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A B S T R A C T  

Creative problem solving underpins the design process of an industrial 

designer. But solving implies a correct answer. Design often necessitates 

compromise between conflicting requirements, which requires making 

judgments, which result in multiple viable alternatives. The task of a 

designer is three-fold: to analyze and/or evaluate problems, to generate 

possible solutions, and finally, to make recommendations on how to resolve 

them. Analyzing or evaluating a problem requires the ability to recognize a 

problem and product opportunity in the first place. Recognizing a problem 

requires awareness, insight and perception. Analysis and evaluation require 

critical thinking. Making recommendations requires exploring possible 

solutions. Exploring possible solutions requires creativity. Selecting the most 

appropriate solution requires synthetic thinking, or the combining of ideas 

into a complex whole.  

 

This thesis chronicles a designer’s journey through multiple research 

methods to expand her knowledge and understanding of the creative 

problem solving process, within the context of industrial design and 

industrial design education. Exploration took place on several levels, began 

with an in-depth literary search of contemporary and historical tenants of 
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creativity, and progressed through ethnography, phenomenology, case 

study, interviews and action research. This journey resulted in the 

conception of a tool designed to expand the industrial designer’s resources; 

a low technology tool designed to encourage and facilitate creativity. 
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C h a p t e r  1  

INTRODUCTION 

 

 

Who needs to be creative? A more appropriate question may be, “Who can 

afford not to be creative?” Creativity means different things to different 

people. The word comes from Latin creatus, literally, “to have grown”. 

Because there are many forms of creativity, there are also many definitions.  

 

         noun 

         cre.a.tiv.i.ty (kre´.a.tiv´.e.te)   

         the ability to create         

 

Figure 1-1 Definition of creativity (WorldNet 2006). 
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This thesis describes a designer’s journey through multiple research 

methodologies to expand her knowledge and understanding of the 

creative problem solving process within the context of industrial design 

and industrial design education. The journey inspired the development of 

a tool designed to encourage and facilitate creativity, which ultimately 

extends the industrial designer’s tool kit.1 What does it take to be creative? 

Is there a recipe for creativity? Can one prescribe creativity? Can one 

method or range of multiple methods enable successful results all the 

time? Is there something a designer can do to ensure a successful design 

outcome? These questions were the triggers that propelled the author to 

embark upon this journey. This thesis explores creativity on several levels, 

beginning with an in depth literature search of contemporary and 

historical tenants of creativity. The preparatory stage took the author 

through a literature search and review which provided a basis from which 

to begin her trip, and will be discussed in chapter two. The exploratory 

stage of the journey involved multiple research methodologies and can be 

found in chapters three through eight. Results from the exploratory stage 

inspired the development stage of the expedition and will be discussed in 

chapter nine. Finally, through synthesis of research findings the author 
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proposes a creativity tool that combines all of the lessons learned, chapter 

ten highlights a tool designed to encourage and facilitate creativity, 

thereby extending the industrial designer’s toolkit. 

 

1.1 Creativity by Definition 
 

Creativity, simply put, is the ability to create (WorldNet 2006). Many 

people share memories of grade school spelling tests that required one to 

define a spelling word by using it in a sentence. Defining the term with a 

derivative of the word being tested was prohibited. So let us try to resolve 

the definition by breaking down the root. The definition of create is “to 

cause to come into being, as something unique that would not naturally 

evolve or that is not made by ordinary process” (WorldNet 2006). 

Therefore, one could deduce that creativity is the process of arriving at 

something unique. 

 

1.2 Creativity by Discipline 
 

Creativity is not the sole domain of the designer. “Many fields have a 

proprietary interest in creativity. Among these are psychology, 

psychoanalysis, philosophy, the arts, business and the sciences” (Piirto 
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2004: 38). Therefore, a transdisciplinary literature search and review into 

creativity beyond design provided valuable insight and furnished the 

author with views from diverse disciplines.  

 

Definition of Creativity Author Discipline 

 
“Creativity is essentially a lonely art. An even 
lonelier struggle. To some a blessing. To others 
a curse. It is in reality the ability to reach inside 
yourself and drag forth from your very soul an 
idea.” 
 

 
Lou Dorfsman 

 
Advertising  
Creative Director 

 
“Creativity is allowing oneself to make 
mistakes. Art is knowing which ones to keep.” 
 

 
Scott Adams 
 

 
Cartoonist 

 
“Creativity is a dynamic activity that includes 
conscious and subconscious mental 
processing.” 
 

 
Edward Lumsdaine 
Monica Lumsdaine 
(1995: 14) 

 
Dean of 
Engineering; 
Mathematician 

 
“Creativity is a type of learning process where 
the teacher and pupil are located in the same 
individual.” 
 

 
Arthur Koestler 
 

 
Journalist 

 
“Creativity is a balance of imagination and 
analysis.” 

 
Paul E Plsek 
(1997) 

 
Engineering 
Manager  
 

 
“Creativity is the encounter of the intensely 
conscious human being with his or her world.” 
 

 
Rollo May 
(1975: 54) 

 
Existential 
Psychologist 

 
“The things we fear most in organizations – 
fluctuations, disturbances, imbalances – are 
the primary sources of creativity.” 
 

 
Margaret J. 
Wheatley 
 

 
Management 
Consultant 

 
Table 1-1 Creativity references beyond the design disciplines (refer to wisdomquotes.com). 
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Definition of Creativity Author Discipline 

 
“Creative work is play. It is free speculation 
using materials of one’s chosen form.” 
 

 
Stephen 
Nachmanovich 

 
Musician, Artist 

 
“Any activity becomes creative when the doer 
cares about doing it right or doing it better.” 
 

 
John Updike 
 

 
Novelist 

 
“Creativity is the sudden cessation of 
stupidity.” 

 
Edward Herbert 
Land 
 

 
Physicist 

 
“Creativity is the ability to see relationships 
where none exist.” 
 

 
Thomas Disch 

 
Poet 

 
“Creativity is the art of expanding possibility.” 
 

 
Anthony Weston 
(2007) 

 
Professor of 
Philosophy 

 
“Creativity represents a miraculous coming 
together of the uninhabited energy of the child 
with its apparent opposite and enemy, the 
sense of order imposed on the disciplined 
adult intelligence.” 
 

 
Norman Podhoretz 

 
Publishing Editor 
 

 
Table 1-2 Creativity references beyond the design disciplines (refer to wisdomquotes.com). 

             

 

Creativity belongs to no single discipline and is manifested in no single 

medium. Creativity is ubiquitous. Its transdisciplinary nature connects 

advertising, literature, engineering, science, psychology, journalism, 

business, art, music, philosophy, transcending the boundaries of all 

disciplines. Through the lens of exploration, creativity knows no boundaries. 

Creativity is a constant overarching pursuit of knowledge.  
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1.3 Creativity by Design 
 

Industrial Design (ID) is considered a professional discipline. The Industrial 

Design Society of America (IDSA) defines ID as “a professional service of 

creating and developing concepts and specifications that optimize the 

function, value and appearance of products and systems for the mutual 

benefit of both user and manufacturer” (2006). More simply put, an 

Industrial Designer is to a product what an architect is to a building. 

Virtually every product handled on a day-to-day basis has been touched in 

some way by an industrial designer. From the furniture you sit on, to the 

toothbrush you use, to the sink you stand in front of, to the car you drive.  

The designer’s contribution may be related to form and appearance, 

functional improvement, or a combination of form and function. An 

effective designer by definition needs to be highly skilled in creative 

problem solving.  
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Quotes on Creativity and Design Author Design 
Discipline 

 
“By the grace of heaven and in rare moments 
of inspiration which transcend the will, art may 
unconsciously blossom from the labor of his 
hand, but a base in handcrafts is essential to 
every artist. It is there that the original source of 
creativity lies. 
 

 
Walter Gropius2 

 
Architect  
 

 
“The recognition and understanding of the 
need was the primary condition of the creative 
act. When people feel they had to express 
themselves for originality for its own sake, that 
tends not to be creativity. Only when you get 
into the problem and the problem becomes 
clear, can creativity take over.”  
 

 
Charles Eames 
 

 
Architect and 
Designer 

 
Creativity is “An experiment, to find what a 
single individual can contribute to changing the 
world and benefiting all humanity.” 
“Dare to be naive.” 
 

 
R. Buckminster 
Fuller3 

 

 
Architect 
 

 
“An idea is salvation by imagination” 
“I never design a building before I’ve seen the 
site and met the people who will be using it. 
 

 
Frank Lloyd Wright 

 
Architect 

 
Table 1-3 Creativity references from within the architecture discipline (refer to  brainyquotes.com). 
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Quotes on Creativity and Design by Industrial Designers Author 

 
“Good design, at least part of the time, includes the criteria of being 
direct in relation to the problem at hand‚ not obscure, trendy, or 
stylish. A new language, visual or verbal, must be couched in a 
language that is already understood.” 
 

 
Ivan 
Chermayeff 
 
 

 
"If the point of contact between the product and the people becomes a 
point of friction, then the industrial designer has failed. If, on the other 
hand, people are made safer, more comfortable, more eager to 
purchase, more efficient or just plain happier, the designer has 
succeeded.” 
 

 
Henry Dreyfuss 
 
 

 
“First and foremost we apply our creativity to creating ideas.” 
“It’s a simple exercise; a little logic, a little taste, and the will to 
cooperate.” 
“I sought excitement and, taking chances, I was all ready to fail in 
order to achieve something large.” 
 

 
Raymond 
Loewy4 
 
 

 
“The only important thing about design is how it relates to people.” 

 
Victor Papanek 
 

 
“We are prop managers and set builders in the wings of the cultural 
stage. No one knows who we are but they do feel the results of our 
work.” 
 

 
Bill Stumpf 
 
 

 
Table 1-4 Creativity references from within the industrial design discipline (refer to designjerk.com). 

 

Creative problem solving always involves creativity. The term solving is 

misleading because it implies a correct answer. Design is about making 

judgments, so problem-resolving is a more appropriate term (Garner et al 

1991). Design often requires compromise due to conflicting project 

requirements, provoking the possibility of multiple viable alternatives. 
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Transcending traditional ideas, rules, patterns, relationships, or contextual 

barricades, can yield creative solutions. Because industrial designers 

influence the way a product looks, feels, and functions, knowledge is 

needed from several different areas.  Architecture, visual arts, business, 

human factors, engineering, marketing, psychology, physiology, and 

physics are all important areas to an industrial designer. 

 

Creativity to a designer involves breaking free of traditional ideas, rules, 

patterns, relationships and preconceived notions to a place known as 

tabula rasa. Tabula Rasa, a Latin term for blank tablet or clean slate 

(WorldNet 2006), refers to a philosophical belief that all human beings 

are born with no innate or built-in mental content and that their entire 

resource of knowledge is built up gradually from experiences and sensory 

perceptions of the outside world. This “blank” space is where all designers 

must go to begin their problem solving adventures. This term is used in 

design as the designer attempts to shed all preconceived notions and 

contexts going into a design problem.  This has also been referred to as 

seeing with foreign eyes. By extracting oneself from the design problem, 

one can get a much wider view of what is happening because all 
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assumptions are left behind. Allowing a clean start, or detaching from 

what has gone before, can better facilitate seeing all fresh, relevant 

connections.  

 

    “Every act of creation is first an act of destruction.” 

                                                             (Pablo Picasso) 

 

There are two sides to every design opportunity: the objective, tangible, 

concrete side, and the subjective, non-tangible or abstract side. 

 

  “Creativity can be defined as both the art and science of 

  thinking and behaving both subjectively and objectively”  

  (Koberg and Bagnall 1972: 8). 

 

It is important that the designer understands the tangible properties of a 

product. “Reducing phenomena to the relations of context-free elements 

produces a great insight and power when it comes to understanding the 

physical world” (Spinosa, Flores and Dreyfus 1997: 7). It is imperative that 

the designer be concerned with the subjective or supra-functionality of a 

product. “Supra-fuctional needs include the less tangible, but no less 

important, social, tribal, spiritual, aspirational and emotional aspects of 

the relationships between individuals and the products they use” 
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(Weightman and McDonagh 2002). Engineering aspects of a situation 

tend to be the tangible, measurable knowns and through analysis can 

often be reduced to black and white statistics. On this objective side of 

inquiry, one tends to look for incremental or evolutionary shifts using 

logical, sequential thinking. Analyzing a problem in this way helps to not 

overlook the obvious. Following the Cartesian model represented by 

Drucker, entrepreneurial innovation is a particular way of dealing with the 

facts of the world (Spinosa et al 1997:35). This definition fits the concrete 

side of the designer profile, but does not tell the whole story.  The tangible 

side is constantly asking for metrics and these can be named once the 

vision of the new product is in focus. In contrast, the subjective side of the 

inquiry is a less positivist and more naturalistic process that leads to an 

enriching experience. On the subjective side of the equation, a designer 

evaluates an opportunity and strives for revolutionary leaps. Evaluation 

should be an on going dynamic experience. Evaluation can reveal what is 

different or unusual. While the concrete side of the designer is busy 

looking for trends, patterns and metrics in tangible components of a 

design opportunity, the emotional side of the designer is constantly 

placing meaning on what cannot be measured. Rather than creating 
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wants, the designer strives to develop more sustainable products while 

satisfying more deeply profound needs. 

 

“…physical products serve a deeper and altogether more  

profound purpose that is frequently overlooked; consumable  

objects and experiences provide a means for us of engaging  

with the world on both rational and emotional levels“  

(Chapman 2005: 29). 

 

Only when you are part of the process do you relate to its context. From 

outside you can look for facts, from within you can look for the unspoken, 

unrecognized or unacknowledged need. 

 

“Such ‘creative’ wholeness allows us to see ourselves from  

above…to both lead out way and to follow that way…to both  

determine our goal and to go: to both design the stimulus  

and to experience the response” (Koberg and Bagnall 1976: 8). 

