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Pakistan faces a critical gap in preparing its education system to meet the demands of STEM
(science, technology, engineering, and mathematics) education, essential for fostering
innovation and competitiveness in the 21st-century global economy. Despite policy recog-
nition, implementation remains uneven due to limited teacher preparedness, underdeveloped
policy mechanisms, and inadequate resources. This study proposes and empirically tests a
conceptual framework to assess Pakistan's readiness for STEM education by examining the
role of teacher preparedness, policy support, funding, and resource availability. Grounded in
educational change and capacity-building theories, the study develops five hypotheses based
on these factors. A quantitative survey method was employed, gathering data from 600
participants, including 500 teachers, 50 school principals, and 50 administrators across
30 secondary schools in Multan, Punjab. Data was analyzed using SmartPLS 4.0, with
Structural Equation Modeling (SEM) validating the measurement model. Key findings show
that funding significantly enhances resource availability, supporting STEM implementation.
Policy support and technology access are also critical drivers of success. The study confirms
the reliability and validity of the measurement constructs, showing strong factor loadings and
high Cronbach’s Alpha and Composite Reliability coefficients. Implications highlight the
urgent need for financial and policy support to establish Pakistan's robust STEM education
system. These findings underscore the importance of policy reforms and increased funding to
bridge the gaps in STEM education. Future research should engage policymakers and gov-
ernment bodies to co-develop targeted strategies that bridge the gap between policy and
practice.
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Introduction

TEM education (Science, Technology, Engineering, and

Mathematics) is widely acknowledged as a cornerstone for

the global socioeconomic development in the 21st century
(Yalgin, 2024). As countries across the world seek to thrive in a
highly competitive and technology-driven economy, the ability to
innovate, solve complex problems, and adapt to technological
advancements has become essential (Kii¢likaydin et al. 2024).
With the onset of the Fourth Industrial Revolution (4IR), these
abilities are now more critical than ever, driving the demand for
skilled individuals who are well-versed in STEM disciplines (Mei
et al. 2023; Wessels and van Wyk, 2022). The global shift toward
digitalization, supported by emerging technologies like artificial
intelligence, machine learning, and the Internet of Things, has
increased the need for a workforce capable of adapting to rapidly
changing environments (Kamila et al. 2024). In this context,
STEM education is the foundation for future economic prosperity
by equipping students with the skills required to excel in high-
demand sectors (Gilrein et al. 2021; Merino et al. 2023).

Global trends in STEM education

While STEM education has gained considerable momentum in
developed nations, developing countries like Pakistan remain
underexplored in scholarly research. Despite the worldwide
emphasis on STEM integration, there is a lack of empirical evi-
dence examining how developing countries prepare their educa-
tional systems to meet the demands of 21st-century education
and workforce development (Kamila et al. 2024; Singh, 2024).
Most existing studies have focused on student performance and
policy alignment in high-income contexts, leaving a gap in
understanding how teacher preparedness, policy frameworks, and
infrastructure challenges influence STEM implementation in
countries like Pakistan (Rehman et al. 2025a). This study
addresses this critical gap by investigating the systemic and
contextual barriers shaping Pakistan’s STEM education readiness.
STEM education has been recognized as essential to maintaining
global competitiveness in countries such as the United States,
China, and several European nations. For instance, the U.S. has
invested heavily in STEM education, integrating cross-
disciplinary learning approaches to cultivate students’ problem-
solving and critical thinking skills early (Abu Khurma et al. 2023;
Le et al. 2023). Likewise, China has adopted national policies
prioritizing STEM education to ensure that its workforce is
equipped with the necessary technical and analytical skills to lead
in emerging technologies (Fan et al. 2021; Wang et al. 2022).
These global leaders have embedded STEM into their national
education strategies, recognizing its vital role in enhancing eco-
nomic resilience and technological advancement.

The role of STEM education in achieving the United Nations
Sustainable Development Goals (SDGs) cannot be overstated. In
particular, SDG 4 (Quality Education) and SDG 8 (Decent Work
and Economic Growth) emphasize the importance of fostering
inclusive education that prepares students for the demands of
evolving job markets, thus ensuring they are equipped to con-
tribute to national development (Marcone, 2022). In this regard,
STEM education strengthens a country’s economic foundation
and nurtures social inclusion, offering opportunities for all stu-
dents, regardless of background, to excel in 21st-century jobs
(Singh, 2024; Mahmood et al. 2025a; 2025b). However, despite
global advancements in STEM education, there is a growing
recognition of developing countries’ challenges in implementing
STEM reforms. Countries such as Pakistan, India, and Bangla-
desh have yet to fully leverage the potential of STEM education to
address their unique developmental needs. This is particularly
evident in Pakistan, where issues such as inadequate
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infrastructure, limited access to educational resources, and a lack
of trained teachers hinder the full implementation of STEM
education (Gopang et al. 2021; Nguyen, 2025; Rahim et al. 2020).

Challenges in implementing STEM education in Pakistan
Despite the clear advantages and necessity for STEM education,
its implementation in Pakistan faces significant challenges, many
of which are interrelated and compound the overall issue. These
challenges include:

Challenge 1: resource scarcity and infrastructure deficiencies. A
fundamental barrier to effective STEM education in Pakistan is
the severe lack of resources, which hinders the provision of
quality education. Many schools, especially rural ones, lack
essential infrastructure such as laboratories, technology, and basic
learning materials. This scarcity is further exacerbated by insuf-
ficient qualified educators who can effectively teach STEM sub-
jects (Rehman et al. 2024a; Tunio et al. 2022). Insufficient funding
restricts schools from acquiring the necessary resources, limiting
teachers’ ability to provide hands-on, practical STEM learning
experiences. Furthermore, this lack of resources contributes to the
systemic issue of underdeveloped teaching practices, which are
critical for fostering student engagement and innovation in STEM

fields.

Challenge 2: teacher training deficits. Pakistan faces a shortage
of adequately trained teachers to teach integrated STEM content,
with the existing educators often lacking the skills and knowledge
to effectively implement interdisciplinary STEM curricula
(Gopang et al. 2021; Huang et al. 2022a). The inadequacy of
teacher training is closely linked to the scarcity of resources, as
insufficient funding often limits the development and availability
of professional development programs. This lack of qualified
teachers, paired with the scarcity of educational materials, leads to
suboptimal learning environments where students are not
exposed to the depth and breadth of knowledge required to thrive
in STEM fields(Amalina et al. 2025). This lack of teacher pre-
paredness restricts students’ ability to develop critical thinking
and problem-solving skills, essential for success in the global
economy.

Challenge 3: outdated curriculum and lack of practical learning
opportunities. The current curriculum in Pakistan often does not
align with global technological advancements or adequately
incorporate the practical, hands-on learning experiences essential
for STEM education (Aslam et al. 2022). This issue is further
compounded by the insufficient integration of STEM content
across subject areas, which limits students’ ability to grasp the
interconnected nature of these disciplines. The outdated curri-
culum prevents the development of skills such as creativity and
innovation, which are vital in fields like artificial intelligence,
robotics, and engineering. The lack of real-world applications
within the curriculum also undermines students’ interest in
STEM subjects, further deepening the STEM education crisis in
the country.

The role of policy and government intervention. In Pakistan,
policy reforms are essential to bridging the gap between the
educational system and the needs of the future workforce. Gov-
ernment policies must prioritize financial support, teacher
development programs, and resource allocation to align with
global standards for inclusive education (Rehman et al. 2025b;
Sheikh et al. 2019). However, the lack of coordination and the
ineffective integration of STEM into the broader educational
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framework have hindered significant progress in addressing these
challenges (Li et al. 2020). The lack of a cohesive national strategy
has led to fragmented STEM initiatives, which are often poorly
funded and inadequately implemented.

Demographic and economic pressures. Pakistan’s demographic
composition, with 64% of its population under 30 years old,
further amplifies the urgency of addressing the STEM education
gap. Each year, approximately four million new workforce
entrants are expected, which calls for creating 0.9 million new
jobs annually over the next five years to sustain current
employment levels (Matsuda et al. 2019). The country needs a
highly skilled workforce to compete globally, and STEM educa-
tion plays a crucial role in achieving this goal (Javed, 2020).
However, without significant educational investments and tar-
geted reforms, Pakistan risks falling behind in an increasingly
competitive global market where technological innovation and a
highly skilled STEM workforce are key drivers of economic
success.

