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Ghana has recently renewed its commitment to build a strong Science,

Technology, and Innovation (STI) base for improved socio-economic

development. This commitment hinges on recognizing that the strength of

the nation’s STI policy depends on the quality of pre-tertiary education and

training in science and mathematics to produce a critical mass of young

people well-prepared for Science, Technology, Engineering, and Mathematics

(STEM) courses at the tertiary level. However, despite numerous interventions

to improve upon STI, Ghana still performs poorly, along with other Sub-

Sahara Africa (SSA) countries with common STI indicators in the Global

Innovation Index. Using Ghana as a lens, this article highlights the challenges

in STEM teaching and learning throughout the sub-region. The qualitative

research approach was adopted to allow an in-depth exploration of participants’

perspectives. Six pre-tertiary schools (three Junior High Schools and three

Senior High Schools) and the University of Ghana, Legon, were selected due

to the availability of their students and teachers to participate in the interviews

in Accra, the capital city. This article argues that, to develop the critical mass

of human capital needed for sustainable development, there is a need to

improve the performance of students in STEM subjects at the pre-tertiary level.

In addition, performance improvement, which is linked to student interest in

the study of STEM subjects, should increase the quality of students entering

tertiary education institutions. These students will then be trained to meet

the quality of human resources needed to run the STI system—a step toward

achieving sustainable development this article recommends the redesign of

STEM curriculum at the pre-tertiary level to align with tertiary STEM education

as that in turn aligns with Ghana’s STI system.
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1 Introduction

Recent years have seen conversations around Science,
Technology, Engineering, and Mathematics (STEM) education
intensify across the globe. This is because STEM has been projected,
in many contexts, to drive economic and scientific innovation
in society (Sanders, 2012; Martín-Páez et al., 2019; Bertrand and
Namukasa, 2020). With these projections, STEM has become
popular in discourses on education, industry, innovation, and
competition; and caught up with learners from preschool to
tertiary levels (Morrison, 2006; Bertrand and Namukasa, 2020).
Therefore, the importance of STEM education in the sustainable
development of nations cannot be contested (Raheem, 2007).

Consequently, there is recognition of the need to promote
STEM education in Ghana. In terms of interventions toward
improving STEM education, the 1987 restructuring of Ghana’s
education to include an increased focus on mathematics, science,
and technology and accompanied by Science, Technology,
Mathematics, Innovation, and Education (STMIE) clinics
(GSTEP, 2022) deserves mention. Indeed, there have been several
interventions with respect to improving STEM education in
Ghana—often centered around increasing the number of students
in STEM programs (including achieving gender parity); increasing
the number of STEM teachers; and increasing/improving the
infrastructure for STEM teaching and learning in educational
facilities. Also, there have been interventions targeting the
educational curriculum in general and toward making it
responsive to STEM education, the most recent example being
the introduction of STEM senior high schools piloted by five
schools across the country. Hence, studies such as Tetteh et al.
(2019) and Essegbey et al. (2021) recognize the need to develop
the scientific human capital in order to unlock the potential that
Science, Technology, and Innovation (STI) possesses for achieving
the sustainable development goals (SGDs) and beyond.

However, and despite these previous interventions to improve
STEM education, there remain challenges with respect to meeting
the human capital needs of the STI system in Ghana. For
instance, the recent rankings of the Global Innovation Index (GII)
based on global STI indicators show that Ghana’s performance
is mixed. Ghana dropped in the rankings of the GII from 96
out of 141 in 2014 to 108 out of 143 in 2015. Between 2016
and 2021, the country’s rankings appeared to stabilize with just
marginal movements up and down. However, in 2022, Ghana
was ranked 95 out of 132 countries (see Figure 1). The country
was ranked 23 among the 34 lower-middle-income economies
and 12 among the 27 economies in Sub-Sahara Africa (WIPO,
2022). Indeed, the rankings show that Ghana rated high in areas of
creative outputs (creative goods and services and online creativity)
and infrastructure [information and communication technologies
(ICTs) and general infrastructure]. Still, the country performed
worse in other indicators, such as knowledge and technology
outputs (knowledge creation, knowledge impact, and knowledge
diffusion) and human capital and research [education, tertiary
education, research, and development (R&D)].

Given that Ghana’s performance in the GII rankings on human
capital and research (education) was poor, it is imperative that
measures be put in place to improve STEM education and hence
the human capital base for STI. Such measures, however, cannot

be formulated in a vacuum without a proper understanding of
the challenges facing the teaching and learning of STEM subjects.
Indeed, in many ways, Ghana represents several countries in Sub-
Sahara Africa (SSA). Therefore, lessons may be learned from
the country’s situation to improve on the STI human capital in
SSA. In addition, because Ghana is far from meeting its national
pre-tertiary and tertiary STEM participation target, there is a
need for a deeper understanding of the challenges facing STEM
education in Ghana.

Against this background, this article aims to put a spotlight on
the challenges facing STEM teaching and learning in a developing
economy—Ghana—from the perspectives of students and teachers.
Consequently, this article answers three research questions:

1. What are student and teacher perceptions about student
performance in science and mathematics?

2. What are student perceptions about science and mathematics
as well as about how they are taught?

3. What are the perspectives of students and teachers on the
challenges in teaching and learning science and mathematics?

This article is structured as follows: section “2 State of the
STI system in Ghana” presents the state of STEM in Ghana by
discussing the country’s STI system using the National Innovation
System (NIS) concept; the system’s capacity and needs with an
emphasis on human capital development; and a discussion of
STEM education in Ghana at the secondary school level with
secondary data looking at the results of students as well as books per
student. Section “3 Theoretical framework” presents and discusses
the theoretical framework underpinning the study. Section “4
Materials and methods” describes the research method adopted to
generate the data presented in answering the research questions
outlined above. In section “5 Findings,” the findings of the study
are presented in four sub-sections that include perceptions about
the performance of students in science and mathematics; student
interest in science and mathematics; perceptions of students about
science and mathematics, and teaching; and student and teacher
perspectives about challenges of teaching and learning science
and mathematics. Section “6 Discussion” discusses the findings
in the context of the theoretical framework and contrasting the
findings with extant literature. Section “7 Limitations of the study”
states the limitations of the study while section “8 Conclusion and
recommendations” presents the conclusion.

