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Abstract

This study investigates the opportunities and challenges of implementing Project-Based Learning
in teaching and learning Renewable Energy Technology at Technical and Vocational Education
and Training institutions in Bangladesh and The Gambia. The study was guided by a qualitative
research design and employed thematic analysis; data collected from educators through semi-
structured interviews. The findings reveal that PjBL is widely perceived in both contexts as a
student-centered, practice-oriented approach that effectively bridges theoretical concepts with
real-world application, which promotes critical thinking, problem-solving skills, technical
competence, and workforce readiness. Opportunities are identified, including enhanced student
engagement, innovation, and alignment with industry needs. However, implementation is also
hindered by substantial challenges, including inadequate laboratory facilities, limited funding, a
lack of modern equipment, and time constraints in balancing theory and practice. Additional
barriers include varying levels of student readiness and both countries' insufficient teacher training
and weaker policy support to fully leverage PjBL’s potential in advancing RET education. These
findings contribute to the growing body of literature on PjBL in resource-constrained settings and
offer actionable insights for policymakers, educators, and industry stakeholders seeking to improve

renewable energy skills in TVET systems.
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CHAPTER ONE

Introduction

1.0 Background of Study

Vocational education equips students for employment in various trades, crafts, technical fields, or
other professions that support capacity building. Its primary objective is to give students the
prerequisite knowledge and competencies related to a specific domain (Insyasiska, Zubaidah, and
Susilo 2017). Numerous factors contribute to the government’s efficacy in enhancing human
resources, particularly concerning the labor force. Among these factors is the execution of
vocational education initiatives. TVET focuses should not just gaining theoretical insights but also
highlight the essential growth of hands-on abilities (Syauqi, Munadi, and Triyono 2020). The
concept of vocational education originated initiated the 19th century, a time when the Industrial
Revolution generated the emergence of several specialized industries and trades (Deissinger 1994).
Subsequently, individuals completing apprenticeships commenced their formal training in specific
crafts (Tyson 2020). The establishment of vocational education at the institutional level and post-
secondary levels was early 20th century, at the same time as it was introduced into the public
education system, this school culture was officially initiated in 1917 (Smith 1999). These programs
were intended to train the students with basic knowledge and the needed skills to be successful
person in a different career, and industries in the workforce. The learning framework within
vocational education encompasses the methodology and mechanisms to train, assess, and certify
individuals regarding the knowledge and skills necessary for specific occupations or careers.
Instructional strategies may involve lecture-based learning, experiential learning, on-the-job
training, and didactic resources like practical exercises, simulations, and books. The primary goal
of vocational learning system to certify that students get the essential knowledge and skills that
will help them to excel in their selected career domains, including industry, carpentry, and
electrical work (S. T. Ahmad et al. 2023).

The global demand for renewable energy solutions has increased significantly in recent decades
as nations try to decrease greenhouse gas emissions, fight climate change, and achieve energy

security. The transition calls for a highly skilled workforce with technical knowledge and problem-



solving capabilities in renewable energy technologies. However, there has been a concern that the
TVET graduates lack the practical skills needed in their real workplace (Haolader and Nickolaus
2012). TVET institutions are uniquely positioned to address this need by equipping students with
the necessary practical, hands-on skills that are relevant to industry requirements. However,
traditional methods of teaching and learning in TVET institutions are often insufficient to meet
interdisciplinary and rapidly evolving nature of renewable energy technology (RET)
(Ossiannilsson 2016). Graduates’ competencies (learning outcomes) depend on many factors
including teaching methods and strategies, teachers’ qualifications, the instruction quality, the
cognitive characteristics of the learners, students’ complexity level, etc. (Haolader and Nickolaus
2012). This involves presenting theoretical and practical skills that the learners need to solve real-

world issues, motivating them to collaborate and find solutions together (Varma and Malik 2023a).

Project-Based Learning is a learner-centered pedagogical approach that integrates both theory and
practice through the execution of real-world projects (Markula and Aksela 2022). It has stood
broadly recognised for its ability to improve critical thinking, problem-solving, teamwork and
innovation, making it particularly suitable for fields like renewable energy that require both
technical expertise and creative solutions (Andriyanto and Rahdiyanta 2025). In PjBL, students
actively involved in learning by addressing complex and open-ended issues, enabling them to
connect academic concepts with practical applications in ways that traditional lecture-based
methods often fail to achieve (Lee and Lee 2025). According to the literature, the PjBL process is
linked to the following five categories of teaching approaches problem-based learning, activity-
based learning, self-directed learning, place-based learning and inquiry-based learning (Nassir et
al., 2025; Aisyah & Novita, 2025). Empirical investigations across diverse contexts have
demonstrated that PjBL can substantially enhance learner outcomes within vocational
environments, encompassing increased engagement, improved knowledge retention, and

strengthened problem-solving capabilities (Kokotsaki, Menzies, and Wiggins 2016a).

Even though the documented benefits of PjBL implementation in teaching renewable energy
technology at TVET institutions is not without challenges. One significant issue is lack of
infrastructure and the resources necessary for effective project-based instruction, especially in
underdeveloped and developing countries (Afeti and Adubra 2012). For example, limited access

to renewable energy systems like solar panels and wind turbines materials constrain hands-on



learning opportunities. Furthermore, many TVET institutions face a shortage of trained instructors
proficient in both renewable energy technologies and project-based pedagogies (Subrahmanyam
2020). Institutional barriers such as rigid curricula, inadequate funding, and limited collaboration
with industry partners further hinder the effective adoption of PBL. Additionally, students often
face socio-economic challenges, such as the affordability and access to education, that can impact

the implementation of resource-intensive teaching methodologies (Graham 2018).

On the other hand, the rising global importance of renewable energy and the United Nations
Sustainable Development Goals provide opportunities to address the challenges. (SDGs 7), that is
affordable and clean energy and (SDGs 4), that is quality education, explicitly advocate for
innovation in education and skill development to support sustainable energy transitions (Bernstein
2017). TVET institutions can leverage partnerships with industries, non-governmental
organizations, and governments to acquire resources, develop context-relevant curricula, and train
instructors in modern teaching methodologies like PjBL. The availability of open-source
educational materials and simulation tools also offers low-cost solutions for expanding practical

learning opportunities.

1.0.1 Background study of Bangladesh

Bangladesh is a fast-developing country facing growing energy demands due to industrialization,
urbanization, and population growth. With limited fossil fuel reserves, the government has
gradually prioritized renewable energy technologies (RETs), particularly solar home systems,
wind, and bioenergy, as part of its long-term energy strategy. National targets include generating

30% of total electricity from renewable sources by 2040 (SREDA, 2022).

To attain these goals, skilled human capital is vital. TVET institutions in Bangladesh play a central
role in preparing learners with the knowledge and competencies required to sustain renewable
energy transitions. However, the TVET sector faces significant challenges, including curricula not
align with the goals, limited laboratory facilities, lack of trained instructors, and minimal private-

sector engagement (Akhter & Malik, 2021).

In this context, Project-Based Learning has gained growing attention as a pedagogical approach
that bridges theory and practice knowledge. By involving students in hands-on, real-world

projects, PjBL encourages innovation, critical thinking, and employability, aligning well with the



labor market needs of the renewable energy sector. Yet, its adoption remains uneven due to
systemic barriers such as limited funding, policy gaps, and inadequate training support for

instructors.
1.0.2 Background study of the Gambia

The Gambia, one of Africa’s smallest nations, also grapples with rising energy needs while facing
significant infrastructure limitations. The national grid is underdeveloped, with electricity access
rates below the regional average, making renewable energy sources especially solar power critical
for both urban and rural electrification (UNDP, 2021). Given its vulnerability to climate change,
The Gambia has aligned its policies with sustainable energy goals, often relying on international
donor support and non-governmental organizations (NGOs) to drive renewable energy projects

and training initiatives.

TVET institutions in The Gambia are gradually recognized as crucial platforms for training
technicians and entrepreneurs capable of supporting the renewable energy sector. However, similar
to Bangladesh, the sector struggles with resource constraints, insufficient teaching aids, and a lack
of modernized curricula (Njie et al., 2020). Unlike Bangladesh, however, The Gambia benefits
from relatively stronger NGO and donor partnerships, which often provide technical equipment,

pilot projects, and mentorship programs that enrich student learning experiences.

Project-Based Learning has shown promise in this context by fostering student engagement,
teamwork, problem-solving skills, and workplace readiness. Nevertheless, its effective
implementation is limited by time constraints, high equipment costs, and reliance on external

funding, raising questions about long-term sustainability.

The study aims to explore the possible challenges and opportunities associated with using PjBL in
teaching renewable energy technology at TVET institutions in Bangladesh and the Gambia. By
examining the factors, the research seeks to provide actionable recommendations to educators,
policymakers and industry stakeholders to improve teaching-learning practices. finally,
contributing to the development of skilled and competent workforce for the renewable energy

sector.



1.1 Problem statement

The growing global focus on renewable energy technologies (RETs) to fight climate change and
achieve sustainable development has created an urgent need for a skilled and competent workforce.
TVET institutions are the central for preparing this workforce by offering practical, skill-based
education. However, traditional teaching-learning methods in TVET institutions often emphasize
rote memorization and theoretical knowledge, which fail to train students with the technique of
problem-solving, critical thinking and hands-on skills needed to address the real-world renewable

energy challenges (Subrahmanyam 2020)

Project-Based Learning has arisen as the promising instructional method acting for bridging the
gap. PjBL emphasizes active, student-centered learning by engaging learners into real-world
projects that integrate theory with practice, to foster essential skills like collaboration, creativity
and innovation (Andriyanto and Rahdiyanta 2025). Despite its potential, the adoption of PjBL in
teaching-learning renewable energy technology at TVET institutions remains limited, particularly

in Bangladesh and the Gambia.

Several challenges hindering the effective implementation of PjBL in these settings, including
Resource Constraints, Limited accessibility to renewable energy technology like solar panels, wind
turbines and supporting infrastructure restricts practical, project-based learning opportunities
(Afeti and Adubra 2012). Lack of Skilled Instructors, Many TVET educators lack training in both
renewable energy technologies and PjBL methodologies, which are critical for effective instruction
(Henrie, Halverson, and Graham 2015). Rigid Curricula and Funding Issues, Outdated curricula,
insufficient institutional funding, and a lack of collaboration with industry further impede efforts

to integrate PjBL into TVET programs (Ossiannilsson 2016).

On the other hand, the increasing emphasis on renewable energy and global initiatives like the
support from United Nations Sustainable Development Goals, such as SDG 4 Quality Education
and SDG 7 affordable and clean energy, present opportunities to address these challenges.
Partnerships with industry stakeholders, the availability of open-source educational tools, and
advancements in digital technologies offer potential pathways to integrate PJBL effectively into

TVET institutions to address the workforce in renewable energy (Bexell and Jonsson 2017).



1.2 Objectives of the Study

The research is to explore teaching quality for equipping TVET students with more practical skills
by exploring the challenges and opportunities in teaching-learning, particularly the adaptation of

PjBL in teaching RET at TVET institutions in Bangladesh and the Gambia.

The Specific Objectives of this Study are:
1. To identify the possible opportunities and challenges instructors face in implementing the
PjBL approach in teaching-learning renewable energy technology at TVET institutions in
BD and the GB.
2. Comparing the status of using PjBL and the initiatives supporting the PjBL approach in
teaching-learning RET between BD and the GB.

1.3 Research Questions

I.  What are the possible opportunities and challenges instructors face in implementing PjBL
approach in teaching-learning renewable energy technology at TVET institutions in BD
and the GB?

II. What are the different statuses of using PjBL and the initiative supporting the PjBL
approach in teaching-learning RET between BD and the GB?

1.4 Significance of Study

The global shift towards renewable energy technologies (RETs) has created a press need for skilled
professionals who are capable of designing, implementing and maintaining renewable energy
systems. TVET Institutions are essential in creating this skills gap by offering practical, hands-on
education. However, the effectiveness of TVET programs in producing competent graduates often
depends on the teaching-learning methods employed. The work focuses on the challenges and
opportunities of using PjBL in teaching renewable energy technology at TVET institutions that

hold significant value for multiple stakeholders.

The increasing imperative of climate change, energy insecurity, and the global drive toward

sustainability has rendered renewable energy education a crucial necessity for both developing and



developed nations. Within this context, the application of PjBL in renewable energy technology
training at the TVET institutions has proven to be a vital instructional evolution. This research
possesses a high importance that not only addresses but is also at the forefront of the urgent demand
for teaching methods, which are relevant, experiential, and contextually appropriate and match the
dynamic and interdisciplinary characteristics of the renewable energy sector, especially nations
like Bangladesh and the Gambia, where energy-related difficulties are directly related to socio-

economic aspects.

In both contexts, TVET institutions are strategically positioned as facilitators of workforce
development and economic sustainability. Nevertheless, conventional didactic instructional
methodologies have frequently proven inadequate in equipping learners with the practical
competencies and problem-solving abilities necessary in the renewable energy field. Project-based
learning presents a revolutionary alternative by prioritizing experiential learning, collaborative
engagement, and real-world problem resolution. The essence of this study has to do with its
potentiality to not only expose the gap existing in educational curricula and practical application
but also to fill it, preparing students in quite an exceptional way such that they can understand and
participate in the implementation of renewable energy technologies in the rural area such as rural

electrification, solar-powered agriculture, and microgrid development.

