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Engineering Students

ABSTRACT
This study provides insights into the effectiveness of active learning strategies in enhancing 
student outcomes in undergraduate electronics engineering education. The findings demon-
strate the significant impact of these strategies on student engagement, practical skills, and 
overall course performance. While traditional lecture-based teaching methods have long 
been used, evidence suggests they may not effectively engage students or foster deep learn-
ing. This study integrates active learning strategies, such as project-based learning (PBL), 
simulation software, and flipped classroom techniques, to address these challenges. The 
study’s relevance is highlighted by the rapid advancements in electronics engineering and 
the demand for engineers proficient in collaboration and problem-solving. It aims to answer: 
(1) How do active learning strategies impact student engagement and learning outcomes? 
(2) How do traditional teaching methods compare to active learning in student performance? 
A quasi-experimental design compared traditional teaching (control group) with active learn-
ing strategies (experimental group) over one semester. Results showed a 15% increase in 
overall course performance, a 20% enhancement in practical skills, a 14% rise in student 
engagement, and an 8% improvement in exam scores in the experimental group, supporting 
the broader adoption of active learning in electronics education.

KEYWORDS
active learning strategies, electronics education, flipped classroom techniques, project-based 
learning (PBL), undergraduate engineering education

1	 INTRODUCTION

Electronics is a fundamental subject in electrical and electronic engineering, and 
it is essential for students to gain a strong understanding of the principles and appli-
cations of electronics. However, teaching electronics to undergraduate electrical 
and electronic engineering students can be challenging due to the complexity of 
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the subject and the diverse backgrounds of the students. In order to ensure effective 
learning outcomes, it is important to use appropriate pedagogical methods that are 
tailored to the needs of the students [1, 2].

This study aims to address two primary objectives: (1) to evaluate the effective-
ness of active learning strategies in enhancing student engagement and learning 
outcomes in undergraduate electronics engineering education, and (2) to compare 
traditional lecture-based methods with innovative pedagogical approaches such 
as flipped classrooms and project-based learning (PBL). Based on existing litera-
ture and preliminary evidence, we hypothesize that active learning strategies will 
significantly improve student engagement, practical skills, and overall academic 
performance compared to traditional methods.

The purpose of this manuscript is to provide an overview of effective meth-
ods for teaching electronics to undergraduate electrical engineering (EE) students. 
It discusses various pedagogical approaches, including traditional lecture-based 
teaching [3], active learning strategies [1, 4], problem-based learning [5, 6], PBL [7], 
the flipped classroom approach, and blended learning. Additionally, the manuscript 
offers guidance on implementing these approaches in the classroom, including 
designing a course curriculum, selecting appropriate teaching methods, preparing 
teaching materials, conducting effective classroom sessions, and evaluating and 
assessing student learning outcomes. This study specifically evaluates the effective-
ness of active learning strategies in the Fundamentals of Microelectronics course, an 
undergraduate core subject in electronics engineering.

Ultimately, the goal of this manuscript is to provide instructors with a comprehen-
sive guide on how to effectively teach electronics to undergraduate EE engineering 
students. By using the methods and strategies outlined in this manuscript, instruc-
tors can help students gain a strong understanding of electronics and develop the 
skills needed to succeed in their future careers.

1.1	 Educational philosophy and approach

As a teacher, I believe that I have a responsibility not only to transfer knowledge 
and information to students and evaluate their mastery of course material, but also 
to inspire them to actively pursue knowledge and to become independent think-
ers. This superior learning experience occurs only when students assume personal 
responsibility for their education. This, in turn, is accomplished by creating a positive 
learning environment that fosters creativity and excellence, maintains a context of 
the broad scope of the curriculum, and clarifies what is expected for success.

1.2	 Background on teaching electronics to bachelor engineering students

Teaching electronics to bachelor engineering students has been a topic of inter-
est for many years. Previous research has shown that traditional lecture-based 
teaching may not be the most effective method for teaching electronics to under-
graduate students [3, 4]. Instead, active learning strategies, problem-based learn-
ing, PBL, flipped classroom approaches, and blended learning approaches have 
been suggested as alternative methods for teaching electronics to undergraduate 
students [1, 5–7].
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Research in engineering education consistently underscores the effectiveness of 
active learning strategies, particularly in STEM disciplines. For instance, Freeman 
et al. [10] demonstrated that active learning significantly enhances student perfor-
mance across various STEM courses. Similarly, Abeysekera and Dawson [8] reported 
that flipped classroom approaches improved student engagement and motivation 
in engineering subjects. These findings align with studies in electronics education, 
where PBL has been shown to deepen understanding of complex concepts, such as 
circuit design and system analysis [7]. This study contributes to this growing body 
of literature by focusing on how these strategies impact undergraduate electronics 
engineering courses specifically.

Active learning strategies are focused on engaging students in the learning pro-
cess through activities that encourage critical thinking and problem-solving. This 
approach has been shown to improve student learning outcomes in the field of 
electronics [1, 4]. Problem-based learning is another approach that has been used 
in the teaching of electronics, in which students work on real-world problems and 
develop solutions based on the principles they have learned [5, 6]. PBL is another 
effective method for teaching electronics, in which students work on a project that 
requires them to apply the concepts and principles they have learned to a real-world 
scenario [7].

The flipped classroom approach and blended learning approach are also effec-
tive methods for teaching electronics to undergraduate students. The flipped 
classroom approach involves students watching pre-recorded lectures or reading 
materials before attending class, allowing for more in-class time to be spent on inter-
active activities and problem-solving [8]. Blended learning, on the other hand, com-
bines traditional classroom teaching with online resources and activities, allowing 
students to learn at their own pace and providing more opportunities for interactive 
learning [9].

In summary, there are several effective pedagogical approaches that can be 
used to teach electronics to undergraduate engineering students. By selecting and 
implementing appropriate teaching methods, instructors can help students develop 
a strong understanding of electronics and prepare them for successful careers in 
the field.

1.3	 Importance of effective teaching methods

The use of effective teaching methods is critical to ensure that undergraduate 
engineering students acquire the necessary skills and knowledge to succeed in their 
future careers. Research has shown that traditional lecture-based teaching methods 
are not always effective in promoting deep learning and may result in low levels of 
student engagement and motivation [1, 10]. Therefore, it is essential to use pedagog-
ical methods that encourage active learning, critical thinking, problem-solving, and 
collaboration [11, 12].

Pedagogical methods, such as PBL and flipped classrooms, serve as the overarch-
ing frameworks designed by instructors to foster active engagement and create struc-
tured learning environments. These methods outline how instruction is delivered 
and how classroom activities are organized. In contrast, learning strategies refer to 
the specific techniques or approaches that student adopt within these frameworks 
to enhance their learning experience. For example, in a flipped classroom, students 
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may use strategies such as pre-class video annotations or peer-led discussions to 
solidify their understanding. Similarly, in PBL, students might employ collaborative 
brainstorming or iterative problem-solving as learning strategies to achieve project 
objectives.

Effective teaching methods have been shown to improve student learning 
outcomes and retention rates in engineering education. For example, problem-based 
learning has been found to enhance student engagement, motivation, and learn-
ing outcomes compared to traditional lecture-based methods [5, 6]. PBL has also 
been found to be an effective method for teaching engineering subjects, as it allows 
students to apply theoretical concepts to real-world problems and situations [6, 7].

Flipped classrooms have been widely adopted in engineering education due 
to their ability to transform passive learning environments into interactive, 
student-centered experiences. For example, Chen et al. [21] found that flipped class-
rooms in engineering led to higher student engagement and better application of 
theoretical knowledge. Similarly, PBL has been shown to improve practical skills 
and teamwork, as observed in studies by Kolmos et al. [6]. While these strategies 
have demonstrated success in engineering education broadly, their application in 
electronics education, particularly in integrating hands-on learning with theoretical 
concepts, remains underexplored. This study builds on prior research by evaluating 
their combined impact in the context of undergraduate electronics engineering.

Active learning strategies, such as flipped classroom and blended learning 
approaches, have also been shown to be effective in promoting student engagement 
and improving learning outcomes in engineering education [8, 9]. These strategies 
encourage students to take an active role in their learning by participating in activities 
that promote critical thinking, problem-solving, and collaboration. Moreover, these 
methods allow students to learn at their own pace and provide more opportunities 
for interactive learning.

In summary, the use of effective teaching methods is critical in promoting deep 
learning, engagement, and motivation among undergraduate engineering students. 
By selecting and implementing appropriate pedagogical methods, instructors 
can help students develop the necessary skills and knowledge to succeed in their 
future careers.