2 State of the STI system in Ghana

This section delves into the symbiotic relationship between
Ghana’s STI system and the cultivation of human capital, with
a special focus on the outcomes of STEM education. It seeks
to illuminate the pivotal role that skilled human resources play
in enhancing the system’s functionality. By drawing connections
between quality STEM education and the vitality of the STI
system, it provides a comprehensive background, setting the
stage for understanding how STEM education serves as a
cornerstone for innovation, technological advancement, and
national competitiveness within the broader scope of Ghana’s
developmental agenda. This exploration not only highlights the
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FIGURE 1

Ghana’s Global Innovation Index rankings (2009–2022). Source: Global Innovation Index reports.

importance of investing in human capital but also positions STEM
education as a key driver of sustainable growth and innovation in
Ghana’s journey toward a knowledge-based economy.

2.1 The NIS concept and Ghana’s STI
system

The systemic approach to STI, using the NIS, has a long history
going as far back as works in economics, sociology, agricultural
sciences, and other disciplines when technology was increasingly
becoming the determinant in improving production on farms and
in industry. From the literature on the diffusion of technology and
innovation to literature on technology as a factor of production,
it became evident that technology and innovation are pillars of
socio-economic advancement (Schumpeter, 1934; Rogers, 1995).
According to Godin (2010), the NIS concept has evolved from
early theoretical underpinnings to its present recognition as a
framework for analyzing the interplay between science, technology,
and national policy. Indeed, according to Lundvall (2007), the
NIS concept is relevant for analyzing the linkage of innovation to
aggregate national economic performance.

The NIS concept emerged from integrating two perspectives:
one viewing innovation as part of the production system,
and the other seeing it through the lens of the science and
technology system. This fusion aimed to analyze national economic
performance, focusing on competitiveness and growth, marking
a significant step in understanding the dynamics of innovation
within the economic fabric (Lundvall, 2015). Additionally, the
literature also underscored technological capability building for
economic progress and the NIS in national development (Dosi
et al., 1988; Lall, 1996). Consequently, Omri (2020) found that while
technological innovation significantly supports all three pillars of
sustainable development in high-income countries, its impact is
more limited to economic and environmental aspects in middle-
income countries, with little to no effect in low-income countries.
This has been buttressed by a recent systematic literature review

study, which concluded that “countries with knowledge-based
economies and learning economies focus strongly on NIS research
to foster economic growth, competitiveness and diversification.
However, developing countries are also increasingly adopting the
innovation systems approach” (López-Rubio et al., 2022, p. 179).

Notwithstanding its utility, there is no simple definition of the
concept—its forbearers define it differently. For instance, Freeman
(1987) defines it as “the network of institutions in the public and
private sectors whose activities and interactions initiate, import,
modify and diffuse new technologies” (p. 1); Lundvall (1992) on
the other hand defines it as “the organizations and institutions
involved in search and exploring such as R&D departments,
technological institutes and universities, but also all parts and
aspects of the economic structure and the institutional setup
affecting learning as well as searching and exploring” (p. 12); while
Nelson (1993) defines the concept as “the set of institutions whose
interactions determine the innovative performance of national
firms” (p. 4). What these definitions project, nonetheless, is the
systemic nature of innovation, which allows the concept to serve
as a tool for the organization and analysis of the state of scientific
and technological readiness for countries to develop. The concept
provides an understanding of the interactions and relationships
between several actors within the borders of given countries that
generate innovation for socio-economic activities (Nelson, 1993;
Mytelka, 2000; Lundvall, 2010).

The fundamental systemic perspective on innovation highlights
the importance of formulating strategies that will enable an
enhancement of innovation within the national borders. Indeed,
Ghana has had a long history of evolving its own STI system
(Essegbey et al., 2021). Hence, in the discussion of Ghana’s
STI system, the NIS concept is adopted as it allows for a
holistic approach and permits the formulation of policy options
from across different sectors and thematic areas, especially as it
relates to industrialization, technological catch-up, and economic
performance. Figure 2 illustrates the components of Ghana’s STI
system, which relies on the NIS. Human capital is a major
component of the system because it represents the trained,
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FIGURE 2

Components of Ghana’s STI System. Source: Essegbey et al. (2021,
p. 14).

qualified, and competent personnel with capabilities for STI-related
functions.

2.2 Capacity and needs of Ghana’s STI
system with emphasis on human capital
development

There are various dimensions of STI capacity depending
on the point of emphasis. For example, Clipa et al. (2019)
discuss innovation absorptive capacity (AC) and innovation
development capacity (DC). In both cases, there are the
components of basic infrastructure (roads, railways, and other
transportation systems, energy systems including electricity supply,
educational institutions at all levels), advanced infrastructure
(higher education institutions, research institutions, human
resources, banks, and other financial institutions), firms (domestic
and foreign firms), policies, and formal and informal institutions
[regulatory institutions for standards and quality assurance,
intellectual property (IP), partnerships and collaboration among
actors]. Hence, in conducting the capacity and needs assessment
of Ghana’s STI system, Quaye et al. (2022) used four dimensions:

1. physical infrastructure,
2. human resources,
3. organizations in both the public and private sectors, and
4. institutions defined as “rules of the game” (North, 1990, p. 3).

Each of the four dimensions is elaborated on in Table 1.
In respect of overall human capital development, Ghana’s

Human Capital Index (HCI13) value for 2020 was 0.44, which
suggests that the country’s next generation of workers is expected
to be 44% productive. Furthermore, Ghana’s Human Development
Index (HDI) value for 2019 was 0.61, with a ranking of 138 out
of 189 countries and territories. This puts Ghana in the medium
human development category but below the average of 0.631 for
countries in the medium human development group. Therefore,
strengthening Ghana’s STI system will depend on significant

TABLE 1 Summary of components of STI capacity.

Component Description

Infrastructure Refers to the basic infrastructures, e.g., roads,
railways, and transportation systems, built
environment for various purposes. However, in
terms of the STI system, the focus is on the
physical infrastructure for STI activities – the
laboratories, equipment, and physical structures
built for research and development, e.g., computer
centers and digital platforms, greenhouses,
experimental fields, and technology incubators.

Human resources Trained, qualified, and competent human
resources with capabilities for STI-related
functions in the physical, natural, and applied
sciences as well as the social sciences.

Organizations Public sector establishments such as the ministries,
departments, and councils that perform important
roles in the policy cycles of formulation,
implementation, monitoring, and evaluation.
Private sector organizations such as firms or
enterprises engage in activities of technology
application and innovation.

Institutions Defined as the “rules of the game,” the term
embraces all the policies, regulations, legislations,
and programs formulated and being implemented,
promoting STI in the country.