 

Hence, designers must work in both a reflective dispassionate way, and a 

sensitive passionate way, preparing themselves for the tension between the 

two worlds of critical and creative thinking, where true creativity occurs. 
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C h a p t e r  2  

GATHER 

   

 

A comprehensive review of the theoretical foundations of creativity was 

beyond the scope of this thesis. Briefly, the major theoretical views that 

contributed to the outcome of this thesis are represented below. 

 

2.1 Theoretical Background 
 

Creativity is a colossal subject that has received relatively little attention in 

the last century. Creativity was not introduced as an area of formal 

research until 1950. Guilford’s introduction within a report to the 

American Psychological Association stated that the creative thinking 

process is made up of three overlapping processes: intellectual functions, 
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contents and products. The first process consists of operations which are 

principal intellectual functions. The second process is material or contents, 

or broad classes of information. The third process is products, or the form 

or characteristics of the processed information. Guilford named this theory 

the Structure of Intellect (SI) and created a model which took the form of a 

cube and accounted for any and all of the ways operations, contents, and 

products could work together in the creation of new ideas (figure 2-1). 

The SI theory posited that there are 120 kinds of measurable intelligence 

(Parnes 1962: 156-168). 

 

 

 
Figure 2-1 Guilford’s Theoretical model for the complete Structure of Intellect. 

 

Guilford also differentiated between convergent and divergent intellect.    
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 “Convergent intellect is a way of thinking that emphasizes  

          remembering what is known, being able to learn what exists,  

          and being able to save information in one’s brain.  Divergent  

          intellect is a mode of cognition that emphasizes the revision  

          of what is already known, of exploring what would be known, 

          and of building new information (Piitro 2004: 10).“ 

 

Amabile (1996) developed a componential framework for creativity with 

three dimensions. Essential elements for producing creative responses are 

found in each component (Economidou and Cooper 2001). 

 

Domain Relevant Skills 
 knowledge about the 

domain 
 technical skills required 
 special domain-relevant 

“talent” 

Creativity Relevant Skills 
 appropriate 

cognitive style 
 implicit or explicit 

knowledge of 
heuristics for 
generation of ideas 

 conducive work style 

Task Motivation 
 attitude towards the 

task 
 perceptions of own 

motivation for 
undertaking the 
task 

 

Depends on: 
 innate cognitive abilities 
 innate perceptual/motor 

skills 
 formal and informal 

education 

Depends on: 
 training 
 experience in idea 

generation 
 personality 

characteristics 

Depends on: 
 initial intrinsic 

motivation towards 
the task 

 salient extrinsic 
constraints 

 

 
Table 2-1 The process of creativity as a componential framework (Amabile 1996). 
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2.2 Cognitive Styles 
 

Cognitive style is usually described as a personality dimension which 

influences attitudes, values and social interaction. Learning styles are 

preferred ways of learning, perceiving, processing, responding to and 

organizing information. Cognitive styles vary from person to person, 

regardless of level of intelligence. There is no correlation between scoring 

high on intelligence tests and being creative, or not being creative. 

According to Kirton (1976), two main types of cognitive styles exist in 

relation to creative people: adapters and innovators. Kirton’s adaptation-

innovation theory places the habitual adapter at one end of the scale and 

the habitual innovator at the other. 

 

2.3 Problem Solving Styles  
 

Problem solving styles are defined "as consistent individual differences in 

the ways people prefer to plan and carry out generating and focusing 

activities, in order to gain clarity, produce ideas, and prepare for action" 

(Selby et al 2004). 

 

VIEW, a new instrument for assessing problem-solving style, accesses three 

independent dimensions of style relating to creative problem solving. 

Evidence was reported for the criterion-related validity, based on 

correlational studies with relevant measures of learning style, cognitive 

style, and psychological type. The dimensions measured included: 

orientation to change, preferred manner for processing information, and 
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preference for deciding about options or possibilities (figure 2-2). Most 

problem solvers share some preferences associated with each style. No 

approach was found to be more (or less) creative than others.  

 

Preferences for Orientation to Change 

Explorers                                                                                                                Developers 

 break away from the system and 

redefine the problem 

 view structure as limiting, confining 

 may challenge authority, “bend” rules 

 emphasize originality and uniqueness 

– “ideas that stretch us” 

 press for extensive change and 

commitment to action 

 know newest trends and possibilities 

 ingenious and unconventional 

 spontaneous and free-flowing 

 emphasize starting new tasks and the 

“big picture,” often resist closure 

 produce ideas that others may not 

understand easily 

 individualistic, trust own judgment 

 may emphasize generating 

 stay within the existing paradigm or 

system, follow rules and procedures 

given 

 find benefits and support in structure 

 emphasize improvement and 

usefulness 

 focus on gradual, incremental change 

 emphasize finding “just enough” new 

ideas 

 resourceful 

 dependable and consistent 

 precise, thorough, efficient 

 good (early) planning and organizing 

 emphasize thorough completion of 

tasks and attention to details, seek 

closure 

 know how to get their ideas accepted 

by others 

 look to authorities for guidance 

 may emphasize focusing 

 
Table 2-2 The Orientation to Change Dimension (Selby et al 2004). 
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Preferences for Manner of Processing 

When processing options or possibilities… 

A person who prefers to process                                                  A person who prefers to process 

Externally…                                                                                                             Internally… 

 starts talking about options right away 
 puts ideas out tentatively, ready to 

revise and reformulate along the way 
 derives energy from interaction with 

others (finds reflection challenging) 
 urges immediate action – “we can 

tune it up later if we have to” 
 shares ideas freely with a broad range 

of other people 
 seeks a great deal of input from others 

before reaching closure 
 may often seem to be “bubbling over” 

with energy, rushing into things; 
impatient if asked to think too long 
about things 

 

 wants time to think about options 
before discussing them 

 shares ideas with others after time to 
polish them – “When they’re ready” 

 draws energy from reflection and 
consideration (challenged by feeling 
pressured to talk about ideas quickly) 

 seeks action after giving it careful 
consideration 

 shares ideas with others after 
establishing trust and confidence 

 builds ideas personally, then seeks 
feedback selectively 

 seems quiet, might be perceived as 
pensive or withdrawn; impatient if 
pressed to share too soon 

 
Table 2-3 The Processing Dimension (Selby et al 2004). 

 

Preferences for Ways of Deciding 

When making decisions about options or possibilities… 

People preference                                                                                             Task preference 

involves giving one’s primary attention to: 

 what will promote harmony and 
positive interpersonal relationships 

 criteria that are personal, sensitive to 
people’s feelings, more subjective 

 what’s good, attractive, or pleasing 
about an option (which may not mean 
they really like it!) 

 considering the personal or 
interpersonal impact or consequences 
of a decision 

 seeking a solution or decision that all 
concerned can buy into 

 

 what’s logical or rational 
 criteria they consider objective, 

authoritative, and verifiable 
 what’s wrong with an option, what it 

lacks, or what it needs (which may not 
mean they really dislike it!)  

 considerations of standards, rigor or 
quality 

 “letting the chips fall where they 
may…” 

 seeking the best solution or response, 
and being able to defend or justify the 
choice or decision 

 

 
Table 2-4 The Deciding Dimension (Selby et al 2004). 
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2.5 Flavors of Creativity 
 

Bottom Line Innovation Associates, a company whose mission is to help 

organizations develop innovation, refers to these styles as flavors of 

creativity. Stressing that all styles are creative, agents of stability work 

toward continuous improvement to perfect the system, while agents of 

change throw away the old and invent something new to change the 

system. 

 

Thomas Edison, a habitual adapter or developer, had 1093 U.S. patents, 

but never worked on anything that did not already have a working 

prototype. Conversely, Albert Einstein, a habitual innovator or explorer, 

had no patents, but helped mankind understand how to view the universe 

(Armbrecht 2002). 

 

2.6 Creativity Traits 
 

a dealer in options 

a logical problem-solver 

a habit breaker  

a constructively disconnected person 

a divergent-convergent thinker 

innovative  

a fearless adventurer 

a whole person                                                             

a person who enjoys being off center 

unpredictable 

a loveable jerk 

behaves differently from others 

 
Figure 2-2 The Creative Person. Source: (Koberg and Bagnall 1976: 27). 
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Creative Persons: 

are more sensitive to the existence of problems 

have a somewhat greater tendency towards emotional disturbance but also have 
more self-control to deal with this tendency 

are able to think both convergently (the ability to solve problems that have only one 
correct answer) and divergently (the ability to solve problems that have many 
answers)  

have higher than average intelligence but do not often measure in the genius range 

are more open to experience and less defensive about accepting new information 

see themselves as responsible for most of what happens to them 

enjoy being playful and childlike 

engage more frequently in solitary activities, especially as children                                                              

are more likely to question the status quo 

are more independent of others’ judgments 

are less afraid of their own impulses and hidden emotions 

like to do their own planning, make their own decisions, and need the least training 
and self guidance 

do not like to work with others and prefer their own judgment of their work to the 
judgment of others. They therefore seldom ask others for opinions 

take a hopeful outlook when presented with complex difficult tasks 

have the most ideas when given a chance to express individual opinions (these ideas 
frequently invoke the ridicule of others) 

are most likely to stand their ground in the face of criticism 

are the most resourceful when unusual circumstances arise 

are not necessarily the “best” students 

show an imaginative use of their extensive vocabularies 

are more original; their ideas are qualitatively different from everyone else’s 

 

Figure 2-3 Creative Personal (Dacey and Lennon 1998: 114-115). 
 
 

2.7 Creative Problem Solving Models 
 

Graham Wallace introduced a creative problem solving model in 1926. It 

was a four stage model that called for preparation, incubation, illumination, 

and verification. 
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Rossman introduced a seven step model in 1931, followed by Osborne ‘s 

seven step model in 1953. Koberg and Bagnall introduced a seven step 

model in 1981 that combined previous models from Wallas, Dewy, 

Rossman, Guilford, Osborne, Stanislawski, Parnes, Gordon, Kepner-

Tregoe, Arnold, Churchman, Zwicky, General Electric, the Military, Pert. 

etc. (Koberg and Bagnall 1976: 16-17). Why has history produced so 

many models? Are theorists attempting to improve something that is already 

working, or correct something that is not working? If one or more of the 

models produced consistent positive results, would so many people be 

trying to build a better mousetrap? Perhaps creativity cannot be achieved 

using a recipe such as a creative problem-solving model. 

 

2.8 Summary 

 

The creative problem-solving process ideally comprises three procedures: 

fact finding, idea finding, and solution finding (Osborne 1963: 86). 

Creativity involves both convergent and divergent thinking. Convergent 

and divergent thinking are two types of human response to a problem.  

de Bono refers to these concepts as vertical and lateral thinking, whereas 

Koberg and Bagnall refer to these concepts as hard and soft thinking. 
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Convergent production, or vertical or hard thinking, involves deductive 

generation of a single answer. In contrast, divergent production, or lateral 

or soft thinking, is the creative generation of multiple answers to a 

problem. Guilford observed that most individuals prefer thinking in one 

realm or the other. Scientists and engineers typically prefer the former 

while artists and performers generally prefer the latter. Divergent thinking 

presents open-ended questions and encourages the possibility of unique 

resolutions. Convergent thinking looks for the one “right” answer. Creative 

problem solvers must be proficient at both. In addition, they must be adept 

at synthetic thinking -- or the ability to combine complex ideas across 

disciplines and fields of inquiry into a complex whole, to reach deeper 

understanding or unique outcomes. 

 

Creative problem solvers fall into two categories, adaptors and 

innovators. Regardless of information processing habit, creative problem 

solving requires convergent, divergent and synthetic thinking. 

 

According to Plsek, all creative thinking tools are based on three simple 

principles: attention, escape and movement (Plsek 1997: 86). All 

techniques, or methods, to stimulate creative thinking require that we do 
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something to focus attention. Focusing takes many forms, and is generally 

covered in the early stages of any design model, such as Koberg and 

Bagnall’s first three stages of their design process: accept, analyze and 

define. Once a designer understands the way things are currently done, 

the second principle compels them to escape their current patterns of 

thinking. This is where ideation comes in, and continues through the third 

principle behind the diverse tools of creative thinking which beckons us to 

explore and connect our thoughts, keeping movement in time, or place, 

or context, etc. 

 

Creative thinking requires that we think in a new direction, away from our 

familiar mental patterns. Critical thinking is context-related and based on 

what is known. Anything you hear or read is automatically interpreted in 

light of what you already know about a similar subject. The cognitive 

system makes an educated guess, that incoming information will be 

related to what you have already been thinking. Thus, it significantly 

narrows the scope of possible interpretations. Knowing that one should 

think critically is not the same as being able to do so. Critical thinking 

requires domain knowledge and practice. One’s judgment about the 

plausibility of a factor being important is based on one’s knowledge of the 
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domain. Prior knowledge and beliefs not only influence which hypothesis 

to test, they influence how one interprets data from an experiment 

(Willingham 2007). 

 

Creative problem solvers must be able to investigate and analyze, and 

explore and evaluate a wide range of alternatives using a variety of 

techniques that alternate between linear and non-linear thinking.
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C h a p t e r  3  

CONTEXT 

                              

 

Completing the planning stage and equipped with a database of 

definitions and descriptions of the creative personality and process, the 

author next engaged in action research, to facilitate the creation and 

transformation of knowledge and expand her understanding of the 

creative problem solving process. 

 

Utilizing research subjects readily accessible to a graduate student in 

industrial design at the University of Illinois at Urbana-Champaign, the 

author conducted five separate case studies to expand on many of the 

concepts she had been researching.  Because of the complexity of each 
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case, they are presented separately in the five chapters that follow. The 

author, desiring breadth of experience, chose five cases to investigate in 

depth. After careful consideration, five design-relevant research methods 

were chosen: empathic modeling, ethnography, interview, observation 

and phenomenology.  

 

Case one involves phenomenology and interviews and can be found in 

chapter 4, Absorb. 

