Journal of Engineering Education Transformations ,
Volume 38 , No.1, July 2024, ISSN 2349-2473, eISSN 2394-1707

10.16920/jeet/2024/v38i1/24177

Fostering Higher-Order Thinking: Pedagogical Strategies

in Engineering Education

Kallol Bhaumik', S. Sudhakara Reddy’, AvikDatta’, Gollapudi Ismayel’, B. Mabu Sarif’
'Department of Interdisciplinary Courses in Engineering, Chitkara University Institute of Engineering and Technology (CUIET),

Chitkara Univeristy, Punjab

*Department of Mechanical Engineering Mahaveer institute of science and technology, Hyderabad -500005
“*Malla Reddy Engineering College & Management Sciences, Telangana, INDIA

*Swami Vivekananda University, West Bengal, INDIA
'kallolbhaumik 1 9@gmail.com
*saripallisudhakar@gmail.com,
*avikduttal985@gmail.com

‘gismayel2 14@gmail.com

*gsn.bms786@gmail.com

Abstract: This paper aims to underscore the pivotal
role of higher-order thinking skills (HOTs) within
engineering education, recognizing their fundamental
importance for students in this domain. In an era
defined by rapid technological advancements and
continual change, the imperative for engineering
educators is to equip students with the requisite
abilities to thrive in today's landscape. Meeting this
challenge necessitates innovative pedagogical
approaches aligned with contemporary teaching and
learning paradigms. Consequently, this paper
introduces a comprehensive framework comprising
six distinct teaching-learning strategies designed to
cultivate crucial attributes in engineering students.
These strategies focus on nurturing creativity and
critical thinking, fostering collaborative learning
environments, harnessing teaching as a learning tool,
incorporating thematic-based case studies for
enhanced comprehension, facilitating group-based
learning opportunities, and refining communication
skills alongside effective problem-solving
techniques. Together, these methodologies form an
integrated educational strategy that not only enhances
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students' cognitive capacities but also addresses the
interpersonal and adaptive skills crucial for success in
the intricate and ever-changing realm of engineering.
As engineering education navigates the modern
landscape, these outlined methodologies serve as a
guide for instructors to empower their students with
the multifaceted proficiencies demanded by today's
evolving technological sphere.

Keywords: Higher-order thinking skills (HOTs);
Cooperative Learning; Critical thinking; Engineering
education; Pedagogical methodologies; Problem-
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1. Introduction

In the realm of STEM (Science, Technology,
Engineering, and Mathematics) education,
engineering stands as a pivotal discipline, integral to
technological advancement and innovation. The
efficacy of engineering education institutions in
nurturing effective teaching and learning experiences
is of paramount importance, driving the focus on
refining pedagogical practices (Zaher, A. A., &
Damaj, 1. W., 2018; Juric, P., Bakaric, M. B., &
Matetic, M., 2021; Heller, N., & Bry, F., 2019; Larkin,
T. L., 2017; Davila Guzman, N. E., Tiempos Flores,
N., Maya Treviflo, M. D. L., Sanchez Vazquez, A. 1.,
& Cerino Cordova, F. D. J., 2019). A host of studies
delve into the effectiveness of diverse courses aimed
at fostering higher-order thinking skills (HOTs) to
enhance students' academic accomplishments (Chae,
Soo Eun, & M. Lee., 2019; Huang, Yueh-Min, Lusia
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Maryani Silitonga, & Ting-Ting Wu., 2022; Yang, Z.,
2019). These skills hold particular significance in
engineering education, prompting the integration of
active learning methodologies that cultivate students'
cognitive capabilities (Marcela Hernandez-de-
Menéndez, Antonio Vallejo Guevara, Juan Carlos
Tudon Martinez, Diana Hernandez Alcantara, &
Ruben Morales-Menendez., 2019). However, the
endeavor to stimulate higher-order thinking skills,
which interweave scientific knowledge, design
processes, and critical thinking, is riddled with
challenges (Yu, Kuang-Chao, Pai-Hsing Wu, & Szu-
Chun Fan., 2020).

The crux of the challenge within engineering
education lies in the facilitation of meaningful and
impactful learning encounters, accelerating students'
preparedness for modern engineering practice.
Herein, innovative strategies for teaching and
learning emerge as indispensable tools for
engineering educators. It's vital to comprehend that
the symbiotic relationship between teaching and
learning practices underpins effective pedagogies,
necessitating a profound understanding of how
engineering students absorb knowledge (D. H.
Cropley, E. Sitnikova, et al., 2005). Moreover,
recognizing the diversity in learning styles among
engineering students becomes pivotal, underscoring
the need for instructional approaches that
accommodate varied preferences (J. Dewey, 1938).
The alignment between teaching methods and
learning styles emerges as a pivotal factor in
bolstering comprehension, retention, application of
information, and fostering positive attitudes towards
subjects (R. M. Felderand L. K. Silverman, 1988).

While the aspiration is to harmonize teaching
practices with individual learning styles, the inherent
complexity of learning needs and individuality
renders absolute alignment challenging. However, the
journey towards this ideal persists, driven by the goal
of refining teaching methodologies that seamlessly
bolster engineering practice and hands-on
engagement within classrooms. Diverse teaching and
learning methods bring distinct perspectives to
information delivery, absorption, and processing,
each endowed with unique strengths and limitations (
R. M. Felder and R. Brent, 2005). The richness of an
educational experience is enhanced by students'
exposure to a variety of these methods, which we will
explore within this paper.