Source: Quaye et al. (2022, p. 4).

improvement of human capital for STI research and development
and other science and technology activities.

A capacity needs assessment conducted by Quaye et al. (2022)
reveals a very low postgraduate enrolment in the sciences compared
to humanities in the universities. Likewise, female enrolment in
PhD programs, as well as in science and engineering programs, was
far lower than their male counterparts. The assessment pointed to
the need to reorientate the educational system to focus more on
science and technology and provide incentives through providing
scholarships to attract more students. Any measures aimed at
increasing the number of students studying science must be
accompanied by measures to get the needed faculty to meet the
rising student population.

Often, when STI human capital has been discussed, the focus
has been on the tertiary educational level. However, the nature
of Ghana’s education system is such that students’ subject areas
of study at the tertiary level are pre-determined at the pre-
tertiary levels. That is, students in the third (final) year of their
Junior Secondary School (JHS) are made to decide whether they
intend to study science or non-science subjects at the Senior High
School (SHS) level (Ministry of Education, 2022). Upon making
the selections, students are unable to change their subjects of
study throughout their educational trajectory in the Ghanaian
educational system. So, it is important to understand the dynamics
of STEM education at the pre-tertiary level.

2.3 STEM education at the pre-tertiary
level in Ghana

The Ministry of Education has acknowledged that the current
trajectory of STEM education in Ghana is not enough to make
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FIGURE 3

Percent passes in maths and science at SHS level (2005–2020). Source: Compiled from Ministry of Education Reports on Basic Statistics and
Planning Parameters for SHSs in Ghana.

FIGURE 4

Mathematics and science books per student in public and private schools (2005–2020). Source: Compiled from Ministry of Education Reports on
Basic Statistics and Planning Parameters for SHSs in Ghana.

the country globally competitive and able to participate fully in
the Fourth Industrial Revolution (Ministry of Education, 2022).
For instance, the performance of students at the SHS level who
sat for science and mathematics has been mixed. As shown in
Figure 3, between 2005 and 2020, the percentage of students who
passed mathematics at the SHS level increased from 33.3% to 64.4%.
However, in between this period, the performance went as high as
71.4% in the 2013–2014 academic year and dropped to as low as
24.2% in the 2007–2008 academic year.

Figure 3 shows a similar mixed trajectory in the percentage of
students who passed science. The 2013–2014 academic year saw the
highest number of passes in science (85%), whereas the 2015–2016
academic year saw the lowest (23.6%). Therefore, some systemic
factors may be at play that need to be understood regarding the
performance of students in mathematics and science at the SHS
level. For instance, student access to science and maths textbooks

(Figure 4) does not correspond to student performance, although
the ratio of textbooks per student is low. This means other factors
must account for student performance over the years.

2.4 Scientific human capital and national
development

From the foregoing, in order to improve and maintain the
performance of SHS students in science and develop the critical
mass of human capital needed for Ghana’s STI system, other factors
need to be explored. For this article, the focus is on factors that
affect student interests and performance in science. As illustrated
in Figure 5, this article argues that there is a need to improve
student performance in science and mathematics (STEM subjects)
at the pre-tertiary level. Performance improvement should lead to
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FIGURE 5

Conceptual framework for developing STI human capital.

an increase in the quality of students entering tertiary education
institutions, who will then be trained to meet the quality of human
resources needed to run the STI system. This critical mass of human
capital is needed for research, development, and innovation (RDI)
to achieve sustainable development. With enhanced developmental
benefits from the STI system comes increased investments in the
STI system that would, in turn, generate more interest in STEM.
This article argues that interest in studying STEM subjects is key to
improving student performance. However, the linkages simplified
in Figure 5 are heavily impacted by challenges that need to be
understood and addressed.

The focus on human capital follows from Lundvall (2007) who
argued that the significance of human capital in the innovation
system is more pronounced than before, and that facets of the
innovation system that foster competence building are increasingly
vital for a nation’s performance, thus, underscoring the pivotal role
of human capital in driving innovation and sustaining competitive
advantage in a globalized world. So, the NIS concept has been
outlined above to provide the theoretical context within which
Ghana’s STI system is defined and which the conclusions of this
article would be applied. However, the theoretical framework
underpinning the article is the Sociocultural Theory of Education
as developed by Vygotsky (1978), which emphasizes that learning
is deeply embedded in social interactions, cultural settings, and
contextual factors.

3 Theoretical framework

The Sociocultural Theory of Education is relevant as it offers
a lens to scrutinize the complex landscape of STEM education
within Ghana. It underscores the significance of social dynamics
and cultural contexts in crafting educational experiences and
achievements. Through this theoretical lens, the study dissects
how Ghana’s cultural ethos, societal anticipations, and educational
milieu tailor STEM pedagogical and learning modalities. Moreover,
it advocates for interventions aimed at not merely refining the
curriculum but also ameliorating social engagement and tailoring
educational methodologies to Ghana’s unique cultural milieu,
aiming to elevate STEM educational standards.

The theory suggests that development and learning are
deeply embedded in social and cultural activities, highlighting
the importance of guided participation and the transformation

of participation in sociocultural activities. Furthermore, and most
importantly, the theory underlines the significance of language
and other semiotic means in the learning process, where these
tools mediate social and individual functioning, facilitating the
co-construction of knowledge (Polly et al., 2018).

In mediation through cultural tools, Vygotsky (1978) argues
that language is crucial for the development of higher mental
functions, facilitating cognitive processes such as problem-solving,
abstract thinking, and conceptual understanding, which are
essential in STEM education (Polly et al., 2018). Language acts as a
tool for cognitive development, enabling individuals to internalize
and manipulate complex concepts. Moreover, it facilitates social
interaction and collaborative learning, which Vygotsky identifies
as key components of cognitive development. Through interaction
with more knowledgeable peers and adults, learners construct
new knowledge, with language serving as the medium for this
social and cognitive engagement. This perspective underscores
the significance of language in transforming external information
into internal cognitive structures, thereby playing a pivotal role in
learning STEM subjects.