Interconnections among factors. The challenges discussed above
are not isolated but interdependent. For example, insufficient
funding exacerbates resource scarcity and undermines efforts to
improve teacher training. Similarly, the lack of a coordinated
policy framework has led to the inefficient allocation of available
resources, further impeding the development of a robust STEM
education system (Johnson, 2012). Addressing these inter-
connected challenges requires a holistic, multi-faceted approach
that considers how various elements, funding, teacher training,
resources, and policy interact and influence one another(Carlisle
and Weaver, 2018). These interactions must be examined and
understood to design effective interventions that can lead to
sustainable improvements in STEM education in Pakistan.
Addressing the challenges in implementing STEM education in
Pakistan requires comprehensive policy reforms integrating
increased funding, enhanced teacher training, curriculum
updates, and technological advancements. Understanding how
these factors interact is essential for designing effective strategies
and interventions (Mahmood et al. 2025a; 2025b). The govern-
ment’s role in prioritizing STEM education through adequate
resources, supportive policies, and modern infrastructure is
pivotal in transforming the country’s educational landscape and
preparing the next generation to succeed in the global economy.

Problem statement. Despite the growing recognition of STEM
education’s role in national development, Pakistan continues to
face significant challenges in implementing STEM initiatives
effectively. These challenges include chronic underfunding,
inadequate teacher training, outdated curricula, fragmented pol-
icy frameworks, and insufficient access to technological resources.
While global literature consistently emphasizes the role of STEM
in fostering economic growth and technological advancement,
most of this research focuses on developed countries. Empirical
studies from developing contexts, particularly Pakistan, remain
scarce, with limited attention paid to how these systemic barriers
interact and influence the implementation of STEM education in
local school systems. Existing studies are often conceptual or
limited to descriptive analyses, lacking the application of
advanced empirical models that can uncover the structural rela-
tionships among key influencing factors. This creates a critical
gap in the literature, especially concerning evidence-based stra-
tegies tailored to low-resource settings. Therefore, there is an
urgent need for a comprehensive, data-driven investigation that
examines how systemic factors such as policy support, funding,
teacher preparedness, technology access, and resource availability

collectively shape the implementation of STEM education in
Pakistan’s secondary schools. This study aims to address this gap
by applying a Structural Equation Modeling (SEM) approach
using SmartPLS to uncover the underlying relationships among
these variables and provide actionable insights for educational
policy and reform in the Pakistani context. In light of these
challenges and research gaps, the study is guided by the following
research questions:

1. To what extent do systematic factors such as funding, policy
support, teacher preparedness, technology access, and
STEM school resources significantly influence the imple-
mentation of STEM education in Pakistan’s secondary
schools?

2. What are the structural relationships among these systemic
factors in shaping the readiness and effectiveness of STEM
education implementation, as revealed through the
SmartPLS-SEM model?

These research questions guide the development of the five
hypotheses presented in the subsequent section and form the
foundation for the study’s empirical analysis.

Gap in the literature

Despite the global recognition of STEM education’s importance,
there remains a significant gap in research focusing on STEM
education implementation in developing countries, particularly
Pakistan. While extensive literature exists on STEM education
policies and their impact in developed countries such as the
United States, China, and European nations (Ammar et al. 2024;
Hsu et al. 2024; Ortiz-Revilla et al. 2021; Wahono et al. 2020),
empirical evidence on STEM education readiness in Pakistan’s
educational system is limited. The unique barriers Pakistan faces,
such as infrastructural challenges, lack of resources, and teacher
preparedness, are not comprehensively addressed in the litera-
ture, creating a critical gap in understanding (Daraz et al.
2024, 2025; Khan et al. 2024).

Several studies have highlighted the effectiveness of integrated
STEM education models in Western and East Asian countries,
where interdisciplinary approaches have improved student
engagement and learning outcomes (Abu Khurma et al. 2023; Le
et al. 2023). However, these models have not been widely adopted
in Pakistan, and there is a lack of systematic research on how
STEM education is structured, implemented, and received by
educators and students in Pakistan (Imaduddin et al. 2021).
Unlike China, where strong governmental policies have been
instrumental in STEM advancement (Fan et al. 2021; Rehman
et al. 2025a), Pakistan lacks a centralized, cohesive approach to
STEM education reform (Rehman et al. 2024a).

In addition, while research from countries like India and
Malaysia has explored the relationship between STEM education
policies, resource allocation, and student performance (Lueang-
suwan and Srikoon, 2021; Thao et al. 2020), Studies in Pakistan
have primarily focused on general educational challenges rather
than STEM-specific barriers (Li et al. 2020). The few studies
available on STEM education in Pakistan tend to be qualitative or
conceptual, lacking empirical analysis using quantitative models
such as Structural Equation Modeling (SEM) to assess the role of
funding, policy frameworks, and teacher training in STEM edu-
cation implementation (Bhatti and Hassan, 2024; Fauzi et al.
2023).

Moreover, research on teacher training and professional
development in STEM education remains sparse (McComas and
Burgin, 2020; Weinberg et al. 2021). In the Western context,
several studies have emphasized the need for continuous pro-
fessional development for STEM educators to ensure effective
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Fig. 1 STEM implementation in Pakistan.

implementation (Huang et al. 2022b). However, Pakistan lacks
comprehensive studies analyzing the preparedness of STEM
teachers and the extent to which professional development pro-
grams can bridge the skills gap in the country (Gopang et al.
2021). Morrell et al. (2020) also emphasize the need for training
and teacher preparedness in evolving STEM education
environments.

Another critical gap in the literature is the lack of research on
the role of financial investment in STEM education infrastructure
in Pakistan. While global studies have demonstrated the direct
impact of funding on the availability of STEM school resources,
technology integration, and student performance (Theobald et al.
2020; Dukkipati and Novak-Herzog, 2021), Pakistan’s education
system has not been extensively analyzed in this regard. Given
that Pakistan allocates only about 2% of its GDP to education,
well below international recommendations, there is an urgent
need for research on how financial constraints affect STEM
education outcomes and how increased funding could facilitate
the development of STEM school infrastructure (Tunio et al.
2022). Li et al. (2020) and other research point to the significant
impact of funding on educational success, making it a crucial area
of investigation for Pakistan.

Furthermore, most studies on STEM education in Pakistan fail
to address the perspectives of key stakeholders such as policy-
makers, school administrators, and industry professionals.
Existing literature primarily focuses on teachers and students,
leaving a significant research gap in understanding how national
policies, funding allocations, and industry collaborations can
drive STEM education forward (Begum, 2022; Zamfir et al. 2024).
This study seeks to bridge these gaps by offering a comprehensive
analysis of STEM education readiness in Pakistan, focusing on the
crucial aspects of teacher preparedness, policy frameworks, and
resource availability.

Effective policy interventions are necessary to address these gaps,
including increased funding, teacher training, curriculum updates,
and international collaborations (Kiazai et al. 2020) (see the ODR
framework by Huang et al. 2022a). This study addresses the under-
researched state of STEM education in Pakistan by examining these
factors in higher secondary schools (grades 11-12), focusing on
teacher readiness, policy effectiveness, and resource availability. The
findings will provide insights into the strategies needed to
strengthen STEM education in Pakistan, emphasizing financial
support, teacher training, and policy reforms to create a sustainable
STEM education ecosystem. Given STEM’s pivotal role in fostering
innovation and economic growth, addressing these challenges is
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essential to prepare Pakistan’s workforce for global competition (see
Fig. 1). This study contributes to the existing knowledge on STEM
education by offering a comprehensive, data-driven analysis of
Pakistan’s preparedness for STEM education. The present study
utilizes quantitative methods, particularly Structural Equation
Modeling (SEM), to validate the relationships between policy,
funding, teacher preparedness, and STEM resource availability.

As highlighted in the preceding literature review, significant
gaps exist in understanding how various systemic factors, such as
funding, teacher preparedness, policy design, and resource allo-
cation, collectively influence the successful implementation of
STEM education in Pakistan. While previous studies have exam-
ined these factors independently, there is limited empirical
research that integrates them into a coherent framework suitable
for a developing country context. It is essential to anchor the study
in a robust theoretical foundation to address this gap and guide
the development of our research model. Drawing on established
behavioral and educational theories allows for a structured ana-
lysis of how these factors interact and affect stakeholder behaviors
and institutional readiness. Therefore, the following section pre-
sents the theoretical underpinnings that inform the construction
of the conceptual framework used in this study.