This paper consists of three major parts. The first

Higher Order Thinking Skills
{HIOTs)

Fig. 1 : Updated Version of Bloom's Taxonomy
for the Cognitive Domain.

part is the higher-order thinking skills, followed by the
methods for enhancing learning and the last part
presents effective teaching techniques and their
impact on student learning.

2. Higher-order Thinking Skills

The cognitive process of resolving complicated
issues and making judgments in order to come up with
fresh concepts is referred to as higher-order thinking
skills (HOTs). The updated Bloom's taxonomy by
Krathwohl (Krathwohl, D. R., 2002) presented a
framework for categorizing claims made by
instructors about what they want or anticipate pupils
to acquire during the learning process. Figure 1
illustrates the lower-order thinking skills (LOTS)
(remembering, understanding, applying) and HOTs
(analyzing, evaluating, and creating) that makeup
Bloom's taxonomy's cognitive domain. Of course,
basic thinking skills are emphasized internationally
and are now a main area of instruction in many
classrooms. Three areas of HOTs are analyzing,
evaluating, and creating. In analysis, students can
break down a problem into its component parts and
determine how those parts relate to one another. In
evaluating, they can judge a problem based on criteria
and standards by looking at its material properties.
The problem-solving and critical thinking abilities
that employers highly value in all professions and are
essential for future success can be promoted by HOTs
(Liu, Dongping, & Hai Zhang., 2022; Akhyar, M.,
2020). Numerous instructional design interventions
that include student engagement have been employed
to promote HOTs using a variety of learning
strategies. Collaboration was the only learning
component that had both direct and indirect impacts
on HOT, according to one research (Lu, Kaili, Feng
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Pang, & Rustam Shadiev., 2021). Additionally, when
students are faced with application, analysis, and
assessment difficulties and must construct or create a
solution that is of the highest cognitive level, an
inductive reasoning method can improve students'
HOTs (Binti Misrom, N., Muhammad, A., Abdullah,
A.,Osman, S.,Hamzah, M., & Fauzan, A., 2020).

Engineering students need HOTs because they
help them think critically, analyze challenging
situations, and come up with creative solutions. They
also provide students the chance to comprehend
engineering topics more thoroughly, to apply what
they already know, and to link new material in order to
think creatively and come up with novel ideas that are
crucial in the domains of science and engineering.

3. Methods For Enhancing Learning

Figure 2 illustrates some techniques for improving
teaching-learning both within and outside of the
classroom.
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Fig. 2. Different effective teaching pedagogy
methods for enhancing engineering learning.

A. Active Learning:

Active learning techniques involve interactive
activities that encourage student participation, such as
group discussions (G. Satheesh Raju, N. Suman
Kumar, L. Sampath., 2023), debates, peer teaching,
and hands-on experiments. These approaches
enhance engagement, foster critical thinking, and
promote collaborative skills. However,
implementation challenges and the need for careful
planning can be barriers.
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Advantages:

¢ Increased Engagement: Active learning promotes
active participation, reducing passive listening.

* Enhanced Critical Thinking: Group discussions
and problem-solving activities stimulate critical
thinking skills.

e Better Collaboration: Collaborative activities
develop teamwork and communication skills.

Disadvantages:

* Logistical Challenges: Planning and managing
active learning activities can be time-consuming.

e Resistance: Some students may be accustomed to
passive learning and might resist the shift to active
methods.

¢ Resource Intensive: Requires appropriate spaces,
materials, and technology for effective
implementation.

Challenges:

e Faculty Training: Instructors may lack experience
with active learning methods.

* Resistance: Students might be uncomfortable with
increased participation and group work.

Class Size: Large classes can make
implementation and management more complex.

Methods to Overcome:

* Professional Development: Faculty development
workshops and resources can help instructors learn
effective active learning strategies.

¢ (lear Expectations: Communicate the benefits of
active learning to students and set clear
expectations for participation.

* Small Group Activities: Break larger classes into
smaller groups for discussions and activities.

B. Problem-Based Learning (PBL):

PBL shifts the focus from content delivery to
problem-solving. Students work on real-world, open-
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ended problems, often in groups, to develop analytical
and teamwork skills. PBL promotes self-directed
learning (Rajendra Pawar, Satyajit Patil, Sushma
Kulkarni., 2023), but it requires significant faculty
preparation, well-designed problems, and ongoing
facilitation.

Advantages:

e Real-world Application: PBL helps students apply
theoretical knowledge to practical scenarios.

e C(ritical Thinking: Encourages critical thinking,
problem-solving, and interdisciplinary learning.

e Self-Directed Learning: Develops autonomy and
independent research skills.

Disadvantages:

* Time-Consuming: Preparing and facilitating PBL
projects demands substantial faculty time.

e Assessment Complexity: Evaluating open-ended
projects can be challenging and subjective.

* Uneven Participation: Group dynamics might lead
to unequal contributions within teams

Challenges:

* Assessment: Evaluating open-ended PBL projects
can be subjective and time-consuming.

* Facilitation: Faculty need training to effectively
guide students through the problem-solving
process.

* Group Dynamics: Unequal contributions or
conflicts within teams can arise.

