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Dysfunction resulting from spinal cord
injury is determined by which vertebra
is damaged.

Nerves of the
spinal cord control
bodx functions. A
spinal cord injur
ay mean paralysis...

Ci-3: life on a ventilator
Cy injury: breathing, neck
Cs: shoulder, elbo
Co: elbow, wrist —
C7: elbow, wrist,fi
C8' fingers,durios

CERVICAL VERTEBRAE

Ti-12: various
parts of
abdomen THORACIC VERTEBRAE

LUMBAR. VERTEBRAE

SACRAL VERTEBRAE

also other possibilities. Electrical stimulation of muscles and braced
walking attachments for limbs are proving to be successful solutions
for some mobility problems. There are a number of creative possibili-
ties. Taking time to find the root problem is extremely important so
that the ultimate solution works. Chapter 3 will help you develop skill
in identifying problem situations.

Step 2. Framing a Design Brief: Problem
Clarification and Specification

The second step in the process is one of clarification and specifica-
tion. Here you will need to detail exactly what it is you intend to do.
This can be difficult, and a good starting point is to ask yourself a
number of questions. If the problem is centered around a mobility
device for the physically challenged, some questions might be: Is it
intended for an adult or a child? Will it be self-powered or motorized?
Will it fold up? The specifications you generate will provide some
expectations and limitations for the project, and can be referred to at
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[22 Chapter Two

tion. Do not, however, specify unnecessary requirements. You will
need to spend some time researching and thinking about the specifi-
cations for your project, as they will be revisited during every phase of
the design process. The specifications should be developed with a
thorough review of appropriate research sources. Writing design
briefs and specifications will be covered in greater detail in Chapter 3.

Step 3. Research and Investigation:
Information Gathering

In order to solve problems, all pertinent information must be gathered
and documented for possible future reference. If the project involves
humans, ergonomics, or human factors, engineering should play an
important role. Ergonomics, discussed in Chapter 5, is the study of
how human beings best interact with technology.

An example of this is the placement of controls on a bicycle. The dis-
tance must be correct between the seat and the handlebars, and where
a person’s hands fall on the handlebars to work the brake and gear con-
trols correctly. These distances are designed so that most people can
reach them comfortably. This also means that the placement of the con-
trols is such that a person can exert the necessary force to stop the
bike when his or her hands are in the position to reach the controls.
Without ergonomic design, the controls would seem out of place, and
using them would be more difficult, if not unsafe.

The library is a good place to begin
investigating a problem.

Beyond questions of the human user will be questions of various tech-
nological systems, such as those of structural or mechanical sys-
tems. Information about, and examples of, these systems appear in
Chapter’s 6 and Chapter 7. Sometimes information will be needed to
answer questions involving control systems. Chapters 8 and 9 deal
with electronic and pneumatic and hydraulic systems.

The importance of investigation and research cannot be overempha-
sized. Few solutions are new. Even most inventions involve many pre-
viously known principles and concepts. Effective designing means
looking at existing devices and systems, as well as existing knowl-
edge and solutions as a source of ideas for new solutions. Chapter 5
will provide you with information-gathering strategies.

Step 4. Generation of Alternative Solutions
Generating a number of alternative solutions is one of the most impor-

tant steps and often the most difficult to do. Although it seems to be
human nature to latch on to your first idea and try and make it work,

e
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Bridge types

bridge. If a bridge is considered, what kind of bridge should be built?
Suspension, cantilever, beam, and arch bridges all have unique charac-
teristics, and selection of a particular type is based upon the situation.
Most likely, however, the type of bridge would not be considered until
that particular solution was selected from among the others.

Although you will probably not be called upon to design a river-cross-
ing system, these principles apply to student design work as well. You
will need to work out your alternative solutions to the point where you
can see the further choices and problems that these solutions will
generate. In some cases, this may mean the development, in detail,
of a number of different directions for these solutions.

Developing a number of different solutions to a problem may mean
that the size, shape, and materials will need to be addressed at this
early stage. Here is where the application of sketching and drawing
skills allow you to represent your ideas and begin the evolutionary
process of design. You may even need to detail structural or mechani-
cal systems to see if a solution can be made to work. Generating
alternative solutions to problems is covered in Chapter 10.

Step 5. Choosing the Best Solution

Choosing the best among a number of ideas is less straightforward
than it may appear. Two strategies for choice making are transferable
to outside situations. The first involves listing the attributes (good and
bad points) of the ideas and comparing them. The second strategy
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EG Chapter Two

Working drawings are necessary at
the final design stages. Courtesy of
Dan Davis

Low-relief modeling is used to work
out mechanical operations.

employed (Figure 2-7). Clarifying and communicating your ideas may
include color drawings and sketches, two-dimensional models con-
structed on cardboard or “homosote” that demonstrate or confirm
mechanical action or movement of parts, and/or three-dimensional
models that help you to work out size, shape, appearance, or other
important factors in the design. Figure 2-8 shows a simple model
made from card stock that was used to work out appearance and
material layout problems. Chapter 11 will deal with the development
of ideas into workable solutions.

