception of studying science and mathematics subjects may have
effects on students in secondary schools. The effects of scarcity of teachers in science as well as
in mathematics affect the student who studies those subjects in secondary schools. Students who
were studying science and mathematics subjects performed very poorly in science and few of them

continue to study science (The Citizen, 2019).

Also, leren and Innocent (2017), in a study conducted in Nigeria, revealed that there is a phobia of
mathematics among students and that lack of interest contributes to the performance of students in
mathematics. This lack of interest is caused by other factors including a lack of qualified
mathematics teachers, poor teaching methods, poor orientation about the usefulness of

mathematics, and the teaching resources that teachers utilize to teach mathematics.

leren and Innocent (2017) explained that on the side of mathematics teachers, lack motivation,
suffer poor or low enumeration, and face negative perceptions of the students towards mathematics
and lack of support from their parents. Poor or lack of motivation for both teachers and students

reduce the interest and achievement in mathematics and scientific subjects. In other words, the



85

lack of qualified teachers has affected negatively the performance and interest of the students in
mathematics (leren & Innocent, 2017). Thus, when the methods of teaching are poor, the effects
appear in the performance and cause hatred of mathematics subjects which increases the lack of
interest in such subjects in both students and teachers. There are many factors mentioned to hinder
the interest of both teachers and students to be fond of mathematics as well as scientific subjects

and affect the number of scientists joining the teaching profession.

According to some researchers, Tanzania has had a long-standing shortage of scientific and math
teachers. (Kihwele, 2014; The Citizen, 2019). Based on the previous experience reported in the
literature, some challenges are hindering the effective implementation of scientific along with
mathematics education in Tanzania. A study by Osaki (2007), claimed that those past experiences
include the delay in deciding on the medium of instruction in teachers’ training education
programs. As a result, many incompetent language teachers were employed at pre-primary,
primary, and secondary school levels. The employment of incompetent teachers and the shortage
of teachers in mathematics and scientific subjects have impacts on the effective teaching of the

mentioned subjects (Ndalichako & Komba, 2014; TAMASHA, 2010; The Citizen, 2019).

Moreover, HAKIELIMU (2011) and Mamlok-Naaman (2014), reported that the insufficient in-
service training programs for mathematics teachers along with scientific subjects in Tanzania have
worsened the scarcity of science and mathematics teachers in secondary schools. This scarcity of
scientific and mathematics subjects is increasing due to the insufficient in-service training
programs for the teachers in scientific and mathematics subjects predominantly in non-urban areas.
Many teachers prefer to work in urban settings where advanced social services are present

compared to rural environments.
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To improve the number of science as well as mathematics teachers, Tanzania through the Ministry
of Education Science and Technology has introduced an education policy and implemented some
reforms to help to minimize the problem of the scarcity of science and mathematics. According to
Osaki (2007), in 1968 there were established educational reform projects including the School
Mathematics Project (SMP) as well as the School Science Project (SSP), both of which were
developed and funded by UNESCO at the University of Dar Es Salaam. Moreover, the SSP
program comprises of Bachelor of Science with Education degree undergraduate package of three
years of course. Two science subjects and education were studied including Chemistry and
Mathematics, Mathematics and Physics, Chemistry and Physics, Biology and Chemistry. The main
reason for the teachers trained in only two subject measures to train to study was to increase the
number of scientific and mathematics teachers in Tanzania’s secondary schools. These two

subjects were studied as a major subject together with education courses.

Apart from the above efforts, it is reported in recent years that there is still a need to employ more
mathematics and scientific teachers in Tanzania (Mamlok-Naaman, 2014; Ndalichako and Komba,
2014; Osaki, 2007; Projest, 2013). The scarcity of teachers in science and mathematics in Tanzania
is like in other countries worldwide as confirmed in the report by Ndalichako and Komba (2014).
In the report, Ndalichako and Komba (2014), revealed that in 2013 about 14,060 teachers were
employed by the Government, and out of them only 2,014 (14%) were science teachers. According
to Ndalichako and Komba (2014), there is a need for 37,130 teachers in secondary schools, and
out of them, a total of 26,948 (73%) by science teachers. The deficit of several science and
mathematics teachers indicates that this is a national problem and therefore the teaching process
in the two subjects might not be effectively done in secondary schools in Tanzania. Based on the

data from the parliament, Kamagi (2017), revealed that about 88, 999 teachers were employed in
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Tanzania’s public secondary schools, where only 70,459 were art teachers. This shows that there
are enough art teachers and that the government has to employ more science and mathematics
teachers to improve the teaching of the subjects. According to Kamagi (2017), the country needs

a total of 24,716 science and mathematics teachers and 355 laboratory technicians.

Based on the literature review it shows that there is a trend of the persistence of the scarcity of
teachers in mathematics and science subjects which is growing and being reported by researchers
for decades. In other words, the increase in students in primary schools which also feed secondary
schools has raised the teacher-student ratio from 1/45 to 1/50 in 2017 and 1/62 in 2021 and it is
still going up (The Citizen, 2019). This trend has impacts on student’s performance especially in
mathematics as well as in science subjects. Since the number of students is growing, it creates
more teacher scarcity in secondary schools and maintains the impacts of this scarcity on respective

schools.

Moreover, the lack of mathematical and science teachers in secondary education in Tanzania is a
challenge that is currently being gradually addressed, according to observations and evidence from
the literature, but there are still insufficient research studies that have looked at the main causes of
the problem and its effects. Furthermore, the research has demonstrated the effects of the lack of
scientific and math teachers on the execution of the curriculum in Tanzanian secondary schools,
but it is sparse and lacks clear explanations for why this issue is not being resolved. The results of
the scholarly search showed that secondary schools are affected by the lack of enough qualified
scientific along with mathematics teachers and have not been comprehensively examined. This is
verified in the report by Ndalichako and Komba (2014), which is silent on the impacts of the
shortage on these secondary schools and the country at large. Meanwhile, the current research

study is premeditated to assess the impacts of the scarcity of scientific teachers along with
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mathematics in Tanzania’s secondary schools and recommend ways to minimize the impacts on

both the schools and the country’s education system.

Resolving the Causes and Impacts of the Teachers' Shortages - Stakeholders' Responsibility

According to the literature reviewed and the current research findings all education stakeholders
are responsible for resolving the problem of a short supply of qualified mathematics as well
as science teachers in secondary education. The stakeholders include students, teachers, parents
school management, and the government. According to Flannery (2020), schools across the USA
country has been struggling for years to fill vacant thousands of teaching jobs and the situation has
only gotten worse during the coronavirus pandemic, as many educators refuse to return to
classrooms, they fear are unsafe. It is an educational crisis that obstructs learning and has a
profound impact on students, particularly in high-poverty areas where there are more likely to be
shortages of highly qualified teachers. Moreover, the scarcity of teachers in scientific and
mathematics subjects is a crisis for all the teaching profession levels and it is a major issue for the
entire education systems worldwide (Flannery, 2020). It is detrimental to students, teachers, and
the public education system. However, it is not an intractable issue; in fact, a recent report from

the nonpartisan Economic Policy Institute (EPI) outlines approaches for a long-term solution.

Moreover, Flannery (2020), revealed that there is a shortage of teachers in the USA which is
growing and also causing dangerous impacts on students. In the report, Flannery argued that the
shortage is not an impossible situation and that it can be resolved when the education stakeholders
work together. The education stakeholders include the government and the school management
who have all the powers to make changes that will attract and retain the school teachers. By

increasing the teachers’ pay, improving in-service training or professional development, and
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improving learning communities, the teachers could be attracted and retained in secondary schools.
Teachers must be involved in solving the problem especially when it comes to the issues of
teaching, preparation of the teaching materials, professional development program preparation,

and reviewing of the school curriculum that they use to teach (Flannery, 2020).

Moreover, Flannery (2020), suggested that increasing teachers’ payments could attract and retain
new teachers and experienced ones respectively. Also nurturing schools with needed facilities and
making available teachers’ needs would minimize the barriers that make the teachers work harder
and improve the teaching process. The problem of the scarcity of teachers especially in scientific
as well as mathematics subjects is complex since it is being caused by multiple factors and the
solutions must be strong and comprehensive (Flannery, 2020). To be able to solve the problem
require funding that can be used to increase the teachers’ pay as well as buy facilities that are

missing in the schools.

The scarcity of science and mathematics teachers must be minimized if not eradicated from the
education systems in any county if we need to go hand in hand with changing world of science
and technology. Michael (2015) revealed that to resolve the problem of the scarcity of teachers in
scientific and mathematics subjects, the school management team has to effectively deal with the
problem. The school management has to deal with the shortage of teachers and should be aware
that there is a need to mitigate the problem through the provision of science facilities such as
laboratories, and libraries, undertaking science practices, and motivating both teachers and
students. Moreover, the school management has to ensure they do everything possible to improve
the performance of the students in mathematics and science through the provision of a suitable

environment as well as adequate teaching and learning facilities.



91

Flannery (2020) suggested that policymakers must take action to address the underlying causes of
our current predicament: Among the specific issues to be addressed are increasing teacher
compensation to attract new teachers and retain those who are already there; increasing teacher
impact, and a sense of belonging by elevating teacher’s voice and building stronger learning
communities; removing obstacles that make it more difficult for teachers to complete their tasks;
and providing professional development opportunities for teachers to improve their sense of
purpose, career development, and efficacy. Because the problem is multifaceted and driven by
various variables, the researcher warns that solutions must also be comprehensive. They will also
necessitate increased investment or financing aimed specifically at teachers’ salaries and working

conditions.

From the literature reviewed, many scholarly reports have shown the existence of the scarcity of
teachers especially in scientific and mathematics subjects as well as revealing some factors that
are causing this problem and its impacts on secondary schools. Some of the researcher’s works
have reported some efforts that have been done by school management, governments, teachers as
well as students but still, the problem persists in secondary schools. This persistence of the problem
of the scarcity of teachers and specifically in science and mathematics might have unknown factors
that are causing and retaining it which have not been revealed by the researchers. It is believed that
there might be something unknown that maintains the scarcity of scientific and mathematics
teachers that needs to be unveiled. Therefore, the current research study is investigating the causes
and impacts of the scarcity of teachers in science as well as mathematics subjects in Tanzania’s

secondary schools.
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Summary

This chapter started with an introduction, followed by some definitions of the terms that are used
frequently in this research study. The terms that were defined include factor, impact, teaching,
learning, teaching-learning, research, and qualitative research. The chapter has provided the
conceptual framework and reviewed the literature on the scarcity of teachers in scientific and
mathematics teachers at the global level, in Africa and Tanzania. The literature review has shown
that the scarcity of teachers is a very complex issue that is caused by many factors that are similar
or vary depending on the country or region worldwide. The literature review also covered sub-
titles related to socio-economic, cultural, political, and policy-related factors that are causing the
scarcity of teachers in science subjects as well as mathematics and its effects on Tanzania’s
secondary schools. The reviewed portion of the research literature was conducted under the
presumption that there are socioeconomic, political, cultural, and policy-related reasons

contributing to Tanzania's secondary schools' shortage of mathematical and scientific teachers.

This chapter has presented the issues raised in the conceptual framework through the analysis of
the reviewed literature studies that are related to the study. In the conceptual framework, the
researcher provided the assumptions on factors that have influenced the scarcity of scientific and
mathematical teachers in Tanzania. These assumptions have been progressive as it has shown
proof with theoretical works and observed literature reviewed. It was noted that a variety of policy-
related, socio-culturally based, socio-economic, and school management-related factors, including
imparting knowledge as well as teaching and learning methods, teacher-student relationships,
school learning environments, student performance, and the school management system, all play
arole in the shortage of scientific and mathematical teachers. It also seems that the factors that are

causing the scarcity of teachers in science and mathematics in turn have effects that later maintain
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and perpetuate the scarcity of scientific as well as mathematics teachers. Although there are
different efforts from the Ministry of Education, Science, and Technology to try to resolve this
problem, the scarcity of teachers in secondary schools is still existing. The literature revealed that
the drop in enrollment at teacher-training institutes and the rise in secondary school enrollment are

both contributing factors to the shortage of mathematical and scientific teachers in many nations.

Almost without exception, it is widely assumed that the countries are facing a teacher shortage
crisis, particularly in mathematics and science subjects, caused primarily by an insufficient supply
of new teachers or increased students’ enrolment in secondary schools. It is also widely held that
a shortage of mathematics/science teachers is a major contributor to poor educational performance
and, as a result, the economy and even the nation's security. Based on the literature assessment,
many schools struggle to find appropriate individuals to fill their classrooms, indicating that there
are pervasive staffing challenges in education. Furthermore, the literature data show that the
severity of these issues varies across schools and fields in different countries. In the USA between
1999-2000, approximately 7,200 secondary schools, or 31%, reported having serious difficulty
finding qualified teachers to fill either their mathematics or science gaps. (Ingersoll & Perda,

2009).

Lastly, in this study, the research gaps were developed from the literature reviewed indicating the
existence of limited information on the factors that are causing the scarcity of scientific and
mathematical teachers and the impacts on secondary schools in Tanzania. The goal of the current
research study was to help adjacent these gaps by contributing to achieving its intended objectives,
which included identifying the causes of the shortage of secondary school mathematical and
science teachers, evaluating the effects of this shortage, and assessing the participants' interest in

the scientific and mathematical education in Tanzania's secondary schools. Also, this research
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study intends to evaluate the efficiency of the approaches used by the school management to reduce
the scarcity of teachers in science and mathematics fields and its impacts on Tanzania’s secondary

schools.
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CHAPTER 3: RESEARCH METHODS

Introduction

Chapter 3 presents thoroughly, the mixed research design methods and data collection methods,
and the research tools used in this research study. In this chapter, the research approach and design
are presented and data collection methods are discussed. Also, the study area is discussed, the
population and sample of the research study; study procedures and ethical assurance; data analysis,
methods, and lastly the summary of Chapter 3 are discussed. In this research, mixed research
methods were used and interview and questionnaire tools for data collection were used are
discussed. The study area is discussed and the population and sample size are presented in this
chapter. All ethical procedures were adhered to, to ensure that the research will not create any
harm to the research participants. The thematic data analysis method was used to analyze the data

collected step by step (Braun & Clarke, 2006; Clarke & Braun, 2013).

This chapter presents the research methodology, research design, and approaches used in the
collection of the information, data analysis, and interpretation of the factors causing the scarcity
of teachers in science and mathematics and the impacts on secondary schools in Tanzania. The
chapter is working on the mixed research methods used for data collection, data analysis, and
interpretation. Research methodology, according to Kothari (2004), is the systematic and
theoretical evaluation of the methods used in a field study. It involves the methods of explaining,
describing, and predicting phenomena to solve the problem through conducting research. The
chapter discussed data collection methods which is a mixed research technique, the study area, the
research population and study sample size, instrumentation of the research tools including
interview and questionnaire, the study procedure including sampling procedure ethical assurance,

and the data analysis method.
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This educational research aimed at contributing knowledge to educational processes to improve
their effectiveness. Educational research is concerned with the purification of educational
processes and attempts to answer an educational question and it is the systematic application of
scientific methods to solve educational problems. It is the activity of developing behavioral science
in educational institutions to enable educators to work effectively toward the achievement of goals
and objectives. Its goal is to practice scientific and philosophical methods to solve educational
problems. Educational research is primarily conducted to provide systematic and methodical

explanations for problems that arise in the education arena (Kapur, 2018).

According to Kapur (2018), to a large extent, educational research is conducted to serve a purpose
and a goal which could be to gain an understanding of a specific area, region, or state about some
matter or issue related to education. As a result, data is gathered and appropriate methods are used
to conduct an analysis. When doing educational research, the analysis of the data is a stage that is
necessary to produce the results. It attempts to organize data quantitatively and qualitatively to
make a statistical conclusion that focuses on the present and future. Two types of research can be
used in educational research: quantitative and qualitative. Quantitative analysis methods employ
numerical data, whereas qualitative analysis employs non-numerical data. The researcher must
make appropriate selections of these methods based on the areas of research and the regions in

which it is being conducted.

This research used a mixed-methods technique during data collection and analysis. Qualitative
research methods are used to collect, analyze and interpret non-numerical data collected from the
participants to understand their opinions, experiences, and suggestions. Qualitative data are
frequently subjective, rich, and contain in-depth information that is typically conveyed in the form

of words. Qualitative data analysis involves reading a significant number of transcripts to look for
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similarities and differences, subsequently identifying patterns, and creating categories. The
majority of qualitative data comes from unstructured text. Interview transcripts, observation notes,
journal entries, and records are examples of textual data (Wong, 2008). The aspect of qualitative
research that best distinguishes itself from quantitative research approaches is data analysis. Apart
from being a technical exercise such as quantitative techniques, the qualitative method comprises
more of a dynamic, intuitive, and imaginative process of inductive analysis, conceiving, and

theorizing (Wong, 2008).

The main tools used in this particular research include interviews and questionnaires for students.
During the data analysis, qualitative methods such as thematic analysis was used to analyze the
collected data from the research participants, and after the analysis, the results were presented in
thematic maps to show the analysis of the information collected from the field through interviews.
Quantitative data analysis of the data from questionnaires from students was done using

frequencies of occurrences and percentages.

Thematic analysis method for analyzing qualitative data was used step-by-step, to analyze the
qualitative data that were obtained from the participants through interviews (Attride-Stirling, 2001;
Clarke and Braun, 2013; Maguire and Delahunt, 2017; Thomas and Harden, 2008;). The causes
contributing to the shortage of science and math instructors were discovered during the thematic
data analysis by grouping the key concepts into fundamental themes. The important elements in
the information gathered from the participants were then summarized into organized themes and
afterward blended to generate global themes. The data about the impact of the shortage of scientific
as well as mathematical teachers in secondary schools was analyzed using the same procedures.

Frequency count and percentage were used in the analysis of quantitative data.
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Like other nations throughout the world, Tanzania too struggles with a lack of scientific and math
instructors. This issue is thought to be perpetuated or prolonged by a few of the unidentified causes
of the teacher shortage in scientific and mathematical subjects and its effects in Tanzania's
secondary schools. There is a significant issue with the school system as a whole because of the
lack of science and math teachers. Currently, the literature reviewed shows that this problem has
been prolonged in Tanzania for years despite all the Government interventions that have been
made through the Ministry of Education (Mamlok-Naaman (2014); Ndalichako and Komba

(2014); Osaki (2007); Projest (2013).

The current research study accepts that some factors are maintaining or sustaining this problem of
scarcity of teachers in scientific and mathematics subjects. Carver-Thomas & Darling-Hammond
(2019), in their research study, stated that in the United States of America (USA) the same problem
is caused by the shortage of enough facilities for teaching; low earnings, and deprived conditions
in workplaces. These cause most of the scientific and mathematical teachers to run off their
profession more than others especially those with alternative qualifications, resulting in more

shortage of science and mathematics teachers in many secondary schools.

Kamagi 2017 reported that there is a declining need for the requirement for art teachers in
government and private schools in Tanzania. In public secondary schools, there were a total of 88,
999 teachers, whereby arts subject teachers were 70,459 and science and mathematics teachers
were 18,545 in total. Thus, there is a need for about 24,716 science and mathematics teachers as
well as 355 laboratory technicians in the country as stated by the Deputy Minister for Education

(Kamagi, 2017).
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In their study, Ndalichako and Komba (2014) found that there is a severe lack of teachers of science
and mathematics in secondary schools, which has a negative impact on how effectively those
disciplines are taught. Furthermore, Ndalichako and Komba (2014), stated that sums of 14,060
teachers were employed in 2013 by the Government in secondary schools, and out of these teachers
only 2,014 (14%) were science and mathematics teachers. Nationwide there is a scarcity of 37,130

teachers in secondary schools and many of them about 26,948 (73%) are science teachers.

Although there have been ongoing initiatives and measures to address the country's lack of
scientific and math teachers, as seen by the various literary works, the issue continues. By
identifying the causes of the lack of scientific and mathematics instructors in secondary schools,
the current research study hopes to support these efforts. This would be achieved by investigating
the responses from teachers, students, and other education stakeholders on the factors causing the

scarcity of teachers in scientific subjects as well as mathematics in Tanzania’s secondary schools.

As a result, the major goal of this research study is to identify the causes of the teacher shortage in
science and mathematics as well as how it affects secondary school students in Tanzania. The
shortage of scientific and math instructors in Tanzania, like in other nations, is an issue. According
to the literature, there have been ongoing initiatives to address the shortage of scientific and math
instructors, but the issue persists. Additionally, the lack of scientific and math teachers in
secondary schools has effects, according to the literature. Furthermore, the literature showed that
various efforts were used by the government, the school management, teachers, and other
education stakeholders to resolve or eradicate the problem, but still, the problem continues to affect
many secondary schools in Tanzania. The goal of the current study is to aid in attempts to address
the dilemma of shortages of teachers throughout secondary schools for both mathematics as well

as science. The research study looked at the effects of the lack of science and math teachers
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currently working in secondary schools. Moreover, this research study assessed the strategies that
are been used in schools to minimize the scarcity in secondary schools. The research study also
evaluated the effectiveness of the approaches used by the school management in reducing the

scarcity of teachers.

Research Approach and Design

This research study used a mixed research approach and design to investigate the factors causing
the scarcity of teachers in scientific and mathematics subjects and the impacts on Tanzanian
secondary schools (Table 2). A mixed research approach mainly qualitative and quantitative was
used in data collection and describes the outcomes acquired through interviews and questionnaires
(Table 2). Quantitative data is concerned with subjective assessment of attitudes, feelings,
behaviors, and perceptions (Kothari, 2009). A questionnaire was used to collect quantitative data

which was analyzed using percentages and frequencies.

Table 2

Summary of Research Methodology and Design

Research design Mixed research method (qualitative and quantitative)
Data collection tools Interviews and questionnaires were used
Data analysis (Interviews) Thematic data analysis (Braun & Clarke, 2006)

Data analysis (Questionnaires)  Frequency count and percentage
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The current, mixed research approach is used to collect, analyze and interpret the information on
what people say about the scarcity of teachers in scientific and mathematics subjects in secondary
schools. The mixed research approach requires the researcher to use observation, interviews,
questionnaires, and focus group discussion during data collection (Kothari, 2009). In this particular
research, the researcher used interviews and questionnaires that intend to answer the research
questions which, when answered then the research problem is also answered. The research

questions were derived from the research objectives which are presented in Chapter 1.

Choosing a sample size is a crucial stage in the research technique (Kaur, 2021). Choosing how
many observations or replicates to incorporate into a representative sample seems to be the act in
question. Sometimes the improvement in accuracy brought on by larger numbers of samples is
insignificant or nonexistent. Determining the sample size for descriptive research is different from
the same as for experimental investigations. Choosing an appropriate sample size aids in

improving the standard of evidence-based research (Kaur, 2021).

This study was conducted in the Kibaha and Bagamoyo districts of Tanzania's Pwani region. Based
on the National Examination Council of Tanzania (NECTA) performance records, the region was
purposively chosen. The region maintained its performance for more than five years, positioning
itself among the top ten secondary schools in the nation (Said, 2018). The two districts were
randomly chosen among six from the region. This is a 33% representative sample size which is
above a good representative (10 -12.5 percent) sample of a population (Babbie, 1983). Eight (40
percent) out of 25 secondary schools in total were chosen. The schools were chosen randomly from
a list of those that offered Advanced-level subjects in science and mathematics. It was assumed

that a standard class has 40 students, so 12 students were chosen randomly which is a



101

representative sample. On the other hand, teachers were purposively selected provided they were

teaching STEM subjects. An average of 6 teachers were selected from each secondary school.

Both interviews and questionnaires were used to gather the data. The questionnaires were
completed by 98 students in total. Confidentiality, obtaining consent, obtaining research
authorization, approving the research tools, and avoiding plagiarism are only a few examples of

ethical considerations that were taken into account.

The research employed mixed research methods (both qualitative and quantitative) to collect data
from the participants (Table 3). Collecting data through qualitative techniques through interviews
allows data collection from multiple sources that help to understand the problem through the
participants or respondents (Akinyode & Khan, 2018). Questionnaires were used to collect
quantitative data from the students to ensure the triangulation of data collection methods to ensure
the reliability of the information collected. The mixed research method which is the triangulation
of data collection methods must start with the research design process; it cannot just be a name

applied after the fact to imply multi-method rigor (Aguilar-Solana, 2020).
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Summary of the Nature of the Study

Origin of Data

Tools used
Participants involved

Study Area

Information collected

from participants

Mixed research methods (Qualitative and Quantitative methods)

Interviews and Questionnaires
Teachers and students involved in Science and Mathematics

Tanzania, Pwani Region at Kibaha and Bagamoyo districts, and

Secondary schools

* Reasons for students’ choice to study scientific and mathematics
subjects

* The existence of scarcity of scientific and mathematics teachers

» Causes of the scarcity of scientific teachers as well as mathematics

» Impacts of shortage of teachers in scientific and mathematical fields

« Strategies for minimizing the issue of shortages of teachers and their

effectiveness

Despite inconsistencies in how triangulation is interpreted in translation and interpreting research,

it is obvious that multi-method approaches can provide fuller insight into the social complexity of

interpreting environments. Multiple data collection methods in interpretation research can

contribute to a thorough knowledge of how interpretation scenarios are socially produced, what

processes are at play among different actors of the three-component event, and how these impact

the interpreter's function (Aguilar-Solana, 2020). Moreover, triangulation provides the option of

datasets to illustrate various elements of an interesting phenomenon, which might enhance research
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(Noble & Heale, 2019). It also aids in proving cases where data invalidates an assumption made
using information from another. When one set of findings supports another set, it might help

confirm a concept. Lastly, triangulation can assist in explaining a study's findings.

To exploit completely restricted datasets and conduct fine-grained analysis using a well-designed
research strategy that employs triangulation of data collection method, with the ultimate goal of
improving the trustworthiness of the findings by examining the same social phenomena from
various perspectives (Aguilar-Solana, (2020). Through the triangulation of data collection
methodologies, it is possible to improve the credibility of case study research in interpreting
studies. The relevance of triangulation for qualitative case study research has long been debated in
the social sciences; interpreting scholars should contribute more effectively to these discussions
and the creation of creative research approaches (Aguilar-Solana, 2020). Triangulation is
explained as a process of using a different point of view to support, refute, or broaden previous
discoveries (Turner & Turner 2009). Methodological triangulation promotes the use of a range of

data collection methods, such as questionnaires, observations, and interviews.

Triangulation (mixed research method) can be an effective strategy for increasing the reliability of
research interpretation if methodologies are carefully designed to be complementary and
contributively to one another, and attention is being paid to the research design in terms of both
techniques used and the conceptual frameworks that guide data interpretation. In terms of data
interpretation, the employment of qualitative methodologies was widely regarded as worrisome by
positivist social scientists. Concerns concerning subjectivity and prejudice put qualitative
researchers' interpretation of social activities into question. Due to concerns regarding bias and

subjectivity, qualitative researchers' interpretations of behavior patterns as approximations of
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actuality were called into question (Silverman, 2017). Based on that the current research opts to

use a mixed research method to increase the reliability of the research interpretation.

However, data collected through qualitative methods give room for the researcher to build rapport
with the interviewee and help the researcher to give further explanation of the question whenever
she or he feels that the interviewee misunderstands the question asked. Open-ended questions can
be used in qualitative data collection techniques which can allow the research participants to

provide more information that does not restrict their opinions (Akinyode & Khan, 2018).

The current research study employed mixed research data collection methods including
observation, interviews, and questionnaires (for students) to collect data regarding the causes of
the scarcity of scientific and mathematics teachers and its impacts in Tanzania’s secondary schools.
Primary data were collected from the study area using interviews and questionnaire (for students)
tools. During data collection, a non-probability sampling technique was used to gather the
information from the area of study. The samples from the population in the study area were
purposively selected and specifically, maximum variation sampling also known as heterogeneous
sampling was used to capture a wide range of data. This sampling technique was preferred because
the researchers believed that the information sought could be provided by experienced science and
mathematics teachers and the students who were teaching and studying the subjects respectively.
The participants were selected based on the teaching subjects, being either Mathematics, Physics,

Biology, Chemistry, or two of them.

The selection of region under study among others in the regions was purposively selected by
considering the best performance in secondary schools’ national examinations results for three

years. Two districts Kibaha and Bagamoyo are selected randomly among others in the region
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following the said criterion above. A list of secondary schools teaching from lower to advanced
levels was prepared from where eight secondary schools are randomly selected for the data
collection. Biology, Chemistry, and Physics subjects, as well as Mathematics subjects, must be
taught in those secondary schools up to the level of advanced level (which is from ordinary to

advanced secondary school levels) repeatedly, for at least three years.

Before starting the interview sessions, the researcher explained briefly to the participants about the
main purpose of the research. Also, the participants were informed to decide to join the research
or to withdraw at any time they wished to do so. During the interview sessions, the researcher
established a rapport with the participants, before the interview as this can give positive sound
effects on the development of the interview session. The interview guide questions were neutral,
open-ended, and understandable. To build the interviewee’s confidence, simple questions were
asked first followed by the more difficult ones. The interview length varied according to the
participant’s understanding, the topic to be discussed; the researcher’s ability to interview which
were conducted within an average of 30 — 60 minutes. The researcher most of the time listened to
the respondents without interruptions to allow freedom of expression; body language was also used
mostly smiling, nodding, and looking interested to encourage the respondent to provide even more

information.

During the interviews, the conversations were recorded for further use in the research dissertation
write-up, and immediately after each interview session, the researcher made field notes that were
then been used at the time of data analysis and the research write-up. At the end of the interview
session, the researcher thanked the participants for their responses, and time and ask them to say

anything they feel they want to.
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To obtain quantitative data, the questionnaires were distributed to the students with the help of
their teachers. The students involved in this research were randomly selected from the group of
students who were studying science and mathematics subjects in their respective schools. The
students responded to the questionnaires and the analysis was done by counting the number of
occurrences of an issue. The findings were presented as frequencies which were converted into

percentages and presented in pie charts for easy understanding.

The study was conducted in Tanzania which is one of the Eastern African countries. Tanzania is
located just south of the equator at 06.370S, 34.890E. Tanzania is one of the East African countries
which is also one among the countries around the great lake which are Lake Victoria, Lake
Tanganyika, and Lake Nyasa (also called Lake Malawi). The country is bordered by eight countries
in Africa including Kenya, Uganda, Burundi, Rwanda, the Democratic Republic of Congo,
Zambia, Malawi, and Mozambique. In the east, the country borders a coastline at the Indian Ocean

which is also shared with Comoros and Seychelles.

According to Netherlands University Foundation for International Cooperation (Nuffic, 2015),
Mazana et al. (2020) the education system of Tanzania is based on a 2-7-4-2-3+ structure. In other
words, the education system of Tanzania has five levels of education which are pre-primary school
(two years), primary school (seven years), ordinary secondary school (four years), advanced
secondary education school (two years), university (three years) as well as vocational colleges.
Primary school level is required for youngsters aged 7 to 14. There are two levels of secondary
education: ordinary secondary school and advanced secondary school. The ordinary secondary
school level is for students aged 14 to 17, while the advanced secondary school level is for students

aged 18 to 20. Primary school is 7 years long and culminates in the Primary School Leaving
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Examination. This examination, however, does not result in a certificate. Students are admitted to

secondary schools or vocational training centers based on their grades (Nuffic, 2015).

Enrollment and retention in pre-primary and primary education are mandatory, and the government
has implemented pre-primary schools in all public schools for children aged 4-6 years (Mazana et
al., 2020). In public schools, Kiswabhili is the primary language of instruction; nevertheless, there
has been a significant surge in the number of private schools that teach using English as a medium
of communication. National examinations are taken at the end of the 4th and 7th years of primary
school (Mazana et al., 2020). The National Standard Four Examinations (NSFE), as well as the
National School Leaving Examination (PSLE), are the two primary school examinations. Students
who pass standard four exams advance to standard five, whereas those who fail must repeat the
class until they pass. The selection of pupils for four-year secondary education or vocational
training is based on standard seven examination results (Mazana et al., 2020). Kiswahili is a
medium of instruction in primary schools in public schools while private schools use English as a
medium of instruction and also English is used as a medium of instruction in secondary schools.
This shows that there is a transition period as students upgrade to secondary schools and they find
learning a difficult task due to the language barrier in the classroom teaching and learning. This
may be one of the reasons why student performance becomes low in secondary schools in

Tanzania.

Moreover, Nuffic (2015), and Mazana et al. (2020), explained that Secondary education is divided
into two levels: basic and advanced. Forms 1 through 4 are on the ordinary level, whereas forms 5
and 6 are on the advanced level. Pupils take examinations for the Certificate of Secondary

Education and Advanced Certificate of Secondary Education after these levels respectively. Pupils
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who have completed the Certificate of Secondary Education and received a good grade may be

upgraded to pursue an Advanced Certificate of Secondary Education.

There are various subjects are taught at secondary schools including agriculture, business, home
economics, and technology are among the subjects. Other subjects taught at secondary schools are
civics, English, Kiswahili, history, geography, physics, chemistry, biology, and mathematics which
are studied by students in forms 1 - 4 (ordinary level). Advanced-level students concentrate on
commerce, arts, social sciences, or natural sciences. They also undertake General Studies as a
subject. The Advanced Certificate of Secondary Education qualifies students for entrance to a
higher education institution. The Certificate of Secondary Education and Advanced Certificate of
Secondary Education exams are given all across the country. Students must take exams in at least
seven subjects to receive the Certificate of Secondary Education. Exam results are written in letters,

with the letters A through D denoting a passing mark.

Students in ordinary secondary school have the option of advancing to advanced secondary
education or continuing their studies in vocational training education which is available in Tanzania
at several vocational training centers. These institutions provide study programs in a variety of
technical and vocational subjects, such as those for students interested in becoming architects,
electricians, or construction workers. These programs usually end after two or three years, with

traditional exams leading to various certificates or diplomas (Nuffic, 2015).

According to Nuffic (2015), various government bodies have responsibility for all the education
activities in Tanzania, including the Ministry of Education, Science, and Technology which is
responsible for research, monitoring and evaluation, and quality assurance for primary and

secondary education. Also, the Office of the Prime Minister, the local Government, and the
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Regional Administrative Secretary are responsible for governance as well as monitoring education
services in secondary schools. Moreover, the Ministry of Education, Science, and Technology is
responsible for high education at the university level. The public universities are semi-autonomous

and they are independent in preparation of their education curricula and they can award degrees.

The Tanzania Commission for Universities (TCU) is responsible for the supervision of all
universities in the country including all private and public ones. On the other hand, all vocational
and technical colleges which offer non-university courses are under the responsibility of the

National Council of Technical, Vocation, Education Training (NACTVET).

The current research study was conducted in secondary schools that were pursuing advanced
secondary school certificates. Two districts Kibaha and Bagamoyo are selected purposively from
the Pwani Region and are involved in the study based on the three years of secondary school
performance of the national examination’s results. The reasons for choosing these districts were
the fact that many samples are spread across the two Districts so it would be easy to get the required
information. Pwani Region is located in the Coast Zone of Tanzania where also others like Dar es
Salaam, Lindi, Mtwara, and Morogoro are located. The Coast Zone is located between latitude

8°37'37.20" South, and longitude 37°52'37.20" East of which the study area is within (Figure 1).
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a). Map of Tanzania b). Map of Coast region

Figure 1. Map showing the study area — Tanzania and Coast Region.

Source: https://sw.wikipedia.org/wiki/Mkoa wa Pwani

Population and Sample of the Research Study

Samples of the data from the two districts were collected from 8 secondary schools which were
selected randomly from the list of all secondary schools from the two districts under study. On the
other hand, the districts were nominated by using purposively criteria selected based on the
intensity of their examination performance for the past three years (Etikan et al., 2016). Moreover,
there was data collection from various other education stakeholders, for instance, education
officers, the quality assurance team of the districts; teachers; and students. The main purpose of
collecting data from different stakeholders was to triangulate the data and capture a wide range of
information to ensure the validity and reliability of the data. Four (4) education officers and four
(4) education quality assurance officers from the two districts were interviewed. At least six (6)

teachers from the eight (8) secondary schools from both districts were also interviewed and this
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made a total of 53 teachers and education officers. Moreover, a sum of 98 students from 8

secondary schools was involved in responding to the questionnaires from both districts. At least

an average of 12 students were chosen from each of the 8 secondary schools visited during the

research study.

Table 4

Summary of Study Population and Sample

Region Selection

Districts Selection

Schools Selection

Students selection

Teachers selection

Purposively Selected based on the National Examination results for three

consecutive years

Two were randomly selected above the representative sample (Babbie, 1983).

Eight schools out of 45 were randomly selected as the representative sample

An average of 12 students was randomly selected from science and

mathematics classes from each school visited. A total of 98 students were

involved in responding to questionnaires

Purposively Selected (only Science and Mathematics teachers) A total of

53 Teachers were interviewed
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Instrumentation of the Research Tools

This research study used mixed research approaches to collect data using interview and
questionnaire tools and a thematic data analysis method (Table 4). The respondent's data were
gathered using a combination of quantitative and qualitative approaches. Qualitative approaches
are useful for providing rich descriptions of complex interactions, reporting exceptional or
unforeseen incidents, enlightening the expertise and assessment of the situation by stakeholders
with widely varying stakes and responsibilities, giving a platform to those who have been rarely
mentioned, undertaking preliminary investigations to partially explain and produce as well as make
predictions, and progressing toward interpretations (Creswell & Miller, 2000). Qualitative and
quantitative methodologies can be employed in conjunction or together in one research. The
greatest qualitative research is methodical and thorough, to reduce biases and mistakes while also
identifying proof to support initial or spontaneous beliefs (Creswell & Miller, 2000). On the other
hand, quantitative research involves data, reasoning, and an unbiased viewpoint. In contrast to

divergent understanding, detailed, consistent reasoning is the emphasis of quantitative studies.

In the qualitative research paradigm, reliability and validity are defined as trustworthiness, rigor,
and quality (Aguilar-Solana, 2020; Creswell & Miller, 2000). It is also through such relationships
that perhaps the qualitative researchers’ opinions on how to accomplish validity and reliability of
research are influenced, which are to remain objective and strengthen the researcher's
trustworthiness of a thesis about some sociological trend through triangulation of data collection.
Therefore, triangulation is defined as a validation technique in which researchers look for
similarities across many and disparate sources of data to establish themes or groups in a study
(Creswell & Miller, 2000). Triangulation can be a valuable strategy for improving the reliability

of research interpretation if methodologies are carefully designed to be complementary and
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contributively to one another, and attention is paid to the research design in terms of both the
combination of methods and the theoretical constructs that guide data interpretation (Aguilar-
Solana, 2020). As a result, if reliability, validity, and triangulation are to be important research
concepts, particularly from a qualitative standpoint, they must be reformulated as we have seen to
represent the numerous ways of maintaining accuracy through a variety, truthfulness, and

triangulation (Creswell & Miller, 2000).

The current research study used qualitative research methods during the data collection where
interviews, observation, and questionnaires are used. It was the task of the researcher to ensure
that the interview questions were precise and understandable and this could be achieved only when
there is a good rapport between the participants and the researcher. Neutral semi-structured and
structured questions were prepared for the interview and some guiding questions were
administered to different education officers, teachers, and students. The research was conducted
and involved different education stakeholders to be able to triangulate the data and cover a wide

range of information.

Interviews and questionnaires are the research tools that were mostly used to collect data from the
study area and in very minor cases observation was employed. Guiding questions for semi-
structured and structured interviews were used with different education officers, teachers, and
students during data collection. For the education officers including District education officers,
school quality assurance officers, and teachers who are the key informants, interviews were

conducted at the district levels.

The main points of the interviews are to collect and discover the views, practices, and beliefs on

the extent of the scarcity and the factors causing the scarcity of scientific and mathematical
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teachers, as well as the impacts on Tanzania’s secondary schools. During interviews, the researcher
was able to establish a rapport with the participants before the interview as this can give positive
effects on the development of the interview session. Also, the interview questions were neutral,
open-ended, precise, and understandable. The interview length was varying according to the
participant’s understanding, the topic discussed; the researcher’s ability to interview, and was
conducted within an average of 30 — 60 minutes (Gill et al., 2008). During the interviews, the
conversations were recorded and noted down for further use in the research dissertation write-up.
Also, the researcher made field notes immediately after the interview that was also used at the time

of data analysis and the dissertation write-up.

During the interview session, simple questions were asked at the beginning followed by the more
difficult ones to build the interviewee’s confidence. The researcher was listening to the
respondents without interruptions to allow freedom of expression; body language was also used
mostly like nodding, smiling, and looking interested. At the end of the interview session, the
researcher thanked participants for their responses, and time and ask them to say anything they

feel they want to.

According to Gill et al. (2008), the interviews were conducted with teachers and students in
separate sessions and were involved in responding to questionnaires to collect the needed
information. At least a total of twelve students were selected from each of the secondary schools
to be involved in this research. The students were monitored, guided, and assisted by the researcher
or their teacher to be able to respond to the given questionnaires. Interviews and the questionnaire
were instructed by using both Kiswahili and English languages to give more opportunity and

freedom to the participants for participating and communicating their experiences and views.
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Before conducting the major research study, pre-testing was done to test the reliability and validity
of the research instruments and assess the extent to which these instruments measure what it is
designed to measure (Kimberlin & Winterstein, 2008). This was used to help the researcher to be
able to check and balance the accuracy of what is been measured thus in case of any drawback in
the use of the research tools, the researcher adjusted the tools/instruments to be more precise and
consistent to measure the theory under study. During the pre-testing of the tools, the researcher
was also able to realize the existence of any biases and adjust accordingly to avoid unfairness in
the major research work (Kimberlin & Winterstein, 2008). Thus, the guide questions should be
precisely able to draw all the information needed during the interviews and questionnaires to be

able to come up with well-answered research questions.

Study Procedures and Ethical Assurance

While conducting research, researchers must observe suitable values at all phases. It is possible
that if this is not observed, scientific misconduct will occur. And it is within this context that we
explore ethical issues in research, with a focus on those relating to the research itself, research
subjects, and the research method (Akaranga & Makau, 2016). Moreover, some norms help
researchers achieve their goals, which include information diffusion, reporting or telling the truth,
and eventually, error correction. The development and approval of a research proposal is the first
stage in the process, which leads to the actual research investigation. A researcher must choose the
appropriate methodology to use, and relevant methods of data collection, present the research
findings, and interpret them appropriately, resulting in a logical presentation of information
(Akaranga & Makau, 2016). The information is then examined and presented in a well-written

article, project report, thesis, or book. In this particular research, the researcher followed all the



116

stages in the process from proposal writing, all approvals by the university were obtained and a

permit was given and allowed to conduct research investigation.