 

Case two involves observation and interaction and can be found in 

chapter 5, Explore. 

 

Case three is based within the paradigm of empathic modeling and can 

be found in chapter 6, Resolve. 

 

Case four involves observation, ethnography, and group interviews and 

can be found in chapter 7, Collaborate. 

 

Case five involves observation and interaction and can be found in 

chapter 8, Orchestrate. 
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C h a p t e r  4  

ABSORB 

                                 

 

The first case study involved interviewing an emeritus professor who 

dedicated over fifty years to design education. Professor Edward J. 

Zagorski taught at the University of Wisconsin from 1951-1956 and 

directed the industrial design department at the University of Illinois from 

1956-1988 (refer to appendix 1).  

 

The research presented here is qualitative in nature. The goal was to 

compile key insights and revelations through the personal stories and 

experiences of a highly respected and acknowledged design educator, 

thereby expanding researcher knowledge and understanding of the 
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creative problem solving process within the context of teaching. This 

research is biased in many respects, because the design educator 

interviewed is the same design educator that inspired the author as an 

undergraduate industrial design student over twenty-five years prior. The 

process of conducting personal interviews over the course of eight weeks 

enabled the author to delve into her early mentor’s favorite projects and 

begin to identify aspects of successful design education, particularly the 

ones that promoted creativity and creative thinking. 

 

4.1 Background 
 

Because the author spent the last twenty-five years in professional practice, 

she thought it would be prudent to review components of good teaching 

before she attempted to identify key aspects of successful design 

education. In preparation, the author attended several workshops and 

seminars sponsored by the University of Illinois Center for Teaching 

Excellence,5 to review information surrounding what the best college 

teachers do.  
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“The best teachers try to create a natural critical learning  

environment: “natural” because students encounter the  

skills, habits, attitudes and information they are trying to learn  

embedded in questions and tasks they find fascinating –  

authentic tasks that arouse curiosity and become intrinsically  

interesting; “critical” because students learn to think critically,  

to reason from evidences, to examine the quality of their  

reasoning using a variety of intellectual standards, to make  

improvements while thinking, and to ask probing and insightful  

questions about the thinking of other people.” (Bain 2004: 99).  

 

Components of good teaching are transdisciplinary. Design practice, 

design research, and design education are all interconnected. In all three, 

active participation is required. Teachers, professionals and students all 

benefit from taking responsibility for their own learning. 

 

4.2 Recollection 

 

The author’s memories of her undergraduate industrial design education 

resonate with the quotation from Bain on many levels. After a successful 

twenty-five year career as a professional industrial designer, the author 

returned to her alma mater to gain the credentials to become the kind of 

educator she had been inspired by all those years ago. Good fortune 
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reunited the author with her early mentor to complete the phenomenology 

portion of her research.  

 

In reviewing memorable, significant moments of her undergraduate design 

education, the author recalled that Professor Zagorski’s projects always 

began and ended with a question. Professor Zagorski had a way of 

making the questions and issues he raised in class seem incredibly 

important. The questions were always relevant. They were similar to 

problems professional industrial designers might face, but they were also 

intriguing because they were related somehow to the student’s context. 

The lead question was always the provocation that launched the students 

into the design process. The aim of the design process was to discover the 

hidden question(s) that could lead the student through answers that 

ultimately resolved the puzzle. The author recalled Professor Zagorski’s 

most famous question at critique time was, “What do you think?” This 

question acknowledges the student’s role in taking responsibility in their 

learning. In professor Zagorski’s class, students were not merely empty 

vessels to be filled up with information from the instructor. They were 

active participants in their learning experiences. 
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4.3 Lived Experience 

 

Eight weeks of interviews enabled the author to review in depth over 

twenty of Professor Zagorski’s favorite basic design projects. The interviews 

took place in the conference room of the industrial design graduate studio 

on the University of Illinois Urbana-Champaign campus. Just across the 

street from the building that houses the undergraduate studios that have 

changed little over the last twenty-five years. The interviewer’s experience 

was gratifying as the roles were reversed, and now it was the author who 

was asking the questions.  

 

“The components of a good design problem appear to be  

open ended, deliberately ambiguous problem statements,  

with no world shaking consequences, that allow a student  

to think around the problem and connect the dots, creating  

unique, one-of-a-kind solutions” (Zagorski 2006). 

 

Professor Zagorski provided a safe learning environment, which enabled 

his students to take risks without having to fear severe consequences if 

their designs did not work. He allowed his students to experience their own 

learning, which sometimes resulted in disappointment. He instilled that 

there is no such thing as failure in creative problem solving. Sometimes a 
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designer needs to take an idea to failure in order to unlock the secrets to 

the best answer. His problems were always presented with a question, or 

questions, allowing the student to formulate their own interpretations and 

supplement with questions of their own. Professor Zagorski did not provide 

his students with his answers; he taught them how to ask questions and 

find answers of their own. 

 

“People learn most effectively when they are trying to answer  

their own questions" (Bain 2004:101). 

 

“Empowering your students to find their own creativity helps  

a student achieve incredible learning results" (Bain 2004: 2). 

 

A natural, critical learning environment is conducive to teaching students 

how to be creative. According to Bain, there are five essential elements 

that make up a critical learning environment (figure 4-1). 

 

 Five Essential Elements that Make Up a Critical Thinking Learning Environment 

1 an intriguing question 

2 guidance in helping the students understand the significance of the question 

3 engaging the students in some higher-order intellectual activity 

4 providing an environment that helps the student answer the question 

5 leaving students with a question 

 
Table 4-1. Five Essential Elements to a Critical Thinking Environment (Bain 2004:100-103). 
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Pointing to the current issues that were affecting the world his students 

lived in, Professor Zagorski often modeled his teaching around a current 

event. Professor Zagorski’s most famous problem became know as the 

Egg Drop (Launch) Problem, and was introduced around the time the 

United States was sending a man to the moon. The project involved 

designing protection around an egg and dropping it (or launching it) from 

a predetermined height, into a pool of water. This problem was featured 

in Life Magazine in 1963 (refer to appendix 2).  Professor Zagorski’s 

teaching not only impacted his students, but carried a ripple effect outside 

the department, outside the university, the outside world at large. 

 

         

 
Figure 4-1 Professor Zagorski critiques industrial design sophomore models in the fall of 2006. 
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4.4 Summary 
 

The goal of this study was to compile key insights and revelations through 

the personal stories and experiences of a highly respected and 

acknowledged design educator. Lived experience, the learning of a 

lifetime, through story, elicits detail that may not be accessible through 

other research methods. 

 

The author smiled as she reflected on the series of interviews that featured 

a beloved educator who loved to talk, to relive, to re-visit, to re-invent as 

he wandered down the memory lane of his design education career. 

Professor Zagorski is a wonderful story teller. He actually brainstorms as 

he speaks; hitch hiking on his own ideas, and interrupting himself 

frequently. Listening to him talk about his significant design moments, 

seeing his life through his own lens, was fascinating, compelling and 

inspiring. The author felt energized at the close of each interview and felt 

honored to have shared so much time with this amazing and passionate 

individual. If the author was successful in absorbing just a portion of 

Professor Zagorski’s insight, she is a better designer, researcher, and 

teacher than she was before embarking on this exploration.  
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Prior to completing the eight weeks of interviews, the author would have 

said the most important thing she learned from Professor Zagorski was the 

inspiration that leads one to want to be creative. After reflecting on her 

educational experience and listening to her early mentor reflect on his 

favorite projects, she concluded that what Professor Zagorski actually 

taught her was how to think. Not what to think, like so many of her other 

professors. 

 

Successful teachers of creativity inspire their students. They offer 

constraints while leaving loose or open ends. They keep descriptions 

vague, allowing students to fill in the blanks because people learn most 

effectively when they are trying to answer their own questions. 

 

For more information on Professor Edward Zagorski, consult Appendix 1. 

For more information on The Egg Drop (Launch) Problem, consult 

Appendix 2. 

 

4.5 Acknowledgements 
 

The author’s deepest thanks go to Professor Zagorski for his guidance 

throughout the years. And additional thanks go to Vivian Faulkner-King for 
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her support in the past, and for allowing Ed to spend so much time in the 

industrial design graduate studio in 2006. 
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C h a p t e r  5  

EXPLORE 

                                 

 

The second case study involved introducing a basic design problem to an 

industrial design sophomore model making class (model making being 

one of the basic components within a designer’s tool kit), seeking proof of 

concept of a project highlighted while interviewing Professor Emeritus 

Edward Zagorski. The research presented here is again qualitative in 

nature. The author’s goal was to uncover key insights and revelations 

through directing a project and facilitating the problem resolution, thereby 

expanding her knowledge and understanding of the creative problem 

solving process within the context of industrial design education.  
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The author examined through exploration, by revisiting a traditional 

exercise from the 1950’s, whether ‘going back to the basics’ is still 

relevant for today’s design students and educators. The author suspected 

that current design students and educators might be over-relying on more 

seductive technologies such as computers, three-dimensional modelers, 

and image editing software, to the point that basic, traditional skills are 

being neglected. 

 

5.1 Original Design Problem 

 
This design problem-solving exercise was established and developed by 

Industrial Design educator, Professor Edward Zagorski, in 1952. Initially 

Zagorski delivered this exercise with very few instructions: The students 

were to begin with a block of wood that was a specified size, and 

manipulate it by cutting and reconfiguring to create an entirely new form.  

What became pivotal during his development of this exercise was the 

element of constraints. 

 

Freeing a designer from constraints can have an adverse impact upon the 

designer and be detrimental to the final design outcome.  Where one may 

perceive such freedom as an advantage, it can actually dampen creativity 
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and reduce innovative problem solving opportunities. It is difficult to begin 

a large, creative project without defining specific boundaries (Meyer 

1997: 177). Constraints such as material, size, time, color, production 

method, budget, etc., are essential in a design problem.  

   

“Without constraints the students tended to lock in irons,  

handcuffed within the activity” (Zagorski 2006).  

 

If students are asked to create something with no constraints, they can end 

up overwhelmed by the infinite possibilities and oftentimes end up 

paralyzed. If the box is too large, it is difficult to get outside of it. 

Constraints in a basic design problem solving activity simulate the 

experience of the design practitioner. The reality of professional practice is 

there are real limitations that need to be translated into opportunities. 

   

With this new outlook on the original problem, an important constraint 

was added. Inserted into the project parameters were the following 

instructions: The student must cut the block more than once, but 

 cannot cut the block more than three times. This problem hence became 

known as the ‘Three Cut Problem’ (Zagorski 2006).   
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5.2 Context 

  

Seventeen students (9 male and 8 female) were involved within this 

exercise.  All were industrial design sophomores and the exercise was 

conducted within the first semester of their degree program.  The venue 

was the model shop within the school of art and design, equipped with an 

array of wood working machines, hand tools and spray booth. 

 

The aim of the Three Cut Problem was to revisit an established exercise, 

introduce the craft of model making within considerable constraints, and 

encourage the students to develop spatial awareness, bond with materials, 

take risks, and to become enthusiastic and eventually passionate about 

the design process. The objectives included integrating the exercise within 

a model making course specifically focused on sophomore industrial 

design students. The duration of this project was over 4 weeks and 

included 20 hours of contact time with the student group. 
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5.3 The Three Cut Problem 

 

Each student was given a piece of foam 4” x 4” x 10” and was allowed a 

maximum of three cuts or passes on the band saw. The student was not 

permitted to discard any of the pieces, but instead asked to rearrange the 

volume into an aesthetically pleasing form. Once the form was 

determined, the students were asked to repeat the solution using a block 

of wood. This block needed to be created by laminating three thinner 

pieces together. After the students created their own 4x4x10 block, they 

proceeded to make their three cuts. After rearranging and gluing the 

pieces together, the final form was to be finished with several coats of 

sanding sealer and lacquer, before ultimate presentation as a finished 

model. In addition, each student was asked to turn in some form of 

documentation on how to go about replicating the design. Had time 

permitted, the students would have been asked to exchange their 

documentation with another student in the class and make a model based 

on someone else’s drawings or plans. The author hopes to conduct this 

phase of the project in the future. 
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5.4 Foam First 

 

Each student was given several pieces of foam 4’ x 4’ x 10” to begin their 

form finding experience. Unlike many design ideation sessions that begin 

with paper and a writing instrument, this project required exploration in 

three dimensions. Many students had difficulty with the concept of cutting 

into a piece of material without sketching a solution first (figure 5-1).  

 

    

 
Figure 5-1 Foam blocks, 4” x 4” x 10”, to begin the Three Cut Project. 

 

This was the first time this group of students had been shown an 

alternative to the two-dimensional sketch pad. The foam block was 

referred to as a three-dimensional sketch pad in which the students were 

to work out their designs before moving on to the final material. 
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5.5 Warm Up 

 

At the beginning of the second class period, several students were 

observed staring at their pieces of foam, not knowing what to do.  When 

gridlock appeared to swallow a high percentage of the class, all students 

were asked to stop and find a piece of paper. Borrowing another exercise 

from Professor Zagorski, the students were instructed to write down 

everything they could think of that they could do with a paper clip, and 

were given five minutes to do so (figure 5-2). 

 

 

 

 
Figure 5-2 Selected result from five-minute exercise. 

 

After about a minute, pens and pencils started moving. At the end of five 

minutes, the students were informed time was up. A question was asked by 

the author: how many had written clip paper together? Of the fifteen 

students present, twelve had placed somewhere on their list something 

about clipping paper together. Three students totally overlooked the most 
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obvious answer. Next the students were instructed to turn their papers over 

and write down everything they could think of to do with a paper clip that 

they did not write down in the first five minutes (figure 5-3). 

 

 

 

 
Figure 5-3 Selected result from fifteen-minute exercise. 

