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Introduction—
Design as a Continuum

Design and the design process
constitute nearly half of Standards
for Technological Literacy (ITEA,
2000/2002), and technology edu-
cators are deeply committed to
teaching the design process. This
process can be thought of as span-
ning a continuum of difficulty, with
routine problem solving at one end
and inventive problem solving at
the other (Committee for Study of
Invention, 2004).

True inventions require the determination
to solve multiple problems in order to
overcome contradictions and yield
creative solutions.

tinuum is characterized by:

o Brief searches for similar prob-
lems (problem definition)
Brief searches for an “off the
shelf” solution that might fit the
problem, and

e Asmall number of trials.

Much of our curriculum is com-
posed of the application of standard
solutions to routine problems—but
this does not mean that the process
is simple, easy, or mundane. All
phases of design and engineering
require skill and creativity (Adams,
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Figure 1. The Design Continuum

Routine problem solving often
follows systematic procedures for
diagnosing familiar problems and
prescribing known solutions, with
systematic being a key component.
Solutions to routine problems usual-
ly come from the base of knowledge
possessed by the individual, the
company or, in the case of educa-
tion, the classroom. In the technol-
ogy education classroom, problems
may take the form of design briefs;
solutions may come from the knowl-
edge received through instruction.

The routine end of the design con-

1991). Well-written design briefs
present challenging and exciting
problems that can be solved by stu-
dents applying standard solutions in
new and unusual ways.
A challenge to technology education
curriculum developers and teach-
ers is to decide what, if anything,
to teach differently on the inventive
end of design, which is character-
ized by:
e The unknown (in the problem
situation)
¢ Lengthy searches for the prob-
lem (problem definition)
¢ Lengthy searches for known
solutions, and
¢ Many trials

The inventive end of the design
continuum has two additional
characteristics. Inventions require
knowledge that often resides
outside the individual, company,
classroom, or field of study. The
knowledge necessary to solve
what appears to be a mechanical
problem may be found in chemistry,
electricity, or some other domain. A
second characteristic is the pres-
ence of conflicting or contradictory
design requirements. An inventive
problem arises, for example, if a
product must be both strong and
lightweight—characteristics that
usually necessitate a trade-off. Or
it may be encumbered by require-
ments that are in direct conflict with
one another, such as rigidity and
flexibility.

Standards for Technological Lit-
eracy asks technology educators to
prepare students with knowledge
of the inventive end of the design
continuum. What must technology
educators teach to meet the ad-
ditional requirements demanded

by invention? What knowledge,
tools, methods, and procedures are
available to offer our students? How
does this differ from the tools we
commonly use at the routine end of
the continuum?

We need to find a method for inven-
tion that meets the following criteria,
which are derived from the charac-




teristics listed above and include:
¢ Knowledge of the unknown
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search for the problem (prob-
lem definition).
A rapid and systematic
search for solution ideas.
Reduced number of trials
(If using only trial-and error-
methods, inventions require
hundreds or thousands of
trials—a requirement beyond
the time available to the
classroom teacher).

Routine problems are routine
because they are encountered
frequently. Standard solutions are
standard because they can be used
to reliably solve routine problems.
That the two are combined over
and over again is a testament to the
efforts of many people over many
years in bringing them together.
Routine problems and standard
solutions, which are applied in a
systematic manner, reduce the
difficulty of teaching and learning
problem-solving methods. A sys-
tematic approach to invention will
reduce the difficulty of teaching and
learning how to invent.

An effective method for invention
will also be repeatable and reliable.
It must be able to solve inventive
problems over the entire spectrum
of knowledge, and to reliably pro-
duce solutions.

Finally, this method of invention
must not be exclusive to exception-
al individuals. Technology educators
must be able to learn, apply, and
teach the principles and concepts of
the method to all of their students.

Fortunately, such a method exists.

TRIZ* a New Set of
Tools for Invention
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Although it may appear to be the
new kid on the block, TRIZ has

a long and interesting history. Its
foundations extend back to 1946,
with Genrich Altshuller’s quest to
develop a method for invention.
Skeptical of the then-popular psy-
chological methods for improving
creativity, and finding that no other
methods existed, Altshuller looked
to the accumulated results of inven-
tion as documented in patents.
Over a period of 40 years, Altshuller
and his colleagues analyzed more
than two million patents, mak-

ing several important discoveries
along the way. They defined a truly
inventive problem as having one or
more internal contradictions. They
discovered that, contrary to the
common notion that an invention is
something new and unusual, there
were identifiable patterns (more
than 100) in the solutions to inven-
tive problems. They discovered that
technological systems evolve over
time according to identifiable pat-
terns, giving those who knew these
patterns predictive power. Most
importantly, they developed several
methods and tools for applying this
knowledge, then tested the validity
of each discovery through extensive
practical work solving tough techno-
logical problems. Altshuller and his
colleagues established training and
certification programs and educated
hundreds of students in the use

of his methods (Altshuller, 1999).
He and his colleagues engaged

in the continuous development

of a science of invention until his
health declined and the develop-

ment of TRIZ passed entirely to

his students and colleagues. TRIZ
has continued to develop, and the
community of TRIZ enthusiasts has
grown worldwide. TRIZ concepts
are used by professional inventors
and engineers and are taught in
colleges and universities. Profound
enough for the professional, TRIZ
principles have also been success-
fully learned and applied by chil-
dren in elementary and secondary
schools.™