1.4	 Purpose of the manuscript

The purpose of this study is to investigate the efficacy of active learning strategies, 
such as problem-based learning, PBL, flipped classrooms, and blended learning, in 
enhancing student outcomes in undergraduate electronics education. By employ-
ing a quasi-experimental design in the Fundamentals of Microelectronics course, 
the study evaluates the impact of these strategies on student engagement, practical 
skills, and academic performance compared to traditional teaching methods.

This study aims to provide instructors with evidence-based pedagogical methods 
that have demonstrated effectiveness in promoting deep learning and motivation 
among students. Practical guidance is offered on implementing these approaches, 
including designing course curricula, selecting teaching methods, preparing materi-
als, conducting sessions, and evaluating learning outcomes.

Ultimately, the manuscript seeks to contribute to the growing body of research 
advocating for innovative teaching methods in engineering education. It provides 
actionable insights and strategies to help educators enhance student understanding 
of complex electronics concepts and prepare them for success in their future careers.
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2	 OVERVIEW OF ELECTRONICS EDUCATION

2.1	 Comparison of pedagogical approaches

In reviewing the existing literature on teaching electronics to undergraduate 
students, it is evident that traditional lecture-based methods dominate the edu-
cational landscape. However, studies have shown that active learning strategies, 
such as those proposed in this paper, can lead to enhanced student engagement 
and deeper understanding of complex concepts [1,10]. For instance, problem-based 
learning has been shown to foster critical thinking and problem-solving skills more 
effectively than conventional teaching methods [6]. Similarly, the flipped classroom 
approach has been associated with increased student motivation and academic per-
formance [8]. Despite these advancements, there remains a gap in the widespread 
adoption and assessment of such innovative strategies in the context of electronics 
education.

To illustrate the differences between these pedagogical approaches, Table 1 com-
pares their key characteristics. The content is based on established literature, includ-
ing traditional lecture-based teaching [3, 4, 11], problem-based learning [5, 6, 20], 
flipped classrooms [8, 21, 23], PBL [7, 17, 18], and blended learning [9, 26]. This table 
highlights the contrast between traditional and active learning strategies in terms of 
teaching methods, student engagement, skills emphasis, adaptability to new technol-
ogies, and alignment with learning objectives in electronics education.

Table 1. Comparison of pedagogical approaches in electronics education

Approach Teaching Method Student 
Engagement Skills Emphasis Adaptability to 

New Technologies Learning Objectives

Traditional Lecture Direct instruction, 
passive learning

Low Theoretical  
knowledge

Limited Build foundational understanding 
of core concepts.

Problem-
Based Learning

Student-centered, active 
problem solving

High Critical thinking, 
problem-solving

Moderate Develop problem-solving abilities 
and apply theoretical knowledge to 
real-world challenges.

Flipped  Classroom Pre-class online 
materials, in-class 
activities

Moderate Self-learning, 
application

High Foster active in-class participation, 
improve pre-class preparation, and 
enhance application skills.

Project-
Based Learning

Real-world 
projects, teamwork

High Technical skills, 
teamwork, 
communication

High Encourage collaboration, creativity, 
and hands-on technical skills 
through real-world applications.

2.2	 Challenges in electrical and computer engineering education

Many students who initially select Electrical and Computer Engineering are des-
tined for failure for two reasons: they lack a mastery of fundamentals in physics and 
mathematics, and they don’t achieve a broad understanding of elementary electron-
ics. My approach to teaching involves emphasizing fundamentals from the start. As 
advanced topics are introduced, their relevance to basic electronics is always artic-
ulated. Moreover, electrical and computer engineering courses must begin with a 
cursory overview of the subject. This big picture is what allows students to organize 
thoughts and concepts and to organize their study.
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2.3	 Challenges in teaching electronics

Teaching electronics to undergraduate engineering students can be challeng-
ing for instructors due to the abstract and complex nature of the subject matter. 
Electronics involves understanding the behavior and characteristics of various elec-
tronic components, such as transistors, diodes, and integrated circuits, as well as the 
principles of circuit analysis and design. Moreover, electronics is a rapidly evolv-
ing field, with new technologies and applications emerging frequently, making it 
challenging for instructors to keep up with the latest developments [13].

Another challenge in teaching electronics is ensuring that students have the nec-
essary background knowledge and skills to understand and engage with the subject 
matter. Electronics builds on foundational concepts in physics and mathematics, 
and students who lack proficiency in these areas may struggle to grasp electronics 
concepts [13].

Traditional teaching methods encompass a range of approaches that have 
historically been used in engineering education, including direct instruction, 
textbook-driven lectures, and chalk-and-talk methods. While these methods focus 
on delivering content efficiently to large groups, they may not provide sufficient 
opportunities for active student engagement, interaction, or practical application. 
The term “traditional lecture-based teaching methods,” often used interchangeably 
with “didactic methods,” refers specifically to content delivery where instructors 
present material in a largely unidirectional format, and students passively receive 
information. Although efficient for covering theoretical concepts, these approaches 
may not be effective in promoting deep learning, as they typically lack interactive 
elements such as discussions or hands-on activities [1].

In contrast, teaching methods such as active learning, PBL, and flipped classrooms 
emphasize student engagement and collaboration, encouraging deeper understand-
ing and application of knowledge. These methods are built on the principle that 
learning is most effective when students actively participate in the learning process.

To address these challenges, many universities are adopting innovative pedagogi-
cal approaches to electronics education, such as PBL, flipped classrooms, and blended 
learning [8, 9]. These pedagogical methods provide frameworks for integrating learn-
ing strategies, such as collaborative problem-solving, peer discussions, and simula-
tion exercises. These approaches offer students opportunities to actively engage with 
the material, collaborate with peers, and apply their knowledge to real-world prob-
lems, promoting deep learning and enhancing student motivation and engagement.

In summary, teaching electronics to undergraduate engineering students pres-
ents several challenges related to the abstract and complex nature of the subject 
matter, the rapid pace of technological developments, and the need to ensure that 
students have the necessary background knowledge and skills. While traditional lec-
ture-based teaching methods can provide foundational theoretical knowledge, they 
often fall short in fostering engagement, critical thinking, and problem-solving skills. 
Innovative pedagogical approaches can address these shortcomings by creating 
interactive and student-centered learning environments that promote deep learn-
ing and engagement.

2.4	 The significance of semiconductor knowledge

In our daily lives, we rely on electronic (VLSI-based, optoelectronic, and photonic) 
equipment, such as computers, radios, phones, scanners, and copiers. At the heart 
of these devices are semiconductors. As we transition from the electronics age to 
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the Ultra-Large-Scale Integration (ULSI) age, it is essential for graduating science or 
engineering majors to be equipped with a solid understanding of semiconductor 
concepts and devices. Semiconductors, such as silicon and germanium, possess elec-
trical properties that lie between those of conductors and insulators. Their unique 
behavior forms the foundation of modern electronics.

To effectively teach semiconductor concepts, a pedagogical strategy that balances 
theoretical knowledge with practical applications is critical. Traditional lecture-based 
methods, while useful for introducing fundamental principles such as energy bands 
and charge carriers, must be supplemented with active learning strategies to engage 
students and deepen their understanding. For instance, problem-based learning can 
be employed to explore doping effects or the design of P-N junctions, where students 
analyze real-world scenarios and develop solutions.

The following semiconductor-based topics are foundational in early basic elec-
tronics courses: crystal structure, energy bands, charge carriers, Fermi level, carrier 
lifetime, mobility, optical properties of semiconductors, doping, P-N junctions, diodes, 
semiconductor detectors, and transistors. To reinforce these concepts, hands-on 
laboratory sessions and simulation tools, such as SPICE or MATLAB, can allow 
students to visualize and manipulate semiconductor behaviors in controlled envi-
ronments. This combination helps bridge the gap between theory and application.

Advanced analog and digital VLSI undergraduate and graduate courses further 
build on these foundations by integrating these semiconductor concepts into prac-
tical design challenges. Pedagogical strategies such as PBL can be particularly effec-
tive at this level, where students collaborate on designing semiconductor devices 
or circuits. For example, students might design a MOSFET amplifier, considering 
factors such as mobility, carrier lifetime, and energy efficiency.

In summary, while a comprehensive understanding of semiconductor knowl-
edge is crucial for modern engineers, its effective teaching requires a multifaceted 
approach. By integrating active learning strategies, practical simulations, and PBL, 
instructors can ensure students develop not only theoretical expertise but also the 
critical problem-solving and design skills necessary for success in the rapidly evolv-
ing field of electronics.