 

The students were given fifteen minutes to complete this portion of the 

exercise. Taking the students outside their comfort zones discomfiture 

levels where raised and this manifested itself in audible feedback such as 

groans, murmurs and mutterings. However, eventually the pens and 

pencils began to move. When the fifteen minutes passed the author spent 
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a few minutes discussing what happened. The students were lead to 

discover that their first answers were obvious and off the top of their 

heads, and when they pushed further themes began to emerge. If they 

keep on pushing, they are likely to discover profound material (Gelb 

1998: 59). The paper clip discussion was concluded by asking the 

students to look at their foam pieces with the same depth of thought, 

through an altered perspective.   

 

The author discovered that sometimes a lesson plan will not work due to 

group dynamics or other factors. Flexibility must be a part of the creative 

lesson plan. The five-minute exercise was another one of Professor 

Zagorski’s favorites, designed to incite creative juices and channel the 

students to reach deeper.  

 

5.6 Curiosity 

 

Lines formed at the workshop band saws as the students began to ‘sketch’ 

with their foam.  Even though the students were oriented on every machine 

in the workshop prior to being permitted to use any tool, continual 

discovery took place as the students learned to change the angle of the 

table, or the angle of the material passing through the blade. Once the 
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foam was cut and glued back together and cut again, students considered 

and reflected upon what was happening to the volume of form they were 

learning to manipulate (figure 5-4).  

 

     

 
Figure 5-4 Students learn how to maximize the limits of a band saw as they rearrange their form. 

 

5.7 Self Confidence 

 

The concept that form can have no function, but possess beautiful appeal 

as a piece of sculpture was difficult for some students to grasp. When 

asking a group of sophomore designers to design a tooth brush, there is a 

familiarity with the subject that offers solace because everyone has seen 

and used a toothbrush. There is comfort in things that are familiar. 
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“The Three Cut problem forces a student to go where they have  

not been before; to a place where there is no previous answer,  

and forces them to rely on their own aesthetic judgment”  

(Zagorski 2006). 

 

Eventually all the students developed a form they felt comfortable 

translating into wood. 

 

5.8 Learning New Techniques 

 

Asking the students to create their own block of wood by building up three 

separate pieces introduced the process of laminating. This created the 

opportunity to expand the student knowledge of materials and processes 

by discussing the characteristics of wood and outlining the pros and cons 

of using solid wood verses laminated wood (figure 5-5). 
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Figure 5-5 Students learn how to laminate several pieces of wood together to make a block. 

 

As the students moved into the presentation phase of their concept they 

were faced with reproducing their form in wood. Only at this point did 

they realize the project puzzle was two-fold. The first piece was finding a 

form they liked within the production constraints of only three cuts. The 

second piece of the puzzle was figuring out how to make the shape using 

wood. 

 

More woodworking experience came in the form of jig construction and 

the painstaking art of sanding. Patience and enjoyment of the process was 

stressed, by the author as the students were interacting within this phase of 

the project (figure 5-6). 
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Figure 5-6 Students learn to enjoy the process of sanding. 

 

5.9 Risk Taking 

 

The students experienced that the act of creation involved the destruction 

of something else (May 1975: 59). Every decision to move ahead left 

something behind. The students were observed laboring over decisions as 

if they were experiencing the loss of creating for the first time. 

   

The limits of the band saw were experienced as one student attempted a 

radius a bit too tight and snapped the blade, burying it into his piece, 

necessitating extraction with the help of the workshop attendant. 
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5.10 Synergy 
 

The Three Cut Problem was designed to allow a group of students to 

create unique solutions beginning with a similar block of material.  The 

author observed developing synergies as the class became closer through 

the experience of the assignment. Student leaders emerged as limited 

equipment and resources necessitated sharing supplies and knowledge, 

highlighting one of the benefits of constraints (figure 5-7). 

 

    

 

Figure 5-7 Students learn to work together with limited resources. 

 

One enterprising student created a jig that enabled a complex compound 

diagonal cut.  When asked, this individual shared this jig with classmates 

who had planned similar cuts. 
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Passing the first finishing round of sanding sealer, the students became 

acquainted with spot putty.  Another dose of patience was required as spot 

putty was applied and more sanding was required (figure 5-8).  

 

    

 
Figure 5-8 Students learn how to use Bondo® and spot putty. 

 

Several students voiced their disdain regarding the repetitive steps of 

sanding and sealing and sanding and sealing again. The author asked the 

students if they did not have time to do it right the first time, would they be 

able to find the time to do it over. 

 

When the spot putty was in place, and the final coat of sealer was applied 

and sanded, it was time to return to the spray booth for the primer coat.  

More frustration surfaced as the primer revealed flaws that were not visible 
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through the sanding sealer. Yet another round of patience training was 

necessary as the students began to understand the importance of 

craftsmanship in every step of the process (figure 5-9). 

 

    

 
Figure 5-9 Primer coats reveal more flaws. 

 

Moving from primer to the finish coat was partially determined by 

operation sequence and partially determined by time. Valuable lessons 

were learned in terms of budgeting time. The author observed passion 

and pride grow in the hearts of the students as they burned the midnight 

oil and the timeline clicked closer to the project critique. Eventually, there 

was no time for further sanding and spot putty application. The students 

were forced to make craftsmanship decisions based on how much time 

was available to complete the project. The students reached the 
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realization that they had to apply the final coat of lacquer or risk missing 

the deadline (figure 5-10). Missing deadlines carry consequences in both 

academic and professional practice. 

 

    

 
Figure 5-10 Students apply final finish coat. 

 

Once the final coat of paint was applied, and the sculptures were drying 

in the spray booth, the students began to fulfill the written portion of the 

project deliverables: they had to communicate in two dimensions how to 

duplicate their results (figure 5-11). 
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Figure 5-11 Two dimensional road map of Three Cut model. 

 

The critique was scheduled for 1:00 in the afternoon.  Most of the class 

had been in the workshop until it closed at midnight the night before, and 

were back in the workshop when it reopened at 8:00 that morning.  Even 

though the students were tired, they arrived in professional attire, eager to 

present their unique findings.  

 

Professor Emeritus Edward Zagorski accepted the invitation to conduct the 

critique. Each student was given the opportunity to talk about their unique 

solution to the Three Cut Problem (figure 5-12). 
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Figure 5-12 Professor Zagorski critiques the Three Cut models. 

 

5.11 Discussion 

 

The Three Cut Problem is a beneficial problem for sophomore level design 

students on several levels. First and foremost, the challenge allows a 

group of students to start from a common place and end up with totally 

different design outcomes. Second, the exercise forces a diverse range of 

experience, beginning with the freedom of exploration and experience in 

making judgments, and culminating with tedious, time crunch processes 

and order-of-operations constraints. Third, it enables a growth in material 

knowledge yielding hands on experience with foam, wood, sanding 
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sealer, spot putty and paint. Finally, the project encourages the design 

student to push the limits of shop tool capabilities, and forces experience 

with a paint gun and spray booth. Enjoyment of process overarches all 

lessons within the Three Cut Project. 

 

5.12 Overcoming Challenges 

 

Creativity cannot be taught by filling the students up with old answers.  

Creativity implies the creation of something new. Creative problem solvers 

must look at all problems, old and new, with fresh eyes. Teachers cannot 

teach a student to look for something new by giving them answers to a 

problem. 

 

“Empowering your students to find their own creativity helps  

students achieve incredible learning results” (Bain 2004:2).  

 

The educational system for teaching math or English often relies on 

presenting facts, and asking the students to give them all back. “One right 

answer” is on Roger von Oech’s top ten blocks to creativity (von Oech 

1992: 11). Successful teachers of creativity leave loose or open ends and 

keep descriptions vague, allowing the students to fill in the blanks.  
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“If you want to know if a student can create, put them in  

a situation where they can find an answer. Give them a  

problem without having a solution.” (Zagorski 2006).   

 

 

Many students are accustomed to attempting to please their instructor by 

finding the answer they think the instructor is looking for. The Three Cut 

Problem is a successful creative problem-solving project because the 

instructor does not have the answer. The problem sets up a situation 

enabling the student to discover an answer that even surprises the 

instructor; an answer even the instructor had not thought of. The Three 

Cut Problem starts every student in the same place but yields totally 

individual original answers, all of which have merit. 

 

The students were visibly uncomfortable in the early stages of form 

exploration, continually looking to the author for validation or 

confirmation of right or wrong answers or directions. Clearly, confidence 

levels were low as the students hesitated to verbally express their own 

opinions on the forms they were discovering. The most popular question 

asked of the author was, “What do you think of this shape?” The most 

popular answer given by the author was, “What do you think about your 

shape?” 
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One student created two forms with three cuts and displayed them side by 

side.  She asked the author, “Is it okay if I leave them separate?” “What 

do you think?” 

 

The author responded, “What do you think?” 

 

Because English and math answers have been fed to students from grade 

school through high school, we see college design students asking if it is 

okay to deviate from the expected solution. Problems that have no 

clarifying traits have been referred to as ‘wicked problems’ (Rittel and 

Webber 1973). Design problems fit into this category. Design problems 

rely upon judgments for resolution, not solution (Garner et al 1991). 

Design problems can be resolved – over and over again and are 

inherently different from most of the problems students have dealt with in 

other areas of their education. The design educator’s challenge becomes 

teaching students to have conviction for their opinions, stand up for their 

designs, and trust their own intuitive answers. 

 

Another student pushed the exercise further than three cuts. When he 

arrived at three cuts, he wanted to go further. He ended up finding a four 
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cut form that really pleased him. He turned to the author and said, “What 

do I do?” The author asked him, “What do you want to do?”  The student 

decided to produce two solutions: one three cut, per the project 

parameters, and one four cut, doubling his time and resource 

commitment to the project. Responding to the motivation of his own 

curiosity, the student left the boundaries of the project. Had he been more 

confident in his own opinion and design sense he may have submitted 

only the four cut solution. He took on double the work to show a solution 

clearly outside the project parameters while retaining a safety net by also 

producing a solution within the project parameters. This scenario opened 

the door for the author to discuss the subject of more than one right 

answer and that sometimes a designer has to break a rule to find the best 

answer. 

   

Questions arose regarding color choice of the final models. Forty 

automotive lacquer colors yielded too many choices for several students.  

Unhappiness or frustration or uncertainty generally does not come from 

too little choice, but rather from too many. One student wanted to 

photograph his primed sculpture and take it into photo editing software, 

so he could see his work of art in different colors before he actually 
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purchased the paint. This was not an option when this project was first run 

in 1952. Should it have been an option here? Should a constraint be 

added stating that the entire exercise is to be done using only low 

technology means? 

 

5.13 Student Feedback 

 

The students were asked to fill out an evaluation form at the end of the 

project, and the response was generally very positive. Ten of the seventeen 

reported that they worked up to their potential during the project, rating 

themselves five on a five point scale. Six gave themselves a four on a five 

point scale (1 being low and 5 being high), and one self graded a three 

on a five point scale.  The most important lesson learned, as perceived by 

the students, was a thorough understanding of the finishing process and 

the finer points of craftsmanship. Also mentioned was patience and time 

management. One student thought the most important component was 

the experience of trail and error. 
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5.14 Conclusion 

 

Successful design education promotes participatory activities, which 

provide students opportunities to construct their own understandings 

through hands-on trial and error exploration. The feedback provided by 

the students, in addition to the high quality models produced suggests that 

the project was successful in facilitating students in creating form and 

learning model making methods (figure 5-13). The author acknowledges 

that although modern technology has extended the traditional designer’s 

tool kit, it is important that the students are also exposed to basic model 

making techniques and approaches. If students rely on designing solely in 

the virtual (e.g. on a computer screen), before developing a sensitivity 

through exploration of form, material, space and texture, design outcomes 

could be lacking. 
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Figure 5-13 Photograph taken at the critique, with Professor Zagorski and the sophomore industrial 

design students, along with Trent Garner (instructor-in-charge), and the author. 

 

The exercise was successful in that it met the original objectives, however, 

on reflection the author would consider changing the proportions of the 

block of wood to dimensions in keeping with the Fibonacci proportion.  

This would introduce proportion to the form study. Alternate materials 

might be considered as well.  The project could be run utilizing 

RenShape® foam, resin and spray-on Bondo®. The students could be 

restricted from using any high technology means to complete or present 

their work. 
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In today’s highly technological educational environments, students and 

educators can become extremely reliant on technology that can lead to a 

detachment from the real. For the student-designer, this particular exercise 

enables and encourages exploration and develops awareness of 

processes and relationships with materials. The students responded that 

they appreciated the opportunity to develop their patience and knowledge 

of process while experiencing the craft of model making. This exercise is 

not only relevant today, but offers valuable insight and educational 

benefits that may become lost in years to come. 

 

5.15 Acknowledgements 

 

The author thanks Trent Garner and the industrial design sophomore 

students at the University of Illinois Urbana-Champaign who were eager to 

participate in this experience. The author also thanks Professor Emeritus 

Edward Zagorski for giving the design world the Three Cut Problem. 

 

Refer to table 5-1 to view all eighteen Three Cut models created in this 

exploration. 
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          Table 5-1 All models created during the Three Cut exploration. 
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C h a p t e r  6  

RESOLVE 

                              

 

The third case study was based within the paradigm of empathic 

modeling. One of the most important ingredients in the creation of a successful 

design outcome is in understanding the end user. A designer must understand 

the product user’s needs to successfully develop satisfying products. 

Empathic modeling is a qualitative design research method where the 

designer attempts to put themselves in the position of the user, which 

ultimately brings them to better understand the user’s needs. In this 

exploration, the author wanted to empathize with a designer navigating 

through the design process, in order to locate and identify challenges and 

assess opportunities to better prepare design students for this excursion. In  



 

 66 

order to accomplish this, the author accepted the task of re-designing and 

prototyping a design emotion tool,6 and documented her feelings as she 

worked independently through a seven step design process. The author 

underwent self evaluation as she navigated through each phase in hopes 

that the experience might allow her to forecast how others may experience 

the design process. 

