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Objective: In today’s complex engineering landscape, critical thinking is a strategic
competency that enables students and graduates to analyze complex problems, make
informed decisions, and develop innovative solutions. Despite its growing importance in
higher education, particularly in engineering, the curricular components that effectively
foster this competency remain insufficiently explored. This study aimed to develop a
comprehensive framework of key factors influencing the development of critical thinking
in universities and professional organizations.

Method: A mixed-methods approach based on the fuzzy Delphi technique was
employed. Data were collected from 20 engineering experts selected through non-
probability snowball sampling. The Delphi process was conducted in two rounds to
achieve expert consensus and establish content validity. A mean difference of less than
0.2 between the two rounds indicated a high level of agreement among participants.
Results: The findings identified 16 key factors across four major domains: Educational
Process, including interactive teaching methods, instructional content quality, and
technology utilization; Academic Organizational Support, comprising faculty support,
specialized training, and interdisciplinary interaction; Experiential Contexts, including
group activities, practical projects, and exposure to complex problems; and Individual
Environmental Factors, such as student motivation, organizational culture, and academic
pressures.

Conclusions: The findings demonstrate a strong interrelationship between curricular
elements and critical thinking development among engineering students. The proposed
framework provides a practical roadmap for redesigning engineering education to
cultivate analytical, creative, and responsible graduates. The study further highlights that
shifting from rote memorization to a learner-centered educational ecosystem focused on
critical thinking is achievable through deliberate curricular and instructional design.
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Extended Abstract

Introduction

Critical thinking is widely recognized as an essential competency for success in the twenty-first century.
Rapid technological change, global interconnectedness, and increasingly complex societal challenges
require individuals to analyze information, evaluate alternative perspectives, make evidence-based
decisions, and generate innovative solutions. This competency is particularly important in engineering,
where professionals must interpret ambiguous data, anticipate risks, address ethical issues, and respond
creatively to complex and evolving problems. The growing emphasis on digital transformation,
sustainability, and interdisciplinary collaboration has further increased the demand for engineers who
can move beyond procedural knowledge and demonstrate adaptive reasoning.

Higher education systems increasingly emphasize critical thinking as a core learning outcome.
International organizations and engineering accreditation bodies highlight higher-order thinking,
analytical reasoning, problem-solving, and ethical judgment as essential graduate competencies.
However, despite this recognition, the specific curricular and contextual factors that effectively foster
critical thinking in engineering education remain insufficiently explored. Many engineering programs
continue to rely heavily on lecture-based instruction and memorization. Although these approaches can
effectively transmit foundational knowledge, they may not adequately promote analytical reasoning,
reflective judgment, or intellectual independence.

Therefore, understanding how curriculum design, instructional strategies, institutional support,
experiential learning, and environmental factors interact to develop critical thinking is strategically
important. This study aimed to develop a comprehensive framework identifying the key factors
influencing critical thinking among engineering students in universities and professional organizations.

Methods

A mixed-methods design was employed, combining qualitative exploration with quantitative consensus
measurement. The study used the fuzzy Delphi technique, an advanced form of the Delphi method that
incorporates fuzzy logic to address ambiguity and uncertainty in expert judgments. This approach is
appropriate for complex educational constructs in which the boundaries among influencing factors may
not be clearly defined.

A panel of 20 engineering experts was selected through non-probability snowball sampling.
Participants included university faculty members, curriculum specialists, educational policymakers, and
industry professionals with substantial experience in engineering education and training. Their diverse
academic and professional backgrounds provided multiple perspectives for the consensus-building
process.

The Delphi process consisted of two iterative rounds. In the first round, experts evaluated a
preliminary list of factors derived from the literature and exploratory investigations. They rated the
importance of each factor using linguistic scales converted into fuzzy numerical values and could
propose additional factors. In the second round, aggregated results were anonymously presented to
participants, who reconsidered their initial assessments based on the group feedback. Consensus was
evaluated by comparing the mean differences between the two rounds. A difference of less than 0.2
indicated a high level of agreement and supported the stability and content validity of the identified
factors.
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Results
The findings identified 16 key factors organized into four major domains: Educational Process,
Academic-Organizational Support, Experiential Contexts, and Individual-Environmental Factors.

The Educational Process domain included interactive teaching methods, quality of instructional
content, and technology utilization. Problem-based learning, case-based instruction, Socratic dialogue,
and collaborative discussion encourage students to question assumptions, evaluate alternatives, and
develop reasoned arguments. High-quality instructional content should incorporate authentic
engineering problems, ambiguity, interdisciplinary perspectives, sustainability issues, and ethical
challenges. Technology, including simulations, data visualization, and virtual laboratories, can further
support inquiry, hypothesis testing, and evaluation of alternative scenarios.

The Academic-Organizational Support domain comprised faculty support, specialized faculty
training, and interdisciplinary interaction. Instructors who model critical inquiry, provide constructive
feedback, and encourage open discussion can create supportive learning environments. Faculty
development is necessary to equip educators with strategies for promoting higher-order thinking.
Interdisciplinary collaboration also broadens students’ perspectives and strengthens systems thinking
by connecting engineering with fields such as economics, environmental science, and social policy.

The Experiential Contexts domain included group activities, practical projects, and exposure to
complex problems. Collaborative activities require students to evaluate competing ideas, negotiate, and
make collective decisions. Practical and industry-related projects expose learners to authentic
constraints such as budgets, safety requirements, and client expectations. Complex and ill-structured
problems are particularly valuable because they require hypothesis generation, iterative testing,
reflection, and adaptive decision-making.

The Individual-Environmental Factors domain included student motivation, organizational culture,
academic workload, and assessment practices. Motivated students are more likely to question, explore,
and reflect deeply. Universities that promote inquiry, academic freedom, and intellectual dialogue
provide supportive environments for critical thinking. Conversely, excessive academic pressure and
assessments focused primarily on memorization may encourage surface learning. Thus, assessment
systems should be aligned with critical-thinking objectives.

Conclusions

The findings demonstrate that critical thinking in engineering education is a multidimensional
competency shaped by the interaction of curricular, institutional, experiential, and individual-
environmental factors. It does not develop spontaneously but requires deliberate and systematic
educational design.

The proposed framework provides practical guidance for policymakers, curriculum designers,
faculty members, and educational leaders. Addressing the four domains simultaneously can support a
coherent transition from memorization-centered teaching toward a learner-centered model based on
inquiry, reflection, collaboration, and problem solving. Such transformation requires faculty
development, supportive assessment policies, interdisciplinary collaboration, and sustained institutional
commitment.

Ultimately, cultivating critical thinking is a strategic necessity for engineering education. Engineers
with strong analytical, ethical, and creative capabilities are better prepared to address challenges such
as climate change, infrastructure resilience, digital security, and sustainable development. The proposed
framework can therefore serve as a practical roadmap for universities and professional organizations
seeking to prepare analytical, innovative, ethical, and socially responsible engineering graduates.
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