Thus, the theory offers a robust framework for understanding
the challenges and opportunities in STEM education within Ghana.
The necessity of enhancing SHS students’ performance in science
and mathematics to cultivate a critical mass of human capital is
essential for Ghana’s national system of innovation. This approach
aligns with Vygotsky’s emphasis on the role of educational and
societal contexts in shaping learning processes and outcomes.
Improving student interest and performance in STEM is crucial for
national development, which resonates with Vygotsky’s view on the
transformative power of education shaped by cultural and social
contexts. Addressing the challenges impacting students’ interest
and performance requires a multifaceted approach that considers
the cultural, social, and linguistic factors intrinsic to the Ghanaian
educational landscape. This sociocultural perspective provides a
lens through which interventions can be designed to not only refine
the STEM curriculum but also enhance the social engagement and
pedagogical strategies, making them more relevant and effective
within the unique Ghanaian context.

4 Materials and methods

In order to answer the research questions outlined earlier, this
article adopts a qualitative research approach where pre-tertiary
education level students were engaged in in-depth interviews. In
addition, pre-tertiary teachers and lecturers at the tertiary level
were interviewed. In total, 28 key informant interviews were carried
out, as outlined in Table 2. As Tremblay (1957, p. 688) points out,
the key informant interview technique for data collection “is pre-
eminently suited to the gathering of the kinds of qualitative and
descriptive data that are difficult or time-consuming to unearth”
using other data collection techniques such as a questionnaire
survey. In view of the approach to data collection, this article
does have limitations regarding quantification and interviewee
selection (Kumar, 1989). Nonetheless, the advantages that the key
person interview technique provides, such as the ability to obtain
“information directly from knowledgeable people” (USAID, 1996,
p. 2), make this article stronger in allowing for in-depth exploration
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TABLE 2 Participants in in-depth key informant interviews.

Type of interviewee Number of interviews

Pre-tertiary students 13

Pre-tertiary teacher 11

Tertiary teacher (lecturer) 4

Total number of interviews 28

of perspectives of respondents in respect of the challenges of
teaching and learning STEM subjects.

The interviews were carried out between May and October
2022 in the capital city of Accra. Six pre-tertiary schools (three
JHSs and three SHSs) and the University of Ghana, Legon, were
purposely selected due to the availability of their students and
teachers to participate in the interviews. For the pre-tertiary level,
the students were selected at random, if they studied science and
mathematics, to participate in the interviews. If there was more
than one science and/or maths teacher, they were selected by means
of simple random selection for interview. The university lecturers
were purposely selected based on their perceived familiarity with
the subject matter as well as their availability. During the interviews,
the Principal Investigator (PI) was aided in the interviews by two
interview guides that were prepared to facilitate the discussions.
The interview guide contained statements that directed the
interview. One interview guide was for students (JHS and SHS)
while the other interview guide was for pre-tertiary teachers (JHS
and SHS) and tertiary teachers (professors).

The interviews were recorded with the permission of the
interviewees and the audio recordings were later transcribed,
with anonymity taken into consideration, by a research assistant.
The transcribed text files were imported into ATLAS.ti Mac
(Version 9.1.3) (Scientific Software Development GmbH, 2021)
for analysis. In analyzing, the PI read through each transcribed
text to familiarize himself with the texts and then proceeded
to code the texts in vivo by marking significant text segments
with codes that represent key concepts or themes emerging from
the data. Subsequently, and as patterns emerged, the codes were
organized into a coherent framework by grouping similar codes
into categories. This step was iterative to ensure that the codes
and categories were refined. Atlas.ti’s Quotation Manager and Code
Frequency Analysis tools were used to quantify the frequency with
which certain themes or concepts appear.

4.1 Ethical considerations

This study was spearheaded by the University Child and Youth
Development Centre (UCYDE), a not-for-profit organization. The
UCYDE is not required to submit this study to an ethics committee;
indeed, UCYDE does not have an ethics committee. However, to
ensure that the research followed ethical protocols, each research
participant interviewed was assured of the confidentiality of the
interview and the non-disclosure of the data with their identities.
In addition, each respondent was informed that the interview was
voluntary and that they could decline to participate in the interview
should they decide to leave at any time. Written informed consent
was obtained from each research participants (for teachers) or legal

representative (for students) before interviews were conducted. No
research participant withdrew prematurely from the study.

5 Findings

5.1 Perceptions about student
performance in science and mathematics

A person’s perception of their status in society is an important
factor that determines what measures they intend to put in place to
either maintain or improve their status. Hence, understanding the
perceptions that teachers have about student performance gives an
indication as to whether teachers are satisfied with the status quo
or whether they think more needs to be done to improve student
performance. Hence, in addressing the first research question,
the study asked teachers (including university lecturers) what
they thought about pre-tertiary student performance in science
and mathematics.

As illustrated in Figure 6, the overall perception of teachers (by
way of quotations) is that student performance is good. However,
when these quotations are disaggregated between pre-tertiary and
tertiary teachers, the results are remarkably different. Pre-tertiary
teachers find the level of performance to be good (eight quotations,
57%), while the reverse is found by tertiary teachers (lecturers), with
four quotations (80%) indicating student performance is bad.

One pre-tertiary teacher that found student performance to
be good claimed that “oh yes, I can give about 90 and above yes,
they are well versed in mathematics, science and IT” (JHS teacher,
17:10) while another claimed that “Over the years, they [students]
do well. All my chemistry students, those who have finished school
got first class at KNUST [Kwame Nkrumah University of Science
and Technology] and at Cape Coast [University of Cape Coast],
they do very well. They do very well” (SHS teacher, 8:28). For the
university teachers (lecturers) who believe the performance is bad,
one claimed that

over the years, my experiences are that we are having consistent
degradation of students’ performance, particularly at the entry
level. You know, you don’t know, sometimes at faculty meetings,
we discuss this quite a lot as to what is happening at the basic
levels, the [senior] high school level, what has changed; because,
you know, they come in and you’re expecting some level of
performance.” (Tertiary teacher, 12:3)

Another claimed that “yes, and I will say that we really are not
happy or expect that kind of chemistry” (Tertiary teacher, 23:6).

This outcome implies that while most teachers at pre-tertiary
are satisfied with the level of student performance, teachers at
the tertiary level are not satisfied. Hence, there is a gap in the
understanding of the level of quality and performance required
to undertake tertiary education in STEM subjects. If teachers at
the pre-tertiary level, through the curriculum, demonstrate an
understanding of what is required of students at the tertiary level,
then there would be a smooth transition for students from pre-
tertiary education to tertiary education in STEM. All these are from
the point of view that the pre-tertiary teacher ought to appreciate
either by themselves and/or through the educational curriculum at
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FIGURE 6

Perceptions about student performance in science and mathematics.