This is also the stage in industrial planning and design at which ideas
need to be “sold” to clients or management for further development
by a firm. The need to sell the idea in the world of business and indus-
try means that concepts, mechanics, appearance, and other factors
must be represented in a way that is clear to the nontechnician deci-
sion maker. Chapter 4 will help you with both developmental and pre-
sentation techniques.

Step 7- Modeling and Prototyping:
Construction

Modeling a solution may take a number of forms: Two-dimensional
and Three-dimensional models, computer models, and mathematical
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Chapter Two

Step 8. Testing and Evaluating

When the modeling or prototyping is completed, the testing and evalu-
ation of the design solution begins. This may be as simple as applying
the specifications to the end product to see if it does all the things
that it is supposed to do. But more often it is performance testing, as
in the case of a practical device. In the case of an aid for a disabled
person, testing may involve giving the device to an appropriate individ-
ual to use for a time. An interview at the conclusion of the test would
provide invaluable feedback on the performance of the device in the
real world and could lead to possible improvements or modifications.
This phase is important to the design process, because it tells you
how well you have accomplished your goal and whether more develop-
ment work is needed. Some techniques and ideas about testing and
evaluation are found in Chapter 12.

Observatior/Analysis/Synthesis |

1. List the steps in the design loop, and briefly describe what occurs
in each step.

Testing the final solution of a toy in 2. Devise an appropriate test to measure the success of:

the real world

a toy for a 5-year-old child
a roadside emergency light
a road map

a backpack

a word-processing system

PoooTwe

Analyzing Existing Products

You will work in small groups and will have a number of products to choose from for the analysis
activity. While each product was carefully designed for the marketplace, the actual details of the
process are unknown.

Step 1
Step 2
Step 3

Step 4

Step 5

Write down the original problem the product was meant to solve.
Write a design brief for the problem, including specific specifications.

What questions had to be answered before the product could be manufactured? Make a
list of as many questions as you can.

What other alternative solutions to the problem that you have identified in Step 1 might
be possible (besides the product that you are analyzing)? Make a list.

Devise a test to assess the effectiveness of the product
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The Design and
Problermm-Solving Process

g —

Introduction

Design is the planned process of change. Instead of something
changing by accident, design demands that we plan change so that
we end up with the results we want. It also means that we attempt to
minimize trade-offs and control risk. Technology is all about design.

The Design Process |

Creating solutions to problems involves the process of designing.
Design is a broad term that is often associated with artistic expres-
sion, but it is best thought of as a thinking process involving planning
with intention and purpose. We design everything from the look of a
room to the vacation that we hope we will soon take. More important,
design describes the process of developing solutions to problems.

Figure 2-1 shows a design loop, which was developed as a guide to
help make problem solving in technology more effective. It provides a
structure for thinking and doing, which is the essence of technological
activity. There are many legitimate models for design and problem-solv-
ing work, and most have these themes in common. Other chapters in
this book will provide depth in each step of the design loop. In addition,
one important aspect of design is documenting your work. Chapter 4
details techniques of documentation to aid you in your work.

You should understand that designing is not a linear process; that is,
when you design and make something, you do not think and act in
separate, sequential steps. The creative process of designing is more
like switching back and forth between a thinking—questioning—evaluat-
ing mode and an acting-doing mode. These modes have been called
the “active” and “reflective” phases of design, and you are constantly
moving between the two.

What this process of moving back and forth between the active and
reflective phases means is that you will probably need to jump around
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9. Redesigning
and improving

The design loop

8. Testing and

1. Identifying Bt
problems and ] g
opportunities

7. Modeling and
2. Framing a prototyping
design brief

6. Developmental

work

3. Investigation !
and research 5. Choosing
a solution

4. Generating
alternative
solutions

a bit during your designing. For example, if you get to the point of
choosing a solution and it occurs to you that you need a bit more back-
ground, you will need to revisit the step “investigation and research.”
Or, if you are building the chosen solution and find a fatal flaw that will
not allow you to complete that solution, you will have to go back to the
step where you looked at “generation of alternative solutions” and pick
another solution. There is nothing wrong with doing this. The design
loop should provide you with a framework for your design and problem-
solving work, and help you keep on track. The following section will
provide a brief overview of the process. More detailed information on
the process will be presented in subsequent chapters as you get
involved in the actual design process yourself.

Steps in the Design Process

Step 1. identifying Problems and
Opportunities: Analyzing Real-World
Situations

Central to the process of designing is the identification of a problem
in need of a solution. On the surface, this appears to be a simple
task, but it requires careful observation and a critical eye. Take, for
example, the problems of the physically challenged person.

Some people, through injury, illness, or a birth defect, often cannot
adequately function in a world built for more mobile people. This is
sometimes referred to as the technological situation. A wheeled
device may be a solution that comes into your mind, but there are




