



I




THREE PROCESSES FOR CREATING INNOVATIVE STRATEGIES 

G. David Hughes

President

Decision Labs, Ltd.

1708 Michaux Rd.

Chapel Hill, NC 27514

and

Burlington Industries Distinguished

Professor of Business (Emeritus)

University of North Carolina

Kenan-Flagler Business School

Chapel Hill, 27599 3490

919 929 1300

Fax 919 929 2969

e-mail gdhughes@email.unc.edu

web: www.unc.edu/~gdhughes/

(c) 1999 G. D. Hughes

July 6, 1999

ABSTRACT

Competition, accelerated technological development, diminishing returns from present methods, and a shift to creating wealth through knowledge require a new organization that is innovative.  Innovation is simply doing something different that adds value.  This article presents a brief overview of three processes for creating innovative strategies: the Osborn-Parnes creative problem solving (CPS) model, which uses a behavioral science approach; the Russian TRIZ model, which searches for higher levels of abstractions using generalizations from millions of patents; and the Theory of Constraints (TOC), which applies concepts from physics to examine the business and organizational processes that are preventing the optimization of systems.
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Innovation is the spark that makes good companies great.  It’s not just invention but a style of corporate behavior comfortable with new ideas and risk…Companies that know how to innovate don’t necessarily throw money into R&D. Instead they cultivate a new style of corporate behavior that’s comfortable with new ideas, change, risk and even failure (Fortune, 1997).

WHY IS INNOVATION NEEDED IN AN ORGANIZATION?
“The time has come for innovation to enter the mainstream of management thinking, to achieve its rightful place alongside financial management and strategic planning as a determinant of business success,” according to a report of the United Kingdom office of PricewaterhouseCoopers, the accounting and consulting firm.  Top innovators develop 75 percent of their revenue from products that did not exist five years earlier (Davis, 1999).

Anderson (1992) has defined creativity as "... nothing more than going beyond the current boundaries, whether those are boundaries of technology, knowledge, current practices, social norms, or beliefs. Creativity is nothing more than seeing and acting on new relationships, thereby bringing them to life." While there are many definitions of  innovation, it is defined here very simply: using creativity to add value.  Value can be economic, social, psychological, or aesthetic.

There are many economic and technical forces that are driving an organization to be innovative.  First, margins can no longer be sustained by downsizing and reengineering.  Either all of the excessive costs have been squeezed out or reengineering and downsizing have not worked.  Second, competition is fierce, coming from global sources and companies outside the industry.  New products and processes are necessary to compete. Third, product life cycles can be shorter than the time required to develop a new product.  If there is a competitive product on the market, speeding up the process to get a "me too" product to market is not a profitable strategy because the market window will close before the "me too" product is ready. The solution is to innovate one or two life cycles ahead, creating a product that the market will be moving into, thereby beating competition and earning a substantial margin. Fourth, continuous improvement will reach a point of diminishing returns. At some point an entirely new platform or category is needed.

After studying 17 companies that grew shareholder return by 35% or more per year, Hamel (1997) concluded that their secret is strategic innovation that either defined new industries, such as the digital industry, or redefined existing industries, as Home Depot did to the home improvement industry.  He suggests, "We have reached the end of incrementalism in the quest to create new wealth.  Quality, cost, time-to-market, process improvement — these are important, but we are hitting the point of diminishing  returns."  He notes further that "Opportunities for innovative strategy don't emerge from sterile analysis and number crunching—they emerge from novel experiences that can create opportunities for novel insights."

Finally, there is a paradigm shift in what adds value.  Material is becoming less important in creating wealth. The high-growth electronics industry is based on silicon chips, which are sand with great quantities of knowledge added. Reengineering is the efficient use of existing knowledge, while innovation is the creation of new knowledge.   