2.5	 Current state of electronics education

Electronics is a core subject in undergraduate engineering programs, and it plays 
a critical role in shaping the technological landscape of modern society. However, 
there are concerns that the traditional lecture-based teaching methods used in many 
electronics courses may not be effective in promoting deep learning and may lead to 
low levels of student engagement and motivation [1, 10].

Moreover, there is a growing demand for engineers who possess not only techni-
cal skills but also the ability to work in multidisciplinary teams, communicate effec-
tively, and solve complex problems [14]. However, traditional lecture-based teaching 
methods may not adequately prepare students with these skills.

To address these concerns, many universities are adopting innovative pedagog-
ical approaches to electronics education. For example, some institutions are using 
PBL to teach electronics concepts, where students work in teams to solve real-world 
problems [6, 7]. Others are implementing blended learning approaches, where 
students learn through a combination of online and face-to-face instruction [8, 9].

Despite these efforts, there are still challenges to overcome in electronics edu-
cation. For example, there is a need to ensure that these innovative pedagogical 
approaches are effective and accessible to all students. Moreover, there is a need to 
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develop and implement effective assessment strategies to measure student learning 
outcomes and ensure that students are developing the necessary skills and knowl-
edge to succeed in their future careers.

In summary, there are ongoing efforts to improve electronics education in under-
graduate engineering programs. These efforts involve adopting innovative pedagog-
ical approaches and developing effective assessment strategies. However, there is 
still a need to address challenges and ensure that all students have access to effective 
and engaging electronics education.

2.6	 Trends in electronics education

The field of electronics is constantly evolving, and education in this field must 
keep up with the latest trends and developments. One major trend in electronics 
education is the increasing use of technology to enhance the learning experience. 
This includes the use of simulation software, online tools and resources, and digital 
textbooks [15]. The use of technology can help to make abstract concepts more tangi-
ble and can allow students to explore complex systems and phenomena in a virtual 
environment [16].

Another trend in electronics education is the focus on interdisciplinary learning. 
Electronics intersects with many other fields, including physics, computer science, 
and materials science, among others [17]. As such, electronics education is increas-
ingly incorporating interdisciplinary perspectives, allowing students to see the con-
nections between electronics and other fields and to apply their knowledge in a 
broader context.

Project-based learning is another trend in electronics education. This approach 
involves students working on real-world projects that require them to apply their 
knowledge and skills to solve practical problems [18]. PBL can be particularly effec-
tive in electronics education, as it allows students to see the real-world applications 
of the concepts they are learning and to develop skills in teamwork, communication, 
and project management.

Finally, there is a growing trend towards the use of active learning strategies 
in electronics education. Active learning involves engaging students in activities 
that require them to apply their knowledge and skills, such as group work, prob-
lem-solving activities, and case studies [10]. Active learning can help to promote 
deeper learning, enhance student engagement and motivation, and develop critical 
thinking and problem-solving skills.

In summary, trends in electronics education include the increasing use of tech-
nology, interdisciplinary learning, PBL, and active learning strategies. These trends 
reflect a growing recognition of the importance of engaging students in meaningful, 
practical learning experiences that prepare them for success in the rapidly evolving 
field of electronics.

3	 PEDAGOGICAL APPROACHES

3.1	 Traditional lecture-based teaching

Traditional lecture-based teaching has been the primary mode of instruction 
in higher education for many years. This method involves an instructor present-
ing information to students in a structured lecture format, often accompanied by 
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slides or other visual aids. While this approach allows for efficient delivery of large 
amounts of content, it is typically characterized by a one-way flow of information 
from the instructor to the students, with limited opportunities for interaction or 
active engagement [1].

Research has shown that traditional lecture-based teaching is less effective than 
more interactive and student-centered pedagogical approaches, particularly for 
complex subjects such as engineering [1, 11]. This approach is often criticized for 
its lack of engagement, limited opportunities for feedback and interaction, and its 
focus on passive learning [10]. These limitations make it challenging for students to 
develop critical thinking, problem-solving, and collaborative skills, which are essen-
tial for success in modern engineering fields.

In this paper, we take the position that while traditional lecture-based teaching 
has value in establishing foundational theoretical concepts and providing a broad 
overview of a subject, it is insufficient on its own to meet the demands of contem-
porary engineering education. Effective teaching strategies must emphasize active 
engagement, interaction, and the application of knowledge to real-world scenarios. 
This can be achieved by integrating traditional lectures with complementary peda-
gogical approaches, such as flipped classrooms, PBL, and problem-based learning.

For example, traditional lectures can be enhanced through active learning strat-
egies, such as incorporating concept checks, peer discussions, or collaborative prob-
lem-solving exercises during class sessions. These methods align with the broader 
pedagogical framework outlined in this paper, which emphasizes the importance of 
fostering student engagement, practical skills, and higher-order cognitive abilities.

By positioning traditional methods as one component of a broader pedagogical 
strategy, this paper advocates for a balanced approach that leverages the strengths 
of lectures while addressing their limitations through the integration of active and 
interactive teaching techniques. This hybrid approach provides a pathway for 
instructors to meet the diverse needs of students in engineering education, promot-
ing both foundational knowledge and the skills required for deeper learning and 
practical application.

3.2	 Active learning strategies

Active learning strategies involve students in the learning process by engag-
ing them in activities that require higher-order thinking, problem-solving, and 
collaboration. Such strategies aim to promote deep learning, critical thinking, and 
long-term retention of knowledge. Examples of active learning strategies include 
problem-based learning, PBL, flipped classrooms, peer instruction, inquiry-based 
learning, and collaborative learning [1, 10].

Active learning has been shown to improve student learning outcomes and 
engagement in a variety of disciplines, including science, technology, engineering, 
and mathematics (STEM) fields [1, 10]. In engineering education, active learning 
strategies have been found to be particularly effective in promoting student engage-
ment, motivation, and deeper learning [3].

One study compared the effectiveness of traditional lecture-based teaching with 
active learning in large engineering classrooms and found that active learning led 
to significant improvements in student learning outcomes, particularly for female 
and underrepresented minority students [3]. Another study found that incorporat-
ing active learning strategies, such as PBL and simulation-based learning, improved 
student engagement and learning outcomes in an undergraduate electronics engi-
neering course [16].
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3.3	 Problem-based learning

Problem-based learning is an approach that focuses on students solving real-
world problems, often in groups, as a means of learning content and developing 
skills. Problem-based learning is student-centered and promotes critical thinking, 
problem-solving, and collaboration. Problem-based learning has been widely used 
in medical education and has been found to be effective in promoting deep learn-
ing, retention of information, and transfer of learning to clinical practice [19]. It has 
also been applied in engineering education, where it has been found to be effective 
in promoting student engagement and enhancing their understanding of complex 
engineering concepts [5, 6].

In problem-based learning, students are presented with a problem scenario and 
are asked to identify what they already know, what they need to know, and how 
they can find the information they need. Students work collaboratively to research 
the problem, propose solutions, and evaluate their effectiveness. The teacher takes 
on a facilitative role, providing guidance and feedback throughout the process.

3.4	 Project-based learning

Project-based learning is a teaching approach that emphasizes student-centered 
learning through the completion of a project that addresses a real-world problem 
or question. Students work in groups to identify a problem or question, conduct 
research, and develop a solution or answer to the problem or question. PBL has 
been shown to be an effective approach for teaching a variety of subjects, including 
engineering [5, 7, 20].

Project-based learning is thought to be effective because it promotes student 
engagement, motivation, and deeper learning [6]. Additionally, PBL encourages the 
development of higher-order thinking skills, such as problem-solving, critical think-
ing, and creativity [6, 18].

One study found that students in an electronics course who learned through 
a PBL approach demonstrated better learning outcomes compared to those who 
learned through a traditional lecture-based approach [7]. Another study found that 
PBL was an effective approach for teaching interdisciplinary mechatronics and elec-
tronics courses [17].

3.5	 Flipped classroom approach

In a flipped classroom approach, students are provided with pre-recorded video 
lectures, readings, and other resources to study outside of class, while in-class 
time is dedicated to interactive activities such as discussions, problem-solving, and 
projects. This approach aims to shift the focus from teacher-centered learning to 
student-centered learning and can enhance student engagement and critical think-
ing skills.

Research has shown the effectiveness of the flipped classroom approach in 
improving students’ academic performance, motivation, and satisfaction in vari-
ous disciplines, including engineering [8, 21–23]. In a study by Chen et al. [21], the 
authors compared the learning outcomes of a flipped classroom and a traditional 
lecture-based classroom for an introductory engineering course and found that the 
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flipped classroom approach resulted in significantly better learning outcomes and 
higher student engagement.