FIGURE 7

Perception of student interest in science.

that level; however, as illustrated in the conceptual framework of
this article, students’ performances (ceteris paribus) is also linked to
whether students are interested in science and mathematics or not.

5.2 Student interest in science and
mathematics

As Figure 7 illustrates, there is a perception that pre-tertiary
students have a high interest in mathematics and science. For
instance, one tertiary teacher remarked that “those who actually
get caught up in the aspect of understanding will always want
to fully get involved. You see them chasing you to ask more
questions. Which is very interesting” (Tertiary teacher, 22:18).
A pre-tertiary teacher also observed that “our final year, those who
have completed, out of 16 students 13 people are offering science
and only three are not offering science. So, it means they have
interest in it” (Pre-tertiary teacher, 16:5).

From this study, there is no doubt that students at the pre-
tertiary level have an interest in science and mathematics; however,
this article argues that such level of interest is contingent on the

perceptions that students have about science. This is the second
research question guiding the article.

5.3 Student perceptions about science,
mathematics, and teaching

This study assumes that the underlying basis for student
interest in STEM subjects (mathematics and science) is their
perceptions about the subjects. Therefore, students were asked
about these perceptions. Following the analysis, most of the
quotations obtained in respect of student perceptions related to the
two subjects (56%), followed by their perceptions about teachers
(28%) and how science and mathematics are taught (28%), as
shown in Figure 8. In terms of student perception of science and
mathematics as subjects they are taught, the overwhelming majority
of the quotations showed positive attitudes toward the two subjects,
albeit some had mixed feelings about the subjects. Such mixed
feelings were based on what students had heard others say about
science and mathematics and not necessarily their own feelings.

Those with positive attitudes felt that science, for instance, is
quite a dignified subject that commands respect from students who
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FIGURE 8

Perceptions of pre-tertiary students about science and
mathematics.

study it, and therefore, science carries with it a certain feeling of
prestige. Some students found science to be “interesting.” As one
of the interviewees said, “I think science is an interesting subject

and when it comes to the composition of science, that is physics,
chemistry, I do elective geography not the biology and all come
together to make science and makes it an interesting subject” (SHS
student, 28:2). Another student who had a positive attitude toward
science was of the view that science is about everyday life. The
student said, “I really like science. So, in the science lessons, most
of the time when we are talking about [science], I feel we are
talking about our life and daily activities” (Pre-tertiary student,
25:8). A student was of the view that science is an opening to
understanding new things about the world, saying that “there is
a lot of new things to find out in science. And when you learn
about some things, it is very interesting. I mean studying science
exposes you to new things” (Pre-tertiary student, 21:3). The positive
perceptions students had about science were further exemplified
when a student was of the view that science had taught her how
to grow food:

for example, the science we learn, in my class we learn farming
system[s]. So, if you want to farm, you can learn different ways
of farming like crop rotation, land rotation. There are other ways
you can learn to farm, and the tools which you use to farm to
help you in farming. (Pre-tertiary student, 2:3)

Regarding student perception about how they were taught
science and mathematics, most were of the view that the

FIGURE 9

Percentage of quotes on the challenges of teaching and learning science and mathematics.

FIGURE 10

Number of quotes on challenges of teaching and learning science and mathematics.
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teaching was too theoretical and did not involve laboratory or
demonstration work to make the subjects more appealing. Even
the textbooks did not provide detailed descriptions and drawings
for illustrations. On too much theoretical teaching, a student
noted that

Well, in [my] school there is more of theory than actual
practicals. So instead of you having a feel of science or what
you are studying; for example, when it comes to forces, a topic
like magnetism, instead of experimenting with the magnet and
the metallic object, you will just be given a diagram and they
will use lines and other elements of design to illustrate to you
the magnetic force around it and that isn’t easy to take in.
(Pre-tertiary student, 28:7)

On mathematics, another student mentioned that

In mathematics, we are given a problem on the [black]board, and
everyone tries their hands on it. So, let’s say one person doesn’t get
it properly, then our teacher goes back and teaches all of us in the
class the steps in which we’ll do it so that everyone can be able to
understand it, not leaving one person. (Pre-tertiary student, 2:9)

Science and maths lessons being too theoretical without
demonstrations makes understanding the subjects difficult. This
was the main contention of one of the students who said
that “because some of the things we don’t see it practically,
it makes sometimes understanding it [the lessons] difficult.
It looks very abstract. Whether you understand it or not,
you take it like that” (Pre-tertiary student, 21:5). From the
foregoing, it appears that one of the challenges affecting
science and mathematics teaching and learning in Ghana is
the overemphasis on theory. However, this challenge is birthed

TABLE 3 Challenges and quotations concerning teachers.

No. Challenge with teachers Quotes from respondents

(i) Lack of good science teachers “We don’t have qualified science and math teachers around. You might be looking for
a math and science teacher maybe, a WASSCE person walk in then you are forced to
use that person and that person does not have a proper background in science”
(Pre-tertiary teacher, 24:14).
“They don’t have good teachers who are specialized in certain areas ... you will go to
some of these villages, or most of these smaller urban areas, you don’t have a physics
teacher for SHS” (Tertiary teacher, 23:12).

(ii) General science teachers teaching specific science subjects
or vice-versa

“I think the earlier we became aware that we need teachers with specialized skills to
teach some of these things the better. Otherwise, the teacher will not have interest and
ability to teach math, for example, which damages the interest of the students”
(Tertiary teacher, 11:31).

(iii) Teachers not motivated enough “In general, a teacher the teacher too, must be well motivated. That one too is to tell
you that the problem is the pocket. Incentivize the teacher who is to go out there to
exhaust themselves to find something to eat by the time he comes to class, he is
already exhausted” (Pre-tertiary teacher, 15:38).
“Some are not trained they are just graduates (sic) who are looking for jobs. So, they
are in it for just a job. The interest is not there. So, we need more skilled people who
want to teach the courses; who want to teach the subjects” (Pre-tertiary teacher, 13:11).

(iv) Inadequate number of STEM-based subject teachers “It also has to do with having a large pool of faculty who will be available. But if you
have this small strength of faculty dealing with these large numbers, you’ve got to use
your mind to know how you’ll be able to reach the students” (Tertiary teacher, 22:21).

(v) Truancy and teacher attitude during teaching “Teachers don’t come to class. They see them (students) to be brilliant so they leave
them to learn on their own” (Student, 26:15).
“Okay, so the first one is that, I think the regularity of the teachers in class. You know,
right now we have like, eight hours a day for studies, that’s 8 lessons in a day.
Sometimes some teachers don’t come to class, on some days, others, some too do
come, and sometimes they’ll delay” (Student, 19:17).

