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Abstract
The process of idea generation in skilled product design engineers is a complex cognitive endeavor shaped by a 

myriad of neurocognitive mechanisms. This article explores the intricate interplay between cognitive processes and 
neural networks underlying creative cognition in the realm of product design engineering. Drawing upon neuroscientific 
research and cognitive psychology, we delve into the neural substrates of divergent thinking, pattern recognition, 
working memory, emotional regulation, and environmental influences implicated in idea generation. Specifically, regions 
such as the prefrontal cortex, posterior cingulate cortex, and amygdala emerge as key players in facilitating creative 
cognition. By elucidating these neurocognitive mechanisms, we offer insights into how engineers conceptualize, 
iterate, and refine innovative solutions. Furthermore, we discuss the implications of this research for engineering 
practice, emphasizing strategies to enhance creativity and foster innovation within engineering teams. Ultimately, this 
exploration sheds light on the fundamental processes that drive idea generation in product design engineers, paving 
the way for advancements in design innovation and interdisciplinary collaboration.
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Introduction
The realm of product design engineering is a vibrant intersection of 

creativity, functionality, and innovation. Behind every groundbreaking 
design lies a complex cognitive process, where skilled engineers 
translate abstract concepts into tangible solutions. Idea generation, the 
initial stage of this process, is a fascinating domain of study, delving 
into the depths of human cognition. In this article, we embark on a 
journey to unravel the neurocognitive mechanisms that underpin idea 
generation in skilled product design engineers [1,2].  Product design 
engineering stands at the forefront of innovation, where creativity 
intersects with functionality to shape the products that define our 
daily lives. Within this dynamic field, idea generation serves as the 
cornerstone of the design process, igniting the spark of innovation 
that drives progress [3,4]. Behind every revolutionary product lies 
a complex cognitive journey, navigated by skilled engineers who 
possess the unique ability to translate abstract concepts into tangible 
solutions [5]. In this article, we embark on a journey to unravel the 
enigmatic neurocognitive mechanisms that underpin idea generation 
in skilled product design engineers. Idea generation is not merely a 
random occurrence or a stroke of luck; rather, it is a systematic process 
deeply rooted in the intricate workings of the human mind [6]. Skilled 
engineers possess a remarkable capacity to traverse this process with 
finesse, leveraging their knowledge, experience, and cognitive abilities 
to conceive groundbreaking ideas [7]. At its essence, idea generation 
involves divergent thinking—an ability to explore multiple pathways 
and perspectives in search of innovative solutions. This cognitive 
flexibility enables engineers to break free from conventional patterns 
and push the boundaries of creativity [8]. However, the process of 
idea generation is far from simple; it is governed by a multitude of 
neurocognitive mechanisms that interact in intricate ways. These 
mechanisms encompass a wide array of cognitive processes, from 
pattern recognition and analogical reasoning to working memory 
and emotional regulation. Understanding the neural substrates 
underlying these processes is crucial for unraveling the mysteries of 
creative cognition in product design engineering [9]. By deciphering 
the neurocognitive mechanisms of idea generation, we not only gain 
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a deeper understanding of the creative process but also pave the 
way for advancements in design innovation and interdisciplinary 
collaboration. Join us as we unravel the mysteries of creative cognition 
in skilled product design engineers, unlocking new insights that have 
the potential to shape the future of engineering and technology [10].

Understanding idea generation

Idea generation is not a random occurrence; rather, it's a systematic 
process influenced by various cognitive factors. Skilled product design 
engineers possess the ability to navigate through this process adeptly, 
leveraging their knowledge, experience, and cognitive abilities. At its 
core, idea generation involves divergent thinking, where individuals 
explore multiple solutions to a given problem. This cognitive flexibility 
enables engineers to break free from conventional patterns and explore 
novel concepts.

Neurocognitive mechanisms at play

Divergent thinking networks: Neuroimaging studies have shed 
light on the neural networks involved in divergent thinking. Regions 
such as the prefrontal cortex, particularly the dorsolateral prefrontal 
cortex (DLPFC), are implicated in cognitive flexibility and idea 
generation. These areas exhibit increased activity during tasks requiring 
the generation of multiple solutions, highlighting their role in creative 
cognition.

Pattern recognition and analogical reasoning: Skilled engineers 
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often draw upon analogical reasoning to generate ideas. This process 
involves recognizing patterns and similarities across diverse domains, 
allowing for the transfer of solutions from one context to another. 
Neuroscientific research suggests that the posterior cingulate cortex 
(PCC) and medial prefrontal cortex (mPFC) play crucial roles in 
pattern recognition and semantic processing, facilitating analogical 
reasoning during idea generation.

Working memory and cognitive control: Idea generation tasks 
require the maintenance and manipulation of information in working 
memory. The ability to hold multiple concepts in mind while actively 
exploring new possibilities is central to the creative process. Brain 
regions associated with working memory, such as the dorsolateral 
prefrontal cortex (DLPFC) and parietal cortex, are engaged during 
idea generation tasks, indicating the importance of cognitive control 
mechanisms in facilitating creative cognition.

Emotional regulation: Emotions play a significant role in shaping 
the creative process. Skilled engineers often experience a delicate 
balance between excitement and frustration while generating ideas. 
Effective emotional regulation is essential for maintaining motivation 
and perseverance in the face of challenges. The amygdala, a key hub 
for emotional processing, interacts with prefrontal regions to modulate 
the emotional valence associated with creative tasks, influencing 
individuals' ability to generate and evaluate ideas.

Environmental influences: The physical and social environment 
can profoundly impact idea generation. Collaborative settings foster 
idea exchange and collective brainstorming, leveraging the diversity 
of perspectives to fuel creativity. Neuroscientific research has 
demonstrated the role of mirror neuron systems in social cognition, 
highlighting how interpersonal interactions can stimulate idea 
generation processes in skilled engineers.

Implications for Practice

Understanding the neurocognitive mechanisms underlying idea 
generation can inform strategies to enhance creativity in product 
design engineering. Employing techniques such as divergent thinking 
exercises, analogical reasoning prompts, and mindfulness-based 
interventions can foster a conducive cognitive environment for 
idea generation. Moreover, creating collaborative workspaces that 

encourage interdisciplinary collaboration and knowledge sharing can 
stimulate creative thinking and innovation within engineering teams. 

Conclusion
In the dynamic realm of product design engineering, idea 

generation serves as the catalyst for innovation, driving the creation 
of solutions that shape our world. Through our exploration of the 
neurocognitive mechanisms underlying this fundamental process, 
we have uncovered a rich tapestry of cognitive processes and neural 
networks that orchestrate the creative journey of skilled engineers. Idea 
generation in skilled product design engineers is a multifaceted process 
influenced by a myriad of neurocognitive mechanisms. By unraveling 
the intricacies of creative cognition, we gain valuable insights into 
how engineers conceptualize, iterate, and refine innovative solutions. 
Moving forward, integrating this knowledge into engineering 
education and practice can nurture the next generation of creative 
problem solvers, driving advancements across diverse industries and 
shaping the future of design innovation.
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