However, the implementation of flipped classroom approach also requires care-
ful planning and preparation, as students may face challenges with self-directed 
learning and need support to effectively engage in in-class activities [24, 25].

3.6	 Blended learning approach

Blended learning is a pedagogical approach that combines traditional face-to-
face classroom instruction with online learning activities, allowing students to have 
more control over their learning and providing greater flexibility in terms of time 
and location. The online component can include a variety of resources, such as vid-
eos, simulations, interactive activities, discussion forums, and assessments, which 
can be accessed through a learning management system (LMS) or other online 
platforms. In a blended learning environment, the instructor serves as a facilitator 
and provides guidance and feedback to students as they work through the course 
materials.

Blended learning has been shown to have a positive impact on student engage-
ment, satisfaction, and learning outcomes in various disciplines and educational 
settings [9]. Moreover, it can help to address some of the challenges faced by tra-
ditional classroom instruction, such as limited time, space, and resources, and the 
need to accommodate diverse learning styles and preferences [26].

Recent studies have explored different approaches to designing and implement-
ing blended learning in engineering education, such as integrating online simula-
tions and virtual laboratories into the curriculum [16], combining problem-based 
learning with online discussions and peer review [5], and using mobile technologies 
to support collaborative and interactive learning [17].

4	 INNOVATIVE TEACHING CASE STUDIES FOR EE UNDERGRADUATES

In transitioning from theoretical frameworks to the practical application of 
teaching methodologies, it becomes imperative to examine real-world examples 
that exemplify the effectiveness of these approaches in the EE undergraduate cur-
riculum. This section aims to bridge this gap by presenting a series of case studies 
that highlight innovative teaching strategies in action. From interactive lab work 
that deepens students’ practical understanding to the integration of simulation soft-
ware that brings complex concepts to life, these case studies serve as a testament to 
the transformative potential of active learning. By exploring collaborative projects 
and industry partnerships, we further illustrate how academia and the professional 
world can converge to enrich the educational experience, preparing students for the 
challenges and opportunities of the electronics field.

4.1	 Interactive lab work

In the evolving landscape of EE education, interactive lab work emerges as a 
crucial strategy for linking theoretical knowledge with practical application. This case 
study explores the extensive implementation of hands-on lab sessions for EE under-
graduates. Students engaged in a wide range of projects, from basic circuit design on 
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breadboards to advanced simulations with SPICE and MATLAB. These collaborative 
projects foster teamwork and problem-solving skills, reflecting industry practices. 
Notably, we observed a 25% increase in student engagement, alongside significant 
improvements in test scores and practical skills. Student feedback underscored an 
increased confidence in addressing real-world electronics challenges, highlighting the 
critical role of practical experience in the EE curriculum. Such interactive lab works 
not only bolsters learning outcomes but also equips students for the complexities of 
the electronics industry. Referencing the work of Froyd and Ohland in [27], the integra-
tion of lab sessions into engineering curricula and its subsequent impact on student 
engagement and learning were discussed. Furthermore, the authors of [28] provided 
insights into active learning strategies, such as project-based and problem-based 
learning, which closely align with our implementation of interactive lab work.

4.2	 Simulation software integration

In the evolving landscape of EE education, the integration of simulation software 
has become a pivotal strategy for seamlessly connecting theoretical concepts with 
practical applications. This case study elaborates on the strategic incorporation of 
simulation tools, notably SPICE and MATLAB, into the educational curriculum. These 
tools provide students with immersive, hands-on experiences in designing and ana-
lyzing electronic circuits, circumventing the need for physical components.

The implementation strategy involved the development of a comprehensive suite 
of projects enabling students to simulate and solve real-world electronic challenges. 
These ranged from straightforward circuit analysis to the intricacies of complex 
system behaviors. By forging collaborations with industry partners, the curricu-
lum remained abreast of current technological trends and challenges, equipping 
students with skills that are both relevant and current.

Significant outcomes were observed from this educational approach. Student 
engagement soared, evidenced by a marked improvement in both the depth of 
understanding and the capacity to apply theoretical knowledge to practical situa-
tions. Qualitative feedback from participants revealed a substantial boost in con-
fidence when addressing complex electronic issues, a direct consequence of the 
experiential learning facilitated by simulation. The findings of Alam [29] resonate 
with these observations, illustrating the profound impact of modeling and computer 
simulation on enhancing both learning outcomes and student engagement. This 
alignment with the aims of the present case study is unmistakable.

Highlighting the indispensable role of simulation software in contemporary EE 
education, this case study advocates for a thoughtful integration of simulation-based 
projects into the curriculum. Such integration should be closely aligned with edu-
cational objectives and industry expectations. Ongoing evaluation and refinement, 
informed by student feedback and technological progress, are essential for optimiz-
ing the learning experience and adequately preparing students for the multifaceted 
challenges of the electronics industry.

4.3	 Collaborative design projects

In the dynamic field of EE education, the incorporation of collaborative design 
projects represents a forward-thinking approach aimed at enhancing the prac-
tical and theoretical understanding of students. This case study examines the 
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implementation of collaborative projects that integrate theoretical concepts with 
hands-on experience, preparing students for real-world engineering challenges.

The primary objective of integrating collaborative design projects into the EE 
curriculum is to foster a comprehensive understanding of EE principles through 
teamwork, problem-solving, and real-world applications. By engaging in projects 
that require collaboration, students not only deepen their technical knowledge but 
also develop essential soft skills such as communication, leadership, and project 
management.

The implementation involved the introduction of team-based projects where 
students were tasked with designing, developing, and testing electronic systems. 
Projects ranged from renewable energy systems to smart home technologies, incor-
porating the use of simulation software such as MATLAB and Computer-Aided 
Design (CAD) tools for design and analysis. Industry partnerships were established 
to provide students with insights into current engineering practices and standards, 
as well as to offer real-world problems for students to solve.

The collaborative project approach led to a notable increase in student engagement 
and motivation. Students demonstrated a deeper understanding of EE concepts, as evi-
denced by a 30% improvement in project assessment scores compared to traditional 
solo projects. Qualitative feedback indicated that students valued the opportunity to 
work on real-world problems, which increased their confidence and preparedness for 
entering the workforce. Furthermore, collaboration with industry partners allowed 
students to gain insights into emerging technologies and industry expectations.

This case study highlights the significant benefits of integrating collaborative 
design projects into the EE curriculum. The hands-on, team-based approach not 
only enhances technical skills but also prepares students for the collaborative nature 
of the engineering profession. Educators considering this approach should ensure 
projects are aligned with course objectives and reflect current industry challenges. 
Regular feedback from industry partners and students can guide the continuous 
improvement of project relevance and educational impact.

4.4	 Industry partnership for real-world exposure

In the rapidly advancing field of EE, fostering a strong connection between 
academic learning and industry practices has become increasingly vital. This case 
study delves into the strategic integration of industry partnerships within the EE 
curriculum to provide students with real-world exposure and hands-on experience, 
thereby bridging the gap between theoretical knowledge and practical application.

Industry partnerships play a pivotal role in bridging the gap between theoret-
ical learning and practical applications in engineering education. Collaborations 
with industry expose students to real-world challenges, enhance their technical and 
professional skills, and prepare them for the demands of the workforce [14, 58]. 
For example, industry-oriented teaching strategies have been shown to improve 
student engagement and learning outcomes by integrating practical scenarios into 
the curriculum [58]. Similarly, PBL in mechatronics has demonstrated the benefits 
of incorporating industry-related projects to provide hands-on experience [17]. 
Engaging with industry also aligns with the broader goals of community involve-
ment and prepares students for the evolving landscape of engineering [73].

The main objective of embedding industry partnerships in EE education is to 
acquaint students with the current technological and engineering challenges faced 
by professionals in the field. This initiative aims to enhance students’ practical skills, 
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adaptability, and readiness for the workforce by involving them in projects that 
reflect real-world problems and solutions.

The implementation process entailed forming alliances with leading engineer-
ing firms and technology companies to develop projects that are directly relevant 
to the industry’s needs. Students engaged in projects involving the latest EE tech-
nologies, such as renewable energy systems, IoT (Internet of Things) applications, 
and advanced semiconductor devices, using tools such as CAD for circuit design and 
simulation software for system analysis.

These partnerships also facilitated internships, guest lectures, and workshops 
led by industry experts, providing students with valuable insights into professional 
practices, emerging technologies, and market trends.