Methods to Overcome:

* Rubrics: Develop clear assessment rubrics to
maintain consistency in evaluating projects.

e Faculty Training: Provide training for instructors
on facilitating PBL and managing group
dynamics.

e Peer Evaluation: Include peer evaluations in the
assessment process to address unequal
contributions

C. Project-Based Learning (PrBL):

PrBL takes learning a step further by having
students complete extended projects that require
significant planning, design, and implementation. For
example, engineering students might design a solar-
powered vehicle or construct a bridge. This method
develops project management skills, hands-on
experience, and the ability to work on complex,
interdisciplinary tasks.

Advantages:

1. Real-world Application: Projects simulate real-
world challenges, allowing students to apply
theoretical knowledge to practical situations.

2. Engagement: Students often find projects more
engaging than traditional lectures, as they have
ownership over their learning and can pursue
topics they are passionate about.

3. Critical Thinking: PrBL promotes critical thinking
and problem-solving skills as students tackle
complex, open-ended problems.

4. Collaboration: Working on projects in teams
fosters collaboration and communication skills,
reflecting real professional environments.

5. Multidisciplinary Learning: Projects often require
knowledge from multiple subjects, encouraging
students to integrate learning from different areas.

6. Long-term Retention: Hands-on, experiential
learning enhances long-term retention of
knowledge and skills.

Disadvantages:

1. Time-Consuming: Designing, implementing, and
assessing projects can be time-intensive for both
educators and students.

2. Assessment Challenges: Traditional assessment
methods may not align well with the multifaceted
nature of projects, making evaluation complex.

3. Lack of Content Coverage: In-depth projects

might not cover the breadth of content that more
traditional methods could.

4. Uneven Participation: Group projects can lead to

JEET



90 Journal of Engineering Education Transformations , Volume 38, No. 1, July 2024 , ISSN 2349-2473, eISSN 2394-1707

uneven participation, with some students doing
more work than others.

5. Guidance Needs: Some students might struggle
with self-directed learning, requiring more
guidance than projects inherently provide.

Challenges and Methods to Overcome Them:
1. Challenge: Time Management and Scope Control

* Solution: Teach students project management
skills, including setting realistic timelines,
breaking down tasks, and adjusting scope as
needed.

2. Challenge: Assessment and Grading

e Solution: Clearly define rubrics, criteria, and
learning objectives. Use both formative and
summative assessments to evaluate different
stages of the project.

3. Challenge: Motivation and Engagement

* Solution: Connect projects to students' interests
and real-world problems. Incorporate choice and
autonomy to boost motivation.

4. Challenge: Resource Limitations

* Solution: Plan projects that are feasible within
available resources. Explore partnerships with
local businesses or organizations for additional
support.

5. Challenge: Collaboration Issues

- Solution: Teach teamwork and communication

skills explicitly. Include peer evaluations to

encourage accountability within groups.

6. Challenge: Content Integration

e Solution: Design projects that naturally integrate
concepts from multiple subjects. Collaborate with
colleagues to align projects with curriculum goals.

7. Challenge: Individualized Support

e Solution: Provide scaffolding, offer regular check-

ins, and create a supportive environment where
students feel comfortable seeking help.

JEET

8. Challenge: Assessment Authenticity

e Solution: Use authentic assessment methods such
as portfolios, presentations, and demonstrations
thatreflect real-world applications of knowledge.

D. Flipped Classroom:

The flipped classroom model reverses the
traditional learning environment: students review
lecture materials independently outside class and
engage in active discussions and problem-solving
during class time. This approach personalizes
learning, encourages interaction, and allows for
immediate clarification of doubts. Faculty must create
high-quality pre-class materials and ensure active in-
class participation.

Advantages:

* Individualized Learning: Students can review
content at their own pace.

¢ Interactive Discussions: In-class discussions allow
immediate clarification of doubts.

* Application Focus: Class time can be dedicated to
practical applications of concepts.

Disadvantages:

* Preparation Intensive: Instructors must create
high-quality pre-class materials.

e Technical Barriers: Access to technology and
reliable internet is essential for all students.

e Student Accountability: Some students might not
engage with pre-class materials adequately.

Challenges:
e Technical Barriers: Access to technology and
reliable internet can be a challenge for some

students.

* Preparation Load: Creating high-quality pre-class
materials requires time and effort.

¢ Student Accountability: Some students might not
engage effectively with pre-class materials.
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Methods to Overcome:

Access Support: Ensure all students have access to
the necessary technology and provide assistance if
needed.

Resource Sharing: Collaborate with colleagues to
share pre-class materials and reduce individual
preparation load.

Quizzes/Reflections: Incorporate pre-class
quizzes or reflections to encourage student
engagement.

. Peer Teaching:

In peer teaching, students take turns acting as

teachers, explaining concepts to their peers. This not
only reinforces their understanding but also
encourages effective communication and presentation
skills. Engineering students might teach each other
about circuit design, enhancing their grasp of the
subject matter.

Advantages:

1.

Enhanced Understanding: Explaining concepts to
peers requires a deep understanding of the subject
matter, reinforcing the teacher's comprehension.

. Active Learning: Both the teacher and the listener

engage actively, promoting better retention and
application of knowledge.

. Effective Communication Skills: Teaching peers

fosters clear communication, articulation, and the
ability to convey complex ideas in simpler terms.

. Different Perspectives: Peers may explain

concepts differently, providing diverse viewpoints
and alternative approaches to learning.