(vi) Teachers teaching with old lesson notes and approaches “But it will surprise you to know that most of the teachers who come, you have to be
on them. They always want to teach the way they were taught” (Pre-tertiary teacher,
24:12).
“They are just teaching; no new teaching methods are coming. And that’s a problem in
our schools” (Pre-tertiary teacher, 9:16).
“I will emphasize that the mode of teaching and learning at the basic school and the
high school they need to look at it, it is outdated” (Tertiary teacher, 12:15).
“Difficulty in actually remembering what you’re being taught, because some of the
stuffs are so bulky that the teacher has to just rush. And then you’d end up like, having
to pile a lot of work on yourself ” (Student, 19:18).

(vii) Teachers suffering from fatigue due to the double track
system

“Then there’s also staff fatigue. Meaning in the free SHS era, we teach for seven hours a
day (7 a.m. to 4 p.m.). That’s seven hours. Yeah. So, there is teacher fatigue”
(Pre-tertiary teacher, 13:21).
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by other challenges that teachers and students face in Ghana’s
educational system.

5.4 Student and teacher perspectives on
the challenges of teaching and learning

The following section answers the third research question of
the article about the perspectives of students and teachers on
challenges in teaching and learning science and mathematics.
A total of 112 quotations were obtained from the study where
interviewees mentioned challenges facing STEM education in
Ghana. Of that number, pre-tertiary (JHS and SHS) teachers
made 50% of those quotations; tertiary teachers made 26%
of the quotes; and students (JHS and SHS) produced 24%
(Figure 9). Figure 10 shows that most of the quotations
were challenges in respect of limited or lack of laboratory
space, equipment for demonstrations, and consumables (33%).
This was followed by quotations on challenges relating to
teachers (31%); challenges relating to students (17%); systemic
issues that negatively affect STEM education (12%); challenges
concerning books (6%); language (5%), and cost of education
(1%).

5.4.1 Inadequate laboratory space, equipment,
and consumables

On the lack of laboratory space, a pre-tertiary teacher’s point of
view was that

the main one [challenge] has to do with in terms of science, space,
because science is mainly lab, laboratory [work]. Because I can
imagine the time I was leaving [secondary school], there were
many classes; we were having about 10 [science classes]. But now,
we could be more than that since they [Ministry of Education]
introduced the double track system and we have three or four
chemistry labs for about 10 plus classes. How are you going to
plan to engage them during practical [sessions]? (Pre-tertiary
teacher, 15:34).

On the same score of inadequate laboratory space and
equipment, another teacher who teaches ICT was of the view that

it is lack of the resources in terms of apparatus. If you come to
our school like this, as we speak, we have ICT laboratory without
a single computer and we are teaching ICT.... Every day the
teachers teach ICT, what are they teaching in the first place?

TABLE 4 Challenges and quotations concerning books and language.

No. Challenge with textbooks and language Quotes from respondents

(i) Limited access to mathematics and science textbooks “Yes, access to books is the problem” (Pre-tertiary teacher, 8:38).
“Even common books koraa we don’t have” (Pre-tertiary teacher, 6:37).
“They are mostly particular about this government (textbook) but they should expose
them to other books so that they can get more understanding of the things they learn”
(Student, 20:15).

(ii) Textbooks deemed not fit for purpose “And many of our textbooks in the system are one-way: formula, formula, formula,
formula. So, where applications are needed, we are found lacking” (Pre-tertiary
teacher, 9:45).
“Yes, most of our text books, there are a lot of mistakes, so a book that is standardized
will help” (Student, 26:17).

(iii) Poor habit of purchasing textbooks among students “Another major problem is sources of reference textbooks, things like that. There’s a
certain culture, our students don’t want to buy books. You see a student who don’t
want to buy book but using an iPhone” (Tertiary teacher, 11:19).

(iv) Difficulty understanding concepts in mathematics and
science

“Sometimes when I happen to learn things in the book, like reading books, at times
becomes weird, the concept becomes weird” (Student, 19:10).
“You would be surprised right that in XXX* secondary school you could give a set of
figures to your students and ask them to find the sum. Somebody may not be able to
do it, because what’s the meaning of ‘sum?’ What does it mean? Product, quotient?
Students are at a loss as to what exactly you mean. So, language is key, it is key to the
subject of STEM” (Pre-tertiary teacher, 9:36).
“The problem with science is that, just like any other discipline, it has got its concepts,
its language and its vocabulary and students struggle in these” (Tertiary teacher,
23:22).
“If you master a language, if maybe you are Ga-Adamgbe, and you see me speaking
your language properly, I mean, no matter what, essentially, you will just stick to me,
because I am on the same level with you” (Tertiary teacher, 23:21).
“Every subject is a language in this school. Mathematics is a language. There is another
aspect of teaching mathematics. If you go to China, they teach science and
mathematics in Chinese. If you go to any European country, they teach these courses
in their own language. Go to India, they are teaching it also in their own languages.
But here we teach it in a foreign language. So, there’s a concept that, this is something
that is alien to us, which is false” (Tertiary teacher, 11:18).

*Redacted to avoid identifying respondents.
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Right? So, the whole thing is abstract. It makes the whole teaching
difficult” (Pre-tertiary teacher, 8:32–33).

A student’s perspective on how the limited laboratory space and
equipment affect their learning of ICT stated that “the computers
and devices are too old. They lack some features and functions like
the modern ones. So due to this, you can’t perform all the necessary
operations on the device in the lab on the computer” (Student,
20:23). Yet, another student, when commenting about chemistry,
was of the view that “when it comes to chemistry, some of the
chemicals, sometimes they are not available and it takes time to
actually get them on board” (Student, 19:20).

5.4.2 Challenges regarding teachers
Challenges regarding teachers was the next category identified

by the respondents. Some of the specific issues mentioned included
(i) lack of good science teachers; (ii) general science teachers
teaching specific science subjects or vice-versa, e.g., an integrated
science teacher teaching elective chemistry or a chemistry teacher
teaching integrated science; (iii) teachers not motivated enough
(externally by employers and internally by their desire to teach
instead of seeing teaching as a job); (iv) inadequate number of
STEM-based subject teachers; (v) truancy and teachers’ attitude
during teaching, e.g., rushing the lessons to make up for lost
time; (vi) teachers teaching with old lesson notes and approaches
instead of adopting approaches that meet the “nature of students
in this day”; and (vii) teachers suffering from fatigue due to the
double track system. Table 3 summarizes some of the quotations
to buttress the challenges enumerated regarding teachers.