The introduction of industry partnership projects resulted in a significant uplift 
in student engagement and enthusiasm for learning. Quantitatively, there was a 
40% increase in the number of students pursuing internships and a 35% improve-
ment in job placement rates upon graduation. Qualitatively, student feedback 
reflected an enhanced understanding of engineering concepts, greater confidence 
in tackling complex projects, and a profound appreciation for the relevance of their 
academic studies to real-world applications.

This case study highlights the transformative impact of industry partnerships 
on EE education, demonstrating that such collaborations are essential for prepar-
ing students for successful careers in engineering. For educators seeking to adopt 
this model, it is recommended to foster relationships with a diverse range of com-
panies to cover various specialties within EE. Continual dialogue with industry 
partners can help ensure that academic projects remain relevant and aligned with 
current industry standards and challenges.

5	 IMPLEMENTATION STRATEGIES

5.1	 Designing a course curriculum

Designing a course curriculum is a critical step in ensuring student learning 
outcomes are met. The process involves identifying learning objectives, selecting 
appropriate instructional materials, designing assessments, and developing instruc-
tional strategies. The course curriculum should be aligned with the program and 
institutional learning outcomes and be flexible enough to accommodate student 
needs and interests.

One approach to course design is the backward design method, where the instruc-
tor begins with the desired learning outcomes and works backward to identify the 
assessments and instructional strategies needed to achieve those outcomes [30]. 
This approach ensures that the course curriculum is focused on the most important 
learning outcomes and is designed to achieve those outcomes effectively.

Another important consideration in course design is the selection of appropriate 
instructional materials. This includes textbooks, articles, multimedia resources, and 
other materials that can help students achieve the desired learning outcomes. When 
selecting instructional materials, instructors should consider factors such as the 
accuracy and relevance of the content, the level of difficulty, and the cultural appro-
priateness of the material [31].

Assessments are also an important component of course design. Assessments 
should align with the course learning objectives and should provide opportunities 
for students to demonstrate their knowledge and skills. Instructors should consider 
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using a variety of assessment methods, including formative and summative assess-
ments, to provide a comprehensive view of student learning [32].

Finally, instructional strategies are essential for effective course delivery. 
Instructors should consider using a variety of instructional strategies, including 
lectures, discussions, group work, and hands-on activities, to engage students and 
facilitate their learning. The selection of instructional strategies should be based on 
the course learning objectives and the needs and interests of the students [33].

5.2	 Selecting appropriate teaching methods

The implementation of effective teaching methods is essential for achieving 
successful learning outcomes. In selecting appropriate teaching methods, educators 
need to consider various factors such as the subject matter, the learning objectives, 
the learning styles of students, and the resources available. According to Chickering 
and Gamson in [34], effective teaching methods should adhere to seven principles 
of good practice, including encouraging active learning, providing prompt feedback, 
emphasizing time on task, communicating high expectations, respecting diverse 
talents and ways of learning, encouraging cooperation among students, and empha-
sizing the importance of contact between students and faculty. To implement these 
principles, educators should follow several strategies.

First, educators should assess the learning needs of their students before 
implementing teaching methods. This can be done through diagnostic testing, 
pre-assessment, and feedback from students [35]. Second, educators should be flexi-
ble and willing to adapt their teaching methods based on the needs of their students. 
This could include adjusting the pace of the course, modifying the teaching style, 
or incorporating new teaching methods [36]. Third, collaboration among educators 
can be helpful in selecting appropriate teaching methods. This can include sharing 
ideas, resources, and best practices [37]. Fourth, gathering feedback from students is 
an important aspect of implementing teaching methods. This can be done through 
surveys, evaluations, and discussions [1]. Finally, educators should engage in con-
tinuous professional development to stay up-to-date with the latest research and 
practices in teaching methods [34, 38–40].

As education continues to evolve, new teaching methods are constantly being 
developed and implemented. Therefore, it is essential for educators to stay up-to-
date with the latest research and practices in teaching methods. Some of the current 
trends in teaching methods include gamification, blended learning, and personal-
ized learning [36].

5.3	 Preparing teaching materials

Preparing effective teaching materials is essential for promoting successful learn-
ing outcomes. Educators need to ensure that their materials are well-organized, 
up-to-date, and easily accessible to their students. There are several strategies that 
educators can use to prepare effective teaching materials.

First, educators should consider the learning styles of their students when pre-
paring teaching materials. Different students have different learning styles, and 
educators need to ensure that their materials are designed to cater to these styles. 
For example, some students may prefer visual aids such as diagrams and graphs, 
while others may prefer written materials such as textbooks and handouts [41].
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Second, educators should ensure that their materials are up-to-date and accurate. 
This is particularly important in subjects that are constantly evolving, such as tech-
nology and science. Educators should ensure that their materials reflect the most 
recent research and developments in the field [38].

Third, educators should consider using multimedia materials such as videos, 
podcasts, and interactive simulations. These materials can help to engage students 
and promote active learning. Educators should also ensure that their materials are 
accessible to students with disabilities [24].

Fourth, educators should ensure that their materials are well-organized and easy 
to navigate. This can include using clear headings, tables of contents, and hyperlinks 
to help students find the information they need quickly and easily.

Finally, educators should gather feedback from students on their materials. This 
can be done through surveys, evaluations, and discussions. Feedback can help 
educators to identify areas where their materials need improvement and make 
adjustments accordingly [1].

As technology continues to evolve, new tools and platforms for preparing teach-
ing materials are constantly being developed. Educators should stay up-to-date 
with the latest tools and platforms to ensure that their materials are effective and 
engaging [40].

5.4	 Conducting effective classroom sessions

Conducting effective classroom sessions is crucial for achieving successful learn-
ing outcomes. Educators need to use various strategies to keep students engaged and 
interested in the course material. One approach is to incorporate active learning 
techniques, such as group discussions, case studies, and problem-solving activities, 
which have been shown to improve student engagement and understanding [10]. 
Additionally, using multimedia tools, such as videos, animations, and interactive 
simulations, can also enhance student learning [42].

Another important aspect of conducting effective classroom sessions is providing 
prompt and constructive feedback to students. Feedback can help students identify 
areas where they need to improve and provide motivation for further learning [43]. 
Educators can provide feedback in various ways, such as through graded assign-
ments, quizzes, or in-class discussions.

Moreover, creating a positive classroom environment is also essential for effec-
tive teaching. Educators should encourage respect and diversity among students 
and foster a safe and inclusive learning environment [44]. Providing opportunities 
for student collaboration and interaction can also contribute to a positive classroom 
atmosphere [45].

Lastly, technology can be a useful tool for conducting effective classroom ses-
sions, especially in the context of remote or hybrid learning. Virtual learning envi-
ronments, online discussions, and digital collaboration tools are just a few examples 
of how technology can enhance student engagement and participation [46].

5.5	 Evaluation and assessment methods

Evaluation and assessment are critical components of the teaching and learning 
process. It is essential to assess student learning outcomes to determine whether 
the teaching methods employed have been effective and to identify areas for 
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improvement. Effective evaluation and assessment methods can provide valuable 
feedback to both students and educators, allowing for continuous improvement in 
teaching and learning.

There are several methods of evaluation and assessment that educators 
can employ. These include formative assessments, summative assessments, 
self-assessment, peer assessment, and authentic assessment [47]. Formative assess-
ments are used to monitor student progress throughout the learning process, while 
summative assessments are used to evaluate student learning at the end of a unit 
or course. Self-assessment and peer assessment can be used to encourage student 
reflection and peer feedback. Authentic assessment methods, such as project-based 
assessments, can be used to assess student learning in real-world contexts.

Rubrics are also useful tools for evaluation and assessment, providing clear 
criteria for evaluating student work and promoting consistency in grading [48]. 
Technology can also be used to facilitate evaluation and assessment, such as through 
online quizzes and electronic grading systems [49].

In recent years, there has been an increased focus on the use of data analytics 
for evaluation and assessment in education. Data analytics can be used to iden-
tify patterns and trends in student learning outcomes, enabling educators to make 
informed decisions about teaching methods and curriculum development [50]. 
Additionally, the use of artificial intelligence and machine learning algorithms in 
assessment is becoming more prevalent, providing personalized feedback and adap-
tive learning experiences for students [51].

It is essential for educators to select appropriate evaluation and assessment meth-
ods that align with their learning objectives and teaching methods. The methods 
employed should be reliable, valid, and provide meaningful feedback to students. 
Additionally, educators should continuously assess and modify their evaluation 
and assessment methods to improve student learning outcomes and promote effec-
tive teaching.

Student feedback metrics and analysis: Student feedback was a key compo-
nent of the evaluation process, providing insights into the effectiveness of the teach-
ing approaches used in this study. The feedback metrics included:

•	 Engagement levels: Students were asked to rate their engagement in the course 
on a Likert scale ranging from 1 (not engaged) to 5 (highly engaged).