According to Akaranga and Makau (2016), a researcher has to be vigilant about disclosing his or
her research results if they may jeopardize his or her sponsor's good working relationship. This is
obvious if the information concentrates on the organization's policies and could reveal sensitive
information about the people or the organization. This needs successful collaboration with other
academics while also respecting the intellectual property rights of other researchers. If this is not
followed, it may result in rebellion or even protests. In academic institutes of higher learning,
plagiarism is a contentious issue. This is the technique of a writer or researcher making sure that
any research they produce is unique and free of writings, findings, or even phrases that have been
obtained, modified, or even used without acknowledging the sources of information, such as
suggestions, procedures, findings, or even the writer's or publication's phrases (Akaranga &
Makau, 2016). The current research followed all the procedures of dissertation write-up and all the
information from other sources was paraphrased and acknowledged to avoid plagiarism. The

intention is to come up with a unique piece of work in the end.

Furthermore, Akaranga and Makau (2016), explained that when the same written material appears
in two or more publications, this is known as duplication or plagiarism. This could happen due to
laziness, ignorance, or cultural difference, compromising the researcher's honesty. Plagiarism is
most commonly found in the initial paragraphs, such as the background and literature review. It is
the writer who must properly quote or cite the source material. According to Akaranga and Makau

(2016), self-plagiarism and multiple duplications, sometimes also known as salamis, are two
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different types of plagiarism. The other type of plagiarism is redundant publication, which occurs
when a researcher reuses his previous work in a new study without properly referencing it, or when
previously published data is republished with new information (Akaranga & Makau, 2016).
Perhaps the researcher's objective is to exaggerate previously published findings. However, this is

obstructing research and is illegal.

The current research study abided by ethical procedures and principles which are necessary. The
ethical principles based on issues such as being informed, avoiding harm and doing good,
confidentiality, reflecting fairness, the right for dignity, and the need to be respected are the
foundations of research ethics in the social sciences. Moreover, these research principles are
essential since they are concerned with a range of research areas including scientific and academic
research (American Psychological Association, 2002; The British Psychological Society 2010).
These research ethical approaches apply to all research that involves humans as participants or
subjects including this particular research. The main ethical principles that are important in this
qualitative research include that the researcher must minimize the risks or burden (socially,
physically, and psychologically) and maximize the benefits to participants, that the researcher must
have respect for persons in terms of autonomy, decision-making, and dignity of the participants —
at some point a researcher should seek the consent of the participants before involving them in the
research (American Psychological Association, (2002; Benatar, 2002; British Psychological

Society 2010; Haggerty, 2004; William, 2006).

In this research, before starting an interview, sessions, or distributing the questionnaires to the
participants the researcher briefly explained to the participants the purpose of the research. All the
time the researcher informed the participants in this research that they were allowed to withdraw

from the research at any time as they wish. They were as well allowed to withdraw their
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information at any stage of the research. This research complied with these basic research ethical

principles to avoid the rejection of the research by the institution's ethical committee, or supervisor.

Data Collection and Analysis

According to Akinyode and Khan (2018), qualitative data analysis is defined as step by step
process of both performed to summarize the collected data and organize these in such a method
that they answer the research questions. Creswell (2007) described qualitative research methods
as a process where the problem of the research is studied in its natural setting than in a laboratory
study. Data analysis is the process involving working with data, organizing, and breaking it into
manageable units to compare, scale, and measure the information from the research respondents.
According to Wong (2008), in qualitative research, data analysis refers to the process of carefully
searching and organizing interview transcripts, observation notes, and other non-textual materials
gathered by the researcher to better understand the phenomenon. The majority of qualitative data
analysis involves coding or categorizing the data. Making sense of huge volumes of data includes
reducing the volume of raw data, identifying noteworthy patterns, and finally extracting the
meaning of the information and establishing a rational sequence of evidence. It is more of a
dynamic, intuitive, and system process of inductive logic, thinking, and theorizing than a technical
exercise like gquantitative approaches (Wong 2008). The majority of qualitative data analysis
involves coding or categorizing the data. In simple words, codes are labels or tags used to assign
discovered themes or subjects from the study's data. Traditionally, coding was done by hand, with
colored pens used to categorize data and then cutting and sorting the data. Electronic data coding
approaches are becoming more popular among qualitative researchers as software technology

advances.
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The open-ended nature of data, as opposed to statistics alone, is one of the challenges of qualitative
research. Interview transcripts, newspaper articles, questionnaire replies, diaries, movies,
photographs, and field observations are all examples of qualitative data. It's often more difficult to
reduce and find patterns in the text as data than it is in numbers as data. Because of the complexity
of qualitative research's unstructured data, the diversity of the data, and the way discoveries and
ideas develop from the data, the use of software applications in qualitative data analysis is limited.
The computer software, however, does not perform the analysis for the researchers. Users must
still define categories, code, determine what to collect, detect patterns, and interpret the data.
Finally, the researcher must synthesize the data and interpret the obtained meanings. As a result,
the use of computers in qualitative analysis just improved the efficiency and manageability of data
organization, reduction, and storage (Wong, 2008). This methodology evaluation focuses on
thematic analysis (TA), a data analysis procedure that is commonly utilized across all qualitative
designs. TA is frequently employed in research projects and then classified as qualitative research
without providing the relevant details about how the analysis reduced the data into manageable

themes and the conclusions that emerged.

The research used mixed research data collection tools which were interviews and questionnaires
as well as thematic data analysis. The technique involved both qualitative and quantitative
techniques where interviews and questionnaires were used respectively. More importantly, in this
mixed research, three activities were conducted including research design, fieldwork for data
collection, and data analysis. (Attride-Stirling, 2001; Braun & Clarke, 2006). The thematic data
analysis method was used to analyze qualitative data collected about the causes and impacts of the
scarcity of teachers in scientific and mathematics in Tanzanian secondary schools. Thematic

analysis was done stepwise because it is a recommended data analysis method for qualitative data
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(Clarke & Braun, 2013). The literature review showed that researchers are applying and promoting
qualitative research techniques which can be referred to as a positive step toward a deeper
understanding of social humanity occurrences (Akinyode & Khan, 2018; Braun & Clarke, 2006).

This section is specifically explaining the data analysis method used in the current research study.

Similar steps of data analysis were followed in analyzing the data from the participants about the
impacts of the scarcity of teachers in science and mathematics in Tanzania’s secondary schools.
These main ideas were presented in a thematic map also known as thematic networks. The thematic
maps or networks showed the interactive model regarding the data and in this case, the main factors
that were causing the scarcity of teachers in science as well as mathematics and their impacts on

secondary schools in Tanzania as discovered in the current research.

During the process of collecting data, the dates, months, and years of data collection were recorded
and read from time to time so that the researcher could have an in-depth understanding of the data.
The data collected were compiled by the researcher according to the issues investigated to make it
easier for the analysis. Both the field notes and the recorded clips will be used during the data
analysis. All of the information related to the subject matter under the research was revisited to
come up with systematic information to answer the research questions. The data collected was
compiled using Kobo Toolbox and the Excel sheet before the analysis begins. The information
from the teachers and the education officers was compiled together while the data from the students

were compiled as a piece of separate information.

Thematic Analysis (TA) method was used in analyzing the qualitative data collected about the
scarcity of teachers in science as well as mathematics in the study area. This analysis was done

step by step where the researcher read and understand the excerpts given in the interviews and note
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the issues. During the data analysis, the researcher read and re-read and understand the excerpts
given in the interviews and note the issues as initial codes or themes. The thematic analysis was
done according to Attride-Stirling (2001), Braun & Clarke (2006), Maguire and Delahunt (2017),
and Thomas & Harden (2008). According to Attride-Stirling (2001), and Clarke and Braun (2013),
the initial codes (Basic Themes) were created as explained and later refined and presented as issues
(Organized Themes) about the data collected. These organized themes were further summarized
into global themes which were later presented in networks that summarize the data which was the

main ideas the data was telling about the interviews.

Furthermore, similar steps of data analysis were followed to analyze the impacts caused by the
scarcity of teachers in science and mathematics in Tanzania’s secondary schools. The Thematic
Map shows the interactive model regarding the data and in this case, the factors that are causing
the scarcity of teachers in science as well as mathematics and their impacts on Tanzania’s

secondary schools.

Moreover, to come up with integrated data analysis, the quantitative data obtained from the
questionnaires were transformed into numeric ratings to allow statistical analysis to help overcome
any missed information from the previous method of data analysis (Caracelli & Greene, 1993).
The statistical method of data analysis was useful in the generalization of the research findings
from this particular research. It helps to provide the validity of the data collected. The data obtained
from questionnaires were tallied to obtain the frequency of the occurrence of a theme then the
frequency was converted to percentages which were presented in pie charts based on the research
question. This statistical method of data analysis was useful in ensuring that the research findings
are well understood by the readers of this particular research. Based on the analysis of the

information collected from the interviews and the questionnaires, the interpretation of the
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information followed. The factors that are causing the scarcity of teachers in science and
mathematics in Tanzania’s secondary schools were sorted out. Also, their impacts were presented

in a thematic map representing the main ideas and views of the research participants.

The researcher intended to collect information regarding the scarcity of science and mathematics
from both the students and teachers who are the people at the grassroots. These two groups of
people may have information that is similar or not with the existing literature as they are the main
education stakeholders. The grouping, ranking, and clustering of participants and remarks can be
used to work on the quantitative data. These statistics can be applied to prioritize topics based on
problematic claims, find agreement and support for assumptions, and assess the resemblance of
statements, participants, and subgroups (Wojatzki et al., 2018). As part of the current study,
participants were interviewed about the lack of an adequate number of teachers in science and
math in secondary schools, and tasks included recognizing claims that were implicit in free text.
The statements were discovered using thematic analysis of information gathered from teachers’
interviews information. To determine the frequency, or number of occurrences of a theme, the
research tallied similar ones as they were mentioned by participants, and the global themes - which
were the respondents' principal ideas - were totaled together. In other words, the broad themes
derived from participant replies are given in succinct sentences that convey the key points and

provide information on the hot-button issues in the study.

According to Wojatzki et al. (2018), it is more useful to learn about people's beliefs and opinions,
the various aspects of an issue, which ones are deemed more important, and who the key
stakeholders are when trying to quantify qualitative data rather than simply learning how many
people support or oppose a particular position. The researcher in this case relies on creating the

assertions from the qualitative data obtained from questionnaires during the analysis. Additionally,
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because the sample size was greater than 50 and the participants were asked comparable questions
throughout the questionnaire, it could be possible to report the information in percentage form,
although this was done since it is not justifiable. Neale et al. (2014) claim that the sample size must

be greater than or equal to 50 to employ percentages to semi-quantify or quantify qualitative data.

Furthermore, no generalizations about the prevalence of the teacher shortage in scientific and
mathematical disciplines or its effects outside of this sample can be made from the information
gained from this type of data. Therefore, it is necessary to gather, evaluate, and generalize
guantitative data to reach conclusions. The research used the information collected through
questionnaires to count the frequency of occurrence of the responses and come up with the

percentages.

Summary

This Chapter has presented the research approaches and designs which include data collection
methods, the study area, instrumentation of the research tools, the population, and samples of the
research study. This particular research study was conducted in two districts (Kibaha and
Bagamoyo) purposively selected from the Pwani region in Tanzania. The research used mixed
research (qualitative and quantitative) methods during data collection using interviews and
questionnaires tools. The research tools which were used in data collection include interview guide
questions conducted with the teachers and questionnaires assigned to the students during data
collection. The data collected through interviews was analyzed using the thematic data analysis
method. On the other hand, the information collected from the students using the questionnaires

was analyzed using frequency count and percentage.
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The Chapter also discussed the study procedures and ethical assurance. All necessary ethical
procedures were abided by including the approvals from different stakeholders from both the
UNICAF University and the authority from the study area. Before the start of an interview, the
researcher briefly explains to the participant the intentions of the research and ask the participant
if they would like to participate in the research study. The researcher received all necessary
informed consent signed by the participants, the research was conducted while the participants

were respected, and allowed to withdraw from the research at any time during the research study.

Moreover, the Chapter discussed the qualitative data analysis in a detailed way, including the
Thematic Analysis, a step-by-step data analysis procedure whereby the researcher desired to assess
factors causing the scarcity of teachers in science as well as mathematics and the impacts in
Tanzania’s secondary schools. The Thematic Analysis process leads to summarizing the
participants’ main ideas from the interviews and questionnaires in a refined fashion till the major
ideas are related to the research area in place and this was done according to Clarke and Braun,

2013.

The end product of the thematic analysis is the thematic network which is the summary of the main
ideas obtained from the research study data collected and analyzed. The thematic network is a
web-like network that represents the text evolved from the data. It grows from the basic themes
into organizing themes and global themes that show their relationship. The study issue that the
researcher wanted to address determined the themes and the interpretation. To arrive at the global
themes the researchers have to repeatedly read the scripts of the data and understand the mind of

the research participants on the subject matter.
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The basic theme is the lowest level of the results in the thematic analysis process when we want
to make an organizing theme, we might need to combine two or more of the basic themes. This
combination of the basic themes is done to ensure that the obtained organizing theme which has
more sense compared to the basic theme. Organizing themes are the middle-order of the thematic
analysis which has richer meaning than the basic theme. A global theme is a superior theme that
is obtained from a set of organizing themes. It is the main idea that the data is telling us about an
investigated matter. It is the summary of the main issues analyzed and it reveals the meaning of
the data in the scripts being analyzed. The research comes up with the main ideas of the participants

which are presented in the subsequent chapter.
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CHAPTER 4: FINDINGS

Introduction

Chapter 4 discusses in detail the research findings and is divided into subsections including the
research results introduction part which is comprised of the introduction of the chapter; the
trustworthiness of the data; data reliability and validity of the research and the research results.
The study's findings include participant experiences with the level of understanding of the shortage
of trainers in mathematical and scientific subjects in secondary schools, student motivations for
choosing science and mathematics as a subject, causes of the shortage of science and mathematics
educators in secondary schools, effects of the shortage of science and mathematics instructors, and
school administration tactics for reducing the shortage of mathematics and science professionals
instructors. The effectiveness of the school administration's measures for addressing the issue of a

teacher shortage of trainers in both mathematics and science lessons was explored in the research.

The evaluation of the results, a discussion of the results in terms of the shortage of scientific and
math instructors, and the effects on secondary schools are also included in Chapter 4. The Chapter
also includes participant comments on the effects of the teacher shortage on secondary schools as
well as disparities between instructors' and students' reactions to what causes the shortage of
science and math teachers. Finally, a summary of Chapter 4 is provided. In general, Chapter 4
described what had been done in the field and gave conclusions regarding the results of the data
analysis. It outlines the key points of the study problem as seen and perceived by the study's

participants.

This section is devoted to evaluating the research's findings, that was revealed how the study

examined the degree of teacher shortage in secondary schools, the viewpoints of educators
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themselves on a similar issue, as well as the perspectives of students on this problem. It additionally
explored the motivations of students who choose to pursue mathematical and scientific subjects.
Additionally, the evaluation of this component of the research findings discussed the lack of
scientific and mathematics educational professionals, low performance among students in these
subjects, the problem of few graduates in these fields, students who study these subjects but choose
other careers in science rather than teaching, and schools with insufficient teaching and learning
facilities. Also, the teacher’s response to the issue of unemployment for more than five years; low
or no salary increment for teachers; students choose to study social science subjects, and students

consider science and mathematics subjects as hard to study.

The current research study aimed to collect data on the factors causing the scarcity of teachers in
science as well as mathematics, and the impacts on Tanzania’s secondary schools. Research
findings in this chapter were presented in subtitles based on the research questions. This chapter
comprises the research subtitles including the trustworthiness of data; data reliability and validity;
and the research results presentation. Furthermore, the research study results provide the finding
presented with subtitles: the teachers’ experience with the scarcity of science and mathematics
teachers; the students’ experience with the scarcity of science and mathematics teachers; reasons

for students’ choice of science and mathematics subjects in secondary schools.

Also, the research other causes of scarcity of teachers that are presented under the subtitle - choices
of science subject combinations by students; factors causing the scarcity of science and
mathematics in secondary schools; and impacts of the scarcity of science and mathematics teachers
in secondary schools. The entire chapter 4 presents the findings based on the research questions

under study. The research questions include:
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1. What is the level of scarcity of teachers in science and mathematics subjects in Tanzanian

secondary schools?

2. What are the factors causing the scarcity of teachers in science and mathematics in

Tanzanian secondary schools?

3. What are the differences in the responses of the teachers and students on the factors causing

the scarcity of teachers in science and mathematics in Tanzanian secondary schools?

4. What are the impacts of the scarcity of science and mathematics teachers on secondary

schools in Tanzania?

5. What are the differences in the responses of teachers and students on the impacts of the

scarcity of teachers in sciences and mathematics in Tanzania’s secondary schools?

6. What are strategies that could be used to minimize the scarcity of teachers in science and

mathematics in Tanzanian secondary schools?

7. How effective are the approaches used by the school management to manage the scarcity

of teachers in science and mathematics in Tanzanian secondary schools?

It should be noted that the above research questions were derived from the research objectives
which were presented in Chapter 1. The questions were guiding the researcher during the
preparation of the research tools that were used for the data collection. The tools were the
structured and semi-structured interview guide questions and the questionnaires which were used

to collect data from the participants. The current chapter presents the findings based on the research
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objectives which the research questions were derived from. The following are the investigation's

main goals:

1. Determine the extent of the scarcity of teachers in science and mathematics in Tanzanian

secondary schools.

2. Examine the factors that are causing the scarcity of teachers in science and mathematics in

Tanzanian secondary schools.

3. Investigate the differences in the responses of the teachers and students on the factors

causing the scarcity of teachers in science and mathematics in secondary schools.

4. Assess the impacts of the scarcity of teachers in science and mathematics in Tanzania

secondary schools.

5. Determine the differences in the responses of the teachers and students on the impacts of

the scarcity of teachers in science and mathematics in Tanzanian secondary schools.

6. What strategies could be used to minimize the scarcity of teachers in science and

mathematics in Tanzanian secondary schools?

7. How effectively are the approaches used by the school management to manage the scarcity

of teachers in science and mathematics in Tanzanian secondary schools?

In a nutshell, Chapter 4 discusses how students, teachers, and district education officers view the
shortage of teachers in science and mathematics, as well as the factors that contribute to it, the

effects it has on secondary schools, and the main viewpoint and recommendations from the
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participants on how to reduce the shortage of teachers in science and mathematics and the effects

it has on students in Tanzanian secondary schools.

Data collection involved district education officers, teachers, and students from the Pwani region,
where two districts were chosen Kibaha and Bagamoyo Districts. The research data were collected
and analyzed using mixed research methods using interviews and questionnaires research tools.
Interviews and questionnaire tools collected qualitative and quantitative data from the participants
respectively. Thematic analysis was used to examine the collected information. The thematic
analysis approach is the step-by-step method of recognizing through coding, organizing,
analyzing, and reporting themes within qualitative data collected from the participants (Braun and
Clarke, 2006). Since the qualitative data are subjective, the researcher has to be familiarized with
the data by listening to the participants, reviewing, and reading carefully the responses from the
participants. The data collected were coded to identify the basic ideas or themes which were
referred to as the basic themes. Re-coding was done to refine the basic themes and categorize the
main ideas from the participants into a clearer meaningful pattern termed organized themes. The
refinement and categorization of the themes enabled the researcher to come up with meaningful
ideas named global themes. The global themes are then been used to develop thematic
maps/networks which show the results of the investigated issue under the research (Braun &
Clarke, 2006). In this case, the main ideas are the factors causing the scarcity of teachers in science

and mathematics and the impacts on Tanzanians in secondary schools.

The findings were obtained after the thematic analysis of the data collected using interviews and
questionnaires responses from the district education officers, teachers, and students respectively.
The findings were presented in the form of tables that are showing how the coding and re-coding

of the data were done on the specific research questions. Furthermore, the themes were created as
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the basic themes which were later combined to come up with the organized themes. The global
themes were then formulated by combining the organized themes. Lastly, the global themes were
presented in thematic networks indicating the interaction of the main ideas obtained from
interviews with teachers and district education officers. Moreover, the responses from the student's
questionnaires were tallied to obtain the frequency of the occurrence of an idea and the frequency
percentages were calculated and presented on pie charts. The presentation of the findings in pie

charts enables the readers to clearly understand the research findings.

Trustworthiness of Data

The research findings presented in this chapter include data collected using the mixed research
method where interviews and questionnaire tools were used to collect the information from the
research participants. In this research, different education stakeholders including district education
officers, science and mathematics teachers, and secondary students who were studying science and
mathematics subjects were involved. Science in this situation encompasses mainly Biology,
Chemistry, and Physics. Interviews were conducted with district education officers, and science
and mathematics teachers while questionnaires were assigned to students who have been studying

the aforementioned subjects.

The interview guide questions were prepared and ready for collecting data from the district
education officers and the teachers who were teaching science and mathematics in secondary
schools. Moreover, the questionnaires were prepared for students to respond to and they were
distributed to students in the respective schools. All secondary schools which were teaching
science and mathematics up to advanced level from the Kibaha and Bagamoyo districts had equal

chances to be involved in the research, thus they were randomly selected from the list. In the region
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in which the research study was conducted and the schools visited, the research participants such

as teachers, and students were purposively selected.

A set of complete research interview guide questions and questionnaires were submitted to the
Unicaf Research Ethical Committee (UREC) for approval after the supervisors’ approval. All
ethical procedures were adhered to by the researcher as required. Before starting data collection,
the researcher visited the office of the Regional Administrative Secretary (RAS) to obtain an
informed consent letter which easily the data collection during the visit to the district offices and
the schools in the districts. The researcher introduced herself to the RAS and give briefly the
purpose of the visit and the study. The researcher was granted a research permit which allowed her

to go to the district education offices and the secondary schools selected for data collection.

The researcher visited district education offices to obtain informed consent and conducted
interviews with a total of 8 education officers. Thereafter, selected schools were visited and
interviews were conducted with teachers who were teaching science and mathematics subjects.
Before starting the interviews, the researcher explained the purpose of the visit to the school
management team. The main purpose was to obtain informed consent from each school visited. A
total of eight (8) secondary schools were visited where a total of 45 teachers were interviewed and
98 students were given questionnaires to respond to. Also, a total of 8 education officers from the

districts were involved in the research.

With the help of the teachers, the questionnaires were distributed to students in secondary schools
visited. The students were given some time to fill in the questionnaires after obtaining their signed
consent from them. The students were briefly informed about the purpose of the research, and they

were told that they are free to participate if they feel like and those who were not interested were
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not forced to participate. Even those who wanted to quit in the middle of the activity were allowed
to do so. The completed questionnaires were collected from the schools later on the same day or
the other day within the data collection period. During the visit, all of the research participants in
this research study were informed that they can withdraw themselves from the research at any time

or withdraw the information they provided to the researcher at any time as they wished.

During the period of the data collection, the whole world people were struggling to protect
themselves from coronavirus and each person was worried about their safety. People were still in
a panic about the pandemic although in Tanzania the schools were already open. To some extent,
the spread of the coronavirus pandemic may behave caused effects on the data collected during
this time of the research. However, the effects here are considered very minimal since the data
were collected under precaution, and most of the time mobile phone was also used after the first
visit to schools to ensure the maintenance of social distancing. To gather information from the
teachers, the Kobo Toolbox system was employed. Moreover, precautions against the spread of
coronavirus were considered such as wearing masks, hand washing, and social distance were

maintained.

Data collected were compiled and analyzed in an Excel sheet. The data from the Kobo Toolbox
application were downloaded to an Excel sheet to ease the reading and analysis. The data collected
were analyzed using the thematic analysis (TA) method which was chosen because it is the first
qualitative method of identifying the meaningful themes or patterns within qualitative data
according to Braun & Clarke. These themes are the concepts or ideas that carry and summarize
the major points of clear and important patterns in the collected data. Moreover, the thematic
analysis method was used because it is flexible and allows the researcher to find out about the

participant’s opinions, views, experiences, and knowledge from qualitative data. The thematic
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analysis method gives room for flexibility in interpreting the information obtained from the data.
Since qualitative data are subjective, the thematic analysis relies on the researcher’s judgment and
it needs a high concentration on the data collected to avoid including things that are not in the data
(Braun & Clarke, 2001). In this particular research, the researcher achieved the analysis by reading
several times the responses from the participants and following the thematic analysis steps

according to Braun & Clarke 2006.

Step one of the study process involved the researcher becoming familiar with the data by reading
and rereading all of the participant information. During this step, the researcher noted all shorthand
labels and enter them in a Kobo Toolbox application created by the researcher which easy the
working with mobile devices and a computer. Kobo Toolbox is a free application available in the
google play store which can be used for data collection using mobile and computer devices. The
data collected from interviews and questionnaires were entered into a mobile device and can be
accessed on a computer. Later the data were downloaded into an Excel sheet for easy sorting and

getting an overview of the information gathered before starting the analysis.

In the stage that followed, the researcher coded the data based on the study question by resuming
the shortened classifications, specifically as fundamental themes or "codes" to define the
information content provided by the research participants. This was done by reading the responses
from the participants and noting down the important information related to the research question.
The reading was done repeatedly to ensure that nothing will be missed from the data. After coding
all the information collected from the interview scripts, the researcher went through the data
several times to build the themes or patterns that are named organized themes which are more
comprehensive and meaningful than the basic themes. In the process of building the organized

themes, the researcher combined some basic themes to make them one, took some of them as
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standalone themes, and others that were unclear were discarded. The researcher read again the
generated codes and refines more to create global themes. These global themes represented the
main ideas of the participants on a particular research question. The discovered prospective global
themes were now regarded as valuable information in the data about the question under

investigation and the study's objectives.

After having found the list of the global themes, the researcher read once more to record how often
the themes appeared or occurred (frequency) within the data to be able to later explain what it
means. These frequencies were then converted into percentages to ease readers’ understanding.
The frequency percentages are presented in the results as pie charts (Figures 1 to 7). Wherever the
percentages look high, it indicates that many participants mentioned the theme, and also this can

be considered the main idea of the information collected.

The global themes were then compiled to build thematic networks or maps that show the
interconnection of the main ideas from the participants. The main focus of this particular research
project is the root cause of the shortage of science and math teachers and their effects on secondary
schools in Tanzania, which formed the basis for the creation of these networks. Two main thematic
networks or maps were made from the collected and analyzed data. The first thematic network or
map highlights the reasons that contribute to Tanzania's shortage of math and science teachers in
secondary education, while the subsequent thematic network or map highlights the effects of this

shortage.

When examining the causes of the shortage of teachers in mathematics and science teachers, it is
interesting to observe that the majority of the causes were also stated as repercussions of the

shortage of those subjects. This implies that the causes of the shortage of science and math
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instructors are also the effects of the shortage. This demonstrates the cyclical nature of the
relationship between the causes of the shortage of science and mathematics and its effects. Using
low performance as an example, which is one of the issues contributing to the lack of science and
mathematics teachers, it is also demonstrated how this affects secondary schools. The diminishing
number of mathematical and scientific graduates who will continue with the subject in tertiary
education and become teachers is one of the factors contributing to the shortage of these subject
teachers. Whenever science and mathematics teachers are scarce, teaching will not be effective,
and therefore student performance also is affected negatively. Thus, poor performance leads to
scarcity of science and mathematics and this scarcity causes poor performance in science and

mathematics in the classroom.

Data Reliability and Validity

Reliability is an indicator of how consistent research data are when collected under the same
conditions using the same data collection tools (Surtici, & Maslakg, 2020). In other words,
reliability is the ability of research tools to give similar results when applied at different times.
Validity of the data is the process of determining whether the instrument used for data collection
IS measuring what it is supposed to measure. According to Taherdoost (2016), the research tools
for data collection must be reliable to be valid. Both validity and reliability are essential to obtain
beneficial results from the research study. Moreover, Taherdoost (2016), reported that the primary
goal of a questionnaire in research is to collect key data in one of the most reliable and valid ways
possible. As a result, questionnaire accuracy and completeness are important facets of the research
method, that are regarded as valid and reliable. Furthermore, the new researchers, feel puzzled at
the point when they are supposed to make a choice and implementation of the appropriate validity

type to test their data collection instruments (that is questionnaire).
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A questionnaire is the most commonly used quantitative research tool to collect data, and the main
objective of its use is to get relevant information reliably and validly. To be sure whether a research
tool used to collect data is valid, it must consistently provide the same score for the data collected.
In the current research study, the interview guide questions and questionnaires were prepared in
advance and administered to a few research respondents for trial to be assured that they were

effective for the data collection.

According to Slricl & Maslak¢ (2020), there are different types of validity in quantitative
research, and most of them do not apply to qualitative research. In line with that, face validity is
one of the factors that is considered when reporting validity in social sciences research. Face
validity is performed by an academic team on the structure of the research measuring instruments
that the research is trying to determine. According to Strlci and Maslakg (2020), academic experts
consider the following evaluation criteria: (a) the aim of every statement applies to the measuring
system; (b) the statements within the scale size are clearly understood by the participants; (c) the
readability of all statements in the measuring system; (d) the attractiveness of the questionnaire
created; (e) the difficulty of each item applies to the level of the participants. It is not sufficient for
researchers to report that the face validity of the measuring system has been determined to be
satisfactory by experts. To make their research meaningful and healthier, it would be beneficial

for researchers to state experts' comments on the specified criteria in their research.

In the current research, the research tools were assessed by the academic team and approved by
the UNICAF Research Committee (UREC). Based on that, the current research measuring
instruments and the findings are considered to be reliable and valid. Furthermore, data collected
and compiled were analyzed using descriptive statistics, that is frequencies and percentages which

are presented in the table and further elaborated by using pie chart figures. The validity of the data
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in this research study is attested, the data have been obtained from various sources and participants
that were purposively selected and were analyzed qualitatively as well as through descriptive
statistics. Another part that strengthens the validity of the collected data is triangulation, which
may be in terms of the origin of data, method of data analysis, and the location where the data were
collected. The researcher has triangulated the location or places from which data were collected
(public and private secondary schools in Kibaha and Bagamoyo districts as well as secondary
school teachers and district offices), which provides evidence of the validity of the data and

analysis presented.

Research Results

The researcher was interested in learning what causes the shortage of science and math teachers
and what effects it has on Tanzania's secondary schools. Data collected from Kibaha and
Bagamoyo districts in the Pwani region in Tanzania were analyzed to come out with those factors.
The data collected from the district education office and the schools were analyzed using Braun &
Clarke's steps of qualitative data known as the thematic analysis method. The thematic analysis
method is a systematic analysis of the information obtained from the interviews with the
participants (Attride-Stirling, 2001; Braun and Clarke, 2006; Clarke and Braun, 2013). Thematic
Analysis (TA) was used to analyze data gathered from the interviews with the district education
officers and the teachers in science and mathematics. On the other hand, questionnaires were used
with students to capture their ideas on the issue of the scarcity of teachers in science and
mathematics and its impacts in Tanzanian secondary schools and analyzed using the count of

frequencies of occurrences and presented by the percentages.
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During the thematic analysis, the researcher read repeatedly and comprehend the responses from
the research participants that were later summarized on a table as meaningful ideas from the
participants labeled as Basic Themes. These basic themes were then refined more by combining
more themes to form one meaningful pattern that is referred to as the Organized Theme. The
Organized Themes were further refined to form Global Themes which are the main summarized
ideas gotten from the research respondents. The results were presented in Tables 1 to 9 and Figures
1 to 9 in this chapter. Tables 1 to 9 show the thematic analysis of the data while Figures 1 to 9
show the percentage frequencies of students respondents in a respective question. The analysis
was done based on the research questions and also the data findings were presented following the

Same.

Awareness of Shortages of Teachers in Sciences and Mathematical Fields

The goal of the study was to comprehend how few teachers of science and mathematics there are
in secondary schools, according to both the educators and learners. The main objective was to
capture what participants experienced to determine whether or not there is a shortage of
mathematics and science instructors in secondary education. The data collected from the
interviews with education officers, teachers, and students were analyzed using the thematic
analysis method (Table 5). Eight (8) education officers and a total of 45 teachers were interviewed
during this research study. The thematic analysis of the interview data from the education officers
and the teachers revealed that teachers in science and mathematics are scarce in Tanzanian

secondary schools.

The data gathered about the participants' perceptions of the problem of the lack of science and

math teachers in Kibaha and Bagamoyo in the Pwani area of Tanzania are shown in Table 1 along
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with a step-by-step thematic analysis of the data. Table 1 details how the district education officers,
teachers, and research participants felt about the issue of an inadequate number of science and
math teachers throughout Tanzanian secondary schools. Thematic analysis of the responses from
the teachers and the officers of the district on the research question “What is the scarcity level of
science and mathematics teachers in secondary schools in Tanzania?”” Explaining whether there
are more, less, or a similar number of teachers in science and math compared to other courses was
requested from the participants. When the education officers and the teachers respond to this
question, they agree there is a high scarcity of science and mathematics teachers (92% of
respondents agreed) while only (8% of respondents disagreed) disagree (Figure 2). This group of
participants was asked to explain why they agreed that science and mathematics teachers are
scarce, their responses were analyzed using the thematic analysis method and presented in Table
1. Generally, these were indicators of the existence of the scarcity of teachers in science and

mathematics in Tanzanian secondary education.

Low academic achievement in science and mathematical disciplines is one of the indicators of the
lack of mathematical and scientific teachers that educational officers and teachers have cited; few
graduates in scientific and mathematics disciplines; and students joining other science and
mathematics-related careers (Table 5). During the interview with the teachers, they reported that
poor performance minimizes the number of students who join the high education levels as well as
graduates in the sciences and mathematics disciplines at the degree level. It also affects the students
joining the teaching careers. Moreover, the students tend to lack the confidence to study science
and mathematics subjects as they believe that they might not successfully perform better in the

end.
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Thematic Analysis: The Education Officers’ and Teachers’ Experience of the Scarcity of Science

and Mathematics Teachers in Secondary Schools (53 Respondents were Involved).

Basic themes

Syllabi are uncovered science
and mathematics by the
teachers

Teachers have a high
workload

Ineffective science and
mathematics instruction and
studying methods Lack of
confidence to study science
and mathematics

Low teachers’ motivation in
science and mathematics
Limited experience in
practicing science and
mathematics

Students consider science
subjects hard to study
Students drop out of sciences

and mathematics

Organized Themes

The sciences and
mathematics syllabi are not

fully covered

Poor teaching methodology
Students lose interest in
studying scientific and
mathematical fields
Unmotivated science and
mathematics teachers
Reduction of the number of
graduates in science and
mathematics

Low numbers of scientists in
the country

Students drop out of science
and mathematics

Students dislike science and
mathematics as hard subjects

to study

Global Themes

Poor performance in sciences

and mathematical subjects

Few graduates in science and
mathematics teachers

Students join other science
and mathematics-related

careers

Poor performance in science

and mathematics subjects
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Students dislike science and Few graduates in science and
mathematics subjects Students lose interest in . .

mathematics subjects
The decline in the number of | studying science and
scientists in the country mathematics subjects

Students opt to study social Scarcity of teachers

science subjects

The data from district education officers' and teachers' interviews were thematically analyzed, and the
results showed that there are significantly fewer instructors of science and mathematics (92% of respondents
agreed) than teachers of other disciplines (8% of respondents disagreed) (Figure 2). Almost similar results
were obtained from the thematic analysis of data collected from students who were studying sciences and
mathematics subjects. The analysis of the data collected from student respondents using the questionnaires
revealed that the scarcity of teachers in sciences and mathematics subjects is higher (93% of respondents
agreed) than in other subjects (7% of respondents disagreed) as shown in Figure 3. In responding to the
questionnaires in some schools, the students revealed that there were not enough science and mathematics
teachers while in others they said the school relies partly on part-time teachers and others were having part-
time teachers only (Table 6). This shows that the secondary schools visited and studied lack a significant

number of scientific and mathematical fields.
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Teachers’ Perception of the Scarcity of Teachers in Sciences and Mathematical Fields (53

Education Officers and Teachers’ Respondents - Percentage Frequency)

Table 6

Thematic Analysis: The Students’ Experience of the Scarcity of Teachers in Scientific and

Mathematical Fields in Secondary Schools

Basic Themes

Organized Themes

Global Themes

No effective daily learning
practice with few teachers
Students missing lessons due to
a lack of teachers

The student worried about their
achievement and future career
Students poorly performed in
their final examinations

Limited experience and
practices

Lack of student interest in
studying sciences and
mathematical subjects

Unsatisfactory results in the
fields of science and
mathematics

Poor performance in
mathematics and science
subjects

Students avoid science and
mathematics subjects
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Students are interested in other
science careers and no teaching
The low number of scientists in
the country

Dropout of students studying
science and mathematics
subjects

Many students chose to study
social science subjects

The low number of scientific
professionals maintained
Students lack competence in
science and mathematics
lessons

Students consider science and
mathematics as hard subjects to
study

Students are deprived of the
chance to study science and
mathematics subjects

Stress in science and
mathematics subjects
Inadequate science laboratory
facilities

Students seek assistance from
outside the school

Limited motivations and low

salaries for teachers

Reduction of the number of
science and mathematical
graduate teachers

Scarcity of science-related
professionals

Avoidance of students
studying sciences and
mathematical fields in
schools

The country lacks future
scientists in the sectors that

need them

Limited experience and
interest in sciences
Unsatisfactory results in the
fields of science and
mathematics

Low motivation among
students in studying science

and mathematics subjects

Funding issues on extra
classes outside of school
Limited funding and budget
availability

Few graduates in science

and mathematics

Poor performance in
mathematics and sciences

and subjects

Students avoid studying
sciences and mathematical
fields

Poor performance in
sciences and mathematical

subjects

Lack of funding and budget
for science laboratory

facilities and salaries
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Figure 3

The Level of the Scarcity of Teachers in Sciences and Mathematical Fields — (Percentage

Frequency from 98 Students Respondents)

M High scarcity of science and
mathematics teachers

B Low scarcity of science and
mathematics teachers

Reasons for Students’ Choice of Scientific and Mathematical Disciplines in Secondary

Education

Students still like studying science and math courses, even though there are not enough science
and math teachers, as seen in Figures 2 and 3, which were reported by students as well as teachers.
Subject combinations that the students were studying include Physics, Chemistry, and
Mathematics (PCM), Physics, Chemistry and Biology (PCB), Chemistry, Biology, and Geography
(CBG), Physics, Geography, and Mathematics (PGM), Economics, Geography, and Mathematics
(EGM) and Chemistry, Biology and Agriculture (CBA). It should be noted that these subject

combinations were taught in the visited schools.
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The researcher investigated on what were the reasons for the students to choose to study science
subjects and specifically the subject combinations. When the students were asked to explain what
career, they would choose upon completion of their studies, their responses are shown in Figure 4.
Most of the students responded that they choose science and mathematics subjects because they
have a passion to become a doctor (29%), while others have a desire (just passion) to study science
and mathematics (27%). Many of the students who were studying physics, biology, and
mathematics preferred to become doctors and nurses. About 21% of the students who participated
in the research wanted to become engineers while some students desired to become pilots (10%),
others want to become economists (6%), a few of them want to become surveyors (4%) and very

few of them want to become teachers (3%).

From the above research findings, it shows that the students were not interested in teaching careers
but rather in other science-related or mathematics-related careers. If that is the case, why do we
currently have some of them studying education in universities? Is it because it is the only
opportunity they can find? Are they going to join a teaching career upon completion of their
diplomas or degrees? Those are some questions that need answers but not in this particular
research. From these results, it means if we want to minimize or resolve the issue of the scarcity
of teachers in scientific and mathematics disciplines, we should start with the students who seem
to dislike becoming teachers. The problem starts when the students shy away from joining teaching
careers. If we want to address the issue of a lack of mathematical and science teachers within
secondary schools, we must hire them every year because their numbers are periodically declining

for a variety of reasons.
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Figure 4

Reasons for Students’ Choices of Sciences and Mathematical Subject Combinations (Percentage

Frequency from 98 Student Respondents).

= | want to become a doctor

u [t is my Passion

m | want to become an engineer
= | want to become a pilot

® | want to become an economist
m | want to become a surveyor

m | want to become a teacher

Figure 4 shows the reasons why students opt to pursue scientific and mathematical subjects
regardless of the scarcity of teachers in these disciplines. The primary motivation given by students
for deciding to major in studying mathematical and scientific subjects was to pursue employment
in those fields, including becoming medical professionals, which happened to be the most
frequently mentioned profession. The students who were studying Physics, Chemistry, and
Biology (PCB) subject combination were mostly interested in becoming doctors and nurses. Some
students mentioned passion or interest as the reason for them to choose a science and mathematics
subject combination. They feel proud to be scientists. Many students choose to study science
subjects so that in the future they become future engineers — some of them mentioned electrical

and mechanical engineering, civil engineering, computer science engineering, gas, and petroleum
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engineering, just to mention a few. These were the students who were studying Physics, Chemistry,

and Mathematics (PCM) subjects.

Some of the students preferred to study science and mathematics subjects because they want to
become pilots, so they were studying Physics, Geography, and Mathematics (PGM), while others
were interested in becoming economists so they were studying (Economics, Geography, and
Mathematics (EGM) and fewer want to work as surveyors. Teaching professions were the least
frequently indicated among the students, which suggests that the shortage of qualified teachers in

mathematics, as well as sciences, may soon become more difficult.

Causes of the Teacher Shortage in Mathematics and Science and its Impact on Secondary

Education

The study examined the causes of the teacher shortage in science and mathematics as well as its
effects on Tanzania's secondary schools. Research data were gathered through interviews with
district education officers and the teachers who were teaching science and mathematics subjects
and the questionnaires were given to students who were studying those subjects. The data were
collected, compiled, and analyzed using the thematic data analysis method. The thematic analysis
of collected data for the students was done separately from those obtained from the education
officers and the teachers. The data obtained from the education officers and the teachers were
analyzed together. Students as well as educators who were studying and teaching science and
mathematics in high schools, respectively, served as the study's subjects. Using the thematic
analysis, which is shown in Table 7, the study identified the variables contributing to the shortage
of scientific and mathematics instructors through research interviews with education officers and

teachers.
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Data were collected from different education stakeholders to ensure that the current research study
is valid. These stakeholders include the students who were studying science and mathematics
subjects, the district education officers as well as teachers who were teaching science and
mathematics subjects in secondary schools. Through these various data sources, the validity of the
current research is attained. The use of multiple data source or triangulation of the data source
brings about a wide range of information and help to test the validity of the research study. Also,
the use of more than one data collection tool which is interviews and questionnaires with teachers

and students respectively creates a more detailed picture of the research.