. Confidence Building: Being in the role of a teacher

boosts confidence and self-esteem, aiding
personal growth.

. Collaboration: Peer teaching promotes teamwork

and a cooperative learning environment.

. Immediate Feedback: Teachers receive instant

feedback from their peers, helping them identify
gaps in their understanding.

Disadvantages:

1.

Inaccurate Information: Peers might not have a
complete understanding, leading to the spread of
incorrect information.

. Lack of Expertise: Some topics require specialized

knowledge that peers might not possess, leading to
incomplete or inadequate explanations.

. Overlooking Fundamental Concepts: Students

might focus on advanced topics, neglecting
foundational concepts that listeners need.

. Unequal Contributions: Some students may not

contribute effectively, leading to an unequal
distribution of teaching and learning.

. Time Management: Coordinating peer teaching

activities within the curriculum can be
challenging.

Challenges and Methods to Overcome:

1.

Ensuring Accuracy: To overcome inaccurate
information, educators should provide guidelines,
review peer-taught content, and encourage fact-
checking.

. Addressing Knowledge Gaps: Teachers should

outline key concepts and ensure that peer teachers
have a foundational understanding of the subject.

. Maintaining Interest: Incorporate interactive

elements, such as discussions, questions, and
practical examples, to keep peers engaged.

. Balancing Participation: Assign roles, rotate

teaching responsibilities, and establish clear
expectations for all participants.

. Managing Time: Integrate peer teaching into the

curriculum, allocate specific time slots, and
provide adequate preparation time.

. Feedback Mechanisms: Establish feedback loops

for both peer teachers and learners to continuously
improve the quality of teaching and learning.

Diverse Teaching Styles: Encourage peers to use

different teaching approaches, catering to various
learning preferences.
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. Assessment: Design assessment methods that

evaluate both the effectiveness of peer teaching
and the understanding of the learners.

. Expert Oversight: Have an instructor oversee peer

teaching activities, offering guidance and
clarifications when needed.

Simulations and Virtual Labs:

Simulations and virtual labs offer a risk-free

environment for students to experiment and observe
outcomes. For instance, civil engineering students
might use software to simulate the behavior of
structures under different loads. This method enables
practical exploration and analysis without the need for
physical resources.

Advantages:

1.

Risk-free Learning: Students can experiment and
explore without the fear of damaging equipment
or causing harm to themselves, as simulations
don'tinvolve physical materials.

. Accessibility: Simulations can be accessed

remotely, enabling students to learn and practice
from anywhere with an internet connection,
bridging geographical barriers.

Cost-effectiveness: Virtual labs eliminate the need
for purchasing and maintaining physical
equipment, reducing costs for educational
institutions.

Flexibility: Simulations allow students to
manipulate variables and observe outcomes in real
time, helping them understand complex concepts
through hands-on experience.

Repeatability: Students can repeat experiments
multiple times to solidify their understanding and
improve their skills.

Time Compression: Simulations can speed up
processes that would take a long time in reality,
allowing students to observe phenomena that
might otherwise be impractical to witness.

. Interactivity: Many simulations offer interactive

elements, enhancing student engagement and
providing immediate feedback.
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Disadvantages:

1.

Lack of Physical Experience: Some skills and
concepts may be best learned through direct
physical interaction, which simulations cannot
fully replicate.

Simplified Models: Simulations often rely on
simplified models, which might not capture all the
complexities of real-world scenarios.

. Limited Realism: Despite advances, simulations

may lack the full sensory experience of physical
labs, such as the tactile feedback of handling
equipment.

Technical Issues: Glitches, lags, or compatibility
issues with different devices can hinder the
learning experience.

. Dependence on Technology: Simulations require

reliable technology infrastructure, potentially
excluding students with limited access to
computers or the internet.

Challenges and Methods of Overcoming:

1.

Authenticity Challenge: Simulations may lack the

authenticity of real-world experiences. To
overcome this, simulations should be designed
with input from industry experts and should
incorporate real-world data where possible.

. Engagement Challenge: Keeping students

engaged in a virtual environment can be
challenging. To address this, simulations should
be interactive, visually appealing, and
supplemented with clear instructions and
objectives.

. Assessment Challenge: Evaluating student

performance in virtual labs can be complex.
Incorporate quizzes, assessments, and open-
ended questions to gauge students' understanding
and critical thinking skills.

Access and Equity Challenge: Not all students may

have equal access to technology. Institutions can
consider providing access to computer labs,
loaning devices, or offering offline alternatives
where possible.

. Skill Transfer Challenge: Ensuring that skills
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learned in virtual labs translate to real-world
applications requires reinforcing theoretical
concepts alongside practical simulations.

6. Instructor Training Challenge: Educators need to
be proficient in using virtual lab platforms.
Institutions should invest in training programs to
help teachers effectively integrate simulations into
the curriculum.

7. Continuous Improvement Challenge: Simulations
should be regularly updated to incorporate the
latest advancements and to align with evolving
educational goals and industry practices.

G. Experiential Learning:

Experiential learning integrates theory and
practice by immersing students in hands-on projects,
internships, co-op programs, or industry
collaborations. This technique enhances students'
practical skills, industry readiness, and understanding
of real-world applications. However, logistical
challenges, alignment with curriculum, and
assessment methods can be complex.

Advantages:

e Practical Skills: Experiential learning imparts real-
world skills and industry exposure.

