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What are tools to improve creativity developed by cross-disciplinary scholars? 



Background on our project…

1. The Role of Heuristics in Creative and Innovative Robust Designs: Understanding Both 
Individual and Team-Based Design
CMMI: 7/2009 – 6/2012

2. Integrating Design Heuristics into Engineering Education as a Pedagogy for Ideation
DUE: 4/2012 – 3/2014

3. Evidence-based Pedagogy in Engineering Education: Design Heuristics for Concept Generation
DUE: 9/2013 – 8/2016

Our objectives are to explore how designers and engineers use heuristics in generating novel ideas, 
how these heuristics can be integrated into design and engineering curricula, and how we can assist 
educators in their integration. 
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Let’s practice conceptual design

Spend 5 minutes generating as many creative ideas as you can 
and sketching them

Salt & Pepper Design Task

A new restaurant is opening, and it is interested in unique designs. Your 
task is to design ways to dispense salt & pepper for diners in this 
restaurant. Focus on new and creative ideas, and generate as many as 
you can.



What ideas did you come up with?

How did you generate the concepts?

What challenges did you face in trying to be creative? 

Share ideas and reflect



Start with a problem
Research and gather information
Generate concepts
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Further develop concepts

Challenges with 
concept generation
 Lack of strategies for multiple 

and diverse idea generation

 Fixation
 existing products
 previous experiences
 first idea



Existing strategies
 Brainstorming
 Brainwriting

 Lateral Thinking
 TRIZ
 SCAMPER

 Analogical Thinking
 Morphological Analysis
 Synectics

 IDEOTM Method Cards
 Whack Pack

How do we promote 
Successful Idea 
generation?
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Many not empirically derived or validated

Can be very general, or very specific



Cognitive heuristics
Reasoning processes that do not 
guarantee the best solution, but 
often lead to potential solutions 
by providing a short-cut.

Design Heuristics
Concept modifiers that quickly 
lead to a potential solution, 
providing the opportunity for a 
novel design to occur.

Case Study with a 
Professional 

Designer

Award-winning 
Products

Think-aloud 
Experiments

77 cards



Yilmaz, S., & Seifert, C. M. (2011). Creativity through design heuristics: A case study of expert product design. Design Studies, 32(4), 
384-415.

Heuristic extraction from a case study

over 200 concepts



Yilmaz, S., Seifert, C. M., Daly, S., Christian, J. L., & Gonzalez, R. (2016, in press). Design heuristics observed in innovative products. 
Journal of Mechanical Design.

Heuristic extraction from product analysis

over 400 products



Heuristic extraction from think-aloud experiments

over 250 concepts

Design Problem
Design a solar powered cooking 
device

52 diverse participants 

Over 50 hours of data (25 min task, 
30 min post-interview)

Design task and interview protocol 
developed and piloted

Daly, S., Yilmaz, S., Christian, J., Seifert, C. M., & Gonzalez, R. (2012). Design heuristics in engineering concept generation. Journal of 
Engineering Education, 101(4), 601-629. 



Initial Ideas
Obvious Ideas

Design Heuristics push you to 
more fully explore the potential 
solution space.

DESIGN SOLUTION SPACE











Practice with Design Heuristics

Use the 5 Design Heuristic Cards provided to you
Spend 5 minutes using the cards to help generate ideas

Salt & Pepper Design Task

A new restaurant is opening, and it is interested in unique designs. Your 
task is to design ways to dispense salt & pepper for diners in this 
restaurant. Focus on new and creative ideas, and generate as many as 
you can.



Can you share some of your solutions based on the 
Design Heuristics you used? 

How did the Design Heuristic cards impact your 
approach to generating ideas?

How did you feel about your ability in generating 
creative ideas comparing both ideation sessions? 

Share ideas and reflect



Participants
• Middle and high school students
• Pre-engineering students
• Engineering Undergraduates
• Design Undergraduates
• Engineering Graduates
• Engineering Practitioners

Contexts
• In-class design tasks
• Controlled design tasks
• Longitudinal projects
• Professional settings
• New product lines
• Existing product lines

How do Design Heuristics 
impact idea generation 
approaches and design 
outcomes?

Creativity
Diversity

Elaboration

Quantity
Practicality

Implementation studies



Design Heuristics across disciplines

Design Heuristics were 
empirically derived from tangible 
products and designers 
generation processes

What about other disciplines?
How can design heuristics be 
used across contexts?

Mechanical 
Engineering

Chemical 
Engineering

Civil, 
Environmental and 

Sustainable  
Engineering

Electrical 
Engineering

Biomedical 
Engineering

Aerospace 
Engineering



“The heuristic cards provided a lot of options and directions to develop 
solutions. The concepts presented led to new ideas. The examples helped me 

visualize and better understand the concepts.”

“The cards made me think outside the basic 
characteristics that I would have incorporated 

into my designs. The examples on the back were 
great, and I loved the general diagrams on the 
front side because it ensured that I was not 

fixated on the examples.”

“Design heuristics really 
helped a lot. I thought of 
features that I did not 

even think could be taken 
into consideration 

before.”

After using Design Heuristics in the classroom, here are things that 
students say:

Student Feedback



How might the design heuristics impact mood, 
cognition, decision making and team dynamics? 

How might mood, cognition, decision making and
team dynamics impact using idea generation tools, 

such as design heuristics?

Discussion 



Design Heuristics are in use by over 270 professionals in 37 
different universities and industries and 67 different locations
spanning 11 countries around the world!



Incorporating Design Heuristics into engineering 
and design courses

Idea Initiation Idea Transformation 
and Development

Subcomponent 
Design (Functional 
Decomposition and 

Recombination)

Design Heuristics Lesson Plans

Teaming

Lesson 1 Lesson 2 Lesson 3

Individual / Solo 



www.designheuristics.com

Lesson PowerPoints, Idea sheets, 
Research articles, Sample cards

http://www.designheuritics.com


THANK YOU!

www.DesignHeuristics.com

National Science Foundation, Division of Undergraduate Education (DUE) Grant Nos. 
1323251 and 1322552. 
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