Moreover, questionnaires were given to students, and the data collected were coded and analyzed
using assessing the frequencies of occurrence and presented in Table 8. The resulting frequencies
from the tallied data from the student's responses are presented as frequency percentages in the pie
chart (Figures 4 &5). Similar steps were followed to analyze the impacts of the scarcity of teachers
in science as well as mathematics in Tanzania’s secondary schools. The results are presented in

Tables 8 & 9 as well as in Figures 6 &7.

District Officers and Teachers’ Responses on the Causes of the Scarcity of Teachers in

Science and Mathematics Disciplines

Teachers, education officers, and students, Tables 3 and 4 respectively demonstrate the causes of
the shortage of science and mathematics teachers in secondary schools in Tanzania. During the
interviews, when asked what factors contributed to the lack of science and math teachers, the
teachers and district education officers mentioned low student achievement in science and math
classes, a high teacher-to-student ratio, low pay for teachers, and/or salary increases for teachers.

Moreover, few students who graduated in science and mathematics subjects join teaching careers
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while most of the students avoid science and mathematics subjects as they consider them as hard
subjects. Many of the students who were studying science and mathematics preferred to enter other

science-related or mathematics-related careers (Table 7).

The findings here show that many science and mathematics students are not interested in teaching
careers. One can ask, do the students who are graduating in teaching careers intentionally want to
become teachers when they started the courses or it was just by chance, that they found themselves
studying a teaching career? Did they study teaching because mathematics there was no other
option? Did they join the education studies because of the loans from the Higher Learning Students
Loan Board? Were they inspired by other teachers or parents to choose teaching careers? These
questions cannot be answered at this juncture but need more investigation to get to know why the

students dislike teaching careers.

Table 7

Thematic Analysis: Causes of the Scarcity of Teachers in Sciences and Mathematical Subjects in

Secondary Schools — (Responses from the Interviews with 53 Teachers and District Education

Officers)
Basic Themes Organized Themes Global Themes
Low salaries for teachers Low salary
The low motivation of science and | Lack of motivation and Low salary and salary
mathematics teachers promotion increment for teachers
Low or no salary increment Low salary increment
Lack of enough motivated science Students avoid science and
and mathematics teachers mathematics subjects as




Employment of part-time teachers

in science and mathematics

teachers
Many students pass with low
grades in the science and

mathematics subjects
Students choose social science

subjects

Poor support in studying sciences
and mathematical subjects

Loose hope as studying becomes
difficult

Currently unemployment

Few students joining sciences and
mathematical subject
combinations

Poor teaching facilities such as

libraries and laboratories

Few students studying
science and mathematics
with an education

Students consider science
and mathematics as hard
subjects

Students dislike science and

mathematics subjects

Students lack interest in
studying science and

mathematics

Currently unemployment
of enough new science and

mathematics teachers

Few sciences and
mathematical graduates in
the education sector
Students deprived of their
right to study thoroughly
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they consider them hard

subjects

Few graduates in sciences
and mathematical students
join teaching career

Poor  performance in
science and mathematics

subjects

High teacher-student ratio

Students join other careers

Inadequate teaching and

learning facilities

Fewer booksandother facitities

such as computers

Teachers and district education officers who were interviewed in this research mentioned some of

the factors that are causing the scarcity of scientific and mathematical teachers including poor

performance in science and mathematics subjects by students, few graduates in science and

mathematics in a teaching career, students study science and mathematics and joining other science

and mathematics-related careers, currently unemployment situation in the country, currently no
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salary increment/ low salaries for teachers, high science and mathematics teaching workload,
inadequate teaching and learning facilities, and students choosing social science subject

combinations Table 7.

In Table 7, which displays the thematic analysis of the data gathered, teachers and education
officers expressed their perspectives on the lack of science and mathematics teachers. The research
findings from the current study are these hypotheses, and they are thought to be the causes of the
shortage of science and math instructors in secondary schools. The majority of educators and
education stakeholders claimed that the lack of teachers in science and mathematics is due, among

other things, to poor performance.

Considering there are fewer scientific and math students who can advance to the next level of study
every time students perform poorly on their exams, there is a shortage of science and math teachers.
The decline in the number of science and mathematics graduates causes scarcity. It is therefore
revealed that when there is poor performance in those subjects, it means there is a decline in the
number of science and mathematics graduates. One of the reasons why there are not enough
scientific and math teachers in secondary schools is that there are not many graduates in those
fields, according to the teachers. The few graduates in science and mathematics are then joined
different careers while out of those few join teaching careers. The research findings enlightened
that the students choose to join other science-related and mathematics-related careers. This is
supported by the findings found when the students were responding to the question of why they

decided to choose to study science and mathematics subjects in the preceding section.

The analysis of the data from teachers and the education officers interviewed revealed that there

is a high teaching load among teachers in science and mathematics. This is evident that the number
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of students is higher compared to the number of teachers teaching science and mathematics
subjects. In one school, the students reported that they have one teacher who is teaching Chemistry
I in both form five and form six classes. Bearing in mind that the subject has two parts, that is
Chemistry | and 11 it shows that the subject content is already too much for the teacher. The
workload goes high more when the teachers have to teach two different classes. The high teaching
load affects the effectiveness of the teaching-learning process as well as the performance of the

students.

Moreover, teachers revealed that there are inadequate teaching and learning facilities including
computers, laboratory and their facilities, library, and books in secondary schools which is one of
the challenges that affect the teaching-learning activities. The facilities’ availability was varying
from one school to another. Some schools were having facilities but they were not fully furnished

with all the required items needed by the number of students in the school.

Since the teaching facilities are essentially affecting teachers and need for the teachers to be able
to illustrate some activities during the teaching and learning process, teaching might be ineffective
when the facilities are not enough and or are shared by many students. If the facilities are enough
the teaching becomes effective and the learners enjoy lessons which in turn the performance
becomes better. Facilities such as laboratories are needed by the students and the teachers to be
able to conduct science experiments, so if it is available without enough facilities teaching-learning

remains partial resulting in failures in the examinations.

Education officials and teachers stated that the lack of new teacher hiring in the nation since 2015
is what is causing the shortage of science and math instructors. There has been the only

replacement of the retired teachers while the number of schools and the enrolment is increasing in
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the country in the past few years ago. It is more than five years since the government stopped
employing in its several sectors including education. This situation affected the teaching and
learning of science and mathematics subjects in secondary schools as well. Moreover, the teachers
revealed that there are no salary increments for some years as a result their salaries remain low.
They consider this situation as a discouraging act and they felt demoralized. With this situation
teaching the teaching process remains negatively impacted as well as the student’s future careers

and achievements.

Lastly, the teachers and education officers stated that students tend to change their minds especially
when they join advanced secondary level. They drop science and mathematics subjects and study
social sciences. The reasons might be that they feel they are not knowledgeable enough to pursue
science and mathematics disciplines because in the lower classes, they did not learn effectively as
a result of various reasons, maybe learning facilities, lack of scientific and mathematical teachers,

or any other.

Students’ Responses to the Causes of the Scarcity of Teachers in Science and Mathematics

Students were also involved in the current research to provide their views and ideas about the
scarcity of teachers in science as well as mathematics in their secondary schools in Tanzania.
Ninety-eight (98) students were involved, and they responded to the questionnaires regarding the
causes of the scarcity of teachers in science and mathematics disciplines in their secondary schools
in the study area. Teachers in a respective school assisted to distribute the questionnaires to
students who were studying sciences and mathematics subjects in a selected secondary school in
the study area. The information collected was coded using the thematic analysis method after a

thorough reading of the responses from the students’ questionnaires. The thematic analysis of the
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students’ questionnaires revealed that there were causes of the shortages of teachers in scientific
and mathematical disciplines in secondary schools. The findings from the students’ thematic
analysis on causes of the lack of an adequate number of sciences as well as mathematics trainers

in secondary schools from students’ questionnaires are presented in Table 8.

Table 8

Thematic Analysis: Causes the Scarcity of Teachers in Sciences and Mathematical Subjects in

Secondary Schools — (Responses from 98 Students)

Basic Themes Organized Themes Global Themes
Science subjects are Students consider Poor performance in sciences and
considered difficult or science and mathematical subjects

hard to study by students | mathematics as hard
and difficult to study
Few science and Few choose to study,
mathematics graduates in | pass and graduate in Students avoid science and mathematical
the education sector those subjects subjects

Students opt for social

science subjects

Students who pass the Low student’s interest

subjects do join other in studying sciences Students avoid teaching careers
careers rather than and mathematical

teaching subjects

Many students dislike the | Students who pass

teaching profession those subjects join
Lack of enough trained other careers and do Inadequate teaching and learning
science and mathematics | not choose to teach facilities

teachers




Few books, computers,
and few laboratory
facilities

Lack of teaching facilities
that discourage students to
study science and
mathematics —
laboratories and library
Lack of motivation for
science and mathematics
teachers

Students avoid teaching

careers

Inadequate science
teaching facilities do
not favor students to

study sciences

Teachers avoiding to
pursue sciences and
mathematical fields
and opt for other

careers
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Poor performance in sciences and

mathematical subjects

Few sciences and mathematics teachers

in secondary schools

Thematic analysis results from the students’ questionnaires were presented in Table 8 while the

percentage frequency responses on the factors are presented in. The factors were tallied to come

up with the frequency. The frequency percentages of the factors causing the scarcity of science

and mathematics were calculated and presented on the pie chart (Figure 6) The summary factors

causing the scarcity of science and mathematics teachers as revealed from students’ questionnaires

as indicated in Figure 6 include:

I Poor performance and mathematics subjects (35%)

ii. Few student graduates in science and mathematics subjects join the teaching profession

(25%)

iii. Inadequate teaching and learning facilities (15%)

iv. Students avoid science and mathematics subjects as they consider them hard subjects

to study (13%)

V. And that students who study those subjects join other careers (12%).
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Figure 5

The Causes of the Scarcity of Science and Mathematics in Secondary Schools — (Responses from

98 Students)

B Poor performance in science and
mathematics subjects

M Few graduates in science and
mathematics courses

M Inadequate teaching and learning facilities

1 Science and mathematics are hard
subjects

M Students study science and mathematics
but join other careers

As for the teachers’ findings, thematic analysis of students’ questionnaires presented in Table 8
and Figure 6, discovered /portrayed the causes of the lack of enough teachers in science and
mathematics trainers in secondary schools. Poor performance was mentioned the most by students
as one of the causes of the scarcity of teachers in science as well as mathematics trainers in
secondary schools. Other factors which were mentioned by the students, as well as teachers,
include few graduates in science and mathematics courses and inadequate teaching and learning
facilities. The students believed that adequate teaching and learning facilities like relevant books
and a fully furnished laboratory could improve their practice in science subjects and raise interest

in learning and eventually raise their performance. With practical skills, the student’s performance
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in science and mathematics could remain high. However, the students admitted that students were
studying science and mathematics subjects but join other science-allied careers and not teaching

careers.

Students’ thematic data analysis disclosed that science and mathematics subjects are hard to study.
This is one of the factors pointed out by students as the cause of the scarcity of science and
mathematics teachers. This indicates that there is a science and mathematics phobia stereotype
among the students in secondary schools and probably the community around them. If they
consider science and mathematics as hard subjects the students tend to avoid studying them and as
a result, few graduates are produced in the country. It was realized that students have a phobia of
studying sciences and mathematical subjects to the next level, so they do not make practice since

they think even if they practice, they can still fail the examinations.

The Differences in Responses of the Teachers and Students on the Causes of the Scarcity of

Teachers in Scientific and Mathematics Disciplines

The thematic analysis presents in Tables 6 and 7 shows the responses of teachers and students on
the factors causing the shortage of teachers in sciences as well as mathematics respectively. Both
teachers and students provided some similar and dissimilar responses on the causes of the scarcity
of scientific and mathematical teachers. These results are also presented in Figures 4 and 5 showing
the frequency percentages of the responses of the teachers and students about the causes of the

scarcity of scientific and mathematical teachers in schools visited respectively.

While certain criteria were the same for teachers and students, their reactions varied in some ways.
Both studies found comparable factors contributing to the lack of scientific and math teachers,

including low performance in those areas in secondary schools and a small number of students
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who graduate with degrees in those fields; inadequate teaching and learning facilities; and students
who study science and mathematics but join other science-related and mathematics-related careers.
However, the teachers went far and revealed more factors causing the scarcity of science and
mathematics teachers such as high science and mathematics teaching load; current unemployment
situation in the country, and low salary or no salary increment for teachers (Tables 7 & 8, and
Figures 5 & 6). The analyzed data finding gave a hint of the lack of motivation among the teachers
teaching science and mathematics teachers alongside the lack of salary increment that results in

low salaries for teachers.

On the other hand, the pupils indicated that math and science were challenging to study. This is
one of the barriers that prevent many students from pursuing advanced secondary-level education
in the sciences and mathematics. The teachers' and students' described causes appear to be the root

of and maintain the dearth of science and math instructors in Tanzania's secondary schools.

The Impacts of the Scarcity of Scientific and Mathematical Teachers on Secondary Schools

Secondary educational institutions in Tanzania are impacted to some extent by the lack of qualified
mathematical and scientific teachers. This study used questionnaire responses from secondary
school learners in the Tanzanian districts of Kibaha and Bagamoyo to examine the impacts of the
lack of mathematical and scientific teachers in secondary institutions. It also conducted interviews
with teachers as well as district education officers. Thematic analysis was performed on data
collected through interviews with district education officers and science and mathematics teachers
to determine the impacts of the scarcity of teachers and the results are presented in Table 9. The
ideas from the respondents are summarized as basic themes and further refined as organized

themes which were later summarized as global themes are presented in Table 9. The global themes
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are the main ideas of impacts of the causes of the scarcity of scientific as well as mathematical

teachers in schools as perceived by both education officers and teachers.

Table 9 shows the thematic analysis findings from the interviews with the education officers and
the teachers who were responding to the question on the impacts of the scarcity of scientific and
mathematical teachers in secondary schools. Findings revealed that among the impacts of the
scarcity of teachers in scientific and mathematical fields in secondary schools include low
performance in sciences as well as mathematics disciplines; high science and mathematics
teaching load; unfinished science and mathematics syllabi, high teacher-student ratio, and lastly

low interest in studying science and mathematics subjects by students.

Some of these impacts look similar to the factors that were mentioned to cause the shortages of
science and mathematical teachers in secondary schools. The results show that there is a cyclic
relationship between the causes of the scarcity of teachers in science and mathematics and the
impacts of the same as shown in Figure 9. For example, poor performance in scientific and
mathematical subjects was mentioned as the major cause of the scarcity of teachers in science and
mathematics fields as well as impacts for the same. This is a very interesting finding that indicates
the continuation of this problem of the scarcity of teachers within secondary schools. The other
mentioned impacts of the scarcity of science and mathematics teachers also contribute to poor
performance. Another interesting aspect discovered in this research was that all of the impacts
mentioned by the education officers and the teachers on the scarcity of science and mathematics

are factors that intensify the poor performance of science and mathematics teachers (Figure 7).

Taking some examples of the findings, such as a high teacher-student ratio which is an impact that

is caused by the scarcity of teachers in science and mathematics seems to result in deprived
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performance in scientific and mathematical subjects. Moreover, high teaching loads among science

and mathematics teachers may as well cause poor performance in those subjects. Similarly, the

unfinished syllabi or poor syllabus coverage and low interest in studying science and mathematics

subjects which were mentioned as the impacts that are caused by the scarcity of teachers, are as

well cause poor performance in those subjects.

Table 9

Thematic Analysis: Impacts of Scarcity of Teachers in Sciences and Mathematical Fields in

Tanzanian Secondary Schools: Responses from 53 Teachers and District Education Officers

Basic Themes

Organized Themes

Global Themes

High teachers’ workload
Inadequate syllabus coverage

Hiring unqualified teachers

Poor teaching methodology

Low interest in studying science
and mathematics among
students

High staff turnover especially in

private secondary schools

Hiring part-time teachers

Students lack enough support
Teachers high turnover
Students consider science and

mathematics as hard subjects

Student failure in examinations

Students drop out of science and
mathematics subjects

Poor syllabus coverage

Student examinations failure

Limited students’ interest in
science and mathematics

subjects

High student-teacher ratio

Less student attention
Inadequate teaching and

learning process

Students drop out of science

and mathematics subject

combinations

Poor teaching methods due to

high teacher workload

Poor performance in science

and mathematics subjects

Students lack interest in

studying science and

mathematics subjects

Few graduates in science and

mathematics
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Students lose interest in science Poor performance in those
and mathematics subjects

Insufficient learning in science | Student’s lack of interest in
and mathematics studying sciences and Students avoid science and
mathematical subjects results | mathematics teaching careers
Students lack academic support | in poor performance resulting in more scarcity of
Less individual student attention | Poor performance in science | science and mathematics

Subject topics remain untaught | and mathematics subjects teachers

Thematic analysis of the responses from the interviews with district officers and teachers was 53
respondents in total. The education officers” and teachers’ interview responses were analyzed by
the thematic analysis method in Table 9. During the interviews, the teachers mention the main

impacts of the scarcity of teachers in secondary schools including:

1. Poor performance in scientific and mathematical classes - Teachers and education officials
stated that the lack of qualified teachers in science and math in secondary schools has been

responsible for the poor performances in science and math classes.

2. High teaching load in mathematical and scientific subjects - teachers and education providers
responded saying the high teaching workload among teachers is a result of the shortage of science

and math teachers in secondary education institutions.

3. Unfinished science and mathematics subjects’ syllabi — the teachers and education officers
responded that the unfinished science and mathematics subject syllabi are been caused by the lack

of enough teachers in scientific and mathematical fields in secondary schools.
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4. High teacher-to-student ratio - according to the teachers' and education officers' responses, the
low number of qualified teachers in the scientific and mathematics field in secondary schools is to

blame for the high teacher-to-student ratio in schools visited.

5. Low interest in studying science and mathematics subjects by students — the teachers and the
education offices who responded to the question revealed that students’ low interest in studying
the subjects is one of the impacts of the scarcity of scientific and mathematical teachers in schools

visited.

A total of 98 students who were taking science and math classes engaged in answering the
questionnaires about the effects of the teacher shortage in those areas. As shown in Figure 6, which
presents the responses to the students' questionnaire on the impacts that are prompted by the
shortage of mathematical and scientific teachers in secondary schools, the impacts of the factors
contributing to the shortage of mathematics and sciences educators in secondary educational

institutions were subsequently added up to determine how frequently they appeared (frequency).

Poor performance in scientific and mathematics classes was found to be the main effect of the lack
of mathematical and science teachers in secondary schools, according to a thematic analysis of
student responses to the issue. The majority of students (51% of respondents) reported low
performance in scientific and math classes as a result of the lack of enough science and math
teachers, with students' avoidance of studying mathematics and scientific fields coming in second
mentioned impact (20% of respondents). Additionally, the students indicated that the lack of
adequate scientific and mathematical teachers is the cause of the poor interest among students in
these disciplines (15%). Unfinished syllabuses (8% of the respondents) while learners seeking

outside assistance (6% of the students' effects) were the least significant (Figure 6).
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When the teachers are few in a school, they tend to have a high teaching load because all the
subjects must be taught. As a result, the syllabus coverage might not be done within the school-
allocated teaching duration. Based on this, many of the students were forced to look for alternative
teachers who could help them, especially during the holidays. The students opt for assistance from

outside their school to keep their performance high.

In contrast, Table 10 displays the students' opinions on the effects of the lack of scientific and math
teachers in the study area's secondary schools. Ninety-eight (98) students who answered the
surveys are represented in the responses. According to the findings of the thematic analysis, the
primary effects of the variables contributing to the shortage of science and math instructors in

secondary education include:

1. Poor performance in scientific and mathematical subjects is one of the effects of the lack
of qualified mathematics and science educators in secondary educational institutions, as
students and teachers both indicated.

2. According to students themselves, a particular outcome of the lack of qualified scientific
as well as mathematics teachers is learners’ avoidance of studying those fields in secondary
schools.

3. Students opting to study social science subjects at the tertiary level is another impact of the
scarcity of science and mathematics teachers in secondary schools as reported by the
students during the data collection of the current research.

4. According to the students participating in the current research study, the stress in
scientific and mathematics lessons is another effect brought on by the lack of qualified

teachers in these fields.



165

5. Few graduates in science and mathematics subjects from teaching institutions that affect

also the teaching career is another impact caused by the scarcity of science and mathematics

teachers as reported by the student respondent in this research.

In line with the above results, the impacts of the scarcity of science and mathematics

teachers seem to be more or less the same as the factors causing the scarcity of science and

mathematics teachers in secondary schools. The level or rate of the impacts of the scarcity

of science and mathematics teachers are indicated in Figures 1 & 2 where the education

officers and teachers rate the high scarcity of science and mathematics teachers at 92% and

students at 97% respectively.

Table 10

Thematic Analysis: Impacts of Scarcity of Teachers in Sciences and Mathematics in Tanzanian

Secondary Schools - Responses from 98 Students’ Questionnaire

Basic Themes

Organized Themes

Global Themes

High teacher turnover

Students look for alternative
teachers outside the school
Infective teaching results in
poor performance

Student failure in examinations

Low-performance

Insufficient learning

Limited students’ interest in

science and mathematics

Students dislike science and
mathematical subjects

Poor performance in sciences
and mathematical subjects
Students dislike science and

mathematical subjects

Poor performance in sciences

and mathematical subjects

Students avoid science and

mathematical subjects

Poor performance in science

and mathematical fields



Students opt for studying social
science subjects at the tertiary
level

Students drop out of science
and mathematics subjects
Students dislike teaching career

Students opt to study social
science subjects

Sciences and mathematics are
hard subjects to study

Sciences and mathematics
subjects are hard subjects to
study

Students dislike teaching career

Poor performance

Students’ low interest in science

Students missing lessons

Students avoid studying
sciences and mathematical
subjects

A low number of students
studying sciences and
mathematics subjects

Stress in science and

mathematics subjects

Low number of students
studying science as well as

education

Students dislike and are

discouraged to study science
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Few students graduate in

science and mathematics

Few students join teaching

career

Low interest in studying
science and mathematics

subjects

Few graduates in science and
mathematics teaching affect
also the teaching career

Stress in sciences and

mathematical fields

1 ££2 3 H [| H
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Unfinished syllabus

Nl matharmatine
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mathematics syllabi

From the student respondents’ perspective, the thematic analysis revealed that there are some
impacts caused by the scarcity of teachers in scientific and mathematical fields in secondary
schools (Table 9). Impacts which were mentioned by students to be caused by the scarcity of
science, as well as mathematics trainers include: poor performance of science and mathematics
subjects; students avoiding science and mathematics; unfinished syllabus that cause low

performance in sciences and mathematics fields; low interest to studying science and mathematics
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that lead the students to opt for social science subjects even at the tertiary level; and students look

for assistance from outside the school (Table 9).

Figure 6

The Impacts of the Scarcity of Teachers in Sciences and Mathematics in Tanzanian Secondary

Schools (Responses from 98 Student Participants)

B Low performance in science and
mathematics subjects

M Students' avoidance in studying
science and mathematics

m Unfinished syllabi

I Students' low Interest in studying
science and mathematics

M Look for a help from outside the
school

The Differences in Responses of the Teachers and Students on the Impacts of the Scarcity of

Teachers in Scientific and Mathematical Disciplines

Teachers and students reported similar as well as dissimilar impacts of the scarcity of teachers in
scientific and mathematics subjects in a secondary school of the study area. Impacts mentioned by
both the teachers and students include low performance in science and mathematics subjects;
unfinished syllabi; and students’ low interest in studying science and mathematics subjects.
However, different impacts were reported by the teachers only, including the teacher-student ratio

and high science and mathematics teaching load. These are the factors that are related to the
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teachers” work as employees. On the other hand, the students mentioned impacts that were also
related to their everyday learning tasks such as the students avoiding studying science and
mathematics subjects and they look for help from outside their school (Figure 6). The scarcity of
science and mathematics has an impact on students’ passion to study, whereby they tend to avoid
science subjects and study other social sciences and business-related subjects. Moreover, students
who like to study science and mathematics tend to look for alternative or substitute teachers outside
the school. This is done during the school holidays and the substitute teachers need to be paid
payment for the service offered. Therefore, the students believe that if the family cannot afford to

pay for the extra classes outside that school then the students’ performance is affected.

The Thematic Maps/ Networks

The researcher conducted interviews with the education officers and the teachers who were
teaching in science and mathematics fields in secondary schools visited. The data collected on the
causes of the scarcity of teachers in sciences and mathematical fields were compiled, summarized,
and analyzed using the thematic analysis method (Tables 7 & 8). The step-by-step thematic
analysis of the data from the interviews with education officers, teachers, and questionnaires from
students on the factors causing the shortages of science as well as mathematics teachers are
summarized in Figure 7 as thematic maps or also known as the thematic networks. The thematic
maps show the interaction among the factors causing the of scarcity of scientific and mathematical

teachers and the impacts on schools visited.

However, the research findings show that the factors that are causing the scarcity of teachers in
scientific and mathematical fields were revealed by the teachers but not by the students and vice

versa. For example, the teachers revealed that there was no salary increment and their salaries
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remained low. The students did not talk about the teachers’ salaries and the unemployment
situation, at all. This means some of the responses were related to the activities performed by the
participants. The main factors that are causing the scarcity of teachers in scientific as well as
mathematics obtained from the data include a high teaching load for teachers due to few teachers
and an unfinished syllabus. Other factors causing a shortage of teachers in scientific and
mathematical fields include few teachers who graduate in fields of science as well as mathematics
subjects, poor performance in scientific and mathematics subjects, students avoiding science and
mathematics as they consider them hard subjects, high teach-student ratio, low salary, and or no
salary increment for teachers, currently, there is unemployment situation in the country and

students joining other science-related and mathematics-related careers (Figure 7).

Poor performance in science and mathematics affects both teachers and students. The students are
most affected since they are directly affected by their performance. Thus, the situation tends to
create a phobia of science and mathematics among students. As a result, the students avoid
studying science and mathematics subjects as they consider that these subjects are hard to study.
In doing so, many of them run away from studying such subjects and choose to study other
subjects. Some of them study science and mathematics but in the long run, they look for other non-
teaching careers. On the other hand, because of the scarcity of teachers in scientific and
mathematical fields, there is a high teacher-student ratio. This factor affects mostly the teachers
who also end up with a high teaching load. Both the high teacher-student ratio and the high
teaching load have negative effects on the student’s performance in scientific and mathematical

subjects.
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Figure 7

Thematic Map/Network Summarizing the Ideas of the Interview Respondents on the Causes of

Scarcity of Teachers in Sciences and Mathematics in Tanzanian Secondary Schools

SCIENCES AND MATHEMATICS

student ratio

workload

teaching and
learning facilities

other science-related nemploy
careers situation in the

country

from outside the
school

Figure 7 indicates the summary of the factors that are causing the scarcity of teachers in science
and mathematical fields, mentioned by education officers, teachers, and the students in the study
area. Some of these factors were mentioned by only education officers and teachers, and others
were revealed by only the students. However, some were mentioned by all the participants who
were involved in this research study. Figure 7 shows the summary of the causes of the scarcity of
teachers in sciences as well as mathematics fields in secondary schools in Tanzania, while Figure

8 provides the impacts of the scarcity of the same.
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Figure 8

Thematic Map/Network Summarizing the Ideas of the Interview Respondents on the Impacts of the

Scarcity of Teachers in Sciences and Mathematics in Tanzanian Secondary Schools

The thematic analysis of the data collected in this research revealed that the scarcity of teachers in
scientific as well as mathematics has some impact on Tanzanian secondary schools. The main
impacts are summarized as a thematic map (Figure 8). These causes of the scarcity of teachers in
scientific and mathematical fields appear to be interrelated in such a way that the causal factors
are also impacts of the same in visited secondary schools in Kibaha and Bagamoyo districts. (Table
10).In responding to the question on what are the factors causing the scarcity of teachers in science
and mathematics, the respondents provided some factors that were similar to the impacts when
they were respondents answered the question on what are the impacts of the scarcity of mentioned

teachers (Figure 7 and Figure 8). In summary, the factors that were revealed to cause the scarcity
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of teachers in scientific and mathematics fields appeared to be the impacts of the same. This is
summarized in Table 11 and Figure 9 in this chapter. The relationship between the factors causing
the scarcity of teachers in sciences and mathematics classes and the impacts of the same on

secondary schools forms a cyclic model as shown in Figure 9.

Figure 9 is a cyclic model obtained from the summary of the thematic maps/networks presented in
Figure 7 shows the causes of the scarcity of scientific and mathematical teachers while Figure 8
shows the impacts of the same. The model presents the causes of the scarcity of teachers in
scientific mathematical fields as inputs that created more factors (outputs) such as high teaching
loads, unfinished syllabi, and high teacher-student ratio. Furthermore, the model shows the
outcomes of the factors that represent the impacts. The outcomes look more or less similar to the
inputs and thus creating a cyclic model. The cycle persists as it goes on and on as shown in Figure
9, where the model, in the end, produces a large impact on the education system, which is the
scarcity of teachers in science as well as mathematics teachers. These impacts in turn cause more

scarcity and the cycle goes on to create a cyclic relationship between them.
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Summary of the Causes of the Scarcity of Teachers in Sciences and Mathematics and the Impacts

on Tanzanian Secondary Schools

Causes of the scarcity of teachers in sciences

and mathematics fields in secondary schools

Impacts of the scarcity of teachers on sciences

and mathematics in secondary schools

Poor Performance in sciences and

mathematics subjects

Few graduates in science and mathematics
Students avoid studying science and
mathematics as considered hard subjects

High teacher-student ratio

Students avoid joining teaching careers

Students joining other science-related careers

Unfinished syllabus
Currently unemployment situation in the
country

Low salary / no salary increments

High teaching workload

Students look for alternative help outside the

school

Poor Performance in sciences and mathematics

subjects

Few graduates in science and mathematics
Students avoiding to study science and
mathematics as they consider as hard subjects

High teacher-student ratio

Students avoid joining teaching careers

Students joining other science-related careers

Unfinished syllabus

Students’ low interest in studying science and
mathematics
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Figure 9

A Cyclic Model Summarizing the ldeas of the Respondents on the Scarcity of Teachers in Scientific and Mathematical Fields and Impacts

on Tanzanian Secondary Schools
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Strategies to Minimize the Scarcity of Teachers in Scientific and Mathematical Fields and the

Impacts on Tanzanian Secondary Schools

The current research study investigated whether there are some efforts or strategies that were
considered by the school management to ensure that teaching is been done properly regardless of
the scarcity of teachers in sciences as well as mathematics classes. The study also investigated the
impacts of the strategies used by the school management in mitigating the problem in their
respective secondary schools. The collected and analyzed data provided findings that give light on
what the school management undertook as strategies to minimize the scarcity of teachers in
scientific and mathematical fields and the impacts. In this section, the research put together the
main strategies and the opinions of the teachers and the district education officers. The findings of

the strategies are presented in Table 12 and the opinions in Table 13.

School Management Strategies to Minimize the Scarcity of Scientific and Mathematical

Teachers and Impacts in Tanzanian Secondary Schools

Moreover, interviews with the district education officers and teachers, it was revealed that science
and mathematics teachers were scarce and this situation cause some impact on their secondary
schools. Therefore, due to the existence of this problem, the school management, and the teachers
were asked to explain what strategies they have taken to minimize the scarcity and the impacts of
the scarcity of teachers in the sciences and mathematics fields in their schools. Their responses on
strategies on how the schools manage to ensure that all science and mathematics subjects are taught
regardless of the problem were summarized in Table 12. Some of the strategies provided by
teachers who were at the school level had negative impacts on the secondary schools while others

caused positive effects.
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School Management Strategies to Minimize the Causes of the Scarcity of Teachers in Sciences and

Mathematics Tanzanian Secondary Schools

Basic Themes

Organized Themes

Global Themes

Employ part-time teachers in

sciences and mathematics subjects

Employ teachers with science and
mathematics certificates/ degrees

who are not teachers

Motivate teachers of science and
mathematics subjects
Increase salaries for teachers in

science and mathematics fields

Employ volunteers who have
science and mathematics skills
Use the available teachers
effectively by conducting remedial

classes and paying extra to teachers

Encourage students to study science
subjects by rewarding those who
perform well

Advise students to join a teaching

career

Employment of temporary
teacher in sciences and

mathematics subjects

Employment of unqualified
Science and mathematics

teachers

Motivate by paying more to

science and mathematics

Employ skilled science and
mathematics teachers

Encourage students to join

teaching career

Inspire, encourage, and advise
students to study sciences and

mathematical subjects

Employment of
temporary science and

mathematics teachers

Employment of
unqualified teachers in

sciences and mathematics

Motivate science and
mathematics by paying
more and providing
incentives

Inspire students to study
science subjects and

mathematics subjects

Encourage and inspire
students to study sciences
and mathematical
subjects, and like to join a

teaching career
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Furthermore, with the education officers and the teachers, the researcher asked them to give their
opinion or suggestions on how to continue teaching effectively apart from the shortages of teachers
in science and mathematical interviews fields they were facing in their respective secondary
schools. The respondents provided their opinions on what can be done at the school level and by
the government in general. The study revealed that scientific and mathematical teachers are scarce
in Tanzanian secondary schools. Moreover, some of the strategies have negative to the learners.
The negative strategies mentioned by the teachers include:
i Employing temporary science and mathematics teachers including part-time teachers
and volunteers.
ii. ii. Employing unqualified science and mathematics teachers including some staff with
a degree but did not study teaching (they lack teaching methodology).
The strategies such as employing ungualified and temporary teachers have negative impacts on
students’ studies including poor performance, students avoiding studying science and
mathematics, students disliking the teaching profession, and students joining other science and
mathematics-related careers (Tables 7 and 8). On the other hand, some strategies used by the
school management caused positive impacts as they were motivating positively the students and
teachers involved in learning and teaching scientific and mathematical fields. They suggested
positive strategies including:

i.  The efforts to encourage students to like studying science and mathematics subjects:
the research finding revealed that students study science and mathematics because
they consider that the subjects are hard to study. This perception limits most of them
from liking to study these subjects in secondary schools, especially at high or

advanced secondary school levels. In doing so, the result is that there are few
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graduates in science and mathematics subjects. The research participants suggested
that there is a need to encourage students to like studying scientific as well as
mathematical subjects. Teachers, policy-makers, and parents have to come up with
strategies to resolve the problem of the scarcity of teachers in the sciences and
mathematics fields in Tanzanian secondary schools. The efforts to encourage the
students should include sponsorships for those who perform well, trips or visits to
some attractive places like national parks, historical sites, and other places where they
can learn new things to improve their knowledge.

The efforts to inspire students who are studying science and mathematics subjects to
like teaching careers: the study revealed that the student does not like teaching
careers. If this perception of disliking teaching careers then science and mathematics
subjects will continue to suffer the teachers’ scarcity. The current research
respondents revealed that there is a need to inspire students who are studying science
and mathematics subjects to like teaching careers. This can be done by their teachers,
parents, school management, and the government.

Several efforts have been done the government to encourage students to enter
teaching careers including financial support through the High Education Students
Loan Board (HESLB) in Tanzania. This board provides loans to all students who are
studying scientific and mathematical subjects with education at the university level.
However, it is not known if these students will enter teaching careers upon
completion of their studies.

Appreciate and motivate science and mathematics teachers through paying more and

providing incentives: the study respondents suggested that teachers who are teaching
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science and mathematics subjects should be appreciated and motivated for the work
they have been doing. Motivation and appreciation can be done by raising their
salaries each year to attract more of them into teaching careers. This must be taken
seriously by the school management, other education stakeholders, and the
government through ensuring that this motivation remains sustainable if we need to
change in retaining teachers in science as well as mathematics in this teaching career.
Providing teachers in the sciences and mathematics brief motivations to advance their
knowledge and proficiency in those fields: based on the investigation done in this
research study, it was revealed that there were an inadequate number of qualified
teachers in science and mathematics.

To improve the situation the research study suggested that there is a need to resolve
this problem in secondary schools. This can be done by providing short courses or
in-service programs to existing underqualified teachers and even qualified teachers
to provide them with knowledge and skills.

Employ qualified teachers to raise the students’ performance in scientific and
mathematics subjects in secondary schools: the study revealed that in some schools
there were unqualified teachers who were teaching science as well as mathematics
classes. Participants suggested that both school management and the government
should ensure that all the teachers who are teaching in secondary schools are qualified
and that they are teaching the subjects of their specialization. In this way, the students
and teachers would learn and teach more comfortably, and as a result, the student’s

performance could have raised.
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The other issues contributing to the shortage of scientific and mathematical teachers could
additionally be resolved if the issue with student performance in the mathematical and scientific
disciplines could be resolved. Some of these factors when the issue of performance is addressed
could have also been fixed. Thus, when the school management employs qualified teachers the
students’ performance could raise and increase the number of graduates in science and
mathematics subjects. Also, the rise in students’ performance could change the perception among
students who consider that science and mathematics are hard subjects to study. Furthermore, high
student performance could increase their interest in studying science and mathematics in secondary
schools. Lastly, if the problem of performance would be resolved then the issue of students looking

for assistance from outside the school would also be resolved.

Education Officers and the Teachers’ Opinions on How to Minimize the Scarcity of Teachers

in Scientific and Mathematical Teachers

The results of the study showed that in addition to the measures implemented by the administration
of the school, the teachers also had some suggestions for reducing or resolving the shortage of
science and math teachers in secondary schools. The viewpoints of instructors offer their firsthand
knowledge of the issue of the lack of science and math teachers and how it affects secondary
schools, even though they may not have had a platform to do so. During the interviews with the
teachers and education officers, they voiced their thoughts on how to reduce or completely
eradicate the issue of the shortage of scientific and mathematics instructors and its effects on
Tanzania's secondary schools. The thoughts that were expressed may influence certain educational
authorities to take action to improve teaching and learning and lessen Tanzania's shortage of
science and math instructors. Table 13 presents an analysis and summary of these teachers'

perspectives.
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Opinions on How to Minimize the Scarcity of Teachers in Sciences and Mathematics in Tanzanian

Secondary Schools

Basic Themes

Organized Themes

Global Themes

Encourage students to like studying

science and mathematics subjects

Encourage more students to like
science and mathematics through

rewards for them

Support science and mathematics

teachers’ short courses

Inspire students to like and join the
teaching profession through support

in studying

Promote, and provide incentives as
well as motivate science and

mathematics teachers

Provide priority in employing

science and mathematics teachers

Increase the pay for both science and

mathematics teachers.

Employ qualified science and
mathematics teachers
Employ more teachers in sciences

and mathematics

Improve interest for students

to like studying sciences and

mathematical subjects

Encourage students and
teachers to practice
independently in the sciences

and mathematics

School management
appreciates science and

mathematics teachers

Motivated both teachers and
students in teaching as well as
learning sciences and

mathematics subjects

Improved teaching and
learning of science and
mathematics subjects in

secondary schools by

The secondary school management

must recognize and enhance the

teachers' and students' interest in,
and self-practices in sciences and

mathematics subjects.

Provide incentives and motivate

science and mathematics teachers

Encourage secondary-level
students and teachers who are
studying and teaching
mathematical and scientific
subjects.

Employ more qualified teachers,
provide facilities, and emphasize

online classes for sciences and



Avoid employing unqualified
teachers

Offering and promoting online
courses for teachers in science and
mathematics subjects

Provision of short courses in science
and mathematics skills

Encourage teachers in sciences and

mathematics to inspire students to

providing facilities and
qualified human resources

Science as well as
mathematics teachers to
improv their knowledge and
skills
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mathematical subjects in
secondary schools

Increased knowledgeable and
skilled number of teachers in
sciences and mathematics in

secondary schools through short

like those subjects Motivate science and courses (INSET)
mathematics teachers

Teachers and education officials revealed that to reduce and eliminate the shortage of mathematical
and science teachers at the secondary schools level, the school administration must recognize and
enhance the interest as well as self-practices of mathematics and sciences teachers as well as
students in secondary educational institutions; the school administration must offer incentives for
both science and mathematics teachers along with students for any outstanding work performed;
and the leadership team of the secondary school must improve the quality of the scientific and

mathematical subjects teachers in secondary educational institutions.

By the views shown in Table 13 above, the researcher noted a few viewpoints or recommendations
made by the participants to lessen the lack of scientific and math instructors' effects on Tanzania's
secondary schools. Most of the suggestions were the responsibilities of the school management
and others were the responsibility of the Government of the Republic of Tanzania. The noted main
suggestions or opinions from the respondents in line with those summarized in Table 13 were as

follows:



183

The school management should employ many or enough science and mathematics
teachers to simplify the issue of dealing with students individually and get enough time
to understand their challenges and solve them. This could in turn raise the students’
performance in sciences and mathematical fields.

The school management in collaboration with other education authorities and the
government has to find out permanent solutions like recruiting more science and
mathematics teachers, employing qualified science teachers, motivating science and
mathematics teachers by providing incentives, and motivation, and considering salary
increments to encourage students to enroll in those subjects. At this juncture, to
motivate students to enroll in and study scientific and mathematical courses in
secondary schools as well as at the university level, there must be good performance in
these areas.

The school management should select and employ teachers who graduated and pass
very well in sciences and mathematical subjects. School management teams must avoid
employing unqualified and temporary or part-time science and mathematics teachers.
The school management has to ensure that the schools conduct remedial classes with
the weak students so that they can improve their science and mathematics subjects
performance. This might be a positive strategy for the problem but to make it
sustainable, the school management must motivate the teachers involved in conducting
the remedial classes in schools.

The government of the Republic of Tanzania should ensure that science and
mathematics teachers are well-trained, motivated, and retained in their careers by

providing them with short courses. The in-service programs should be encouraged
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especially with the science and mathematics teachers as through those programs they
can improve their knowledge and skills in teaching. Moreover, the teacher training
colleges should be equipped with facilities and human resources to ensure that the
teachers are well-trained to meet the market demand.

The government of the Republic of Tanzania should encourage more students to study
scientific and mathematical subjects by allowing them to study with reduced fees in
teacher’s colleges and universities as well as increasing the salaries for science and
mathematics teachers at all levels of education in Tanzania.

The government of the Republic of Tanzania should encourage and support online
teaching and learning programs for sciences and mathematical fields in secondary
schools. It could be done by providing and improving teaching amenities such as
libraries, laboratories, computers, the Internet, and other necessary facilities. The
advantage of doing online teaching and learning is that it can be done all the time even
during the time of a pandemic like a Coronavirus pandemic that can affect teaching and
learning in a normal way. With online courses, the process of teaching and learning

will not be interrupted by such pandemic disasters.