 

6.1 Approach 

 

Regardless of which design process model you choose to follow, the 

process tends to consist of a series of phases. Each phase carries its own 

potential for surprise, satisfaction, difficulty, frustration and enjoyment. 

Passing through each phase increases the chances of reaching a positive 

design outcome. Following Koberg and Bagnall’s 1976 seven phase 

model (which synthesizes many models of process), the author rated each 

phase according to levels of surprise, satisfaction, difficulty, frustration and 

overall enjoyment. A rating scale from 1-5 was used (1 being low and 5 

being high). Refer to Table 6-1. 

                                                 
6 A visual and audio data capture device to elicit individual responses to products on display. 
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This exploration involved a reflective process where the author worked 

independently through the redesign and secondary prototyping stages of a 

design emotion feedback tool.  

 

Phase Difficulty Enjoyment Frustration Satisfaction Surprise 

accept 0 5 0 5 0 

analyze 0 5 2 0 2 

define 0 5 0 5 0 

ideate 0 5 0 5 0 

select 5 5 4 3 0 

implement 5 3 3 4 3 

evaluate 5 0 5 3 5 

 
 
Table 6-1Levels of Emotion in the Design Process (Process model Koberg and Bagnall 1976) 

 

6.2 Accept 

 

Accepting the challenge was the author’s first task. The beginning of the 

process was enjoyable (5) and satisfying (5). After all, accepting a design 

challenge, an opportunity to create, is what fuels a designer. In this phase, 
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a designer need only find the motivation to proceed (Koberg and Bagnall 

1976).  

 

6.3 Analyze 

 

Analysis of the problem was enjoyable (5). A brief review of information 

surrounding design emotion was necessary since the author had limited 

experience in this area. Jonathan Chapman’s book, Emotionally Durable 

Design (2005), was very helpful.  

 

Speaking to the four students involved in the creation of the first prototype 

was not difficult, but discovering they did not leave a paper trail was 

surprising (2) and a bit frustrating (2). Generally, navigating a design 

process produces artifacts in the form of notes, sketches, drawings and/or 

models. Access to such artifacts would have provided the author with 

valuable insights from the original team of student designers’ trip through 

the process. The author had no choice but to start from scratch compiling 

information surrounding the function of the design empathy tool. The 

students were articulate in verbalizing their concerns regarding shape and 

form, and the prototype was available to review after the students had 

dispersed (table 6-2). 
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Table 6-2 Initial prototype slotted for re-design. 

 

6.4 Define 

 

Problem definition was enjoyable (5) and satisfying (5). The problem 

statement was relatively straight-forward. “Design and build a smart 

cabinet that unobtrusively captures preconscious comments, murmurs and 

visual feedback to support more effective product development.”  

 

Constraints were determined to be: 

1. Height: requiring the cabinet fit through a standard doorway. 

2. Ability to group or stand alone. 
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3. Bullet-proof for use in public areas. 

4. Budget: limited resource funds. 

 

6.5 Ideate 

 

The author thoroughly enjoyed (5) the idea generating phase that 

manifested itself through sketching and rendering, computer modeling 

and mock-up construction. Ideation is often a designer’s favorite phase in 

the process. Satisfaction (5) arrives when several viable alternatives have 

been uncovered. 

 

      

 

     

  
Table 6-3 Activities of ideation: sketching, rendering, CAD modeling, mock-up construction. 
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6.6 Select 
 

Selection was difficult, (5), due to conflicting requirements, which lead to 

some frustration (4). This phase necessitated compromise between the 

conflicting requirements of the cabinet being approachable from all sides 

and the ability of the internal camera to capture information from only one 

direction. This conflict challenged the designer to resolve the clashing 

parameters using her best judgment. Design often necessitates 

compromise between conflicting requirements, provoking multiple viable 

alternatives. Conflicts generally decrease satisfaction (3). 

 

6.7 Implement 

 

Implementation was difficult, (5) and frustrating (3) at times. Remembering 

to enjoy the process was not as easy as doing so (3). Pressured by the 

clock and the calendar, the author was continually surprised (3) by the 

large blocks of time that disappeared as production operations took 

longer than anticipated. Acquiring materials in a timely fashion was not 

easy, and locating tools that were in sound operating condition proved 

challenging. Refer to table 6-4 for construction photographs. 
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Table 6-4 The Basic construction of a prototype. 
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Several late nights were strung together to meet the predetermined 

deadline. As the prototype was rolled to the first presentation, all the 

frustration melted away and was replaced by satisfaction (4). Refer to table 

6-5 for wiring and painting photographs. 

 

     

     

     

 
Table 6-5 Electric wiring and painting of a prototype. 
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6.8 Evaluate 

 

The prototype was completed. Was the designer happy with it? Yes. Could 

it have been better? Yes. What was important was it was finished and 

working on time, as per the project schedule. Remembering that this was 

merely a prototype, satisfaction (5) increased to earlier levels. 

 

 

 
Table 6-6 Presentation of a prototype. 

 

Next it was time to unveil the redesigned prototype in front of the group of 

students that created the initial prototype. Difficulty (5) and frustration (5) 

led to a high level of surprise (5). Enjoyment weighed in at zero. The 

student team was unhappy because they did not recognize the prototype 
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as even being related to the one they had initially created. Responding to 

the tension in the air, the author attempted to explain her reasoning 

behind the multitude of design decisions that culminated in the 

presentation of the re-designed prototype. 

 

 

“The adult public’s taste is not necessarily ready to accept the  

logical solutions to their requirements if the solution implies too  

vast a departure from what they have been conditioned into  

accepting as the norm.” (Raymond Loewy) 

 

 

    

 
Table 6-7 Evaluation of a prototype by the four students who created the initial prototype. 
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The moral of the story is: do not fall in love with anything you design. 

Oftentimes a designer is asked to come up with something “new” by 

someone who requires that it be familiar (not new) in order to accept it. 

The students had invested themselves into their project and had become 

emotionally attached beyond reason. But the outcome had moved from 

being familiar, implanted firmly in their comfort zones, to being unfamiliar. 

 

6.9 Summary 

 

The author began with a needs statement and independently worked 

through the design process, documenting levels of frustration, difficulty, 

enjoyment, frustration, satisfaction and surprise. Traversing the design 

process requires creative problem solving. 

 

The design process is an adventure that challenges one’s intellect, 

intuition and aesthetic senses. Every project a designer undertakes is rich 

in potential for thought and experience—like a giant puzzle in which one 

must not only define the pieces, but also determine what those pieces are 

made of and how they ultimately fit together. The design process cultivates 

a thousand questions and answers and merges them all into one unified 
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presentation. An essential ingredient in the creation of a successful design 

outcome is asking the most appropriate question. In the designer’s world, 

finding answers is not as difficult as discovering what to ask. 

 

“It takes intelligence to answer a question, but it takes   

creativity to ask it.” (Author unknown) 

 

Navigating the design process is not easy. If progressing through a phase 

is effortless, it could signal that the designer is making easy choices that 

may not ultimately be best for the project. If progressing through a phase 

is frustrating, it may indicate the designer is making difficult choices that 

pose more questions and further complicate the resolution. Frustration is 

no stranger to a designer navigating through the design process. 

Occasionally the process will in lead the designer to a dead end. This is a 

very necessary part of the process, for a designer knows that a dead end is 

merely a signal to change direction. If the designer never hits a wall, the 

satisfaction of clearing the obstacle will never be experienced. Getting 

around an obstacle can yield great satisfaction. Design making flourishes 

in a trial and error environment.  Risk of failure is not perceived as a 

problem for a designer; rather failure is seen as moving a step closer to 

the viable solution. 
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“Fail often, in order to succeed sooner.” (IDEO 1999) 

 

Managing the tension between critical thought and creative thought can 

take its toll. What keeps a designer engaged is the feeling of 

accomplishment when a project is finished. Anyone who has ever made 

an effort to go beyond what they thought was possible can relate to the 

feeling of enjoyment and satisfaction experienced upon completion of a 

successful design outcome. The design process may be filled with 

moments of difficulty and frustration, but if one continues to resolve the 

issues illuminated by traversing the process, satisfaction and enjoyment 

will prevail. Preparation and awareness of past struggles can help make 

the experience more enjoyable. Experience in creative problem solving will 

nurture faith in one’s abilities, which can help pull a designer through the 

difficult periods that one may not always be able to anticipate. 

 

Enjoy the process, for every journey holds the possibility of discovering 

and/or creating something new. 
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C h a p t e r  7  

COLLABORATE 

                           

 

The fourth case study involved a team of five interdisciplinary graduate 

students and enabled qualitative hypotheses testing through observation, 

ethnography and group interviews within a real world product 

development context, in the country of India. The author’s goal was to 

uncover key insights and revelations through participating in a 

collaborative product development project, thereby expanding her 

knowledge and understanding of the creative problem solving process 

within the context of industrial design collaboration.  
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7.1 Context 

 

The author enrolled in a graduate level class, cross-listed within the 

college of business and engineering, promoting product development for 

subsistent economies.7 The main objectives of the class were to explore 

and engage in product development opportunities, in relation to the large, 

emerging market at the bottom of the pyramid. Fifteen students made up 

three, five-person teams. Each team was to focus on a different product 

area. The area of concentration for the author’s team was 

communications. 

 

   

 
Figure 7-1 Initial class meeting. 
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The author’s five-student team was made up of Masters candidates from 

three different colleges and four different disciplines: two from the MBA 

program, one from systems and entrepreneurial engineering, one from 

electrical engineering, and the author, from industrial design. 

 

 
Participant 

 
Gender 

 
Age 
 

 
Nationality 

 
Undergraduate 

Degree 

 
Degree 

Working Towards 

 
1 

 
Male 

 
24 

 
American 

 
Bachelor of Science 
General Engineering 
 

 
Master of Science 
Systems and 
Entrepreneurial 
Engineering 

 
2 

 
Male 

 
24 

 
American 

 
Bachelor of Science 
Electrical 
Engineering 
 

 
Master of Science 
Electrical Engineering 
 

 
3 

 
Female 

 

 
27 

 
Indonesian 

 
Bachelor of Science 
Electrical 
Engineering 
 

 
Master of Business 
Administration 
Operations 
Management/Marketing 

 
4 

 
Female 

 

 
41 

 
American 

 

 
Bachelor of Science 
Business 
 

 
Master of Business 
Administration 
 

 
5 

 
Female 

 

 
47 

 
American 

 
Bachelor of Fine Arts 
Industrial Design 
 

 
Master of Fine Arts 
Industrial Design 
 

 
 

Table 7-1 Team profile 
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7.2 Virtual Immersion 

 

The team initially encountered subsistence through poverty simulation, role 

playing, thorough case study investigation, videos and lectures. Each 

student was asked to write a diary entry, in the first person, after reading a 

thirty page interview of someone living in subsistence. This exercise was 

designed to help the students develop empathy for the future product 

users. 

 

During the next stage of the class, all members were asked to generate a 

conceptual model illustrating their understandings of the various factors 

and their relationships with poverty (figure 7-2, 7-3, 7-4). The models 

were diverse, representing different realities of the poverty phenomenon.  

 

After almost twelve weeks of research the team began to contemplate 

product ideas for subsistence economies. The team felt relatively prepared 

for this task, full of insight and understanding, and sure they had 

successfully discarded their prejudices and preconceived notions. The 

team felt they had defined a context that would afford them the insight 

necessary to create products needed by people of subsistence. 



 

 84 

       

 

Figure 7-2 Conceptual model created by member #2 relating to self confidence and education. 

 

             

 
Figure 7-3 Conceptual model created by participant #3 relating to a variety of needs. 
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Figure 7-4 Conceptual model created by the author relating basic needs. 

 

7.3 Ideation 

 

Several creative thinking techniques were called upon, such as 

brainstorming, mind mapping, and a game of cards with Roger von 

Oech’s Creative Whack Pack® (1992), to break this diverse group of 

graduate students out of their traditional thinking patterns. 
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Figure 7-5  Brainstorming           Figure 7-6 Mind Mapping        Figure 7-7 Creative Whack Pack® 

 

Brainstorming is an idea generation tool invented by advertising executive, 

Alex Osborne. The term brainstorm was coined in 1938 and was defined 

as “using the brain to storm a problem (Osborne 1963: 151)”. Simply 

put, brainstorming is a technique based on keeping idea generation 

separate from idea evaluation. Rules of brainstorming sessions are few: 

write everything down and defer all judgment. No idea is too crazy. 

Quantity breeds quality in a brainstorming session. The more ideas a 

group can generate the better prepared the group will be for the next 

stage, which is evaluation. The student team used post-it notes to write 

down all of their ideas, which enabled them to arrange them into groups 

during the subsequent evaluation stage. Refer to figure 7-5. 

 

Mind mapping is another idea generation technique. In addition to idea 

generation, this tool enables visualization in the form of classification and 
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structuring. A mind map begins in the center of a page with key words or 

images. Lines or arrows or other graphic elements connect the central 

word or picture to sub themes or other images. Color can depict themes 

or associations. The student team used India Product Design as the central 

word in their mind mapping exploration (figure 7-6). 

 

Roger von Oech’s Creative Whack Pack was used to facilitate idea 

generation through playing a friendly card game (figure 7-7). The 

Creative Whack Pack is described as a creativity workshop in a box. Sixty-

four cards display different creative strategies. Some highlight places to 

find new information. Some provide techniques to generate new ideas. 

Some lend decision-making advice (von Oech 1992).  

 

After engaging several creative thinking techniques, each member of the 

team was called upon to embrace one idea they thought had merit. The 

ideas were to be individually evaluated and prepared for presentation to 

the rest of the group. After the ideas were written out and presented, a 

model was devised asking each member to abandon their own concept 

and delve into a different team member’s concept as if it were their own 

(figure 7-8). The team was provoked to think critically and challenge the 
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thinking of the originator while expanding on possibilities.  Lateral thinking 

was not discouraged, but it was not encouraged. Vertical thinking was 

targeted. Vertical thinking develops the ideas generated by lateral 

thinking. “Vertical thinking is used to dig the same hole deeper. Lateral 

thinking is used to dig a hole in a different place” (de Bono 1970). The 

main objective of this exercise was to dig a deeper hole.  