Moreover, this research is critical in advancing equity and inclusivity within technical education.
By concentrating on Bangladesh and The Gambia, two nations that face distinct yet analogous
developmental challenges, it enriches the existing body of knowledge regarding how context-
sensitive adaptations of PjBL can empower marginalised populations through sustainable energy
initiatives. Additionally, it offers a comparative perspective for analysing how institutional,
cultural, and economic variables influence the design and execution of PjBL in resource-
constrained environments. The outcomes of the study can guide curriculum developers, educators
and policymakers in customising PjBL frameworks to local realities while maintaining alignment

with global benchmarks for green skills and sustainable development.

The suggestion can also possess significance in contributing to policy dialogue. As international
development organisations such as UNESCO, ILO, and GIZ increasingly champion learner-
centered, competency-based training paradigms, the necessity for empirical evidence emanating

from the Global South becomes increasingly pronounced. This study furnishes grounded insights



into the operationalisation of PjBL within TVET institutions characterised by limited resources,
drawing attention to exemplary practices, institutional obstacles, and capacity-building
requirements. It accentuates the necessity of aligning educational strategies with national
renewable energy frameworks, thereby promoting enhanced coherence between education,

industry, and environmental sustainability.

In terms of professional development, the research is consequential for educators and
administrators within TVET systems. It emphasizes the significance of teacher training,
curriculum innovation, and institutional leadership in facilitating the successful integration of
PjBL. By concentrating on instructor experiences and agency, this study elucidates the human
aspects of pedagogical reform motivations, resistances, and adaptive strategies, which are

frequently neglected in broader policy discourses.

Finally, this investigation will contribute to the academic body by providing a nuanced, empirically
grounded and contextually enriched understanding of PjBL in renewable energy education within

underrepresented regions.

1.5 The possible outcomes of the study

Project-Based Learning is a pedagogy that can be use in teaching renewable energy technology
within TVET institutions in Bangladesh and the Gambia has the potential to generate a surplus of
significant outcomes for students, educators, and the overarching educational framework. A
primary outcome is the cultivation of practical, experiential competencies directly congruent with
the skill sets requisite in the renewable energy industry. Through participation in authentic, real-
world projects, students acquire experiential knowledge about solar and wind turbine systems,

thereby augmenting their employability and self-assurance in technical domains.

Another outstanding outcome is the enhancement of their critical thinking capacity, problem-
solving ability and collaborative skill among learners. PjBL facilitates teamwork, necessitating
students collaborate within heterogeneous groups, communicate proficiently, and navigate
complex challenges. These competencies are essential not solely for technical vocations but also
for leadership positions within the evolving energy sector. Furthermore, students emerge as more

self-directed and intrinsically motivated as they assume responsibility for their educational



journey, frequently transcending theoretical constructs to pursue innovative, contextually relevant

energy solutions.

For educators, the transition to PjBL incites ongoing professional growth, curricular innovation,
and the implementation of more dynamic pedagogical approaches. Educators transition from mere
sources of content to facilitators of inquiry and design, thereby enhancing the overall educational
interaction. This pedagogical reformation cultivates a more engaging and supportive classroom

atmosphere, rendering learning more relevant to the demands of industry and societal challenges.

At the istitutional level, the embrace of PJBL can engender deeper connections with local
communities, energy sectors, and international development collaborators. Projects may tackle
tangible energy accessibility issues, particularly in rural or marginalized areas, which is in
alignment with the objectives of national development. Consequently, TVET institutions can
fortify their position as catalysts for sustainable development by producing graduates who are not

only technically proficient but also socially conscientious.

Moreover, PjJBL may result in elevated retention and graduation rates, particularly among students
hailing from diverse educational backgrounds. The contextual significance of projects assists in
bridging gaps in prior knowledge, linguistic barriers, and disparate academic preparedness, which
holds particular importance in multicultural settings such as The Gambia and Bangladesh.
Ultimately, PjBL can play a significant role in cultivating more inclusive, skilled and adaptable

workforce to enhance renewable energy transition in both nations.

1.6 Acronyms

PjBL: Project-Based Learning

TVET: Technical and Vocational Education and Training
GB: Gambia

BD: Bangladesh

GTTI: Gambia Technical Training Institutions



CIF: Crab Island TVET Foundation

FSTI: Fongam Skill Training Institute

QIT: Quest Institute of Technology

GTSC: Gazipur Technical School and College

MPI: Mymensing Polytechnic Institute

CIMT: Chandpur Institute of Marine Technology

CPI: CPI polytechnic

CBPI: Cox’s Bazar Polytechnic Institute

ILO: International Labour Organisation

GIZ: Deutsche Gesellschaft fur internationale Zusammenarbeit

UNESCO: Unted Nations Educational, Scientific and Cultural Organizatio
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CHAPTER TWO

Literature Review

2.0 Introduction

This literature review investigates existing studies on the application of project-based learning
within Technical and Vocational Education and Training institutions. PjBL has emerged as a
student-centered pedagogical method that connects theoretical knowledge with practical
application, thereby enhancing students’ critical thinking, collaboration, and problem-solving
skills (Bell 2010a; Thomas 2000a). Its origins can be traced to progressive educational
philosophies in developed contexts, where it was first promoted as a strategy to foster experiential
and inquiry-based learning (Dewey, 1938; Blumenfeld et al., 1991). Has time goes on, PjBL has
been increasingly adopted in developing countries, particularly in resource-constrained
environments, to bridge the gap between academic training and workforce demands (Hmelo-

Silver, 2004; Kokotsaki et al., 2016a).

The review first outlines the conceptual foundations of PjBL, with attention to its pedagogical
principles and learning results. It explores the role of PJBL in renewable energy education, a sector
where hands-on practice is essential for equipping learners to meet global sustainability and
technological challenges (Saavedra and Opfer 2012). This is followed by a discussion of the
adoption of PjBL in TVET schools, where the alignment between education and industry standards

is critical for producing job-ready graduates (Kolmos, Holgaard, and Clausen 2021).

Major issues of PjBL implementation are also examined, which include resource limitations,
varying in students’ level of understanding, curriculum design constraints, and institutional
support, all of which shape its effectiveness in the TVET setting finally(Hanney and Savin-Baden
2013). finally the review evaluates the impact of PjBL in TVET institutions, and particularly its
contributions to skill acquisition, employability, innovation, and learners’ capacity to engage with
real-world industrial challenges (Lehmann et al. 2008; (Graham 2018; Guo, Saab, Lysanne S. Post,
et al. 2020)
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2.1 The Genesis of PjBL for both Developing and Developed Countries

PiBL is a pedagogical method that traces back to the early 20™ century and originates from a
educational philosophy called John Dewey. Dewey advocated for experiential learning,
emphasizing learning by doing as a means to connect education to real-world problems (Dewey
1938). Additionally, William Kilpatrick further expanded on this idea with the project method,
promoting student engagement through meaningful projects (Kilpatrick 1918). Historical,
economic, and educational reforms across various regions have shaped the adoption of PjBL in

TVET.

TVET, as a crucial driver of economic development, has emerged on a global scale. PjJBL in TVET
is a method that integrates real-world projects into technical education, equips learners with
practical skills needed and presentations to compete in the job market. Historical, economic, and

educational reforms have shaped TVET across various regions.

TVET has roots in ancient apprenticeship systems where craftsmen trained apprentices through
hands-on experiences. This model persisted through the middle-ages and the industrial revolution,
where vocational training became more structured to meet industrial workforce demands (Maclean

and margarita 2013).

The development of formal TVET institutions occurred because of industrialization in 19th and
early 20th centuries. Germany pioneered “dual system” of education, which integrates classroom
training with industry-specific training. Switzerland and Austria also adopted this system of

incorporating work-based learning (Deissinger 2015).

Competency-based training was first developed by united states and Europe in the mid-20th
centuries, shifting the focus to tangible skills instead of only theoretical concepts (Guthrie 2009).
These changes enabled project-based approaches to emerge, as industries began to require more

problem-solving and hands-on skills from employees.

Active learning approaches, including PjBL, became the focus of global education reforms in the
late 20" to early 21 centuries. Finland, Singapore and Australia adopted PjBL in TVET to promote
critical thinking, collaboration, and innovation (OECD 2019).
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Germany’s dual system of TVET is characterized by an integration of classroom learning and real-
world projects across various industries. Many countries seeking to adopt PBL into vocational
training use this model as a benchmark (Euler 2013). In Finland, active problem-solving is

promoted through institutes of higher education, like polytechnics and vocational schools.

Through the Skills Future initiative, Singapore has integrated PjBL into its vocational education,

centering on industry-driven, competency-based, and project-oriented learning (Chee et al. 2017).

The TVET skill gap is being addressed through the implementation of PjBL in developing
countries. For example, Rwanda and Kenya, along with some international organizations, have
implemented PjBL-focused TVET programs (Carney 2022). In Bangladesh, the TVET system has
also incorporated reforms using an employability-driven PjBL approach (Dhar 2021).

The evolution of PJBL within TVET can be linked back to early days of latter segment of the 20th
century, a time recognized for its transformative advancements in industrial processes and
educational systems that began to highlight competency-driven training and learner-focused
strategies (Blumenfeld et al., 1991; Thomas 2000b). As conventional lecture-based pedagogies
struggled to adapt to the swiftly evolving technological setting, educators and policymakers
progressively regarded PjBL as an effective strategy to cultivate critical analytical skills, foster
collaborative engagement, and facilitate the acquisition of practical competencies (Condliffe
2017). Nations with robust TVET frameworks, notably Germany and South Korea, emerged as
pioneering examples for the incorporation of PjJBL within educational curricula, frequently through
dual systems that emphasized synergistic collaboration between industry stakeholders and

academic institutions (Rauner and Maclean 2008).

In The Gambia, the prominence of PjBL began to rise during the late 1990s and early 2000s. This
era coincided with a global initiative to modernize TVET, propelled by donor-supported endeavors
aimed at enhancing employability and technical proficiency. The advent of renewable energy
curricula within TVET institutions signified a pivotal moment, establishing a conducive
environment for the implementation of project-based learning pedagogy. Educators commenced
integration of practical projects involving solar energy installation, photovoltaic system upkeep,
and wind turbine technology as a mechanism to contextualize theoretical knowledge within
concrete tasks. This advancement was significantly shaped by international organizations such as

GIZ and UNESCO-UNEVOC, which advocated for learner-centered pedagogical approaches and
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highlighted the importance of sustainable development objectives (Subrahmanyam, 2020; Edel,
2022).

In a parallel manner, Bangladesh's engagement with PjBL materialized as a response to the
escalating demand for skilled technicians to facilitate the country's swift industrial growth and
diversification of energy sources. Historically characterized by rote memorization and instructor-
centered teaching methodologies, Bangladesh's TVET sector commenced a transition towards
experiential learning models in the late 20th century. PjBL was introduced as a component of
national reforms endorsed by development partners like World Bank and International Labour
Organization (ILO), which promoted competency-based educational frameworks and curricula
responsive to labor market needs (Vawda & Sarr, 2013; Mwaura & Glover, 2021). Institutions such
as the Bangladesh Technical Education Board (BTEB) and various polytechnic institutes began to
incorporate PjBL into renewable energy diploma offerings, thereby enabling students to design,

construct, and troubleshoot solar and wind turbine systems.

The adoption of PjBL within these contexts reflects overarching trends in global educational
policy. Contemporary TVET frameworks are increasingly influenced by the imperative to equip
learners with essential 21st-century competencies, encompassing problem-solving abilities,
collaborative skills, and digital literacy (Bell, 2010; Helle et al., 2006). In both Bangladesh and
The Gambia, educators have embraced PjBL to foster reliable learning environment that replicate
real-world workplace setups. This pedagogical approach not only enhances student engagement
and retention of knowledge but also augments employability by simultaneously cultivating

technical expertise and essential soft skills (Mergendoller et al., 2006; (Thomas and Brown 2011).

Given the context, the path towards the adoption of PjBL in TVET as a fully-fledged approach
faces significant hurdles. Faculty members seem not to be taught PjBL frameworks and related
pedagogical structures, and supporting institutional frameworks like the curriculum, evaluation, as
well as industry partnerships, seem to be stagnant in several areas (Mohd-Yusof et al., 2011;
Darling-Hammond et al., 2015). In case of the Gambia, limited resources such as lack of laboratory
tools, erratic electricity, and poor ICT infrastructure stifle the execution of hands-on projects.
Similarly, Bangladesh is overwhelmed with overcrowded classrooms and low industrial

participation which greatly limits the spread of project-based work despite conducive policies.
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The emergence of PjBL in TVET, especially linked to renewable energy education, often lies in
the establishment of systemic support for innovative teaching methods. This mainly deals with
teacher professional development, policy incentives for industry-academia collaboration, and
investment in digital learning infrastructure. PjBL has been widely approved as one of the best
ways to not only problem-solve wealth but also provide high-quality labor for the market. As the
world's global attention now moves to sustainable development, renewable energy is among the
major areas where PJBL can make a difference in workforce readiness. Educational institutions in
Bangladesh and The Gambia have to take advantage of this momentum by making their curricula
in line with the national energy strategies and integrating PjBL into both primary teaching and

extracurricular training programs.

It is a fact that the change from lecture-based to project-based learning at the TVET institutions in
Bangladesh and the Gambia signifies a joint effort for adopting a practical, student-centered
method to transformation the technical education. Regardless of the existence of some structural
and resource-based problems, learners' readiness for change can indeed be a reality because PjBL
has the ability to remove the line between theory and practice and prepare them for a sustainable
future. As time goes by, it will be necessary to continue financial backing that would enable
partners in the community to keep their interventions on developmental frameworks and also make
TVET market-based without leaving behind present and future labor market needs. therefore, there

is a need to understand the concepts of it in TVET.

