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ABSTRACT

The rise of smart manufacturing under Industry 4.0 demands a harmonious integration
between advanced technology and human cognitive abilities. This paper explores
the role of cognitive ergonomics in ensuring that complex systems, automation, and
artificial intelligence are designed to support, rather than overwhelm, the human
operator. By focusing on cognitive load, decision-making processes, mental models,
and user interfaces, this study emphasizes the importance of human-centred design in
smart work environments. Through a review of empirical research and case studies,
the paper highlights the psychological challenges and opportunities arising from
human-technology interaction in manufacturing settings. Practical recommendations
are provided for optimizing task design, reducing mental fatigue, and improving
performance and well-being in technologically advanced workplaces. The paper
argues that aligning technological innovation with psychological capabilities is
critical to achieving sustainable productivity and employee satisfaction in smart
manufacturing systems.
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1. INTRODUCTION

Smart manufacturing is reshaping the global industrial landscape, driven by the
convergence of automation, data analytics, and interconnected systems collectively
termed Industry 4.0. In Malaysia, this technological revolution is guided by ini-
tiatives such as the National Policy on Industry 4.0 (Industry4WRD), which aims
to transform the manufacturing sector into a digitally driven and people-centric
industry. While much of the focus has been placed on technological innovation and
automation, an equally critical factor, the cognitive capacity of human operators has
often been underemphasized.

Cognitive ergonomics, a key subfield of human factors psychology, offers a lens
through which the interaction between humans and complex systems can be exam-
ined and optimized (Wickens, 2008). It emphasizes the design of technologies and
environments that align with human mental processes such as perception, memory,
decision-making, and attention (Vicente, 2006). In high-stakes manufacturing en-
vironments, these mental processes are often taxed by the pace and complexity of
operations, leading to cognitive overload, performance errors, and psychological
fatigue.

Malaysian manufacturing industries, particularly in Penang, Selangor, and Johor,
have seen rapid adoption of smart technologies, including robotics, automated quality
inspection, and [oT-enabled machinery. While these innovations boost efficiency, they
also demand a high degree of cognitive agility from operators who must interpret
complex data, make time-sensitive decisions, and maintain situational awareness in
digital control environments. For example, a case study from an electronics plant
in Penang revealed that machine operators struggled with interpreting multi-screen
dashboards, resulting in increased error rates and delayed response times (Mayer,
Schneider & Braun, 2020).

This paper argues that the sustainable success of smart manufacturing depends
on how well these systems are aligned with the cognitive capabilities of their users.
Neglecting the human component risks undermining technological investments and
jeopardizing both productivity and well-being. The integration of cognitive ergo-
nomics into manufacturing practices ensures that technological complexity does
not exceed human limitations and that workplaces are designed to enhance mental
performance rather than diminish it.

Accordingly, the objectives of this paper are threefold:

1. To define cognitive ergonomics and its relevance in the context of Malaysian
smart manufacturing.

2. Toexamine the psychological challenges and opportunities arising from human-
technology interaction.

142



28 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/cognitive-ergonomics-in-smart-

manufacturing/385664

Related Content

Applications of Design of Experiments to Pharmaceutical Quality Control
Evelin Gutiérrez Moreno, José A. Rodriguez Avilaand Julian Cruz Borbolla (2022).
Quality Control Applications in the Pharmaceutical and Medical Device Manufacturing
Industry (pp. 1-23).
www.irma-international.org/chapter/applications-of-design-of-experiments-to-pharmaceutical-
quality-control/300157

Studies on Microstructure, Microhardness and Wear Behavior of L-PBFed
18Ni(300) Maraging Steel Part: Effect of Post-Heat Treatment

Sudipta Swain, Tanushree Sahoo, Saurav Datta, Kaushik Kumarand Tarapada Roy
(2026). Innovative Welding Methods for Modern Manufacturing (pp. 125-148).
www.irma-international.org/chapter/studies-on-microstructure-microhardness-and-wear-

behavior-of-I-pbfed-18ni300-maraging-steel-part/385227

Design for Additive Manufacturing: Bridging Creativity and Precision in the
3D Printing Era

M. Manirajand S. M. Raj Kumar (2025). Modeling, Analysis, and Control of 3D
Printing Processes (pp. 79-100).
www.irma-international.org/chapter/design-for-additive-manufacturing/380712

A Study on Deep Learning Methods in the Concept of Industry 4.0

Mehmet Ali imekand Zeynep Orman (2023). Applied Al and Multimedia Technologies
for Smart Manufacturing and CPS Applications (pp. 256-277).
www.irma-international.org/chapter/a-study-on-deep-learning-methods-in-the-concept-of-
industry-40/321254

Redesign of the Workplace for Toolmakers Towards Industry 4.0

Ivana Radi, Bojan Rupnik, Simona Sinko, TomaZ Krambergerand Brigita Gajsek
(2020). Handbook of Research on Integrating Industry 4.0 in Business and
Manufacturing (pp. 492-511).
www.irma-international.org/chapter/redesign-of-the-workplace-for-toolmakers-towards-industry-
40/252378



http://www.igi-global.com/chapter/cognitive-ergonomics-in-smart-manufacturing/385664
http://www.igi-global.com/chapter/cognitive-ergonomics-in-smart-manufacturing/385664
http://www.igi-global.com/chapter/cognitive-ergonomics-in-smart-manufacturing/385664
http://www.irma-international.org/chapter/applications-of-design-of-experiments-to-pharmaceutical-quality-control/300157
http://www.irma-international.org/chapter/applications-of-design-of-experiments-to-pharmaceutical-quality-control/300157
http://www.irma-international.org/chapter/studies-on-microstructure-microhardness-and-wear-behavior-of-l-pbfed-18ni300-maraging-steel-part/385227
http://www.irma-international.org/chapter/studies-on-microstructure-microhardness-and-wear-behavior-of-l-pbfed-18ni300-maraging-steel-part/385227
http://www.irma-international.org/chapter/design-for-additive-manufacturing/380712
http://www.irma-international.org/chapter/a-study-on-deep-learning-methods-in-the-concept-of-industry-40/321254
http://www.irma-international.org/chapter/a-study-on-deep-learning-methods-in-the-concept-of-industry-40/321254
http://www.irma-international.org/chapter/redesign-of-the-workplace-for-toolmakers-towards-industry-40/252378
http://www.irma-international.org/chapter/redesign-of-the-workplace-for-toolmakers-towards-industry-40/252378