185

Evaluation of Findings

Introduction

This section of Chapter 4 presents the evaluation of the findings, which have been discovered
through the thematic analysis of the data collected through interviews with education officers,
teachers who were teaching science and mathematics subjects, as well as the questionnaires
distributed to students who were studying science and mathematics subjects in secondary schools
in Kibaha and Bagamoyo districts in Tanzania. In this section, the researcher explains what the
findings obtained in the previous section mean. The section sub-titles were arranged based on the

research questions and the objective of this research study.

The main sub-titles in this section cover the following topics: the experience among educational
officers, teachers, and students regarding the lack of science and mathematics courses in secondary
schools; the reasons why students choose to study these subjects; the causes of the lack of qualified
scientific as well as mathematical teachers in secondary educational institutions; the effects of the
lack of teachers in sciences and mathematical instructors on secondary schools; and educational

institutions officers' and teachers' responses on these issues.

Additionally, the research study section assesses the effects of the shortage of mathematical and
scientific teachers, the variations in responses from teachers and students to the factors
contributing to the shortage of science and mathematics teachers, and the impacts of the shortage
on secondary schools. There are also parts on thematic maps and networks, school leadership
strategies to reduce the shortage of science and math teachers and its effects on secondary schools,

the strategies to reduce the shortage of science and math teachers and its effects on secondary
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schools, and the opinions of educators on how to reduce the shortage of science and math teachers

in secondary educational institutions.

Level of the Scarcity of Teachers in Scientific and Mathematics Fields in Secondary Schools

This subsection summarizes the level of the shortages of teachers in the sciences and mathematics
fields as perceived by the education officers and the teachers. It is also highlighting and discusses
the level of scarcity of science and mathematics from students’ perspectives. In general, these
education stakeholders (education officers, teachers, and students) revealed that there is a high
scarcity of teachers in sciences and mathematical fields in secondary schools and this scarcity has
impacts on those schools and particularly the students. Detailed information on the findings is
given in the proceeding sections. The findings obtained here are supported by the scholarly works
of other researchers including Projest, (2013); Ndalichako & Komba, (2014); Magano, (2014);
King’aru, (2014); Michael, (2015); Ngema, (2016); Kamagi, (2017) and Lyimo, Too, &
Kipng’etich, (2017); and The Citizen, (2019) who also reported the existence of the scarcity of
science and mathematics in Tanzania. These scholarly works also found that science, as well as

mathematics teachers, are scarce in secondary education in Tanzania.

The findings support the research by Garcia & Weiss (2019), which found that teacher shortage is
a real, serious issue that is getting worse than we had anticipated. According to Garcia & Weiss
(2019), there is a teacher shortage that affects teachers, pupils, and the public education system as
a whole. Lack of qualified teachers endangers students' ability to learn, staff instability lowers
teachers' effectiveness, and frequent teacher turnover consumes money that may be used more
wisely elsewhere. Due to the teacher shortages, it is more challenging to build a solid reputation

along with professional teaching, therefore prolonging the problem. Furthermore, the fact that the
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shortfall is divided so unevenly across pupils from various socioeconomic backgrounds puts the
United State educational system's mission of delivering a good education to all children in jeopardy

(Garcia & Weiss, 2019).

Teachers’ Perspective on the Level of Scarcity of Teachers in Scientific and Mathematics

Fields

The researcher set out to learn more about how few science and math instructors there are in
secondary schools by interviewing teachers and education officers. The lack of science and math
teachers has intensified and now poses a serious threat to the educational system. In Tanzania,
there has long been concern about the lack of scientific and math instructors. Through several
changes and policies, the government has attempted to lessen the issue (Osaki, 2007; Komba &
Ndalichako, 2014). Despite these reforms and initiatives, the issue appears to be getting worse
every year. The results of the current study suggested several reasons that contribute to Tanzania's

secondary schools' lack of science and math teachers.

The study looked into the degree of teacher shortage in secondary schools to ascertain the shortage
of science and math teachers. When asked to rate how scarce teachers of science and mathematics
are in their experience, 96% of education officers and teachers came to the consensus that there is
a severe shortage of both. Only 4% of the participants disagreed, admitting that the shortage of

science and math teachers is not severe.

According to the current study's findings from education officials and teachers revealed that few
graduates are interested in teaching professions. The majority of graduates who studied science
and mathematics prefer to work in other fields that also involve these topics. Secondary schools

have been negatively impacted by the lack of math and science teachers, which has also resulted
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in subpar or bad performance in those disciplines. According to the most recent data, there are
fewer graduate teachers created and the majority of them choose to pursue other scientific-related
occupations, whereas the need for science and math instructors grows as student enrollments rise.
Poor performance in those disciplines is primarily to blame for the issue of a lack of science and
math teachers. Ingersoll and Perda (2009) provided similar findings that their shortage of teachers
and explain further that an increase in the scarcity of science and mathematics teachers is partly

caused by several teachers’ retirement time, and also few are replaced.

In this particular research, it was revealed from the interviews with teachers that the teacher’s
experience with the scarcity of scientific as well as mathematics is caused by the perception that
students regard sciences and mathematical fields as hard to study. Several researchers reported
similar findings that the problem of shortage/lack of science teachers is a common answer to the
question of performance in examinations (King’aru, 2013; Kihwele, 2014; Saga, 2014; Kapur,
2014). The current research study discovered that many students lose interest and dislike science
and mathematics subjects and opt to study social science subjects, while others who decide to
continue to end up with poor performances. This scenario intensifies the shortage of scientific and
mathematical teachers and the impacts on secondary schools. Serious actions are required to
improve schools’ number of teachers, teaching and learning facilities, and motivate students to
study science subjects. According to Michael (2015), there were common factors that are
repeatedly spoken to cause poor performance including the deficit of science teachers,
inadequately furnished science laboratories, learning and teaching tools, and low interest in

studying science and mathematics by the students.
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Student’s Perspective on the Level of Scarcity of Scientific and Mathematical Teachers

The research investigated the students’ perspective on the levels of the scarcity of teachers in the
sciences and mathematics fields in secondary schools. Analysis of data collected from students
through questionnaires was analyzed using the thematic analysis method. The research findings
revealed that students' experience with the scarcity of teachers in science and mathematical courses
did not differ much from the teachers’ perspective. Most of the students (98% of respondents)
agreed that teachers in sciences and mathematics are scarce in secondary schools. The students
admitted that they have experienced poor performance in those subjects, missing lessons in science
and mathematics due to scarcity of teachers, and students losing interest in studying science and
mathematics subjects. Some of the students have decided to avoid science and mathematics
lessons, while others were seeking assistance from outside the school. The experience of the
students on the scarcity of teachers in sciences and mathematics leads the students to have limited
passion and low interest in studying science and mathematics subjects which later causes poor
performance among learners in those subjects. The problem has caused few students to graduate

in science.

Ingersoll & Perda (2009), and Kihwele (2014) in their studies, reported similar findings where
fewer students were studying sciences and there was poor performance in the examinations which
was caused by the shortage of teachers. The findings in this research revealed that the students
were facing difficulty in learning science and mathematics due to inadequate science laboratory
facilities which were caused by the lack of funding. Similar findings were reported in the study by
Projest, (2013). The issues of funding were mentioned by the students when they were looking for

assistance from outside the school. They said that when teachers are scarce, thus they opt to seek
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help from other teachers outside the school and they have to pay for the services. Those who were

unable to pay for the service remained unattended.

The students were studying outside the school, especially during the school vacation. However,
the research is daunting about the quality of the teachers who were teaching the students outside
the school. the issue of the outside the school teachers’ qualifications and skills is questionable
and needs to be investigated. Moreover, the education authority has a role to take the lead to stop

the activity if it is found to be detrimental to the student’s education.

Reasons for Students’ Choice of Sciences and Mathematics Subject Combination

The study investigated the reasons why students study science and mathematics in secondary
schools. The research findings revealed that students have different intentions when they choose
to study science and mathematics subjects. Most of them were interested in science and
mathematics-related careers like becoming doctors, engineers, economists, pilots, nurses, and
others were studying just for passion (feels proud to be scientists) but not to become teachers. The
thematic analysis of the students’ data showed that very few students who were studying science
and mathematics would like to join teaching careers while most of them were interested in
becoming doctors and engineers. The students preferred to work as civil engineers, gas and

petroleum engineers, electrical engineers, mechanical engineers, and computer science engineers.

The findings obtained from the students and the teacher’s experience with the scarcity of teachers
in the sciences and mathematics fields indicate that many of the students were not interested in
becoming teachers. This indicates that if action is not taken to address the shortage of teachers in
mathematics and scientific fields, the issue will worsen annually and become a significant

educational burden for secondary schools. The findings show that this problem of the scarcity of
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teachers in science, as well as mathematics, is perpetuated. Therefore, immediate intervention is
necessary and more efforts are required to ensure that science and mathematics subjects are
effectively been teaching in secondary schools. The teachers should be motivated to inspire the
students to like teaching careers as one way of raising the number of teachers in sciences and

mathematics in secondary schools.

Evaluating Causes and the Impacts of the Scarcity of Teachers in Sciences and Mathematical

Fields in Secondary Schools

The evaluation of findings in this section is divided into two parts where the first part evaluates
the responses from education officers, and teachers on the factors causing the scarcity of teachers
in science and mathematics courses and the second part evaluates the students’ responses on the
same issue. The impacts of a teacher shortage in mathematics and science disciplines on secondary
education are further addressed in this section. The education system runs smoothly if all essential
requirements are met. These requirements include teaching and learning infrastructure,

experienced educators, and an environment that is conducive to teaching and learning.

Resources for teaching and learning, such as adequate instructional supplies and equipment,
cleaning equipment, rational student-to-teacher ratios, laboratories, library, appropriate support
staff, employee retention, and the type of classroom instruction. Limited resources and a high
number of students in a classroom demoralize the teachers during the instructional process and

cause poor performance in the respective subjects being taught.
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Evaluation of Teachers’ Responses on the Causes of Scarcity of Teachers in Sciences and

Mathematics Fields

Data were collected using the mixed research method tools which were interviews and
questionnaires and analyzed using the thematic analysis method and percentages respectively. The
thematic analysis of the interview scripts from education officers and the teachers on responses
discovered the factors causing the scarcity of teachers in science and mathematics courses in
secondary schools. Thematic analysis of data from the education officers, and science and
mathematics teachers revealed that some factors that were causing the scarcity of teachers include:
poor performance in science and mathematics subjects; few graduates in sciences and mathematics
subjects; students studying science and mathematics but joining other careers; high teaching
workload; inadequate teaching and learning facilities; current unemployment situation in the
country; no salary increment as well as low salary for teachers; and students choose social science

subject combinations.

Current Unemployment Situation in the Country

The current research revealed that there is an unemployment situation in Tanzania in recent years.
The replacement has been done only to replace the retired staff, the ones who died, and those who
dropped their teaching jobs. The current unemployment situation in the country was mentioned by
most of the teachers as the factor that was causing the scarcity of teachers in sciences and
mathematics in secondary schools. This was revealed during the thematic analysis of the teacher’s
and education officers’ responses to the interview sessions conducted. Since 2015 there was no
new staff employed but rather there is the replacement of the ones who have retired or died. Other

researchers have reported that there is no employment but there is the replacement of the teachers
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who leave the profession for some reasons such as retirement, pursuing other jobs, and other
personal reasons (Kapur, 2014). Furthermore, the number of teachers is maintained or declined

while the number of students increases each year.

Moreover, in recent years, the government enacted a policy in 2014 that allowed free education
from pre-primary to lower secondary schools (United Nations Children Fund [UNICEF], 2016).
With this policy, the number of students in secondary schools increased while the number of
teachers either decreased or remained constant. Bearing this in mind one can conclude that teachers
are scarce especially in science and mathematics when the teacher-student ratio is taken into
consideration. The current research suggests that to achieve education goals, - the management
must employ well-trained, skilled, and qualified teachers. These teachers must be supplied with all
necessary teaching and learning resources so that they can teach effectively and improve students’

performance.

If there is an increase of students at each level but the number of teachers remains the same, the
available teachers will be overloaded and the process of teaching and learning will become
inefficient. In line with this, students are the ones who suffer the consequences. Their performance
could remain poor if the situation will not be rectified. Therefore, the school management and the

government need to work together to resolve the problem of unemployment in secondary schools.

Poor Performance in the Subjects of Science and Mathematics

From the conceptual framework and the literature review, it was indicated that almost universally,
it is widely assumed that many countries are experiencing a teacher shortage, particularly in
mathematics and science, owing to a lack of new teacher recruitment. It is also widely believed

that a scarcity of mathematics and science teachers is a significant cause of poor academic
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achievement, which affects the economy and even national security. The results reveal this
research shows that school staffing issues are prevalent; that is, many schools are having difficulty

filling entire classrooms with eligible individual science and mathematics teachers.

The thematic analysis of the data collected from the education officers and the teachers in the
current research shows that teachers of science and mathematics are scarce in secondary schools.
One of the causes of the lack of science and math teachers in secondary schools has been identified
as students' poor performance in these areas. In many nations around the world, poor performance
in science and math classes has been a problem (Ngema, 2016). According to Ngema (2016), this
challenge will continue unless the cause is unveiled and solved. Poor performance challenge is one
of the causes of the scarcity of teachers in the science and mathematics fields. The current research
findings showed that many other factors contribute to poor performance including high teacher

workload that leads to poor teaching methods as well as a high teacher-student ratio.

Also, the availability of teaching facilities contributes to students’ performance. Students believed
that if everything is provided to them in the schools including well-furnished libraries with
textbooks, well-equipped laboratories, and computers their performance could improve. Where
there are inadequate facilities such as a library with textbooks, a computer laboratory with
computers, and laboratory facilities, teaching and learning face a challenge. The teachers who
teach science and mathematics end up struggling to deliver the subject matter effectively and as a

result, it affected the students’ performance.

Depending on how many students are in the class, the teacher and students' interactions will vary.
Thus, the teacher-student ratio affects students’ performance. If this ratio is high, then the students’

performance might be affected negatively and become poor, and vice versa. Moreover, with a high
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teacher-student ratio it becomes difficult for the teachers to attend to the individual students
(Ngema, 2016). Also, the high teacher-student ratio affects negatively the teaching method in the
classroom. All of these contribute to students' low performance in secondary school science and

mathematics classes.

The reasons why there are not enough science and math courses offered in secondary schools were
discovered through a thematic analysis of the questionnaire responses from the students. The main
findings from the students’ questionnaires on the causes of the scarcity of teachers in science and
mathematics among other factors, low performance contributed to a large extent. Poor
performance causes a decrease in the number of science and mathematics graduates. If most of
these graduates join other science and mathematics careers, then very few are expected to become

teachers.

The main common reasons that contribute to poor performance in science and mathematics include
poor teaching methodology in those subjects as well as a negative attitude towards science subjects
among students. Moreover, the lack of teaching and learning facilities such as computers, equipped
laboratories, and well-furnished libraries with textbooks contributed to poor performance. Like in
the teachers’ responses, there were high responses of students who said that poor performance is
the main factor that causes the scarcity of teachers in science and mathematics in Tanzanian
secondary schools. King’aru (2014), in a related study, reported similar factors that contributed to
poor performance in science subjects. According to UNICEF (2018), the quality of Tanzania’s
education is lower than the neighboring countries and 21% of the teachers have insufficient
knowledge to teach their subjects. Therefore, with the already existing scarcity of adequately
trained teachers especially in science and mathematics, the extra enrolment will decrease the level

of teaching and learning quality (UNICEF, 2018).
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Few Graduates in Scientific and Mathematics Disciplines

Another problem that has been identified as contributing to the dearth of science and mathematics
instructors in secondary schools is the insufficient number of graduates in these fields. The
research findings obtained in the thematic analysis of the interviews with education officers and
teachers revealed that there were few graduates in science and mathematics subjects. However,
many of these graduates were not joining the teaching career. The research findings show that
many students were not interested in teaching but rather have a passion for other science and
mathematics-related careers. Such other science and mathematics careers include doctors, nursing,
pilot, and engineers just to mention a few. During the interviews with the teachers, it was noted
that because of the few graduates in science and mathematics and the fact that many of them join
other careers with very few joining the teaching profession, then the scarcity of teachers in science

and mathematics continues to persist in Tanzanian secondary schools in Tanzania.

The research findings from the students’ questionnaires as obtained from thematic analysis also
revealed that there were few graduates in science and mathematics teachers. Most of the students
believed that science and mathematics are hard subjects to study and pass. They explained that due
to the nature of these subjects, they need more practical and more time with their teachers. If the
teachers are scarce, then their performance is affected. Due to this situation, some of the students
tend to shy away from studying these subjects and in the end, very few students graduate in science

and mathematics courses.

The students believed that even those few graduates in science and mathematics do join other
related careers and not teach. Moreover, it was realized in this study that most of the students show

no interest in a teaching career. This explains why secondary schools need science and math
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instructors. To save the future of mathematics and science courses in secondary schools, this
research study contends that action should be taken. Students should be inspired to like and join
the teaching career. This can be possible if the improved salary and increment for teachers are

worked on.

On the other hand, when the students were asked why they choose to study science and
mathematics, their responses were to join other science and mathematics-related careers. Very few
of them showed the intention of joining a teaching career. This suggests that if there is no
intervention, the shortage of science and math teachers will last for a very long time and will only
become worse as more students enroll in secondary education. The increase in the number of
students in secondary schools is caused by the Education for All movement as well as the

introduction of the free education policy in Tanzania.

Students Studying Science and Mathematics but Join Other Careers

The current research study revealed that students do study science and mathematics but they join
other careers is one of the factors that are causing the scarcity of teachers in science as well as
mathematics subjects. Thematic analysis of the interview data from the education officers and the
teachers who were teaching sciences as well as mathematics fields in schools visited exposed that
the students prefer studying science and mathematics to work in other science and mathematics-
related professions. This is a challenge in the education system. If many students are not interested
in a teaching career, then one might want to know about those who are currently studying for their
diplomas and degrees in science with education, are they interested in teaching? Did they
intentionally like to join teaching careers? Are there any other circumstances that lead them to land

on studying science or mathematics with an education? This requires further investigation to bring
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about why there are some students studying science and mathematics with education at the tertiary
level each year but yet the scarcity of teachers in science and mathematics still exists. This
investigation is necessary as it could give way forward on how to handle the scarcity of teachers

in the science and mathematics fields.

Moreover, current research findings are in line with the research results by Saks, Soosaar & llves
conducted in 2016 in Estonia. According to Saks et al. (2016), the average age of teachers is rising,
and young people are less interested in pursuing a teaching career. In their research study, the
findings revealed that, while students admire teachers' work, they regard it as a difficult, underpaid,
and low-challenging profession. Although students appear to have a good comprehension of the
teacher's job, acknowledging the struggles does not drive many among them to continue down this
route and seek a career as a teacher. The beneficial variables that prompted students to explore
teaching — sharing expertise and working with children — aligned with other social purposes
previously identified in studies. Males' reactions were marginally dominated by altruistic and

intrinsic incentives, contrary to previous findings (Saks et al., 2016).

Furthermore, Saks et al. (2016), reported that another finding in the current study was the
importance of good role models in students' households. While earlier studies have found no link
between students' interest in teaching and having a teacher in their household, the current data
suggest a weak link between the two. Having a teacher-family member as a role model inspires a
drive to emulate them and contribute to the growth of the young in the same way. Despite the
findings of multiple studies, students confessed that excellent experiences with respective
instructors at school, as well as having teachers in their very own households, served as positive

examples, encouraging them to pursue a career as a teacher.
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This discovery leads to the realization those instructors' views and messages about their jobs when
working with students are critical, since they may impact students' future career plans. Students
see that the expectations placed on instructors and the pay they receive for their efforts are not in
sync. This wage discovery is a significant aspect in selecting whether or not to pursue teaching as
a vocation. The participants in the current study, like the previous authors, cited an increase in
wages as one of the most critical improvements to undertake. Another factor that deters students

from pursuing a career as a teacher is the high workload (Saks et al., 2016).

Furthermore, Kapur (2018), reported that the proportion of teachers who report at work and who
also intend to stay in the classroom for as long as they are able is strongly related to administrative
support, resources, teacher voice, and influence over policy inside their schools, and adherence to
standards and practices within the schools. There are significant differences in the working

conditions of teachers in high and low-income schools (Saks et al., 2016).

Inadequate Teaching-Learning Facilities

Inadequate teaching-learning facilities are one of the factors mentioned to cause the scarcity of
teachers in sciences and mathematics in many of the schools visited. The research findings from
the interviews with education officers and teachers showed that in some secondary schools, there
was a deficit in teaching and learning facilities. If there are inadequate facilities, the teaching and
learning process will not be effective and as a result, this might affect negatively the students’
performance in the examinations. The respondents mentioned some facilities which were lacking
in secondary schools like a well-furnished library with all necessary textbooks, lack of a well-
equipped laboratory, computer, and other digital facilities. Moreover, to teach effectively the

teachers, require teaching and learning facilities as well as qualified teachers (Kapur, 2014;
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Nghambi, 2014). All of these facilities are very necessary for teaching - learning science as well
as mathematics subjects. Moreover, Kapur, (2018), revealed that certain physical conditions that
make teaching possible in the working environment conditions of schools, such as proper furniture,
chairs and tables, heating and cooling equipment the weather conditions. Furthermore, teachers
are more advantaged groups seem to have more manageable working conditions, such as smaller

class sizes and lower pupil loads, and much more control over school decision-making.

Students need to read a wide range of science textbooks and do a lot of practice so that they can
improve their performance. Based on that, the number of science and mathematics graduates was
as well affected. However, UNICEF 2018), reported that the government has introduced a single-
book policy to solve the textbook shortage challenge in schools. These books are centrally
produced, procured, and distributed to schools. Nevertheless, there is a delay in the procurement

and delivery of these textbooks, thus the shortage persists (UNICEF, 2018).

In the current study, the analysis of the students’ questionnaires uncovered that in some schools
there were inadequate teaching and learning facilities including textbooks, well-trained
technicians, and laboratory facilities just to mention a few. These responses were not homogeneous
to all schools visited. Some schools were lacking enough textbooks, and another one missing
enough laboratory facilities or well-trained laboratory technicians. The inadequacy of these
facilities results in student graduates who are well trained and end up with poor performance in
their examinations. Students believed that they need to practice more and read a variety of science

and mathematics books so that they could improve their performance.

Several other researchers did more or less similar studies and revealed similar findings where there

was a poor supply of teaching facilities in schools (Nghambi, 2014; Projest, 2013; Saga, 2014). In
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line with this, other researchers reported similar results in their research studies. Projest (2013),
found in his research study that the students reported that there was an inadequate number of
textbooks, both textbooks and supplementary books. Moreover, these students believe that enough
variety of textbooks, adequate laboratory chemicals, and equipment could improve their
knowledge and skills in science and mathematics subjects. Projest (2013), argued that human
resources including enough qualified science and mathematics teachers could enable the students
to receive sufficient assistance in those subjects as well as improve their performance. Michael
(2015), in his research study, revealed that there were not enough mathematics teachers, so those
who were available were overloaded. Thus, Projest (2013) and Michael (2018), in their research

studies, reported that there were some unqualified teachers in the schools assessed.

In the current study, students in some of the schools visited explained that they need more practice
and experiments in science subjects to have enough knowledge and skills. The students added that
some of the teachers were not qualified in the subject matter that they were delivering in those
schools. Moreover, the results of the current research revealed that the interviewed teachers were

teaching more than three classes.

Similar results were reported by UNICEF (2018), that Tanzania has inadequate teaching facilities
and infrastructure, so the introduction of the new policy in recent years that introduces free
education from pre-primary to lower secondary poses an extra strain in the classroom. More
classrooms are required for pre-primary and lower secondary schools and it requires a large
investment to construct. This means each level of education might have suffered the need for

teachers since these levels feed each other.
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While providing free education is a good idea, the government and policymakers must devise
wideband strategies to combat the negative effects of free education, such as a lack of enough
qualified teachers in Community Secondary Schools; in general, and especially, the Tanzanian
government should give more teachers to Community Secondary Schools. This provides teachers
more time to mark students' homework and satisfy the requirements of individual students, which
will increase students' academic progress. Moreover, the teachers' workloads are larger, according
to the research, which impedes effective teaching-learning. The scarcity of science teachers is more
pressing than the scarcity of art teachers. As a result, teachers do not have enough time to grade
assignments and assist students who are having difficulty studying. As a result, it is suggested that
the government and policymakers devise methods to combat teacher inadequacies in Tanzanian

Secondary Schools.

Low Salary or No Salary Increment for the Teachers

Low salary or no salary increment for teachers was one of the factors reported to cause the scarcity
of teachers in the sciences and mathematics fields. The education officers' and teachers’ interviews
data analysis has revealed that since 2015 there has been no salary increment so the teachers’
salaries have remained unchanged for a long time. The teachers feel discouraged and unmotivated
and this might have contributed to poor performance in science and mathematics examinations for

their students.

As discussed in the previous section about the issue of unemployment the students did not mention
unemployment as a cause of the scarcity of science and mathematics teachers since this is also
more related to teachers and education officers. However, the students reported that the negative

aspect that hinders the students to like the teaching profession is the low salary paid to the teachers.
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These findings match the similar findings by Saks et al. (2016), in their research study. This is one
of the reasons why the students showed a negative attitude toward teaching careers. Moreover,
Kapur (2014), also reported that the factors that cause the shortage of teachers should have been
worked on including minimizing the teachers’ turnover, increasing salaries, and more importantly

improving teachers working conditions.

According to Kapur (2014), the options for reducing teacher turnover include increasing
allowances, building houses for teachers, creating a climate that allows teachers to obtain loans
from financial institutions, and holding workshops and seminars for training. The strategies'
success was limited because the strategies' implementation was of poor quality. Financial limits,
corruption among officials, a teacher shortage, and disobedient children are among the obstacles

the schools face in decreasing teacher turnover (Kapur, 2014).

Science and Mathematics are Hard Subjects to Study

In the current study, the students revealed that the choice to study social science subjects is another
factor causing the scarcity of teachers in scientific and mathematics fields in secondary education.
Teachers and education officers when they were responding to the question on the causes of the
scarcity of teachers in science as well as mathematics, they said that students choose to study social
science subjects as the perception that science and mathematics are hard subjects to study. With
such an attitude, the students feel comfortable studying social subjects which they considered

simple and they were also sure of performing better.

The students also avoid science and mathematics subjects and opt to study social science because
they want other careers related to those subjects like lawyers, accounts, journalism, and others.

This trend of many students’ choice of social science subjects does have negative effects on science
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and mathematics subjects. Despite that some students qualified to study science and mathematics
upon completion of their form 11 class, they join social sciences instead of sciences. When they're
promoted to form 111 class they tend to change and choose another subject rather than scientific

and mathematics courses.

The Differences in Responses of the Teachers and Students on the Causes of Scarcity of

Teachers in Scientific and Mathematics Fields

There were differences in responses between the teachers and the students as shown in the research
findings in this particular research. The differences were reflecting their daily activities. The
instructors (teachers) responded according to teaching and learning activities and the issues of
remuneration, performance, and motivation, while students’ main responses were based on the
learning process and performance. This means that the teachers were responding as workers and
the students were responding as learners. The responses of both the teachers and students on the
causes of the scarcity of teachers in science and mathematics were summarized on the thematic
maps as indicated in Figure 8. The figure summarizes the general findings from the teachers,

education officers, and students.

Like the workers, the teachers revealed that some factors differ from students’ responses including
the issues related to remuneration, employment, increments, and workloads. On the other hand,
the students revealed some of the factors that were caused by the scarcity of teachers in science as

well as mathematics are summarized in Figure 8.
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Participants’ Response on the Impacts of Causes of the Scarcity of Teachers in Scientific and

Mathematics Fields

The study examines the root causes of the shortage of science and math teachers as well as its
effects on Tanzania's secondary schools. The effects of the lack of qualified science and
mathematics in secondary schools are assessed in this section. According to the current study,
Tanzania's secondary schools' student performance is impacted by Tanzania's dearth of scientific
and math educators. Thematic analysis of the data collected through interviews and questionnaires
from the education officers, teachers, and students revealed some of those impacts. The data was
collected from Kibaha and Bagamoyo districts in Tanzania. Thus, the findings being reported are

based on the Pwani region from the two districts.

From the education officers’ and the teachers’ perspectives, the major impacts revealed include
poor performance in science and mathematics subjects; unfinished syllabi; high teacher-student
ratio; high science and mathematics teaching load; and students’ low interest in studying science
and mathematics subjects. On the other hand, research through student questionnaires revealed
that secondary schools are affected by the lack enough qualified scientific and mathematics
teachers. Low performance in science and math classes, students' avoidance of studying such
subjects, incomplete syllabi, students' lack of enthusiasm in studying those subjects, and students
seeking assistance from outside the school are some effects. The evaluation of the impacts is

discussed in detail in the subsequent sections.

Poor Performance in the Disciplines of Mathematics and Science

According to the study and analysis of the data gathered through surveys and interviews, the main

effect of the shortage of science and mathematics teachers is subpar performance in the subjects.
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Poor performance was the most mentioned impact by the education officers and the teachers as
well as the students. This specifically contributes to lowering the number of professionals in
mathematics and science fields and subsequently teachers. With the low performance in science
and mathematics subjects, it means that very few students will proceed with these subjects up to
the tertiary level. Based on that and the fact that many students who are studying science and
mathematics join other careers and do not teach, then the effects worsen due to the shortage of
science and mathematical teachers in high secondary schools. However, there's a chance that a
lack of mathematical and scientific teachers is not the sole factor contributing to poor performance.
In addition to the dearth of scientific and math teachers, perhaps may be additional factors playing

action in the issue.

According to UNICEF (2018), there is a language barrier to education in secondary schools
whereby the students do use Kiswabhili in primary schools, and when they join secondary schools,
they use English as a medium of instruction as well in examinations. The transition from Kiswabhili
to English is believed to contribute to difficulties in learning among students which later may result
to drop out. Currently English is still the language of instruction in secondary schools, which is a
problem that needs to be solved. To work on resolving this language problem the schools should
ensure that the teaching of English as a subject should be given more weight in the timetable to
make it effective and efficient in the classroom. Reading and oral exercises for students should be

emphasized in schools to increase the student’s language skills (Mlay, 2010).

However, the current research study suggests another research to investigate the poor performance
concerning the language barrier in secondary schools in Tanzania. It suggested that this future
research should assess teachers' language competence as it is assumed that these teachers might be

the reasons why the students’ language skills are poor. If the teachers are the reasons for language
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problems then resolving the problem should start with teachers. In-service training for teachers
should be organized even at the school level to improve teachers’ language and teaching methods

skills (Mlay, 2010).

Students Avoid Studying Science and Mathematics Subjects

During the data analysis of the students’ questionnaires, the research findings showed that many
students avoid studying science and mathematics subjects. In doing so the problem of scarcity of
science and mathematics teachers increases with time since the number of students who graduate
in these subjects becomes fewer with time as well. Moreover, these few graduates prefer to join
other science and mathematics-related careers and not teaching. The teaching careers are then

affected the most as many of the graduates avoid working in the teaching careers.

The current research study revealed that science and mathematics are subjects to study and this
makes the students dislike studying them. In line with this, the students dislike the teaching career,
thus even those who study teaching tend to look for other science-related or mathematics-related
careers upon completion of their degrees. The research revealed that the students dislike teaching
careers because of the teaching remuneration and they consider the other careers as well-paying

jobs.

leren and Innocent (2017) explained that mathematics teachers lack inspiration, suffer poor salaries
and incentives, face negative attitudes from the students towards mathematics, and miss support
from their parents. Poor motivation for both teachers and students diminishes the interest and
achievement in mathematics performance. In summary, the inadequate of qualified teachers has
affected the students’ performance and lower interest students in mathematics (leren & Innocent

2017). Thus, using poor methods of teaching, impacts appear in performance and cause student
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phobia and hatred of mathematics subject which increase the lack of interest in such subject in
both students and teachers. In such situations, students tend to avoid studying science and

mathematics subjects.

High Science and Mathematics Teaching Workload

High science and mathematics teaching workloads are one of the impacts which were uncovered

during the thematic analysis of the education officer and the teachers.

The findings from the study showed that, in certain schools where there were shortages of science
and math teachers, the available educators shared the number of classes on the schedule and ended
up with a heavy workload. Since it is more of a teacher-based activity, the analysis of the interview
responses from the education offices and the instructors revealed this, which did not show up in

the analysis of the replies to the questionnaire from the students.

Similar results were found in Projects' (2013) research study, which found that a shortage of
instructors in secondary schools increases the burden on teachers and has an impact on how the
curriculum is implemented. In normal circumstances, for the teachers to be able to plan, prepare
and teach effectively they should have up to 24 lessons per week. If they have more than 24 lessons
per week, they are overloaded. In the current research study, some teachers revealed that they were

teaching more than 26 lessons per week.

This research, therefore, suggests that the issue of scarcity of teachers in science and mathematical
fields should be solved so that the teachers have a manageable number of students and lessons per
day to allow more interaction between them. By doing this, both the performance of learners in

mathematics as well as science classes and the overall number of graduates would consequently
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improve. If this pattern continued, the shortage of science and math trainers would gradually

worsen until it is eliminated from secondary schools.

Unfinished Syllabi

Both the analysis of interviews for the education officers and the teachers as well as the
questionnaires for students shows that another impact of the shortage of teachers especially in the
field of science and mathematics was the unfinished syllabi. This impact is related also to the
teacher’s teaching load which was reported to be high among the science and mathematics
teachers. Since the schools possess few science and mathematics teachers compared to the syllabus
content to be covered per subject per the time given does not match, it affects classroom learning
and the teaching process. Thus, the teachers tend to teach as much as they can but some fail to
cover up the syllabi. This implies that with few science and mathematics teachers, covering the
syllabi is a problem. There is too much to share among teachers from the science and mathematics
syllabi among a few existing teachers in secondary schools and as a result, the syllabi remained

unattended.

Moreover, other factors such as the high teacher-student ratio hinder the teachers from interacting
with individual students. Even if the syllabus would be covered, the teaching may be inadequate
due to other challenges like the availability of textbooks, laboratory facilities, and classroom
infrastructures (UNICEF, 2018). The government took efforts to train more teachers, especially
science and mathematics teachers by providing loans to students for funding their studies through
the Higher Student Education Loan Board (HSELB). This is a good strategy, but still, it is not clear

whether all of those graduates will enter into teaching careers in the future.
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High Teacher-student Ratio

In the analysis of the education and the teachers’ interviews, it was revealed that a high teacher-
student ratio is one of the impacts of the shortage of scientific as well as mathematics teachers in
secondary education. The teachers believe that a low teacher-student ratio gives more room for
interaction with an individual student while with a high teacher-student ratio it is not easy for a
teacher to be able to help the individual student. In the current research, the thematic analysis of
the teachers’ interview responses revealed that there is a high teacher-student ratio. This means
there is truncated effectiveness in teaching and learning science and mathematics subjects (Evarist,

2019).

According to Evarist (2019), the less the teacher-student ratio (small class) the more classroom
practice interaction becomes. If the class is small, it provides more room for feedback, student
satisfaction, and discussion with their teachers. The current research findings revealed that one of
the impacts of the scarcity of teachers in science and mathematics is the high teacher-student ratio
which affects both students and teachers. The teachers are affected in terms of commitment and
morale, while students were affected by their performance. Since these teachers cannot invalidate
large classes in their schools, they should plan techniques for effectively delivering quality

education in such situations (Evarist, 2019).

Koc and Celik (2015) found in their study that the interaction between teachers and students in
terms of social and academic aspects is an important determinant of academic success. The
interaction can be affected but the teachers’ and students’ behavior as well as student-teacher ratio
in the classroom. A low teacher-student ratio encourages the teaching process, students’

engagement, class activities, and therefore students’ learning. However, the effectiveness of the
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teachers depends on the quality of the teacher (qualification) and how the teacher inculcates
knowledge in students. The high teacher-student ratio affects teacher commitment and morale in

teaching in the classroom.

Several studies found that the teacher-student ratio affects the academic performance of the
students (Estome and Lyonga, 2020; Nghambi, 2014; Saga, 2014; The Citizen, 2022). Moreover,
teachers’ load and class size have some negative impacts on the student’s performance as well as
interest in effectively studying. This means that teachers are encouraged to teach effectively when
the class is manageable and that they can be able to assist the individual students. Based on the
above discussion intervention is quite an important issue at this juncture. Thus, this study suggests
that more teachers should be employed especially science and mathematics teachers to decrease
the teacher-student ratio so that the students’ performance could be enhanced. As the students’

performance becomes high many of them could join the tertiary level.

According to Lyimo et al. (2017), based on the information presented, analyzed, and discussed, in
their research study, it is concluded that teachers' workloads are heavier, which reduces the
effectiveness of instruction; there is a severe shortage to accommodate, the demand for a sharp
rise in secondary school enrollment, and scientific teachers are in higher demand than art teachers.
The teacher-to-student ratio is approximately equal to 50, with some schools having a ratio of at
least 1:80, which is significantly higher than the optimum ratio (1:40). When the teacher-to-student
ratio is higher than typical, teachers are unable to mark schoolwork, return them on time, or even
counsel pupils who are having learning difficulties. Lyimo et al. (2017), suggested that the
government and policymakers devise methods to combat teachers’ inadequacy in Tanzanian

Community Secondary Schools.
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According to Citizen (2022), it is reported that the current challenge in education is the rapidly
growing shortage of qualified teachers against the rapidly increasing numbers of students at both
primary and secondary schools in Tanzania. According to a National Bureau of Statistics study
report on the subject, as reported in Citizen in February 2022 the total number of primary and
secondary school teachers in 2017 had decreased by 4.01 and 1.7 percent, respectively, by 2021.
In contrast, the number of primary and secondary school students increased by 19 and 52 percent,
respectively, over the same five-year period. The trend of rising student enroliment, particularly
in secondary schools, results in a greater shortage of teachers, notably in the fields of science and

mathematics.

In other words, the teacher-to-pupil ratio has risen from the recommended normal of 1:45 to 1:50
in 2017 and 1:62 in 2021 and it is continuing to rise while thousands of college graduates (future
teachers) are unemployed (The Citizen, 2022). In general, public/government schools are more
affected by teacher shortages than privately owned/operated schools, because the latter's
employment and related terms are usually more appealing. Indeed, the government is already
working on solutions to the problem, including better working conditions/environment and terms
for teachers in particular, as well as workers in general. We advocate for a faster response to the

connected issues before things get out of hand.

Students’ Low Interest in Studying Science and Mathematics Subjects

Students’ low enthusiasm in studying scientific and mathematical courses is one of the
repercussions of the scarcity of science and mathematics in secondary schools as indicated in the
current study. Thematic analysis of educational authorities and the teachers as well as the responses

to the student questionnaire indicated that a shortage of mathematical and scientific teachers
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caused the students’ low interest in pursuing science and mathematical subjects. Students’ attitude
toward science and mathematics about these subjects lowers their interest to study. There is a
negative perception of science and mathematics among students based on the fact that they believe
that these subjects are hard to study and pass. This perception lowers the students’ interest in
studying science and mathematics subjects and causes few graduates in the education system.
Thus, if students’ interest in studying science and mathematics subjects is low if they are promoted

from one class to another they will continue with such altitude.

Students’ low interest in studying science and mathematics may also be caused by the language of
instruction. According to Mlay (2010), the issue of students using Kiswahili as a medium of
instruction in primary schools, and as they enter secondary schools, they used English as a medium
of instruction is a problem. Mlay, (2010) argued that barrier is one of the problems that hinder
students’ performance in secondary schools. Moreover, the literature showed that the student’s
educational background is very essential for the student’s performance in the subsequent classes
(Irene and Innocent, 2017; Michael, 2015). Since the education levels feed one another then,
resolving the issue of scarcity of science and mathematics teachers in secondary schools must be
addressed through all stages of education from pre-primary to tertiary education since levels feed
one another (Kapur, 2018). This means that students at all levels must be prepared and equipped

with science and mathematics skills as a prerequisite to enrolling in those subjects at all levels.

Several researchers in the field of science education, have been interested in attitudes toward
science for decades (Elliniadou & Safianopoulou, 2022). According to their findings, the key
reason is that kids' attitudes influence their future goals and science job choices, especially from
their early years of schooling. With growing recognition of the importance of scientific knowledge,

several governments around the world are concerned about the declining number of students who
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desire to study science. Even in the curriculum, it appears that interesting science programs are
required. This is to guarantee that a STEM program has a positive influence on students' attitudes,
self-efficacy, and achievement. They claimed that their findings are positive and demonstrate
disparities in students' attitudes toward scientists, self-esteem, stereotyped attitudes, and
perceptions of the environment. Elliniadou and Safianopoulou (2022) indicated that following the
intervention, there is a need to encourage and expose disparities in students' notions about
scientists, self-esteem, stereotypical beliefs, and opinions on the value of scientific knowledge to
their lives and the environment. The current study also finds it important to encourage students to
like science and mathematics for the sake of the future of their lives and the nation at large. To
make sure that there are enough trained teachers who can contribute to helping teaching-learning
of scientific and mathematics topics thrive via improvements in student performance, at the same

time the issue of students disliking teaching careers should be addressed seriously.

Students Look for Assistance from Outside the School

During the thematic analysis of the students’ questionnaires, it was revealed that students studying
outside the school are one of the impacts caused by the shortage of teachers in science and
mathematics. The students who have a passion for science and mathematics said that to improve
their performance they decided to look for help from outside the school. This means that they look
for teachers outside the school, especially during the school holiday. In doing so there are some
costs they incurred to get to be taught outside the school. Most of the students believe that without
seeking assistance from outside the school they will not be able to pass their examinations. Thus,

the students do seek assistance from outside-of-school teachers’ during the school holidays.

However, it was not known whether these teachers who were fetched outside the school were

competent or not. Also, the students were unable to explain whether these teachers were qualified,
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underqualified, or unqualified teachers. Thus, it is questionable to what extent this option was
beneficial to the students. From them, they believed that they would be able to pass their
examinations if they opt for substitute teachers outside the school. According to Magano (2014),
the presence of underqualified or unqualified teachers in secondary schools has negative impacts
on students’ performance. Also, the unqualified teachers do not have teaching qualifications
although they might have degrees in other subjects but not education. Underqualified teachers do
not have teaching qualifications but they are assigned to higher levels that do not match the

education level they possess.