* Application-Oriented: Students understand how
theoretical concepts translate into practice.

* Networking Opportunities: Internships and
collaborations provide networking prospects.

Disadvantages:

e Logistical Challenges: Coordinating internships or
industry projects can be complex.

* Assessment Variation: Standardized assessment
becomes challenging due to diverse experiences.

* Resource Dependence: The availability of industry
partners and suitable projects is essential.

Challenges:

* Logistics: Coordinating internships, projects, and
industry partnerships can be complex.

e Assessment: Standardized assessment becomes
challenging due to diverse experiences.

e Equity: Ensuring all students have access to
valuable experiential opportunities.

Methods to Overcome:

* Faculty Guidance: Provide faculty support for
coordinating internships and collaborations.

e Assessment Variations: Develop a variety of
assessment methods that capture diverse
experiential learning outcomes.

e Alternative Experiences: Offer virtual or remote
experiential opportunities to address equity
concerns

H. Case Studies:

Case studies present students with detailed
scenarios based on real engineering situations. For
instance, aerospace engineering students might
analyze the factors that led to a specific aviation
accident. This method encourages critical thinking,
problem-solving, and decision-making based on real-
world contexts.

Advantages:

1. Real-world Application: Case studies provide a
bridge between theoretical knowledge and
practical application by presenting real-world
scenarios for analysis.

2. Critical Thinking: Students are encouraged to
think critically and analyze complex situations
from multiple angles, enhancing their problem-
solving skills.

3. Engagement: Engages students actively in their
learning process, as they must apply their
knowledge to solve intricate problems.

4. Contextual Learning: Helps students understand
how engineering concepts are applied in specific
contexts, making learning more meaningful.

5. Decision-making Skills: Encourages students to

make informed decisions considering ethical,
technical, and practical aspects of the scenario.
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6. Holistic View: Offers a holistic view of the
engineering process, as students explore factors
beyond technical aspects, such as communication,
teamwork, and project management.

Disadvantages:

1. Limited Scope: The specific context of a case study
might not cover all aspects of a particular subject,
leading to potential gaps in knowledge.

2. Time-Consuming: Designing, explaining, and
analyzing case studies can be time-intensive for
both students and instructors.

3. Subjectivity: Different students might approach
the same case differently, leading to varied
interpretations and solutions.

4. Generalization Challenges: Students might
struggle to generalize lessons from one case study
to different scenarios.

5. Lack of Diversity: Depending solely on case
studies might limit exposure to various
engineering domains and challenges.

Challenges:

1. Access to Information: Finding accurate and
detailed case study materials can be challenging.

2. Assessment: Evaluating students' performance in
case studies can be subjective and complex.

3. Student Engagement: Ensuring all students
actively participate and contribute during case
study discussions can be difficult.

4. Balancing Depth and Breadth: Case studies often
focus on specific scenarios, potentially leaving out
broader foundational concepts.

5. Time Management: Incorporating case studies into
a curriculum without overwhelming other topics
requires careful planning.

Methods to Overcome Challenges:

1. Curate Quality Resources: Invest time in finding

well-researched and relevant case studies that
align with learning objectives.
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2. Clear Assessment Rubrics: Provide detailed
assessment criteria to ensure fair evaluation of
students' work.

3. Group Dynamics: Assign roles within groups to
encourage balanced participation and diverse
viewpoints.

4. Integration with Curriculum: Integrate case studies
strategically within the curriculum to ensure a
balanced coverage of topics.

5. Variety: Use a mix of case studies from different
engineering disciplines to expose students to
various challenges and contexts.

6. Guided Analysis: Provide guidance on how to
approach case studies, including breaking down
complex problems and identifying key issues.

I. Online and Blended Learning:

Advancements in technology have led to online
and blended learning models, enabling flexibility and
accessibility. Virtual simulations, interactive
modules, and online collaborations offer diverse
learning experiences. However, maintaining
engagement, ensuring quality, and addressing
technical issues are considerations.

Advantages:

¢ Flexibility: Students can access resources and
activities at their convenience.

* Diverse Learning Modes: Virtual simulations and
online modules offer interactive learning.

* Accessibility: Enables remote and self-paced
learning.

Disadvantages:

e Digital Literacy: Students must be comfortable
with technology and online learning platforms.

e Isolation: Lack of face-to-face interaction might
lead to reduced engagement.

* Quality Assurance: Ensuring consistent content
quality across online modules can be challenging



Journal of Engineering Education Transformations , Volume 38, No. 1, July 2024 , ISSN 2349-2473, eISSN 2394-1707 95

Challenges:

e Digital Literacy: Students must be comfortable
with technology and online learning platforms.

e [Isolation: Lack of face-to-face interaction might
lead to reduced engagement.

* Quality Control: Ensuring consistent content
quality across online modules can be challenging.

Methods to Overcome:

e Digital Literacy Training: Provide resources or
workshops to enhance students' digital skills.

* Interactive Elements: Incorporate discussion
forums, live sessions, or virtual labs to foster
interaction.

* Quality Assurance: Establish guidelines for
creating and reviewing online content to maintain

quality
J. Team-Based Learning (TBL):

TBL promotes collaboration and accountability
within teams. Students prepare individually, and then
collaborate in teams to solve complex problems.
Immediate feedback and peer assessment encourage
active participation and shared responsibility. Faculty
must design effective assessment mechanisms and
manage group dynamics.