2.2 The Concept of Project-Based Learning

The evolving global workforce requires a holistic method for education that goes beyond the
practical aspects of cultivating critical thinking skills, collaboration and adaptability. The static
teaching methods found in TVET are usually inadequate to equip students for such ever-changing
scenarios. A notable alternative is PjBL, a more encompassing approach that rotates around
student-led projects targeting real-world challenges (Vasiliene-Vasiliauskiene et al., 2020). By
marrying theory with actual practice, PjBL further enhances TVET's objectives of producing

graduates who are skillful, competent, and ready for industry.

PjBL, shifting to the pedagogies of the 21st century, which emphasize competencies, requires

changes in most approaches. These approaches in PjBL require competencies like collaboration
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which allows learners to work in groups to obtain goals. Teamwork is solving issues and achieving

set targets together as a group (O’Grady-Jones and Grant 2023).

Learning isn't just confined to solo study sessions students now interact with one another through
social broadcasting platforms, chat rooms, message boards, and online gaming environments,
taking cognitive and emotional engagement to a new level. They regard themselves as skilled
creators of the cognitive experiences in which students participate. The change of viewpoint
enables them to better include students in the educational process (Rehman et al. 2023). Schools
need to make such programs available for students to learn skills that is useful to care for the gold
that we help them in creativity and critical thinking, which are so highly valued in many modern
workplaces. Project-based learning is also an effective pedagogical approach in today's world. This
approach puts real-life problems on par in the educational sector. Each class begins with students
looking at a real-world problem that they then try to develop into something that they can work on

in pairs or small groups.

Encouraging learners to turn over real-life problems and issues helps to develop 21st-century
skills, which aids PjBL, Education and Information Technologies, helping learners understand the
lesson better. As a result of the rapid growth of information technologies, Web 2.0 applications
were harnessed to assist instructors and learners engaged in project-based learning (PjBL)
(Sabaityté and Davidavicius 2017). As with other instructional plans, PjBL approach is designed
widely to improve learners’ motivation and enable them to acquire useful skills, including planning
and organising the process of learning through research, and developing their social and creative
thinking (Vasiliene-Vasiliauskiene, Vasiliauskas, and Sabaityte 2020b). Bell (2014) notes four
main pillars of the student-led-teacher facilitated approach: (1) building knowledge through
inquiry; (2) research by students but controlled by teachers; (3) collaboration and communication
(4) working with real-life problems. Students engage in PjBL through the use of real-life problems,
peer interaction, critical analysis, and product or solution design (Vasiliené-Vasiliauskiene,
Butviliene, and Butvilas 2016) Projects should make up a large portion of the curriculum since
they facilitate learning and give students the chance to interact with and familiarize themselves
with the discipline's key ideas. Students are urged to think creatively and explore environments
connected with problems by asking open-ended inquiries. They need to encourage an

interdisciplinary approach by creating a variety of activities, both individually and in groups.
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Engaging learners in completing a project in a real-world setting allows them to gain project-
related information and abilities. This approach is known as PjBL, like Process-oriented, context-
related, and learner-centered are the three qualities that the perfect project-based learning
environment should have. Project-based learning is a process-oriented that drives learning
activities that result in a final product. The process of project development incorporates the
knowledge, skills, and attitudes that students have learned. Project-based learning involves giving
students context-related assignments that mirror collaborative problem-solving techniques in the
real-world. Students must be actively involved in project-based learning, and show initiative by
considering alternative approaches to a task (Chu et al. 2017). Teachers, on the other hand,

facilitate an environment that allows students to collaborate.

Being skilled in the abilities of living, the capacity to learn new things, the level of creativity that
a learner can exhibit, and the ability to work with technology and information are the 21 century
learning competencies that are of most importance. The study of science is very critical when it
comes to providing the workforce that is skilled and exceptional, especially at the time of 4th
industrial revolution and 5th social revolution. In case of PjBL, it was confirmed that it is a great
way of addressing these various competencies. People are required not only to know the
fundamentals but also to know how to apply critical thinking, knowledge in new situations, data
interpretation, awareness of the new unit, communication skill, teamwork, decision-making, and
problem-solving these are skills and expertise that they demonstrate (Ratih, Festiyed, and Arsih
2024). Constructivism forms the essential base for the creation of PjBL. Constructivism is a
method that opens zone proximal development in the classroom for the learners, where they can
construct knowledge. With a PjJBL method, the teachers are facilitators. Their role is to guide and
support while students are driving their learning journey, carry out the project together, and finally
bring forth a piece of work that they can show to others. PjBL is very effective teaching method
that enables learners to express their’s thoughts on their areas of concentration to enquire about
develop theory and use a variety of tools and the approach also encourages learners to use what
they learn in real-world contexts. Moreover, learners can use the skills they have to solve certain
difficulty and address new and creative questions both in and out of the classroom. There are
different steps of the project-based learning that are, (i) defining the expected learning outcomes

(i) understanding the concept of teaching materials (ii1) skills training, (iv) designing project
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themes (v) making project proposals (vi) carrying out project tasks (vii) presentation of project

reports (Jalinus, Nabawi, and Mardin 2017).

P;BL is a student-centered instructional method involves active exploration of real-world
problems. Reported by Thomas (2000), PjBL fosters critical thinking, collaboration, and practical
skills, making it particularly suitable for technical education (Thomas 2000b). Through P;jBL,
students engage in projects that required them to applies their theoretical knowledge to solve
practical problems in order to bridge the gap between classroom teaching-learning and industry

requirements (Blumenfeld et al. 1991).

PjBL also emphasizes interdisciplinary learning, encouraging learners to integrate their knowledge
from several subjects to address complex problems. Whereby the approach should align with the
needs of renewable energy education, where expertise in engineering, environmental science, and

economics are essential.

2.3 PJBL in Renewable Energy Education

The global trend for sustainable energy solutions has led to the need for a change in the teaching
methods that TVET educational institutions are applying to prepare professionals. PjBL,
characterized by its emphasis on real-world problem-solving and student-centered learning, offers
a promising avenue for equipping learners with the necessary competencies. At the global level,
PjBL has been advocated for the way it is effectively contributing to the teaching of engineering
and renewable energy in the modern world. Instance, in a case study of the electric vehicle EOLO
project, the authors pointed out that PjBL was helpful in not only promoting the students'
motivation but also bringing the real world to the classroom, and in this way, creating collaboration
in different disciplines and practical skills (Ariza and Olatunde-Aiyedun 2023). Such examples
worldwide ought to reflect the use of PjBL in our education system of proficient workforce in
renewable energy has high expectations to thrive. To underline the seven strategies' importance for
the educational sustainability development ESD process, some author of the paper conducted a
literary study reviewing an expert examination of the tasks. As a result, they found that, along with
the traditional classrooms, smart classrooms, which incorporate these methodologies, shaped the
behavior of the students and teacher towards cooperation, knowledge sharing, and interaction that

is productive (Block and Haus 2020). The approach was actively solving the problem of low-
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achieving students by engaging them in relevant topics of Renewable Energy Sources (RES)
through the problem-solving exercises that can address the issues at the field of renewable energy.
Another approach was done by some authors have employed is the provision of eight years of
experience in training photovoltaic PV modules, which is geared toward sustainability
development goals (SDGs), critical and based on the problem-solving learning process (Ulazia and

Ibarra-Berastegi 2020).

Renewable energy education requires a hands-on work approach to equip the students with needed
skills to design the installation and maintain renewable energy system. Studies suggest that PjBL
can be instrumental in teaching renewable energy technology by encouraging innovation and
problem-solving (Du and Kolmos 2006). In the context of Bangladesh and The Gambia, where
renewable energy adoption is still in its early stages, PJBL can prepare students to address
challenges such as energy access, grid integration, and system efficiency. A study by (Hossain et
al. 2022) highlights the potential of PjBL in enhancing the competencies of TVET students in
renewable energy technology. The study found learners who participated in project-based courses
demonstrated higher levels of technical proficiency, and confidence compared to those in
traditional lecture-based courses. Furthermore, PjBL projects focusing on local renewable energy
challenges, such as solar power solutions for rural areas, have shown that students increase

engagement and societal impact for better adaptation.

2.4 Adoption of PjBL in TVET Institutions

PjBL should be the main concentration of the educational process, especially in TVET institutions
worldwide, the complexity of the approach's basic principles, such as learning through doing,
thinking critically, and solving real-world problems, is associated with TVET objectives, that

prepare students with workforce skills competencies for the industries.

Implementation of PjBL in TVET in various countries has been well received; however, the
reactions have always had inconsistencies. This is exemplified by studies conducted in Malaysia
which show the positive aspects of PjBL, such as a better connection between students and
teachers, and increased learning outcomes. Despite the benefits, however, resource inadequacies

and classroom management problems have also been raised as major challenges.

19



A study has exposed how great the learning effect that PjBL has on the students when it is properly
conducted, but at the same time, it shows the scarcity of adequate materials, indeed, the complete
absence of such, thus overpowering other factors and the need for teacher training should have a

positive impact on the learners' learning environment (du Plessis 2023).

Furthermore, Indonesia, trying the integration of PjBL into TVET curricula has proved to be very
fruitful as it has significantly enhanced the learning process and the skill set of students. Students
who were directly involved in PjBL activities were observed to have improved on their
collaborative abilities and problem-solving skills. A good exemplary case here would be Marzuki's
(2024) work, where he explained that the application of PjBL practices in Indonesian vocational
schools had led to the improvement of students in terms of competencies and also made them

suitable for the labor market (Marzuki, Zakaria, and Masruri 2024).

In the same vein, through SEIP, the Bangladesh government's initiative for the betterment of TVET
has laid the way for incorporating the PjBL method. The SEIP was a project that ran during the
period from 2014 to 2023, and its primary objective was to provide a basic level of training through
the competency-based model to the local population and also lift them out of poverty by training
them in the job market (Lee 2020). The initiative, though mainly about skills, points to the
principles of PjBL in design, thus opening up the possibility of incorporating more project-based

practices in TVET in Bangladesh (Lee 2020).

In The Gambia, though the studies that touch on PjBL in TVET are quite scarce, the educational
reforms undertaken by the country and the resulting improvement in the vocational training sphere
give a hint of favorable ground for the development of innovative teaching methods such as PjBL.
The integration of PjBL in the education system with the labor market needs is the idea that the
PjBL is the most appropriate teaching method for reading students to confront the actual tasks

(Powell 2001).

PjBL's implementation in TVET on a global scale is a result of the impact of institutional readiness,
resource availability, and teacher competencies. The significance of educating teachers properly
for the better execution of PjBL has been widely confirmed. Research from Uganda, for example,
was emphatic on TVET top management's role in handling PjBL projects realistically, thus
pointing out that proper organization of activities, resources, and support for trainers and other

staff was of significant importance (Turyatemba et al., 2023).
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Besides, the rise of PjBL in the educational context has been linked to an increase in 21 century
students' skills, the study of (M. Ahmad et al. 2023), a structured literature review pointed out that
PjBL was the main contributor to the high level of skills for critical thinking, collaboration and

problem-solving needed by current workforce.

To sum up, the utilization of the pedagogical approach in TVET environments around the globe
creates an encouraging channel for the upskilling of the local workforce through the modern
educational system. Although countries like Malaysia and Indonesia have seen some progress in
introducing this method, countries like Bangladesh and The Gambia are still not very far in the
process. The continued support for this PjBL shift revolves around acquiring resources, teacher
training, and the backing of the institutions. For the successful application of PjBL in TVET
institutions globally, extensive research and investment in those areas are equally necessary for the

integration.
2.4.1 Adoption of PjBL in TVET Institutions in the Gambia

In The Gambia, the adoption of PjBL in TVET institutions is at a nascent stage, driven largely by
international donor agencies and NGOs rather than strong national policy frameworks. The
National Development Plan (2018-2021) and the TVET Roadmap acknowledge the need for
practical, project-based methods to enhance employability; however, implementation remains

fragmented (Jallow & Cham, 2021).

Unlike Bangladesh, where the government plays a central role, The Gambia relies heavily on
donor-funded programs (e.g., UNESCO-UNEVOC, World Bank, and GIZ initiatives). These
programs have introduced renewable energy training modules that incorporate PjBL approaches,
such as community-based solar electrification projects where students gain real-world, hands-on

experience (Njie, 2020).

Despite these opportunities, barriers remain, including weak institutionalization of PjBL in
curricula, limited funding, and dependency on external support. Additionally, instructors often lack
adequate pedagogical training to implement PjBL effectively, which affects its sustainability once

donor projects phase out (Bah et al., 2019).
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Example: In some Gambian TVET centers, PjBL has been applied in solar PV training, where
students collaborate on designing and installing small systems for rural communities. While

impactful, such initiatives are not yet fully integrated into the mainstream TVET curriculum.

2.4.2 Adoption of PjBL in TVET Institutions in Bangladesh

The incorporation of Project-Based Learning (PjBL) within Technical and Vocational Education
and Training (TVET) institutions in Bangladesh has garnered significant scholarly attention in
recent years, primarily due to the nation's aspiration to realize sustainable energy objectives while
concurrently addressing the issue of youth unemployment. Despite the acknowledgment of the
significance of competency-based training in the National Education Policy (2010) and the TVET
reforms instituted under the Skills for Employment Investment Program (SEIP), the systematic
implementation of PjBL remains markedly constrained. Most educational establishments continue
to lean on classic lecture styles, revealing a marked gap in project-driven and practical learning

chances (Rahman et al., 2020).