THE OLD ORGANIZATIONAL MODEL INHIBITS INNOVATION
An innovative environment requires more than providing intrinsic rewards: it requires rethinking organizational designs.  Wheatley (1994) notes, 

At the end of the twentieth century, our seventeenth-century organizations are crumbling.  We have prided ourselves, in all these centuries since Newton and Descartes, on the triumphs of reason, on the absence of magic.  Yet we, like the best magicians of old, have been hooked on prediction.  For three centuries, we've been planning, predicting, analyzing the world.  We've held onto the intense belief in cause and effect.  We've raised planning to the highest of priestcrafts and imbued numbers with absolute power.  We look to numbers to describe our economic health, our productivity, our physical well-being.  We've developed graphs and charts and maps to take us into the future, revering them as ancient mariners did their chart books.  Without them, we'd be lost, adrift among the dragons.  We have been, after all, no more than sorcerers, the master magicians of the late twentieth century. 

We have made organizations fit Newtonian mechanical models by putting responsibilities into functions and people into roles with boundaries and a secure sense of control (Wheatley, 1994). When we studied organizations, we thought we confirmed these models because we used research designs that assumed cause and effect relationships. We assumed also that these relationships move toward equilibrium, when, in fact, they move away from equilibrium as they learn and renew in response to an ever changing environment.  Explanations and predictions of organizational behavior were weak, but until recently the basic model was rarely questioned. We added more variables and more powerful analytical methods.  We were making the same mistake as the astronomers who built more complex prediction models when their model with the earth in the center could not predict the location of heavenly bodies. When they changed their model and put the sun in the center, the models became simpler and predicted better.  

Stacey (1992;1996) challenges the present organizational model when he notes that stability, harmony, predictability, discipline, and consensus, which are central to most Western management practices, are all wrong.  Instead of equilibrium, he argues, we need bounded instability, which is the framework in which nature innovates.

The Newtonian model of the world is characterized by materialism,  reductionism, determinism, predictability, equilibrium, and control.  Moving away from this model to quantum theory radically changes our understanding of organizational behavior.  The new model may be uncomfortable because we must abandon most control systems and the predictability of deductive  processes.  When we accept that organizations are fluid, chaotic, and subject to unseen fields of energy, present concepts of leadership must change.  Gone is the hierarchical model with the person at the top controlling everyone by holding all information. No one person possesses all of the knowledge or skills to control a fluid, rapidly evolving system.  Leading gives way to facilitating relationships in a system where knowledge and skills are networked.  Leadership in the new organization consists of facilitating shared values.  This facilitatorship must take place in an environment which has relationships that freely share ownership, information, and ideas.  Facilitation and sharing are basic to innovation.  Thus, for an organization to be truly innovative it must rethink its organizational design.  

THREE PROCESSES FOR FOR CREATING INNOVATIVE STRATEGIES

Three processes for creating innovative strategies have received wide application around the world. Each one reflects the thinking of its developers.  The Osborn-Parnes Creative Problem Solving process takes a behavioral science approach because Alex Osborn was an advertising executive and Sidney Parnes is a psychology professor.  The TRIZ model was started by Genrich Altshuller when he worked in the patent department of the Soviet Navy.  Eliyahu Goldratt's Theory of Constraints reflects his training as a physicist.  Detailed techniques for stimulating  creative ideas when using these processes may be found in Couger (1995).  Applications of creative methods in developed and developing countries may be found in Stein (1999).  The influence of  a culture’s myths on creativity has been explored by Raina (1999). 
THE OSBORN-PARNES CREATIVE PROBLEM SOLVING PROCESS
In 1941, Alex Osborn wondered why some people in his advertising agency, Batten, Barton, Durston, and Osborn, were more creative than others (Osborn, 1965).  His study of the process used by creative people broke the 2,000-year-old assumption that only a unique few can produce creative ideas.  He originated the widely-used process of brainstorming.  In 1954 he established the Creative Education Foundation, and in 1955 he held the first Creative Problem Solving Institute at the State University of New York (SUNY), Buffalo.  This Institute now holds a week-long training session each June in Buffalo, NY, for over 900 persons from more than 30 countries.  