Therefore, if these unqualified teachers teach the students outside the school, then this practice
causes negative impacts on the student’s performance in the respective subject. Thus, the
government, school management, and parents should be aware of this and stop the students from
taking the option of studying outside the school during holidays as an alternative strategy for

solving the shortage of teachers in science and mathematical fields.

Students were also supported by their parents in terms of finance to support them to be able to
study outside the school during the vacation. It also questions the quality of the subject matter
which was provided outside the school. Furthermore, it is not known whether these teachers were
using the relevant syllabus material or they were teaching outdated materials. Further investigation
is needed to find out more about the programs which the students undertake outside the schools

during the school holidays.
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The Differences in Responses of the Teachers and Students on the Impacts Caused by the

Scarcity of Teachers in Scientific and Mathematics

The study investigated to see how the teachers and students responded to the impacts of the lack
of mathematics and science trainers in the secondary educational institutions that were visited.
Both students and instructors concurred that secondary schools lacked sufficient numbers of
science and math teachers and their effects. The answers provided by the teachers and students to
the questions about the effects of the shortage of mathematical and science teachers were identical.
Both studies found that the dearth of scientific and mathematics instructors has a detrimental effect
on secondary schools' student performance, curriculum coverage, and interest in studying these

topics.

On the other hand, the education officers and the teachers pointed out that the scarcity of teachers
in science as well as mathematics teachers has an impact on secondary schools and some of the
impacts mentioned were related to teachers’ everyday activities including high science and
mathematics teaching load and high teacher-student ratio. The students also provide some of the
impacts related to their everyday learning process including students avoiding studying science
and mathematics subjects and those who have a passion for science and mathematics seeking

assistance from outside the school from the substitute teachers during the school holidays

Effectiveness of the Approaches Used Minimize the Scarcity of Teachers in Sciences and

Mathematics Fields

The researcher looked into the methods the administration of the school employed to lessen the
effects on secondary educational institutions of the teacher shortage in science as well

as mathematics. The research study discovered some practical strategies that the school
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administration employed to address the shortage of mathematical and science educators in the
different schools they attended. To learn more about those techniques, the researcher created two
questions. One question dealt with methods for reducing the shortage of scientific and math
instructors, while the second asked respondents for their thoughts on ways to lessen both the

effects and the shortage. The strategies are described in more detail in the paragraphs that follow.

Strategies Used to Minimize the Scarcity of Teachers in Scientific and Mathematics Fields

and its Impacts on Secondary Schools

The study looks into the strategies employed by school administration to lessen the effects on
secondary schools of the teacher shortage in science and mathematics. The majority of participants
said that school administration employed initiatives to lessen the shortage of science and math
instructors in secondary schools to maintain teaching progress. Apart from the obstacles faced by
teachers of science and mathematics in educational institutions, it was found that instruction went
on as normal. The teachers revealed in some schools that there were some strategies used to keep
teaching normal including hiring unqualified or underqualified teachers. Some of those teachers
were degree holders but not in education. The school management was trying to ensure that at least
there is a teacher in the class and the students were busy. However, most of these teachers were
temporary and or not full-time teachers. Most of these teachers were science and mathematics part-
time teachers who were given short-time contracts. The season that these teachers were working
temporarily was because they were teaching in other schools or other words, they were teaching

in more than one school.

Although the hiring of the temporary teachers was serving the purpose at that specific time it was

not an effective solution to the problem. The temporary teachers were reported to be not reliable
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since they teach and leave the school as soon as they finished their lessons. Thus, whenever they
were needed by the students for some assistance, they were absent from the school campus.
Moreover, students considered these temporary teachers not to be serious about teaching. This
means if the students want to consult the teachers after the lesson, it is impossible since they leave
the school after the lesson. Thus, one can conclude that this strategy is ineffective, and therefore

the school management needs to think of hiring full-time teachers.

Projest (2013) did a related study and found that schools with shortages of teachers employed
temporary teachers. Some of them were advanced secondary school graduate students who were
not trained to teach. Projest (2013) revealed that some of these teachers were engineers who were
teaching Physics and Mathematics. The untrained teachers lack teaching methodology and
pedagogical skills so they may not be able to deliver the subject matter effectively. Thus, this
strategy which was chosen by the school management might have negative impacts on secondary

schools since the teachers employed were not competent enough to teach those subjects.

On the other hand, there were some positive strategies taken by the school management including
providing incentives for the science and mathematics teachers and even other teachers whose
students performed well in their examinations. This was revealed during the interview with
teachers in some schools. By providing the incentives the teachers feel more encouraged to work
more and raise the students’ performance. Moreover, the teachers suggest that there must be some
remedial classes for the identified weak students to boost their performance. The current research
realized that in some schools visited they were conducting remedial classes for the weak students
and the class who were about to sit for the final national examinations. The teachers admitted that

remedial classes raised the students’ performance in general.
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Opinions on How to Minimize the Scarcity of Teachers in Sciences and Mathematics

Disciplines and its Impacts on Secondary Education

The study offers opinions from the research subjects on how to lessen the shortage of science and
math teachers throughout secondary educational institutions. When asked for their advice on how
to reduce the impacts of the lack of science and math teachers and their shortage, education
officials and teachers gave responses that were aimed at students, school administration, and the
government. This implies that both school administration and the government, as well as the
students, have duties to reduce the repercussions of the lack of scientific and mathematics teachers.
Additionally, teachers must work together to reduce the shortage of science and math instructors
in secondary schools. To lessen the shortage of science and math teachers and their effects on
secondary schools, school administration, and the government both have various duties that may

differ or be comparable.

A study by Saga (2014), suggested that the school management should motivate science and
mathematics teachers especially when they do extra workload. The current research study revealed
that in some schools visited the teachers were given extra payment for the extra period they taught
regardless of the subject taught. This motivation encouraged the teachers to work harder to
improve student’s performance. It was also discovered in the current research study that in some
schools, the teachers were paid incentives at the end of the year based on the national examination
results. This is another way of motivating the teachers and pushing them to work hard to improve

students’ performance.

Moreover, the current study comes up with some opinions from the participants’ responses that

the government should employ more science and mathematics teachers in their schools. Private
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school management should as well employ qualified and well-trained science and mathematics
teachers in their secondary schools. These suggestions are as well supported by a similar report by
Saga (2014). Moreover, employing more science and mathematics teachers could minimize the
teacher-student ratio and allow more teacher-student interactions with the individual student in the
classroom. Moreover, with the employment of enough science and mathematics teachers, the
workload for the teachers would become low and give teachers more relief to plan and work
effectively and improve students’ performance. In line with this, the improved performance and
employment of enough qualified and well-trained teachers would encourage more students to like

and study science and mathematics subjects as well as teaching careers in the future.

The enrolment of the students should be done according to the available teaching resources in
schools (Saga, 2014). This means that during student enrolment, they should not consider only
school capacity, but also the availability of teachers, teaching facilities such as libraries with
textbooks, laboratories with chemicals and equipment, and enough classrooms. The school
management should supply the school libraries with multiple copies of textbooks as well as
supplement-books books and laboratories with materials needed for experiments such as chemicals
and equipment necessary for laboratory work (Evarist, 2019). These teaching materials should be
replaced whenever they are out of stock to ensure that teaching and learning continue. The school
buildings and equipment should be repaired as necessary and the consumables should be replaced

on time.

Summary

After conducting the research analysis of the data collected from the participants through

interviews and questionnaires the information was summarized in Chapter 4. Chapter 4 presents
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the research analysis of data and the finding of the research study. The chapter started with an
overview or an introduction of the chapter. The research study aimed at investigating the factors
that are causing the scarcity of teachers in science and mathematics fields and the impacts in
Tanzanian secondary education. The current study was conducted in the Pwani region in Kibaha
and Bagamoyo Districts. In the beginning, the researcher investigated why students do choose to
study science and mathematics subjects. The research starts by wanting to know why they did
choose to study science and mathematics and summarizes the main motive behind studying the
subjects. The research employs mixed research method techniques during the data collection and
interpretation. Data analysis from the students’ responses revealed that the students do choose to
study science and mathematics because they want to become doctors or nurses. This means that
they wanted to take the careers that in one way or another work in the health sector. Some of them

wanted to become dentists, others doctors while some wanted to become nurses.

Moreover, some of the students were just studying science and mathematics as a passion. These
students explained that they just felt proud to be scientists. On other hand, some students were
studying science and mathematics because they wanted to become engineers including electrical
engineering, mechanical engineering, computer science engineering, gas, and petroleum
engineering, just to mention a few. Other responses showed that some students were studying
science and mathematics subjects because they wanted to become pilots, economists, or surveyors

while very few wanted to become teachers.

The finding indicates that many of the students who study science and mathematics want to
undertake science and mathematics-related careers and just a few would like to take teaching
careers. Thus, these findings showed that the students dislike teaching careers. This is the reason

why teachers in sciences and mathematics are scarce in Tanzanian secondary schools.
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When the data from the teacher interviews were analyzed, the research findings revealed that the
factors that are contributing to the shortage of mathematical and science teachers have been poor
performance in those subjects, a limited number of graduates in those fields, students who are
interested in those fields but choose to pursue other careers instead of teaching, high teachers'
teaching loads which rendered the instruction ineffectiveness, and the presence of unsuitable

teaching and learning environments.

On the other hand, the data analysis of the students’ questionnaire indicated that the factors that
are causing the scarcity of teachers in sciences and mathematics were poor performance in science
and mathematics subjects; few numbers of graduates in science and mathematics courses;
inadequate teaching and learning facilities; students’ perception that science and mathematics are
hard to study; as well as students study science and mathematics subjects but in the end, join other
careers and not teaching. These results are more or less similar to the findings obtained during the

interview with teachers and the education officers.

According to the results of the current study, the issues that teachers, district education officers,
and students identified as contributing to the shortage of science and math teachers are largely the
same. In other words, there is a similarity in the factors mentioned by the teachers and the
education officers as well as the students which are causing the scarcity of teachers in scientific
and mathematics fields in Tanzanian secondary schools. This also showed the validity and
reliability of the data collected from the triangulated sources of the data source. The triangulated
sources of data were used to ensure that there is a wide range of information that could be justified

as valid and reliable.
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The global themes that were obtained from thematic data analysis were tallied to get the
frequencies which were converted into percentages that were presented in the pie charts.
Presentation of the results in pie charts makes the reader able to understand and interpret the
obtained information from the data. This was done to make a better understanding of information

obtained from the research participants.

The research analyzed the impacts of the scarcity of teachers in scientific and mathematics fields
in Tanzanian secondary schools. The interview data for teachers and education officers were done
separately from the students’ questionnaires. This means that the data from the teachers and the
education officers were analyzed together while students’ data were analyzed separately. For the
teachers and the education officer, the findings showed that the impacts of the scarcity of teachers
in science, as well as mathematics, were low performance in science and mathematics subjects;
high teachers workload among them in science and mathematics; unfinished science and
mathematics syllabi; high teacher-student ratio; as well as students’ low-interest in studying

science and mathematics subjects.

On the other hand, the data from the students revealed that the impacts of the scarcity of science
and mathematics are low performance in sciences and mathematics fields; students avoiding
studying sciences and mathematics courses; unfinished science and mathematics syllabi; students’
low interest in studying science and mathematics subjects; and the students look for alternative

help from outside the school.

Concerning the effects of the teacher shortage in science and mathematics, both instructors' and
students' results are identical. The two thematic maps/networks (Figures 8 and 9) show the causes

and effects of the dearth of science and mathematics, respectively. The causes and effects of
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science and math shortages are similar. The shortage of science and math teachers and the effects
on secondary schools are caused by these two things—the revealed causes and the impacts—which
feed off one another and create an endless cycle relationship between them. This endless cycle is
termed here as a cyclic relationship model. The primary reason for the problem's continuation is
this cyclical relationship between the causes of the shortage of teachers in the sciences and
mathematics and its effects. This cyclic relationship needs to be broken to be able to minimize or
eliminate the problem of scarcity of teachers in secondary schools. To intervene in the cyclic
relationship between the cause and impacts of shortages of teachers in science and mathematics
fields, it needs teamwork among all education stakeholders. These stakeholders have to act against
these factors which are causing the scarcity of science and mathematics at their specific positions
or levels. These stakeholders include the students, the school management, teachers, parents, and
the government. However, to go about solving the problem need further investigation on how to

break the cycle.

The study found that students are not very interested in learning math and science. Thus, it is
necessary to motivate learners to become teachers and like teaching the fields of mathematics and
sciences to increase their interest in these disciplines and their study of them. Students should also
quit ignoring science and math classes and start working hard to improve their grades in these
subjects in secondary schools. On the other side, the survey found that secondary schools lacked
sufficient resources for teaching and learning, including textbooks, computers, and well-equipped

labs, as well as an insufficient number of scientific and mathematics teachers.

Additionally, it was discovered that the repercussions of the scarcity constituted the elements
driving the shortage of scientific and math teachers. In general, there is a cyclical relationship

between the causes of the teacher shortage in science and math and the consequences. To resolve
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the problem the school management should ensure that there are sufficient human resources and
teaching and learning facilities such as enough science and mathematics teachers, a library
furnished with necessary textbooks as well as supplementary books, laboratories with enough
facilities adequate school environment that is friendly to teachers and students in teaching and

learning.

The study discovered that teachers were experiencing low payments, and a lack of salary
increments, while there was a high teaching load, a high teacher-student ratio, and facing a lack of
teaching facilities, just to mention a few. To minimize the problem the study comes up with
suggestions from the teachers. Some of these suggestions need the teachers to participate in
resolving the problem. It was discovered that instructors play a significant part in reversing the
negative effects on secondary school students of the factors contributing to the shortage of
mathematical and science teachers. Teachers need to be conscious of their role modeling for their
students. As a result, they should try to assure high performance and inspire and encourage students
to pursue professions as teachers. By doing this, the cycle between the causes of the shortage of

science and math teachers and its effects on secondary schools would be broken.
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CHAPTER 5: IMPLICATIONS, RECOMMENDATIONS, AND CONCLUSIONS

Introduction

The implications of the research findings are finally discussed in Chapter 5, accompanied by
suggestions for application for learners science and math teachers, school administration, and
government officials. The recommendation for additional research is also presented in Chapter 5,
together with the research’s result. In this section on the study's implications, it was explored why
students choose to major in science and mathematics as well as how teachers and students feel
about the lack of scientific and math instructors in secondary schools. The study also covered the
implications of the causes that contribute to the shortage of science and math instructors as well
as the effects of this shortage on secondary schools. According to the study's findings, students
and teachers had slightly different reactions to the causes that contributed to the shortage of science
and math instructors in secondary schools. This chapter talks about these minor variations in
responses. The chapter covered the implications of the research findings of the school
administration's strategies for reducing the shortage of mathematical and scientific teachers within

secondary schools, as well as opinions on how these strategies have done so.

The research study provided the recommendation for the application of the research findings to
specific education stakeholders including the students, science and mathematics teachers, the
school management teams as well as the government. Each education stakeholder has a role to
play at the level they belong to. Furthermore, the research study recommends future research in

the areas in which the current research finds that there be gaps that need investigation.

Last, but not least Chapter 5 presents the conclusion of the dissertation in summary on the causes

of the shortage of science and math instructors and how it affects Tanzania's secondary schools.



227

The conclusion also expressed how the research findings responded to the research problem.
Moreover, the chapter conclusion presented how these findings have contributed to the existing
literature about science and mathematics teacher shortages, as well as how they affect Tanzania's

education in secondary schools.

In short, Chapter 5 summarizes the research findings, conclusions, and recommendations for
application in resolving the scarcity of science and mathematics teachers and the impacts on
secondary schools in Tanzania. In this chapter, recommendations for future research are also
provided. The main purpose of this research study was to investigate the factors causing the
scarcity of science and mathematics teachers and the impacts on secondary schools in Tanzania.
The problem of the scarcity of science and mathematics has persisted in the country for a long
time, apart from many reforms and interventions made by the government through its Ministry of

Education, Science, and Technology.

Although the government has devoted many efforts to employing more science and mathematics
teachers, there is still a scarcity of science and mathematics teachers in Tanzania. The current
research through literature review discovered that some unknown factors were maintaining the
problem of the scarcity of science and mathematics teachers and the impacts on secondary schools.
The research was conducted in Kibaha and Bagamoyo districts in some selected secondary schools
to find out the factors causing the scarcity of science and mathematics teachers. The implications,
recommendations, and conclusions presented in this chapter are based on the research questions,

which were derived from the research objectives of the current research.

The research used mixed research methods to find out the factors causing the scarcity of science

and mathematics teachers by using interviews and questionnaires during the data collection. Data
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were collected from eight secondary schools and two district education offices in the Pwani
Region. The region was purposively selected based on the three years (2016, 2017, and 2018)
national examination results. The region was ranked among the top ten schools that were
performing well in those national examinations. The schools were randomly selected from a list

of all schools with advanced secondary school levels.

The research took into consideration that this research involved humans, so all ethical dimensions
were taken care of. The research considered obtaining informed consent from the research
participants. All research participants received a brief explanation of the study's goals, importance,
and methodology, and they were free to decide whether to participate in the research or not. They
were also informed that they were free to quit the research at any time if they thought there was a
need. The research participants’ names and other personal information were highly considered
private with high respect. Therefore, no names or personal information regarding the participant

appeared in the research report.

Chapter 5 presents the implications of the research study and comprises discussion sections based
on the research questions. These sections were organized well to draw the logical conclusions of
the specific research question. The sections discuss the motivations behind students' decision to
study science and mathematics, the experiences of students and teachers with Tanzania's
inadequate number of mathematical and scientific teachers, the causes of this shortage, the effects
of this shortage on secondary schools, and the divergent perspectives of students as well as teachers
on the effects of this shortage. the different responses from students and teachers regarding the

detrimental impact of a teacher shortage in science and mathematics on secondary schools, as well
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as the methods the administration has used to lessen the teacher shortage in these subjects.

Teachers' opinions regarding these methods have also been acquired.

Chapter 5 also provides recommendations for the application of the research findings in the
education sector that are presented in the subsequent section. In this section, the researcher explains
the meaning of the research findings and the importance of the research study's conclusions in
addressing the issue of Tanzania's secondary schools' shortages of science and math instructors.
Despite all of the government's efforts, it was discovered that secondary schools are still lacking
in mathematical and science teachers. The results of the current study are intended to aid attempts
to address Tanzania's long-standing problem of an inadequate number of science and math
teachers. The results were in line with Weiner's theory of attribution, where internal and external
factors, in this case, cause failure or success in the performance of scientific and mathematical
subjects, which is related to the availability of a sufficient number of science and mathematics

professors.

Weiner's theory of attribution states that three categories of traits can be used to assess the
explanations that individuals typically give for success or failure: First, success or failure may have
internal or external causes. That is, we might be successful or unsuccessful as a result of elements
that we attribute to ourselves or elements that come from our surroundings. Second, there are two
possible causes for success or failure: stable or unstable. If we expect the cause to be stable, the
outcome will most likely be the same if we take the same action again. If it is unstable, the result
most likely will not be the same the next time. Third, you may or may not have any control over

the factors that lead to your success or failure. a factor is considered a controlled aspect to be one
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that we believe we can alter at will. We consider a factor to be uncontrollable if we do not think it

will be simple to change.

According to the attribution theory, we frequently attribute internal or external factors as the root
causes of success or failure. In other words, we succeed or fail as a result of elements that we
attribute to ourselves or elements that originate outside of us. The degree to which we may
influence success or failure is a factor. In the case of scarcity of science and mathematics teachers,
some causes emanated from students themselves while some are from the school environment.
The internal factors that are causing failure in science and mathematics subject’s success from
students include a lack of interest among learners in both mathematics and science because they
perceive these fields difficult to study, students avoid studying science and mathematics, and
students avoid joining teaching careers. On the other hand, external factors include inadequate
teaching-learning facilities like libraries with books, well-furnished laboratories, and enough

qualified teachers.

The attribution theory makes the crucial premise that we interpret our environment in a way that
helps us preserve a positive sense of who we are. That is, to feel the best about ourselves, we will
give reasons for our accomplishments or failures. For instance, students are more likely to credit
their efforts or skills when they succeed academically than they are to blame outside forces, such
as a lack of resources, ineffective teaching strategies, inexperienced instructors, etc. when they
fail. According to Weiner's attribution theory, students are most likely to blame internal and
external factors, such as not working hard or having a negative attitude toward mathematics and

science, for their high failure rates in mathematics and science (Weiner, 2022). External factors
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include that mathematics and science are challenging subjects, teachers are incompetent, there are

no science laboratories for experiments, and students are not taken seriously by their teachers.

As a result, students, teachers, and the school environment all play a role in both, the causes and
consequences of the shortage of mathematical and scientific teachers. Moreover, based on the
research findings, this research has contributed to the existing literature by unveiling the causes
and the impacts of the scarcity and science and mathematics teachers which was the knowledge
gap. The study could be a useful starting point to help to minimize the problem. The current

research study also provides recommendations for future research.

Implications

The primary goal of the research project was to examine the causes of the teacher shortage in
mathematical and science subjects as well as its effects on Tanzania's secondary schools. The
research was conducted in Kibaha and Bagamoyo Districts in Pwani Region. The research
respondents were the district education officers, science and mathematics teachers, and students.
The researcher employed qualitative and quantitative research methods using interview guide
questions with education officers and teachers, and questionnaires were distributed to students.
Before conducting data collection, the literature review for the related studies was conducted. The
research data were analyzed using the thematic analysis method. The researcher followed the
thematic steps in a systematic way for rigorous analysis of the data and interpretation of the
research study findings. At the end of the thematic analysis, networks were produced. The

networks are aimed at exploring the understanding of the subject matter and not resolving it.

The research findings’ implications are presented based on the research questions and the

objectives of the research study mentioned in Chapter 1. The organization of the section about the
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research implications in this chapter explains the meaning of the research findings and how various
education stakeholders may use them to address the issue of the shortage of teachers in

mathematics and science and the impact it has on Tanzanian secondary education.

Reasons Why Students Choose to Study Scientific and Mathematics Fields

The purpose of the study was to determine why these students choose to study mathematical and
scientific subjects at secondary levels. According to findings of this study, some secondary school
learners in the visited schools choose to major in mathematics and science fields for a variety of
reasons. The results showed that few students intended to become teachers; instead, they preferred
to study mathematical and scientific subjects to pursue occupations in such fields, such as those of
doctors, engineers, pilots, and nurses. Most of the student respondents explained that the intention
to study mathematics and scientific subjects was to become doctors as well as nurses. Others
planned to study science and mathematical subjects so that they could become engineers,
specializing in mechanical engineering, electrical engineering, computer science engineering, and
petroleum and gas engineering. Moreover, the current research findings revealed that some
students were studying science and mathematics because they were feeling proud about becoming
scientists, but not in their teaching careers. Very few students preferred to become teachers maybe

for some unknown reason inspiration from their family members.

In the current study, it was revealed that students consider a teaching career as a low pay job with
a low or little reputation as well as very tasking with large loads in society. The students were
concerned with the teacher-student ratio which was affecting them negatively during the teaching
and learning process as well as in the final academic performance. Based on that, if the students

dislike joining the teaching careers then they contribute to a large extent to the shortages of teachers
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in mathematics and science as well as the impacts on the secondary education system. These
findings are supported or justified by a study conducted elsewhere by other researchers. Saks,
Soosaar & llves (2016), in their study, found that the students dislike the teaching profession for
the reasons that salaries paid to teachers were too low and that teachers’ job was made unpleasant
due to misbehaving students. Moreover, Garcia and Weiss (2020), reported that low compensation,
a demanding school environment, and a lack of professional development assistance and
recognition are all issues that cause instructors to leave or discourage young people from entering
the teaching field, as well as making it difficult for schools to retain and attract highly qualified
teachers. We should provide additional support and funding to high-poverty schools, where teacher

deficits are much more of a concern, to address these factors for all schools.

Apart from teaching, teachers become overworked with other activities including making sure that
the student’s behaviors are controlled. This situation makes the teaching workforce shrink as
young people do not find the teaching career attractive to pursue. Saks et al. (2016) revealed also
that some reasons which discourage students to consider the teaching profession was a big teaching
workload and a concern about salary which is the main factor individual consider in deciding
whether or not to choose teaching as a career option. Generally, students perceive that teaching is
a low-paying job, with a low reputation in society and that they always see their teachers as role
models. Therefore, with this perception, the students lose interest to join a teaching career and opt

to join other science-related or mathematics-related careers.

Saks et al. (2016) in their study, concluded that students have a rather adequate understanding of
a teacher’s job, and they realize the difficulties and problems associated with teaching, something

that does not inspire many of them to follow this path and pursue a teaching career. However,
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some positive factors influenced students to consider the teaching profession including passing on
knowledge and working with children who are having fun. However, one can consider this as a

very minor reason for deciding to pursue a teaching career for young people.

According to Saks et al. (2016), another finding revealed in their study was connected with positive
role models in students’ families. In a study, Saks et al. (2016), found that having a role model as
a teacher-family member creates the aspiration to resemble these individuals and contributes to the
development of offspring similarly. Students admitted to having positive experiences with their
teachers at school as well as having teachers in their own families work as positive role models,
which might persuade them to grow to be a teacher. This finding leads to the recognition that the
reflections and messages that teachers put forward about their careers when working with students

are very significant as they may influence students’ future career choices.

These findings are in line with reviewed literature where many scholars have reported similar
results in Tanzania and in other countries (Michael, 2015; Ndalichako and Komba, 2014; Ngema,
2016; Osaki, 2007; Saks et al., 2016). To rectify the situation, the student’s perception of teaching
careers must be changed. This perception could be changed through their teachers, who have to
reflect on their positive experiences that could inspire and encourage the students to join teaching
careers. The findings support similar observations by Saks et al. (2016), who reported that students
do view teachers as role models, so the teachers have to reflect on their feelings and satisfaction

with the teaching career to encourage and inspire students to consider a teaching career.
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Students and Teachers’ Experiences on Shortages of Teachers in Scientific and

Mathematical Fields

The current research study focused on Tanzania's secondary schools' experiences with a shortage
of scientific and mathematical teachers, as well as their effects. The research investigation found
that there are not many teachers in the field of mathematics and scientific disciplines in secondary
educational institutions in the current research location. The investigation of these causes was done
in selected secondary schools where teachers and students were involved. Both the students and
the teachers involved in the current research revealed that due to the high shortage of mathematical
and scientific teachers, secondary schools were severely impacted. Current findings are supported
by the literature where many scholars report similar results in similar or related research in areas
(Michael, 2015; Ngema, 2016; Projest, 2013). The current research findings support the existence
of the shortages of teachers in sciences and mathematical fields as well as the impacts on Tanzanian
secondary education. The existence of the scarcity is verified by the persistence of high teaching

loads among teachers, high teacher-student ratios, and unfinished syllabi, just to mention a few.

Other scholars reported similar results in their research study. Manyengo (2021) reported that, in
2019 that the pupil-qualified teacher ratio in public primary schools, was 55:1 while in public
secondary schools, it was 23:1. In contrast, the ratio was 25:1 in private primary schools and 19:1
in private secondary schools At the primary school level, the current pupil-teacher ratio of 55:1
does not apply evenly throughout all schools, districts, or regions. However, the PTR varies by

location, geographically, and whether a certain area is urban or rural.

There is a complex issue concerning a shortage of mathematical and scientific trainers that has to

be resolved, but it can only be cleared up if a series of other problems are also solved in the
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education system. To minimize or eliminate the problem needs to involve different education
stakeholders and institutions. The school management must improve the school teaching
environment to attract teachers by improving their salaries, providing housing, and resolving the
problem of teacher turnover rate. The school's management should as well stop hiring
underqualified teachers to minimize the teachers turnover rate. To lower the turnover rate, schools
need to significantly change the management and conditions of schools in such a way that qualified
teachers are attracted to the system. They need to increase science and mathematics salaries. The
schools need qualified science and mathematics teachers who have knowledge and skills in the

subject matter to be able to implement the school's curriculum in the classroom and laboratory.

The long-term solution to the scarcity of teachers in science and mathematical fields is to improve
teachers' working conditions by providing special salary increments to attract more of them to join
the teaching career. This can be accomplished effectively if such change is implemented through
policy and systematic change in students’ perception of teaching careers. Moreover, the study
suggests that both government and school management to take a role in formulating salary policies

that would attract qualified teachers to secondary schools.

Developing the policies is one side of the coin but the implementation of the same is another side
when it comes to the policy-makers and the teachers respectively. The school management teams
should advocate for the implementation of a comprehensive set of policies made by the
government, including those tailored to local needs and circumstances, to address our emerging
teacher shortage and ensure that students are taught by committed and competent teachers. These

policies should consider teacher training colleges when the teachers are trained.
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However, because teachers are unsatisfied with their work or salaries, supportive school
environments must be created in which teachers believe administrators support them and that their
opinions are considered when decisions are made. The current research shows that the issue of the
shortage of mathematical and science teachers is complicated and calls for cooperation among
those involved with educational institutions to take action at their respective levels. The reasons
for that are the elements that are resulting in an inadequate number of science and mathematics
teachers having a cyclic relationship with the impacts of the same and making the situation difficult

to resolve.

Factors Contributing to the Shortage of Scientific and Mathematical Teachers

Like in other countries, the scarcity of teachers in scientific and mathematics fields in secondary
schools is a growing crisis in Tanzania (Lyimo et al., 2017). The current research study was
investigating the factors causing the scarcity of teachers in mathematics and science and its impacts
on the secondary education system. The current research study revealed that factors were causing
the scarcity of trainers in scientific and mathematical fields in secondary education, including poor
performance in science and mathematics subjects, high teacher-student ratio, low salary, and salary
increment, and few student graduates in science and mathematics who chose to teach careers,
students avoided science and mathematics as they consider them hard subjects to study, and most
of them join other careers. Some of the revealed factors were: high teaching load among science
and mathematics teachers, students opting to seek alternative assistance from outside the school,
the current unemployment situation in the country, students joining other science and mathematics-

related careers, unfinished syllabi, and inadequate teaching and learning facilities.
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Moreover, in the current research study, poor performance was the most mentioned factor by both
teachers in the scientific as well as mathematical fields. Findings are supported by other the study
conducted by other scholars who find that there was poor performance in mathematics subjects
which was caused by poor students’ background and inadequate self-practice (Michael, 2015).
Whenever performance becomes poor in the fields of mathematics and scientific subjects, very
few students are promoted to the next level of education. In the long run, the numbers of graduates

become very few at the tertiary level.

Increasing the students’ performance needs to involve teamwork among the students, the school
management, and the government who have to take some actions. Students have to put more effort
into self-practice in science and mathematics subjects. Self-practice should include efforts in
reading, practice in solving mathematics problems and performing laboratory science activities
(Michael 2015). Students should like science and mathematics subjects and join teaching careers;
the school management to create a proper teaching-learning environment; provide teaching-
learning facilities; school management is accountable; the government has to provide a good

education policy.

The school management has to provide adequate teaching and learning facilities to enable the
students to act on their side and do their part to improve academic performance. These facilities
should include the school libraries that are well-furnished with all necessary textbooks and
supplementary books as well as the laboratories with well-equipped facilities such as chemicals,
equipment, and specimens. The facilities that are to be put in place should also consider
improvements in online teaching and learning for science and mathematics so that students can
continue with their studies during harsh periods such as the coronavirus pandemic (Olanrewaju &

Mremi, 2021). Students will require computers with an internet connection to enable them to study
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online. Governments and international institutions must adhere to principles and implement
changes so that not only children and youth may reclaim their promised destiny, but all education

stakeholders can play a part in making it a reality.

On the other hand, this catastrophe has sparked innovation in the education industry. With radio
and television in take-home packages, we've seen creative techniques to ensure education and
training continuity (UNESCO, 2020). Likewise, the education disturbance has had and will
continue to have far-reaching consequences outside of the classroom. Educational institution
closures restrict the supply of important services to individuals and communities, such as
accessibility to healthy food, restrict the ability of many families to work, and decrease the

student’s ability to study.

According to UNESCO (2020), online training solutions were established as a result of swift
responses from governments and stakeholders all around the world, including the Global
Education Coalition organized by UNESCO, to support education continuation. We've also been
reminded of the critical role of teachers, as well as the fact that the government and other relevant
stakeholders owe a continuing duty of care to educators. Everyone must act quickly to keep a
learning crisis from becoming a generational disaster. Education is more than just a basic human

right (UNECSO, 2020). It's an enabling right with ramifications for all other human rights.

Focus on attempting to address learning losses and trying to prevent dropouts, especially among
marginalized groups; provide skills for future employment programs; promote the teachers'
preparation and the teaching-learning process; expand the notion of the right to an education to

include connectivity; remove the barriers to connectivity; enhance data and learning to track;
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intensify articulation and adjustability across levels and training. Even with teacher shortages still

learning would continue online, especially for higher secondary school classes.

Concerning UNESCO (2020), report the COVID-19 crisis has had an unparalleled impact on
schooling. It has slowed progress toward international education goals and unfairly harmed the
poorest and most vulnerable people. Despite this, the education community has shown resiliency,
setting the groundwork for a comeback. There is still a danger of a downward spiral, with learning
loss and exclusion as a negative feedback loop. However, every negative spiral of worsening socio-
economic circumstances suggests the inverse of a positive spiral, one that would lead to the future
of education we desire: one of inclusive change in education delivery, individual and collective
fulfillment in all areas of life through investment in education (UNESCO, 2020). Education
stakeholders could rely on boundless energy and untapped resources to restore not only education's
vital functions but also Site core goals. Moreover, education authorities and curriculum developers
should make use of this chance to identify new approaches to the learning issue and apply a set of
solutions that were previously thought to be difficult or even impossible to implement (UNESCO,

2020).

Moreover, the current study suggested that the school management and the government need to
employ a sufficient and qualified number of teachers in sciences and mathematical fields to teach
in secondary schools. Manyengo (2021) reported that in 2019 the pupil-qualified teacher ratio
(PTR) in public primary schools was 55:1 while in public secondary schools, it was 23:1. In
contrast, the ratio was 25:1 in private primary schools and 19:1 in private secondary schools At
the primary school level, the current PTR of 55:1 does not apply evenly throughout all schools,
districts, or regions. However, the PTR varies by location, geographically, and whether a certain

area is urban or rural. The indication here is that shortly secondary schools will face high student-
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teacher ratios due to the changes in student enrolment in primary schools which also feed
secondary schools. The change in student enrolment is caused by the free education policy and

Education for All movement.

Also, the government needs to encourage more students to study science and mathematics subjects
and to enter teaching careers by providing financial support in their studies and increasing the
teachers’ salaries by providing increments each year. The government and the school management
have to introduce short courses or in-service training programs for science and mathematics
teachers to improve their competencies, knowledge, and teaching skills. These in-service and short
courses should be considered necessary options for teachers to be able to adapt to innovations in
the changing world of science and technology. With the in-service and short courses, the teachers

could upgrade their knowledge and skills and remain updated academically.

Impact of the Scarcity of Teachers in Scientific and Mathematical Fields on Secondary

Schools

The research study investigated how Tanzania's secondary schools were affected by a shortage of
qualified mathematical and science teachers. According to the results of the present study question,
there are not enough scientific and mathematical teachers in secondary schools, which affects the
students. The results of the study showed that there were consequences of a shortage of teachers
in sciences as well as mathematics in secondary education. Both teachers and students agreed that
there were impacts that were affecting teaching as well as the learning process in secondary schools
and specifically the students were most affected. The impacts revealed in the study include poor
performance in mathematics and science subjects; fewer students graduating in science and

mathematics subjects; high teacher-student ratio; high science and mathematics teaching load;
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unfinished syllabi; students joining other science and mathematics-related careers; students

avoiding teaching careers; and students’ low interest in studying science and mathematics subjects.

The impacts revealed by the current research were almost similar to the factors which were
responsible for a shortage of teachers in scientific and mathematical fields in secondary school
settings. The results imply that the factors that are contributing to the shortage of teachers in
mathematics and science in secondary schools eventually appeared as the repercussions of the
teacher shortage in those areas. The problem creates a cyclic relationship whereby the factors
which were causing shortages of teachers in mathematics and science were also the impacts of the
same scarcity. If the causes appear as impacts, then there is a serious need for intervention to
resolve this problem shortly. It is strongly recommended that the government and other
stakeholders involved with educational matters take the appropriate steps to address the shortage
of scientific and mathematical teachers. to take necessary actions against the scarcity of science
and mathematics teachers. This means school management has to take action. Students must take
action to reduce the shortage of scientific and mathematical teachers. In addition, the government
needs to do more to address the shortage of scientific and mathematical teachers and the impact it

has on the secondary education system.

With the country's policy of free education from pre-primary to lower secondary school education,
enrolment has increased, and this may result in more teacher-student ratios that may lead to poor
teaching methods, which would affect students’ academic performance. This means that, in the
future, the scarcity of science and mathematics teachers might double. School enrolment is also
raised due to the Education for All movement which is also been implemented in Tanzania. The

literature showed that many reforms and policy improvements were made to improve students’
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performance, yet science and mathematics continue to be in short supply. As a way to increase the
number of these cohorts, the government is currently offering loans to student teachers majoring
in science and mathematics at tertiary institutions. However, it is unclear how this will affect
Tanzania's secondary schools or address the shortage of science and mathematics teachers.
Reasons for the doubt are not known whether these teachers would like to enter into teaching

careers or they would opt to join other science and mathematics-related careers.

Differences in Responses of Students and Teachers to the Causes Leading to the Shortage of

Teachers in Mathematical and Scientific Fields

The current research study investigated the factors which are causing the scarcity of teachers in
mathematics and science through interviews with teachers and questionnaire responses by
students. The study revealed that both the teachers and the students responded to the question
which was asking about what was the cause of the scarcity of teachers in science and mathematics
fields in secondary education. The research findings showed that there were differences in
responses between teachers and students in some of the revealed causes of the scarcity of teachers
in science and mathematics arenas in secondary education. The differences in the factors were
based on their daily activities in the respective school. For example, the teachers revealed that
there had been low or no salary increments for quite some years, a factor that was not an issue of
concern to students. Other issues of concern that were mentioned by only the teachers were the
high teaching load, the high teacher-student ratio, and the problem of employment. The teachers
disclosed that a high teaching workload has resulted from an inadequate number of teachers

in mathematical and science teachers whereby those existing were teaching many lessons per
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week. Some were having two or three subjects in science and mathematics, causing the low quality

of the subject being taught.

Moreover, the classes were crowded and as a result, the teacher-student ratio become high. This
hinders effectiveness in teaching as well as learning processes. Teachers were facing problems
when trying to interact with individual students in the classroom and this also causes poor
classroom management. Some individual students are left unattended and, in the end, they perform
poorly in the examinations. Moreover, crowded classrooms affect negatively the ability of the
teacher to service the classroom. Also, the current research study revealed that there has been no
employment of the new teachers but rather the government was allowing the replacement of the
teachers who drop out due to some reasons like death, retirement, dropout due to family problems,

and early teachers’ retirement.

Teachers' low salaries have an impact on the supply of teaching staff, including the allocation of
teachers across the country, as well as the quality and quantity of people preparing to become
teachers. Salaries appear to have an impact on teacher attrition as well as teachers are more likely
to leave when they work in schools with lower salaries. Better pay of salaries would also entice

them to return to schools and classrooms.

According to the present research study, salary increases have not been provided to teachers for
more than five years. This situation has continued to keep teacher salaries low. Despite all the
evidence that teacher salaries influence recruitment and training, a teacher's salary across most of
Tanzania is insufficient to support the teachers. According to the current study, the deficiency of

enough science and mathematics teachers is caused by the lack of sufficient remuneration. This
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has been revealed from the data analysis collected from the teachers, education officers, and

student participants involved in the current research study.

According to the current research study, the school management’s essential criteria for hiring and
continuing to support teachers have an impact on teachers' decisions to join, stay in, or change
careers. However, employment in public secondary schools is done by the government in
Tanzania, and in privately owned schools the hiring of new staff is done by the school management
team. The hiring of a new teacher is been done each year to replace the retired teachers and the
ones who drop from their teaching career for some other reasons. This means that a good number
of teachers are still not employed. Late employment of teachers poses a negative impact on teacher
recruits, retention, and student performance based on the duration of hire. Because of outdated
technology, limited ability to send information, and limited time for applicants' demo lessons
during the recruitment period, schools and management may engage in poor hiring practices in
private schools. However, in government or public schools, the applicant’s demo lesson is not

applicable in Tanzania.

On the other hand, students claimed that the shortage of teachers in mathematics and science fields
was a result of their understanding that many students shunned such disciplines due to how difficult
they are to learn. However, students who had a passion for the subjects also revealed that they
were looking for assistance from outside the school to compensate for the missed lessons in the
class due to an inadequate number of teachers in science and mathematics. Although, students
could not tell the qualification of that teacher and this remains a questionable issue that needs to

be investigated. The students also mentioned that they choose to study science and mathematics
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because they wanted to join science-related or mathematics-related careers and not teaching

careers.

According to these research findings, there are not enough mathematical and scientific teachers
and if this could not be minimized or reduced the shortage of teachers in such scientific and
mathematical fields could not be resolved. The issue of high teacher-student and high teaching
load should be addressed by employing more science and mathematics teachers in secondary
schools in Tanzania. Having adequate teachers will resolve many of the issues that were revealed
in the current research study, including the improvement of student’s performance in science and
mathematics subjects. Also, based on the current study findings, teachers and students revealed
that the scarcity of science and mathematics teachers was caused by poor performance in the
mentioned subjects. To minimize the poor performance, the school management has to hire enough
qualified science and mathematics teachers and provide the schools with sufficient teaching and
learning facilities. Moreover, the school management has to ensure that the syllabus coverage is a
task done completely. Also, weak learners have to be assisted by providing enough remedial

classes to improve their academic performance.

Differences in Student and Teacher Reactions to the Impacts of Scarcity Teachers in

Scientific and Mathematical Fields

The current research investigation found that secondary educational institutions have a shortage of
mathematical and scientific teachers which has an impact on the students’ performance in those
subjects. The current research findings showed that there were some differences in the responses
of the students and the teachers regarding the impacts of the scarcity of science and mathematics

teachers in secondary schools. These differences in responses were based on the daily activities
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performed. The teacher's and employees’ responses were related to their teaching processes, while
the students responded about the learning process side as learners. For example, the teachers
revealed that one of the impacts of the scarcity of science and mathematics teachers was that
students avoided studying science and mathematics subjects and the situation where students
looked for assistance from outside the school, especially during the school holidays. The students
were avoiding to study science and mathematics subjects as they consider them hard subjects
except for those who had a passion to become scientists. The student who had a passion for science
and mathematics went further to look for substitute teachers outside the school to ensure that they

perform better in the end.