5.4.3 Challenges regarding books and language
Although quotations on challenges concerning books and

language together constitute 11% of all the quotations on
challenges, it is interesting to find respondents talking about
language as a challenge to learning STEM subjects. This has,
therefore, warranted the need to highlight these two (books
and language). Another reason for the need to highlight books
and language is that they have not been considered together
in a synergistic manner when addressing challenges to STEM
education. Inadequate science and mathematics books have often
been a challenge and interventions have been developed to address
it. But this has not been done in tandem with language, which
makes it an imperative to consider the two together in this article.

Challenges identified relating books include (i) limited access
to mathematics and science textbooks (which is corroborated by
Figure 4); (ii) textbooks deemed not fit for purpose; and (iii)
poor habit of purchasing textbooks among students. On the part
of language, the only challenge identified has to do with how
students struggle to understand concepts in mathematics and
science. Table 4 summarizes the challenges and quotations by
respondents.

6 Discussion

The differing perceptions of student performance in science
and mathematics between pre-tertiary and tertiary educators, as
highlighted in the findings offer a compelling lens through the

Sociocultural Theory of Education. The divergence in perceptions
underscores the sociocultural disconnect between the educational
stages, reflecting varying expectations and understandings of
academic readiness and performance standards. This scenario
aligns with research indicating that teachers’ expectations and
perceptions significantly influence student achievement, mediated
by the cultural and institutional contexts of education (Rubie-
Davies, 2015). The gap between pre-tertiary and tertiary educators’
views may stem from distinct sociocultural dynamics and
expectations within each educational level, impacting how student
performance is evaluated and addressed. Furthermore, the study’s
findings resonate with the importance of aligning educational
curricula and teaching practices across levels to ensure a smooth
transition of students into tertiary education, particularly in STEM
subjects. This alignment is crucial for developing the necessary
human capital to support national development in science and
technology sectors, emphasizing the role of education in fostering
a society’s scientific and technological progress (Marginson et al.,
2013). Thus, addressing the perceptual disparities through a
sociocultural lens involves not only curriculum alignment but
also fostering a shared understanding of educational objectives
and standards across educational levels, highlighting the role of
social and cultural factors in shaping educational experiences and
outcomes. Additionally, aligning pre-tertiary and tertiary education
within the broader context of Ghana’s STI system is essential for
nurturing the human capital necessary for national development in
science and technology. The systemic approach to innovation, as
the NIS, underscores the need for a cohesive educational strategy
that enhances STEM outcomes and addresses the sociocultural
dynamics at play. By fostering a shared understanding of
educational objectives and standards, informed by the NIS’s focus
on human capital and the sociocultural theory’s emphasis on
social interactions and cultural context, Ghana can effectively
prepare students for the demands of its evolving STI system.
This approach not only bridges the perceptual disparities between
educational stages but also supports the development of a skilled
workforce capable of contributing to sustainable socio-economic
advancement.

The interest in science and mathematics among pre-tertiary
students, as presented in the findings aligns with Vygotsky’s
Sociocultural Theory, emphasizing the role of social interaction and
cultural context in fostering learning interest. This theory suggests
that students’ interest in STEM fields can be significantly influenced
by the social environment, including teacher enthusiasm, peer
encouragement, and societal valuation of these disciplines
(Vygotsky, 1978). The engagement and curiosity demonstrated
by students in pursuing further knowledge in these subjects
underscore the importance of supportive educational practices
and the cultural valorization of science and mathematics. These
observations are supported by the literature, indicating that a
supportive learning environment, characterized by positive teacher
attitudes and active learning opportunities, can enhance students’
interest in and engagement with STEM subjects (Palmer et al.,
2015). This further implies that cultivating a culture that values
inquiry and curiosity within educational settings can significantly
contribute to sustaining students’ interest in STEM. Furthermore,
the findings on pre-tertiary students’ interest in science and
mathematics reflect the sociocultural dimensions of Ghana’s NIS,
emphasizing the critical role of human capital development in the
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STI system. This alignment illustrates how societal, educational,
and policy frameworks collectively influence students’ enthusiasm
for STEM subjects. The NIS concept, on which basis the STI system
in Ghana elaborated, underscores the importance of nurturing a
supportive social and educational environment to foster students’
interest. The engagement of students in STEM, influenced by the
broader sociocultural and policy landscape, highlights the necessity
for a holistic approach to education that bridges the gap between
theoretical knowledge and practical applications, ensuring a robust
human capital pipeline for Ghana’s STI ambitions.

The positive attitudes toward science, as seen through the
lens of students considering it a subject of prestige and relevance
to everyday life, highlight the influence of societal values and
cultural perceptions on student engagement and interest in STEM
subjects. Conversely, the critique of overly theoretical teaching
points to a gap between educational practices and the sociocultural
needs of learners, suggesting a need for more practical, hands-
on experiences that connect theoretical knowledge with real-world
applications. These findings corroborate (Freeman et al., 2014) who
suggest that active learning strategies can significantly enhance
understanding and interest in STEM. Therefore, integrating
practical demonstrations and real-life applications into STEM
education, as advocated by the sociocultural theory, could bridge
the gap between student perceptions and effective learning.

Given the challenges in teaching and learning STEM as outlined
in the findings, it is evident that the material and social conditions
of the learning environment significantly influence the educational
process. This perspective is supported by a broad range of
literature that explores the interplay between sociocultural factors
and STEM education. According to Vygotsky (1978), cognitive
development is deeply embedded in social contexts and that
learning occurs through interactions within these contexts. The
challenges mentioned, such as inadequate laboratory space and
equipment, and the need for more qualified teachers, Bardoe et al.
(2023) can be viewed as limitations in the social and material
scaffolding necessary for effective STEM learning. This aligns with
findings from Henze et al. (2008), who argue that the availability of
adequate resources and teacher expertise are crucial for facilitating
science education that is both meaningful and contextually relevant
to students. The systemic approach of the NIS, highlighting the
interplay between technological capability, innovation, and socio-
economic advancement, underscores the necessity for improving
STEM education as a foundational pillar for national development.
Addressing challenges such as inadequate resources and the need
for more qualified STEM educators becomes imperative within this
framework, emphasizing the alignment of educational strategies
with the broader objectives of the NIS to foster a conducive
environment for innovation and sustainable growth.