Theoretical underpinning

The challenges, such as resource scarcity, inadequate teacher
training, insufficient funding, ineffective policies, and limited
access to technology, are not isolated issues but are deeply
interconnected. These factors amplify the overall problem of
STEM education implementation in Pakistan. Theory of Planned
Behavior (TPB), Social Cognitive Theory (SCT), and Resource-
Based View (RBV) collectively provide a comprehensive under-
standing of the barriers to STEM education implementation in
Pakistan (Ajzen, 2020; Bandura, 1986; Barney, 1991). The theory
of Planned Behavior (TPB) offers valuable insight into these
interactions. According to TPB, teachers’ behaviors, specifically
their willingness and ability to implement STEM curricula, are
influenced by their attitudes, subjective norms, and perceived
behavioral control (Ajzen, 2020). In the context of STEM edu-
cation implementation in Pakistan, TPB helps explain how tea-
chers’ attitudes towards STEM subjects, societal norms regarding
STEM education, and perceived control over necessary resources
and training influence their intentions and behavior in imple-
menting STEM curricula (Kuschel et al. 2020). For instance, when
teachers perceive a lack of resources or insufficient training

| (2025)12:1212 | https://doi.org/10.1057/541599-025-05584-3



ARTICLE

(e.g., due to limited funding), it affects their attitudes towards
STEM education, decreasing their motivation and confidence to
implement STEM in the classroom. This feedback loop, where
limited resources affect teachers’ perceptions and behaviors,
directly influences students’ STEM education experiences, leading
to a cycle of underperformance (Kuschel et al. 2020). Social
Cognitive Theory (SCT) (Bandura, 1986) explains the reciprocal
interaction between personal factors, behaviors, and environ-
mental conditions. It suggests that personal factors, behavioral
patterns, and environmental influences all interact to shape
behaviors (Bandura, 1986). In the context of STEM education,
teachers’ self-efficacy, shaped by their training and the availability
of resources, directly impacts their ability to implement innova-
tive teaching strategies in STEM subjects. However, without
access to adequate resources (funding, technology, materials),
teachers’ confidence in their ability to teach STEM effectively may
decrease. SCT highlights the importance of self-efficacy, profes-
sional development experiences, and the school environment in
shaping teachers’ behaviors and capabilities to implement STEM
education (Agarwal, 2023). For example, teachers with higher
self-efficacy and positive professional development experiences
are likelier to feel capable and motivated to implement STEM
education(Agarwal, 2023). Additionally, a supportive school
environment that fosters collaborative learning and access to
resources can further enhance their ability to deliver effective
STEM education (Dukkipati and Novak-Herzog, 2021).
Resource-Based View (RBV) suggests that an organization’s
resources and capabilities are critical to achieving and sustaining
competitive advantage (Barney, 1991). In STEM education, RBV
underscores the critical role of resources such as funding, tech-
nology, and training in achieving effective STEM education
implementation (Theobald et al. 2020). This perspective helps
explain how the availability (or lack) of these key resources
impacts the ability of schools to support STEM programs
(Gardner et al. 2019). For instance, insufficient funding and
technology access can be significant obstacles to providing high-
quality STEM education. At the same time, adequate resources
and training programs can significantly enhance the capacity to
implement STEM curricula (Widya et al. 2019). In Pakistan, the
inadequate allocation of funds hampers the purchase of essential
technology and prevents the implementation of comprehensive
teacher training programs. As a result, the schools’ ability to
provide quality STEM education is severely limited, perpetuating
the cycle of underdevelopment. The policy context further
influences these interconnected dynamics. As noted in the lit-
erature, countries like China have implemented cohesive national
policies that prioritize STEM education, ensuring that resources
are allocated effectively and teacher training is a priority (Li et al.
2020). In contrast, the fragmented policy approach in Pakistan
exacerbates these interrelations, as the lack of policy coordination
leads to inefficient allocation of resources and inadequate teacher
training, ultimately hindering the effective implementation of
STEM education.

In light of these interconnected factors, addressing STEM
education challenges in Pakistan requires a holistic approach that
recognizes the interplay between funding, resources, teacher
training, technology, and policy. By acknowledging and addres-
sing these interrelationships, policymakers can design more
effective strategies that target not only individual factors but also
the broader systemic issues that affect the STEM education
landscape in Pakistan.

Literature review and hypothesis development
This research is grounded in three foundational theoretical fra-
meworks: the Theory of Planned Behavior (TPB), Social

Cognitive Theory (SCT), and the Resource-Based View (RBV).
Together, these frameworks inform the study’s conceptual model
by linking individual, institutional, and structural factors that
influence the implementation of STEM education in Pakistan.

Insufficient training and professional development
opportunities
Teacher preparedness is crucial for successfully implementing
STEM education (Hasim et al. 2022). Theories such as Social
Cognitive Theory (SCT) provide valuable insight into teacher
training and self-efficacy dynamics. SCT emphasizes the inter-
action between personal factors, behaviors, and environmental
influences, suggesting that teacher training directly impacts their
self-efficacy, influencing their willingness and ability to imple-
ment STEM curricula (Bandura, 1986). It requires extensive
professional development programs focused on integrated STEM
disciplines (Christian et al. 2021). Teachers need to be proficient
in their subject areas and across other STEM fields (Velychko
et al. 2022). Furthermore, they need to learn new pedagogical
strategies that foster active learning, critical thinking, and
problem-solving (Marques and Pombo, 2021), such as inquiry-
based learning, project-based learning, and digital technology
(Boice et al. 2021). Insufficient training and professional devel-
opment can lead to a lack of confidence and competence among
teachers, directly affecting their ability to implement STEM
education effectively (Stieben et al. 2021). In line with this, the
Theory of Planned Behavior (TPB) posits that teachers’ attitudes
towards STEM education and their perceived behavioral control,
influenced by training, can determine their actual behavior in
delivering STEM content (Ajzen, 2020). Studies have shown that
ongoing professional development is crucial for teachers to stay
updated with the latest teaching methods and technological
advancements necessary for STEM education (Wong et al. 2022).
Based on this literature, the following hypothesis was developed:
H1: Insufficient training and professional development
opportunities are significant barriers to implementing STEM
education in Pakistan.

Lack of adequate STEM resources and materials
The rise of STEM education has necessitated a significant para-
digm shift in school curricula and teacher preparedness (Salvetti
et al. 2023). Schools must prioritize allocating resources for STEM
equipment, labs, and technology (Villalobos et al. 2020). Access to
resources is a fundamental enabler of STEM education. The
Resource-Based View (RBV) highlights the importance of
resources (funding, technology, materials) in achieving educa-
tional outcomes (Barney, 1991). Adequate resources are crucial
for engaging students in STEM learning, as they provide hands-
on learning experiences. The Theory of Planned Behavior (TPB)
also suggests that perceptions of available resources affect tea-
chers’ attitudes towards STEM and their confidence in teaching
these subjects (Ajzen, 2020). Adequate resources are crucial for
providing hands-on learning experiences, which are crucial for
STEM education (Stefanile, 2020). These resources include
laboratory equipment, science kits, computers, and software, all
necessary for conducting experiments and projects that engage
students in STEM learning (Draganov et al. 2023). Research
indicates that schools with sufficient STEM resources can offer
students a more engaging and effective learning environment,
which is essential for fostering interest and proficiency in STEM
subjects (Moleta and Yango, 2023). Based on this literature, the
following hypothesis was developed.

H2: Lack of adequate STEM resources and materials in schools
hinders the implementation of STEM education in Pakistan.
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Insufficient funding and financial support
Financial constraints are a common barrier in many developing
countries, impacting the ability to invest in necessary STEM
infrastructure and resources (Labenko, 2023). The Resource-
Based View (RBV) emphasizes that sufficient resources, such as
funding, are necessary to sustain STEM programs (Barney, 1991).
SCT also suggests that financial resources impact teacher beha-
vior by enabling access to training, technology, and materials that
enhance self-efficacy and instructional quality (Bandura, 1986).
Insufficient funding limits the ability of schools to acquire
essential materials, hire qualified teachers, and provide profes-
sional development opportunities (Rehman et al. 2024b).
Research has shown that financial support is crucial for the
sustainability and expansion of STEM programs (Khan et al.
2022). Schools with adequate funding can invest in modern
laboratories, purchase up-to-date educational materials, and
provide continuous teacher training (Rehman et al. 2025a). Based
on this literature, the following hypothesis was developed;

H3: Insufficient funding and financial support for STEM
programs are significant obstacles to Pakistan’s successful
implementation of STEM education.