On the other hand, the teachers’ responses were different from the students’ responses on the
impacts of the scarcity of science and mathematics teachers where a high teacher-student ratio,
and there was students’ low interest in studying science and mathematics subjects were affecting
the teaching process. The study revealed that there were teachers who were teaching big classes in
some schools due to the scarcity of science and mathematics teachers in secondary schools. In
doing so it was difficult for a teacher to be able to interact with each student in the class. This
caused some of these students to remain behind as a teacher continue teaching and at the end of

the school, they achieve poorly academically.

Both the teachers and the students responded that a shortage of mathematical and scientific
knowledge among teachers affects student performance, which is the result of unfinished syllabi,
and also caused a low interest in studying science and mathematics subjects by the students.
Generally, the impacts mentioned have future direct effects on the education sector and specifically

the performance of the students who are studying science and mathematics subjects.
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Some effects of the scarcity of science and mathematics teachers that were revealed only by
teachers, while others were revealed only by students. The impacts revealed by the teachers on the
impacts of the scarcity of teachers in science and mathematics include the high teacher-student
ratio and the problem of high teaching load among teachers. Whenever there is a high teacher-
student ratio, it affects the teachers’ possibility of assisting individual students during class
interaction. In that case, some students may not be able to understand the subject matter. On the
other hand, the students revealed that the impact of the scarcity of science and mathematics
teachers was that students looked for assistance from outside their school and many of them

avoided studying science and mathematics subjects.

Such findings imply that the scarcity of teachers in sciences and mathematics subjects affects the
entire education sector, the teachers, and students who have a passion for studying such subjects.
The impacts mentioned were also similar to the factors that were causing the scarcity of trainers
in science and mathematics subjects. It implies that, if the problem of the scarcity of teachers is
not resolved, then it will keep persisting and many students continue to be affected. The students
will not be able to achieve their goals in the future. Science and mathematics test scores will
continue to be low, the number of graduates will remain low, and the scarcity of teachers in

sciences, as well as mathematics, will persist.

From the current research findings, the students who had a passion for science and mathematics
studies revealed that to ensure that they perform well in their examinations; they have to look for
alternative teachers from outside the school. This was done during the school holiday and they
have to pay for the service. The bad side of this strategy was that it left students who could not

afford to pay for alternative teachers with poor performance in science and mathematics subjects.
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Moreover, it is not well known how competent the alternative teachers from outside the school
were. Thus, these alternative teachers’ competence is questionable. Another query is the quality
and content of the subject matter that the students obtained from the alternative teachers from
outside the school. The researcher, and perhaps the reader, would like to get informed on the
competence of the alternative teachers and the quality of the subject matter they teach; thus, it

poses a need for future research on this.

School Administration's Strategies and Their Effectiveness in Reducing the Scarcity of

Teachers in Sciences and Mathematical Fields

The current research study investigated the strategies that were taken by the school management
to keep teaching science and mathematics apart from the observed teachers’ scarcity. Based on the
findings in this research study, there is a shortage of scientific and mathematical teachers, which
was brought on by a number of the issues described in the section above. It was revealed in the
research that schools were ensured that they would continue to teach all subjects, even with a

scarcity of teachers in sciences and mathematical fields.

Furthermore, the school management had some strategies they had been using to minimize the
impacts of the scarcity of teachers in sciences and mathematical fields and ensure that teaching
and learning are moving on. Some of the strategies included hiring more science and mathematics
teachers, although some of them were unqualified teachers. These were either teachers with a
degree or diploma but without a teaching profession. In some schools, the school management
used part-time teachers who were hired temporarily to save the purpose while looking for full-time
teachers. The hiring of unqualified and temporary teachers has negative results on the student’s

performance in the long run. These teachers might not be either very effective or competent in
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teaching. The impacts go to the students and affect their performance and future careers. As the
performance decreases the students keep losing interest to study science and mathematics subjects,
as well as getting discouraged and this affects their decision to join teaching careers. in the
situations like this, some students decide to join other subjects and shy away from studying science

and mathematics subjects.

The research findings found that in some schools, the school management provided incentives to
the teachers who were giving good results based on the student’s performance in final or national
examinations. This is extrinsic motivation to teachers that might not effectively solve the problem
permanently but rather temporarily solved it. At some point, if the school management promises
to give incentives based on performance, then it must be fulfilled. If it fails to provide an incentive
for some reason, then the teachers could not be rewarded, the teachers feel demoralized and this
could negatively affect students’ performance as the teachers could not effectively teach. Thus, the
study suggests that the school management should maintain the promises made to the teachers, or

rather, they have to stop promising them.

Moreover, the research revealed that school management should encourage and inspire students to
like and study science and mathematics subjects. It can be done by hiring permanent and qualified
science and mathematics teachers who can change the students’ performance. These teachers have
to undertake in-service courses to improve their knowledge and skills, especially in mind that there
currently changing world of science and technology. The school management and the government
have to work on strategies to ensure that the courses could be effectively taught if they were
delivered online to save time and other expenses associated with traveling from one place to

another.
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Teachers' Perspectives on Approaches to Address the Shortage of Teachers in Mathematics

and Scientific Fields

The research study investigated how to mitigate the shortage of mathematical and scientific
teachers and its effects on secondary educational institutions. It also examined the viewpoints of
teachers and education administrators. The research findings indicated several viewpoints on ways
to lessen the shortage of mathematical and science teachers and the impact that it has on Tanzania's
secondary educational institutions, as mentioned by the education administrators and the teachers.
These opinions or suggestions were mostly directed at the school management and the government

in general.

The research participants revealed that school management should ensure that they hire many
science and mathematics teachers to solve the problem of a high teacher-student ratio and enable
the teachers to deal with students individually. With an adequate number of science and
mathematics teachers, the teacher could be able to have small classes and able to familiarize
themselves with their students, know their challenges and so that it could be easier to assist them.
In doing so, the student’s performance in science and mathematics subjects would rise and

encourage more students to join.

Moreover, the school management has to work in partnership with other education authorities to
work out permanent solutions like training and employing more science and mathematics teachers.
These teachers may be supported financially in their studies so that they can study. During the
period for employing new teachers, the school management should consider employing qualified
science and mathematics teachers. The school management should take it seriously to motivate

science and mathematics teachers by providing incentives and considering salary increments to
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encourage them to teach effectively and, in turn, attract more students to enroll in sciences and
mathematical subjects. The incentives as well as motivations for teachers, must be a continuous

strategy to avoid the negative effects of discontinuity.

Furthermore, the school management should avoid employing unqualified and part-time or
temporary science and mathematics teachers and concentrate on those who are qualified in their
respective subjects. To help the students from seeking assistance from outside the school during
the school holiday, the school management should conduct remedial classes with the weak students
so that they can improve their science and mathematics performance. This is a positive strategy
that can be made stainable in solving the problem of performance in secondary schools. The school

management must motivate and reward the teachers involved in conducting these remedial classes.

On the other hand, the government of the United Republic of Tanzania (URT), through the
Ministry of Science, and Technology, should ensure that enough science and mathematics teachers
are well-trained, motivated, and retained in their careers. Moreover, the government should
introduce in-service and short courses for science and mathematics teachers. By providing the
teachers with short courses and in-service programs, they will be encouraged and motivated to

work effectively and change the students’ performance in science and mathematics subjects.

Furthermore, it was suggested in the findings that the government of Tanzania should encourage
more students to study sciences and mathematical subjects by reducing fees for science teachers
in colleges and universities as well as increasing salaries for teachers in sciences and mathematical
fields in Tanzania. The Tanzanian government should encourage as well as support online
education for teachers in sciences and mathematical fields in secondary educational

establishments. This can be done by providing and improving teaching amenities such as libraries,
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laboratories, computers, and other necessary facilities. The benefits of doing online teaching are
that it can be done at any time, even during a pandemic, such as the recent Coronavirus pandemic.
With online courses, the process of learning will not be interrupted by disasters and learning would

take place online.

Recommendations for Application

Introduction

This sub-section of Chapter 5 summarizes the research recommendations for application. The
major goal of the written piece work is to make suggestions for how to deal with Tanzania's
secondary schools' shortfalls in mathematical and scientific teachers. The primary goal of the
current research project was to look into the causes of the shortage of mathematical and science
teachers in Tanzania and how it affected secondary schools. Apart from many reforms and
interventions made by the Tanzania government through its Ministry of Education, Science and
Technology regarding the scarcity of science and mathematics teachers, the current research study

has revealed the problem persisted in secondary schools in the country even at present or to date.

One of the government’s efforts to resolve the problem was to employ more science and
mathematics teachers but in Tanzania, there are still not enough science and mathematics teachers.
Through the literature review, the current research discovered that some factors were causing the

scarcity of science and mathematics teachers and the impacts on secondary schools.

The research was conducted in Kibaha and Bagamoyo districts in some selected secondary schools
to examine the factors causing the scarcity of science and mathematics teachers. Mixed research

methods were used for data collection where interviews were employed to investigate the causes
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contributing to the shortage of teachers in mathematics and science and quantitative methods used
questionnaire tools during the data collection. Eight secondary schools and two district education
offices from the Pwani Region were randomly selected from a list of all secondary schools
advanced. The region was purposively selected based on the three years national examination

results.

The research study involved humans, so all ethical aspects were taken into consideration during
all research stages. All the participants involved in the study were briefly informed about the
study's objectives along with the significance of the study, and also they were informed that they
were free to decide whether to participate in the research or not and that they were free to quit the
research at any time if they thought there was a need. The research considered obtaining informed
consent from the research participants. The research participants’ names and other personal

information were highly considered private with high respect.

This part of Chapter 5 presents the recommendations for the application of the research findings
which were obtained based on the research questions. The sections are organized well to draw the
logical recommendations of the specific research question and for the specific cohort. The sections
include recommendations for the students, the teachers who were teaching mathematics and
science in secondary schools, school management, as well as the government. Moreover, in this
section, the researcher mentioned and explains what can be done by different groups of people
including teachers, students, school management, and the government to minimize the problem of
the shortage of teachers in mathematics and science and as well as the impacts that have persisted

on secondary schools in Tanzania.



255

The recommendations for application are made here based on the cohort of people involved in the
current research study. The cohorts include students who were studying science and mathematics
subjects, teachers who were teaching science and mathematics subjects, school management, and
the government. These recommendations are reported here based on the current research findings

and the framework in Chapter 2.

Recommendations for Students

The insufficient number of teachers in the fields of science and mathematics in secondary schools
is based on the current research findings showing that the students have a role to play to improve
science and mathematics subjects. This research found that the factors that are causing the scarcity
of teachers in science and mathematics are on the students’ side including the low interest in
studying science as well as mathematics subjects, poor performance in scientific and mathematical
fields, the student’s perception that science and mathematics are hard subjects to study and the

student’s lack of interest on the teaching profession.

The student’s interest in studying science is one of the factors that are affecting the availability of
science and mathematics teachers. When students have a low interest in studying science and
mathematics, they tend to run away from choosing the subjects and most of them join other
subjects. Moreover, the low students’ interest in studying science along with mathematics subjects,
lowers the student’s general performance in such subjects. This trend, in turn, has impacts in
secondary schools where the number of student graduates in science and mathematics subjects

declines and as a result a very low number of students graduates.

The findings of this investigation show that the next graduating class of high school students has

little interest in pursuing their studies in the education field. It is vitally important to provide the
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students with a situation in which they can deal with the many ethical difficulties they will face.
As a result, the relevance of science education and why it is critical to stimulate students’ interest
in science and technology as a priority for Tanzania's economic progress and to promote a better

quality of life for the nation.

It was also revealed in the current research that there were a low number of student graduates in
science and mathematics who also dislike studying teaching career and as a result, the issue of
scarcity of science and mathematics teachers increased each year. The research findings indicated
that most of the students were less interested in becoming teachers. These students considered that
a teaching career was the last option to think of if they fail to join other science and mathematics-
related careers. Many of the students involved in this research explained that they have a passion
to become doctors, pilots, engineers, computer scientists, and others. There were very few students

who showed an interest to become teachers.

Moreover, the current research study found that students’ poor performance was one of the factors
which were causing the scarcity of teachers in mathematics and science fields. Both students and
the teachers agreed that the number of student graduates in mathematics as well as science and
mathematics subjects was low as a result of poor performance in the same subjects. This means
that if the number of students who were studying science and mathematics was low and most of
them were looking forward to joining other careers and not teaching, it also means that there are

increasingly fewer mathematical and scientific teachers working in secondary schools.

The current research found that students perceived that science and mathematics were hard
subjects to study. The students’ perception that science and mathematics subjects are hard subjects

has reduced the number of students who were studying the same. It was also revealed that the
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student’s perception regarding the two subjects also was one of contributing causes to the dearth

of mathematical and scientific teachers in the secondary education system.

From the literature, it was also found that people in the community (parents) perceive similarly to
the students. If the students perceive that science and mathematics subjects are hard to study then
many of them dislike these subjects and choose to study social sciences subjects that, they consider
easy to learn. The students explained that science and mathematics subjects were hard to study
because of the shortages of teachers in science as well as mathematics. The study suggested that
parents should encourage and motivate their children to like science and mathematics by providing

them with all the necessary needs to pursue the courses.

From the research findings, it was revealed that the impacts of the scarcity of science and
mathematics were also some of the factors that were causing the scarcity of teachers. This means
the existing scarcity of teachers in mathematics and science was causing some impacts on
secondary schools and in turn, the impacts affected the teaching and the performance of students,
which intensified the scarcity of teachers in mathematics and science in secondary schools. For
example, a factor like the students’ perception that science and mathematics subjects were hard to
study minimized the number of science and mathematics student graduates as many of them join
social science and very few of them joined teaching careers while others join other professions but
not teaching. In the long run, this problem of the scarcity of science and mathematics teachers
continued to be retained and maintained. This circle of cause and effect goes on and on and causes
a cyclic relationship between the causes of the scarcity of teachers in mathematics and science and
the impacts in Tanzanian secondary schools. This cyclic relationship enhances or helps to keep the
problem to continue persisting in secondary schools until the necessary interventions are properly

implemented.
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Moreover, the findings showed that the students who were studying science and mathematics

subjects were not interested in a teaching career but rather in other science and mathematics-related

careers, such as pilots, doctors, and engineers just to mention a few. Such students’ passion for

studying science and mathematics and pursuing other closely allied jobs reduces the number of

teachers in the educational system. As a result, there are consistently too few mathematics and

science teachers. Based on the findings of the current research study the researcher recommends

the following to students:

The students were less interested in studying science and mathematics subjects and this
had an impact on their general performance in those subjects, then few of them continued
with science and mathematics to the tertiary level. The current study recommends that the
students should learn to like all subjects and that the schools need future teachers in the
future. Thus, they should study science and mathematics subjects and choose to join
teaching as their future career. These students should be encouraged at the school level and
at home to join the teaching career. This can be done at the school level through their
teachers who have to cover the syllabi and teach the students effectively to improve their
performance. Through this, the students would intrinsically become motivated to like the
subjects and be in a position to join the teaching professions.

The current research study also found that students dislike the teaching career. Therefore,
this study recommends that students understand that teaching is a profession like any other
one so they join teaching careers and work to educate our future generation. They should
also consider that a teacher is a career that produces all other careers. This can be done

through their teachers who must be role models to them.
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In the case that the students considered that science and mathematics are hard subjects to
study, the research study recommends that the students should understand that all subjects
are equal and there are no hard subjects. And that what is required in studying is effort,
passion, and following what their teachers are teaching them. Through their teachers and
the school management, the students should learn that education is necessary to
themselves, the society and that in the future the school needs teachers. Teachers form the
base of all other professions.

For the students to improve their performance they should join different science and
mathematics subject group discussions and clubs that are been supervised by the school
management specifically the teachers. Based on these aspects the school management has
to create different groups of science and mathematics subject clubs which will be
supervised by competent subject teachers. In doing so more students would join and
perform better in science and mathematics subjects.

The study strongly suggests that students offer better perceptions and constructive criticism
about their teachers' teaching approaches for teachers to better align their teaching methods
with the student’s learning styles. It is recommended that to enable students efficiently and
successfully, they must be adaptable and use strategies outside of their comfort zone to
meet the requirements of the dynamic environment. Preparing students to be guided in
mathematics using learner-centered methods, is an extremely effective method of
instruction. Students must not be underachievers by failing to practice daily encouraged to

engage in classroom activities to have a fun and satisfying learning experience.
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Recommendations for Mathematical and Scientific Teachers

Research findings revealed that teachers also contribute to addressing the causes of the shortage
of mathematics and science teachers in secondary education. These factors include failure to finish
the syllabus, poor performance, students' low interest in studying science and mathematics
subjects, high teacher-student ratio, high teaching load, students avoiding teaching careers, and

choosing other science and mathematics-related careers.

It was revealed in the current research study that there was a high teacher-student ratio which was
one of the factors causing the scarcity of teachers in mathematics and science as well as impacts
the scarcity of mathematics and science of the same subjects. The high teacher-student ratio caused
poor performance in similar subjects and as a result, very few students opted to continue with
mathematics and science subjects up to the tertiary level. If most of them join science and
mathematics-related careers and only a few of them join the teaching profession, then the scarcity

of teachers in sciences and mathematics increases and remains high.

Moreover, the research found that whenever there was a teacher-student ratio, there was a high
teaching load for teachers. Based on that, the student performance becomes poor, resulting in more
of them avoiding teaching careers and increasing the scarcity of science as well as mathematics
teachers in secondary schools in Tanzania. Moreover, these factors have impacts on Tanzanian

secondary schools.

The current research study revealed that most of the impacts were more or less similar to the factors
causing the scarcity of mathematics and science teachers making a cyclic relationship between
them. It is this cyclic relationship between the causes of the scarcity of teachers in mathematics

and science along with the impacts of the factors that hinder the efforts that are used by different
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stakeholders to minimize the problem. The current research study recommends the following to

teachers:

The current research found that the students have a low interest in science and
mathematics as well as a low passion to become teachers. Teachers are responsible to
motivate these students to like science and mathematics subjects by reflecting positive
perceptions and working as role models so that they could enable students to like those
subjects. The teachers have to be creative and get the student’s attention and increase
their interest in science and mathematics studies. The negative attitude toward science
and mathematics subjects should be discouraged among students by inspiring them to
like the subjects as the other subjects. This can be done from the lower levels of
education since these levels feed each other. Thus, as the students grow with positive
perceptions it will not change much easier for them to dislike science and mathematics
subjects. However, this might need further investigation shortly to ascertain the
possibilities.

The teachers have roles to influence each student to participate effectively in theory
and practice that enable the students to understand science and mathematics subjects
and help to reduce failure in examinations. The teachers have to use multiple and
modern resources and engage all the students in the learning process by giving each
student chance to participate in the process. During the learning process, a teacher
should make the science and mathematics subjects part of students’ life by relating each
lesson to real life. In doing so they could reduce failure in examinations and increase
the students’ performance and on the other hand, reduce the effects on Tanzania's

secondary schools of a shortage of scientific and mathematical teachers.



262

iii. According to the study, several of the schools that were visited had teachers of science
as well as mathematics who were underqualified so they were not competent in
teaching the given subject. Thus, this research study recommends that teachers have to
attend upgrading or in-service courses to improve their teaching skills and knowledge
in science and mathematics and acquire innovation in this changing world of science
and technology. Through in-service and upgrading the teachers, then the teaching
process could as well improve and the student’s performance would increase. In the
long run, science and mathematics would not suffer poor performance in our secondary
schools.

iv. Science and mathematics teachers should be using different teaching methods and other
teaching devices to complete the syllabus. If a teacher completes the syllabus, on-time
students could be able to revise and, in that way, students could also be able to perform
better in their examinations. Moreover, the use of different methods of teaching the
subjects could become much easier for students to understand and use the knowledge

gained in responding to the examination questions and raise their performance.

Recommendations for the School Management

The research study examined the causes of the teacher shortage in science and mathematics as well
as its effects on secondary schools. The study found that some of the factors need to be rectified
by the school management. It was revealed in the research study that some schools were lacking
adequate teaching and learning facilities including laboratory facilities, libraries furnished with
textbooks, and other teaching and learning facilities. The teachers provided their opinions and
suggestions that are here considered as recommendations for the research application. The school

management has to work to improve student performance and reduce the issue of an inadequate
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number of scientific and mathematical teachers at their secondary educational institutions. The

school-based factors that are causing the scarcity of science, as well as mathematics, should be

addressed at the secondary school level. The following are recommendations for application to the

school management:

The school management has to enhance the atmosphere in which science and
mathematics are taught and learned in their respective schools. Schools should have all
the important science and mathematics teaching and learning facilities. Libraries must
be in place and be furnished with textbooks and supplementary books, e-books for each
level in the schools.

Moreover, the schools must have science laboratories equipped with all necessary
equipment, chemicals, models, and specimens to improve the teaching and learning
process. These laboratory materials must be of good quality and quantity. It is
recommended that school administrators ensure the availability of teaching materials
and facilities for the implementation of various teaching techniques that are connected
with instructional practices and students' learning in classrooms. Effective teaching and
learning cannot take place in the absence of those instructional materials. Other
necessary equipment or a tool like computers, should also be available at the school
level to ease the teaching and learning process. Schools should ensure that students can
use properly the available resources such as libraries, computers, and laboratories.
Curriculum implementers specifically the teachers should employ modern techniques
of teaching including the use of computer programs such as Microsoft PowerPoint and

other teaching aids during the teaching and learning process.



Vi.

Vil.

264

The school management has to increase teachers' overall pay by providing housing
incentives as well as provide opportunities for career advancement that include
increased pay, involvement, and appreciation or motivation. To attract prospective
teachers to the fields and locations where they are most needed, offer in-service
scholarships, and loan forgiveness programs, and also create teachers’ residencies by
proving houses with facilities in schools.

The school management has to improve hiring practices or guidelines to achieve that
decisions would be made as soon as possible with the best available candidates and
based on the best information available. This can be achieved through the use of local
employment options, such as high school career opportunities and instructional models.
Timelines for releasing volunteers or teaching practice students teachers or retirement
should be revised so that the process of hiring new staff can begin as soon as possible
when they leave. The school management has to create instruction and hiring channels
for both new and experienced teachers, while also tracking and lessening teacher
turnover and removing unwanted barriers.

Also, allowing teachers to transfer from one district to another the issue of scarcity of
teachers should be considered. The school management has to employ enough qualified
science and mathematics teachers to help make sure that learning, as well as teaching,
are effective in the schools they attend. Consequently, the issue of the teacher-to-
student ratio would also be addressed.

The school management could provide career guidance and counseling sessions with
students to ensure that they understand most of the careers including the teaching

profession. Students should be informed of the importance of a teacher in society.
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Furthermore, the school management should encourage and motivate the teachers to
improve the efficiency of the teaching along with the learning process as well as to help
guide future improvements of the student’s achievements. Incentivize career
development approaches and school re-design to promote cooperation and
collaboration among teachers and students. The school management should emphasize
teamwork among the students and teachers to be able to achieve in the end.

The school management has to provide remedial classes for science and mathematics
subjects in their respective schools to improve the student’s performance. The emphasis
on remedial classes could put more emphasis on the weak student so that they can
improve their performance. Teachers are advised to link classroom science and
mathematics topics with students’ real-life situations, give a clear explanation of the
concepts, give clear examples, prepare the lessons adequately, provide adequate
exercise and homework, provide test and group work, also give feedback and lastly
show the sense of humor when responding to the student’s queries.in doing so the
students could like science and mathematics subjects as well as the teaching careers.
The school management has to introduce discussion groups for the students to be able
to practice science and mathematics subjects. This can be done during extracurricular
activities but must be supervised by the teachers. It can also be done and achieved by
providing remedial classes to weak learners. This remedial activity could also be done
through various competitions, exhibitions, and invitations to guest speakers.

The school management and the teachers have to motivate the best students performers

in their respective schools to encourage the students to put more effort into science and
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mathematics subjects. Through motivation and rewarding the best students, the
students would improve academically and in terms of knowledge and skills.

Strategies must be put in place to revise the curriculum and syllabus regularly and must
involve all education stakeholders including the curriculum implementers to
incorporate any necessary changes. With the innovations and changes in science and
technology, the need to revise the curriculum and the syllabus is inevitable. This can
give different education levels an improvement that goes hand in hand with
innovations.

It is also strongly advised that school management should provide more in-service
seminars, training, and workshops for teachers and other professional development
programs with a focus on how teachers can align their preferred and used instructional
strategies with the learning preferences and capabilities of their students.

Furthermore, even if the teachers are already having degrees in the profession of
teaching, teachers are encouraged by their school heads to pursue postgraduate studies
in addition to improving their teaching skills and knowledge. Finally, heads of science
and mathematics departments must be given the authority to manage science and
mathematics classroom instruction. They must be given all guidelines and training
materials. Furthermore, they can be given authority to spend money on high-quality in-
service programs, especially for science and mathematics teachers as well as continue
to improve the quality of high-quality administrators who work to involve teachers in

decision-making and promote positive school cultures.
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Recommendations for the Government

The research study investigated the opinions of the participants on how to minimize or eliminate
the issue of an inadequate number of teachers in science and mathematics and the effects it has on
secondary schools. The teachers also offer their recommendations and viewpoints on what the
government should do to lessen the impact on secondary educational institutions of the teacher
shortage in mathematical and scientific subjects. The research presented recommendations based
on the existing research findings on reducing the shortage of mathematical and scientific teachers.
Moreover, the recommendations which are provided here are based on findings in general. The
current study revealed that government has a role to play in improving science and mathematics
teaching in secondary schools and encouraging many students to join teaching (Croft et al., 2018).
The current research study revealed that teachers’ salaries were low. What is paid to teachers

discourages many students from joining the teaching career (Saks et al., 2016).

The current study revealed that in some schools there were ungualified science and mathematics
teachers. To address the issue of an inadequate number of scientific and mathematical specialists,
these teachers were hired to teach such subjects. The shortfall of using the unqualified teachers
was that they cannot teach effectively as they lack skills for preparing the lessons and were able to
teach as well as exercise teachers’ ethics. To the government, the research study recommended

that:

I.  Science and mathematics teachers’ salaries should be increased to encourage them to work
effectively and also to encourage the students to join the teaching career. Bearing in mind
that science and mathematics teachers are likely to get high-paid jobs when they join other

related careers, then the government has to raise their salaries to retain them and attract
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more students to join the career and this could increase more science and mathematics

teachers in secondary schools.

Boren (2022), reported a use of a blueprint model to resolve teachers shortage in USA
states in a report for the Southern Reginal Education Board (SREB) which might be useful
to other countries. According to Boren (2022), to develop a new teacher workforce
blueprint, the leaders need to take four important action steps including understanding the
country’s specific shortage issues, collaborating to create a comprehensive redesign
blueprint, putting the plan into action, and committing to long-term systemic change, and
making a continuous investment in the state’s future. Moreover, four elements are required
to renovate the policies and practices to attract and retain sufficient teachers workforce,
including pathway and preparation, licensure policies, professional support and
mentorship, and compensation structures and packages. The study recommendations to the
government of the United Republic of Tanzania use the blueprint model which may address
the issue of the lack of scientific and math instructors and its effects on secondary schools,
the teaching profession must be elevated.

The government and school management have to focus on engaging qualified teachers and
providing the existing teachers in the schools with in-service training programs. The
provision of in-service training would upgrade the teachers and provide them with new
knowledge, skill, and innovations. With the new knowledge, skills, and innovations, the
teacher’s ability to teach would improve and as a result, raises students’ performance in
science and mathematics subjects.

The government has to increase the provision of funding support for students who are

studying science and mathematics with education in terms of scholarships and loans.
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Currently, the government of Tanzania, through the Higher Education Students’ Loans
Board (HESLB) provides loans to science and mathematics students who are needy at the
tertiary level. This study recommends that the government support all students who are
studying science and mathematics subjects with an education regardless of their financial
capacity. In that way, many of the students who graduate in science and mathematics
subjects could join teaching careers.

Moreover, to ensure that all necessary teaching and learning facilities are in place —
including furnishing all science laboratories with equipment, chemical, and others, school
libraries are to be equipped with textbooks and supplementary books, journals, and e-
books. With all these facilities and if there were more qualified science and math teachers,
student performance might improve. The scientific and mathematics curricula should be
covered, teaching and learning should be effective, and the student’s interest in science and
mathematical subjects should be increased by encouraging and rewarding them so that they
might eventually want to pursue a career as teachers.

The governments could provide in-service scholarships and loan forgiveness programs to
attract prospective science and mathematics teachers to the fields and locations where they
are most needed. These types of programs might be effective if they could pay for all or a
significant portion of tuition; focus on hiring teachers for disciplines and institutions with
high demand; hire academically capable and dedicated teachers; and commit recipients and
fulfill the commitment to teach and remain in the career.

The current research study suggests that policymakers, particularly school authorities, and
teachers, should develop comprehensive methods for preparing students to use e-learning.

As a manner of being proactive with student education, these techniques might involve
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giving students with internet access as well as gradual instruction in the usage of e-learning
before a crisis such as a pandemic. Given the realities of the internet age, kids will almost
certainly be required to study something via e-learning at some time during their adult
lives, and equipping them with the necessary abilities today will benefit them as working
adults in the future.

viii.  The current research study suggested that the government and the school management have
to come up with a strategy on how to improve reading materials like textbooks, and
journals, and encourage the students to read. Furthermore, the study suggested that the
government and the school management build libraries and laboratories to make scientific

classes in secondary schools easier to study.

Summary

The study revealed the existence of the cyclic relationships between the causes of the shortage of
teachers in mathematics and science and how it affects Tanzania's secondary schools as the major
causes of the scarcity of science and mathematics teachers. To solve the problem, recommend that
this cyclic relationship needs to be intervened to minimize the scarcity of teachers. Moreover, the
study suggested that to break the cycle, the government has to set up a proper education system
with good policies that favors the students and the teachers, ensure proper implementation of the
policies, and provide support to schools, teachers, and students through funding where necessary.
The government should encourage and introduce in-service and short courses for teachers
especially science and mathematics teachers to improve their competence, knowledge, and
pedagogical skills. The government through its Ministry of Education Science and Technology
should introduce e-learning and online programs for teachers and students. These provisions would

improve the student’s performance and break the cyclic relationship between the causes of the
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shortage of teachers in mathematics and science and the manner in which it affects Tanzanian

secondary schools.

Recommendations for Future Research

Introduction

The research study aimed at investigating the causes of the shortage of teachers in mathematics
and science and how it affects Tanzania's secondary schools. This study was conducted in the
Kibaha and Bagamoyo Districts where eight secondary schools which were teaching science and
mathematics among other subjects from lower to upper secondary school levels were selected

randomly from the list of all schools.

Qualitative and quantitative data collection methods were used, where interviews and
questionnaires tools were used for data collection respectively. Thematic analysis was used to
analyze the data collected from the study area. The thematic analysis was done and revealed the
research findings based on the research objective and questions. However, in the course of doing
the thematic analysis and interpretation, some research gaps were realized. These gaps need to be
bridged to bring a more comprehensive understanding of the research problem. Therefore, the
research came up with some recommendations for future research which are discussed in the

subsequent section.

Research Recommendations for Future Research

The research study and its conclusions in some way added to the body of information regarding
the dearth of science and math instructors in Tanzania's secondary schools. To fill up some of the

gaps in our understanding of the shortage of scientific and mathematics teachers as well as how to
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lessen its effects on secondary schools is important. As a result, suggestions for further study are
offered here based on information about the causes of the shortage of scientific and math
instructors in Tanzania and its effects on secondary schools. The current research study made
several discoveries regarding the causes of the teacher shortage in science and mathematics as well

as the effects on the secondary schools it visited.

The research study discovered that the following factors contributed to the shortage of mathematics
and science instructors within secondary schools: students' poor performance in scientific and
mathematics courses; their avoidance of science and mathematics because they perceive it to be a
difficult subject to learn; high teacher-student ratio; unfinished syllabi; high teaching load; few
students graduates in science and mathematics; inadequate teaching and learning facilities;
students join other science and mathematics-related careers; no current employment of new

teachers in the country; and students avoiding to join teaching career.

The research study also showed that secondary schools are affected to some extent by a shortage
of science as well as mathematics. Poor performance in scientific and mathematics disciplines is
one of the main effects of the shortage of mathematics and science instructors, according to the
study; low interest in studying science and mathematics among students; students looking for
assistance from outside the school; students joining other science and mathematics-related careers;
high teachers students ratio; unfinished syllabi; students low interest in science and mathematics

subjects; and few student graduates in mathematics and science subjects.

To solve the issue of the shortage of scientific and mathematics teachers and its effects on
secondary schools in Tanzania, the findings above indicated the areas that require action. Since

most of them share characteristics with the variables that lead to a shortage of science and math
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instructors in secondary schools, it has been noticed that the repercussions of this shortage also
contribute to the shortage of teachers. These are intriguing findings, where it was found that the
causes of the shortage of math and science instructors were also the effects of that shortage.
According to the study, there is a cyclical relationship between the causes of the shortage of science
and math instructors and the effects of that shortage. This is a major contributing factor to the
shortage of mathematics and science teachers in secondary education, despite numerous

government interventions.

The Tanzanian government has made good efforts to help students who are studying science and
mathematics with education by assisting them with loans at the tertiary level. Since the research
study found that many science and mathematics students dislike undertaking a teaching career,
then more efforts are required to encourage and ensure that these student teachers join the teaching
career upon the completion of their studies. For those who decide to join the teaching career, there
is a need to find ways to retain them in the teaching post. It may include motivating and

encouraging them by providing the new teachers with attractive salaries and other incentives.

Although, the current research study revealed some of the ways that contribute to reducing the
shortage of mathematical and scientific teachers during thematic analysis in the proceeding
chapters yet more research is recommended to investigate how best students could be motivated
and encouraged to like science and mathematics subjects and join the teaching career. The teachers
involved in the current research study suggested that to encourage the students to like the teaching
career, science, and mathematics teachers have to work as role models so that more the students
could view the teaching career as attractive as other science-related careers. In that case, the

teachers have to teach in such a way that all subjects look simple and easy to learn among all
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students in the classroom. The study recommends further research on how to make the

mathematical and scientific disciplines more appealing to pupils.

The research study investigated the opinions of the teachers on how to make the process of teaching
as well as learning better, whereby teachers suggested that the government and school management
have to initiate and provide in-service teacher preparation programs for both science and
mathematics. The main purpose of in-service training programs is to improve the teachers’
qualifications to enable them to teach effectively, especially in the study of mathematics and
sciences. Therefore, current research recommends future research to find out how to implement
in-service training for science as well as mathematics teachers without interfering with the daily

routine of secondary schools.

The study also found that there was a problem of inadequate facilities in secondary schools that
was affecting the teaching as well as learning process in secondary education. Most of the school-
required facilities that were reported to be improved in the current study include fully equipped
laboratories with necessary chemicals, equipment, and specimens, and well-furnished libraries
with textbooks, and e-books. However, the research did not find out to what extent these facilities
are lacking in the schools. Moreover, the research did not find out how to address the problem of
facilities in secondary schools. Therefore, the current study recommends future research to
examine the extent to which the inadequacy of these facilities affects the teaching and learning of
science and mathematics subjects in secondary schools. Also, the study recommends future
research to find out how to address the issues of inadequate facilities in secondary schools in

Tanzania.
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Since the current research has unveiled the factors that were driving the shortage of science and
mathematical teachers, which may be solved by different stakeholders including the students, the
teachers, the school management, and the government at a large scale. This research study did not
cover everything necessary to resolve the problem. Some gaps need further research to be able to
accomplish the proper solution to the problem at hand. The research investigation was carried out
only in secondary schools from two districts in an urban location. Consequently, the findings might
not be the same when similar research is conducted in another rural-urban setting. Therefore, it is
suggested that another similar research study should be conducted in other districts found in rural
locations to get information on how the shortage of mathematical and scientific trainers is caused
by certain variables in such settings. On the other hand, the research suggests that a similar study
should be conducted in both rural and urban locations for comparison purposes. Also, similar

research is suggested to be conducted in rural locations.

Among other efforts to improve the education sector, in recent years, the government of Tanzania
has decided to support students who are studying sciences and mathematics fields with education
at tertiary education levels by providing them with loans, specifically intending to increase the
number of teachers in science and mathematical fields in secondary education institutions. These
loans have been provided to students through Higher Education Student Loan Board (HESLB)
where the students do apply for the loan. However, the applicants for such loans must qualify to
get it and among other qualifications is that it requires the students to be the needy. The needy here
means orphans, students who come from poor families, and they must be approved by the local
government leaders. However, it is not known whether these students would like to join the
teaching career upon completion of their studies. Therefore, the current research study

recommends further research study to find out whether the student teachers who are beneficiaries
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of the government loans enter teaching careers upon completion of their degree studies from

university.

In other words, the current study suggests further research be conducted to find out whether or not
all the graduates in science and mathematics with education in various universities in Tanzania
will join the teaching profession upon completing their studies. On the other hand, the research
should come up with several graduates in education in the year and the number employed by the
public secondary schools out of that number. Moreover, it is recommended that research has to be
conducted to find out the procedures used in supplying teachers in science as well as mathematics
fields in our secondary education. The analysis should take into account how many science and
math teachers are employed at large in the secondary education system about the demand for each

school.

Some students are studying science and mathematics with education at the university level whom
we expect to see in their teaching careers. Many of these students are receiving education loans
from the government through its Higher Education Student Loan Board (HESLB). It is assumed
that maybe many of these students join the university to study education because of the availability
of this funding. Therefore, further research is needed to find out if the students who are studying
science and mathematics subjects with education and they’re receiving government loans are
interested in a teaching career or if they joined the course at the university level because it was the

only remaining opportunity for them to join the university.

Moreover, since the recent research investigated the causes of the scarcity of teachers in science
as well as mathematics in both government and private secondary schools, the research calls upon

further comparative research on the same between the government and private secondary schools
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in Tanzania. The results might be different between private and government secondary schools
since each of them has different management, different sources of funding, and capacity in terms
of infrastructure and other teaching and learning facilities. Future research is also recommended

to investigate similar research problems in private and government schools separately.

The current research study employed both qualitative and quantitative research methods to collect,
compile and analyze data collected from the study area. It is assumed that using a different research
technique might reveal some different or similar findings. Therefore, the research recommends
further similar research but using different research methods such as quantitative research methods

only. In doing so the research results revealed might appear similar or different.

Furthermore, the research was conducted during the Coronavirus pandemic time, so the findings
might have been affected in one way or another by the situation. Many of the participants involved
in the research were in fear and panic as any other people throughout the world together with the
investigator. It should be clear that the respondents struggled to work with the fear of the
Coronavirus pandemic throughout the time of data collection and therefore, they were not in
normal working circumstances. Based on that the researcher recommends that similar research

should be conducted in the same area after the Coronavirus pandemic ended.

The current research study targeted to collect and analyze the information from the district
education officers, science and mathematics teachers, and the students who were involved in
science and mathematics in one way or another. Thus, the findings in the current research come
from the education officers, teachers, and students who were directly involved in the study and
teaching of scientific and mathematical disciplines. The research assumed different findings could

have been realized if the research could involve science, mathematics, and social science teachers
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and students. The researcher recommends that another similar research be conducted but focusing
on the social science teachers for comparative purposes. Also, future research may be conducted
to involve both science and social science teachers to find out if there are differences in responses
on the causes and impacts of the scarcity of teachers in sciences as well as mathematical fields in

secondary schools.

The research’s findings reported in this research are based on the current research study area. It is
assumed that the findings may be specific to this particular study area. Using similar research
techniques and research tools and conducting this research in another region might give similar or
different findings. From that perspective, the researcher recommends for further research be
conducted in another region and make a comparison of the findings. By doing so the research

findings generalization would as well be justified.

The current study included both boys and girls who were studying sciences and mathematics in
secondary education in the study area, or at least one of those. Different research findings could
come up if the research could be done with either boys’ or girls’ secondary schools, if separate
research could be done but, in the same research study area. Thus, the research study recommends
that there is a need to conduct comparison research between girls and boys in secondary schools
to find out what are the differences in responses between boys and girls on the factors causing the
scarcity of teachers in science and mathematics fields and their impacts on secondary education

arena.

The current research study revealed that government has a role to play in improving science and
mathematics teaching in secondary schools and encouraging many students to join teaching. The

current research study also revealed that teachers’ salaries were low. In other words, what is paid
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to teachers discourages many students from joining the teaching career. However, we still have
many students in colleges and universities who are studying science and mathematics subjects with
education. Based on that, there is a need of investigating how many of them join the teaching
career and how many of them are retained as teachers in sciences and mathematics fields in
secondary schools. In terms of future research, it may also be researched how many people from
this cohort went on to teacher education programs and whether some of them began their teaching
careers in schools. Given the fact that students' lack of interest in teaching and their negative view
of teachers' reputations, it would indeed be interesting to look into teachers' perspectives — how
they think as teachers, what signals they send to their students about their field of work, and how

they reflect their well-being and job satisfaction.

Moreover, this research found that many students dislike joining the teaching career and instead
they prefer other science and mathematics-related careers. The current research presumed that the
main reason might be the stereotype that exists among people in the society that teaching is a low
pay job, that has no chance to develop. There is a need for further research to justify if it is that

low salary discourages students from joining the teaching profession.

Furthermore, the research found that there were no salary increments for the teachers which cause
their salaries to remain unchanged for a long time. The situation discourages and demoralizes the
teachers, especially science and mathematics teachers. The present research suggests future

research to find out why there were no salary increments for the teachers.

Furthermore, with the implementation of the free education policy and education for all movement,
the number of students in a lower level increased. It should also be remembered that the lower

levels feed the higher levels of education. However, it is not known if the high levels can
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accommaodate the student who is upgraded to those levels (colleges and universities) in the country.
The current research found that there is still a high teacher-student ratio and also a high teacher
workload among teachers in secondary schools. From those observations, the research
recommends further research on the impacts of the free education policy on science as well as
mathematics teachers in Tanzanian secondary schools. Thus, this study recommends further
research to be conducted to investigate the higher levels' capacity to be able to accommodate the

students in the lower levels.

The research study found that there is no employment in the country since 2015. This means that
there were no new people who were employed but rather there were the only replacements of the
teachers who were retired, died, or for some reason dropped their teaching careers. The reason
why there was no new employment was not investigated during the current study. Therefore, the
research recommends that there is a need for future research to investigate the reasons why there

has been no employment for several years.