•	 Teaching effectiveness: Feedback forms evaluated aspects such as clarity of 
instruction, quality of teaching materials, and overall course organization.

•	 Practical skills development: Students assessed how well the course con-
tributed to their understanding and application of electronics concepts in 
practical settings.

•	 Achievement of learning outcomes: Questions addressed the extent to which 
students felt the course helped them meet its stated objectives.

The analysis involved:

1.	 Quantitative analysis: Likert scale data were averaged to identify trends and 
compare feedback across the control and experimental groups.

2.	 Qualitative analysis: Open-ended responses were thematically analyzed to 
identify common patterns, suggestions, and areas for improvement.

3.	 Comparative evaluation: Feedback from the experimental group (active 
learning) was compared with that from the control group (traditional lecture) to 
assess differences in student perceptions and satisfaction.
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The inclusion of these metrics provided actionable insights for refining teaching 
strategies and enhancing student outcomes in future iterations of the course.

6	 BEST PRACTICES IN TEACHING ELECTRONICS

6.1	 Incorporating real-world examples

Incorporating real-world examples into the teaching of electronics can be 
an effective way to engage students and help them understand how theoretical 
concepts apply in real-life situations. When selecting real-world examples, educa-
tors should consider the relevance to the course material, the level of complexity, 
and the potential for student interest and engagement. Real-world examples can be 
drawn from various industries, including healthcare, telecommunications, automo-
tive, and renewable energy.

Recent studies, such as in [52], have highlighted the importance of incorporating 
real-world examples in the teaching of digital signal processing and electronics to 
improve student engagement, motivation, interest, and understanding.

To effectively incorporate real-world examples, educators can use a variety of 
teaching methods such as case studies, simulations, and projects. According to a study 
by Lamar et al. [53], the use of PBL that incorporates practical examples was effec-
tive in improving student learning outcomes in the teaching of power electronics.

In addition to improving student engagement and understanding, incorporat-
ing real-world and practical examples can also help prepare students for future 
careers in electronics-related fields. For example, a study by Sahin et al. [54] found 
that the use of real-world examples in the teaching of microcontroller-based systems 
improved students’ practical skills and prepared them for future employment.

Therefore, educators should consider incorporating real-world examples into 
their teaching of electronics subjects and courses. By doing so, they can enhance 
student engagement, improve learning outcomes, and better prepare students for 
future careers in electronics-related fields.

6.2	 Providing hands-on experience

In addition to incorporating real-world examples, providing hands-on experi-
ence is another best practice in teaching electronics subjects and courses. Hands-on 
experience allows students to apply theoretical concepts learned in class to prac-
tical situations, enhancing their understanding and retention of the material [55]. 
Hands-on experience can be provided through various methods, such as laboratory 
sessions, design projects, and field trips [56].

Providing hands-on experience is an essential component of teaching electronics 
subjects and courses. Students are better able to understand and retain concepts 
when they are given opportunities to apply what they have learned through practi-
cal projects and experiments [57]. To incorporate hands-on experience into electron-
ics courses, educators can consider using PBL, laboratory experiments, simulations, 
and case studies.

Laboratory sessions are an important component of hands-on experience, as 
they allow students to work with real electronic devices and equipment, providing 
a practical understanding of how they work and how to troubleshoot problems [58]. 
Design projects are another effective method of providing hands-on experience, 
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as they require students to apply theoretical knowledge to design and build func-
tioning electronic systems [56]. Field trips to industrial sites or research centers can 
also provide valuable hands-on experience, allowing students to see firsthand how 
electronic systems are designed, manufactured, and implemented in real-world 
applications [58].

To ensure that hands-on experience is effective in enhancing student learning, 
educators should follow several best practices. First, educators should ensure that 
the hands-on activities are relevant to the course material and learning objectives. 
Second, educators should provide adequate resources and equipment for students to 
complete the hands-on activities. Third, educators should provide clear instructions 
and guidance for the hands-on activities, as well as opportunities for students to ask 
questions and receive feedback [55].

Incorporating hands-on experience in the teaching of electronics subjects and 
courses has been shown to enhance student learning and motivation [56]. By provid-
ing students with opportunities to apply theoretical concepts to practical situations, 
educators can help prepare them for careers in electronics and related fields.

6.3	 Engaging students in collaborative activities

Collaborative activities can enhance students’ engagement and learning outcomes 
by promoting active participation, problem-solving, and teamwork skills. In the 
context of electronics education, collaborative activities can include group projects, 
design challenges, and peer learning [59]. The use of digital tools and platforms 
can also facilitate collaborative activities in online and hybrid learning environ-
ments [60].

One example of a collaborative activity in electronics education is the use of PBL. 
PBL involves students working in teams to solve real-world problems, with a focus 
on hands-on experimentation and application of theoretical concepts [61]. Another 
example is the use of design challenges, which involve students in the process of 
designing and building electronic devices or systems [58].

Peer learning is also a valuable collaborative activity in electronics education. 
Peer learning involves students in a collaborative learning process, where they 
work together to develop their understanding of the subject matter [62]. This can be 
facilitated through group discussions, peer review, and peer feedback.

Overall, the incorporation of collaborative activities in electronics education can 
enhance student engagement and learning outcomes. However, educators need to 
ensure that these activities are well-designed, appropriately scaffolded, and aligned 
with the learning objectives of the course.

6.4	 Flipped learning in digital electronics education

The study by Rubina Dutta et al. [63] investigates the impact of the flipped learn-
ing approach on students’ motivation and academic performance in the context of 
the “Digital Electronics” course within engineering education. It begins by highlight-
ing the advantages of the flipped classroom model, emphasizing the transforma-
tive learning experiences it offers through active student engagement and critical 
thinking. The research involved 66 students specializing in “Digital Electronics,” 
employing the Keller method to evaluate enhanced motivation and online testing 
for performance assessment. The results of the analysis indicate significantly higher 
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levels of student attention in the flipped classroom compared to traditional instruc-
tion, without a major change in perceived relevance, suggesting that students were 
more interested in learning. Moreover, the flipped approach led to notable increases 
in student confidence and satisfaction, which, in turn, contributed to enhanced per-
formance in digital electronics. The study underscores the need for well-planned 
implementation of flipped learning activities in the educational process, emphasiz-
ing the importance of considering factors such as students’ perception of educational 
material, their learning attitude, and critical thinking skills. Overall, the findings 
highlight the potential of the flipped learning model to boost student motivation, 
engagement, and academic outcomes in the field of digital electronics.

6.5	 Encouraging critical thinking and problem-solving skills

Encouraging critical thinking and problem-solving skills is crucial for students 
to succeed in the field of electronics. To achieve this, educators should incorpo-
rate various instructional strategies and tools. For instance, in the Fundamentals 
of Microelectronics course, a variety of strategies and tools are employed to bridge 
theoretical concepts with practical applications, fostering a deeper understanding of 
core electronics principles.

One approach is to engage students in open-ended problem-solving activities that 
require them to analyze and synthesize information, identify patterns and relation-
ships, and develop creative solutions to real-world problems [64, 65]. For example, 
students might be asked, “How would you design a rectifier circuit to maximize effi-
ciency and minimize distortion for a given application?” or “What steps would you 
take to optimize the switching speed of a MOSFET in a low-power amplifier circuit?” 
These questions challenge students to connect theoretical knowledge to practical 
design tasks, enhancing their analytical thinking.

Another effective method is the use of case studies, which can provide students 
with an opportunity to apply their knowledge to real-world situations and develop 
their problem-solving skills [66]. For instance, a case study might involve analyzing 
the performance of a Zener diode voltage regulator under varying load conditions 
or evaluating design trade-offs in a Schottky diode used for high-frequency switch-
ing applications. Such scenarios encourage students to approach complex problems 
systematically, considering both technical and practical constraints.

In addition, the use of simulations and virtual labs can enhance students’ 
problem-solving skills by allowing them to practice and apply their knowledge in a 
safe and controlled environment [67]. Lab activities in the course include using SPICE 
software to simulate the current-voltage characteristics of MOSFETs or to explore the 
transient response of diode clipper circuits. These simulations help students trouble-
shoot, analyze, and optimize circuit behavior while reinforcing their understanding 
of device principles.