Ineffective or inconsistent government policies

The Resource-Based View (RBV) also informs our understanding
of the role of policies in resource allocation and how policies
impact the availability of educational resources (Barney, 1991). A
cohesive policy prioritizing STEM education can break the cycle
of inadequate resources and training. SCT suggests that a lack of
clear policies can negatively influence teachers’ self-efficacy and
behavior because teachers may feel unsupported by the system
(Bandura, 1986). The Theory of Planned Behavior (TPB) further
explains that inconsistent policies create a lack of control, dis-
couraging teachers from effectively implementing STEM pro-
grams (Ajzen, 2020). Government policies are pivotal in shaping
the educational landscape (Rehman et al. 2024b). Effective poli-
cies can provide a supportive framework for implementing STEM
education by setting standards, providing funding, and facilitating
professional development (Ordanovska et al. 2023). However,
inconsistent or ineffective policies can create barriers to system-
atically implementing STEM education initiatives (Ramli and
Awang, 2020). Studies have highlighted that government support
is essential for the successful implementation of educational
programs (Rehman et al. 2024c). Policies that fail to support
STEM education effectively may result in inconsistent approaches
and inadequate resources for schools and teachers, ultimately
hindering the successful implementation of STEM (Osadchyi
et al. 2020). Based on this literature, the following hypothesis was
developed

6

H4: Ineffective or inconsistent government policies related to
STEM education negatively impact its implementation in
Pakistan.

Limited access to technology and digital tools

Access to technology is a fundamental component of modern
STEM education (Chai, 2019).SCT underscores the critical role of
self-efficacy in adopting new teaching methods, such as inte-
grating technology in STEM education (Bandura, 1986). Without
access to technology, teachers’ confidence in their ability to teach
effectively is diminished. The Resource-Based View (RBV)
highlights that a lack of technological resources significantly
impedes the ability to implement innovative STEM curricula
(Barney, 1991). The Theory of Planned Behavior (TPB) also
connects perceptions of control over resources (like technology)
with teachers’ intentions and actions in the classroom (Ajzen,
2020). Schools must move beyond traditional, siloed teaching
methods and adopt a more interdisciplinary approach (Johnston
et al. 2021). This requires integrating digital tools and technology
in the classroom (Kiong, 2023). Limited access to digital tools can
hinder teachers’ ability to deliver effective STEM instruction and
students’ ability to engage in hands-on, technology-driven
learning experiences (Johnston et al. 2021). Research has shown
that technology integration is key to modern STEM education,
and schools with limited access to technology struggle to provide
quality STEM education (Huang et al. 2022b). Based on this lit-
erature, the following hypothesis was developed

H5: Limited access to technology and digital tools is a sig-
nificant challenge to implementing STEM education effectively in
Pakistan.

These hypotheses aim to investigate the barriers to effective
STEM education implementation in Pakistani public schools (see
Fig. 2). By addressing these hypotheses, the study seeks to
uncover actionable insights that can inform policy-making and
strategic planning to enhance STEM education in Pakistan.

Methodology

This study was designed to empirically test five hypotheses
developed from the research questions, which explore the barriers
to implementing STEM education in Pakistan’s public secondary
schools. To address these questions, a quantitative research
approach was employed, using a structured survey instrument
grounded in established theoretical frameworks: Social Cognitive
Theory (SCT), Theory of Planned Behavior (TPB), and Resource-
Based View (RBV). The research design enabled the measurement
of key constructs, including teacher preparedness, STEM resource
availability, policy support, access to technology, and financial
support. Data was collected from key stakeholders, teachers,
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Table 1 Demographic profile of participents.

Details

600 (500 teachers, 50 principals, 50
administrators)

Purposive sampling

250 male and 250 female teachers

30 higher secondary schools in Multan,
Punjab

August 2023 to January 2024

Online survey (email)

50 items across 5 variables

Two email reminders to increase response
rate

100% valid responses (600)

Aspect

Total Number of
Respondents
Sampling Method
Gender Distribution
School Locations

Data Collection Period
Method of Data Collection
Survey Items

Follow-up Procedure

Response Rate

principals, and administrators to ensure a comprehensive
understanding of the systemic factors influencing STEM readi-
ness. Structural Equation Modeling (SEM) using SmartPLS was
used to validate the conceptual model and test hypothesized
relationships among variables.

To operationalize this model, we developed a questionnaire
targeting higher secondary school teachers, principals, and
administrators’ perspectives on STEM implementation (Creswell,
2009; Hair et al. 2019). This study employed a multi-stage sam-
pling strategy to ensure a representative and contextually relevant
participant selection. Initially, purposive sampling was used to
select 30 public higher secondary schools in Multan, Punjab,
based on clearly defined criteria for assessing STEM education
readiness. Specifically, these criteria included the presence of
established science subject streams, availability of functioning
laboratories, adequate basic STEM infrastructure, and student
enrollment at the higher secondary school level. These parameters
ensured that the selected schools were suitably aligned with the
study’s objective to investigate STEM education implementation
comprehensively (Campbell et al. 2020). It is important to note
that the sample comprises urban schools from Multan city with
sufficient STEM resources, and thus may not fully represent the
conditions of rural schools in Pakistan, where significant infra-
structural disparities exist. This limitation is acknowledged, and
future studies are encouraged to explore STEM readiness in rural
and less-resourced educational contexts.

Following the identification of these schools, we applied simple
random sampling to select participants within three distinct sta-
keholder groups: secondary school teachers, principals, and
administrators. A total of 600 respondents participated in the
study, comprising 500 teachers, specifically from natural science
disciplines, along with 50 principals and 50 administrators. The
sample size of 600 participants exceeds the minimum recom-
mended threshold for Partial Least Squares Structural Equation
Modeling (PLS-SEM) based on the “10-times rule” (Hair et al.
2019), which suggests that the sample should be at least ten times
the largest number of structural paths directed at any construct in
the model. This ensures adequate statistical power and reliability
of the analysis. Equal representation of male and female teachers
was carefully ensured to enhance the objectivity and general-
izability of the findings (See Table 1). Data collection was carried
out via email correspondence between August 2023 and January
2024. Participants were provided an invitation letter, detailed
informed consent emphasizing confidentiality, and a structured
questionnaire designed explicitly for this study. Respondents were
requested to return completed questionnaires within two weeks,
and follow-up email reminders were systematically sent to
encourage participation, resulting in a robust response rate of
100%. The response rate for this study was 100%, achieved

through systematic follow-up emails and reminders during the
data collection period, which minimizes concerns related to non-
response bias.

Instrumentation and data collection
The survey instrument used in this study was a researcher-
developed tool grounded in well-established conceptual frame-
works in STEM education. Rather than adopting a single stan-
dardized scale, the instrument was designed by adapting and
synthesizing item themes from prior peer-reviewed studies to
assess five core dimensions relevant to STEM education in the
Pakistani context: teacher preparedness, teacher preparation
standards, STEM resources, policy frameworks, and institutional
support. Specifically, Teacher Preparedness: Items were adapted
from Wu et al. (2022) and Morrell et al. (2020), who emphasize
the importance of professional development and teacher self-
efficacy for STEM integration. For example: “For successful
STEM integration, teachers should receive specialized profes-
sional development in STEM teaching”. STEM resource items
were informed by Sulaeman et al. (2022) and Draganov et al.
(2023), focusing on the need for laboratory equipment, hands-on
materials, and teaching resources. Example: “Adequate laboratory
equipment and teaching materials are crucial for effective STEM
education”. Funding items were based on Khan et al. (2022) and
Rehman et al. (2025a), who highlight the importance of financial
support for implementing STEM education. Example: “Sufficient
funding is essential to support the implementation of STEM
education in schools.” Policy items were adapted from Li et al.
(2020) and Ordanovska et al. (2023), emphasizing the role of clear
government policies. Example: “Clear government policies are
needed to support the implementation of STEM education”.
Technology access items were informed by Huang et al. (2022a)
and Chai (2019), who stress the necessity of digital tools and
technology for modern STEM instruction. Example: “Access to
digital technology and the internet is necessary for effective
STEM instruction”. Additional items capturing institutional
support were newly developed to address gaps in the literature
specific to the Pakistani secondary education system. The initial
version of the questionnaire was designed with 72 items, derived
from existing theoretical frameworks and empirical studies on
STEM education. These items were distributed across six con-
structs: Policy, STEM School Resources, STEM Education
Implementation, Technology Access, Teacher Preparedness, and
Funding. Each item employed a 5-point Likert scale ranging from
1 (Strongly Disagree) to 5 (Strongly Agree). To ensure content
validity, the instrument was reviewed by a panel of three experts
in STEM education and educational measurement. These experts
assessed each item for clarity, relevance, and alignment with the
intended constructs. Based on their feedback, several items were
reworded to enhance clarity, and a few were removed due to
redundancy or weak alignment with construct definitions. Sub-
sequently, the revised instrument underwent a pilot testing phase
involving 95 participants drawn from the target population,
including secondary school teachers, principals, and adminis-
trators. The primary purpose of this pilot test was to assess the
instrument’s reliability and structural coherence prior to full-scale
data collection. Based on reliability analysis and item perfor-
mance, further revisions were made, reducing several items.
Specifically, the construct “Policy” was reduced from 12 to 11
items; “STEM School Resources” from 12 to 5 items; “STEM
Education Implementation” from 14 to 10 items; “Technology
Access” from 10 to 6 items; “Teacher Preparedness” from 12 to 6
items; and “Funds” from 12 to 10 items.