The study discovered that whenever science and mathematics teachers were scarce, the students
that were passionate about science along with mathematics were working to complete their courses
of study by searching for alternative teachers outside the school. However, the current research
study could not investigate the qualifications of such teachers. There are two suggestions in the
study, that these teachers might have been teaching but they were underqualified to teach the levels
they were teaching, or that the methodologies used to teach were insufficient and not the one
approved by the Ministry of Science and Technology of Tanzania. Thus, the quality assurance in
teaching and learning outside the school was not properly monitored and supervised. This research
study suggests future research on the quality of teaching activities that were undertaken outside

the school. The qualification of the teachers from outside the school could also be investigated.
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To verify that the use of modern teaching and learning facilities may motivate students to join
teaching careers, computer-based materials should indeed be designed and tested to see how they
affect student motivation and attitude toward science and mathematics subjects. The researcher
recommends that the use of these resources may improve students' performance in science or
another subject and also motivate them to join teaching careers. It is unclear, nevertheless, how
much this would alter the student's perspective on mathematics and scientific courses. To

determine the veracity of the above statement, more research is required.

The research study found some schools employed unqualified or underqualified teachers in science
and mathematics fields in secondary schools. This action of employing un(der)qualified teachers
hurts the students’ performance as stipulated in the literature. Based on that, the study suggests
that there is a need to research to find out why school management does employ underqualified or
unqualified teachers. Furthermore, the research study suggests to the school management that
un(der)qualified teachers must be eliminated from the education system. The school management
should employ or appoint qualified teachers in all secondary schools regardless of whether the

schools are government or privately owned. This would encourage the learners to perform better.

Summary

In summary, this section highlighted the areas that still need some research in the future. All the
gaps that the research study and questions arise that were not covered need to be worked on to
solve the entire problem. The main issues to be addressed in future research include determining
the ways of encouraging students to like and join the teaching career; investigating how in-service
training could change teachers’ qualifications; finding out to what extent the teaching and learning

facilities are lacking in secondary schools; conduct similar research to find out the differences in
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responses between girls and boys; with regards to scarcity of science and mathematics teachers.
The study also suggests similar future research in another region in Tanzania, being in a rural

location or both rural and urban settings for comparison purposes.

Moreover, the study suggested that future research be conducted to investigate whether the
government loan students beneficiaries join the teaching career; examine if the students who were
sponsored by the government decided to study education because it was the only existing
opportunity or otherwise; the study suggested future comparison research on the similar problem
between the government and private secondary schools; conduct research on why there is the
employment of new teachers but rather the replacement is been done; conduct similar research
using quantitative or both (triangulation) research method; future research with population that
involves both science and mathematics and social science teachers and students; and conduct

similar future research after the Coronavirus pandemic.

Furthermore, the research suggested future research on how the stereotype that exists in a society
that teaching is a low pay job has affected students in the decision to join the teaching career; to
research the impacts of the teaching activities that are taking place outside the school, and lastly,
conduct a research on the impacts of the education for all movement in secondary schools; the
study suggests further study into how Tanzania's secondary schools are affected by a scarcity of

teachers in mathematics and science as a result of the country's free education program.

Conclusions

The researcher summarizes the entire dissertation in this final portion of Chapter 5 of the research
study based on the study's findings and what those findings indicate about the study's goals. The

purpose of the research project was to examine the causes of the shortage of science and math
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instructors in Tanzania as well as its effects on secondary schools. The study revealed the causes
of the teacher shortage in the fields of science and mathematics as well as its effects on secondary
school students, which are discussed in this part. The section also explains how the research
findings responded to the research problem and, lastly, highlights the contribution of the research

to the existing literature and everyday practice in the education arena.

The study was conducted to accomplish the research goals under the topic of the causes and
impacts of the shortage of teachers in scientific and mathematical fields in secondary education.
The primary goals of the research study were to determine the extent of the dearth of mathematical
and science teachers in Tanzania's secondary schools; investigate the reasons behind the shortage
of mathematical and scientific teachers in upper secondary schools; look into how the teachers'
and students' reactions to the reasons for the shortage of math and science educators in secondary
school differ; and evaluate the impact on secondary schools of an inadequate number of
mathematical and scientific teachers; find out how differently teachers and students react to
secondary schools' struggles with an inadequate supply of mathematics and science teachers; and
to determine the effectiveness of the ways used by the school administration to manage the

shortage of mathematical and science teachers in Tanzanian secondary schools.

Also, to determine the strategies utilized by the school administration to reduce the shortage of
science and mathematics teachers in secondary schools in the country. To achieve the intended
objectives, the researcher was guided by the research questions which were used to develop the
research tools, including interview questions and the questionnaires. The research aimed at
answering the specific questions and when answered the main research problem is as well
answered. These research questions, which originated from the main objectives, state, "What is

the scarcity level of science and mathematics teachers in secondary schools in Tanzania? What are
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the factors causing the scarcity of science and mathematics teachers in secondary schools in
Tanzania? What are the impacts of the scarcity of science and mathematics teachers on secondary
schools in Tanzania? What are the differences in the responses of teachers and students regarding
the impacts of the scarcity of science and mathematics teachers in secondary schools in Tanzania?
What are the strategies that could be used to minimize the scarcity of science and mathematics

teaching in Tanzania?"

The current study was conducted in the Kibaha and Bagamoyo Districts, where eight secondary
schools that were teaching science and mathematics, among other subjects, from ordinary to
advanced level secondary schools, were randomly selected from the record of all schools. The
research study area (the region) was selected based on the performance in the national examination

whereas the region appeared among the top then regions in 2015, 2016, and 2017.

Qualitative and quantitative data collection methods were used, where interviews and
questionnaires were used respectively for data collection. The interviews were conducted with
teachers while the students were given some questionnaires to respond to. The study data was
collected from the secondary schools where they were teaching science and mathematics subjects.
Thematic analysis was used to analyze the data collected from research participants in the study
area. The thematic analysis was done, and the research findings were obtained based on the
research objectives and questions. Thematic analysis was done and the findings were presented in
the tables, the frequencies of occurrence of the quantitative data were presented in pie charts, and

the thematic networks in Chapter 4 of this dissertation.

The research study was conducted to investigate the factors which were causing the scarcity of

science and mathematics teachers and the impacts on secondary schools in Tanzania. The research
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study was conducted in Kibaha and Bagamoyo districts located in the Pwani region. The region
and the districts were purposively selected, while the schools were randomly selected from the list
of all schools which were teaching to advanced secondary school level in the districts. The schools
were also teaching science and mathematics subjects. Mixed research approaches were used with
interview and questionnaire tools to collect and analyze the data from the schools. The district
education officers and the teachers who were teaching science and mathematics were involved in
the research. Also, the students who were studying science and mathematics were involved in the

research study.

The district education officers and the teachers were interviewed while the students were given
some questionnaires to respond to. The data collected were compiled using Kobo Toolbox and
Excel sheet and the thematic data analysis method was used to analyze the data according to Braun
and Clarke 2006. The results were presented in tables and pie charts for easy understanding. The
thematic data analysis method was used because it is a flexible and suitable method of analysis of

qualitative data. The analysis was done according to the research question of the research study.

Based on the responses from the teachers and students on the extent of the scarcity of science and
mathematics teachers in secondary schools, it was pointed out that there is a high scarcity of
science teachers in secondary schools in Tanzania. More than 90% of the respondents reported
that science and mathematics teachers are scarce in secondary schools. The findings revealed that
there were factors that were causing the scarcity of science and mathematics teachers and their
impacts on secondary schools in Tanzania. The main factors which were found to cause the scarcity
of science and mathematics teachers include poor performance in science and mathematics

subjects; students avoiding studying science and mathematics as they consider them hard subjects
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to study; classrooms with high teacher-student ratio; unfinished syllabi; high teaching load; few
student graduates in science and mathematics subjects; inadequate teaching and learning facilities;
students joining other science and mathematics-related careers; no current employment of new
teachers in the country but rather the replacement; and lastly, student graduates avoiding the

teaching career.

The research study also found that there were some effects of the scarcity of science and
mathematics teachers in secondary schools. The main impacts of the scarcity of science and
mathematics teachers discovered in research include poor performance in science and mathematics
subjects; low interest in studying science and mathematics among students; students looking for
assistance from outside the school; students joining other science and mathematics-related careers;
high teacher-student ratio; unfinished syllabi; and few student graduates in science and

mathematics subjects.

However, in the process of doing the thematic analysis and interpretation of the data, it was realized
some factors were causing the scarcity of science and mathematics teachers that also appeared to
be the impacts of the scarcity the same. Poor performance in science and mathematics subjects,
few graduates in science and mathematics subjects, students avoiding studying science and
mathematics subjects due to the community stereotype that these two subjects are difficult to study,
high teacher-student ratio, students avoiding teaching career as they consider it a low-paying job,
students joining science and mathematics-related careers and that the performance is affected by
the unfinished science and mathematics subjects syllabi. Moreover, the researchers discovered that
the scarcity of science and mathematics teachers has resulted in students' low interest in studying

science and mathematics subjects.
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Based on the above discussion it can be observed that there is a cyclic relationship between the
factors that are causing the scarcity of science and mathematics teachers and the impacts on
secondary schools in Tanzania. This cyclic relationship is the main obstacle that hinders the efforts
and interventions that were taken by the school management and the government to address this
problem. Therefore, there is a need for taking serious measures to interfere with this cyclic
relationship and break it. To be able to interfere and minimize or solve the problem, there is a need
to involve all education stakeholders such as the students, teachers, school management, parents,
and the government specifically the policymakers. Each individual has a role to break the cycle
and minimize the scarcity of science and mathematics teachers and its impacts on secondary

schools.

These results indicate that there is a need to put more effort into minimizing the scarcity of science
and mathematics teachers and the impact on secondary schools in Tanzania. This can be done by
involving all education stakeholders, including the school management, students, teachers,
policymakers, education officers, and even parents. Since each education stakeholder has a role to
play in ensuring that the scarcity of science and mathematics teachers is minimized, these research
findings are useful to them. If individual education stakeholders perform their roles effectively in
their respective positions, the problem of a scarcity of science and mathematics teachers may be
reduced or eliminated. The research provided recommendations for application, which were
presented in the previous section that the stakeholders can refer to. For instance, to minimize the
scarcity of science and mathematics teachers, students have to change their perception of science
and mathematics subjects, as well as build a tendency to like and join the teaching profession. This
could be achieved through teamwork among all education stakeholders, including the government,

school management, teachers, students, and sometimes parents.
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Apart from the 5 chapters, the research presents the references cited by the researcher to support
the findings and the dissertation write-up. The references are written in APA format version 7
which is the requirement of the University. The cited scholarly works which were used in this
research study were less or equal to five years back published except where historical background
information was needed to show the trend of the issue is been discussed. The research presents the
appendices to support the work done during this research. The appendices include interview guide
questions for teachers; a questionnaire for secondary school students and interview guide questions
for education officers are presented in this research. Moreover, other appendices are presented in
this research including the provisional approved UREC forms; approved final UREC forms;
approved informed consent form by UREC; guardian informed consents form approved by UREC,

the gatekeeper letter; and the research permit from RAS in Pwani Region in Tanzania.

Causes of the Scarcity of Teachers in Scientific and Mathematics Fields in Secondary

Education

The current research study investigated the causes of the scarcity of teachers in science as well as
mathematical classes, and findings showed that some factors were based on the students, teachers,
school management, and government. The research study found that the students-based factors
that were contributing to the shortages of teachers in science and mathematical fields in Tanzania’s
secondary schools included students’ low interest in studying science and mathematics subjects,
students' dislike of joining the teaching profession for the reason that it is a low-paying job, and
students' avoidance of studying science and mathematics subjects as they consider them hard

subjects to study.
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Based on the above factors, students, in one way or another, contribute to the shortage of teachers
in scientific and mathematical fields, especially when they avoid entering into teaching careers.
Students need motivation and encouragement so that they could be able to cope with the situations
and smoothly study and perform better in science and mathematics subjects. At some point, the
parents should also be involved in encouraging the students to like the teaching profession. It
should be noted that all other professional careers could not be able to flourish without the efforts

of teachers or teaching careers.

Several variables that are responsible for the shortage of mathematical and science teachers should
be reduced or eliminated to ensure that the shortage is as little as possible. The study suggested
that secondary schools should continuously train and hire teachers who are qualified in science
and mathematics. Secondary school students should be effectively trained from the ordinary
secondary levels, particularly in sciences as well as mathematics subjects, so that they can continue

studying in scientific and mathematical fields at tertiary levels.

To provide a more thorough knowledge of this research question, the current study aimed at filling
the gap caused by the dearth of mathematical and science teachers. Teachers can help contribute
to addressing the shortage of mathematical and scientific teachers in secondary education. As a
result, the research identified several issues, most of which were teacher-based, that contributed to
the shortage of science and math teachers. Due to these teacher-based factors, there were not
enough science and math teachers including teachers' failure to finish up syllabi, the high teacher-
student ratio, and the high classroom teaching workload among the teachers. However, no single
factor was caused by only the teachers or students, but the factors were based on the teachers and

students, the school management, the government, or all of them.
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As for the students, teachers need to be motivated to be able to increase their productivity. The
teachers need support from the school management, parent, and the government to be able to work
effectively. The motivation here will be through in-service training, incentives, salary increments,
and a suitable working environment. Moreover, teachers should be provided with teaching and
learning facilities to enable them to work effectively. The facilities here mean laboratory
equipment, chemicals, and specimens, just to mention a few, well-furnished libraries with both
textbooks and eBooks, and housing facilities furnished with power, water, and other necessary

needs.

The issues that are initiating a shortage of mathematical and scientific teachers in secondary
educational institutions have been influenced by school management. The research found that
some factors were school management-related, such as the issues of lack of adequate facilities
such as libraries furnished with books, laboratories equipped with chemicals, apparatus,
specimens, and a favorable teaching environment. The school management was responsible for
furnishing the schools with enough facilities to be in a good position to support the science and
mathematics teaching processes. If these facilities necessary for teaching science subjects were
unavailable or inadequate, then the impacts would go on the student’s performance and, in the long

run, cause a shortage of science and mathematical teachers.

Other mentioned problems that were teacher-related and contributed to the shortage of science and
math teachers were low salary increases that maintained earnings at low levels. Moreover, the
research study revealed that there were poor incentives and motivation for teachers in most
schools. The perception among the students that the teachers are paid low discourages the

graduates from entering the teaching career. However, the research suggested that teachers could
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always work as role models to show the students that teaching is like any other career. Though it
should be taken into account that this work is complex, and major issues are not solved quickly or

easily, thus the stakeholder should note that educational change can take time.

According to the current research study, the government must play a part in decreasing and perhaps
even resolving the issue of the shortage of scientific and mathematics teachers. To address the
shortage of scientific and math teachers, the Tanzanian government has implemented new policies
and reforms through the Ministry of Science and Technology. One of the policies is to offer
education loans to all university students majoring in mathematics and the sciences subjects. The
primary issue is to increase the number since there is a need for more science and mathematical
teachers in secondary education. Furthermore, free education policy that stipulated that education
in Tanzania will be free from pre-primary school to ordinary secondary school levels was
introduced, and that has resulted in increased secondary school enrolment, causing a high teacher-
student ratio and also a high teaching workload for the teachers. In line with that policy, the impacts
like high teacher-student ratio and high workload affect the students’ overall performance, notably
in both science and mathematics classes. The scarcity of mathematical and scientific expertise

might get worse under this regime than where it is already.

Moreover, the government introduced education for all movements that had also increased the
number of students enrolled in lower levels of education which later or soon increase the number
of students in higher levels as these levels feed each other. This means that there is also a need to
expand the higher levels in terms of the facilities and other resources such as the infrastructures

and human resources.
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However, in terms of human resources increase, the government, through its Higher Education
Student Loan Board (HESLB), is providing loans to students pursuing higher degrees in science
and mathematics. One of the greatest programs to address the issue of a lack of science and math
instructors in secondary education is this one. However, it is not clear whether these students would
like to pursue a teaching career after finishing their studies. Some of these students might have
chosen to study science and mathematics due to the availability of the loan, which might be the

only funding opportunity for them to pursue a university degree.

Since it was revealed in the current research findings that many of the teachers’ graduates chose
to enter other science-related careers, the government has to work on how to retain these graduate
teachers in teaching careers. To be able to retain these science and mathematics teachers, the
government has to ensure that teachers are supported in their training, and working environment,
and also are employed. The study made some suggestions for further investigation into the effects
of the free education policy as well as the Education for All movement campaign toward the
shortage of teachers at the secondary education level in Tanzania. This could highlight more on
what to do with the growing secondary school students’ enrolments, which was caused by the free
education policy from pre-primary to ordinary secondary education level and education for all

movement.

The Effects of Teacher Shortages in Scientific and Mathematical Fields on Secondary

Education

Students and the entire nation as a whole are affected to some extent by the shortage of teachers
in education in science as well as mathematics. The results of the current research study show that

the shortage of instructors in mathematics and science affects students' performance in secondary
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education. The biggest worry of participants in this research study was poor performance in
mathematics and science classes. Due to a shortage of instructors and students' lackluster
enthusiasm for mathematics and science courses, many students score very poorly in these
disciplines. Therefore, with few teachers in secondary schools, the teachers end up with a high
teaching workload. The teachers' high workload reduces the teaching efficiency in the classwork
because the teacher-student time of consultation is inadequate. Furthermore, due to poor
performance in science and mathematics subjects, fewer students are advanced to higher levels of
study, which leads to fewer graduates with degrees in mathematical and scientific fields. The
shortage of teachers in science and mathematics fields is exacerbated by the fact that some of these
few graduating students opt to pursue alternative occupations in those fields and not teach careers.
Additionally, the study's findings showed that there are some effects of the lack of science and
math teachers on society, where people think that these disciplines are difficult to learn and cause

students to shy away from them.

The shortage of instructors in mathematics and science in secondary education also endures as a
result of the assumption that these disciplines are difficult to study and that learners avoid them.

The majority of students usually opt to pursue social sciences rather than science and mathematics.

Additionally, the study's findings revealed that a high teacher-to-student ratio is a result of the
shortage of mathematical and science instructors, which might be higher with the introduction of
the free education policy and the Education for All movement. The high teacher-to-student ratio
hinders the teacher’s ability to manage the class, affects teaching efficiency, and causes poor
teachers’ ability to contact individual students. This leads to subpar performance in secondary

school mathematical and science classes and a low graduation rate for those two courses. This
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trend becomes worse when it creates a cyclic relationship with the factors which are causing a lack

of an adequate number of mathematical and science teachers in high secondary schools.

Furthermore, the research revealed that students avoid entering into teaching careers as they
consider themselves to be underpaid, which has been exaggerated by the stereotype that exists in
a society that teaching is a low-paying job. This situation affects students’ decisions to enter the
teaching career and, as a result, the scarcity of teachers in sciences and mathematical fields
increases and exerts more impact on secondary schools in Tanzania. More efforts are needed from
school administration, teachers, and the government to persuade students to pursue a career in
education should be encouraged to like teaching careers. This can be done through their teachers,
who have to be role models for them. These teachers have to inspire the students by teaching

effectively and improving performance, notably in the sciences and mathematics classes.

This study found that students frequently seek help outside of school because there are not enough
mathematical and science teachers, especially during school vacations. However, the quality of
education obtained from the teachers outside the school is not known as it is not formal and the
qualifications of such teachers are still a question. The current research study could not secure
enough information about learning outside the school environment, which was an option for the
students in response to the scarcity of teachers. Future research is required to investigate the

impacts of learning outside the school on students who opt to join such programs.

Moreover, the research investigation found that an inadequate number of teachers contributed to
the student's poor performance in science and mathematics classes. As a result, the secondary

school curriculum's coverage was impacted because there were not enough science and math
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instructors to complete the curriculum. This situation pushed the students to look for teachers

outside the school, as discussed in the prior section.

Furthermore, the researchers found that students' motivation in pursuing sciences and mathematics
in secondary school is poor due to the shortage of scientific and mathematics teachers in secondary
educational institutions. Low students’ interest in studying science and mathematics was
intensified by other factors like poor performance, the student’s perception of science and
mathematics, and stereotypes that exist in a society that science and mathematics are hard subjects
to study. The research findings showed that students like science and mathematics for some reason
other than to become teachers. From the current research findings, students like science and
mathematics because they want to become medical doctors, pilots, engineers, nurses, and other
careers, but not teachers. Thus, the students prefer science and mathematics-related careers to

teaching.

The study found a cyclical relationship between its impact on Tanzania's secondary schools and
the shortage of mathematical and science teachers. The issues that were discovered to be the root
causes of the shortage of science and mathematics teachers were also identified as having effects
on secondary schools. There is a cyclical relationship between the issues that contribute to the
shortage of science and mathematical teachers and the impacts delays all the efforts by the school

management and the government in minimizing or eliminating the problem.

The Research Findings' Response to the Problem

The research findings describe the factors that contributed to the scarcity of science and

mathematics teachers, as well as their effects on secondary schools in Tanzania. The findings
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responded to the research problem as most of the factors can give the students, teachers, school
management, and government a true picture of what is causing the problem so that they can know
how to deal with it. Some of these factors are related to students, teachers, students and teachers,
and school management, while others are related to government and education policies. This
means that each education stakeholder has contributed to the problem in one way or another. Thus,

finding a solution to this problem would also require each education stakeholder to act accordingly.

Many of the factors that were causing the scarcity of science and mathematics teachers were related
to the teaching careers and the performance of the students. However, both the factors that were
causing the scarcity of science and mathematics teachers and the impacts that were obtained were
interrelated and connected, which made the problem persist. For instance, the scarcity of science
and mathematics was causing high teaching workloads for teachers, and this resulted in unfinished

science and mathematics subject syllabi, which later caused poor performance in those subjects.

The impacts of the scarcity of science and mathematics teachers, which were unveiled in this
research study, were related to the factors which were causing the same. For instance, poor
performance was the major cause of the scarcity of science and mathematics teachers, but it also
had an impact on the scarcity of science and mathematics as a whole. Therefore, when we talk
about the causing factors of the scarcity of science and mathematics teachers, we are also talking
about the impacts of the same. The impacts of the scarcity of science and mathematics are similar
to those caused by the same factors. One can conclude that the causing factors are similar to the
results of the impacts. For instance, poor performance is the cause of the scarcity of science and
mathematics teachers as well as the impact of the same. This means if we mitigate the impacts, we

limit the causing factors and vice versa.
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Specifically, the research study findings were able to respond to the research problem to some
extent. The first research question Chapter 1 question stated “What is the scarcity level of Science
and Mathematics teachers in secondary schools in Tanzania?” The students gave thoughtful
responses to this issue, and the majority of them (96%) indicated that Tanzania's secondary schools
have a severe shortage of scientific along with mathematics teachers. Only 4% of the students
responded that there is no scarcity of science and mathematics teachers in secondary schools in
Tanzania. On the other hand, the teacher’s response to this question was closer to the students’,
whereas 98% of the teachers agree that there is a high scarcity of science and mathematics teachers
in secondary schools in Tanzania, while only 2% said there is no high scarcity of science and

mathematics teachers in secondary schools.

The second question as reflected in chapter section 1.5 research question 2 stated: “What are the
factors causing the scarcity of Science and Mathematics teachers in secondary schools in
Tanzania?” The main purpose of asking this question is to unveil the factors causing the scarcity
of science and mathematics teachers in secondary schools in Tanzania. This question was
answered by the students, the education officers, and the teachers who were involved in science

and mathematics subjects.

The students revealed that the factors which contributed to the scarcity of science and mathematics
teachers in secondary schools in Tanzania include: poor performance, students’ low interest in
studying science and mathematics, unfinished syllabus, graduates joining other science and
mathematics-related careers, high teacher-student ratio, and low interest in a teaching career
among student graduates. At the same time, the teachers revealed that the factors causing the
scarcity of science and mathematics teachers in secondary schools in Tanzania were poor

performance, unfinished syllabus, high teacher student-ratio, high teaching load, unemployment
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of the new teachers, few graduates in science and mathematics, low teacher salary / no salary
increments, the situation of unemployment in the country, and low students’ in studying science

and mathematics subjects.

The third research question (Chapter 1, section 1.5 question 3) was indicated as, “What is the
difference in the responses of the teachers and students on the factors causing the scarcity of
Science and mathematics teachers in secondary schools in Tanzania?”” This question was aimed at
finding out if there were different responses between students and teachers regarding the factors
causing the scarcity of science and mathematics teachers in secondary schools in Tanzania. The
responses from the students and teachers were not so much different except if some answers were
related to teaching for teachers and some answers were related to learning for students therefore,

the answers came from only the students.

The fourth question in section 1.5 research question 4 stated ‘What are the impacts of the scarcity
of Science and Mathematics teachers on secondary schools in Tanzania?’ This question was asked
to unveil the impacts of the scarcity of science and mathematics teachers in secondary school
teachers in Tanzania. The responses to this question from the students differ slightly from the
responses from the teachers. While students responded as learners, the teachers responded as
employees. The students did not consider issues related to employment and working conditions

while the teachers did.

However, since they all share the situation of teaching and learning environment some responses
were similar to each other. The responses from the students on the impacts of the scarcity of science
and mathematics were: poor performance in science and mathematics subjects, few graduates in

science and mathematics, low students’ interest in studying science and mathematics subjects,
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unfinished syllabus, students looking for alternative teachers outside the school. Teachers’
responses to similar questions were: poor performance in science and mathematics subjects; high
teacher-student ratio; unfinished syllabus; high teachers’ workload; few graduates in science and

mathematics; and students lack of interest in studying science and mathematics.

The fifth question of this dissertation (research question 5) asked was: ‘What are the differences
in the responses of teachers and students on the impacts of the scarcity of sciences and mathematics
in secondary schools in Tanzania?” The major goal of raising this inquiry was to learn how both
teachers and students' perspectives on the effects of the teacher shortage in science and
mathematics differed. The research findings revealed in this research showed that the question is
answered. The responses from students and the teachers are more or less similar to each other
except for a few. They all revealed that the scarcity of science has an impact on the teaching and
learning process in secondary schools in Tanzania. On behalf of the students, the impacts of the
scarcity of science and mathematics teachers include poor performance in science and mathematics
subjects, low students’ interest in studying science and mathematics subjects, unfinished syllabi,
few graduates in science and mathematics, students avoiding studying science and mathematics

and lastly students look for help from outside the school.

The sixth research question of this study asked was phrased: ‘What strategies could be used to
minimize the scarcity of science and mathematics teaching in secondary schools in Tanzania?” The
aim of setting this question was to get information on how the students and the teachers think about
resolving the problem of the scarcity of science and mathematics teachers in secondary schools in
Tanzania. The main strategies revealed were: The efforts to encourage students to like science and
mathematics subjects; the efforts to inspire students who are studying science and mathematics to

like teaching careers; appreciate and motivate science and mathematics teachers through paying
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more and providing incentives; provision of short causes for science and mathematics teachers to
improve their knowledge and skills in those subjects, and employ qualified teachers to raise the

students’ performance in science and mathematics in secondary schools.

Through this research study, different education stakeholders such as school management,
teachers, students, and other education officers could be able to access different strategies
highlighted here and apply them in their respective schools. The school management teams could
be able to improve their school environment to suit their teaching and learning processes. Teachers'
decisions on where they teach and whether or not to remain are strongly influenced by the teaching-
learning environments for both teachers as well as students. School leadership and administrative
support are frequently cited as the primary reasons for teachers leaving or remaining in the
profession, or a specific school, outweighing even salary considerations for some teachers. From
the literature, opportunities for professional collaboration and shared decision-making with
teachers about their career choices are shaped by their affiliation with a team working toward a
common goal. Key factors include opportunities for teachers, collaboration, and input in a
particular institution. The teachers have to be allowed to contribute to curriculum development,

policymaking, and decision-making on educational issues.

Moreover, there is a need for the school management and the government to ensure that teachers
are getting in-service training to frequently improve their knowledge and skill so that they can
adapt to the world’s changes in science and technology. In this way, the teachers would become
up to date and they would also like their careers. Through in-service programs which will improve
teachers’ ability to teach, the student's performance would as well change positively. On the other
hand, this could increase the student’s interest in studying scientific and mathematics subjects and

they would even like the teaching careers.
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The seventh research question of this study asked was phrased: ‘How effectively do the approaches
used by the school management manage the scarcity of science and mathematics teaching in
secondary schools in Tanzania?’ As with other research questions, this question was answered.
While some of these strategies were effectively improving teaching and learning others were not
useful to schools. Starting with the useful strategies the school management introduced remedial
classes which seemed to improve the performance of the students in science and mathematics
subjects. The efforts to encourage students to like science and mathematics subjects was a very

useful strategy that needs to be emphasized in all secondary schools.

Moreover, the teachers suggested that there is a need to inspire students who are studying science
and mathematics to like teaching careers. To fulfill this strategy, the teachers have to work
effectively and be role models to their students so that they may be attracted and become motivated
to become teachers in the future. Other education responsible authorities should value and consider
the teaching career like any others and improve teachers’ salaries and incentives, provide in-
service training, seminars, and other programs. School management should be more serious when
it comes to the employment of teachers. They should consider hiring those with a qualification in
science and mathematics. This is the powerful / strongest strategy that may change the whole
problem of the scarcity of science and mathematics teachers and the impacts on secondary schools.
If qualified teachers are employed to teach science and mathematics subjects, they could be able
to handle classes positively since they have the knowledge and skills to deliver the subject matter

and be able to use the available resources to teach.

The research study revealed that there is a need to appreciate and motivate science and

mathematics teachers by paying more and providing incentives. In this way, the teachers and
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students will work effectively and, in the end, the performance of the students will become high.
Provision of short causes for science and mathematics teachers to improve their knowledge and
skills in those subjects. The provision of the in-service short courses for the students there could
improve the teacher’s knowledge and skill and this makes the teaching much better. On the other
hand, according to the findings of this study, there could be a significant effect on performance in
science and mathematics subjects. The improvement of the teaching and learning resources
specifically well-furnished laboratories and libraries could also help in the improvement of
students’ performance. Science and mathematics performance in Tanzanian secondary schools can
be improved if students participate in practical lessons led by well-trained and qualified teachers.
This increases their motivation and, as a result, changes their attitude toward science and subjects,

resulting in improved performance.

The Research Findings' Contribution to Existing Literature and Practice

The research study has investigated and unveiled the main factors that are causing the scarcity of
teachers in science as well as mathematics and its impacts on Tanzanian secondary education.
From the current research problem, it was revealed in the research study that, science and
mathematics teachers were scarce, and this has caused some impacts on secondary schools in
Tanzania. The current research has contributed to the existing literature and practice as the
knowledge about the problem is now available to be used by different education stakeholders to
minimize or eliminate it as discussed below. Such education stakeholders include students,
teachers, the school management team, other education officers, policy-makers, and even

government education planners.
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With the unveiled factors which are causing the scarcity of science and mathematics teachers, these
findings are useful to government education officers, school education management teams,
teachers, students, policy-makers, and decision-makers to understand the existing problem more
clearly so that they could take proper and effective actions. Moreover, the research findings are
useful to all of the education stakeholders to be able to comprehend thoroughly the impacts of the
factors that contribute to a shortage of mathematical and scientific teachers in Tanzania's secondary
schools. The findings would also assist the Ministry of Science and Technology, which is
accountable for teacher training education, to find the proper ways of training, attracting, and
retaining science and mathematics teachers in the teaching career to reduce the scarcity and its

impacts.

Furthermore, the current research findings serve as a reference to the educational planners and
decision-makers who need to invest more in training science and mathematical teachers, employ
enough qualified teachers, as well as be able to mitigate the problem of the scarcity of teachers in
secondary schools to promote the provision of quality science and mathematics subjects. Also, it
can serve as a base to motivate and encourage teachers to work more effectively as well as inspire

students to like and take up teaching careers in Tanzania.

The research study recommends that to solve the problem there is a need to intervene in the cyclic
relationship between the causes and the impacts of the shortage of teachers in science and
mathematics fields that is shown on the cyclic relationship model. The government should
motivate the teachers economically and professionally to the highest level possible to help students
to like and perform better in scientific as well as mathematics fields. This is in line with findings

and recommendations by Dee and Goldhaber in 2017, who reported that conceptually, paying
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teachers at hard-to-staff rural schools and in subjects with high demand makes sense. It is clear
from the studies that financial incentives have an impact on retention, therefore policymakers
would be wise to start here to address the skills gap as well as the personnel shortage in schools.
There is a need to prioritize certain subjects and raise pay to reduce the teacher shortage. Financial
incentives might be used to address staffing concerns. Although these recommendations have
strong logic and are supported by empirical data, we must be careful to emphasize that the
fundamental evidence is not flawless. Both intrinsic and extrinsic motivations are necessary to
ensure that by any means the teachers deliver what is required in the curriculum. If this is done
thoroughly the students’ performance will be high and finally motivate more graduates to join

science and mathematics teaching careers.

Many strategies have been employed over the decades to lessen teacher shortages, and new
programs are developed every year. This problem can only be solved when all the education
stakeholders, leaders, and vested interests come together to collaborate on a plan. The government
should come up with plans to make teaching an appealing profession, the report in question
advises. Education stakeholders should upraise the teaching profession and make it a rewarding,
valued, and appreciated position in our communities to motivate and attract more students to like

studying science and mathematics and join teaching careers.

The study's findings continue to serve as the foundation for additional investigation into the
problems associated with a shortage of scientific and mathematical teachers in Tanzania's
secondary schools. Several recommendations for further research which are presented in this
research have created a great avenue for the researchers who are interested to conduct research

related shortage of teachers and any other related to science and mathematics teaching careers.
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Moreover, the research findings help the school management evaluate the approaches or strategies
they have been using to minimize or eliminate shortages of scientific and mathematical teachers,
and the impacts on Tanzania's secondary schools. For the students, the research findings are useful
to those whose interest is in science and mathematics-related careers, including teaching in the
future. Moreover, the research is expected to inspire more students to join science and mathematics
courses and especially those related to teaching careers. For parents whose priority for their
children is to pursue science and mathematics careers, the research findings are useful because
they are in a good position to advise their children on this. Parents have a big role to inspire their
children to study preferable courses. Thus, through this research, the parents and the students

would be able to see the importance of teaching careers in society.

The success of future generations, especially those living in marginalized cultures in rural areas,
depends on the employment and retention of highly trained trainers, especially in the fields of
mathematical and scientific studies. The causes contributing to a shortage of educators who teach
science and mathematics have fortunately been identified by the current research investigation and
revealed an interaction with the impacts which forms a cyclic trend. The trend inhibits all the
intervention efforts that have been put forward by the school management and the government
through its Ministry of Education, Science, and Technology. Through the research findings, the
decision-makers could be able to come up with education policies and strategies that could be used
to improve the school environment that would help in attracting and retaining teachers in teaching
careers. Local conditions which are specific to an area will determine which set of research-based
policies are most appropriate for a particular school to ensure that their teachers are paid and

retained rather than letting them quit their careers. A wide-ranging set of goals is needed to address
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our scarcity of emerging science and mathematics teachers and to ensure that every child is taught

by a competent and dedicated teacher.

The research findings contributed to the existing knowledge in that it was able to identify the
causes of the shortage of science and mathematical trainers and the impacts which have shown
that the trend is cyclic as explained earlier in the current research. To resolve or lessen the issue of
the shortage of scientific and mathematical educators, serious actions are required to intervene in
the trend of the cyclic relationship between the factors causing the scarcity of science and
mathematics and its impacts. This intervention requires each education stakeholder to take action
at the levels they belong to, whether a student, teacher, school management, parents, or the
government. Since the impacts of the scarcity of science and mathematics teachers are then caused
by the scarcity of teachers, all education stakeholders are accountable and responsible for
intervening in this trend to minimize the problem. Students, teachers, school management, and the
government all together have to intervene in the causes of Tanzania's secondary education’

shortage of mathematical and scientific teachers.

To be able to intervene teachers have to teach effectively to ensure that the student's performance
which is the primary reason for the dearth of scientific and mathematical teachers is greatly
improving. To enhance their academic achievement in subjects such as science and mathematical
subjects, learners should work hard in the classroom. However, to enhance the performance of
teachers who teach science and mathematics and students need adequate teaching and learning
facilities. These facilities include libraries with enough textbooks, laboratories equipped with
necessary chemicals and equipment, and off cause sufficient science and mathematics teachers.

To be able to have all those facilities the school management and the government have to make
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sure they are available in every school where science and mathematics are been taught. Teachers
are responsible to work as role models to inspire and build students’ interest in studying and liking
science and mathematics as well as becoming interested in teaching careers. For the teachers to
work as role models they need to be motivated and encouraged through proper payment and
incentives as well as be provided with professional development programs including in-service

programs and short courses as well as online programs.

For the school management, they should avoid hiring temporary or part-time teachers for science
and mathematics teachers as some of them lack enough knowledge and skills in teaching methods.
On another hand, the school management has hired or employed well-qualified teachers who are
competent and have teaching methodology knowledge and skills in their teaching career. By hiring
an adequate number of qualified teachers, the student would stop looking for alternative teachers
outside the school. These students would not behave negatively attitude toward science and
mathematics subjects that they perceived are hard to study but rather they would as well like to

study these subjects.

With enough qualified teachers, the syllabi coverage would not lag behind the schedule and the
students’ performance would improve to a large extent. The students would not find substitute
teachers outside the school during the school holiday. Moreover, with enough qualified science
and mathematics teachers would be lower and the teaching becomes effective. The supply of
sufficient qualified science and mathematics teachers would also minimize the teacher-student
ratio in secondary schools. Teachers will be able to have contact with each student in the classroom
during the teaching-learning process. Teachers would thus be able to comprehend each student's

issues and offer appropriate assistance.
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APPENDICES

Appendix A: Formatting Appendices

Interview Guide Questions for the Teachers

Background Information

1. Gender: Male ........covvieiieeceeee e

Female ..........ccoooiiiiiiiils

2. Name of SChool ...

3. District ......ccoeviiiiiie

4. Date ...

Questions:

5. For how long have you been working at this school?

6. Which subjects are you teaching in this School?

7. How many classes do you teach at this school? (a) One (b) Two (c) More than two.
8. a). Have you experienced any scarcity of science and mathematics teachers at your

school? YES/NO. (Put a tick where appropriate)

(b) If YES, explain why?

L e ii.
...................................................................................... iii.
9. (a) How do you compare the shortage of science and mathematics teachers with other

subject teachers in this school?
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(b) Does the scarcity of science and mathematics affect your teaching loads in the teaching
profession? YES/NO. (Put a Tick (v) where appropriate)
(c) ) c) If YES, describe how it impacts you

10.  a). What are the causes of the scarcity of science and mathematics teachers in your

school?
i ) e
) oo,
. ) oo
V. ) ot
Ve ) e

11.  Areyou concerned with the scarcity of science and mathematics teachers in your school?

YES/NO. (Tick (v) where Appropriate) (b) If YES, explain

12.  a) Does the scarcity of science and mathematics teachers affect students’ performance

YES/NO (Tick (v) where Appropriate) (b) If YES, explain how?
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13.  What strategies do you have to improve the performance of your science and

mathematics classes in this school?

14.  (a) Does the scarcity of science and mathematics teachers have any impact on student

choice of subjects? (b) If YES, explain how it affects you

) IR i)
................................................................................. iii)
1Y P
V)
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15. Are the impact of the shortage of science and mathematics teachers have any problems

in the educational system? If YES, explain how it affects the educational system.

17 (a) Does the School Management have some strategies to minimize the scarcity of

science and mathematics teachers? YES/NO (Tick (V) where appropriate)

(b) If YES/What are those strategies?

[T
[T iii
..................................................................................... iv.
..................................................................................... V.

18 (a) Are those school management strategies reducing the problem, YES/NO put a (Teck
(V) where appropriate)

(b) If NO, what strategies would you advise the school Management to adopt?
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19.  Provide your opinion on how to reduce the scarcity of science and mathematics teachers

in your secondary school.
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Questionnaire for Secondary Students

Background Information

1. Gender: Male .........cccoevnvnne. Female ...,

2. Name of School ..o

3. Class/FOrm .......coveiiiiiii,

4. DIStriCt ..o

S. Date ..ocvoiiiiii

Questions

6. (@) Do you have enough science and mathematics teachers in your school? YES/NO put

a (Tick (V) where appropriate)

(D). EXPIAIN WRY 2.ttt ettt ta e re e e

7. Which combination of science subjects are you studying? (Tick (V) the appropriate)
i CBG - Chemistry, Biology, and Geography

ii. PCM - Physics, Chemistry, and Mathematics

iii. EGM — Economics, Geography, and Mathematics

iv. PGM — Physics, Geography, and Mathematics

V. PCB — Physics, Chemistry, and Biology

Vi, CBN — Chemistry, Biology, and Nutrition

vii.  CBA — Chemistry, Biology, and Agriculture

8. Why did you choose those subjects and not others?
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9. a). What are the causes of the scarcity of science and mathematics teachers in your

school?

(1) e
(1) oo,
(V) oo,
(V) oo,

11.  a). Is this shortage of science and mathematics teachers have effects on your academic
performance? YES/NO put a (Tick (V) where appropriate).

b). If YES, what are the effects?

(1) oot

12.  (a) What are the measures taken by the school management against this shortage to make

sure that you are not affected in academic performance?
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b) Do you think the measure mentioned above will solve the problem of the shortage of
science and mathematics teachers? YES/NO put a (Tick (V) where appropriate).

c). If NO, what do you think can be done to solve this problem forever?

13. (a) Does the shortage of science and mathematics teachers them discourage from joining
science combination at an advanced level? YES/NO put a (Tick (V) where appropriate). If YES,

explain.

14, a) Does the shortage of science and mathematics teachers hinder you from covering the
science and mathematics syllabus? YES/NO put a (Tick (V) where appropriate).
b) If YES, which specific subject is affected the most?

¢) What other efforts do you take to finish up the science and mathematics syllabi?
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15.  (a) Do you think the scarcity of science and mathematics teachers will affect your future
career? YES/NO put a (Tick (V) where appropriate).

b). If Yes, explain how and why?

16.  a). Is the scarcity of science and mathematics teachers affecting your future life?
YES/NO (Tick (V) where appropriate).

(b) If YES explain how.

17.  c¢). Are your parents have any concerns about this scarcity of science and mathematics
teachers? YES/NO (Tick (V) where appropriate).

(b) If YES explain why.

18. a). Are there any measures taken by your parents to solve the issue of the scarcity of

science and mathematics teachers in your school? YES/NO (Tick (V) where appropriate).
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b) If NO what do you think could be done to solve this problem?

19.  Provide your opinion on how to reduce the scarcity of science and mathematics teachers

in your secondary school.
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Interview Guide Questions for the Education Officers (District Levels)

Background Information

1. Gender:Male ..............ooo.....

2. Female ..........cooviviiiiiinnn,

3. Name of school ......................ooel.

4. District .........ccoviiiinn

S, Date ...