The issue of language as a barrier to learning STEM subjects
further underscores the importance of considering sociocultural
dynamics in education. Language not only mediates learning but
also reflects the cultural practices and values of a community (Lee
and Buxton, 2010). This suggests that addressing language barriers
in STEM education requires a culturally responsive approach
that values students’ linguistic backgrounds as assets rather than
obstacles. Moreover, the challenges regarding books and the
emphasis on theoretical rather than practical learning resonate with
the critique by Aikenhead (1996) on the disconnection between
scientific knowledge taught in schools and its application in

everyday life. This disconnection calls for mitigation measures that
include adopting a sociocultural approach to STEM education that
bridges classroom learning with students’ real-world experiences
and cultural backgrounds. This imperative aligns with Ghana’s
NIS with respect to developing the human capital the STI system.
Integrating practical, real-world applications in STEM curricula
can bridge the gap between theoretical learning and everyday life,
enhancing Ghana’s global competitiveness and readiness for the 4th
Industrial Revolution. This approach, rooted in the sociocultural
dynamics of education, stresses the importance of a learning
environment that values cultural and linguistic diversity, fostering
hands-on STEM experiences vital for nurturing the necessary
human capital for Ghana’s STI system.

7 Limitations of the study

Given the methodology employed for data collection and the
narrow scope of research participants, the findings of this study
might not be broadly applicable across different contexts. While
the results find support in existing educational statistics from
the Ministry of Education and extant literature, it is important
to exercise caution in extending these findings universally. The
limited participant pool suggests the need for further research
to confirm these outcomes across more diverse and extensive
demographics to ensure the robustness and wider relevance of the
study’s conclusions.

8 Conclusion and recommendations

The study articulates the perspectives between pre-tertiary
students and educators, and tertiary educators regarding student
performance in STEM, through the Sociocultural Theory of
Education. The divergence in perceptions mirrors the sociocultural
disparities across educational stages, influenced by varying
expectations and academic standards. This discrepancy is rooted
in differing sociocultural dynamics, underscoring the need
for curriculum alignment to bridge these gaps, essential for
nurturing human capital critical to Ghana’s STI system. The
study’s findings, against the backdrop of Ghana’s NIS, emphasize
the systemic approach to STI, where technological innovation
and human capital development play pivotal roles in socio-
economic advancement. Aligning educational curricula and
teaching methods is crucial for a seamless transition into
tertiary education, fostering a conducive environment for STEM
learning that aligns with societal and technological advancements.
This alignment, coupled with an understanding of sociocultural
dynamics, is pivotal for enhancing STEM education, contributing
to the development of a skilled workforce that supports
national development.

This article set out to answer three research questions: (i) What
are student and teacher perceptions about student performances
in science and mathematics; (ii) What are student perceptions
about science and mathematics subjects; and (iii) What are teacher
and student perspectives on challenges of teaching and learning
science. In respect of the first research question, the general
perception among pre-tertiary teachers and students was that
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student performance in science and mathematics was good. This
is not surprising in the sense that students and teachers would
be biased in a subjective assessment of their own performance,
albeit their perception is corroborated by the results of passes
of students in science (62%) and mathematics (64%) for the
year 2020.1 However, the perceptions of pre-tertiary teachers
and students greatly contrast with the perceptions of tertiary
teachers, which is that student performance has been poor. The
conclusion to be drawn is that there is a misunderstanding
between pre-tertiary teachers and tertiary teachers in respect of
the quality of students desired at the tertiary level to pursue
STEM. This gap ought to be addressed with the redesign of the
STEM curricula at the pre-tertiary level of education to match
the requirements for pursuing higher education in STEM and
the curricula at the tertiary level of education. This curricula
redesign must align with the strategies of the broader national
STI system to prepare the human capital needed for the Fourth
Industrial Revolution.

In respect of the second research question, this article concludes
that student perceptions of science and mathematics were positive.
Students had a positive appreciation and desire to study science
and mathematics because they thought that it was dignifying to
be regarded as a science student and that the study of science
broadened one’s world. On the other hand, students had a
generally negative perception of how science and mathematics
were taught in their schools. Hence, given the desire among
students to study these STEM subjects, measures ought to be
put in place to improve the delivery of lessons by teachers and
to maintain student interest in studying science. It is crucial for
Ghana’s STI system to enhance teaching methods and sustain
student interest in science through professional development for
teachers to adopt more engaging and practical teaching strategies
and curriculum adjustments to make STEM education more
appealing and relevant to students’ experiences and aspirations.
This aligns with the study by Quansah et al. (2020) who found that
students who were exposed to science and mathematics were most
likely to develop interests and subsequently pursue STEM in the
future.

Teachers and students identified several challenges facing
teaching and learning STEM subjects, including limited or lack of
laboratory space, equipment for demonstrations, and consumables;
challenges relating to teachers; challenges relating to student
behavior; systemic issues that negatively affect STEM education;
challenges concerning books; and language. While the last two
challenges had fewer quotations than the others, they ought
to be highlighted in the sense that access to books with the
appropriate content is critical to mastery of the “language” of
science. Therefore, as a “low-hanging fruit” option, efforts should
be made to support the provision of adequate STEM books to
students in Ghana.

From the foregoing, the following policy recommendations
emanate from the study:

• Align the STEM curriculum at pre-tertiary levels with tertiary
education requirements and the broader national STI strategy

1 There were no statistics for the year in which the study was carried out.

to prepare students for higher education and the demands of
the Fourth Industrial Revolution.

• Increase investments in continuous professional development
programs for teachers to adopt more engaging, practical, and
culturally relevant teaching strategies that align with students’
experiences and aspirations.

• Address the critical shortage of laboratory space, equipment,
and adequate STEM books in schools to support hands-on
learning and improve mastery of STEM subjects.

• Facilitate a structured dialogue and collaboration between pre-
tertiary and tertiary educators to harmonize expectations and
academic standards across educational stages.

• Expand national campaigns and educational programs that
highlight the value and opportunities within STEM fields
to maintain and increase student interest and enrolment in
science and mathematics.

Furthermore, we recommend future studies to consider:

• Studies that include a broader demographic of students and
educators across different regions and school types to enhance
the generalizability of the findings.

• Conducting long-term research to examine how changes
in STEM education policies and practices impact student
performance and interest over time.
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