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Objective: Critical thinking is the key to solve complex engineering problems. This
competency transforms students into capable analysts. In the multidimensional realm of
engineering, identifying and strengthening the factors that influence this thinking is the
driving force for enhancing educational quality and fostering innovative solutions.
Accordingly, the aim of this study is to identify and model the factors affecting critical
thinking among engineering students.

Method: This study employed an exploratory mixed-methods approach. In the
qualitative phase, a systematic review based on PRISMA was conducted on articles from
Scopus and Science Direct. Additionally, factors influencing critical thinking were
extracted through document analysis, comparative studies, and expert interviews. In the
quantitative phase, the relationships among these factors were examined and structured
using Interpretive Structural Modeling (ISM). Subsequently, MICMAC analysis was
applied to determine the driving power and dependence of the factors and to validate the
qualitative findings.

Results: Among the eleven factors identified, eight key factors—including interactive
teaching methods, quality of educational content, analytical and problem-solving skills,
support, evaluation, and feedback systems, creativity development, environmental—
cultural factors, the use of technology in education, and individual and motivational
factors—were found to have a significant impact on enhancing critical thinking among
engineering students.

Conclusion: The findings indicate that strengthening critical thinking in engineering
education requires a systematic perspective and a focus on independent and linkage
factors. Redesigning curricula, developing interactive teaching methods, and revising
assessment systems can contribute to educating competent engineers who are well
prepared to address emerging and complex challenges.
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Extended Abstract

Introduction

Critical thinking is the cornerstone of modern education, transforming students into adept analysts and
problem-solvers. In the high-stakes field of chemical engineering—where multifaceted challenges like
experimental design and process optimization are routine—this competency is paramount. Yet, our
understanding of how to cultivate it remains fragmented, often overlooking the intricate web of
interacting factors that drive its development.

This University of Tehran study addresses this gap head-on. By employing Interpretive Structural
Modeling (ISM) and MICMAC analysis, the research maps the hidden architecture of critical thinking.
It reveals a coherent, system-oriented model that illustrates how educational, individual, and
environmental factors dynamically interconnect to shape this vital competency in chemical engineering
students. The findings provide a crucial roadmap for designing impactful and sustainable educational
reforms.

Method

This study adopted an exploratory mixed-methods research design to comprehensively investigate the
factors influencing critical thinking in chemical engineering education. The research process was
conducted in two sequential phases: a qualitative phase followed by a quantitative phase.

In the qualitative phase, data were collected through an extensive review of the relevant literature,
document analysis, comparative analysis of related empirical studies, and semi-structured interviews
with experts in engineering education and curriculum development. The purpose of this phase was to
gain a deep understanding of the conceptual and practical dimensions of critical thinking and to identify
the factors that facilitate or hinder its development. Content analysis techniques were employed to
systematically analyze the qualitative data, leading to the identification of 11 preliminary factors related
to instructional practices, learning environments, individual characteristics, and institutional support.

Based on the qualitative findings, a structured questionnaire was developed to assess the
relationships among the identified factors. In the quantitative phase, Interpretive Structural Modeling
(ISM) was used to examine the contextual relationships among the factors and to construct a hierarchical
structural model that illustrates their levels of influence. ISM enabled the researchers to move beyond
simple correlations and to explore how certain factors act as foundational drivers while others emerge
as outcomes.

Subsequently, MICMAC (Cross-Impact Matrix Multiplication Applied to Classification) analysis
was conducted to classify the factors based on their driving power and dependence. This analysis
provided further validation of the qualitative findings and offered a systematic classification of variables
into independent, linkage, and dependent categories.

Result
The results of the study revealed that among the 11 factors identified in the qualitative phase, eight
factors had a statistically significant influence on the development of critical thinking among chemical
engineering students. These key factors included interactive teaching methods, quality of educational
content, analytical and problem-solving abilities, assessment, support, and feedback systems,
development of critical and creative thinking skills, the educational and cultural environment, use of
technology and digital tools in learning, and individual and motivational factors.

The ISM results organized these factors into a structured hierarchical framework, demonstrating
how foundational factors influence higher-level outcomes. Factors such as content quality, educational
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support systems, and creative thinking development emerged as central elements that drive other
variables within the system. MICMAC analysis further classified the factors into three categories.
Linkage factors—such as educational content quality and support systems—exhibited both high driving
power and high dependency, indicating their pivotal and sensitive role within the system. Dependent
factors, including teaching methods and environmental influences, were highly influenced by other
variables. Independent factors, particularly the development of critical and creative thinking skills,
showed strong driving power with minimal dependency.

Conclusion

Critical thinking plays a pivotal role in empowering engineering students to address complex, uncertain,
and multifaceted problems effectively. The findings of this study, derived from ISM and MICMAC
analyses, underscore the necessity of adopting a systemic and interconnected approach to curriculum
design in chemical engineering education. Rather than focusing on isolated instructional strategies,
educational reforms should prioritize key linkage and independent factors that exert the greatest
influence across the system.

Enhancing instructor—student interaction, integrating technology-based learning tools, improving
the quality of educational content, and designing assessment methods grounded in analysis and
creativity can collectively foster critical thinking as a sustained intellectual habit. By strengthening these
core determinants, higher education institutions can not only improve the quality of engineering
education but also equip future chemical engineers with the analytical, reflective, and strategic
competencies required to navigate emerging scientific and industrial challenges.
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