Questions:

6. For how long have you been working in this office? .............................

7. (a) How many secondary schools have ordinary level to advanced level in your
district/region? ... ...

(b) How many schools are teaching science and mathematics subjects at A-Level?

¢) How many are teaching mathematics subjects? .............................

8. a). Do you have any information on the shortage of science and mathematics teachers in
secondary schools in your district? YES/NO. (Tick (V) where appropriate). If YES, how many
schools are facing this problem? ...........................

b). How do you get information on the shortage of teachers in secondary schools in your district?

9. Which among the following subjects is facing a great shortage of teachers in secondary

schools in your District? (Tick (V) where appropriate)
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(i) Science and mathematics.

(i) Arts.

(iii) Business.

(iv) other subjects

10. What do you think are the causes of the shortage of science and mathematics teachers in

secondary schools in your District?

) e i)

................................................................ vi)i)
................................................................. vii)ii)
VITITTE) oo

11. (a) Are there any strategies that your office has to assist secondary schools to reduce the
scarcity of science and mathematics teachers in your districts? YES/NO. (Tick (V) where
appropriate).

(b) If YES, what are those strategies?

12.  To what extent are your office assisted secondary schools in solving the problem of the

scarcity of science and mathematics teachers in the District?
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13.  a). Do you think the strategies to solve the problem of scarcity of science and
mathematics teachers in secondary schools have minimized the problem? YES/NO ((Tick (V)
where appropriate).

(b) If YES, to what extent? ...........coouiiriiiiiiiiiieieeeeeeie e,

C). IFNO, WY ? L

14.  Are the schools in your District have some strategies to manage the problem of the
scarcity of science and mathematics in secondary schools? YES/NO (Tick (V) where
appropriate).

(b) If YES, what are the strategies?

15.  a) Are you satisfied with the examination results from the schools in your District?
YES/NO. (Tick (V) where appropriate).

(b) If NO, Why?

16.  a) What do you suggest to be done to minimize the problem of the scarcity of science and

mathematics teachers in secondary schools in your District?
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Appendix B: Useful Resources

Provisional Approved UREC Forms

UNl.@.A.F S—

The Provisional Approval - Research Ethics Applcation Fom (REAF) should be compieted by
Oocsoral level candidates enrolied on Dissenation stage 1.

m;m;;mmemume aooep:gunu
descnption of mmuhssmmuwmqmu:umm following
Dsertation Stage 2 and picting in Dissectation Stage 3.

Thes Is a conditional offor and accoptance of the projoct needs to be verified and confirmed
upon completion of the Rescarch Ethics Application Form in Dissertation Stage 3.

Important Notes:
= An clectrorsc version of the completed foom should be wpicaded by Te student 1o he relewant
submission Ink In e VILE Sudents sapervisor will then review the form and provice feadback

FreveTew A ary ﬂmuw«nﬁmlugmmhmmw forwaerd this o
for proviscoal approval by the Unicalf University Reseacch Ethics
Commitiee (UREC),

e Please type yow answers and do not subme paoer copy scans. Daly POF format documents
should be submitted to the committee.

= If you need 30 supply any supplementany matenal, not specficaly requested by the applcation
foem, phuodosonasep-nneho Any addmonal documentis) should be clearty labetied and
wploaded M e relevant VLE

* Il you have any gQuernies about the Sorm, picase address Them 0 your dssenabon o project
suUperwsor.

iQessbere Darest Miwm KIrCene0 e |
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Student’s Name: locsephine Donald Mremi
Student’s E-mall Address: osenygaial Egmall coom
Student'sID#:  A17040260193%5

Supaervisor's Name: D Muraine familu Glanewaeju

University Campus: Unicaf Unoversity Malaws [LULIM)
Program of Study: UL #hD Doctorate of Philosophy - Education

Reseoarch Project Title: Foctors Causing the Scarcity of Soonce and Mathemancs Teachers and
the imyparts on Secondary School in Tandana

1. Ploase timelines involved in =
Estimated Start Date:  2%-Now- 2019 Estmated Endg Oate: 3 1-Dec- 2020
2 The resexrch projoct
2. Project Summary:

hmwmwmumwmrmmm
proposed ressarch project Ensare that you pose the messarch  guesaons
examined, nuuwmwmmwwdmmm

nm;tengf?-'lmwyw al.notn.:n‘:s:'.;-‘o::smwp.&u
Msuwmqmwmmﬁx oy

BRI '-bm‘-&:“—-m&wdﬂm-ﬂM
m“n—n’-mmmv Y e b-h‘vummq
m—dmunm * = ks ¥ mnmam_mmu—-.m
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m—gmmmvm 2T Pogewt JUNE Weetpmooed SUG?

Rargtoow famie b sbec Wrrte® sfurrvsstion oo e Ao bee srw Catinwyg Vea ¥y wd v By & >
prawry years The cumere stusy o wrrkang o el ol the faciory g o B v = 'y sl
par i T Atar T ETS et e WL et 2 of S a-ytu. s by o4 tha Y
Ictocts 8t e cocerry. Vi ansty wil e -m
y mte hlmm»«h”‘m‘n—m#hwﬂ—uw.-m

o ok e ot -t Senstunt w suarcyy in =Y

M“mhmumwm“o—mun—muuh

st

.

e O 1 Aty RITOADMsOTeIY 2
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b. Significance of the Proposed Research Study and Potontial Banofit

QOutire ?e potential significance andior benefits of the research (masimum 200 woeds)

and other educabonas stakehoiders.

expectad resaarch siudy resulls for the caxses of he scarcity scence and
thematice and the impacts on secondary schools will be of banelit to the different

3. Erniect execution:
a Type of project. The following study Is an:
experimental study (prmary researnch)

D deskiop study (secondary research)
[[] geskiop study using exizang databases ivohing informaton of human:

[[] othe

If you have chasen 'Other’ please Explain:
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b. Methods. The following study will involve the use of:

Mathod Matorials / Tools
Qﬂlﬂm DFremetrmPhonc
Interviews
Face to Face Focus Groups
[] oxtine Foous Growps

*# you have chosen 'Other please Expian:

4. Pamicipants
a. Does the Project involve tha recruttmant of participants ?

YES if YES, please compiete ail following sections.
[l im0, please directty proceed to Gusstion 5.

Noto: The defindon of RanicEaton” INCades aciv PArScipaton, S0ch s what Camcipants knowingly EEe
part in 30 Merviaw O COMPLE & QUEStonTare

Msegraie Dotws Myern L Ma0 TNy 4
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REAF_DSPA - Versos 10

b Relovant Partcipant Detaits of the Proposed Rescarch

Pease state the numoer of parsck ﬂyl.""“’b R any nciasion and
m-ﬂoxmkmg it that you specty e -
e b G

exduson criena that

be appiied (e g eligbilty crters dor g

Number of parScipants

Age range Fm

To

Cender
e
mm tevwin
o Indusson octeria wrt Dot Wty B GRSoers Wl I 4Iivee

Br rusaarsh) stacdy A sthood mesl S teachmts AT we Saching SoRice ey
win

wd e yrarvet m tu T
nuﬂvn_m e et il be S i il
ne&:ﬂ“.:"r i ey o : Roo
ity 1 Phtn tment ey abuzhy

Tamttats &t £w oF mami ) Som-Ts @l Watetios - secireaay,

nctracts el tac) JlarScipate In Tve Fhady. Ao S shatunis whs e
28ty

: m 100 woves ).

Xsatrnie Dotiehd Mrems " ’
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c. Recrultment Process for Human Resoarch Participants:

Flease clearly desoribe how the potential parscpares will be dentifed, approached and

¥ = = S Db nhh- h-w_‘-nﬂhbdmm
» A = -t i - Sufter Hant sl aeh l!-"‘ £:0 Cfies |1DED)
- ™ =t tha FTT whaty 01 > = e D Thea -t b
[ 2: of -t —‘—_t—numm
strmgsteram 1f Sia witar. Y (IEQ 1five wif afira fu resemthiat vaf T v oy f—
remmattf) FrésrTistast Uneg) fets sl liomst meat Gamta -t e gy
d b= v = J Wi sfzse P tesmartaar U
wty satact Sur o e - pat 3» d echy Musty Thm =ty well
s e o wre sloctyeeg -t e LYo
- e mtoest B P = studerty o e
Thas the W tidow as "t B rme swh rm pew -t
w—v—m.-—-m—-nl—v—m—mh.“-mhmht—m-
fxren ms Wy smaly

4 Relationship between the principal investigator and participants:
Is there any

relatorsheg princpal  Investgator
co-investigators(s), (W}aﬂdmﬂ?ﬁumm lmnm
resaarch n a school ervarooament on students N your dassroom (e.g. nstructor-student).

[ ves [F] =

It YES, piease specily (maximum 100 words).

5 Further Approvais

Ase there any otheor approvals required {In addition to ethics clearance from UREC) in order
fo camry out the proposed research study?

vsa Duo

#YES, please speafy (maximum 100 words)

mu.—o—mnqn—-mu-mt—--- Tw T T Mapor
y U] we e wishurd whe mare = 41 90 Vo rege I P EcTagrissw Pw 6
o R e s e O Lducamb Mlﬁﬁmhm- Tise DEG st
arnt e = ¥ 4 tummnte eut st e = 1w
¥y S 1 e Dn

# Ciovvend Sby RIrCacaieey L
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& Potential Risks of the Pro Rosecarch

Are thero any potential risks, psychological harm and/or ethical Issues associated with the
proposad research study, other than risks pertaining to everyday Me events {such as the
risk of an accidont whan travelling to 2 remote location for data collection)?

Bl El v

i YES, ploase spectly {maximes 150 words)

7. Apolication Checkdist

Plioase mark ¥ 1 the study invoives any of the folowing:

Chidran and young people under 18 years of age, vuinerabile popuiation such as chidren
with speciad educationaf neecs {SEN), racial or efnic mnortes,
czadvantiaged, peegnant women, eldery  mainounshed peopie, and I people.

D Ressarch that foresees rsks and dsacvantages that wouid affect any participant of the
sthucy sSuch as arwiety, shess, pan or physioal dsoormfort, haem nak (winch s moee than
= expecied from everyday Ife} or any ofher act that particpants mght Deleve =
detrimental to their welbeing and / or has the potential 1o / wit nfinge oa thesr human
rights / fundamentat nghts.

D Risk 10 the well-being and personal sadety of the researches
DMdmmMIMIWbIMf
J chemical agent of vaccines of other substances (Includng vitamns or focd
substiances) to human partiopants.

D Results that may hawe an adverse impact on the natural or bulft enveomment.

Esephire Dormidd Adcerms R POSCeIUs T
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£ Final Declaration

{a} | dadare that this appication is submied on the basis that the information it contains Is
confiderial and will anly be used by Unicaf University and Uncaf University Research Ethics
Commitiee {UREC) for the expiicit purpose of efécal review and montionng of the conduct of the
research proposed project as described in the precedng pages

(b} | uncerstand that this information will not be used for any ofher purpose without my prior
consent, exchsdng use miended %0 sadsty reporing requirements to relevant regulalony bodes.

(c} The miomason in $is form, fogether with ary accompanying information, & complate and
ocoerect to the best of my knowledge and belef and | take fulf resporsibiity for it

g} | undertake to abide by he highest posstie intemational ethvcal standards govesning the Code
of Practice for Research Invohing Human Partiopants, as publshed by the UN WHO Rescarch
Emics Review Commmes (ERC) on hitpUwww wha intiethicsresaarchien' and %o which Unicat

University aspees 10,

(2} Inaddtion to respect aoy and all relevant peofessional bodies’ codes of conduct and'or etiuoal
gudeines, whese applicabie, whie in pursut! of this research peoject.

{} | understand it ts my responsibiity %o submit a full REAF application during Dissertaton Stage 3
10 UREC. u-wwmasmwmmsmmwm

(g} | fully acknowiedge that thes foem does not constiuse approval of the proposed project bt g is
only a peovisional approval.

[+7] 1 agree witn ait points #sted under Question 8

Ssudent's Name: [xruphm Danald Mremd I

Supervisor's Name: lDt Murana Eamilu Clanrewaju l

Date of Application: 8 Dec 2019

Note
mm“mmmmemmommNM)mmm&
£ 10 your UL Descenalon'oroject Sopenisor (utor). In the case of student projocts, the
lies with the Facuity Dissertation/Project Supervisor. If ths & & student appécation, than It should be
SubeiBed i the relevant Sk o the VLE. Floase scbret only slectrancaly thed in copes; do not hand e
And submil scanned paper copes of this appicaton

Beforn submitting your application, please tick this box to confirm that all
relovant sections have boon filled In and the information contained is accurate to

the best of your knowledge.
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Approved UREC Forms

UNIGAF Sy

DOCTORAL STUDIES = Sl Ssabon

student's Name: Josephine Donald Mréemi 1
Student's E-mall Address: josengalas@gmail.com
Student's ID & R1704D2601935

Supervisors Name: Dr. Muraina Kamilu Olanrewaju
University Campus: Unical University Matawi {UUM] -~ '
Program of Study: UUM: PhD Doctorate of Philosophy - Education vl

Research Progect Titie: Factors Causing the Scarcity of Science and Mathematics Teachers and the
Impacts on Secondary Schools in Tanzania

1. Please siate the imelines involved In the proposed research project

Estimaned Stant Dates 14-Dec-2020 Estmatad End Date: 30-Dec-2021

2 Extermnatl Ressarch Funding (It appiicabls)-
2.a Do you have any extemal funding for your ressarch?
[Jyes s NO
if YES, please answer questions Zb and 2¢.
2.0. List any exdema (thirg party) Sources of Tunding you pEan 1o ulilise for your project. You

2.c. i Mere are any percalved Sthical Isswes or potential conficts of interest arsing from
Appeying OF 3Nd recaiving extemal MNding %or he proposedt research then these need to
De Tully dsciosad befow and S0 further elaborated on, In the relevant secTons an
athical consideratons iater on In this form.
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3. The

3.a. Project Summary:

in ®is section fuly descnbe the purpose and underyng rationale for the
proposed rescarch project. Ensure that you pose the research guessons % be
examined, siale the hypotheses, and dsouss the expecied results of your research and
ther potensal.

It Is important N your descriplion $a use PO fanguage 30 & can be undersood by al
members of the UREC, espooally thase who are not necessarnly experts n tho
partouar discipline. To that effect ensure that you fully explain / define any technicaf tenms

mﬂMW(mNmMnumy

mesin purposa of his gualilave resasrch study is o wrneil the facites causing the
scarsity of science and mathematics teachers and to assess the impacts on secondary
sihooks in Tanzania The siudy will examine the faciors causing current ssarcly of

moence and mathematics deachars aa well aa impacts on secondary schoolks
anzania. Moteowsr, the study will assass the stralegies thal are been usad m schools
mmm&emﬁydm&mmdmuamonmmookn
an2amia

scarcty of scence and malhemalica teachers and the mpacts on secondary
xtioots s peevaied for o long Ime in Tanzan:s despie of seversl efforts 1aken s
¥ a8 some reforms in educational system. From the llsrature redew done, It Bas
vmmumnmmammmmemmu
: onsawnd-tyscmootsinﬁemty (Ndﬂchko&b(omba 3334 Crzakid,

rics eachers and make assessment of the impacts caussd by this scarcity
™ art the secondary schooks o the country. The study will slso fvestgste s
axtent of the scarcity of sGence and mathemalics sachers and he mpacts on
oridry schools. Morsaver, the study infends 10 assess the sirslegies used by the
- i trssnapemand (sam 1o mirsmize the scarcily of sGence and mathamasos

schess and the impacts on sscondmy schools in Tanzania. Furthemmore, the study
umhabﬂteeﬂedvmolﬂmw:usedwmemdmml

sesaech findings will be & molivative base for the students whose ireres s o
soignoe cateers and he parents as well 4% theachers whose prionty and
joer for ther children is 1o study science and mathematics lor thetr future career

Aesephrae OO0 Mrame AITOI0S0TES

e
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3.b. Significance of the Proposed Research Study and Potential Bonetits:

QOutline e polential signBcance andicr benchits of the MSeXTh fSe e SOA0R PAoAded i1 1he box).

. The stugy will be usefid 10 the gavernment education officess, policy and decision
mmwmmmm_m.m“om

: a0 10 understand the indepth of the factors causng the scarcity of scisnce
mmﬁmmﬁnmme €. The study will finip the
educstion officers. school educsiion managers, and alher slakeholders 1o
ehend thoraughly the empacts of faciors causing e scarcily of sciencs and

: e tmachiets sacondary schools in Tanzania, i The fndings will serve s o
b!mbhmﬁaﬂahmmdmm::mnvmummmmm
! Mmmmwt\d-oalmndm@dmamhw

_hemmmesnthemhgpm‘animwasbudmthgsad!y. v. Tha

g o mnimeze the scaroty of scence and mathemafics teachers and is mpacks on
= seconday sthoots in Tanzania W, The ressarch findings will be usaSl to stodents.
pe inderest & 10 join sosnce careers in heir fulure endeavours. Vi The research
ridings will be besful lo parents whosa peiority and parcapian far their childesa is 1o

ity scaence for ther Rburs caroers

4. Project execution:

4.3, The foBowing shady is an:
E] experTnantal study (Domary research)
[]  Gesxtop stucy (secondary reseacch)
[[] omer

¥ you have chosen Other’ please Explain,
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4.b. Methods. The following study will involve the use of:
Method Matorials ( Tools

it E Face to Face Mnterviews
Emam
D Face to Face Focus Groups
[] ortine Focus Groups

] ome

oo 7] #ace to Face Guestonnaires
Dmm
D Experynents
[[] tests
[ ome-

¥ you have chosen ‘Other please Explain

students who will participaie i this research wik be given quesSonnanires (nstead of
tervien of Tocus group gecusoon. The researchers wik Brisfly expiain about the man
rpocses of tha research 10 the arbopants {salectad students) bafore pronding
estonraires o them, These selecied students will be given some tinee (o' go Bwough

iestionnaires and Repsrimes in wniling acoordingly-

researches wil guide the shudeats in filing He questicanaies and reshond to any
¢ Wl might arise durkng the proceas. For the stdents Who Will fesl that thery ward
withdraw themsaives fromn participsting m the resssmch will be nfcwed (o go &f any
Rirrees,

S Participantss

5a Does the Project invaolve the recruitment and participation of
other than tha researchar(s) themsaives? skfiflonal pesons

[£] ves i ves. picase compiete all following sections
[[] no HNO, please directly proceed to Question 7.

Sosugdenag Donadd Maml Bi70s0060193 3
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5 b. Rolovant Detalis of the Participants of the Proposed Rescarch
State he number of participants you plan to recrull, and exgiain In the box beiow how the ol
MuETDeT Wwas calouiated

e ——— N

study will recri different participants include four {4) aducaion officess from sach of

study will recruit » iotal of 86 science and mathematicn students, whersby twelve {12)
wlbesdeaadiomeadﬁotagu {83 s=condary schonls Thus, the grand otal
‘ = 152

Desooe mporiant characiensacs such as° demographics {e.g age, gender, location, afféiation,
wdmmmm;ubmmucmwwumn
exclusicn onena at wik be appiec (e.g. mmum

* Indusion owecia the Regicoal and Distric levels only educstion officers will
invalvad, a1 school [evel scisnce and malhamatcs sachers
studerts wil he involved in the tesearch- and govesnment
dlic schools will be purposive sefecied 1o be invalved.

e Exdusion otena [Teachers who sfe nod leacteng Science and Mathematics in
schoals will not participste in this recearch study.
the studenis who ane not studying science and
= will not be inecive in Bis ressarch stidy.

O=abaties sapants with disatililes will be invoived this research sxcept hoss with
3l G=abifties and only f they can pravide the irdormsd cans=ni by
Vst

Other relevant NMicrmation (LSe NS SEate EIowaed € 1o Dox|:

, where necessary he nationad languaspe. in this cose Kiswahik will be usad

X hn&mﬂ%m%bmmmm“m
spesk and that they have confidence to fully participate in the teasercs. in schools all
2 who ans Siudying science and mathematics have squal chanos to be salected o |
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5c. Participation & Rosearch satting:
M descnbe which group of particpants s completng/participating n e
material{sy tooks| desoribed i 5b above (use e oG pRoVted In the box).

research will involve the sducstion officers 3t the District levels| scence and
secondary schools in the study ares,

ooz 1 face interviews will be condusied with sight (8) educabion officers at the District

ks (nclutng scademios offers, guaiity assurance oficers and Distrct Educaton
iters) a8 wel a5 45 eachets who e teaching sSence and mathemaltics in seiecled
ndacy schooks i he study ares,

L some study questionnarss will be sdministersd 1o students who are studying
and mathemascos subjects, and a b4l of 86 students, whersby o jeast tavehes
112} siudents wil be ssisctad from ssch of aight (B) secondary schouis i (he study aea.

: 5d. Recruitment Process for Human Rescarch Participants:
Space oronided N Tw Dox;

e prncipal resesncher wil vis2 the oifice of the Regional Adminislralive Secretary
) with thes dull filled informed cansent form. The gblamed informest consent Jortrs
) by RAS. REC and DEQ will be sent 1o the secondary schooks by e reesecher
dats collection. The partiGpants wil be deniified from puiposvely seleciad secondary
and depending on e numbers of available ndividuasls $ren the daeticipants wil be

Ty Selocied from the grolsp. Heads of schools will assiet o sign the gusan
consent Iorms for iheir students. Verbal Indormed conseant will be obisined from

muwmmmmmuuﬂywmm
pose of the research fo e particpants before start. The parscpants wil be allowed 1o
themssives and their mformation Fom the intanview or the ressarch al any lime

‘Seo. Rescarch Participants informed Consent.
Select helow which categones of parscpants will participate n e study. Compicte the relevant
wwwwmsammnmm.

=zl fmwmmnmn ‘Guardan lrdorme Consent Form

* Marrity age i Setined by Natonal TogEAMS0NS 0 ldas of i Coumiry In which thi (eseaech is Daing conducted.

Josaptindg Dodaky et RI7GIDAE0483 o
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5t Reolationship botweeon the principal investigator and participants.
is there any Detwaen the investigatcor  (studert), co-

reiatonship Frecipal
rveshgalors{s). (supervisor) and partcpant(s)? For exarnpie, f you ars condocting research
1 2 sohodl enveonment an students in yoar classroom {e.g. nstructor-student)

Dves uo

# YES, spechy (use the space poowvided in the box).

8. Potontial Risks of the Proposed Research Study.

Sa. l. A there any potontial risks, psychological hanm andfor ethical Issues associated
with the proposed resoarch study, other than rnisks pertainang to life eovemts
{such as the risk of an accident whon travelliing to a remote location data
collection)?

[ ves = v

If YES, specify below and answer the guastion 6 2 i

6 a.il Provide information on what measures will be taken in order to exclude or
meénimise risks describod in 3L

Joseprens Donats Minad R/I70S0Da6153
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& b. Choose the appropriate option

L | Wil you oo wettlen informed conseat form fom af pamiapants?

.| Does thee research davolive a5 particpants, 2000k whate iy 1o give treo and
IaIMEd CONSAN & M queion?

il | Does this retoaech Mvolne Darticieants wha ace chidren under Maturity age?

If you answered YES 1o quedtion iil, compiete all folowing questions.
If you asswered NO to questian B, d0 NOL Aaswar QLESTIoNS iv, v, v and
procesd 10 Questions vil, vil, ix and .

e, | WAL thie research o0 b mgdomentad i 3 professional oducational seIring in the
prasence of ather adults ie. cscroom in the presence of & teache|?
v. | Wil inforved cordent be obtaxed from the logal peardiaes e parents) of chilkfren?

M B

OO0 0 O O OO«

Wi, | WA werbal assont Do obiained from chilaeen?

Wl Gl data Do treated as confidentiad Y

INO explin why confidentiakty of She collacted data I not appropnate for
research project, Cetatiz of how af paricipants wil be
mmma‘amwmm wilk prode will not be conficenaal.

O & ©

Wil | Wil Al participants [data cotectod Be anomymous? E D

HNOmmmymeMmbuMb ensure the
o:-msmumﬁwtydmmm dunng
research and in the subsequent redease of its Sndngs.

Josephing Donaks MWerms RITUAOZEINNI
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. | Hawe you ensumsd That posondl data aod research dana coliectad Iroms partiopants will
be: secuely stored for Tve pears?

R | Dot This research swohe the deceplion of paricpants?

I YES, descsibe the patrs and extert of e deception mvalvad . Expilain how and
WA e Seception wil Do revedlod. and whio will Somirdsior his Sebirief o the

partdoams.

O

]

Ec. | Ase there any other othical issues associatod with the proposed research study that

are not atready adequately coverad sn tho proceding sections?

DY&: NO

¥ YES, specsy (maxymusm 150 words).

6.c.il Provide information on what measures will be taken in order to exciude or

minémise othical issues doscribed In E.c.l.

6 d. Indicate the Risk Rating.

[Jven [F]row

Jussphive Donaid Mrami 17040280105
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. Burthor Approvals

Are there any other approvals required {in addition to ethics clearance from UREC) in
order to carmry out the proposed rescarch study?

[Z] = B =

H YES, specify {maxerumn 100 words)

UNICAF University has 1o nroduce the resaarches 30 the Ragionad SHdministraton
Ly (RAS) 3= the studer! who ward 1o conduct a resesarch in the tegion. The RAS
mtroduce the researcher 1o the Regionadl Education Gfficer fREQ) & Distncls
Jucabon Offices (DED) 1o allow Hier o conduct the ressarch (informed Consant suffice).

& Application Chockiist
Mark v it the study Frvolves 2oy of the Sollowing:

E Chidgren and young pecpie under 18 of age, vuinesable population such as chikren
Wity special educational needs |S racal or othnic minoiThes, SOCIoECONOMIcatly
wmmm malnourshad pecpie, and ¥ peogplo.

Research hat foresees nsis and dsachantages hat would aflect any participant of the
Msudtnmty sress, pan or physcal dscomion, hamm risk (which iz more than

& cxpocted from everyday ife) o any other act that participants might beleve is
dotrimentad %0 thelr wellbeing anc / or has ™e polensal to / will mdnnge on thes human
rights / fundamertadl righns.

D Risk to the wel-baing and personal safety of the researcher.
DmdmeIMIMIWMI
I chemmecal agent or vaccines or ofher sabsiances (Including vitamins o food
sSubsiances) 1o Pasnan parsopants.

D Resulis that may have an adverse mEact on the natural o bulll ecwironement.
9. Further documents

Chack that the folowing cocuments are attached to yous application.

ATTACHED o0 00

1 | Recrusment acvertisement (f any)
Irformed Consent Foem / Guardan Informed Consent Form

Gatekeeper Letier
Any other approvals requred in order to carry out the

z
3 | Research Tool(s)
4
&

EEEE0
DDDDBP
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10. Final Doclaration S

{a) § deciare !hat this applicaton & submitted on He basis Mat the Rkematon & contarns s
confidential and wi only be used Dy Unical Linversity 4or the explict! parpose of ofcal
raview and monionng of the conduct of the ressarch proposed project as descrbed in $w
precedng pages.

{b) | uncerstand that a Informabion wif nol be used for any other purpose withaut My PNor

consent, exduding use Intended o salisly reporing requsements 1o relevant regulatory
bodies.

{c) The mdormation i Ses doem, together with any accompanysng information, is compiete and
correct 10 the best of my knowledge and and i take &l responsdiny for o

{2} { undertake 30 abide by the Mighest possitie infernational ethical standards governing the
Code of Pracace for Research Human Partapants, as published by e UN WHO
Research Ethics Review Committee (ERC} on hito Jwaw who stisthcs resear chven) and
20 which Unicaf University aspres 0.

{e] 0 addtion 1o respect any and al relevant picfessonal bodies codes of conduct andlor
efhical gusdaines, where apphicable, while i pursu® of this research project.

1 agrec with all points #istod under Question 10

Stadent's Name: Lcsapdune Donald Mreems |

Scuperviscr's Name: b Muraina Kamilu Olanrewaju I

Date of Apphcabion: 14 May 2021

mpornam Note

Save completed fom [we YO SN0 e & o OGS ) And Mhen subevea & 1o

L) DRGonaBon iR SUBALor iy, In Bve a6 Of SAIBsnt Hropects, the responsibility Eos with
the Faculty Dissentaticn/Project Supervisor. I INis & & student appdcaton, than it shoukl be subained
via e slevant Ink in he VLE Plodee sobmd andy slectroncally Mikd o copies, do st hand B and
SUbeil SCaNNBS Paper cops of 11 JDpRcaSLn.
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Student's Name: Josephine Mremi

Student’s ID#: R1704D2601935

Supervisor's Name: Dr Muraina Kamilu Olanrewa

Program of Study: UUM: PhD Doctorate of Philosophy - Education
Offer ID /Group ID: 022679G22937

Dissertation Stage: 3

Research Project Title: Factors Causing the Scarcity of Science and Mathematics Teachers
and the Impacts on Secondary Schools in Tanzania

Comments: REAF

5d - the gatekeeper letter is required from the management or the authorities in
order to obtain permission to perform research in an organization - and not the
informed consent. Each participant should provide written informed consent/ or
guardian informed consent.

Informed consent, Guardian Informed consent:

Both informed consents are directed to each participant. Therefore, the phrase
‘after obtained the informed consent from them or their guardians.’ - should be
removed. Explain in both consent forms why and how you have chosen this
person to participate in this research.

Interview Guide Questions for the Students

Correct the title of the tool - Interview Guide for Focus group Discussion for the

Students. Otherwise, untick 'Face to Face Focus Groups' from question 4b of
REAF.

Decision*: B. Approved with comments for minor revision

Date: 29-Apr-2021

*Provisional approval provided at the Dissertation Stage 1, whereas the final approval 1s provided at the Dissertation stage 3. The student is
allowed to proceed to data collection following the final app '}
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Informed Consent Form

U N l@AF U - \'cmE-j

Student’s Name:

Student’s E-mail Address:

Student ID ¥:

Supervisor's Name:

University Campus: (hoose from the list B

Program of Study:
Ressarch Project Title:

Date:
Provide a short description (purpose, aim and significance) of the research project, ana
explain why and how you have chosen this person to participate in this research (maxmum
150 words).

The above named Student s comymlled In ensuring participant's voluntarily participation in the
research project and guaranieeing there are no potlentzal risks andfor hamms o the participants.

Participants have the rght o withdraw at any stage (pricr or post the completion) of the
research withoul any consequencas and without providing any expianaton. In these cases, dala
coliected will be dedeted.

All dals and information collected wil be coded and wil not be accessible 10 anyone oulside
this research. Dala described and induded in dissemination acthvites will only refer 1o coded

information ensuring beyond the bounds of possibilty participant identification.

l.[ ]. ensure that ali information stated above
is true and that all conditions have been metL.

Student's Signature:
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This section is mandatory and should to be signed by the participant(s)

Student's Name:
Student's E.mall Address:

Student 1D #:

Supervisor's Name:

University Campus:  Choose from the list
Program of Study:

Ressarch Project Title:

=

Date:

it the Participant Is llliterate:

| have winessed the accurate reading of $he cansent form 1o e potentiad parscipart, and the
individual has had an cpportunity 10 ask quessons. | conferm hat the aforementioned iIndividual has
given corsent freely.

Wiiness s Pt name:

Witness's Sgnature:

Date:

-
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Student’s Name:  josephine Danald Mremi
Student’s E.mall Address: |os=agalas@gmail com
Student 1D #: RITOS02601935

Sopervisor's Name: Oy Juraing Kamile Olanrewaju
University Campus:  (nacaf Universiy Malaws (UUM| =

Programof Study:  yjpe: PHD Doctorate of Bhilosophy in Education
Research Project Titte: Fattors Causing the Scarcity of Science and Mathamatics Teachers and
the vgacts on Secontary Schoals 1n Tanzania

Date: (2 ian 2021
Provide a short description {purpose, aim and significance) of Bw resuvaercn prupece, enu
oxplain why and how you have chosen this person to participate in this research [masmum
150 words).
e main purposa of the rescarch study |5 to examine the factorns causing the scavcity of stenco and
teachers and the impacts on cecondary schools in Tanzania, The research wil 2ssess
Impacts ceesed Dy the oxsting sLarcity of sENCe and Mathematics 1Eachers and cvaludte the
rategies which are besng wed by the school mamagement to minknize the scarcity and the
mpacts on wecocdary schools @0 Tanzanka The findmgs will as<st education authocities 1o find the
best way of raeeng, retiEndag. Atracling sderce and aatnematics teachers and 10 review the
Ategles that are wied 1o minkmize the scarcity of science ane matheimatics teachers; 35 weli as to
2s referonce 10 paneers and docision makers 10 invest i travng science and mathematics
Enachers. Stucly aroa was purposively selecied based an the examination porfor mance for three
konsotutive years; schools with advanced leves are rarsdomly sefected the study area; the teachers
students who are invoived in teaching and lgarning science and mathematics will de randomiy
after obtaned the Informed consent from them of thelr gusrdians.

The above named Sludert is commitied in ensunng particioant’s volsntarly particdpaton &1 e
research praoject and guaranmesing there are no poterdial Nsks andior hanms 10 the participants.

Pmmunwbmamymu’mupuum)du
research without any consequences and without providing any explanation. In these cases, d=ta
oollecied wil be deletec

AR data anc information cobiected will be coded and witl not e accessbie to e cutsioe
this rescarch. Dota described and inchoded i dissemnation acivibes wil only %0 coded
Informaton eraurng beyond the bounds of possibdity pacticipant identfication.

LL Sosephine Danald Nremd J.muamumm
Is true and that all conditions have been met.

Studant's Signatura: | D Mrem)
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This section is mandatory and should to be signed by the participant(s)

Student’s Name: losephane Banald Mrem)
Student’s E-mall Address: |osengalas@gmad com
Student 10 #: RI70M0260193%

Suparvisor's Name: O Muraing Kamiu Olanrewaje

Univarsity Campus:  Linical University Matawt (UUM) «
Program of Study:  UUM: PhD Dactorate of Philcscphy in Education

Research Project Title: Factors Coudng the Scarcity of Science and Mathematics Teachors and
the Impacts on Secondary Schools in Tanzania

It the Participant is liitorato:

| have wanessed the pocurade reading of ™he consent form 10 e potential parscipant, and the
indraduai has had an cpporiunity 10 ask quesscns. 1 confem hat $e afcrementioned indvcual has
gven consent frecty.

Witness's Provt name: l l

Witness's Sgnasure:

Bate:
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Student’s Name:

Student’s E-mail Address:

Student ID #:

Supervisor’'s Name:

University Campus: Choose from the list B
Program of Study:

Research Project Title:

Date:

Provide a short description (purpose, aim and significance) of the research project,
and explain why and how you have chosen this person to participate in this research
{maximum 150 words).

The above named Student is committed in ensuring participant's voluntarily participation in the
research project and guaranteeing there are no potential nisks and/or harms to the participants.

Participants have the right to withdraw at any stage (prior or post the completion) of the research

without any consequences and without providing any explanation. In these cases. data collected
will be deleted.

All data and information collected will be coded and will not be accessible to anyone outside this
research. Data described and included in dissemination activities will only refer to coded
information ensuring beyond the bounds of possibility participant identification.

1, l. ensure that all information
stated above is true and that all conditions have been met.

Student’s Signature:



This section is mandatory and should to be signed by the participant’s legal guardian

Student's Name:
Student's E.madl Address:
Student 1D &
Supervisor's Name:

Univorsity Campas: Chooss from the list E]

Program of Study:
Research Project Title:

| have read the foregeing information about this study, or it has been read %o me. | have had the
opporiunity %o ask questions and discuss about it | have received safsfactory answers to all my
questions and | have recenved encugh informabion about this study, | understand that the
participant is free to withdraw from $his study ot any Sme without giving a reason for withdrawing
and without negatve consequences. | consent o the use of multmeda (e.g. audio recordings,
wideo recordings) for the purposes of the participation to tis study. | understand that al data
will remasn anonymous and confidental, uniess siated otherwise.

C.I Ilhelngtmh
dl l allow and provide consent

l.thelapw.d?-l

of | I have been ensured thal verbal consant
gven by wil also be taken before the study.

-
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Student's Name: ‘osephine Donaid Moeml

Student's E.mafl Addross: [osengalas Egimai.com

Student 10 #: R170402601935

Supervisor's Name:  Or Muranas Ksmou Olansewaiu

Uaiversity Campas:  Unicaf Unsversity Mataw) [UUM) B

Program of Study: UUiNd: PhD Doctorate of Phiacophy in fducation
Research Project Title: Factors Causng the Scarcity of Science and Mathematcs Teachers and
z the Impacis on Secondany SChodk 0 Tansanes

Oate: 14-May- 2021

Provide a short doscription (purpose, alm and significance] of the research
mdmﬂadm&““ﬂmhmhﬁm

{maxierean 150 wosds).

p aim of tha rezearch is 1o examine and wvell the factors causing the scarcity of sclence and
: @rics g chers and the Impacts on the secondany schools ln Fanzanda. The reseasch will 320
ek 10 233 The SIratefies that are wsed by the schoot management to minlmize the scaroty of
clence and mathematics aod the ImEscss to students, teachers and pducational systern in

Argardd.

research fndings will assies sducation authoricies i finding tho bast ways of training, retaining,
cting and roviewing the strategies that are wied to minimize the scarcity of sclionce and
thesmatics 1oachess 3% wel 35 toseme at redfarence to planners and docsion makers to invest
on traming stience and mathematcs teachers. The findings will 340 te usefud tn toachers,

dre LA pre Lesie

Farscipants have the right o wehdaw at any stage (priod or post $he completion ) of $he research
mmymmmmaym.mmammm
deloted.

Al data and miomeaton coliscted wil be coded and wil not be accessibie 1o amyone outside this
resexch. Data described and ncluded in dissemination activties wit only refer 0 coded
information ensuring beyond the bounds of possibdity pacticipant identification.

l,[ Jozephine Gonald Mremi| I,MM‘ information
stated above is true and that all conditions have boen maet.

Student's Signature: | T Mrern
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This section is mandatory and should to be signod by the participant's logal guardian

Studont's Name: juosephine Donald Mremi

Student's E.mail Addross:  joirngalas@gmail com

Student 1D #: 172601925

Supesvisor's Name: [Or. Murama Karalu Clanrewaiu

University Campus:  Unicad University Malaws [UUM)|
Program of Study: LUt PhD Doctorate of Shimeaphy in Education

Research Project Titte: F3ctar Cauung 1he Scarcity of Soence and Mathematics Teachers and
the Impacls oo Secoritary Sthoals @ Tarzania

I have read the foregoing ndormation about this stady, or @ has been read 1o me. | have had e
opportunity %0 ask guesbons anvd discuss aboust it | have recoved satisfactony answers 0 all my
guostions and 1 have received encugh nformaton about this study. | understand that the
participant is See to wihdraw from this study at any time wilhout giving 3 reason for withdrawing
and without negadve conseguences. | consent %0 the use of multmeda (e.g audio recordings,
video recordings) for the purposes of the participation fo this study | understand that all data
will remaun ancnymous and confidential, uniess stated oherwise.

il 1. the iegal guarsian
°'l ] allow and prowde consent

thae | | can wilingly parscpane in the study.

o[ e s cvauro that vl e

o
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Gatekeeper Letter

Josephine Mremi,
P. 0. Box 78192,
Dar Es Salaam,
Tanzania,
19/04/2021.
Unicaf University
School of Doctoral Studies

RE: REQUEST FOR AN INTRODUCTION LETTER FROM THE UNICAF
UNIVERSITY FOR JOSEPHINE DONALD MREMI - R704D2061935

Please, refer to the heading above. My name is Josephine Donald Mremi, a Ph. D Education
Student at Unicaf University. | am working on Chapter 3 part of my thesis which involves
conducting research data collection from the selected schools in the Kibaha and Bagamoyo
Districts in the Pwani region. My research topic is “Causes and Impacts of the Scarcity of
Science and Mathematics Teachers on Education in Tanzanian Secondary Schools”. The
main purpose of this research is to determine the factors causing the scarcity of science and
mathematics teachers and the impacts caused on secondary schools in Tanzania.
During data collection, the researcher has to work with other education stakeholders including
District Education officers, secondary school teachers, and students from selected districts (Kibaha
and Bagamoyo) in Pwani Region. To conduct this research, the researcher requires informed
consent from the Regional Administration Secretary.
| am therefore writing to request your office to grant me an introduction letter to the Regional
Administration Secretary (RAS) in Pwani for a similar purpose, upon the approval of the forms by
UREC. Please address this letter to the Regional Administration Secretary of Pwani Region, P.O.
Box 30112, Kibaha Tanzania.
Thank you for your continuous cooperation.
With kind regards,

Josephine Mremi
Ph.D. Education Student
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Research Permit

THE UNTTED REPUBLAC OF TANZANIA
FRESIDENT'S 08 $ICE
HEGIONAL ADMINISTRATION ANT LOCAL GOVERNMENT

Rogastal Coormmioner s Offics,
Comm Ragron,

r O Baos 300,

BLEASLA,

Tolagemn “REGCOM COASTT
Tol Mo GRA24022803400008
Tas No D2A2&)IASSZA02 14T
- Mat mprip a0

LA RO R AR LS

In plezse quote:
RefNe. FA 22V ENaR 21 May 2021

Distoct Executive Oescior
Kibsts ard Bagamoyo
COAST REGION

Fat- BESEARCH PERMIT
Prwass birety suter 10 hie subject aboww,

2 | would T to mtroduos fo you Josephine Domald Mremi who = @ studect
mm-mm«m;nwnuuwwm and

who i at e momen requims 10 condust Mcearnch
v 3 hmummm'pmmmﬁm«omm-mw
Causing the Scarcity of Sclence and Mathemalics Teachers and the Impacss on
Schocis in Tanzania™.
4 Tre panod to wiich 1his Panission 1os been gramied i from 24 May, 2021 =
Refsargani

15" June, 2021 and he ressocch wid cover Kibaha Soys, Zogowals,
Soga, Kilangalangs, Gil, Wali L8 Asz Giris, and Backab Secondary School,

13 You mw requesed 10 provds necesaary RSsEIance which wd srabie e %0
carepiie the rosasrch shudy secokasidly

6 Yith knd egees

Hada A »
For: -
Copy %o Regionn’ Admenstralve Seceodary '
COAST REGICN
e Vice Chonostior,
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Déector Germral

Kkoha Eucation Cenare,
P O Box 30064

Joswphine Dolnad Mremi.