 

                  

 

Figure 7-8  Vertical Thinking Model. 

 

The vertical thinking experiment was not very successful. Results yielded 

few new insights. It was apparent that most team members were holding 

tight to their own ideas. 
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7.4 Physical Immersion 

 

Equipped with self-constructed models of needs, products, markets/outlets 

and budgets derived from studying data on people who earn less than two 

dollars a day, the team felt prepared for the task of product development 

for the bottom of the pyramid. Fortified with concepts sure to please the 

subsistent marketplace, the team of students embarked on a ten day 

supervised trip to India. 

 

The first day of rural interviews surrounding the city of Chennai, in south 

India, the team learned that dots drawn in the west were not connecting in 

the east. In retrospect, what the team had been doing (as they sat within 

the native context of their Midwestern American classroom) was 

transferring knowledge from their home context, even though they were 

adventuring into a totally different realm. Once immersed within a live 

Indian context, the team began to observe and connect information that 

would have never been revealed within a subsistence economy in the 

United States.  For instance, during the process of group interviews the 

team discovered that an extremely high percentage of this population 

(people who earned less than the equivalent of two U.S. dollars per day) 
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was starving for information and education, carried cell phones and 

subscribed to cable television. The reality of meeting “real” people, 

through individual and group interactions in urban and rural settings, 

revealed moments of discovery that inspired true innovation and taught 

the valuable lesson that static data does not necessarily shed light on 

peoples feelings, thoughts or attitudes. 

 

     

 
Figure 7-9 Rural interviews          Figure 7-10 Urban Interviews      Figure 7-11 Rural interview 
                 Ponneri Village                            west side of city                           Alamadhi Village 
                 north of the city                           Chennai, India                            west of the city  
 

 
 

7.5 Creative Problem Solving 

 

Starting from scratch, the team engaged de Bono’s Six Thinking Hats 

method (1999) as they began to look for true product opportunities. 

Edward de Bono developed a creative problem solving technique called 

the six thinking hats, that challenges an individual to view a problem from 
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six different directions.  The concept is to focus thought from one direction 

at a time and shift focus as easy as putting on a different hat.  The white 

hat represents neutral and objective thinking and is concerned with facts 

and figures.  The red hat represents the emotional view which never has to 

be justified. The black hat represents careful and cautious thinking and is 

sometimes referred to as the “devils advocate” hat.  The yellow hat 

represents sunny and positive thinking.  The green hat is associated with 

creativity and new ideas. Finally, the blue hat represents classified, 

structured, organized thought (de Bono 1999).  Utilizing this method a 

designer, or group of designers, can evaluate a design opportunity from 

several perspectives. When used in a group situation, the group thinking 

can be channeled so it is all moving in the same direction simultaneously. 

de Bono’s method tuned this diverse group of graduate students into a 

cooperative unit, maximizing the opportunities to capitalize on the unique 

offerings of each individual.  

 

Absorbing the Indian context through observation, ethnography, and 

group interviews, and meeting regularly to triangulate the findings, the 

team grew quickly in shared understanding and insight. Day by day the 

group dynamics matured as productive, creative and critical thinking was 
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practiced. By combining their new insights and exercising the Six Thinking 

Hats Method (de Bono 1999) the remainder of their stay, the team 

accomplished the goal of their product development adventure. The team 

designed an economic system using readily available components such as 

a cell phone with free text messaging service, a television, and a cable 

feed that enables internet access and basic computer functionality. This 

product could potentially connect the bottom of the pyramid to the internet 

at a cost affordable to people making less than the equivalent of two U.S. 

dollars per day. The outcome of this collaborative adventure shows 

significant potential for the Indian people, both socially and economically. 

 

Upon return to the United States, the team built an appearance model 

(looks-like) and a working (works-like) prototype. The team also applied 

for a provisional patent, with the hope of continuing this project even after 

the class ended.  

 

The team’s invention is highlighted via a story board in Table 7-2. 
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One hundred million 
households in India earn 
less than the equivalent of 
$2.00 per day, use cell 
phones and subscribe to 
cable television. 

The Teleputer enables 
access to the internet and 
grants basic computer 
functionality through a cell 
phone, a television, and 
existing cable television 
lines.  

Using existing SMS 
technology, the user simply 
texts a message from their 
cell phone while in close 
proximity to the Teleputer. 

   

The information request 
travels to an information 
service provider (INSP) via 
cellular tower. 

Once received, the INSP 
processes the request 
through an internet search. 

Next, the INSP returns the 
response data via existing 
cable television lines. 

   

Indian cable, though not so 
reliable on the uplink, 
performs adequately on the 
down link. 

The cable lines take the 
information back into the 
home. 

The Teleputer formats the 
information for the 
television screen. 

 

Table 7-2 Story board of product designed by team of graduate students. 
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7.6 Summary 

 

The team experienced a realization that the approach of passive 

observation as a research method does not provide enough insight and 

understanding of real life experiences. Disconnecting from previously held 

prejudice, prior bias, training and experience, and becoming active 

observers in India, enabled the team to be more open to innovative ideas 

that could offer true problem solving opportunities within this particular 

Indian context. 

 

 

 
Figure 7-12 Five member interdisciplinary graduate team pictured with their translator. 
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The main objective of the trip was to explore product development 

opportunities in relation to the large emerging market at the bottom of the 

pyramid. The greatest product development lesson learned was the 

empathic realization that, balancing objectivity and subjectivity is only half 

the battle. Critical and creative thinking around a product development 

problem without the vicarious experiencing of feelings, thoughts, or 

attitudes of the user reveals only partial knowledge. 

 

The success of a designer depends on their ability to keep foreign eyes 

and see everything as new. Designers can take nothing for granted. It is 

the job of an industrial designer to be in tune with human feelings, needs, 

activities, and hopes and aspirations. Successful designers are capable of 

seeing the obvious and non-obvious connections and organizing them in 

such a way that they will benefit the user. Following this recipe, industrial 

designers have the power to enhance the quality of life for all. 

 

Design Education has been criticized for teaching overly idealistic projects 

void of real life experiences, ill preparing students for the contemporary 

business environment. Within the sheltered environment of academia, 

successful design education can offer students authentic product 
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development experience within real world contexts. Student-generated 

concepts can be integrated into real world understandings while visiting 

complex environments and working with complex people from complex 

disciplines. 

 

This adventure deepened the author's understanding of collaborative 

design resolution and emphasized that a vital ingredient in collaborative 

product development is the end user. This experience simultaneously 

broadened the author's empathetic horizon. 

 

7.7 Acknowledgements 
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C h a p t e r  8  

ORCHESTRATE 

                           

 

The fifth case study involved thirty undergraduate industrial and graphic 

design students and enabled qualitative hypothesis testing through 

observation and interaction within an international intercollegiate 

competition sponsored by the United States Department of Energy. The 

author’s goal was to uncover key insights and revelations through 

orchestrating intradepartmental design development in symphony with 

interdepartmental design development, thereby expanding her knowledge 

and understanding of the creative problem solving process within the 

context of design coordination. 
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8.1 Context 

 

The author accepted team project responsibilities involving coordination 

between the industrial and graphic design departments and several other 

University of Illinois Urbana-Champaign colleges in the design, 

construction and support of a solar powered house. 

Thirty students (17 male and 13 female) were involved with this 

exploration. The group was made up of sophomores, juniors and seniors 

from industrial design, graphic design and photography, and the 

exploration spanned a fall and spring semester.  

 

8.2 The Contest 

 

The Solar Decathlon is a biennial international contest sponsored by the 

U.S. Department of Energy. Twenty collegiate institutions from around the 

world are invited to compete in ten areas surrounding the design, 

construction and operation of a solar powered house. The contest 

culminates in a week long competition conducted on the national mall in 

Washington, D.C., where the teams form a solar village, followed by a 

week where the contest homes are showcased via ‘open-to-the-public’ 
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tours. The objective of the contest is to run a modern household using 

only electricity generated from the sun. Solar Decathlon 2007 is the third 

running of the contest, and this was the first time the University of Illinois 

applied for entry. 

 

Architecture 200 points 

Engineering 150 points 

Market Viability 150 points 

Communications 100 points 

Comfort Zone 100 points 

Appliances 100 points 

Hot Water 100 points 

Lighting 100 points 

Energy Balance 100 points 

Getting Around 100 points 

 
 

Figure 8-1 Ten Solar Decathlon contest areas. 

 

8.3 Road Map 

 

The author chose to organize the project within the same basic seven-

phase problem solving model presented in case study #3 (figure 8-2), 

with one alteration. Koberg and Bagnall named the second stage of the 

process: analyze. Although analysis, the breaking down of components to 

essential features, is important, something else must come into play as a 



 

 100 

designer moves towards the problem definition. Assessment or judgment 

must occur to determine the significance of essential and non-essential 

features in a design resolving process. Hence the author has revised the 

Koberg and Bagnall’s model, and graphically illustrates the second and 

third phase of the Koberg and Bagnall process combined with assessment, 

which compose a phase that contains three overlapping activities: 

analyze, assess, and define (figure 8-3).  

 

 

Figure 8-2 Koberg and Bagnall’s seven-stage design process (1976). 

 

 

 

Figure 8-3 The author’s six-stage design process. 
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8.4 Research and Definition 

 

The class of thirty students met collectively once a week in addition to 

separately, in smaller groups. Initial meetings were consumed with 

reviewing past Solar Decathlon web sites and researching sustainable 

materials. In addition to leading this team, the author attended biweekly 

team leader meetings where progress was reported from each 

department. Early in the process, the design department was assigned the 

task of coming up with the ’big idea’, or theme that the University of 

Illinois solar house would be designed around. 

 

The class was broken up into six small groups and asked to brainstorm a 

big idea. Mind mapping was among the techniques used as the student 

groups searched for possibilities. Various styles presented themselves as 

the students used their sketch pads, note books and laptop computers to 

collect their thoughts. 

 

The following question was posed to the class: “What makes the University 

of Illinois unique?” 

 



 

 102 

    

 
Figure 8-4 Computer aided mind mapping.     Figure 8-5 Pencil & paper mind mapping. 

 

The student groups were given a week to formulate their ideas. When the 

groups returned to class, the task was to merge the thinking of the six 

different conclusions. A large groupthink session was conducted by the 

author.  The students were asked to agree on basic style motifs. 

 

     

 
Figure 8-6 Results of groupthink. 
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The theme decided upon was: Live Inside, Think Outside. The students 

unanimously decided the house should not only be solar powered, but 

also be built with sustainable materials.  

 

     

 
Figure 8-7 Theme and logo proposed by the graphic design group. 

 

Since the overall direction had been determined, the next question posed 

to the class was: “What makes a good house?”  The students were again 

broken up into six smaller groups and each given an area within the 

house to describe.  The six areas of the house were: kitchen, living room, 

office, bedroom, bathroom, and deck. 

 

To keep everyone on the same page, each group was asked to come up 

with essence words, mood boards, style cues, and materials to describe 

the nature of their spaces. Mood boards are collections of images or other 

visual stimuli frequently used by designers to represent a mood, 
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atmosphere or feeling surrounding a project. Essence words reinforce the 

images on the mood board and help the designer verbalize their concept. 

Style cues bring conformity of character, form, and appearance, to 

fragmented design teams in the early phases of a project. Finally, 

materials reinforce all three areas, and in this case, carried the additional 

parameter of a sustainability requirement.  

 

     

 
Figure 8-8 Essence words, mood boards, style cues and material choices from three of six teams. 
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8.5 Ideation 

 

The design team’s next step was to design the furniture for the solar house 

and specify all interior materials and finishes. The subgroup assigned 

materials and finishes began meeting with the architecture students to 

cultivate synergy between the two groups.  

 

     

 

Figure 8-9 Various student-created ideation sketches. 

 

A few students joined the engineering group, combining resources with the 

engineering students to design the appliances and lighting systems and 

fixtures. Individual teams began meeting more frequently, out of class, to 

coordinate their efforts. 
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Figure 8-10 Student lighting team building mock-ups as they experiment with light-emitting diode 

(LED) lighting. 

 

     

 
Figure 8-11 Student renderings: appliance design, furniture design, bathroom finishes (left to right). 

 

8.6 Selection 

 

The student design teams assembled sketches, marker renderings, 

computer models, computer renderings, and in some cases, working 

concept models, at the close of the fall semester.  In front of the industrial 

design faculty and faculty and team members from other university 

departments, the design students presented their concepts.  
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The other departments also assembled presentations and the team leaders 

met to share accomplishments.  The University of Illinois solar house was 

beginning to take shape, at least conceptually.  The architecture 

department decided on a modular solution that would allow for ease of 

transport when it came time to move the house to Washington, D.C.  

Construction began within a west side campus warehouse late in 

December of 2006.  

 

8.7 Mock-ups 

 

The design implementation phase began with the start of the spring 

semester.  A few students chose not to continue with the project while 

other students chose to join the project. The design department's spring 

enrollment in the project was thirty undergraduates eager to contribute to 

the university’s entry to the Solar Decathlon. The first step towards building 

came in the form of scale mock-ups. Mock-ups are used to prove or 

disprove a design (full-size or scaled), prior to progressing to more 

permanent construction materials. The first assignment of the new term 

was to review the findings from the previous semester, visit the warehouse 

construction site to verify information, make recommendations, and 
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construct cardboard or Fome-Cor®8 models at the scale of 1-1/2 inch 

equals one foot. 

 

     

 
Figure 8-12 Student mock-ups, 1-1/2 inch = 2 foot scale made from Fome-Cor and cardboard. 

 

Individual models were presented in class. The excitement grew as each 

student pulled out their respective model and began to assemble the 

house. Faces lit up as components fit next to other components. It seemed 

all of the work coordinating and structuring for a unified outcome had 

paid off. Each group intently studied their own areas, as well as adjacent 

areas, and made recommendations on how the overall project could be 

improved.  