Engagement from industry stakeholders is progressively increasing through public-private
partnerships (PPPs), particularly within renewable energy initiatives where solar and biogas
technologies are emphasized (Chowdhury & Alam, 2021). Nonetheless, obstacles such as
inadequate teacher training, insufficient infrastructural support, and the lack of well-defined
curriculum frameworks impede the comprehensive adoption of PjBL. Consequently, this leads to
a disparity in implementation across TVET institutions, with urban locales exhibiting a more

effective adoption compared to their rural counterparts (Hoque et al., 2020).

Example: In renewable energy programs, some polytechnic institutes have piloted PjJBL modules
where students work on solar home system installations or microgrid maintenance projects, but
these remain donor-driven initiatives rather than being institutionalized across the sector (Rahman

& Khan, 2019).

2.5 Integration PjBL into the curriculum, assessments and industry partnerships
PjBL has helped curriculum developers move away from more theory-centric, traditional methods

and towards more experience, student-centered learning. To improve student engagement and

employability, for example, PjBL has been used by Malaysian institutions such as Polytechnic
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Sultan Idris Shah (PSIS) and Kolej Komuniti Selayang (KKSY) (Martini et al. 2024). To promote
collaborative learning and the application of technical skills, these institutions have updated their
curricula to incorporate real-world, authentic projects. This has helped students get a profounder
knowledge about the subject matter and it’s practical significance (Varma and Malik 2023b). It is
the same in Indonesia, where vocational schools have applied PjBL to close the disparity between
the knowledge gained in school and the actual practices in the industry (Romao et al. 2024). It has
been reported that learners who took part in PjBL activities exhibit better teamwork,
communication, and relational skills beyond the classroom scope (Martinez, Taut, and Schaaf

2016).

In PjBL frameworks, assessment techniques have been changed to consider the special
requirements of project-based work. Peer reviews, reflective journals, and performance-based
assessments are increasingly being used in place of or in addition to traditional exams (Steghdfer
et al. 2018). This all-encompassing method of evaluation assesses critical thinking skills, problem-

solving skills, and teamwork in addition to technical competency.

A key factor in guaranteeing the relevance and application of vocational education incorporation
of industry collaborations into PjBL programs. Public-private partnerships PPPs have played a
significant role in Bangladesh's curriculum creation, quality control, and availability of
opportunities for hands-on training. Stakeholders from the industry take part in training boards and
committees, contributing knowledge about the skills and trends of the labour market today
(Maurer, Haolader, and Shimu 2023). As a result of these partnerships, TVET institutions now
offer apprenticeship programs and employ industry professionals as part-time instructors (Tansen

2012).

The application of PjBL in TVET systems in Nigeria has demonstrated favorable effects on
graduate results. The method enables the combination of theory and practice, encourages learning,
and enhances employability and graduation competencies. To maximize PjBL adoption, however,
targeted interventions are required to address issues, including the hiring of unqualified teachers

and inadequate instructional facilities (Okolie et al. 2021).

The implementation of PjBL in TVET institutions is not easy despite the obvious advantages. For
instance, insufficient resources and problems with classroom management been identified as major

obstacles of the successful implementation of PjBL in Malaysia. According to a study conducted
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with undergraduate students in technical and vocational education, there were modest difficulties
in keeping the classroom under control during PjBL activities, and there were more serious issues

with inadequate supplies and technology (Jamaludin & Sahibuddin, 2012).

Comprehensive teacher training programs are crucial to addressing these issues. Research in
Uganda has shown how crucial it is to give TVET trainers the tools they needed for successfully
use PjBL in real-world life. This study underlined in order to support trainees' competence growth,
trainers must be competent in planning, resource mobilization, and instructional delivery

(Turyatemba et al., 2023).

In summary, the quality and applicability of vocational education has been greatly improved by
the operation of PjBL in TVET institutions worldwide. TVET colleges are in a better position to
prepare students for the intricacies of contemporary workforce incorporating PjBL into their
courses, examinations, and industry relationships. However, coordinated efforts are needed to
address challenges in the implementation, fund teacher preparation, and create supportive

institutional policies to fully realize PjBL's promise.

2.6 The Challenges in Implementing PjBL

A popular pedagogical strategy in TVET institutes across the globe is implementing PjBL. PjBL
seeks to close the gap between theoretical knowledge and actual application by put in placing a
strong emphasis on student-centered and real world problem-solving. However, there are several
obstacles to PjBL application in TVET contexts, including teachers' training and capacity gaps,
resource constraints, institutional resistance or lack of policy support, and culture or systemic

barriers to learner-centered methods.

There are a lot of issues, but the greatest impact is the lack of teacher training and educator
capacity. For example, vocational teachers in China usually do not have proper knowledge, skills
or work experience to run PjBL activities effectively. This makes it difficult for them to guide
learners through interdisciplinary projects and integrate necessary tasks with modern industry
practices (Liu 2019a). Much the same is occurring in Bangladesh, where a lack of trained teachers
is seriously hindering the execution of Competency-Based Training (CBT) programs in TVET

institutions (Rahman, Haolader, and Khan 2012a). One research study came up with the conclusion
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that the majority of TVET institutes do not have sufficiently qualified CBT teachers, and this

seriously stops effective program implementation (Rahman et al., 2012).

The implementation of PjBL is further hampered by resource limitations, such as restricted access
to infrastructure, materials, and information and communication technology (ICT). For instance,
inadequate technology and resources have been noted as major obstacles to using PjBL during
teaching practicums in Malaysian vocational colleges. These resource constraints worsen
classroom management issues in addition to lowering project execution quality (Jamaludin and
Sahibuddin 2012b). Similar problems occur in Bangladesh, where TVET institutes' lack of
necessary equipment and poor laboratory space pose serious obstacles to the implementation of

the CBT program (Rahman et al., 2012).

Another important factor impeding the deployment of PjBL is institutional resistance or a lack of
policy support (Liu 2019b). To avoid the complications of PjBL, including higher noise levels,
more costs, and departures from predetermined lesson plans, school administrators in some
educational settings favour traditional teaching methods. Teachers trying to use cutting-edge
instructional strategies may encounter difficulties as a result of this aversion to change (Bin Adnan
and Abdul Rahman 2024a). Furthermore, bureaucratic pressures and inadequate administrative
assistance have been noted as obstacles in the implementations of compete-based teaching CBT

program in TVET institutions in Bangladesh.

Adopting PjBL is further complicated by systemic and cultural impediments to learner-centered
approaches. For instance, a cultural and contextual blockade to adoption of ICT in support of PjBL
in education in Bangladesh is the instructors' poor command of the English language and It is also
difficult to use learner-centered techniques because the ways cultural norms and institutionalized
practices shape professors' attitudes and opinions about pedagogical advances (Islam et al. 2021).
Stronger collaboration with industries can give teachers real-world experience and align
educational projects with real-world applications (Mativo et al. 2017). Establishing
multidisciplinary PjBL teams within institutions can foster collaboration and shared expertise.
Providing educators with on-site PjBL training can improve their competencies in managing
project-based activities. Additionally, policy reforms that support innovative teaching methods and
allocate resources for infrastructure development are crucial for successful implementation of

P;BL in TVET institution (Hashim 2024).
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In summation, Project-Based Learning (PjBL) cultivates essential practical competencies and
fosters active engagement among students, both of which are critical components of vocational
education. However, its implementation in TVET institutions around the global is fraught with
difficulties. To fully realize the impact of PjBL's promise in improving vocational education
outcomes, it is imperative to address deficiencies in teacher training, resource constraints,

mstitutional resistance, and cultural hurdles.

2.7 The Impact of PjBL in TVET Institutions

PjBL has developed a modern teaching-learning method within TVET institutions worldwide.
Guide the real-life challenges and the needs of learners, PjBL strives to integrate practice with
theory. Implementing PjBL in TVET contexts has shown profound effects on learner outcomes,
especially concerning the acquisition of soft skills, motivation and engagement as well as overall

employment readiness and job preparedness (Xu and Wahid 2024).

PjBL has played a significant role in helping vocational learners develop their soft skills as well
as their technical competencies. By involving students in projects based on regional potentials,
PjBL successfully enhanced their 4Cs skills that’s critical thinking, communication, collaboration,
and creativity and promoted deeper comprehension of the subjects matter and its hands-on
relevance, according to a study done in Indonesia and Malaysia (Wulansari et al. 2022). According
to studies conducted in Oman, students' communication, planning, and time management skills,
all crucial for success in real-world work scenarios, were greatly improved by taking part in

external consulting projects through PjBL (Belwal et al. 2020).

PjBL has a good impact on students' involvement and motivation as well. Due to the active
participation and real-world experiences that PjBL offers, a quasi-experimental study conducted
in Peru showed that students exposed to PjBL had greater motivation scores than those in
traditional learning environments (Bermudo 2024). Furthermore, studies conducted in the
hospitality education sector in South Africa have shown that PjBL increases student interest and
engagement by fostering learner autonomy and a deeper comprehension of the subject content

(Green and du Plessis 2023).
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PjBL gives students the experiences and skills they need to meet industry demands in terms of
employability and job preparedness. According to a study conducted in Nepal, PjJBL in TVET
colleges improves students' technical skills, general abilities like teamwork and communication,
and character traits like optimism and self-assurance, all of which are essential for employment
(Thapa 2024). Additionally, PjBL helps students to develop work-related knowledge, abilities,
attitudes, and competences, hence equipping them for the difficulties of the hospitality business,

according to research in South Africa's TVET hospitality education(Green and du Plessis 2023).
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CHAPTER THREE

Methodology

3.0 Introduction

In Chapter Three, the research methodology used during the study is presented. It focuses on
philosophical paradigm, research design, population and sampling. Description of the target
population, sampling size, purposive sampling technique, data collection procedures, Semi-
Structured Interview, Validity and Reliability of the tool, data analysis technique and ethical

considerations.
3.1 Philosophical Paradigm of this Research

This study is situated within the interpretivist/constructivist paradigm, complemented by insights
from critical theory. The interpretivist stance assumes that reality is socially constructed (Matta
2022). Thus, the meanings attached to Project-Based Learning (PjBL) in renewable energy
education are best understood through the voices and experiences of participants (Guo, Saab,
Lysanne S Post, et al. 2020a). Constructivism emphasises that these meanings are co-created
between the researcher and participants, making qualitative inquiry an appropriate approach for
capturing the lived realities of teachers/instructors in Bangladesh and The Gambia. Meanwhile,
critical theory offers a lens to examine the impact of broader systemic and structural factors such
as policy gaps, limited resources, and donor dependency that shape educational practices and

opportunities(Shaw et al. 2022).

The chosen method of thematic analysis aligns closely with this philosophical stance. Thematic
analysis is not only flexible but also inherently interpretive, allowing the researcher to identify,
analyse, and interpret recurring patterns of meaning across participant narratives. From an
interpretivist perspective, thematic analysis facilitates the exploration of how individuals
perceive and experience PjBL in their specific institutional contexts. From a critical standpoint,
it enables the researcher to uncover deeper systemic issues and power dynamics such as inequities
in funding, disparities in teacher training, or reliance on international donors that impact the

adoption of PjBL.
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By situating thematic analysis within this paradigm, the study ensures coherence between
philosophy, methodology, and analysis. The findings are therefore not treated as objective “truths,”
but as contextually grounded insights that reflect participants’ realities while also critiquing the
structural barriers constraining effective implementation of PjBL in renewable energy education

at TVET institutions.

3.2 Research Design

this study, employs a qualitative research approach to explore how PjBL is implemented and
utilized at the TVET institutions in the Gambia and Bangladesh. Education represents a social
discipline, and this methodological approach enables the researcher to summarize viewpoints and
experiential realities of participants, alongside the contextual variables that shape the educational
phenomena under investigation (Lim 2025). In the domain of TVET, PjBL is recognized as a
valuable and effective teaching model that fosters student engagement, critical thinking and
practical skill through real-world projects (Beckett et al. 2025). However, the adaptation and
application of PjBL within the distinct social and economic landscapes of Bangladesh and The
Gambia may pose equal challenges and unique opportunities for each country. The qualitative
approach is well-suited to uncover the differences by emphasizing the personal experiences of

educators or instructors involved in PjBL programs in these regions.

3.2.1 Justification for Choosing the Design
This study utilized a qualitative focus on the application and experiences of PjBL in Bangladesh

and The Gambia. The choice of educational qualitative design stems from the attempt to
understand phenomena within their contexts through the voices and accounts of educators or
instructors. Alongside the qualitative approaches, which seek to provide an understanding of
context-rich phenomena, PjJBL was interpreted within various institutional frameworks of the
region (Creswell 2009). PjBL arises as a significant focal point to its educational characteristics,
which require flexibility, interdisciplinary approaches, and an educational shift towards instruction
that prioritizes learner engagement and their active part in shaping the surrounding environment.
These parameters cannot be captured by looking at the indicators and numbers. It helps to answer
how those within the system are experiencing these shifts, and whether these systemic and

pedagogical shifts are being embraced, modified, or resisted (Beckett et al. 2025).
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The research has chosen to synchronize with qualitative educational research traditions that can
provide multiple perspectives and the prospective construction of a more elaborate submission of

PjBL implementation (Mertens and Hesse-Biber 2012).