The final instrument, consisting of 48 validated items, was
subjected to Confirmatory Factor Analysis (CFA) using SmartPLS
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4.0. All retained items demonstrated strong factor loadings (above
0.78) and acceptable multicollinearity levels (VIF values below
2.6). Internal consistency was confirmed through Cronbach’s
Alpha and Composite Reliability (CR), with all coefficients
exceeding 0.70. Convergent validity was established using Aver-
age Variance Extracted (AVE), which surpassed the 0.50
threshold for all constructs. These results, presented in Table 2

Table 2 Demographic statistics of participants.
Variables f % M SD
Gender
Male 300 50.0 0.50 0.50
Female 300 50.0
Total 600 100%
Age
25-30 200 333 34.1 6.72
31-35 150 25.0
36-40 120 20.0
41 and above 130 21.7
Total 600 100.0
Academic Qualifications
B.A/B.Sc 379 63.2 1.41 0.565
M.A/M.Sc 198 33.0
M.Phil 23 3.8
Total 600 100.0
Experience
1-5 years 109 18.1 7.9 4.56
6-10 years 354 59.0
1-15 years 83 13.9
16 and above 54 9.0
Total 600 100.0
TP P11 T.p2 P4 T.P8 T.P9
!
STEM.IMP.12 0820 0.813 0825 0811 0813 0803
\

STEM.IMP.14
STEM.IMP.3 \0797
0794

and Fig. 3, confirm that the final instrument possessed theoretical
coherence and statistical robustness, making it appropriate for
measuring STEM education readiness in Pakistani secondary
school.

Common method bias
Given the self-reported nature of the survey data, common
method bias (CMB) was carefully evaluated using multiple
established techniques. CMB can inflate the relationships between
variables when data are collected from a single source (Podsakoff
et al. 2003). While SmartPLS and partial least squares structural
equation modeling (PLS-SEM) are generally robust to such
concerns (Hair et al. 2017), a preliminary analysis was conducted
to assess its potential impact. We employed Harman’s single-
factor test, which is commonly used to detect CMB by identifying
whether one factor accounts for the majority of the variance in
the data (Harman, 1967). Two diagnostic tests were employed to
assess potential bias. First, Harman’s single-factor test was con-
ducted to determine whether a single factor accounted for most of
the variance. The results indicated no dominant factor emerged,
suggesting that CMB was not a serious concern (Harman, 1967).
Second, a Full Collinearity Assessment was performed using the
Variance Inflation Factor (VIF) values for all constructs. As Kock
(2015) suggests, VIF values below 3.3 indicate that CMB is
unlikely to distort the model. In this study, all VIF values ranged
from 1.866 to 2.525, confirming the absence of problematic
common method variance. Future studies should incorporate
multi-source data collection or temporal separation techniques in
the research design to mitigate potential bias.

To ensure that the dataset meets the requirements of the mea-
surement model and other additional analyses, the dataset was
reviewed, loading factors were checked, and then confirmatory

TA2 TA3 TA4 TAS TAG A
\ /‘ /' / P10

0785 0812 oao\a 0/805 0785 012 b
// PN

//‘

0799/
{ Y

TESCHNOLOGY ACESS 0735
STEM.IMP.4 0793 0.280 0787 /v
7
\ 0787  pa
STEM.IMP.5
+0788] 4).792"
1= 0.312
4079 / \o.&oz—» PS5
030 STEMedu.IMP §o.792
STEMIMP.7 0794 \ o792 P6
/ 0788 0.125 0780\
/7
STEM.IMP.8 /0786 0795\ PT
¥ / STEM School.Resources 0735\
STEMIMP.9 \ \ i
4 «— .
0.515 P9
STEMIMP13 / \
/ \\ .
0804 0199 o797 0827 0819 081770798 0811 3743 o\s 13 0825 0786 079620812 2
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Fig. 3 Measurement (path analysis) model.
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factor analysis (CFA) was run to verify the measurement model.
This validation process is verified by many scholars like Hair et al.
(2019). PLS-SEM was used to assess the proposed study model.
Hair et al. (2017) describe the process of multivariate statistical
analysis using PLS-SEM as a two-step approach: Initially, the
measurement model is examined, followed by the structural model
assessment through SmartPLS 4.0. To enhance the accuracy of the
results, 10,000 bootstrap samples were employed (Purwanto, 2021).
SEM was particularly appropriate due to its ability to assess com-
plex relationships between multiple constructs and account for
potential measurement errors.

PLS-SEM was chosen as the preferred method for this study
because it allows for the simultaneous assessment of multiple
relationships between constructs, including mediation and mod-
eration effects. PLS-SEM is especially effective in situations with
complex models and small to medium sample sizes, which aligns
with the characteristics of our study (Hair et al. 2017). In contrast
to traditional regression analysis, which assumes linear relation-
ships and does not handle latent variables as effectively, PLS-SEM
provides more flexibility and robustness. Given the nature of the
research model, PLS-SEM was the most suitable method to
validate the relationships between teacher preparedness, STEM
resources, policy frameworks, and their impact on STEM edu-
cation in Pakistan.

After data collection, responses were compiled, cleaned, and
coded for analysis using SmartPLS 4.0. The data analysis followed
a two-step approach. First, the measurement model was assessed
to ensure construct reliability and validity using indicators such as
factor loadings, composite reliability, AVE, and Cronbach’s alpha.
Second, the structural model was tested to evaluate hypothesized
relationships among constructs. Bootstrap resampling with
10,000 samples was used to confirm the robustness and statistical
significance of the path coefficients. The following section pre-
sents the empirical results derived from these analyses.

Results

Table 1 shows an overview of the participants’ demographic
profiles, covering four key variables: gender, age, academic qua-
lifications, and teaching experience. These variables were assessed
using frequency (f), percentage (%), mean (M), and standard
deviation (SD). The study had an equal representation of males
and females, with each group consisting of 300 participants (50%
of the sample), showing a mean (M) of 1.5 and a standard
deviation (SD) of 0.50. The age distribution among participants
was as follows: 25-30 years (f = 200, 33.3%), 31-35 years (f = 150,
25.0%), 36-40 years (f=120, 20.0%), and 41 years and above
(f=130, 21.7%). The overall mean age was 34.1 years, with a
standard deviation of 6.72. Academic qualifications were divided
into three categories: B.A/B.Sc. (f=379, 63.2%), M.A/M.Sc.
(f=198, 33.0%), and M.Phil. (f=23, 3.8%), with a mean (M) of
1.41 and a standard deviation (SD) of 0.565. Regarding teaching
experience, participants were distributed as follows: 1-5 years
(=109, 18.1%), 6-10 years (f= 354, 59.0%), 11-15 years (f= 83,
13.9%), and 16 years and above (f=54, 9.0%), with an overall
mean experience of 7.9 years and a standard deviation of 4.56.
This detailed analysis of the demographic data provides insight
into the composition and variability of the sample, enhancing the
study’s reliability and generalizability.

Reliability and validity of measurement variables

The initial step involves conducting a CFA to assess the reliability
and validity of the measurement variables, which serves as the
basis for further structural analysis. After formulating hypotheses
or examining the causal relationships between latent variables,
(PLS-SEM) is employed to evaluate these hypotheses. Internal

consistency reliability is evaluated using both Cronbach’s Alpha
(CA) and Composite Reliability (CR), with CR often yielding
more accurate reliability estimates, as noted in previous research
(Kalkbrenner, 2023). Empirical studies suggest that both CA and
CR values should exceed 0.70 to ensure the instrument is reliable.