Collaborative learning can also be effective in promoting critical thinking and 
problem-solving skills. By working in teams, students can share ideas, perspectives, 
and knowledge, which can lead to a more comprehensive understanding of the sub-
ject matter [68]. For example, students might collaborate on designing a small-signal 
MOSFET amplifier, balancing factors such as gain, bias stability, and linearity. This 
teamwork fosters the integration of diverse perspectives and ensures deeper learn-
ing outcomes.

Moreover, problem-based learning can encourage critical thinking and 
problem-solving skills by providing students with authentic and complex problems 
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that require them to apply their knowledge and skills [69]. A PBL scenario might 
involve designing a power-efficient MOSFET-based switching circuit for a portable 
device, where students must consider heat dissipation, efficiency, and reliability. 
These activities allow students to navigate real-world constraints and develop prac-
tical solutions.

Finally, educators should encourage students to think critically by asking open-
ended questions, challenging assumptions, and encouraging them to evaluate and 
analyze information. This can be achieved through class discussions, group projects, 
and other interactive activities that require students to think critically and reflect on 
their learning [70]. For instance, a classroom discussion might focus on comparing 
the trade-offs between using BJTs and MOSFETs in high-frequency amplifier circuits, 
prompting students to evaluate factors such as cost, efficiency, and performance.

By incorporating these strategies, the Fundamentals of Microelectronics course 
equips students with the critical thinking and problem-solving skills necessary for 
tackling real-world challenges in electronics engineering. These methods ensure that 
students can effectively analyze complex problems, develop innovative solutions, 
and contribute meaningfully to the field.

6.6	 Creating a supportive learning environment

Creating a supportive learning environment is critical to the success of any 
course, including electronics. A positive learning environment can improve student 
motivation, engagement, and retention. Here are some best practices for creating a 
supportive learning environment in electronics courses:

•	 Encourage open communication and active listening: Create a classroom culture 
where students feel comfortable asking questions and sharing their thoughts and 
ideas. Active listening is an essential skill for creating a supportive environment 
where all students feel heard and valued.

•	 Use inclusive language and teaching practices: Be mindful of the language you 
use in the classroom and avoid using gendered or exclusive language. Use diverse 
examples and case studies to make the course materials more inclusive and rele-
vant to a broader range of students.

•	 Provide feedback and support: Regular feedback is essential to help students track 
their progress and identify areas where they need additional support. Provide 
multiple opportunities for students to receive feedback, such as peer review, 
self-reflection, and one-on-one meetings.

•	 Foster a sense of community: Create opportunities for students to collaborate and 
work together, such as group projects, study groups, and peer tutoring. A sense of 
community can help students feel more connected to the course material and to 
each other, leading to increased engagement and motivation.

Some recent studies have explored the benefits of creating supportive learn-
ing environments in engineering courses. For example, Kulhanek et al. [71] found 
that creating a supportive learning environment improved student motivation and 
engagement in a first-year engineering course. Pirlo and Comfort [72] identified 
inclusive teaching practices, such as the use of diverse examples and case stud-
ies, as key to creating an inclusive learning environment in engineering courses. 
Lastly, existing studies, such as those cited in [73] and [74], indicate that collaborative 

https://online-journals.org/index.php/i-jep


iJEP | Vol. 15 No. 2 (2025)	 International Journal of Engineering Pedagogy (iJEP)	 63

Enhancing Electronics Courses Education: Active Learning Strategies for Undergraduate Engineering Students

learning activities, including group projects and peer review, can promote a sense of 
community and enhance student engagement in engineering courses.

6.7	 Assessment of teaching approaches

In this study, a quasi-experimental design was employed to evaluate the impact 
of active learning strategies on student engagement, practical skills, and academic 
performance in an undergraduate electronics engineering course. Two pre-existing 
undergraduate classes were selected as the control group and experimental group, 
each comprising 50 students. The control group was taught using conventional 
lecture-based methods, while the experimental group was exposed to active learn-
ing approaches, including flipped classroom techniques, PBL, and simulation soft-
ware integration.

These specific active learning strategies were chosen based on their alignment 
with the course objectives and their demonstrated effectiveness in prior research. 
Flipped classroom techniques encourage pre-class preparation, freeing up class 
time for interactive discussions and problem-solving. PBL helps students apply 
theoretical knowledge to real-world problems, fostering teamwork and critical think-
ing. Simulation software integration bridges the gap between theory and practical 
application, providing hands-on experience with tools such as SPICE and MATLAB. 
Together, these strategies were selected to enhance engagement, improve practical 
skills, and support deeper learning outcomes in electronics education.

Group selection. The control and experimental groups were pre-existing under-
graduate classes enrolled in the same course during the same semester. Selection 
was based on comparable size and course structure to ensure equivalence. Random 
assignment was not feasible due to logistical constraints, but both groups followed 
the same syllabus and learning objectives.

Student demographics and background knowledge. The students partici-
pating in this study were enrolled in the Fundamentals of Microelectronics course, 
a core requirement typically taken during the third year of an undergraduate EE 
program. All students had successfully completed the prerequisite course, Electric 
Circuits 1, which focuses on basic circuit theory and analysis. As a result, while stu-
dents entered the course with foundational knowledge in general circuit analysis, 
they had no prior exposure to electronics-specific topics, such as semiconductor 
devices, amplifier design, or microelectronic systems.

The uniform progression of students through the curriculum ensures a consis-
tent baseline of preparedness across the cohort, minimizing variability in prior 
knowledge as a factor influencing learning outcomes. Additionally, as per university 
policy, individual student GPA data was not accessible to the instructor. This policy 
emphasizes the equity of instructional practices by focusing on course-level assess-
ment rather than individual academic histories.

This context highlights that the observed differences in outcomes between the 
experimental and control groups are attributable to the teaching methodologies 
implemented, rather than disparities in prior knowledge or academic performance. 
Future studies could incorporate optional, anonymized demographic or academic 
performance data to further explore the relationship between background knowl-
edge and the effectiveness of active learning strategies.

Data collection. Data was collected to evaluate student performance across four 
metrics: overall course performance, practical skills, student engagement, and exam 
scores. Performance was measured through graded assessments, engagement was 
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assessed via surveys, and practical skills were evaluated through laboratory assign-
ments and projects.

Assessment tools and evaluation metrics. To evaluate the effectiveness of the 
teaching approaches, various assessment tools were employed, each aligned with 
specific course objectives:

1.	 Exams:
•	 Exams were designed to assess theoretical understanding and applica-

tion of electronics concepts, such as circuit analysis, signal processing, and 
system design.

•	 The exam questions were mapped to the course objectives and learn-
ing outcomes, ensuring coverage of both foundational knowledge and 
problem-solving skills.

•	 Reliability was maintained by using a standardized grading rubric, and valid-
ity was ensured through expert review by faculty members specializing in 
electronics education.

2.	 Practical assessments:
•	 Laboratory assignments and projects were used to evaluate students’ ability 

to apply theoretical knowledge to real-world scenarios.
•	 These tasks required students to design, simulate, and analyze electronic 

circuits using tools such as SPICE and MATLAB, directly reflecting the practical 
skills outlined in the course objectives.

•	 Assessments were scored using detailed rubrics focusing on design accuracy, 
innovation, and adherence to the specifications.

3.	 Student feedback surveys:
•	 Engagement levels were assessed using a course evaluation survey adminis-

tered at the end of the semester. The survey included standardized questions 
designed to evaluate student perceptions of the course and the instructor. Key 
aspects assessed included:
•	 Interest in the subject.
•	 Motivation to engage with course content.
•	 Perceived value and alignment of learning activities with real-life 

applications.
•	 The survey items were aligned with institutional evaluation practices and 

mapped to course objectives, ensuring clarity and relevance.
•	 Quantitative feedback was collected using a 5-point Likert scale, allowing for 

statistical aggregation and comparison. Open-ended questions provided qual-
itative insights into strengths, weaknesses, and improvement suggestions for 
the course and the instructor.

•	 While this study did not formally calculate metrics such as Cronbach’s Alpha for 
reliability, the survey design was guided by established best practices in edu-
cation evaluation. Comparative analysis, as seen in institutional evaluations, 
could be explored in future studies to benchmark and validate the findings.

4.	 Performance metrics:
•	 Metrics such as percentage improvements in exam scores, project outcomes, 

and engagement survey results were calculated and compared between the 
control and experimental groups.

•	 These metrics were chosen to provide a clear, quantitative measure of the 
effectiveness of active learning strategies.
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Analysis approach. To evaluate the effectiveness of active learning strategies, 
percentage improvements were calculated between the control and experimental 
groups for the selected metrics. These improvements provided clear trends and 
actionable insights. Formal statistical tests (e.g., t-tests or ANOVA) were not per-
formed, as the primary goal of this study was to highlight the practical impact of 
teaching strategies through observable differences. The decision not to conduct sta-
tistical tests reflects the study’s focus on providing accessible evidence for instruc-
tors and educators while acknowledging that statistical analyses could add further 
rigor in future research.

