
CHAPTER 02
What is Design?



Make a list: Identify 4-5 
things which define or 

describe design.  Consider 
the engineering context!

WHAT IS 
DESIGN?



• Inclusive


• Stress-free


• Intuitive


• Solves the problem


• Sustainable


• Friendly


• Satisfies the senses


• Appropriate to the environment

WHAT MAKES A 
GOOD DESIGN?



• Creative


• Problem solving


• Seeing the big picture...and 
the smallest details


• Open-ended: There’s no 
single "correct" solution


• Encompassing: Technical 
aspects are only a small part

THE ENGINEERING 
DESIGN PROCESS IS...



• Recognize the need


• Define the problem


• Plan the project


• Conceptualize alternate 
approaches


• Evaluate the alternatives


• Select the best alternative


• Communicate the design


• Implement the preferred solution

ELEMENTS OF THE 
DESIGN PROCESS



DEFINE THE 
PROBLEM

• “Define the problem” means many things


• Mostly, it means “define the real 
problem”


• Design failures can often be traced to 
inadequate or incomplete problem 
formulation


• Cost of change increases as design 
progresses



• Double the time does not equal double the money!


• Not a linear relationship


• Costs increase exponentially as the project lifetime increases

THE COST OF DESIGN CHANGES

Notice that it 
only took 3 

months for the 
Coca-Cola 

Company to get 
the original 

drink back on 
the shelves!



PROBLEM 
IDENTIFICATION: GOALS

• Brief, general, and ideal 
statement


• “How are we going to address 
the need?”


• Example Goal: Design a portable 
device for listening to music



 PROBLEM IDENTIFICATION: 
CRITERIA VS. CONSTRAINTS
• Criteria are quantifiable objectives 

which must be met in order to 
satisfy a challenge/need


• Criteria are what you must do


• Constraints are factors that limit 
how you can solve a problem 


• Constraints are what you cannot do



Make a list: Identify at least 4-5 criteria 
for an optimum digital music player

• Play music


• And??

DESIGN CRITERIA
An iPod must <fill in criterion>, or it 

does not succeed as a product



• What is the problem?


• Collect information


• Interpret information


• Organize a needs 
hierarchy: Determine 
the relative 
importance of needs


• Needs may be either 
criteria or constraints!

NEEDS IDENTIFICATION



IPOD NEEDS 
HIERARCHY

High-Quality Audio Easy to Use

iPod 

Limited Controls

Long Battery Life

Intuitive 

Spare Battery

Multiple File 
Formats

Portable

Lightweight

Small Size

Ergonomic

Water 
Resistant

Outdoor 
Temperatures

Runner’s 
Shock

Impact Resistant

Environment

Active Noice 
Cancellation

Low Distortion

Robust 
Headphones

Touch Screen

Large Screen

Check the shared spreadsheet 
for the hierarchy we created!



• Economic


• Environmental


• Ethical and Legal


• Health and Safety


• Manufacturability


• Political and Social


• Sustainability

CONSTRAINTS

Make a list: Identify at least one example of each 
of the categories of constraint shown on the lef

An iPod cannot 
<fill in constraint>



REQUIREMENTS SPECIFICATION

• Identifies requirements design must satisfy for success


• Engineering: Technical aspects, performance specifications


• Manufacturing: Existing infrastructure, materials availability


• Marketing: Customer needs, how to communicate product to 
the people who need or want it



• Functionality


• Performance 


• Reliability 


• Energy Use


• Effective 
Lifespan

EXAMPLE ENGINEERING 
REQUIREMENTS

Make a list: Identify at least one example requirement for each of the categories of 
requirements shown above



GOOD DESIGN 
VS BAD DESIGN

• Meets all technical 
requirements 


• Works all the time 


• Meets cost requirements 


• Requires little or no 
maintenance 


• Is safe 


• Creates no ethical dilemma



• Explore many solutions


• Train-of Thought


• Brainstorm


• Exercise creativity


• Seek innovation


• Choose the best solution


• Base selection on needs 
and constraints

CONCEPT 
GENERATION

AND EVALUATION



• No holding back: Any idea may be 
brought to the floor at any time


• No boundaries: An idea is never 
too outrageous to mention


• No dismissing: An idea may not 
be discounted until after group 
discussion


• No restrictions: Participants may 
generate ideas from any field of 
expertise


• No limit: Another idea is never 
one too many. 


• No criticizing: An idea may not be 
criticized until the final 
discussion phase


• No shame: A team participant 
should never be made to feel 
embarrassed for contributing an 
idea

HOW TO BRAINSTORM



• Perceptual blocks


• Limiting problem space


• Emotional blocks


• Fear of failure – “fail early 
and often”


• Environmental blocks


• Engineering cultural bias


• Intellectual or expressive blocks


• Understanding the tools

BARRIERS TO CREATIVITY



• Question


• Practice


• Allow time


• Suspend judgment


• Lateral thinking


• Think like a beginner

STRATEGIES TO ENHANCE CREATIVITY

Nine-Dot Problem:  Connect 
the dots using only 4 lines; 
do not cross any dot more 
than once (lines can cross)

Shovel Problem:  
Move only two lines 
so that you still have 
a shovel, but you are 

not scooping the 
coin.



NINE DOTS, TWO WAYS


