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Context

Products that reduce household food waste
What does the product look like?

How do users use it?
What are its functions?
Is this product innovative and feasible enough?



What is ideation in product design engineering?
Ideation involves generating ideas for new products that meet
functional requirements.
It is a process of producing candidate ideas in order to
progressively refine a final design that can be manufactured.

The importance of studying brain activity:
It helps to develop cognitive theories that explain and predict
designer behavior.
It also supports the development of brain-computer interface
(BCI) tools for product design engineering practice, such as
providing neurofeedback to sustain effective ideation
performance, or enabling seamless realization of imagination in
digital environments.

Background 



Background ：Key Concepts and Brain Networks

Describes how strongly different brain regions are connected during activity.

Even at rest, some regions consistently show strong, reliable correlations → part of larger brain

networks.

Creative Cognition & Brain Networks

Generating novel and useful ideas involves three major brain networks:

1.Default Mode Network (DMN)

Supports spontaneous, associative thought

Involves mental simulation, memory, perspective-taking

    2.Executive Control Network (ECN)

Supports top-down, analytical thinking

Involves evaluation, decision-making

    3.Salience Network (SN)

Detects task-relevant stimuli

Acts as a gate between DMN & ECN

Functional Connectivity：
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Research objectives and methods

To explore functional activity and
connectivity in professional product
design engineers during the ideation
process using functional magnetic
resonance imaging (fMRI),
with a particular focus on how different
brain regions functionally interact.

Objective:
32 professional product design engineers

(final sample n=30), right-handed, no

history of neurological impairment.

At least 2 years of professional

experience (mean = 9.95 years).

Participants
Event-related fMRI design with four
conditions:

Design Ideation
Working Memory (2-back task)
Visuospatial Processing (Mental
rotation task)
Baseline (Rest)

Study Design



Experimental Procedure



Study Design



Analysis Process
1. fMRI Data Collection and Preprocessing

Siemens 3T MRI used to scan brain activity during ideation.
Preprocessing steps (aligning and cleaning the data):

Spatial realignment (correcting for head movement across time)
Slice timing correction (aligning slices acquired at different times)
Normalization and smoothing (mapping each participant’s brain to a
standard MNI template and smoothing for comparison)
High-pass filtering (128s) to remove low-frequency noise

2. Standard Contrast Analysis (GLM and t-contrast)
General Linear Model (GLM) used to model each participant’s brain data.
Main contrasts:

Ideation > Baseline (rest) → Identify brain regions more active during
ideation than rest
Ideation > Working Memory
Ideation > Visuospatial Processing

Conjunction contrast to isolate ideation-specific activity (excluding working
memory and visuospatial effects).
All results thresholded at FWE p < 0.05.



Analysis Process
3.Psychophysiological Interaction (PPI) Analysis

Concept of PPI:
It’s not just about identifying which brain regions are active ("what lights
up"), but also which regions are "talking" to each other during ideation.
Think of it like teamwork: The left prefrontal cortex isn’t working alone; it’s
working with areas like the right prefrontal cortex and the cerebellum.

How it works:
Identify ROIs (seed regions) → Brain areas showing strong activation
during ideation (from contrast analysis).
Examine which other brain regions "light up together" (co-activate) with
these seeds during ideation.
Use conjunction contrasts to ensure these connections are specific to
ideation, not just due to working memory or visuospatial processes.



Examples of design concepts



Functional activity results (Ideation vs. Baseline)

 ECN 額葉

ECN

額中回

額上回

額下回

SN

ECN 額葉
基礎動作、注意⼒、判斷

ECN 頂葉
基礎感覺、訊息統整



Functional Activity Results (Ideation vs. Controls)
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PPI analysis results



PPI analysis results



PPI analysis results



PPI Analysis Results:
Showing all regions of interest (ROIs) and their co-activation during ideation.



Discussion amd Implications
Key Findings

This study provides fundamental knowledge about the brain regions and functional networks involved in
design ideation.
Design ideation is a complex form of creative cognition that likely depends on multiple interacting cortical
networks distributed across the brain.

Implications for Design Practice
Offers targets for behavioral and neural interventions to enhance ideation performance.
Potential to develop design-specific training exercises targeting cognitive processes linked to the highlighted
brain regions in this study.
Neurofeedback can help designers become aware of their brain activity and regulate their ideation
processes.
Neurostimulation methods (e.g., tDCS) could enhance creativity by stimulating brain areas most associated
with effective ideation.



Limitations and Future Work
Study Limitations

Did not explore how brain activity varies with the creative value of ideas generated.
Future work will apply parametric modulation to address this.
Control task selection is complex, as ideation involves multiple interacting processes.
Future studies may include long-term memory retrieval as a control condition.

Future Directions
Clarify the exact role of the motor cortex, e.g., by comparing fMRI ideation tasks with and without
sketching to distinguish between imagined sketching and product interaction.
Establish the predictive power of brain-behavior correlations, testing whether functional connectivity
predicts creative outcomes in design.
Further explore the relationship between DMN processes and mental imagery during ideation.
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