Reliability and validity analysis

Table 2 indicates that all Cronbach’s Alpha (CA) and Composite
Reliability (CR) coefficients exceed 0.70, suggesting a strong
correlation among the responses (Mata-Lopez et al. 2021). Con-
vergent validity is assessed through the Average Variance
Extracted (AVE) for each construct across all items (Chin and
Yao, 2014). The findings show that all AVE values surpass the
minimum threshold of 0.50, confirming the constructs’ con-
vergence (Cheung et al. 2024). The Variance Inflation Factor
(VIF) values are examined to assess multicollinearity. Multi-
collinearity is a concern if VIF values are greater than 5, but this
study’s highest observed VIF value is 2.525, which is within the
acceptable range (Shrestha, 2020). Table 2, confirms the reliability
and validity of the measurement variables, with strong factor
loadings, acceptable VIF values, and CA, CR, and AVE values
that meet the required thresholds. These results establish a solid
foundation for further structural analysis using PLS-SEM.

The path analysis model, as shown in Fig. 3, illustrates the
relationships between constructs related to STEM education
implementation. All measurement items in the path analysis model
show loadings above the acceptable threshold of 0.50, indicating
that the measurements are strong and reliable. Specifically, the
factor loadings for the Teaching Practices (T.P.) latent variable
range from 0.784 to 0.825, while Technology Access has loadings
between 0.785 and 0.803, and Policy ranges from 0.780 to 0.792.
The STEM School Resources are strongly influenced by Funds, with
a path coefficient of 0.515, and moderately by Teaching Practices
(0.125). Additionally, Policy significantly impacts STEM Education
Implementation (STEMedu.IMP) with a path coefficient of 0.312.
Among the constructs, Funds show the most substantial direct
effect on STEM School Resources, highlighting the crucial role of
financial support in enhancing STEM education.

Table 3 presents the discriminant validity assessment using the
Heterotrait-Monotrait (HTMT) ratio. The HTMT criterion is a
more stringent measure of discriminant validity, which suggests
that the ratio should ideally be below 0.90 to confirm that the
constructs are distinct. In this table, the HTMT ratios between all
pairs of constructs are below this threshold, ranging from 0.428
(between Policy and Teaching Practices) to 0.641 (between STEM
Implementation and Technology Access). These values indicate
that the constructs, Funding (F), Policy (P), STEM School
Resources (S.S.R), STEM Implementation (STEMedu.IMP),
Teaching Practices (T.P), and Technology Access (T.A), are suf-
ficiently distinct from each other, confirming discriminant
validity within the model. Each construct measures a unique
concept, and there is no excessive overlap between the constructs.

Table 4 presents the discriminant validity assessment using the
Fornell-Larcker criterion. Discriminant validity is established
when the square root of the Average Variance Extracted (AVE)
for each construct (shown on the diagonal in bold) is greater than
the correlations between that construct and all other constructs in
the model (off-diagonal elements). In this table, the square root of
the AVE for each construct, Funds (0.805), Policy (0.791), STEM
School Resources (0.809), and STEMedu.IMP (0.793), teaching
Practices (T.P.) (0.814), and technology access (0.800) are indeed
higher than the correlations with other constructs. It shows that
every construct shares more variance with its indicators than
others, confirming adequate discriminant validity within the
model.
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Table 3 Factors loading and assessment of the indicators.

Indicators Factor Loading VIF Cronbach’'s Alpha CR AVE Sources

P1 0.785 2.266 0.940 0.948 0.625 Li et al. (2020)
P.10 0.799 2.372

P11 0.788 2.284

p.12 0.787 2.225

P.3 0.787 2.254

P.4 0.792 2276

P.5 0.802 2.397

P.6 0.792 2.214

p.7 0.792 2.238

P.8 0.780 2.205

P.9 0.795 2.348

SSRM 0.804 1.866 0.868 0.905 0.655 Sulaeman et al.(2022)
S.SR12 0.799 1.874

S.SRR.2 0.797 1.903

S.SR3 0.827 2.082

SSR7 0.819 1.925

STEMedu.IMP.12 0.797 2.252 0.934 0.944 0.628

STEMedu.IMP.14 0.794 2.275

STEMedu.IMP.3 0.798 2.341

STEMedu.IMP.4 0.784 2191

STEMedu.IMP.5 0.788 2.271

STEMedu.IMP.6 0.791 2.217

STEMedu.IMP.7 0.805 2.445

STEMedu.IMP.8 0.794 2.287

STEMedu.IMP.9 0.788 2.206

STEMedu.IMP13 0.786 2182

T.A2 0.785 1.915 0.888 0.914 0.641 Morrell et al. (2020)
TA3 0.812 2122

TA4 0.803 1.950

T.A5 0.805 2.063

TA 0.812 2.075

T.A6 0.785 1.881

T.P1 0.820 2127 0.898 0.922 0.663 Wau et al. (2022)
T.PT 0.813 2129

T.P2 0.825 2.231

T.P4 0.811 2.083

T.P8 0.813 214

T.P9 0.803 2.036

F1 0.817 241 0.932 0.943 0.649 Aslam et al. (2022)
F.10 0.798 2.348

F.2 0.81 2.398

F.4 0.790 2.270

F.5 0.813 2.362

F.6 0.825 2.525

F.7 0.786 2153

F.8 0.796 2.198

F.9 0.812 2.415

Table 4 Discriminant validity assessment through
Heterotrait-Monotrait (HTMT) ratio.

F P S.S.R STEMedu.IMP T.P T.A
F
P 0.602
SSR 0.569  0.477
STEIMP 0587 0626 0.512
T.P 0.472 0428 0456 0.545
TA 0.601 0.561 0.499  0.641 0.507

STEMedu.IM STEM education Implementation, F Funding, P Policy, S.S.R. STEM School
Resources, T.P. Teaching Practices, T.A. Technology Access.

Hypothesis validation and structural model assessment

The results of hypothesis testing through path analysis in Table 5
focus on the relationships between key factors influencing STEM
education implementation. Each hypothesis is evaluated using

10

path coefficients (B), T-values, p-values, effect sizes (f2), and
confidence intervals (CI). For H1, the hypothesis that Funds
positively impact STEM School Resources is supported with a
path coefficient of B = 0.515, t =17.310, and p < 0.000, indicating
a highly significant effect. The effect size is substantial (f2 =
0.361), and the confidence interval (CI) ranges from 0.457 to
0.575, further reinforcing the acceptance of this hypothesis. This
aligns with the Resource-Based View (RBV), suggesting that
resources (in this case, financial support) are crucial for enhan-
cing STEM education infrastructure. According to RBV, schools
with adequate resources (such as funding) are better equipped to
implement effective STEM programs, which is reflected in the
strong relationship between funding and the availability of
necessary materials, technology, and trained staff (Barney, 1991).

H2 hypothesizes that Policy positively impacts STEM Educa-
tion Implementation (STEMedu.IMP). The results show a sig-
nificant path coefficient of f=0.312, t=7.789, and p <0.000,
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Table 5 Discriminant validity through Fornell-Larcker criterion.
F P S.S.R STEMedu.Imp T.P TA
F 0.805
P 0.563 0.791
S.SR 0.515 0.432 0.809
STEMEDU.IMP 0.548 0.588 0.463 0.793
T.P 0.432 0.394 0.403 0.501 0.814
TA 0.546 0.513 0.439 0.585 0.454 0.800
STEMedu.IMP STEM education Implementation, F Funding, P Policy, S.S.R STEM School Resources, T.P Teaching Practices, TA Technology Access.
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Fig. 4 Bootstrap image for path analysis.

with a moderate effect size (f2 = 0.131) and a CI between 0.231
and 0.392, leading to the acceptance of this hypothesis. The
theory of Planned Behavior (TPB) also suggests that external
factors, like government policies, shape teachers’ attitudes, sub-
jective norms, and perceived control, ultimately influencing their
intention and behavior in implementing STEM curricula (Ajzen,
2020). The significant path coefficient between Policy and STEM
Education Implementation demonstrates the role of effective
policies in shaping teachers’ ability to deliver STEM education
effectively, aligning with TPB’s emphasis on external factors
influencing behavior.