Really, the qualitative model delivers a comprehensive and appropriate schema that can be used to
explore the issues that are relevant to the study. It focuses on the primary meaning construction,
interpretation, to sense-making, and stakeholder stories that all matter when trying to develop real,

practical insights on how PjBL is adopted and sustained in the TVET systems of both countries.

3.3 Population and Sampling

The population of the research is drawn from the TVET institutions that are in Bangladesh and the
Gambia from there researcher draws the sample for the research, focusing only on the TVET
institutions. The targeted participants were the instructors with experience in using PjBL in their
teaching as a method and they were identified by looking for specific indicators or observing some
indicators such as lesson plans or syllabus and also checking the labs where students do their
practical or hands-on. For the proper comprehension of the implementation of PjBL, the research
applies a purposive sampling strategy. This type is good for qualitative studies, where the
participants are chosen depending on criteria, in this case, their history with or exposure to PjBL
instructional techniques. The number of participants ties in with the qualitative research practices,
allowing them to gain a deep understanding of the topics as well as ensuring the comparison of

two socio-educational contexts through the insights.

3.3.1 The description of the target population
The target people for the study comprises instructors engaged at TVET institutions located in both

Bangladesh and the Gambia. Demographic features of the participants were considered, include
gender, discipline, experience in years, location, length of service and level of influence in English,
which differ among them are shown in Table 1. But the researcher has criteria for selecting the
sample size. TVET instructors serve as pivotal agents in the implementation of PjBL, acting as
facilitators of learning who bear the responsibility for designing, managing, and assessing real-
world projects within classroom and workshop settings. Their beliefs, experiences, and
institutional contexts critically impact the extent to PjBL can be effectively embraced and

integrated into technical and vocational programs.
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Table 1: Demographic variation

Research Instructors | Gende | Experienc | Fluency | TVET Department | Private
Countries -Id (1-20) | r e (year) in Institution or
English | s Public
(Location) (Institut
ions)
The P1 M 6 ok GTTI Electrical Public
Gambia - ;
P2 F 7 ok GTTI Electrical Public
P3 M 15 ok GTTI Electrical Public
P4 M 5 ok CIF Electrical Private
P5 M 13 Ok CIF Electrical Private
P6 M 10 Ok FSTI Electrical Public
P7 M 14 Ok FSTI Electrical Public
P8 M 9 Ok QIT Electrical Public
P9 M 6 Ok CIF Electrical Private
P10 M 8 Ok QIT Electrical Public
Bangladesh | P11 F 4 Ok GTSC Electrical Public
P12 F 8 Ok GTSC Electrical Public
P13 M 21 Ok GTSC FElectrical Public
P14 M 9 Ok MP FElectrical Public
P15 M 4 Ok MP Electrical Public
P16 M 7 Ok CIMT Electrical Public
P17 M 8 Ok CPI Electrical Private
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P18 M 11 Ok CIMT Electrical Public

P19 M 30 Ok CB Electrical Public

P20 M 6 Ok CB Electrical Public
GENDER

Female
30%

Male
70%

Figure 1: Gender percentage

Some literature reveals that the framework for TVET in Bangladesh includes various institutions
that are oversight by the Bangladesh Technical Education Board (BTEB). Instructors within these
institutions frequently encounter considerable challenges, including restricted access to ongoing
professional development, outdated pedagogical knowledge, and inadequate institutional support
for learner-centered methodologies (Haolader, Foysol, and Clement 2017). A significant number
of TVET educators in Bangladesh have undergone training rooted in a teacher-focused approach,
encountering challenges when shifting towards project-based and competency-oriented teaching
models (Rahman, Haolader, and Khan 2012c). Their research revealed a conspicuous absence of
capacity-building programs specifically addressing the pedagogical requirements of PjBL, such as
collaborative learning, interdisciplinary project design, and authentic assessment strategies

(Rahman et al. 2012c¢).

Similar dynamics are evident in The Gambia, where TVET educators operate under the auspices

of the National Accreditation and Quality Assurance Authority (NAQAA). Despite The Gambia's
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progress in enhancing vocational education through support from development partners, most
notably UNESCO and GIZ systemic deficiencies persist regarding the training of educators to
embrace innovative pedagogical models and revealed that while Gambian educators
predominantly endorse the concept of practical and participatory learning, their execution is
hindered by inadequate resources, insufficient training in experiential pedagogies, and limited
autonomy in curriculum development. Consequently, this leads to a fragmented and inconsistent

application of PjBL principles within actual classroom environments (Allais 2023).

Therefore, the study's focus on TVET instructors is both strategic and imperative. It acknowledges
their critical role as catalysts of pedagogical transformation while recognizing the systemic and
institutional constraints that shape their teaching practice. Understanding how these instructors
perceive, interpret, and implement PjBL is fundamental to identifying scalable best practices and
informing targeted interventions designed that enhancing the quality of vocational education in a

low-resource context.

3.3.2 Purposive Sampling Technique
In this study, purposive sampling technique is applied to select the Population of individuals

studied consists of instructors working at the technical and vocational education and training
institutions in both Bangladesh and Gambia, aiming is explore their insights, viewpoints, and
obstacles encountered while implementing project-based learning. To obtain rich and contextually
grounded data so, purposive sampling techniques are employed. The reason for selecting
participants purposively from those TVET institutions in both countries was to meet the study
requirement of the subjects’ experience of the phenomenon under study. This strategy of non-
probability sampling is regularly used in qualitative analysis to find participants who can provide

valuable and thorough insights concerning the phenomenon of studied (Palinkas et al. 2015).

Purposive sampling is particularly appropriate for investigations involving educational
innovations such as PjBL, where the objective is not generalizability, but rather profound
comprehension. In this framework, instructors who possess experience in implementation,
experimentation, or training in PjBL methodologies are intentionally selected. This deliberate

selection enables the researcher to access a knowledgeable cohort of educators capable of offering

33



some perspectives on pedagogical practices, instructional challenges, institutional limitations, and

learner outcomes within the TVET frameworks of both nations.

The criteria for participant selection encompass: (i) serving as either a full-time or part-time
instructor at an accredited TVET institution by the national or board of authority each country; (ii)
possessing at least of three years above instructional educator in technical and vocational education
disciplines (Electrical) and use PjBL as teaching method (iii) being a well-established institution
and have a good reputation and only two to four instructors will be chosen from one institution
based on above criteria’s or characteristics in the relevant field. This targeted methodology
guarantees that the collected data are relevant and rich in detail, in alignment with the principles

of information-rich sampling as advocated by Patton (Patton and Patton 2002).

Furthermore, purposive sampling promotes the inclusion of varied institutional contexts urban
versus rural campuses, public versus private institutions, and centers with differing levels of
resource availability. Such diversity enhances the data by facilitating comparisons across disparate
educational environments, thereby augmenting the analytical depth of the study. As Ravitch and
Carl contend, purposive sampling in qualitative educational research is vital for revealing patterns
across diverse institutional and cultural contexts, particularly when probing policy-practice

discrepancies in pedagogical innovation. (Ravitch and Carl 2019).

This approach is congruent with best practices in qualitative research design, wherein emphasis is
placed on "information power" rather than the sample size (Malterud, Siersma, and Guassora
2016a). Given that the objective is to investigate instructor perceptions and institutional processes
associated with PjBL, those who possess first-hand, experiential knowledge are deemed more
valuable than a large, randomly selected sample with limited exposure to the subject matter

(Malterud, Siersma, and Guassora 2016b).

By concentrating on instructors as pivotal agents of change and selecting them purposefully based
on relevant experience, the study is poised to generate grounded, actionable insights into how PjBL
is interpreted, implemented, and a sustainable solution in the vocational education systems of

Bangladesh and the Gambia.
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3.3.3 Sampling Size
The demographic focus of the research centers on educators involved in TVET institutions located

in Bangladesh and the Gambia, as mentioned in the target population section. From this population,
the researcher drew a sample size that depends on the researcher. Therefore, the researcher selected
a cohort of twenty (20) educators as participants who are teaching renewable energy, consisting of
ten (10) from Bangladesh and ten (10) from the Gambia. These are participants who have been
using PjBL as a teaching approach for the past years, according to them and what I saw as the
researcher on their lesson plan or syllabus during the interview, it aligns with the PjBL approach.
These educators represent critical stakeholders in the facilitation and evolution of vocational
pedagogy, particularly in PjBL, which necessitates substantial educator involvement, specialized
technical knowledge, and adept facilitation abilities. As primary agents of curricular innovations,
the viewpoints of these educators provide invaluable insights into both the opportunities and

obstacles related to the integration of PjJBL within TVET frameworks.

To investigate these dynamics comprehensively, the study employs a purposive sampling
methodology, based on their direct engagement with PjBL or their participation in pedagogical
innovations within their respective institutions (Zamir and Zia 2023). This sample size is explained
within the setting of qualitative research, where in the objective not to achieve statistical

generalizability but rather to collect rich, contextually nuanced data (Patton and Patton 2002).

A sample size of 20 participants (instructors) which aligns with established conventions in
qualitative educational research particularly within phenomenological or case study
methodologies, where emphasis lies on depth of understanding rather than breadth of coverage.
As articulated by Malterud in Qualitative Educational Research, qualitative inquiries adhere to the
principle of "information power," the notion that the relevance of the sample diminishes the
necessity for a larger cohort. Given that the selected educators possess direct experience in the
implementation or adaptation of PjBL, they are categorized as "information-rich" cases capable of
providing profound, nuanced insights into its practical applications (Malterud, Siersma, and
Guassora 2016c¢). The purposive select 20 participants across two distinct nations also corresponds
with the findings of Guest, Bunce, and Johnson, who identified that data saturation in qualitative
investigations is frequently achieved between 12 and 20 interviews when participants possess
related experiences (Guest, Bunce, and Johnson 2006). Furthermore, Ravitch and Carl underscore

that a diverse representation of institutions within small samples enhances thematic integrity and
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facilitates cross-case analyses, particularly within cross-national educational research (Ravitch and
Carl 2019). As Table 2, shows the distribution of the district country-wise to collect data from the

identified participants.

Table 2: The country-wise distribution of research participants

Countries Names of the District Number of Instructors
(one to four from each
institution Public or private)
Bangladesh Dhaka 1
Cox’s Bazar 2
Gazipur 3
Chandpur 2
Mymensingh 2
The Gambia Kanifing 3
Banjul 3
Komba South 2
Kombo North/Saint Mary | 2

Total Participants 20

3.4 Data Collection Procedures

Data will be gathered through semi-structured interviews. the scrutinize deployment, value, and
barriers connected with PjBL in TVET environments, the qualitative method is viewed as most

suitable. The research will utilize SSI; it’s primary method of data collection.
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Thus, SSI will be conducted with twenty (20) selected TVET instructors (teachers), ten (10) from
Bangladesh, and ten (10) from the Gambia. Each interview is anticipated to last approximately 15—
20 minutes. SSIs will conduct face-to-face for the participants in Bangladesh and online (virtual)

for participants in the Gambia using Zoom meetings.

3.4.1 Semi-Structured Interview
To obtain a comprehensive insight into the execution and difficulties of PjBL at TVET institutions

in Bangladesh and the Gambia, this research employs semi-structured interviews its predominant
data collection method. Before commencing the interviews, the consent of each participant was
obtained and they were briefed on the interview’s purpose, with the acknowledgement that
anonymised data might be utilized for study purposes. Each interviewee adhered to a consistent
pattern, initiating with an exploration of participants’ initial expectations and encouraging them to
share insights on their perceptions. Qualitative interviews are more dialogue in nature Felix (2009).
To understand another person’s interpretation of their experience of a phenomenon, the research
approach frequently takes the form of semi-structured interview. Each participant was given the
opportunity to elaborate on their knowledge as needed. The interview was conducted with an
accommodating attitude, a friendly interview style, and a sincere interest in what the subject had
to say to accomplish the purpose of the interview. However, during an interview, there was never
any attempt to direct a person's response, conversation, or justification. The interviewer's goal was
to encourage an open-ended interview format, a laid-back interpersonal relationship, and a sense
of personal freedom by focusing on the phenomenon as it is experienced by the interviewee. The
semi-structured interview format is advantageous for qualitative inquiries in educational research,
as it strikes an equilibrium between the necessity for comparability among participants and the
adaptability to investigate emergent themes (Kallio et al. 2016). The methodological approach that
enables the researcher to delve in the educators' narratives, perceptions, and contemplations
regarding PjBL, encompassing its challenges, advantages, and integration within institutional

frameworks.

The selection of SSI informed by study's objective to summarize the context-dependent realities
experienced by educators implementing PjBL in environments characterized by resource
limitations. As Mason articulates, interviews are well-suited for investigating “how and why of
pedagogical practice,” particularly when the agency and interpretation of participants significantly

influence outcomes (Mason 2017).
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The interviews will ensure representation across diverse institutional categories (public, private)
and geographic settings (urban, peri-urban, rural). Using semi-structured interviews in this setting
creates good relationship with the interviewee. It allows the interviewee to express their
perspectives in a conversational yet concentrated way, as suggested by Brinkmann and Kvale
(2018), this format is optimal for revealing tacit knowledge and context-specific practices within

educational settings (Brinkmann and Kvale 2018).

Moreover, the cross-cultural aspect of this research is augmented by semi-structured interviews,
as they permit the interviewer to modify phrasing and sequencing to ensure clarity and cultural
sensitivity. This adaptability is essential for eliciting rich data within the diverse educational
contexts present in Bangladesh and the Gambia (King, Horrocks, and Brooks 2019). Now Table 3
is developed as the interview question protocol Matrix, how the interview questions answer the

research question.