Advantages:

e (Collaborative Skills: TBL enhances teamwork,
communication, and peer interaction.

* Immediate Feedback: Immediate peer feedback
aids learning and understanding.

* Accountability: Students are accountable to their
team, fostering responsibility.

Disadvantages:

* Group Dynamics: Uneven participation and
conflicts might arise within teams.

e Assessment Complexity: Assessing individual
contributions within a team can be complex.

* Faculty Involvement: Requires skilled facilitation
to manage team dynamics effectively.

Challenges:

* Group Dynamics: Uneven participation and
conflicts might arise within teams.

* Assessment Complexity: Assessing individual
contributions within a team can be complex.

* Faculty Involvement: Requires skilled facilitation
to manage team dynamics effectively.

Methods to Overcome:

e Clear Expectations: Set guidelines for team
dynamics, roles, and communication expectations.

* Peer Evaluation: Incorporate peer evaluations to
assess individual contributions within teams.

e Faculty Support: Train instructors in effective
facilitation techniques to manage group
interactions

K. Gamification and Simulations:

Gamification introduces game elements to
enhance motivation and engagement (Anowar
Hussain Mondal, and Ranjan Maity., 2023; Dr. M.
Priyaadharshinil, and Monica Maiti., 2023).
Simulations provide realistic scenarios for students to
apply theoretical knowledge. These techniques offer a
dynamic learning environment, but designing
effective games and simulations requires careful
attention to learning objectives.

Advantages:

* Engagement: Gamified elements increase
motivation and interest.

e Practical Experience: Simulations offer safe
spaces for hands-on experimentation.

* Concept Reinforcement: Games and simulations
reinforce theoretical concepts.

Disadvantages:

* Resource Demand: Designing effective games and
simulations requires expertise and time.
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e Alignment with Learning Objectives: Ensuring
that games reflect the desired learning outcomes
can be challenging.

* Overemphasis on Entertainment: A balance
between entertainment and education must be
maintained

Challenges:

* Resource Demand: Designing effective games and
simulations requires expertise and time.

* Alignment with Learning Objectives: Ensuring
that games reflect desired learning outcomes can
be challenging.

* Overemphasis on Entertainment: Striking a
balance between entertainment and education.

Methods to Overcome:

e Collaboration: Work with instructional designers
or experts to create well-aligned games and
simulations.

* Assessment Integration: Integrate assessments
within games to ensure learning objectives are met.

* Feedback Mechanisms: Include feedback loops to
guide students' progress within the games

L. Just-in-Time Teaching (JiTT):

JiTT combines pre-class assignments with in-class
activities. Students' pre-class work informs in-class
discussions and activities, addressing misconceptions
and promoting deeper understanding
(Shanmugampillai Jeyarajaguru Kabilan., 2023).
Timely adjustments to instruction based on student
responses are key to its success (Parthiban, K.,
Pandey, D., & Pandey, B. K., 2021; Nishitha, P., &
Pandey, D., 2021; Radwan, E., Radwan, A., Radwan,
W., & Pandey, D., 2021; Radwan, E., Radwan, A.,
Radwan, W., & Pandey, D., 2021; Pandey, D.,
Ogunmola, G. A., Enbeyle, W., Abdullahi, M.,
Pandey, B. K., & Pramanik, S.,2021).

Advantages:

e Immediate Clarification: JiTT allows
misconceptions to be addressed promptly.

JEET

e Tailored Instruction: Instructors can adapt in-class
activities based on pre-class responses.

e Active Participation: Students come prepared,
leading to more engaged discussions.

Disadvantages:

* Preparation Load: Creating pre-class assignments
and responding to student input demands effort.

* Dependent on Student Participation: Effective
JiTT relies on students engaging with pre-class
work.

e Technical Barriers: Access to online resources for
pre-class assignments is essential

Challenges:

* Preparation Load: Creating pre-class assignments
and responding to student input demands effort.

* Dependent on Student Participation: Effective
JiTT relies on students engaging with pre-class
work.

¢ Technical Barriers: Access to online resources for
pre-class assignments is essential.

Methods to Overcome:

e Efficiency: Design concise pre-class assignments
that focus on key concepts.

¢ Incentives: Link in-class activities or assessments
directly to pre-class assignments to motivate
engagement.

* Access Support: Ensure all students can access
online resources, and provide alternatives if
needed

4. Effective Teaching Techniques And Their
Impact On Student Learning

Table I shows a comparative overview of different
effective teaching techniques and their respective
impacts on enhancing student learning.
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Table 1 : Effective Teaching Techniques and
Their Impact on Student Learning

SL Technique Description Impact on Student
No. Learning

1 Active Involves interactive Enhances

Learning activities like engagement, critical
discussions, debates, and | thinking, and
hands-on experiments. collaboration skills.

2 Problem- Students work on real - | Promotes self -
Based world problems in directed learning,
Learning groups, fostering problem-solving, and
(PBL) analytical and teamwork | real-world application

skills. understanding.

3 Project-Based | A teaching method Enhances problem -
Learning where students engage in | solving skills,

(PrBL) complex, real -world | teamwork, and
projects to explore and application of
apply concepts. It knowledge in
encourages practical scenarios.
collaboration, critical
thinking, and problem -
solving.

4 Flipped Students study lecture Personalizes learning,
Classrooms materials outside of class | encourages

and engage in active interaction, and
discussions during class. | provides immediate
clarification.