In H3, the relationship between STEM School Resources and
STEM Education Implementation is tested. The hypothesis is
supported with a path coefficient of =0.125, t=3.498, and
P <0.000, though the effect size is smaller (f2 = 0.022). The CI for
this relationship is 0.055 to 0.195, resulting in the acceptance of
the hypothesis. SCT highlights the importance of self-efficacy and
the environment (e.g., technology access) in shaping behaviors.
Teachers with access to technology are more confident in their
ability to deliver STEM education, and this confidence directly
impacts their teaching practices (Bandura, 1986). H4 explores the
impact of Teaching Practices (T.P.) on STEM Education Imple-
mentation. The hypothesis is accepted with a path coefficient of
p=0.201, t=5.812, and p<0.000, supported by a moderate
effect size (f2 = 0.059) and a CI ranging from 0.135 to 0.270. The

relationship between Teaching Practices and STEM Education
Implementation is also supported by SCT, which emphasizes the
role of behavioral patterns and environmental influences in
shaping behavior (Bandura, 1986). Teachers who are well-trained
and equipped with effective teaching strategies are more likely to
implement STEM curricula successfully, and their behaviors are
influenced by their professional development experiences and the
school environment. Finally, H5 tests whether Technology Access
impacts STEM Education Implementation. The hypothesis is
strongly supported by a path coefficient of f=0.280, t=7.093,
and p < 0.000. The effect size (f2 = 0.100) is moderate, and the CI
ranges from 0.201 to 0.358, confirming the positive impact of
technology access on STEM education. All hypotheses (H1 to H5)
are accepted, indicating significant and positive relationships
between the factors analyzed and their impact on STEM educa-
tion implementation.

In Fig. 4, the Bootstrap image for path analysis demonstrates
that the hypothesized relationships within the model have been
validated. Specifically, significant paths have been confirmed
between Teaching Practices (T.P.), Technology Access, Policy,
STEM School Resources, and Funds with STEM Education
Implementation (STEMedu.IMP) and STEM School Resources.
The measurement model was generated using SmartPLS-SEM
and underwent partial least squares analysis. The consistent path
coefficients and low p-values across numerous Bootstrap
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Table 6 Hypothesis testing through path analysis.
Hypotheses Parameter Path Coefficients T Values P values Effect Size 2.5% Cl 97.5% Cl Decision
(B) (f2)

H1 Funds -> STEM.School.Resources 0.515 17.310 0.000 0.361 0.457 0.575 Accepted

H2 Policy -> STEMedu.IMP 0.312 7.789 0.000 04131 0.231 0.392 Accepted

H3 STEM.School.Resources -> 0.125 3.498 0.000 0.022 0.055 0.195 Accepted
STEMedu.IMP

H4 T.P -> STEMedu.IMP 0.201 5.812 0.000 0.059 0.135 0.270 Accepted

H5 TESCHNOLOGY ACCESS -> 0.280 7.093 0.000 0.100 0.201 0.358 Accepted
STEMedu.IMP

Table 7 Goodness of Fit Indices.

Fit Indices Estimated Model
SRMR 0.05

X2 (Chi-square) 1561.968

NFI 0.917

(SRMR standardized root mean square residual, X2 chi-square, NFI Normed Fit Index, EM
estimated Model).

resampling iterations confirm the stability and reliability of these
relationships. The Bootstrap validation indicates the model’s
adequacy, which reinforces the acceptance of the proposed
hypotheses. The goodness of fit indices presented in Tables
6 and 7 indicate that the overall model fit is adequate. The
Standardized Root Mean Square Residual (SRMR) is 0.05, which
is within the acceptable threshold (typically less than 0.08),
indicating a good fit between the observed data and the model.
The Chi-square value (X2) is 1561.968, which is statistically sig-
nificant, as expected in large models; however, the Chi-square test
is sensitive to sample size. The Normed Fit Index (NFI) is 0.917,
which is close to the recommended threshold of 0.90, suggesting
that the model has a good fit.

The statistical analysis confirmed the validity and reliability of
the proposed measurement model and supported all five
hypotheses. The results provided empirical evidence of the rela-
tionships between key variables such as funding, policy support,
STEM resources, teacher training, and technology access in the
context of STEM implementation. The following section discusses
these findings in light of existing literature and theoretical fra-
meworks, drawing practical implications and offering recom-
mendations for policy and practice.

Discussion

STEM education is increasingly recognized as critical for fostering
global, national, and individual growth (Rehman et al. 2025a). It
is pivotal in advancing economic development and technological
innovation, thereby driving sustainable economic growth (Mei
et al. 2023). Moreover, individuals who pursue STEM fields often
attain higher social status and personal income, underscoring the
value of these disciplines in modern societies (Kuschel et al.
2020). However, despite its significance, STEM occupations face a
persistent labor shortage, partly due to the male-dominated
nature of these fields (Casad et al. 2020). This shortage is parti-
cularly concerning in countries like Pakistan, where awareness
and implementation of STEM education at the K-12 and tertiary
levels remain limited. This study aimed to explore the factors
influencing the implementation of STEM education in Pakistan,
focusing on high school teachers’ perspectives. A structural model
was developed and tested using SmartPLS-SEM based on data
collected from secondary school educators in Multan, Punjab.
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The analysis provided insights into the relationships between key
constructs such as Funding, Policy, STEM School Resources,
Technology Access, and Teaching Practices and their impact on
STEM Education Implementation.

Resource scarcity and teacher training

The results of this study suggest that funding plays a pivotal role
in enhancing STEM school resources, which is consistent with the
findings of recent studies (Wahono et al. 2020). The positive
influence of funding on STEM resource availability echoes the
argument of Theobald et al. (2020), who also noted that financial
constraints hinder the provision of necessary resources such as
technology, laboratories, and trained personnel. In countries like
Pakistan, where the GDP allocation for education has remained
stagnant at around 2%, these results underscore the urgent need
for the government to increase funding for STEM fields (Bhatti
and Hassan, 2024). Moreover, this result supports the calls by Xu
and Ouyang (2022) and Singh et al. (2024), who argue that
increased financial support is a critical enabler for STEM edu-
cation in developing countries. Without significant investment,
Pakistan’s education system will struggle to provide the necessary
resources, such as laboratories, technology, and trained staff,
which are critical for effective STEM education. The government
should consider raising the GDP allocation for education to at
least 4%, as recommended by various international bodies, to
ensure that students are equipped with the skills needed to
compete in the global market. These findings are consistent with
the Social Cognitive Theory (SCT), which emphasizes the role of
self-efficacy in shaping teachers’ behaviors. Teachers’ perceptions
of their training and resource availability directly influence their
ability to implement effective STEM education practices
(Bandura, 1986). The lack of sufficient teacher training in STEM
disciplines negatively impacts their self-confidence and motiva-
tion, as predicted by SCT, hindering their ability to deliver high-
quality STEM education.

Policy and technology access

Policy also plays a crucial role in driving STEM Education
Implementation, with a moderate but significant impact. How-
ever, the impact of policy is contingent on the practical imple-
mentation of those policies. Pakistan must look towards
successful models, such as China, where government policies have
effectively prioritized STEM education, resulting in significant
advancements in technology and innovation (Daraz et al. 2024;
Huang et al. 2022b; Zhou et al. 2023). Adopting similar strategies,
such as incentivizing STEM education, integrating STEM into the
national curriculum, and ensuring that educational policies are
effectively implemented at the grassroots level, could help Paki-
stan develop a more robust STEM education system. The findings
from this study echo the conclusions of Li et al. (2020), who argue
that a lack of cohesive STEM policies in developing countries
often limits the effectiveness of STEM education initiatives. Hsu
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et al. (2024) also contend that while STEM policies in China and
other East Asian nations have led to higher rates of STEM edu-
cation participation, developing countries like Pakistan have yet
to adopt comprehensive strategies. The influence of policy on
STEM education implementation aligns with the theory of
Planned Behavior (TPB), where the effectiveness of educational
policies shapes teachers’ intentions and behaviors toward STEM
teaching (Ajzen, 2020). As policies evolve and funding distribu-
tions shift, they can alter teachers’ perceptions of control over
their teaching environment, either empowering or hindering their
efforts to integrate STEM curricula.

Additionally, Technology Access was a significant predictor of
STEM Education Implementation, underscoring the importance
of technological resources in modern educational practices
(Dukkipati and Novak-Herzog, 2021). In the current global
landscape, where digital literacy and technological competence
are essential, Pakistan’s lagging infrastructure in technology
within schools presents a significant barrier. Government initia-
tives to provide widespread access to technology in schools,
including reliable internet and up-to-date computer systems, are
essential for preparing students to meet the demands of the
modern workforce. This finding aligns with the work of Xu and
Ouyang (2022), who found that technology access significantly
influences the quality of STEM education in developing countries.