Table 3 Example of interview protocol Matrix

No: and Items Background General Research Research

information Knowledge about | question one question two
P;BL

Interview Q1 Q

Interview Q2 Q

Interview Q3 Q

Interview Q4 Q Q

Interview Q5 Q

Interview Q6 Q Q

Interview Q7 Q

Interview Q8 Q
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Interview Q9 Q

Interview Q10 Q

The interview question protocol Matrix is adapted from (Castillo-Montoya 2016a)

3.5 The Instrument development

In qualitative academic inquiries, particularly those examining the experiences of educators and
their instructional approaches, it is essential to prioritize reliability and methodological strength
the data collection tools employed. An investigation on the application of PjBL at TVET
institutions located in Bangladesh and the Gambia, it’s carried out with a SSI guide as major means
of data collection. The development of the instrument encompasses intentional stages involving
design, validation, and the establishment of reliability and validity, all of which are guided by
established best practices in qualitative methodology as articulated in esteemed academic journals

(Castillo-Montoya 2016Db).

3.5.1 The Designing Part
The designing part of the interview protocol/checklist was developed by the researcher based on

the best way of answering the research objective and twenty-one items were developed by the
researcher in a well-constructed validation and it was distributed through expert judgment in the
technical and vocational education (TVE) department. After the expert validation, ten questions
that are more relevant and clearer were selected from the twenty-one items that were developed to

answer the research objectives.

3.5.2 Validity and Reliability
The content validity, the initial draft of the interview instrument undergoes expert judgment by

five subject-matter experts specializing in vocational education and qualitative research, inclusive
of faculty members from an academic institution in Bangladesh, that is the Islamic university of
technology (IUT) in technical and vocational education (TVE) Department. These experts
critically evaluate the guide for its clarity, relevance, and alignment with the overarching research
objectives. Creswell and Poth emphasize that expert evaluations are indispensable for establishing

both face and content validity for qualitative instruments (Creswell and Poth 2016).
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The reliability researcher employs a uniform interviewing protocol across all participants,
adhering to a structured procedure. The principal investigator, trained in qualitative interviewing
methodologies, conducts the interviews while maintaining a reflexive awareness of their
positionality throughout the data collection process. In qualitative research, reliability transcends
statistical measures, instead focusing on procedural and interpretive consistency in the application
of the instrument (Morse et al. 2002). By diligently designing, validating and using a semi-
structured interview instrument, alongside the implementation of recognized protocols for
reliability and validity, this study guarantees that its findings will be robust, credible, and firmly
grounded in the contextual realities of PjBL within TVET institutions in both Bangladesh and The

Gambia.

3.6 The Data Analysis Technique

The realm of qualitative research, thematic analysis, has emerged as a prominent methodology for
the identification, interpretation and understanding meaningful patterns within textual data. In this
inquiry examining the application of PjBL in the instruction of renewable energy technology at
TVET institutions in Bangladesh and the Gambia, thematic analysis represents a fundamental
methodological technique for rigorously assessing participants lived experiences, teaching

methods, and institutional hindrances.

3.6.1 Why Thematic analysis
A thematic analysis provides a significant degree of adaptability and understanding, rendering it

particularly suitable for research that is grounded in subjective narratives and social contexts of
participants. This methodological approach is not contingent upon any specific theoretical
framework and is particularly advantageous in domains that are less explored, such as PjBL within
TVET environments in developing nations. This strategy facilitates comprehensive and nuanced
interpretations that possess the potential to inform both policy and pedagogical advancements

(Braun and Clarke 2006)

3.6.2 Steps in thematic analysis
Thematic analysis is composed of six steps that are systematic and recursive. Here is a description

based on this particular study.
Step 1: Familiarize yourself with the data
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Experts are to be sure that they accurately become a part of qualitative data, which involved
transcripts of semi-structured interviews with TVET instructors from Bangladesh and the Gambia.
The process involved the researchers reading through the transcripts several times, where they took
notes and started to identify potential themes (Braun & Clark, 2006; Kiger & Varpio, 2020). To be
familiar with the matter is very important, especially if you want to understand the context and

meaning of each participant’s answers.
Step 2: Generating initial codes

To begin with the data, it was coded manually. These codes consisted of brief phrases or words
describing significant parts of the data. For example, information that comes from the teachers
talking about the absence of a practical infrastructure was coded as “resource constraints.” (Braun

& Clark, 2006; Kiger & Varpio, 2020).
Step 3: Searching for themes

After that, associated codes were assembled into categories of developed orders. A theme is a
significant emerging theme that is related to the research questions. Like, instructor adaptation to
PjBL challenges to renewable energy project integration, student motivation and soft skill
development etc (Braun & Clark, 2006; Kiger & Varpio, 2020). The step transforms raw data into

analytically meaningful categories.
Step 4: The Reviewing Themes

Themes were assessed to verify that they portrayed the data accurately and that they had the
necessary evidence. It is also necessary that the themes were consistent with one another and that
they were all relevant to the research description. Thus, during this revision, some themes were
combined into one or were removed. Specifically, the theme "lack of training" has been
incorporated into the theme "Instructor Adaptation." (Braun & Clark, 2006; Kiger & Varpio,
2020)..

Step 5: Defining and Naming Themes

Each of the themes received a precise definition to frame the context of each theme. The themes
were indeed more than just tags; they were also stories that disclosed the commonalities across the

dataset. Let’s use, for instance, the theme “Barriers to Renewable Energy Project Integration,”
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which had such codes as lack of financing, shortage of lab equipment, and teacher overload that
were modeled (Braun & Clark, 2006; Kiger & Varpio, 2020). This enhances clarity and allows

consistent interpretation across readers.
Step 6: Producing the Report

In the last step, handicraft the story connecting the overarching themes and the goals of the research
needed to be done. Authenticity was incorporated through capturing detailed quotes from
participants, which helped explain the reality of instructors’ lived experiences (Braun & Clark,
2006; Kiger & Varpio, 2020). The report was more than just an account of findings; it also provided

analysis with other literature and the socio-educational situation of Bangladesh and The Gambia.
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Figure 2: The flowchart representing data analysis process and it’s adapted from Braun and

Clarke (2006); Kiger & Varpio (2020).
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3.7 Ethical Considerations

Before any interview was conducted, the respective TVET institutions and their heads of
department were contacted to seek their consent and collaboration for this study. This was achieved
by presenting a letter of request to the respective technical and vocational departments (Electrical).
All contacted instructors responded positively, and arrangements were made for each interview.
Permission to record the interview was required by the participants so that they felt comfortable
with it. To ensure interviewees’ privacy, all recordings were kept in a confidential and every

transcription was identified with pseudonyms to keep the interviewees’ identities confidential.

Before their involvement, all educators are presented with a lucid and comprehensive informed
consent document, articulated in accessible terminology, which represents the study's objectives,
methodologies. This document underscores that participation is entirely voluntary, and that
respondents retain the right to withdraw your statement at any point time without incurring
penalties. Those participating are kept informed about how the data will be utilized, who will have
access to it, and the secure approaches to storage that are applied. This methodology is congruent
with the ethical framework articulated by Tracy, who highlighted the imperative of transparency
and informed decision-making within qualitative research as a means of honoring participant

autonomy (Tracy 2010).

Educators are allowed to pose inquiries regarding the research process to endorsing the consent
form, and oral consent is concurrently documented for those who prefer not to execute written
declarations due to cultural or contextual considerations a practice endorsed by the scholarly
literature when engaging in cross-cultural contexts (Orb, Eisenhauer, and Wynaden 2001). These
measures reflect ethical guidance that underscores the necessity for flexibility within the consent
process, representing an essential adaptation in varied socio-cultural research environments

(Holloway and Galvin 2024).

To safeguard participant anonymity, stringent protocols are enacted. Personal identifiers, including
names, institutional affiliations, and geographic locations, are expunged or obscured during the
transcription and analytical phases to ensure that no direct associations can be established between
the data and individual identities. This approach aligns with ethical standards proposed by Richards
and Schwartz, who advocate for anonymization as a fundamental practice in qualitative

educational research to mitigate risk and protect reputations(Richards and Schwartz 2002).
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Furthermore, confidentiality is rigorously upheld throughout and after the research process. Audio
recordings, transcripts, and analytical files are secured within encrypted and password-protected
digital repositories, accessible solely to the principal investigator. No raw data will be disseminated
publicly or shared with third parties, and results will be presented in aggregate form to further
shield participant identities. These protective measures are consistent with the recommendations
posited by Wiles et al. (2008), who emphasized that qualitative researchers must implement
additional safeguards to avert deductive disclosure in small or closely-knit research communtities,

such as those inherent in TVET institutions (Wiles et al. 2008).

Primarily, the code of ethics followed in this research in line with acknowledged qualitative
research standards which are aimed at free treatment and dignity to the participants. The study
hung on informed consent principle of anonymity and confidentiality of all the participants and
the acknowledgment of the socio-cultural peculiarities of both countries thus, the deserving name

of the research as the research itself indicates it.

Thematic analysis offered a comprehensive and methodical framework for interpretation of the
qualitative data collected in the present research. It facilitated the derivation of profound insights
regarding the implementation, challenges, and experiences associated with PjBL, the pedagogy of
renewable energy technology within TVET institutions across two developing nations. The
findings might contribute to the enhancement of educational policy, and instructional design into

the environments where innovation is close with resource constraints.
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CHAPTER FOUR
Analysis
4.0 Thematic Analysis

This chapter presents a thematic analysis of twenty interviews with TVET instructors from The
Gambia and Bangladesh, exploring their perspectives on implementing Project-Based Learning
(PjBL) in Renewable Energy Technology (RET) education. The analysis is structured to elucidate
the current status, perceived opportunities, and significant challenges of PjBL implementation in
both national contexts. The findings are synthesized to provide a comparative understanding,
drawing on direct evidence from the participants.

4.0.1 Challenges Faced by Instructors in Implementing PjBL in RET

Despite the recognized opportunities, instructors face a convergent set of formidable challenges

that hinder effective implementation.

Main theme: Challenges Faced by Instructors in Implementing PjBL in RET in Bangladesh.
Findings: Systemic Resource and Financial Constraints.

This was the most frequently cited barrier. participants pointed to “resource limitations and
equipment” (P15, P16) and a critical lack of funding. One instructor stated bluntly, "We don't have
funding for this kind of project,” relying instead on projects from senior students made for

competitions (P14).
Findings: Critical Time Limitations within the Academic Schedule.

The time-intensive nature of PjBL clashes with rigid academic schedules. where "time constraints

within the academic schedule™ were identified as a principal challenge (P19).

Findings: Institutional and Systemic Support.
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Beyond physical resources, a need for better structural support was evident. Bangladeshi
instructors cited a “lack of teacher training” (P13, P15) and "assessment difficulties” (P15). The
need for top-down initiative was emphasized in Bangladesh, where it was suggested that "the
chairman of the technical education board or DG of technical education” should be approached
to promote PjBL implementation (P11).

Findings: Heterogeneous Student Preparedness.

Instructors in both countries struggle with significant disparities in students’ prior knowledge. The
same challenge was reported in Bangladesh, where "students having varying levels of prior
knowledge™ complicates effective implementation (P19).

Main theme: Challenges Faced by Instructors in Implementing PjBL in RET in the Gambia.

Findings: Systemic Resource and Financial Constraints.

In The Gambia, instructors highlighted the prohibitive cost of RET components like "solar panels,
the batteries,” and a lack of basic infrastructure, such as "projectors or computers™ and expensive
internet access” (P2, P3). The core issue was summarized as "money constraints... You need

money to buy the material. So, it’s not always available” (P5)

Findings: Critical Time Limitations within the Academic Schedule.

A Gambian instructor explained that managing theory, practical work, and a "good number of
students, like forty students™ within a standard timetable is nearly impossible, making the process

"time-consuming" (P1, P5).
Findings: Need for Enhanced Institutional and Systemic Support.

instructors called for “there are no clear guidelines for assessment, industry partnerships, and

more resources and training” (P8).

Discussion 1: The challenges to implementing PjBL in RET for both countries.
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The challenges to implementing PjBL in RET are systemic and extremely similar in both The
Gambia and Bangladesh. They form a complex web where financial limitations (the cost of
equipment) are exacerbated by logistical constraints (time, large classes) and all point to a need

for greater institutional support, funding, and curriculum restructuring.

4.0.2 Main theme: Opportunities of Using PjBL in Teaching-Learning of RET in Bangladesh.
Findings: Enhanced Depth of Understanding and Skill Acquisition:

This is echoed in Bangladesh, where PjBL is seen to help students "gain a deeper conceptual
grasp... because they actively construct knowledge through hands-on experiences rather than
passive listening"” (P15).

Findings: Development of Critical Soft Skills and Industry Readiness.

In Bangladesh, participants noted "enhanced teamwork and communication,” "encouragement of
critical and creative thinking," and "increased job readiness and confidence in using technology
tools™ (19).

Findings: Fostering Innovation and Entrepreneurial Mindset:

In Bangladesh, the opportunity extends to equipping students with “the knowledge, skills, and
mindset necessary to address the complex challenges of transitioning to sustainable energy

sources™ (P13), fostering problem-solving abilities crucial for the sector.

Main theme: Opportunities of Using PjBL in Teaching-Learning of RET in the Gambia.