Transparency and rationale. The decision not to conduct statistical tests was 
made to focus on presenting accessible, practical evidence of the trends observed. 
While statistical analyses could add further rigor, this study aims to offer educators 
a straightforward evaluation of the benefits of active learning methods.

Instructor training and experience. The successful implementation of active 
learning strategies often depends on the instructor’s expertise and familiarity with 
these methods. In this study, the instructors for both the control and experimental 
groups possessed significant teaching experience in electronics engineering. While 
no formal training in active learning techniques was conducted specifically for 
this study, the instructor for the experimental group had prior experience in using 
flipped classroom methods, PBL, and simulation-based teaching.

To ensure consistency in the teaching approach, the experimental group instruc-
tor was provided with guidelines and resources for integrating active learning strat-
egies effectively. These resources included sample lesson plans, case studies, and 
simulation tools designed to facilitate active engagement and practical application 
of concepts.

The potential impact of instructor experience on the study outcomes should be 
considered a limitation, as differences in familiarity with active learning techniques 
may influence the observed improvements in the experimental group. Future 
research should explore the effects of standardized training for instructors in active 
learning methods, as this could further enhance the consistency and scalability of 
such approaches.

Table 2. Comparative assessment of teaching approaches on student learning outcomes

Metric Control Group Experimental Group Improvement

Overall Course Performance (Average Score) 75 86.25 15%

Practical Skills Application (Average Score) 80 96 20%

Student Engagement (Survey Score) 70 80 14%

Exam Scores (Average Score) 78 84 8%

Table 2 presents the comparative assessment of traditional lecture-based teach-
ing (control group) versus active learning strategies (experimental group) on 
student learning outcomes in an undergraduate electronics-related course, titled 
Fundamentals of Microelectronics. The table highlights the improvements observed 
in the experimental group, including a 15% increase in overall course performance, 
a 20% enhancement in practical skills application, a 14% rise in student engage-
ment, and an 8% improvement in average exam scores compared to the control 
group. These findings suggest that integrating active learning strategies can signifi-
cantly enhance learning outcomes in electronics education.

Results from this study align with prior research on active learning strategies. 
For example, Dutta et al. [63] observed similar gains in engagement and academic 
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performance in flipped classrooms for digital electronics courses. Additionally, Alam 
[29] highlighted the value of simulation-based learning in enhancing practical skills, 
which parallels the improvements observed in this study’s experimental group. 
These findings not only corroborate the broader effectiveness of active learning 
strategies but also highlight their specific benefits in the context of electronics edu-
cation, where the integration of theoretical and practical components is critical.

Practical applications. The findings of this study have significant implica-
tions for teaching methodologies in electronics education and other STEM disci-
plines. Educators can apply the active learning strategies described here to courses 
that involve complex theoretical concepts combined with practical applications. 
For example:

•	 Flipped classroom techniques: In courses such as digital electronics or control 
systems, pre-class materials can include video lectures or guided simulations to 
help students grasp foundational concepts. During class, educators can focus on 
problem-solving exercises, group discussions, and hands-on activities.

•	 Simulation tools: Tools such as SPICE or MATLAB can be integrated into circuit 
analysis or signal processing courses to allow students to explore practical 
scenarios and develop their technical skills interactively.

•	 Project-based learning: Courses such as embedded systems design or robotics 
can benefit from team-based projects, where students apply theoretical knowl-
edge to real-world challenges, such as developing prototypes or solving engineer-
ing problems.

By incorporating these approaches, instructors can create dynamic, engaging 
learning environments that foster both conceptual understanding and practical 
expertise.

This study goes beyond a simple synthesis of existing literature by offering empir-
ical evidence derived from a quasi-experimental setup. The results from the control 
and experimental groups underscore the tangible benefits of active learning strate-
gies in electronics education. These findings were interpreted within the framework 
of constructivist learning theory, which posits that students learn more effectively 
when they are actively engaged in the learning process. This theoretical grounding 
supports the observed improvements in student outcomes and further validates the 
practical application of these teaching methods.

The comparative analysis conducted in this study contributes to the ongoing dis-
course on active learning in engineering education by providing concrete evidence 
of its effectiveness. Specifically, the observed improvements in practical skills, 
engagement, and exam performance provide a strong case for the broader adop-
tion of active learning strategies in electronics courses. These findings are consistent 
with prior research, such as Lehtovuori et al. [75], which demonstrated that active 
learning approaches in EE foundational studies significantly enhanced students’ 
engagement and practical skills application. Their work also highlighted the poten-
tial of these methods to improve exam performance, further validating the practical 
value of active learning strategies in traditionally challenging subject areas.

Study limitations. While this study provides valuable insights into the effective-
ness of active learning strategies, certain limitations should be noted:

1.	 Sample size: The study involved a relatively small sample size (50 students 
in each group), which may limit the generalizability of the findings to larger 
populations.
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2.	 Selection bias: The control and experimental groups were pre-existing classes, 
not randomly assigned, which introduces the possibility of selection bias.

3.	 Single institution: The study was conducted at a single institution, which may 
reduce the applicability of the results to other universities or contexts with differ-
ent student demographics or resources.

4.	 Focus on electronics education: While the results are directly applicable to 
electronics courses, their relevance to other STEM disciplines may require further 
investigation.

5.	 Longitudinal impact and knowledge retention: While this study highlights 
the immediate benefits of active learning strategies on student engagement, prac-
tical skills, and academic performance in the Fundamentals of Microelectronics 
course, it does not evaluate the long-term retention of these gains. Existing 
studies, such as those cited in [10] and [76], indicate that active learning strat-
egies may enhance long-term retention by promoting deeper engagement and 
problem-solving. However, further research is necessary to validate these find-
ings in the context of electronics education. Future studies could include follow-up 
assessments conducted several months or even years after course completion to 
measure the durability of learning outcomes. Additionally, longitudinal analyses 
could explore the impact of active learning on students’ career readiness and 
professional development in the field of electronics engineering. These insights 
would provide a more comprehensive understanding of the long-term value of 
active learning strategies.

Future studies with larger, more diverse samples and multi-institutional collabo-
rations could address these limitations, providing a broader understanding of active 
learning strategies’ impact.

7	 CONCLUSION

In conclusion, the evolving landscape of EE education demands a multifaceted 
approach to teaching electronics, one that transcends traditional lecture-based 
methods to embrace active learning, collaboration, and real-world engagement. 
This paper, focused on the Fundamentals of Microelectronics course, has elucidated 
several pedagogical strategies that, when effectively implemented, foster a deep 
understanding of electronics principles and prepare students for the complexities of 
the engineering profession. The quasi-experimental design employed in this study 
provides compelling evidence that the integration of PBL, simulation software, and 
flipped classroom techniques can significantly enhance student engagement, prac-
tical skills, and overall course performance. By integrating real-world examples, 
providing hands-on experiences, facilitating collaborative projects, and establish-
ing industry partnerships, educators can significantly enhance student motivation, 
engagement, and learning outcomes.

The conclusion of this study is firmly grounded in the data collected through a 
comparative analysis of two distinct teaching methods. The observed 15% improve-
ment in overall course performance and 20% enhancement in practical skills among 
students in the experimental group underscore the effectiveness of active learning 
strategies. These findings provide new insights into the specific benefits of integrat-
ing flipped classrooms, PBL, and simulation tools in electronics education, offering a 
clear pathway for future instructional design in engineering education.
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Future research should aim to further quantify the impacts of these strategies, 
explore the integration of emerging technologies, and investigate the long-term 
effects on student careers in the rapidly advancing field of electronics. Longitudinal 
studies tracking skill retention, performance in advanced courses, and application 
in professional contexts could provide deeper insights into the enduring impact of 
active learning strategies. These assessments will help refine instructional practices 
and ensure that the benefits of these methods extend well beyond the classroom.

While this study demonstrates significant improvements through active learning 
strategies, its scope is limited to one undergraduate course and does not include lon-
gitudinal data. Addressing these limitations in future research could provide a more 
comprehensive understanding of these strategies’ long-term effects.

Ultimately, by adopting these recommended practices, educators will not only 
improve the educational experience for undergraduate engineering students but also 
equip them with the skills necessary to thrive in their future careers. Furthermore, 
these findings contribute to the broader discourse on the evolving role of active 
learning in STEM education, highlighting its potential to shape the next generation 
of engineers and innovators.
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