Teacher preparedness and classroom practices. Another essen-
tial finding of this study is the importance of teacher prepared-
ness in driving STEM education outcomes. Teaching Practices
also contribute positively to STEM Education Implementation,
though their impact is slightly less pronounced than other factors.
This highlights the need for continuous professional development
and teacher training, ensuring they are equipped with the latest
pedagogical techniques and knowledge in STEM fields (Huang
et al. 2022a). The findings are consistent with those of Morrell
et al. (2020), who emphasized the necessity of ongoing profes-
sional development for educators to address the evolving needs of
STEM disciplines. Teacher preparedness continues to be a critical
challenge, particularly in low-resource settings, as found in stu-
dies by McComas and Burgin (2020). From the Social Cognitive
Theory (SCT) perspective, this study underscores the importance
of a teacher’s self-efficacy in effectively implementing STEM
education. Teachers’ experiences with training and the availability
of resources significantly affect their confidence and willingness
to adopt innovative teaching methods, as posited by SCT
(Bandura, 1986). The government should invest in teacher
training programs that meet international standards to enhance
the quality of education. Teachers must be supported with
training, resources, and incentives to apply innovative teaching
methods in their classrooms (Igbal et al. 2022).In recent years,
several developing countries, including Vietnam, have made sig-
nificant strides in digitalizing their education systems as part of
broader STEM education reforms. Vietnam’s “Digital Transfor-
mation in Education” initiative emphasizes integrating technol-
ogy in classrooms, teacher professional development, and
infrastructure improvements (van Wassenaer et al. 2023).
Although Pakistan’s STEM education landscape differs in scale
and resource availability, lessons from Vietnam’s experience
provide valuable insights into the potential pathways for lever-
aging digital technologies to enhance STEM readiness. Future
research could benefit from comparative analyses across such
contexts to better understand the challenges and effective stra-
tegies for implementing STEM education reforms in diverse
developing country settings.

The findings suggest that for Pakistan to effectively address the
STEM labor shortage and maximize the potential of its young

population, substantial investments in educational infrastructure,
policy reforms, and teacher training are necessary. These findings
are consistent with those of Agarwal (2023), who argues that a
well-supported STEM education system can equip students with
the skills needed to thrive in high-demand fields, ultimately
contributing to the country’s economic and technological
advancement. If these changes are not made, Pakistan risks
falling further behind in the global market, where competition is
increasingly driven by technological innovation and expertise in
STEM fields. In conclusion, the government’s role is crucial in
transforming STEM education in Pakistan. Increasing the GDP
allocation for education, adopting and implementing effective
policies, expanding technological access, and investing in teacher
training are necessary to ensure that Pakistan’s students are
prepared to compete globally. The factors influencing STEM
education implementation in Pakistan are deeply interconnected,
where changes in one factor can cascade and influence others in a
complex and dynamic manner. These interactions must be
understood in a broader educational system where resources,
policies, teacher preparedness, and technology access work
synergistically. As policies evolve and funding allocations shift,
the interplay among these factors may also change. For example,
a shift in policy could lead to increased funding for technology,
which may improve access to digital resources and subsequently
enhance teacher training and instructional practices. Conversely,
even well-intentioned policies may fail to achieve their goals
without adequate funding. As educational policies evolve and
funding allocations change, the interplay among teacher training,
resource availability, and technology access may shift. For
example, if new policies were to direct increased funding toward
technology infrastructure, we might observe teacher training and
resource allocation improvements. Conversely, even well-
intentioned policies could fail to achieve meaningful outcomes
without substantial funding. Hence, understanding the evolving
dynamics between these interrelated factors is critical for
designing sustainable, long-term strategies for STEM education
reform in Pakistan (Huang et al. 2022b). Without these
interventions, the potential of the country’s young population
may remain untapped, hindering both individual and national
progress. These insights are vital for policymakers aiming to align
national education strategies with global SDG targets, particularly
in improving educational quality and preparing the workforce for
future economic demands.

Conclusion

This study set out to investigate the key barriers affecting the
implementation of STEM education in Pakistan’s secondary
schools, guided by five research questions and corresponding
hypotheses. Grounded in Social Cognitive Theory (SCT), Theory
of Planned Behavior (TPB), and the Resource-Based View (RBV),
the study developed and tested a structural model that included
teacher preparedness, policy support, funding availability, STEM
resources, and technology access. Using a quantitative design and
Structural Equation Modeling (SEM), the results confirmed that
all five factors significantly influence the successful implementa-
tion of STEM education. The findings indicate that funding is a
pivotal enabler in improving STEM school resources. Teacher
training and professional development emerged as essential for
building teacher confidence and instructional capacity, which
aligns with SCT’s emphasis on self-efficacy. Moreover, the study
confirmed that policy inconsistencies and limited access to digital
tools hinder educators’ perceived behavioral control, echoing TPB
principles. The results validate the critical need for resource
alignment and policy coherence, as proposed by RBV, to foster
system-wide readiness for STEM education. STEM education is
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crucial in developing the 21st-century skills for building advanced
societies (Rehman et al. 2025a). The next generation needs to be
equipped with skills in artificial intelligence, making the effective
implementation of STEM education more important than ever
(Huang et al. 2019). However, STEM education remains a largely
neglected field in Pakistan, and several factors contribute to this
issue (Aslam et al. 2022). This neglect is not due to a lack of
Funds, Policy, teachers’ preparedness, outdated curriculum, and a
significant shortage of essential resources like laboratories,
equipment, and technology. While the Pakistani government has
announced plans to establish new STEM schools, these programs
have yet to be fully implemented, and the existing STEM edu-
cation system is not adequately prepared to meet the future
demands (Aslam et al. 2022). To address these challenges, the
government must lead in mobilizing all stakeholders, including
the public and private sectors. By prioritizing STEM education
and research through increased funding, policy reforms, and
improved educational infrastructure, the government can help
reverse the declining investment and participation in STEM
fields. This will ensure that Pakistan’s students are better equip-
ped to compete in the global market (Aslam et al. 2023). Investing
in teacher training, updating the curriculum to include modern
STEM practices, and ensuring that schools have the necessary
resources are critical. The government should also explore suc-
cessful international models, adapting them to the local context to
build a robust and effective STEM education system. These efforts
will be crucial in positioning Pakistan as a competitive player in
the global economy and ensuring its youth are prepared for the
challenges and opportunities of the 21st century.

Theoretical implications. This study contributes to the existing
body of knowledge on STEM education by extending the theo-
retical framework by applying SCT, TPB, and RBV to the
Pakistani education context, thereby expanding their utility in
low- and middle-income countries. It underscores the inter-
dependence of institutional support, teacher agency, and resource
availability in implementing STEM reforms. The validated fra-
mework provides a basis for future theory-driven investigations
in similar contexts.

Practical implications. The study offers clear and actionable
insights for policymakers, school administrators, and teacher
education providers. To enhance STEM readiness, targeted
investments are needed in three key areas: (1) funding and
infrastructure, (2) professional development programs for STEM
educators, and (3) policy harmonization. National education
strategies should be revised to reflect international best practices
while being grounded in local realities.

Limitations. Despite its contributions, the study has some lim-
itations. First, it focuses solely on higher secondary schools in
Multan, Punjab, specifically urban schools with adequate STEM
infrastructure. This may limit the generalizability of the findings
across Pakistan, especially to rural areas where schools often face
significant infrastructural and resource challenges. Second, the
cross-sectional nature of the data restricts causal interpretations.
Third, the study focused on five specific factors and did not
include other potentially influential variables such as curriculum
content, student engagement, teacher motivation, or parental
involvement. Harman’s single-factor test and VIF-based colli-
nearity assessment also indicated no significant threat of common
method bias. We acknowledge that self-reported survey data may
still carry potential biases, such as social desirability or response
consistency. Future studies could enhance validity by collecting
data from multiple respondent groups (e.g., students, parents, or
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policy officials) or incorporating behavioral/observational mea-
sures. Moreover, future research should explore STEM education
readiness in rural and less-resourced schools to better understand
urban-rural disparities in STEM implementation in Pakistan.

Future research directions. Future studies should broaden the
geographical scope to include diverse regions and school types.
Incorporating qualitative methods such as interviews with pol-
icymakers, administrators, and teachers would provide deeper
insights into policy-practice gaps. Research should also examine
variables such as gender equity, curriculum alignment with
industry needs, and student engagement in STEM subjects. A
longitudinal approach could further help assess the long-term
impact of policy interventions on STEM education outcomes.

Data availability

The data supporting this study can be accessed upon request from
the corresponding author. The dataset is publicly available at the
Harvard Dataverse repository and can be accessed directly via the
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