Modern Management Engineering
Volume 11, Issue 1, Spring 2025
pp. 90-119.

Paper type: Research paper

Designing a Workforce Competency Model with an Industry
4.0 Approach in Manufacturing Industries

Ali Mirzaei Eslamloo?, Majid Bagherzadeh Khajeh2, Morteza
Mahmoudzadeh?, Mojtaba Ramezani*

Received: 25/03/2024 Accepted: 31/08/2024

Extended Abstract

Introduction: The Fourth Industrial Revolution, the latest technological
advancement, presents new challenges for the workforce, as emerging
technologies demand new skills and competencies. Traditional
competency models may no longer be sufficient for the complexities of
modern manufacturing environments. Accordingly, this research aims to
design and validate a workforce competency model specifically tailored
for manufacturing industries operating under the Industry 4.0 paradigm.
The central research objective is to identify the core competencies and
model their structural relationships to provide a clear framework for
human resource development.

Literature Review While the concept of workforce competency has
been extensively studied, its adaptation to the context of the Fourth
Industrial Revolution, particularly in the manufacturing sector, is an
emerging area of research. Previous studies have often focused on
general skills for the digital age, but few have provided a structured,
multi-level model that clarifies the interdependencies between different
competency dimensions. This study distinguishes itself by not only
identifying these competencies but also by using a sophisticated
modeling approach to understand the cause-and-effect relationships
between them, thus addressing a critical gap in the existing literature.
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Research Methodology This study employs a mixed-methods,
descriptive-modeling research design. The statistical population
included two groups: experts and managers of manufacturing companies
in East Azerbaijan province. In the qualitative phase, Interpretive
Structural Modeling (ISM) was used to develop an initial model based
on the input of 17 experts. In the quantitative phase, the model was tested
and validated using data collected from 175 managers of large
manufacturing companies. The data was analyzed using Partial Least
Squares Structural Equation Modeling (PLS-SEM) to assess the model’s
validity, reliability, and the significance of the proposed relationships.

Results The findings reveal a five-level hierarchical model of workforce
competencies for Industry 4.0. The analysis demonstrated that
“intellectual skills” are at the most fundamental level, exerting the
highest influence on other competencies. Conversely, “technical skills”
were found to be the most influenced dimension, situated at the highest
level of the model. The model’s overall fit, validity, and reliability were
confirmed through the quantitative analysis. Furthermore, the path
coefficient analysis confirmed the significance of both direct and indirect
relationships among the core components of the competency model.

Discussion and Conclusion The validated five-level model provides a
crucial strategic tool for managers and policymakers in the
manufacturing sector. By understanding that foundational intellectual
skills are a prerequisite for developing other competencies, organizations
can design more effective training and development programs. This
research offers a practical, data-driven framework for preparing the
workforce for the challenges of the Fourth Industrial Revolution. The
findings can guide companies in fostering a skilled workforce capable of
navigating the technological shifts, thereby enhancing productivity and
maintaining a competitive edge.

Keywords: Workforce Competencies, Industry 4.0, Intellectual Skills,
Technical Skills.
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