Sidney J. Parnes, a psychology professor at Buffalo State College, NY, collaborated with Alex Osborn to develop what is known today as the Osborn-Parnes Creative Problem Solving Model.  It consists of the following six steps: identify the goal, wish, or challenge; gather data; clarify the problem; generate ideas; select and strengthen solutions; and plan for action. These steps are shown in the center of the circle in Exhibit 1.  
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The activities in the first part of each step are designed to stimulate divergent thinking, hence the diverge symbol (<). The concluding part of each step converges (>) this thinking for transition to the next step.  Some people may find it more comfortable to think of divergent and convergent thinking as imaginative and practical thinking (Solomon, 1990). The goal of the divergent phase is to make as many connections as possible, using methods that provide a stimulating environment to expand one's vision. The convergent phase distills and translates these connections into practical ideas that can be taken to the next step.  The final convergence is a practical, actionable plan that will be accepted and implemented by stakeholders.  Each step makes extensive use of the Socratic inquiry method by asking questions to facilitate idea generation.  Samples of questions that are used by facilitators appear outside the circle.  This is the basic tool for transforming a team into an innovating one.  We focus here on the Osborn-Parnes model for stimulating creativity because it is the oldest and the most widely used, it is in a continuous state of evolution, and the author's study of many subsequent models has yet to find one that does not have its roots in  this model.  

Many executives are presently using pieces of this model, but they may be missing important steps.  For example, many strategy sessions begin with a definition of the problem, without a clear statement of the goal, wish, or challenge and without gathering basic data.  Or an alternative may be selected without considering an action plan that identifies those who will support or resist some of the actions.  Furthermore, one pass through these steps is rarely enough.  It will be necessary to iterate around the circle to refine the plan.  The convergence of one step becomes the point for diverging at the next step.  Strategists sometimes focus only on divergence or convergence.  For example, brainstorming (an Osborn invention) is a popular means for generating ideas, which is divergence.  But without a convergence process for reducing and refining ideas, there can be lots of fun but no plan for action.  Conversely, it is easy to get stuck in a convergence mode.  Excessive analysis of data is an example of this trap. 

Integrating CPS into a Strategic Innovation Process
The CPS model should be regarded as a generic model that can be integrated into any decision process.  For example, in Exhibit 2 the CPS steps inside the circle are linked outside the circle to the following steps for a typical business decision process, the development of a new product: 
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Political, governmental,  educational, healthcare, or any other organization can match the CPS steps to its decision process.  It is critical to note, therefore, that introducing creativity does not require a drastic redesign of  an organization's decision process.  By using the present decision process, the acceptance of creativity is more likely.  

Creativity can be introduced at any point in the circle, but it is critical to continue around the circle to determine if a decision at one stage will require a re-evaluation of a decision that was skipped.  At times it will be necessary to check back to a previous step and at other times it will be necessary to anticipate a stage in the next iteration, thereby jumping across the circle.  For example, it will be necessary to check with the client to make certain that the ideas generated are consistent with the objective, which is a step backwards in the process.  It is necessary also to think ahead.  Will the solution be consistent with the facts that will exist in the future? This type of question must be asked in the next iteration around the circle.  Perhaps the market, technology, regulation, and competition will change in predictable ways, and these changes should be considered now.  In the micro fact finding stage, the evaluation of the organization's openness to change will have an important impact on which stakeholders will support or oppose the implementation of the plan.  

The circle provides a picture for facilitating the flow of the creative process and for allowing participants to see where they are in the process.  It brings all of the strategic planners into a common process, language, and set of tools.


Thomas Edison embodied all of the characteristics and risks of an innovator.  He generated 3,500 handwritten journals.  He was a divergent thinker, musing about cosmology, making observations about the natural world, sketching, and writing poetry.  He created a diverse environment by stocking samples of metal sheets, rods, pipes, 8,000 chemicals, and every kind of screw, needle, cord and wire made, along with natural products such as hair, silk, and sharks' teeth.  He was not afraid of failure.  Before settling on carbonized cotton for the light bulb filament, he had 3,000 failures with material from bamboo to platinum.  Lessons learned in one failure led to success in another project.  In addition to the light bulb, his 1,093 patents included familiar ones such as the phonograph, microphone, mimeograph, batteries, and an unfamiliar one for poured concrete.  The last invention was an attempt to build a middle-class house in six hours.  His most trail blazing contribution was the invention of a scientific laboratory.  He directed a dozen colleagues in as many as 40 projects at one time.  He set as his goal a minor invention every ten days and a major one every six months.  Clearly he practiced the concept that quantity will produce quality.  But Edison's divergent thinking ran into industry's need for convergence.  Even though General Electric was founded in part by Edison and he had worked on x-ray tubes, the company gave its manufacturing to a competitor because corporate managers viewed him as unreliable and unpredictable (Shulman, 1997). Here is an example of the need for a team that is composed of both divergent and convergent thinkers.