Findings: Enhanced Depth of Understanding and Skill Acquisition.
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Participants reported that PjBL leads to a more profound and retained understanding of RET
concepts. “They tend to understand, and they have a deeper understanding of what they are doing"
(P1).

Findings: Development of Critical Soft Skills and Industry Readiness.

A major opportunity highlighted is the cultivation of workplace-ready skills. Gambian instructors
cited the development of "teamwork, project management, and critical thinking" (P8) and

enhanced "confidence and readiness for industry-based tasks" (P7).

Findings: Fostering Innovation and Entrepreneurial Mindset:

Instructors in both nations see PjBL as a catalyst for innovation and self-employment. In The
Gambia, PjBL was explicitly linked to empowering learners to "be self-employed” (P5) and

become "more innovative and creative™" (P6).

Discussion 2: Opportunities for Using PjBL in Teaching-Learning of RET in both countries.

The primary opportunities of PjBL, as perceived by instructors in Gambia and Bangladesh, are
transformative, focusing on creating a more competent, confident, and innovative workforce for
the renewable energy sector through enhanced practical understanding, soft skills, and

entrepreneurial confidence.

4.0.3 Main theme: Status of Using PjBL in Teaching-Learning of RET in Bangladesh.

Findings: PjBL primarily as a pedagogical approach.

The status is similarly conceptual, with a strong emphasis on PjBL as a student-centered pedagogy.
Participants defined it as a method where "students gain knowledge and skills by working on

complex, real-world projects offered over extended periods” (P11).

49



The focus is on using projects “fo solve practical problems in RET, thereby increasing the
relevance of learning and fostering a deeper conceptual grasp of systems like solar and wind
energy” (P12, P15).

“We have institutional support, but no policies guiding how to teach it.”(P16)

Main theme: Status of Using PjBL and Support in Teaching-Learning of RET in the Gambia.

Findings: PjBL primarily as a pedagogical approach.

PJBL is understood as a hands-on, student-centered method. Instructors perceive “its core function
as motivating students by engaging them in meaningful projects that connect classroom learning
to real-world application” (P1, P9).

The current implementation “focuses on activities like designing, simulating, and building

renewable energy systems, which allows students to see the direct results of their work™ (P10).

“Donor-led initiatives, emerging guidelines, but fragile sustainability” (P4).

Discussion 3: Status of Using PjBL and Support in Teaching-Learning of RET in both countries.

The status of PjBL in both countries is predominantly aspirational and conceptual. Instructors
in both countries have a strong, theoretically sound understanding of PjBL's purpose to create
meaningful pathways between theory and practice. However, the data suggest that full, resource-
supported, and sustainable implementation is often aspirational, constrained by systemic

challenges discussed before.
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4.1 Similarities and Differences in PjBL Implementation: The Gambia vs. Bangladesh

4.1.1 Similarities
Both The Gambia and Bangladesh emphasise (PjBL) as student-centered, hands-on approach for

renewable energy education, with shared attention on bridging theory and practice gap. Educators
in both countries highlight PjBL’s benefits, including enhanced critical thinking, problem-solving,
and technical skill as well as improved workforce readiness through real-world projects. Resource

limitations such as outdated lab equipment, insufficient funding, and lack of modern tools are

major barriers in both contexts as highlighted in Table 4.

Table 4: Similarities in PjBL Implementation

no. | Gambia

Bangladesh

1 | PjBL bridges the gap between theoretical
and practical knowledge in renewable

energy context.

PjBL enables students to apply theoretical
ideas to solve real-world renewable energy

issues.

2 | Motivates students through visible

results of practical work.

increases their Motivation when students own
their learning and see relevance to industry

needs.

3 Identifies challenges such as varied

student learning speeds.

Identifies challenges such as varied levels of

prior knowledge.

4 Strong emphasis on combining theory
with practical engagement to deepen

understanding and encourage innovation.

Hands-on activities deepen conceptual grasp of
renewable energy systems like solar and wind

energy.

5 Promotes self-employment, innovation,
and national development through skill

acquisition.

Builds  technical, troubleshooting, and

problem-solving skills, enhancing readiness

for the renewable energy workforce.

Additionally, both nations face challenges related to time constraints in balancing theory and

practical work, as well as varied student preparedness, which complicates uniform
implementation. Strategies like industry collaboration, low-cost solutions, and instructor training

are commonly proposed to address these challenges. However, institutional support remains
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inconsistent in both countries, with a lack of formal PjBL policies and reliance on external funding

(e.g., World Bank, NGOs) for infrastructure and resources.

4.1.1 Differences
While the core principles of PjBL are similar, the context and scale of challenges differ between

the two countries as indicated in Table 5. Bangladesh has a more structured national vision for
renewable energy, with a 30% renewable energy target by 2040, which drives targeted PjBL
initiatives like industrial visits to large-scale solar plants. In contrast, The Gambia’s efforts are
more donor-dependent, with initiatives often tied to external funding (e.g., GIZ, EU) and less

integrated into long-term policy frameworks.

Systemic barriers also vary. Bangladesh struggles with a teacher-centered curriculum and minimal
institutional policies for PJBL, while The Gambia has begun developing formal guidelines (e.g.,
Gambia Technical Training Institute’s seminars) but lacks sustainable funding. In terms of industry
engagement, Bangladesh reports limited private-sector involvement, relying heavily on
government-funded labs, whereas The Gambia has stronger NGO and international partnerships

for resource sharing and training.

52



Table S: Differences in PjBL Implementation

No.

Gambia

Bangladesh

1

Participants focus heavily on hands-on
activities, technical skill building, and
linking theory to real-world applications in

renewable energy (P1, P4, P9, P10)

Participants highlight a more structured

approach  to  blending  theoretical
understanding with practical application,
emphasising conceptual mastery before

practice (P12, P15).

PjBL is seen as a pathway to make learners
self-reliant and contribute to national

development (P5).

Focused on preparing students to meet

national curriculum standards. (P15)

Strong emphasis on material scarcity (P2,

P3, P4)

Broader systemic and pedagogical barriers

(P13, P15, P16)

Time constraints linked to large class sizes
and balancing simultaneous learning (P1,

P5)

Time constraints tied to fitting PjBL into
fixed academic schedules while meeting

syllabus requirements (P19).

Some students are fast learners, while

others slow learners (P1, P6).

Varying levels of subject familiarity before

starting PjBL (P12, P19).

Improvement  suggestions focus on

acquiring modern equipment, better
resources, and industry partnerships (P8,

P10).

Improvement suggestions include setting
clear learning goals that support critical
inquiry, designing open-ended projects, and
securing from

policy-level  support

decision-makers (P11, P15).

Instructor readiness is another key difference. In Bangladesh, educators often lack training in PjBL

methods, whereas The Gambia has more structured (though underfunded) teacher training

programs. Finally, while both countries advocate for modernised labs, Bangladesh’s challenges

are exacerbated by larger systemic gaps in technical education, while The Gambia’s are more tied

to resource scarcity and sustainability of donor-driven projects.
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4.2 Answer the Research Questions

I.  What are the possible opportunities and challenges instructors face in implementing the
Project-based learning (PjBL) approach in teaching-learning renewable energy technology

at TVET institutions in Bangladesh and The Gambia?

Participants highlighted several key opportunities associated with implementing (PjBL) in
renewable energy education. First, PjBL effectively bridges the gap between theory and practice
by enabling students to apply their theoretical knowledge in real-world scenarios, such as
designing and simulating renewable energy systems such as solar and wind power, which enhances
their understanding of complex concepts, as mentioned by (P1, P9, P11, P15). Second, the student-
centered nature of PjBL fosters active engagement, collaboration, and problem-solving skills,
while the tangible outcomes of projects boost students' confidence and motivation (P10, P11, P12,
P13, P20). Third, PjBL prepares learners for the labor force by developing industry-relevant
competencies like teamwork, project management, and critical thinking, though it also
encouraging innovation and self-employment (P6, P8, P15, P19). Finally, hands-on experiences in
PjBL enhances deeper conceptual understanding and an a better maintaining of renewable energy
technologies, as the learners actively construct knowledge through practical applications (P1, P4,
P15). These advantages demonstrate PjBL's potential to transform renewable energy education by

making learning more enjoyable, relevant, engaging, and aligned with industry needs.

Despite its benefits, implementing Project-Based Learning (PjBL) in renewable energy education
there are several significant challenges. One of the major obstacle is that, varied preparedness
among students, where differences in prior knowledge and learning speeds create disparities in
their performance, which making it difficult to maintain a uniform pace of instruction (P1, P6, P9,
P19). Time constraints also pose critical challenge, as PjBL's extended project timelines often
conflict with rigid academic schedules, which is sometime unpredictable and leaving insufficient
time for thorough execution (P1, P5, P8, P10, P12). Additionally, resource limitations hinder
practical implementation, with high costs for essential materials like solar panels and batteries,
coupled with inadequate lab equipments in many institutions (P2, P3, P6, P7, P15). Compounding
this issue as lack of reliable internet access and outdated technology in some settings, further
restricting effective learning (P3, P10). Finally, insufficient funding and institutional support

present systemic barriers, limiting access to modern tools and infrastructure (P5, P11, P12, P14).
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In Bangladesh, these challenges are exacerbated by an outdated education system that lacks the
necessary framework to support PjBL adoption (P11). Addressing these obstacles will require
targeted solutions, including improved funding, resource allocation, and curriculum flexibility, to

fully realize PjBL's potential in renewable energy education.

i) What are the different statuses of using Project-based learning and the initiative
supporting the Project-based learning approach in teaching and learning Renewable

energy between Bangladesh and The Gambia?

The current status of PjBL implementation varies significantly between The Gambia and
Bangladesh. In The Gambia, some progress has been made through donor support from
organizations like the World Bank, EU, and GIZ, which have provided essential tools and materials
for PjBL initiatives (P2, P8). However, challenges remain due to the lack of formalized policies
and structured support systems, hindering more widespread adoption (P5, P8). In contrast,
Bangladesh faces more systemic barriers to PjBL implementation, including outdated curricula
and severe funding limitations (P11, P14). Despite these obstacles, there is potential for
improvement through targeted advocacy efforts aimed at engaging technical education boards to

drive policy changes (P11).

Several key initiatives and improvement strategies have been proposed to address these challenges.
External support plays a crucial role, with The Gambia benefiting from donor-funded equipment
provisions (P2), while Bangladesh currently relies on temporary solutions like student-made
projects for competitions due to resource constraints (P14). At the institutional level, three critical
actions are needed: comprehensive teacher training programs to enhance PjBL facilitation skills
(P13, P15); investment in modern laboratory facilities and stronger industry partnerships to ensure
relevance and resource availability (P1, P8, P10); and the development of clear policy guidelines
and assessment frameworks to standardize implementation (P8, P15). Curriculum design also
requires attention, with participants emphasising the significant of aligning projects to the relevant
industry requirements with incorporating open-ended issues that promote critical thinking, and
innovation (P15). These combined efforts could significantly strengthen PjBL adoption and

effectiveness in both countries' renewable energy education programs.

55



4.3 Study Findings

Key findings demonstrate that while PjBL is universally valued for enhancing practical skills,
innovation, and employability, common challenges persist. These include severe resource
limitations, time constraints is difficulties in balancing theory and practice, and varying student
readiness levels that complicate implementation, it related to these findings (Bin Adnan and Abdul

Rahman 2024b; Ishayati et al., 2025).

Resource constraints represent the most important barrier. In both Bangladesh and the Gambia,
inadequate laboratory facilities, scarcity of modern renewable energy equipment, and insufficient
funding undermine PjBL execution. Similar challenges are well documented in literature. In
Ethiopia, Asfaw (2024) noted that limited resources made PjBL difficult to sustain, forcing
teachers to rely on simulations rather than real equipment (Asfaw et al. 2024). In India, reported
that financial constraints restricted student projects to small-scale prototypes rather than full
industrial applications(Tagliacane et al. 2016). These parallels suggest that resource scarcity is a

structural challenge for PjBL in many low or middle-income countries.

Time constraints is another recurring challenge. In Bangladesh and the Gambia, rigid curricula
make it difficult to cover theoretical content, limiting the time available for in-depth project work.
Researchers in other contexts repeat this concern. For instance, observed in Malaysia that
balancing the curriculum requirements with project-based learning approach timelines often
resulted in incomplete projects (Ishayati et al. 2025). These findings illustrate a fundamental

tension between curriculum structures and the time-intensive nature of project work.

Student with diverse prior knowledge also complicate the implementations. Both Bangladesh and
the Gambia, diverse academic backgrounds and uneven technological literacy among students
hinders full participation in project work or even concentrating in class. This problem is widely
acknowledged elsewhere. Chiang and Lee (2016) in Taiwan found that weaker students often
disengaged during complex projects, while more advanced peers dominated group tasks (Chiang
and Lee 2016). Similarly in Ghana, Amedorme and Fiagbe (2013) emphasized the need for
scaffolding strategies to ensure that students with lower prior knowledge can still participate

meaningfully (Amedorme and Fiagbe 2013a).
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Systemic differences are evident in Bangladesh's national energy goals without corresponding
educational policies versus The Gambia's donor-dependent model with weak institutionalisation.
Industry engagement also differs, with The Gambia benefiting from stronger NGO partnerships

compared to Bangladesh's government-reliant infrastructure.

