Journal of

Study and Innovation in Education and Development Volume 5, Issue 2 (2025): 1-19

eComplexity: Validation and Structural Equation Analysis of the Complex
Thinking Scale

Fatemeh Naseri'*®, Firooz Mahmoudi?®

1. PhD Student, Department of Curriculum Planning, Faculty of Educational Sciences and Psychology, University of Tabriz,
Tabriz, Iran

2. Professor, Department of Curriculum Planning, Faculty of Educational Sciences and Psychology, University of Tabriz, Tabriz,
Iran

ABSTRACT

Received: 12 Dec 2024 This study aims to validate The Electronic Complexity instrument which aims to

Accepted: 08 Jan 2025 measure the perception of success in complex thinking competency and its
Available Online: 11 Apr 2025 dimensions. The research method is descriptive. The questionnaire on the quality
of the Electronic Complexity instrument developed by Castillo Martinez and
Ramirez Montoya (2022) was distributed and evaluated among 270 students from
faculties of educational sciences and psychology in Tehran. In the data analysis
section, confirmatory factor analysis was used to assess the validity and reliability
Keywords of the questionnaire. Validity was measured using factor loadings, average variance
extracted (AVE), and the Fornell and Larcker method. Data analysis was conducted
using SPSS version 28 and SmartPLS version 3. The results of the exploratory
factor analysis indicated that by extracting four components from a total of 25
Innovative Thinking, Structural questionnaire items, these four components explained 52% of the total variance of
Equations the questions. The results of the confirmatory factor analysis test demonstrated
appropriate factor loadings for the items and confirmed both discriminant and
convergent validity. Additionally, reliability was confirmed using composite
reliability, indicator reliability, and Cronbach’s alpha. The evaluation of the
structural model revealed that the correlation strength between the components and
the final construct of complex thinking ranged from a minimum of 0.19 for the
innovative thinking component to a maximum of 0.88 for the scientific thinking
component, with all relationships being statistically significant (p < .05). This
instrument can be reliably used as a valid assessment tool.
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EXTENDED ABSTRACT

INTRODUCTION

In recent decades, the paradigm of education has shifted from an information-
acquisition approach to one that prioritizes skill development while maintaining a
foundational knowledge base (1). This shift has necessitated the creation of novel
assessment tools to measure competencies rather than mere knowledge retention, as
traditional exams may not be sufficient to evaluate critical skills essential for success in
modern education (2).

Competency-based education necessitates the development and validation of tools
that assess students' transversal and professional skill development beyond memorization
(3). Effective competency measurement ensures the quality of contemporary education by
tailoring educational programs to specific student needs, thereby preparing them for the
complexities of the modern world (4). Additionally, these tools significantly enhance
continuous improvement in educational methodologies by identifying strengths,
characteristics, and areas for refinement (5). However, designing educational assessment
instruments is a complex endeavor that requires theoretical, academic, and expert
validation, as well as iterative refinements over time (6).

Complex thinking, as conceptualized by Morin, i1s a cognitive approach for
understanding and addressing interconnected, intricate problems and systems (7). This
holistic perspective integrates multiple viewpoints and environmental factors, allowing for
a nuanced understanding of challenges and solutions (8). A complex thinker develops a
comprehensive worldview, engaging in continuous learning and dialectical discourse (9).
Given its importance, complex thinking has become a crucial skill in modern education, as
it equips individuals with the ability to navigate dynamic and unpredictable environments.
Consequently, many educational institutions have integrated complex thinking into their
curricula (10, 11).

Theoretical models of complex thinking often dissect it into distinct cognitive
dimensions, including critical thinking, systems thinking, scientific thinking, and
innovative thinking (12-14). Critical thinking involves the systematic and reflective analysis
of information, ideas, and problems, fostering deeper understanding and informed
decision-making (15). Systems thinking emphasizes understanding complex interactions
within systems rather than isolated components (5, 18). Scientific thinking refers to the

structured, logical exploration of phenomena using empirical methods and hypothesis



formulation (20, 21). Lastly, innovative thinking, often equated with creative problem-
solving, involves the generation of novel ideas and approaches (22).

Despite its recognized importance, measuring complex thinking remains a
challenge, requiring a comprehensive tool that assesses its various facets simultaneously
(23). Previous research has attempted to develop and validate instruments for measuring
complex thinking skills, with varying degrees of success (11, 16, 24). However, gaps remain
in establishing a robust psychometric scale applicable across diverse educational settings.
This study aims to validate the Electronic Complexity instrument, designed to measure
perceived success in complex thinking competency and its dimensions. The research
employs a confirmatory factor analysis approach to assess the instrument's validity and
reliability, ensuring its applicability as a standardized educational assessment tool.

METHODS AND MATERIALS

The study follows a descriptive research design, utilizing a psychometric approach
to validate the Electronic Complexity instrument. The sample comprises 270 students from
faculties of educational sciences and psychology in Tehran. The instrument, originally
developed by Castillo Martinez and Ramirez Montoya (2022), was translated and adapted
for the study population.

Confirmatory factor analysis was conducted to evaluate the instrument’s construct
validity. Factor loadings, average variance extracted (AVE), and the Fornell-Larcker
criterion were employed for validity assessment. Reliability was tested using composite
reliability, indicator reliability, and Cronbach’s alpha. Statistical analyses were performed
using SPSS version 28 and SmartPLS version 3.

FINDINGS

The exploratory factor analysis revealed that four components were extracted from
a total of 25 questionnaire items, explaining 52% of the total variance. The confirmatory
factor analysis confirmed the adequacy of factor loadings and established both convergent
and discriminant validity. The evaluation of internal consistency showed that all subscales

demonstrated satisfactory reliability.

The structural model assessment indicated that the strength of correlation between
the components and the overall construct of complex thinking ranged from a minimum of
0.19 (for the innovative thinking component) to a maximum of 0.88 (for the scientific

thinking component), with all relationships being statistically significant (p <.05).

Further analysis showed that systems thinking and scientific thinking were the most

influential factors in predicting overall complex thinking competency. Meanwhile, critical
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thinking and innovative thinking exhibited moderate yet significant correlations with the

overarching construct.

Additionally, the instrument demonstrated strong internal consistency, with
Cronbach’s alpha values exceeding 0.75 for all subscales. The composite reliability values
were also above the 0.80 threshold, indicating that the instrument provided stable and
consistent measurements across different items.

DISCUSSION AND CONCLUSION

The findings support the reliability and validity of the Electronic Complexity
instrument as a robust measure of complex thinking. This study contributes to the field of
educational psychology by offering a validated tool that enables educators to assess
students’ complex thinking competencies effectively. By identifying systems thinking and
scientific thinking as the most critical dimensions, the study provides educators and
curriculum designers with insights into how these cognitive skills can be emphasized in
instructional programs.

The validated instrument offers a valuable resource for designing targeted
educational strategies aimed at fostering higher-order thinking skills. Implementing this
tool in various educational contexts can enhance curriculum development and pedagogical
practices, ensuring that students acquire the necessary cognitive flexibility to navigate
complex, real-world challenges.

Furthermore, the study highlights the potential for integrating artificial intelligence-
driven assessment techniques to improve the precision and efficiency of measuring
complex thinking. Future research should explore the longitudinal impact of interventions
designed to enhance complex thinking and evaluate how this instrument performs across
different cultural and educational settings.

This research underscores the importance of developing psychometrically sound
assessment tools that align with the evolving educational landscape. By advancing the
understanding and measurement of complex thinking, this study lays the groundwork for
future research on cognitive skill development, ultimately contributing to more effective

educational methodologies worldwide.
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