 

The author next attended the biweekly team leader meeting to report on 

the progress. News from the college of communication requested each 

                                                 
® ®



 

 109 

department prepare for a formal presentation at the University of Illinois 

annual Engineering Open House, as well as a weekend exhibit 

surrounding the benefits of solar power at the Museum of Science and 

Industry in Chicago, Illinois. 

 

News of exhibition at the acclaimed engineering open house made 

everyone smile. When the author mentioned the exhibition opportunity at 

the Museum of Science and Industry, cheers could be heard throughout 

the lower level of the art and design building.  

 

8.8 Scale Models 
 

Having tweaked their designs in the mock-up stage, the next step for the 

students was to build more permanent scale models. Balsa wood, 

RenShape® foam, polyvinyl chloride (PVC) foam board, aluminum, and 

Plexiglas® were among the materials used in the scale model phase. 

Students working in areas non-conducive to modeling, such as materials 

and finishes, were asked to help build the scale model of the house 

structure, which served as a proof of concept giving visual evidence that 

what the design department was proposing was viable.  
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Figure 8-13 Students use the band saw, heat gun, and glue gun, among other tools. 

 

     

 
Figure 8-14 Students create models of their own designs using RenShape® foam, plastic and balsa 

wood. 

 

The author observed students full of passion as they put in long hours to 

craft scale models of their own designs. Moods were high. Students could 

be heard sharing ideas and experiences, even sand paper. 

 

The main structure was constructed by laminating three sheets of ¼ inch 

PVC foam to create a model with 3/4 inch think walls (3/4 inch in 1-1/2 
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inches = 1 foot scale represents a 6 inch wall). The windows were 

accomplished on a milling machine. 

     

 
Figure 8-15 Construction of the main structure involved ripping PVC foam and tri-lamination.  

 

8.9 Documentation 

 

To capture the results in pristine condition, the photo studio was reserved 

for the purpose of shooting the model in its entirety. An entire afternoon 

was slotted for this task. Students not even involved in the actual class 

began to catch glimpses of what was being assembled and responded 

with enthusiastic offers of help. Setting the model up in the photo studio 

was the first time anyone saw the collective effort in one place. This 

moment brought the class into a collective whole; they became a design 

tribe. A designer needs moments like this, moments of achievement, to 

keep the spirit moving. The model was shot one module at a time, and 
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fully assembled. Pride was evident on the faces of the students as they set 

their contributions to the class project in place. 

 

     

 
Figure 8-16 Students spend an afternoon in the photographic studio documenting their work. 

 

8.10 Presentation 

 

Engineering Open House is an annual event held at the University of 

Illinois and said to attract approximately 20,000 visitors during the two 

day event. People are said to visit this event from all over the United 

States. 2007 was the first year the design department participated in this 

event. The students were visibly excited as they were observed packing 

their models for the short trip across campus. From planning the space, to 

move-in and setup, to manning the exhibit during show hours, to tear-

down and move-out, the students stayed involved. 
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Table 8-1 Design department exhibits at the University of Illinois Engineering Open House 2007.9 

 

After the open house closed, there was less than three weeks to prepare 

for the next showing at the Museum of Science and Industry. A class time 

in between was used to discuss what went right and what went wrong 

during the open house. Several students decided their models needed to 

be tweaked even further for the approaching museum exhibition. Basic 

exhibit management issues were scrutinized, such as, packing lists, carton 

marking and inventory paperwork, to ease the setup process. A repair kit 

was discussed, just-in-case, since the model was traveling farther this time. 
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These issues and a few others were addressed before the model moved a 

second time. 

 

     

     

 
Table 8-2 Design department exhibits at the Chicago Museum of Science and Industry.10 

 

Because the model needed to travel over two hours north of Urbana-

Champaign, not everyone actively participated in the Chicago 

presentation. Two of the youngest team members, design sophomores, 

were asked to spearhead the out-of-town effort. These two students were 

                                                 



 

 115 

given first right of refusal because of all the hard work they put in at the 

open house.  

 

8.11 Prototypes 

 

The final phase of this exploration involved construction of full-size 

prototypes. With barely four weeks left in the semester, it would have been 

logistically impossible to build everything the class had designed.  The 

decision was made to build the components slotted for construction with 

Plyboo®. Plyboo® is plywood made from 100 percent rapidly renewable 

bamboo and is laminated to produce two different surface grains, which 

can enhance the appearance of the finished product.  

 

Student construction teams banded together to build bedroom storage 

furniture, office area furniture, and the kitchen table. The semester ended 

before the actual modules were moved out of the warehouse where they 

were constructed, so the students did not get the opportunity to finish or 

install any of their full-size prototypes. 

 



 

 116 

     

     

 
Table 8-3 Student construction teams build full-size prototypes. 

 

 

 
Figure 8-17 Interdisciplinary team leaders pictured with two professor project sponsors. 
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The student team leaders continued to meet and work with students over 

the summer term to facilitate and monitor the progress on the construction 

of the solar house. 

 

8.12 Summary 

 

The author’s goal was to uncover key insights and revelations through 

orchestrating intradepartmental design development in symphony with 

interdepartmental design development, thereby expanding her knowledge 

and understanding of the creative problem solving process within the 

context of design coordination. The success of this project relied upon 

active learning where students shared ideas, experiences and expertise 

while introducing new perspectives, fresh insights and inspiring convictions 

affecting the design outcome in unforeseen ways. 
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C h a p t e r  9  

FINDINGS 

                               

 

 

 

Literature search and triangulation of multiple research methods revealed 

that the industrial designer’s dilemma aligns with the creative paradox. In 

service of successful design, a designer must strive to "make the familiar 

strange, and the strange familiar" (Gordon 1961). That is: a designer 

must begin at tabula rasa, to view a design opportunity with no 

preconceived notions or impressions, and then develop empathy, to 

become in tune with the human feelings, needs, activities, hopes and 

aspirations of the user. 
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In addition to preparing for the context of a problem, a designer must also 

be prepared to engage in creative problem solving in order to maximize 

the opportunity for a successful design outcome. Designers do not have 

the luxury of sitting around and waiting for an idea to show up, they need 

to seek out and/or develop tools to instigate the problem solving process. 

 

The creative problem solving process requires constant movement 

between critical and creative thinking. Critical thinking is concrete 

requiring left brain vertical, sequential thinking. Creative thinking is 

abstract requiring right brain lateral, non-sequential thinking. There is no 

one set of critical thinking skills that can be deployed regardless of 

context, and critical thinking requires domain knowledge and practice 

(Willingham 2007: 19). There is no one set of creative thinking techniques 

that can work in all situations. 

 

9.1 Sporting Analogy 

 

While absorbing and exploring and resolving and collaborating and 

orchestrating, the author began to think of the following sporting analogy. 
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What if a designer looked to creative problem solving as if it were a 

volleyball game? 

 

Volleyball is an Olympic sport that consists of two, six person teams that 

play on a court divided, into two equal halves, by a net that stretches the 

entire width of the court. The object of the game is to keep a large ball in 

motion, from side to side over the net, by striking it with the hands before 

it touches the ground. The ball is put into play by one side or the other 

serving it up. A maximum of three hits is allowed per side before the ball 

must be sent back over the net. If the ball hits the ground or does not 

make it over the net within three hits, a point is scored. The game requires 

dynamic expression of synergy from both teams. All senses must be on 

alert.  

 

A volleyball match consists of the best 2 out of 3 games. There are several 

scoring methods. The IHSA (Illinois High School Association)11 sanctions 

rally scoring on the junior high level. In rally scoring, each game is played 

to 25 points, and either the serving team or receiving team can score. 
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With this background on the sport of volleyball, imagine a volleyball 

match as a creative problem solving adventure. The playing court is 

divided into critical thinking on one side and creative thinking on the 

other. Dividing the two sides of the court spans a net symbolizing the 

tension between the two teams, critical and creative thinking. There are six 

members on each team. On the critical thinking side, you have objective, 

concrete, convergent, linear, vertical, and hard thinking. On the creative 

side, you have subjective, abstract, divergent, non-linear, lateral, and soft 

thinking. Either side can put the question or problem statement (the ball) 

into play. Once the ball is in play, it must be kept moving, but it cannot 

stay on one side of the net for longer than three hits before it must revisit 

the other side of the net. When the ball does hit the ground, a point is 

scored. Scoring a point translates to creating a constraint or revealing a 

parameter, variable, specification or limitation. In the game of Volleyball it 

takes both teams to play a match, just as in the game of creative problem 

solving, or volley-solve, it takes both types of thinking to solve or resolve a 

problem. 

 

By approaching creative problem solving like a volleyball match, by 

respecting the tension between critical and creating thinking and 
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constantly moving between the two, increases the opportunities for 

successful design outcomes. 

 

9.2 Design Opportunity 

 

Inspired by new found insights into the creative problem solving process, 

the author accepted the challenge of combining all of the lessons learned 

by designing a tool to encourage and promote, even facilitate creativities. 

The author defines creativities as, creative activities used in symphony, to 

increase the opportunity for a successful, creative outcome. 

 

9.3 Benchmarks 

 

The author test drove several creative thinking tools available in the 

market today. The tools ranged from decks of cards that prompted 

interaction or picture cards that provided visual cues, to objects that 

promoted creative expression, cognitive skills, or motor skills. All items 

tested driven involved play. 
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     Creative Whack Pack®  

     (von Oech, 1992) 

     Small 64-card deck 

 

 

     Thinkpak® Revised 

     (Michalko, 2006, 1994) 

     small 56-card deck 

 

 

     Objects of Design®  

     (Museum of Modern Art, 2004) 

     50 post cards 

 

 

     Eames House of Cards® 

     (Charles and Ray Eames,1986) 

     small 54-card interlocking deck 

 

 
Table 9-1 Examples of thinking tools, involving cards that are on the market today. 
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     Haba® XL Starter Block Set 

     (Haba, 2003) 

     Beech wood blocks 

 

 

     Ball of Whacks®  

     (von Oech, 2007) 

     30 magnetic design blocks 

 

 

     Universal Games’ Colorforms®  

     (University Games, 2003) 

     Invented by two art students in 1951. 

 

 

Table 9-2 Examples of thinking tools, not involving cards that are on the market today. 
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C h a p t e r  1 0  

APPLICATION 

 

 

 

 

Recalling the six stage process model created by the author previously 

discussed in chapter eight, the author resolved that her creativities tool 

would focus on five phases of her model (figure 10-1). The tool would 

target the second phase, which encompasses three concurrent tasks: 

analyze, assess, and define, through the third and fourth phases, ideate 

and select.  Reasons for omitting three of the six phases were due to the 

realities of professional practice. Accepting a problem is not often an 

option to a practicing industrial designer, so including the accept phase 



 

 127 

was unnecessary. Implementation in professional practice is often 

outsourced, so addressing the implementation phase was determined to 

be unnecessary in the tool. Finally, evaluation was omitted, because 

oftentimes this takes place long after the product has been produced. The 

author reminds us that assessment and evaluation do actually occur within 

the reconfigured second phase of the model. 

 

Figure 10-1 The three phases targeted in the author’s creativities tool. 

 

The tool would need to incite the following: belief in possibility, delight in 

questioning what is and what can be, access to new information, 

opportunity identification, trial and error, risk taking, bringing pieces of a 

puzzle together, rearrangement, connecting the dots, and enjoyment of 

process.  
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10.1 Form 

 

The author chose a hexagonal, or six sided shape, to present her creativity 

tool, for a number of different reasons. Actually, six reasons. If a designer 

remembers only the number six, several methods involving six should 

come to mind: senses, questions, hats, aptitudes, members of a volleyball 

team, and the six phases to creative problem solving. 

 

  
senses 

 
questions 

 
hats 

 
aptitudes 

 
Volley Ball Team 

 
phases 

critical creative 

1  
seeing 

 

 
what 

 
blue 

 
design 

 
objective 

 
subjective 

 
accept 

2  
feeling 

 

 
why 

 
yellow 

 
story 

 
concrete 

 
abstract 

analyze 
assess 
define 

3  
touching 
 

 
when 

 
red 

 
symphony 

 
convergent 
 

 
divergent 

 
ideate 

4  
tasting 

 

 
how 

 
white 

 
empathy 

 

 
linear 

 
non-linear 

 
select  

5  
hearing 

 

 
where 

 
black 

 
play 

 

 
vertical 

 
lateral 

 
implement 

6  
thinking 
intuition 

 

 
who 

 
green 

 
meaning 

 
hard 

thinking 

 
soft 

thinking 

 
evaluate 

 
 

Table  10-1 Six sets of six reasons that facilitate creative problem solving. 

 



 

 129 

Hopefully, everyone is familiar with the six senses. At least most people 

could name the five they use on a daily basis: seeing, feeling, touching, 

tasting and hearing. The sixth sense, intuition, is relatively more obscure, 

but very important to a designer. Assessing response in relation to the six 

senses can provide a designer with crucial information and should be 

considered each time a designer enters a problem solving process. 

 

“I keep six honest serving-men, they taught me all I knew.  

Their names are What and Why and When and How and  

Where and Who.”  (Rudyard Kipling) 

 

There are six common questions we learned to ask as children: who, what, 

when, where, why and how. If one seeks information and asks these six 

questions only, connections can be drawn from the knowledge revealed 

within the answers.  

 

As previously mentions, there are the Six Thinking Hats by Edward de 

Bono (1999): blue, yellow, red, white, black and green, representing 

questioning based on organization, positives, emotions, tangible facts, 

caution, and creativity (refer to Chapter seven for a more in-depth 

discussion). If a designer considers each question from six different 

perspectives, one perspective at a time, the full picture can emerge.  
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There are six right-brain directed aptitudes by Daniel Pink (2005): design, 

story, symphony, empathy, play and meaning. 