In Bangladesh context, the government has articulated ambitious national renewable energy goals,
as some participant mentioned during the interview, aiming to diversify the energy mix and expand
access. However, these goals are not adequately mirrored in the education system, where PjBL
adoption in TVET institutions remains fragmented and policy supportt is limited. Similarly, Guo et
al. (2020) described as the policy-practice gap, whereby national strategies are not translated into

coherent educational reforms (Guo, Saab, Lysanne S Post, et al. 2020b).

By contrast, the Gambia has adopted a donor-driven model, where PjBL is promoted through
externally funded initiatives. This dynamic is common in aid-dependent contexts. Thus, the
Gambia’s reliance on NGOs and donor agencies creates short-term opportunities but raises

questions about sustainability.

The findings reveal that while PjBL is universally valued for enhancing practical skills
competencies, innovation, and employability, its effective implementation remains a challenge.
Both Bangladesh and the Gambia face resource scarcity, time constraints, and student readiness
barriers that reflect experiences in other low and middle-income countries. However, systemic
differences show divergent pathways, like Bangladesh suffers from a policy practice gap, while
The Gambia relies on a donor-driven weakly institutionalization model. The engagement further
differentiates the two, with the Gambia benefiting from stronger NGO collaboration, whereas

Bangladesh’s approach remains largely government led.
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CHAPTER FIVE

Discussion, Improvement, Implications, Recommendations, and Conclusion of
Study

5.0 Discussion

The study reveals some significant potentials of (PjBL) that transform renewable energy education
for both the Gambia and Bangladesh, while simultaneously identifying key systemic challenges
that limit its effectiveness. Both nations recognise PjBL as an innovative, student-centered
approach that effectively connects the theoretical knowledge with practical applications,
developing critical thinking, technical competencies with workforce preparedness. These insights
resonate strongly with the broader body of literature, that’s consistently elaborates PjBL’s capacity
to enhance active learning and workforce readiness in both developed and developing country

contexts (J. W. Thomas, 2000a; Kokotsaki et al., 2016b).

Globally, PjBL is increasingly recognised as a pedagogy approach capable of bridging the
persistent gap between academic learning and professional practice. Immersing students in real-
word projects, PJBL supports collaboration, creativity, and problem-solving skill that are essential
in fast-evolving technical fields like renewable energy. Bell (2010) demonstrated PjBL is not only
improves cognitive outcomes but it’s also strengthens interpersonal skills which are critical for
professional adaptability (Bell 2010b). Likewise, a study highlight that PjBL allows students to
contextualise theoretical knowledge by applying it in practical, authentic environments, making it
relevant to renewable energy education, where hands-on experience with technologies such as

solar PV or wind systems is indispensable (Guo, Saab, Lysanne S Post, et al. 2020c).

It's comparable evidence from other low and middle-income contexts reinforc

es this conclusion. In Kenya, a study found that PjBL helped vocational students develop
entrepreneurial mindsets by solving community-level energy issues (Gideon, Chepkwony, and
Rop 2022), In Indonesia, a study demonstrated that renewable energy-focused PjBL projects not
only improved student learning but also delivered tangible social benefits in rural

communities(Sari et al. 2021). These examples underscore that PjBL is not only an instructional
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approach but also a driver of innovation with the potential to connect education to sustainable

development goals (United Nations Educational, Scientific, and Cultural Organization 2016).

Despite these opportunities, this study also confirms that systemic resource constraints. However,
substantial obstacles emerge from resource constraints, time constraints, including inadequate
laboratory facilities, insufficient funding, and lack of modern renewable energy equipment create
significant barriers. This aligns with broader research across Africa and Asia. For instance,
reported that Ethiopian TVET institutions struggled to maintain PjBL activities because of poor

infrastructure and lack of specialised tools (Asfaw et al. 2024).

Notable differences appear in policy frameworks and support systems (Auliyani, Arianto, and
Kholidya 2025). Bangladesh benefits from clear national renewable energy and targets (30% by
2040) that guide PjBL implementation, though institutional policies remain underdeveloped and
private sector involvement is minimal. However, Bangladesh has articulated ambitious national
renewable energy targets aiming to achieve by 30% of its energy supply from renewables by 2040.
These targets provide a strategic rationale for integrating PjBL into renewable energy education,
which is a signal for political commitment to the sector. However, the study reveals that
institutional-level policies to operationalize these goals within TVET remain underdeveloped,
leaving individual institutions without clear guidance on curriculum design, assessment, or
industry engagement. This policy practice gap is not unique to Bangladesh. A study highlight a
similar problem in Vietnam, where strong national energy policies were not adequately connected
to educational strategies, resulting in the separate adoption of PjBL in technical institutions

(Nguyen and Dinh 2019).

Conversely, The Gambia's initiatives rely heavily on international donor support, creating
emerging guidelines but raising concerns about long-term sustainability. As noted in Tanzania,
externally funded reforms often fail to become institutionalized once project funding ends (Vavrus
2009). Although donor engagement has facilitated the emergence of guidelines pilot programs in
the Gambia, but lack of robust government-driven frameworks makes the system vulnerable to

policy discontinuity and dependency.

Teacher preparedness presents another contrast, with Bangladesh facing significant gaps in
educator training for PJBL. Educators often lack both the pedagogical knowledge and the technical

expertise required to design, facilitate, and evaluate project-based activities. Also, in Ghana,
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Amedorme and Fiagbe (2013) stressed that without systematic professional development, teachers
struggled to integrate project methods into technical curricula (Amedorme and Fiagbe 2013b).
while The Gambia maintains more structured (though underfunded) professional development
programs. Instructors are offered targeted workshop opportunities through donor-funded

initiatives, which improves their confidence in facilitating PjBL.

5.1 Suggestions for improvement

Participants offered several key recommendations to enhance Project-Based Learning (PjBL) in
renewable energy education. P1 emphasised the need for well-equipped labs with modern
technological materials, ensuring students accesses up-to-date tools for hands-on learning. P8
suggested a multi-faceted approach, calling for institutions to provide more resources and training
for instructors, develop clear assessment guidelines, and foster industry partnerships to support
real-world projects and mentorship opportunities. Similarly, P10 stressed the importance of
modern technology and advanced equipment to align training with current industry standards and

facilitate more effective learning.

From a policy perspective, P11 highlighted the need for engagement with decision-makers, such
as the chairman or Director-General of technical education boards, to advocate for broader PjBL
adoption, particularly in Bangladesh, where systemic reforms are needed. P15 focused on
curriculum design, recommending that projects incorporate clear, measurable learning goals tied
to industry needs. They also advocated critical thinking and inquiry-based tasks, where students
analyse, synthesise, and evaluate solutions rather than simply replicating existing models. Open-
ended questions and opportunities for creative problem-solving were seen as essential for deeper

learning.

Collectively, these suggestions underscore the importance of modern infrastructure, institutional
support, industry collaboration, policy engagement, and well-structured project designs to

maximise the effectiveness of PjBL in renewable energy education.
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5.2 Implications

The study's findings carry several some essential implications for renewable energy education,
both The Gambia and Bangladesh. First, the lack of formal integration of (PjBL) in national
curricula poses a significant risk of inconsistent implementation across institutions in both
countries, potentially undermining the effectiveness of this pedagogical approach. Second, The
Gambia's heavy reliance on donor funding for PjBL initiatives raises serious sustainability
concerns, as these programs may struggle to continue without developing robust local funding
mechanisms. Third, workforce development faces substantial challenges, particularly in
Bangladesh where inadequate instructor training combines with outdated laboratory facilities to
create barriers to developing industry-relevant skills among students. Finally, the wide variation
in student preparedness levels exacerbates existing educational disparities, with resource-limited
settings being particularly vulnerable to these equity concerns. These implications highlight the
need for comprehensive reforms to ensure that an successful and equitable implementation of PjBL

into renewable energy educations across both nations.

5.3 Recommendations

To address these challenges, several recommendations emerge. Policy reforms should
institutionalize PjBL in technical curricula and align educational strategies with national energy
objectives. Sustainable funding solutions must be developed through public-private partnerships
and targeted investments in modern laboratory equipment. Capacity-building initiatives should be
prioritise comprehensive teacher training, particularly in Bangladesh, while fostering stronger
industry-academic collaborations. Regional cooperation holds additional promise through sharing

best practices, resource pooling, and joint training programs.

5.4 Conclusion

In conclusion, PjBL have emerged a transformative pedagogical model with particular promise
into TVET, especially in a fields lik, renewable energy where the integration of theory and practice
knowledge is vital. This study, which examined the challenge and opportunity of PjBL in
renewable energy training, Bangladesh and the Gambia, underscores its capacity to enhance active,

student-centered learning, enhance critical thinking, foster innovation, and equip learners with the
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technical competencies necessary for an increasingly dynamic global energy sector. However, it

also highlights systemic barriers that prevent the full realisation of these benefits.

The findings confirm that both countries recognize the values of PjBL in bridging the gap between
theoretical knowledge and industrial practice. Participants consistently emphasised its ability to
build problem-solving skills, enhance employability, and prepare graduates for the challenges of
real-world energy transitions. Yet, the study also reveals the extent to which contextual constraints,
like policy gaps, resource limitations, teacher preparedness, and structural dependencies continue

to hinder its effective implementation.

In Bangladesh, PjBL is positioned within a national context that is highly ambitious in terms of
renewable energy goals, with policy targets aiming for 30% renewable energy integration by 2040.
The absence of concrete institutional policies for embedding PjBL within curricula means that its
adoption remains fragmented and inconsistent. Teacher preparedness represents another
substantial barrier in Bangladesh. While the country has invested heavily in expanding TVET
access, professional development for instructors has not kept pace. Without adequate teacher

training, even well-resourced PjBL initiatives risk failing to achieve intended outcomes.

In contract, the Gambia faces a different structural challenge. The country benefits from relatively
strong engagement with non-governmental organizations (NGO) and donor-supported initiatives
that facilitate hands-on training in renewable energy. Participants emphasized the role of external
partnerships in providing equipment, materials, and sometimes even curricular frameworks. While
this donor engagement is invaluable in the short term, it raises critical concerns about long-term
sustainability. For the Gambia, the challenges lie not in recognizing the value of PjBL but in
embedding it into sustainable national policies, supported by consistent domestic financing and

institutional frameworks.

Despite these contextual differences, both Bangladesh and the Gambia grapple with common
challenges that resonate with global experiences. Particularly in terms of laboratory facilities,
modern equipment, and specialized tools. Where resource shortage has limited the capacity of
instructors to design and deliver authentic project-based experiences. And also, the varying student
readiness levels compound these difficulties. Students entering TVET institutions often bring

diverse educational backgrounds, which complicates the facilitation of collaborative, inquiry-
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driven projects. Where differences in prior knowledge create inequities in learning outcomes under

PiBL.

finally, PjBL represents a powerful educational approach for renewable energy training in both
countries, but its full potential remains constrained by systemic barriers. Bangladesh's primary
challenges involve policy development and teacher training, while The Gambia must address the
sustainability of donor-funded programs. Strategic investments in policy frameworks, sustainable
financing, and educator development are essential to realise PjBL's benefits. Collaborative
regional approaches and continued research into cost-effective implementation models will be
crucial for developing robust technical education systems that can effectively support the global

transition to renewable energy.
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APPENDIX 1: PART A
Interview Questions

(1) How long have you been teaching renewable energy technology or similar

subjects?
(2) How would you define project-based learning in your own words?

(3) What do you think are the main objectives of implementing PjBL in teaching

renewable energy technology (RET) compared to other methods you may know?

(4) How do you usually design or select projects for your students in renewable

energy technology or similar subjects?

(5) What are the potential benefits or advantages you see in using PjBL to teach

renewable energy technology or a similar technology course?

(6) In your opinion, how can PjBL help students gain practical skills needed in the

renewable energy technology sector?

(7) What challenges have you faced or do you anticipate in implementing PjBL in

your renewable energy classes or similar subjects?
(8) How do you handle these challenges, or what would you need to overcome them?

(9) Does your institution have any policies, guidelines, or initiatives to support PjBL

in teaching? (If yes, can you explain in detail?)
(10) Is there anything else you would like to add about your experience with PjBL

or suggestions for improvement?
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APPENDIX 2: PART B

Here’s a semi-structured interview/in-depth interview guide to explore the opportunities and
challenges instructors face in implementing a project-based learning (PjBL) approach in teaching
renewable energy technology or similar courses or topic at Technical and Vocational Education
and Training (TVET) institutions in Bangladesh and The Gambia. This guide includes a mix of
open-ended and specific questions aimed at gathering insights about the teaching environment,

resources, instructional methods, and the support available for PjBL.
Introduce yourself and the purpose of the interview.

Assalaamu alalikum Dear Participant, [ am Amadou Jallow from the Gambia. I am currently in the
final year of my master's program at the Islamic University of Technology (IUT). As part of my
master’s degree requirements, I need to conduct a research study to write a thesis. The purpose of
this interview is to gather insights for a research study I’m conducting as part of my thesis work. I
aim to deepen my understanding of the project-based learning (PBL) approach in teaching

renewable energy technology at your TVET institution.

Explain the confidentiality and voluntary nature of the interview.

I want to assure you that this interview is entirely confidential and voluntary. Any information you
provide will be used solely for academic purposes as part of my research thesis, and your identity
will be protected throughout the study. My goal is to create a comfortable and respectful

environment where your insights can contribute meaningfully to my research.

Request your consent to record the interview,

To help me accurately capture your insights, I would like to record our conversation. The recording
will be used strictly for reference purposes while I analyze the data for my thesis and will be kept
confidential. If you’re comfortable with this, may I have your consent to record our interview? All

answered yes.
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