5 Peer Students take on the role | Strengthens
Teaching of teachers to explain comprehension, and

concepts to their peers. communication skills,
This reinforces and fosters a deeper
understanding, promotes | grasp of the subject
active engagement, and matter.

provides diverse

perspectives.

6 Simulations Using computer-based | Provides hands  -on
and Virtual simulations or virtual experience, risk -free
Labs environments to experimentation, and

replicate real -life | visualizes complex
scenarios. It allows concepts, enhancing
experimentation in a understanding.
controlled setting, often

not feasible in traditional

labs.

7 Experiential Integrates theory and Enhances practical

Learning practice through hands - | skills, industry
on projects, internships, readiness, and
and industry application of
collaborations. theoretical

knowledge.

8 Case Studies In-depth exploration of Develops critical

real or hypothetical thinking, analytical
situations, encouraging abilities, and the
students to analyze application of theories
problems, make to real -world
decisions, and apply situations.

theoretical knowledge to

practical contexts.

9 Online and Utilizes online platforms | Provides diverse
Blended and resources for learning experiences,
Learning instruction, allowing but requires effective

flexibility and engagement and
accessibility. management.

10 | Team-Based Combines individual Encourages
Learning preparation with team teamwork, shared

problem-solving, responsibility, and
promoting collaboration | immediate feedback.
and accountability.

11 | Gamification Incorporates game Increases
and elements or re alistic | engagement, provides
Simulations scenarios to enhance practical experience

motivation and practical | and reinforces
skills. theoretical concepts.
12 Just-in-Time Combines pre -class | Improves

Teaching

assignments with in -
class activities,

understanding,
promotes active

addressing participation, and
misconceptions inreal - | timely correction of
time. misconceptions.

5. Conclusion

The findings presented in this paper highlight a
promising avenue for enhancing engineering
education by leveraging diverse and effective
pedagogical techniques. These methods not only
bolster students' confidence and competence but also
cater to various learning styles, enriching their
understanding of engineering principles, problem-
solving, and knowledge retention. However, the
gradual uptake of these approaches among
engineering instructors is recognized, partly due to
concerns about covering essential course content
adequately.

It's important to acknowledge that engineering
education is evolving to embrace a spectrum of
pedagogical techniques that address the dynamic
needs of both students and the industry. Each method
carries its distinct advantages and challenges,
necessitating a thoughtful selection process guided by
specific learning objectives, student characteristics,
and available resources. Ultimately, a strategic fusion
of these approaches holds the potential to cultivate a
more engaging, effective, and forward-thinking
landscape within engineering education.

Expanding upon these points by delving further
into the nuanced benefits and challenges associated
with individual pedagogical techniques could offer a
more comprehensive understanding of how their
integration can revolutionize the realm of engineering
education.

References

[1] Zaher, A. A., & Damaj, [. W. (2018). Extending
STEM education to engineering programs at the
undergraduate college level. International
Journal of Engineering Pedagogy, 8(3), 4-16.
https://doi.org/10.3991/ijep.v8i3.8402.

[2] Juric, P., Bakaric, M. B., & Matetic, M. (2021).
Cognitive predispositions of students for STEM
success and differences in solving problems in
the computer game for learning mathematics.
International Journal of Engineering Pedagogy,
11(4), 81-95.
https://doi.org/10.3991/ijep.v11i4.20587

JEET



98 Journal of Engineering Education Transformations , Volume 38, No. 1, July 2024 , ISSN 2349-2473, eISSN 2394-1707

[3] Heller, N., & Bry, F. (2019). Organizing Peer
correction in tertiary STEM education: An
approach and its evaluation. International
Journal of Engineering Pedagogy, 9(4), 16-32.
https://doi.org/10.3991/ijep.v9i4.10201

[4] Larkin, T. L. (2017). Topic order in introductory
physics and its impact on the STEM curricular
ladder. International Journal of Engineering
Pedagogy, 7(1),136-150. https://doi.
org/10.3991/ijep.v7il.6528

[5] Davila Guzman, N. E., Tiempos Flores, N.,
Maya Trevifio, M. D. L., Sanchez Vazquez, A. L.,
& Cerino Coérdova, F. D. J. (2019). Educational
content development to enhance STEM
learning. International Journal of Emerging
Technologies in Learning, 14(21), 235-242.
https://doi.org/10.3991/ijet.v14i21.11021

[6] Chae, Soo Eun, & M. Lee. (2019). Student-
centered learning and higher-order thinking
skills in engineering students. The International
Journal of Engineering Education, 35(2),
617-622.

[7] Huang, Yueh-Min, Lusia Maryani Silitonga, &
Ting-Ting Wu. (2022). Applying a business
simulation game in a flipped classroom to
enhance engagement, learning achievement, and
higher-order thinking skills. Computers &
Education, 183, 104494. https://doi.
org/10.1016/j.compedu.2022.104494

[8] Yang, Z. (2019). Psychological health course
teaching mode based on students’ high-order
thinking ability development. International
Journal of Emerging Technologies in Learning,
14(4), 101 -112.
https://doi.org/10.3991/ijet.v14i04.10111

[9] Marcela Hernandez-de-Menéndez, Antonio
Vallejo Guevara, Juan Carlos Tudon Martinez,
Diana Hernandez Alcantara, & Ruben Morales-
Menendez. (2019). Active learning in
engineering education. A review of
fundamentals, best practices and experiences.
International Journal on Interactive Design and
Manufacturing, 13, 909-922.
https://doi.org/10.1007/s12008-019-00557-8

[10] Yu, Kuang-Chao, Pai-Hsing Wu, & Szu-Chun
Fan. (2020). Structural relationships among high

JEET

school students’ scientific knowledge, critical
thinking, engineering design process, and design
product. International Journal of Science and
Mathematics Education, 18, 1001-1022.
https://doi.org/10.1007/s10763-019-10007-2

[11] D.H. Cropley, E. Sitnikova, et al., “Teaching and
learning in engineering education: Constructive
alignment,” 2005.