Some TRIZ Tools and

Principles
“A problem well defined is a prob-
lem half solved.”
—Charles F. Kettering

From many years of observing
people struggle to solve difficult
problems, Altshuller concluded that
people too often accept the prob-
lem as it is first formulated, then
immediately begin searching for a
solution. This tendency, sometimes
called solution mindedness (Per-
kins, 2001), gets in the way of find-
ing and solving the real problem.
One of Altshuller’s tools for defining
a problem is called the systems
approach.

The systems approach to problem
definition is guided by a nine-cell
matrix that incorporates the con-
cepts of time and system depth as
shown in Figure 2.

A problem might, upon first appear-
ance, correspond to any of the nine
cells. Nonetheless, the systems
approach asks the inventor to
examine all the cells before seek-
ing a solution to the problem. This
systematic search of possibilities
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Figure 2. The Systems Approach Matrix
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process pays off later. Consider,
for example, a farmer who began
encountering severe problems with
a hay baler—the drive belts virtu-
ally exploded. Having previously
tested the belts under a variety of
conditions, the manufacturer initially
focused on the load placed on the
belts by that particular crop of hay,
and the conditions (heat, humidity,
moisture content of the hay, etc.)
present in the environment. After
their balers failed with a variety of
crops and conditions in a number
of fields, the manufacturer traced
the problem to the belt manufac-
turer. In order to cut cost, the belt
manufacturer had changed glue
suppliers: the new glue reduced
the effectiveness of the belts. Had
the baler manufacturer been more
systematic in identifying the prob-
lem at the outset, he would likely
have avoided multiple baler failures
and the resulting bankruptcy of his
company.

“It's the things you know, that
aren’t so, that will hurt you.”
—Anon.

Problem definition (or problem “find-
ing”) is a key ingredient for all types
of problem solving. Altshuller’s
systems approach can help find
problems located anywhere along
the design continuum.

Systems Approach Activity
Because problem definition is so
critical to solving inventive prob-
lems, and because it applies to the
entire design continuum, students
should practice identifying the
hierarchical levels of systems and
examining the history of each level.
Teachers can present students
with a product, along with a simple
handout describing the systems
approach, then ask students to
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TRIZ Discoveries

Altshuller’s early discoveries—the
presence of one or more contradic-
tions in an inventive problem, the
similarities in solutions according

to identifiable patterns, and the
patterns that govern the evolution
of technological systems—provided
the foundation for further develop-
ment of TRIZ over the last 60 years.
These discoveries can be applied

in the technology education class-
room; we’ll offer a brief description
of each as well as suggestions for
related classroom activities. In addi-
tion, we'll look at the different levels
into which inventive problems fall.

Definition of an

Inventive Problem

After analyzing more than 200,000
patents, Altshuller noticed that
many represented simple, incre-
mental improvements created with
readily-available knowledge. His in-
terest was in “inventive” problems—
those that led to considerable
change in a technological system
or even replaced it. This narrowed
the number of targeted patents and
precipitated the discovery that an
inventive problem is one in which
there is at least one contradiction
(Terninko, 1998).

Altshuller identified two types of
contradictions. A technical contra-
diction (commonly called a “trade-
off”) is a situation where an attempt
to improve one feature of a system
detracts from another. Outside of
TRIZ, technical contradictions are
most often resolved by compro-
mise. A physical contradiction is
one in which a system character-
istic must exist in opposite states:

it must be both large and small, or
present and absent, or flexible and

complete the nine-cell matrix for

rigid, and so forth (Kaplan, 1996).

TRIZ seeks to overcome contradic-
tions rather than submit to compro-
mise or trade-off.

Finding Contradictions

Problem finding is one of the basic
skills of the inventor (Perkins, 2001)
and, according to TRIZ, inventive
problems contain one or more con-
tradictions (Kaplan, 1996). Because
a contradiction is a necessary
condition of the inventive end of
the design continuum, the ability to
spot a contradiction is an important
part of problem finding. Identifying
contradictions can be consciously
practiced, and teachers can struc-
ture this practice for their students.

Good-Bad Game

Contradictions in products and
systems can be found by playing
the Good-Bad game. One varia-
tion of this game entails selecting a
product and asking, “What is good
about this product?” and listing all
the beneficial features and func-
tions. The next step is to ask, “What
is bad about this product?” and
listing those features and functions.
By playing this game one can find
many bad features and functions in
even the best products.

A second variation of the Good-Bad
game is to select a product and
again ask, “What is good about

this product?” After receiving one
answer, ask “What is bad about [the
first answer]?” followed by “What is
good about [the answer to the last
question]?” and so on. It is almost
always possible to find something
bad about a good feature and vice
versa.

If continued too long, the Good-
Bad game can yield responses that
seem silly; this should not distract
you from the task, however. Albert
Einstein once said, “If at first the
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