 

According to Pink, these six aptitudes will increasingly guide our lives and 

shape our world. 

 

“Not just function, but also design. Not just argument but  

also story. Not just focus but also symphony. Not just logic  

but also empathy. Not just seriousness but also play. Not 

just accumulation but also meaning” (Pink 2005: 65-67). 

 

 

Critical thinking is crucial to solving a problem. Convergent production, or 

vertical, or hard thinking, involves deductive generation of a single 

answer. 

 

Creative thinking is crucial to solving a problem. Divergent production, or 

lateral or soft thinking, involves the creative generation of multiple answers 

to a problem. 
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A designer cannot afford to wait for an idea to emerge. Planning for a 

successful design outcome increases the chances of having one. 

 

The author chose a wedge as the basic component block of her tool 

(figure 10-1). Although Guilford’s structure of intellect model (discussed in 

Chapter 1) was served well by the cube, the author ruled out the cube as 

a basic component of her tool. A cube has six sides, but a cube can look 

the same from each side, top and bottom.  

 

   

 
Figure 10-2 The basic wedge can look different from each side. 

 

The author chose a wedge because if you walk around a wedge, you see 

a different shape from each side. From one view, it looks like a triangle. 

From another view, it looks like a square. From yet another view, it looks 

like an arrow. The very form of the most basic component of the tool 
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encourages the viewer to look at it from different viewpoints. The three-

sided wedge also serves as a reminder that in the game of volley-solve, 

three consecutive hits on one side of the court (between critical and 

creative thinking), is optimal before directing the problem over the net to 

the other side. A wedge also affords three different opportunities for 

content on one block. 

 

     

 
Figure 10-3 The basic components of the creativities tool are a wedge and a hexagon. 

 

The creativities tool is composed of several interchangeable wedges, 

which can be rotated to display three different visuals, which store or 

display within separate hexagonal housings, which can be stacked or used 

separately. 
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10.2 Content 
 
 

Remembering there are three key principles behind directed creativity: 

attention, escape and movement (Plsek 1997), the author wanted to 

reinforce these principles within the content of the tool.  

 

How do you direct someone’s thinking?  How about asking them a 

question, “How can we get off the third floor of a building?” Take the 

stairs; take an escalator; take an elevator; are among the possible 

answers. What if you placed three graphic expressions of these answers on 

one block? By rotating the block, all three possibilities could be viewed, 

one at a time (figure 10-4).12 

 

    

Figure 10-4 Three ways to leave an upper floor of a building. 
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Now what if you asked a different question and were prompted to answer 

based on stairs, escalators and elevators? The above scenario facilitates 

the three principles of directed creativity. Attention, because you are 

holding a block and providing a visual stimulus to direct a person’s 

thinking. Escape, because the problem you are dealing with may have 

nothing to do with stairs, escalators or elevators, and it is forcing you to 

associate outside your current thought patterns. Movement, because it is 

forcing you to consider a question three different ways. 

 

Figure 10-5 asks one to look at a problem under a microscope, then to 

zoom out a bit take the ‘helicopter’ view, finally to zoom way out and look 

from a 747 airplane. Distance perspectives can be meaningful to a design 

opportunity. The author included this wedge to prompt a designer to look 

from varying vantage points. 

 

       

Figure 10-5 Three different vantage points from which to look at a problem. 
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Figure 10-6 prompts consideration on how one might get from one place 

to another: by taxi, by bus or by train. 

 

    

Figure 10-6 Three different ways to get somewhere. 

 

     

Figure 10-7 Three different hats to wear when looking at a problem. 

 

Figure 10-7 encourages one to put on the green hat, to think wild and 

creative thoughts, then to put on the red hat, and reflect on how one feels, 

followed by the yellow hat, asking for sunny, positive, upbeat alternatives. 
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In addition, the wedges can display photographs for inspiration and style 

cue. These illustrations should clarify the concept behind the content on 

the creativities wedges. Content can be customized to satisfy any niche 

market.  

 

10.3 Materials 

 

Materials were to play an important role in the creativity tool. Recalling 

childhood memories of spending hours playing with a set of wooden 

building blocks guided the author to choose wood as the material from 

which to construct the basic components. Other materials could be 

incorporated to add a tactile dimension, as well as the concept of play, to 

the tool. The base of the creativity tool prototype was made from PVC 

plastic but in production would most probably be injection molded. 

 

 

10.4 Creativities Tool 

 

Through synthesis of the triangulated research findings from the previous 

five case studies and preceding literature review, the author proposed the 

following creativity tool that combines all of the lessons learned. 
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Table 10-2 The blocks from the Creativities Tower can be used alone or with the tower. 
 

It was the intent of the author to design a tool to help people think 

creatively. A tool to prompt consideration for the many different ways one 

can look at a problem: how they can combine it; how they can rethink it; 

how they can add to it; how they can subtract from it; and how many 

different ways they can solve it. 
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Table 10-3 The Creativities Tower can be used for additive, or subtractive processes. 

 

A tool to encourage many different responses ranging from common to 

unconventional; a tool to help a problem-solver generate as many 

alternatives, considering the least valid as well as the most promising. A 

successful creativity tool must crush habituation by actively providing 

alternative ways to look and think about things.  
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Table 10-4 The Creativities Tower can grow to five sections high, yielding 90 alternatives. 

 

Another way the tool could be used is to build on a problem, or take a 

problem in reverse and use the tool reductively. Six wedges fit into a large 

hexagonal component that can stack on top of other hexagonal 

components. A rotating base permits spinning the tower to facilitate yet 

another opportunity to look at different sides.  

 

The tool can be used individually or in a group, can serve as a three 

dimensional brainstorming tower or mind map. 

 
“Only by searching what is can one begin to think about what  

is not, or imagine what can be. Instead of excluding possibilities,  

creators include all possibilities, both real and imagined”  

(Michalko 2006). 
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10.5 Next Step 

 

Future research will include testing the prototyped design among several 

purposively selected populations. This will involve controlled sessions 

whereby the designer can observe the tool in use. The test subjects will be 

asked to use the prototype to assist in brainstorming around a problem 

statement generated by the users. The author will utilize observation to 

collect verbal feedback (murmurs, facial expression, comments) as the tool 

is being used, and formal written feedback to assess the usefulness of the 

tool. The feedback gathered from the test subjects may be used to alter or 

enhance the content displayed on the tool, and may be selectively 

incorporated into future generations of the creativity tool.   

 

It is imperative that the author continue to collaborate with persons from a 

variety of different backgrounds in order to further develop the creativity 

tool. The author thoroughly enjoyed this development process through 

connection with users, and would like to continue to gain a better 

understanding of the creative process through exposure to different 

populations and use of multiple research methods. 
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10.6 Reflections    

 

The author reflects that the most significant insights occurred while 

connecting the revelations between the disjointed creative activities of 

gathering, absorbing, exploring, resolving, collaborating and 

orchestrating. By triangulating the findings from the five case studies and 

synthesizing the experiences, the author was inspired to create a tool to 

combine the lessons learned. Incubation and reflection was very important 

in this journey. Because several cases progressed simultaneously, the 

author put off writing the case study results until all five cases were 

completed. Because writing helped to crystallize the connections between 

the five fragmented cases, the author recommends concurrent reporting 

(as cases are proceeding) in order to preserve details and accelerate the 

awareness of the interconnection of relationships.  

 

 



 

 142 

C h a p t e r  1 1  

CONCLUSION 

                               

 

 

What does it take to be creative? It has become clear, through literature 

search and review and triangulation of multiple research methods, that 

there is no one activity that can ensure a creative outcome. However, 

there are many activities that when used in symphony increase the chances 

for a successful, creative outcome. The author defines these diverse, 

creative activities as creativities.  
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Figure 11-1 Creative activities, or creativities. The commas are intentional. 

 
 

Phenomenology made it possible to review one design educator’s views of 

the creative process as it relates to design education. Multiple, in-depth, 

one-on-one interviews surrounding a successful design educator’s 

experience teaching basic design problems made it possible to postulate 
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what works and what does not work, and to better define the qualities of a 

successful basic design problem. A case study involving seventeen 

industrial design sophomores made it possible to document various 

creative interactions within a design student’s core course context. A case 

study involving empathic modeling in reverse, where a designer completed 

self evaluation as she worked through the design process, enabled 

forecasting or anticipation of how other designers might experience the 

process. A case study involving a team of five interdisciplinary graduate 

students enabled hypotheses testing through observation, ethnography 

and group interviews within a real world product development context, 

which afforded the designer better understanding of the design resolution 

experience and broadened her empathetic horizon (Weightman and 

McDonagh 2002). Finally, a case study involving thirty undergraduate 

design students and several interdisciplinary graduate students revealed 

disciplinary synergies within an educational context. Literature search and 

review further enhanced understanding because only by studying what is 

can one begin to think about what is not, or imagine what can be. 

 

This journey began because of the author’s fascination with the creative 

process, particularly as it relates to industrial design and industrial design 
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education. She felt that, through design, people of all ages and disciplines 

could be encouraged and enabled to be more creative. By triangulating 

multiple research methods the designer broadened her understanding of 

this challenge, and acquired the inspiration and energy to create a tool 

that can potentially encourage, and even facilitate creativity, thereby 

extending the industrial designer’s toolkit. 

  

By connecting with authentic life experience throughout the process, the 

author created a tool for people, to facilitate and encourage creativity. 

The final design proposal resolves the challenge of facilitating creativity by 

reinforcing that the user not rely on any single activity. Instead, the tool 

encourages the user to employ multiple activities to increase opportunities 

for creative outcomes. The proposed design can potentially be utilized by 

people of all ages and disciplines.  It is acknowledged by the author that 

further inquiry is necessary to evaluate the area of content displayed on 

the tool, to better provide creative opportunities for a variety of users. 
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11.1 Recommendations 

 

In order to be creative, one must acknowledge the tension between feeling 

and knowing, and work in both a reflective dispassionate way, and a 

sensitive passionate way, embracing the process even when feeling 

uncomfortable. When the worlds of critical thinking and creative thinking 

interact, opportunities for creativity are heightened. To consistently find 

creative outcomes, one must constantly seek new ways to combine several 

different activities, or creativities. Duplicating a path that led to one 

creative outcome does not guarantee a second success. The author recalls 

advice given by Niels Diffrient, in a lecture sponsored by the industrial 

design department at the University of Illinois in Urbana-Champaign in the 

early 1980’s that sums up a single recommendation for anyone needing 

or wanting to be more creative: Let the root of your discomfort be the 

strength of your activity. 
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A P P E N D I X  1  

Biography 

Edward J. Zagorski 

 

Industrial design educator who graduated with honors in 1949 from the 

University of Illinois, Urbana-Champaign, with a degree in industrial design, 

and received a Master of Science degree from the University of Wisconsin. 

He taught at the University of Wisconsin from 1951-56. 

 

In spring of 1952, he introduced his freshman students to designing box-

kites, a first for this University which startled the administration, but has since 

become a common exercise in basic design in schools across the nation. 

Basic design education and creativity have been Zagorski’s passion to the 

present. 

 

He was head of the industrial design program at the University of Illinois 

from 1956-88, and upon retirement became professor emeritus. In 1963, 

he introduced the “egg-drop” problem, simulating an astronaut in space. 

To this day, colleges, high schools and even elementary schools have been 

giving the problem to their students after it appeared in Life magazine. 



 

 151 

 

Zagorski was president of Industrial Designers Education Association (IDEA) 

in 1962. In 1964, Josef Albers recommended him to review a book by 

Johannes Itten and wrote, “I think you will represent the newer and broader 

development of ‘basic design’ in the U.S.” In 1965, he became Fulbright 

Scholar and Lecturer for one year in New Zealand, and is an Honorary 

Member of the Designers Institute of New Zealand (DINZ). In 1979, he was 

awarded fellowship in the Industrial Designers Society of America (IDSA).  

In 1980, he received an award for Excellence in Undergraduate teaching 

from the University of Illinois. He was awarded a National Endowment for 

the Arts to write a series of articles on basic design, and in 1985 appeared 

in an article in the Smithsonian on creativity in the classroom. In 1986, the 

University of Alberta, Canada awarded him the Distinguished Visiting 

Professor of the Endowment Fund for the Future, “because of his 

contribution to the development of industrial design on his continent that 

has been far and wide since his appointment at the University of Illinois at 

Champaign.” In 1989, he received the Education Award for Excellence in 

Teaching from the IDSA. 

He has written many articles for Innovation and has conducted workshops 

and lectured in New Zealand, Australia, Canada, Mexico, Poland, Russia, 



 

 152 

Italy and the Netherlands. Currently, he is writing a book on his basic 

design problems entitled, Get Ten Eagles. 

(IDSA 2006) 

http://www.idsa.org/ 
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A P P E N D I X  2  

 

In 1963, Ed Zagorski introduced the “egg-drop” problem, simulating an astronaut in 

space. To this day, colleges, high school and even elementary school teachers have been 

giving the problem to their students after it appeared in Life magazine. Cover. 
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Life magazine Index, April 12, 1963. 
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Life magazine, April 12, 1963. Page 1 of Zagorski article. 
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Life magazine, April 12, 1963. Page 2 of Zagorski article. 
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Life magazine, April 12, 1963. Page 3 of Zagorski article. 
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A P P E N D I X  3  

Graphic Representation of Thesis. 
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Refer to Chapter 2. 
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Refer to Chapter 4. 
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Refer to Chapter 5. 
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Refer to Chapter 6. 
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Refer to Chapter 7. 
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Refer to Chapter 8. 
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Refer to Chapter 10. 
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A P P E N D I X  4  

Author's invitation postcard to the School of Art & Design 2007 MFA Exhibition. 
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A P P E N D I X  5  

Author's exhibit at the School of Art & Design MFA Exhibit, 2007. 
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Video production by the author. Refer to Chapter 7. 
 
 

 

Scale model and banners created by the Solar Decathlon class. Refer to Chapter 8. 