[12] J. Dewey, Experience and education. Simon and
Schuster, 1938.

[13] R.M.Felderand L. K. Silverman, “Learning and
teaching styles in engineering education North
Carolina State University,” Engineering
Education, vol. 78,n0. 7, pp. 674—681, 1988.

[14] R. M. Felder and R. Brent, “Understanding
student differences,” Journal of Engineering
Education, vol. 94, no. 1, pp. 57-72,2005.

[15] Krathwohl, D. R. (2002). A revision of Bloom’s
taxonomy: An overview. Theory into practice,
41(4), 212-218.
https://doi.org/10.1207/s15430421tip4104_2

[16] Liu, Dongping, & Hai Zhang. (2022). Improving
students’ higher order thinking skills and
achievement using WeChat based flipped
classroom in higher education. Education and
Information Technologies, 27(5), 7281-7302.
https://doi.org/10.1007/s10639-022-10922-y

[17] Akhyar, M. (2020). Enhancing higher-order
thinking skills in vocational education through
scaffolding-problem based learning. Open
Engineering, 10(1), 612-619.
https://doi.org/10.1515/eng-2020-0070

[18] Lu, Kaili, Feng Pang, & Rustam Shadiev.
(2021). Understanding the mediating effect of
learning approach between learning factors and
higher order thinking skills in collaborative
inquiry-based learning. Educational Technology
Research and Development, 69(5), 2475-2492.
https://doi.org/10.1007/s11423-021-10025-4

[19] Binti Misrom, N., Muhammad, A., Abdullah, A.,
Osman, S.,Hamzah, M., & Fauzan, A. (2020).
Enhancing students’ higher-order thinking skills
(HOTS) through an inductive reasoning strategy
using geogebra. International Journal of



Journal of Engineering Education Transformations , Volume 38, No. 1, July 2024 , ISSN 2349-2473, eISSN 2394-1707 929

[20]

[21]

[22]

[23]

[24]

Emerging Technologies in Learning, 15(3),
1 5 6 - 1 7 9 .
https://doi.org/10.3991/ijet.v15i103.9839

G. Satheesh Raju, N. Suman Kumar, L.
Sampath. (2023). Enhancing Product
Development Skills of Engineering Students
through Diversified Group Activities. Journal of
Engineering Education Transformations, 37(1),
20-30.DOI: 10.16920/jeet/2023/v37i1/23134

Rajendra Pawar, Satyajit Patil, Sushma
Kulkarni. (2023). Influence of Practicum
Venture Process on Engineering Students:
Experience and Learning Outcomes of
Entrepreneurship Course. Journal of
Engineering Education Transformations, 37(1),
82-88.DOI: 10.16920/jeet/2023/v37i1/23128

Anowar Hussain Mondal, and Ranjan Maity.
(2023). Exploring the Effects of Game-based
Learning. Journal of Engineering Education
Transformations, 37(1), 98-105. DOI:
10.16920/jeet/2023/v37i1/23136

Dr. M. Priyaadharshinil, and Monica Maiti.
(2023). Learning Analytics: Gamification in
Flipped Classroom for Higher Education.
Journal of Engineering Education
Transformations, 37(1), 106-119. DOI:
10.16920/jeet/2023/v3711/23137

Shanmugampillai Jeyarajaguru Kabilan. (2023).
Teaching and Learning in the Metaverse World:
The Future of New-Gen Education. Journal of

[25]

[26]

[27]

(28]

[29]

Engineering Education Transformations, 37(1),
134-141. DOI:
10.16920/jeet/2023/v37i1/23139

Parthiban, K., Pandey, D., & Pandey, B. K.
(2021). Impact of SARS-CoV-2 in online
education, predicting and contrasting mental
stress of young students: a machine learning
approach. Augmented Human Research, 6(1),
10.

Nishitha, P., & Pandey, D. (2021). A study on
student perception towards online education
during covid-19 crisis. Augmented Human
Research, 6(1), 16.

Radwan, E., Radwan, A., Radwan, W., &
Pandey, D. (2021). Perceived stress among
school students in distance learning during the
COVID-19 pandemic in the Gaza Strip,
Palestine. Augmented Human Research, 6, 1-13.

Radwan, E., Radwan, A., Radwan, W., &
Pandey, D. (2021). Prevalence of depression,
anxiety and stress during the COVID-19
pandemic: a cross-sectional study among
Palestinian students (10-18 years). BMC
psychology, 9(1), 1-12.

Pandey, D., Ogunmola, G. A., Enbeyle, W.,
Abdullahi, M., Pandey, B. K., & Pramanik, S.
(2021). COVID-19: A framework for effective
delivering of online classes during lockdown.
Human Arenas, 1-15.

JEET