The Need for Creative Leadership
Creative leadership must facilitate positive relationships in organizations to produce profitable growth through innovation.  We now know that creativity is not a personality trait that is available to a few geniuses.  Everyone has unique knowledge and experiences that can be tapped, given the proper environment.  This environment must be free flowing and nonjudging to take people through the mental blocks that they learned in early childhood.  These mental blocks are associated with the risk of being wrong.  Many educational processes give rewards only for getting the right answer, not for experimenting with new approaches or exploring the risky unknown.  

The motivation for innovating comes largely from the joy of doing something that has never been done before.  It is like going on an expedition and risking everything to be the first person to climb a mountain or sail alone around the world.  It taps the same drive that exists within a composer or an artist who wishes to create something for immortality. It is rewarding to be part of the base camp that supports the climber who is the first to reach the top or the ground crew that supported the winning sailor. Creativity can transform a dream or wish into a new form of retailing, a fast-food concept, a new form of government, an airplane, a light bulb, a new way to grow rice to reduce hunger, or a dream by an individual to lead a fuller life.

This brief review of the Osborn-Parnes model of the creative problem solving process leads to the conclusion that it is scientifically sound, very practical, continuously evolving, and can be readily adapted to present decision processes for rapid adoption by teams.  One need only look within himself or herself and to families, government, schools, and companies to see the need for dreams and creative problem solving.  

But the facilitator of sessions in these environments should remind the group that the facilitator is  like an expedition's guide into the unknown:  there is no trail.  Making the trail can be the most exciting and risky part of the expedition.  Each team member must contribute knowledge and skills to the expedition, expect risks, learn from mistakes, and share in the success of having been on the team that was the first to reach the dream.

Executives who want detailed cases that prove the effectiveness of CPS may be trapped in the Newtonian mechanistic model that stresses cause and effect.  Creativity, it has been noted above, is outside this model.  Thus, in waiting for such proof the executive will be missing opportunities.  The only real proof is to try the process by mapping the decision process into the CPS steps, as in Exhibit 2, and then asking the questions in Exhibit 1.  A few short sessions on a small problem led by a trained facilitator should demonstrate that the process can move an organization toward  a state of continuous innovation.

The executive who applies CPS to the organization's decision processes should remember the advice of Machiavelli  (15th century) as noted in The Prince: "There is nothing more difficult to take in hand, more perilous to conduct, or more uncertain in its success, than to take the lead in the introduction of a new order of things, because the innovator has for enemies all those who have done well under the old conditions, and lukewarm defenders in those who may do well under the new."   

IDEATION/TRIZ  (I/T) INNOVATION CONCEPTS AND TOOLS
The scientific mind searches for higher levels of abstractions that will model reality.  When these models are replicated across a wide variety of situations we have a theory.  The resulting theory is very practical because it allows us to solve problems without collecting great quantities of data, much of which is frequently irrelevant.  Genrich Altshuller started down this theoretical path in 1946 when he worked in the patent department of the Soviet Navy.  He wondered if invention was a random process or if there was a systematic pattern of thinking.  He developed four ways to model inventive problems and their solutions—technical contradictions, physical contradictions, substance-fields (su-field), and Ideal Final Result (IFR).  Each of these will be explained briefly in nontechnical terms (Ideation/TRIZ,1998).

Technical Contradictions
Alsthuller’s studies of thousands of patents revealed 39 parameters that were the most common. The need for an invention occurred when an attempt to improve one parameter resulted in deterioration of another parameter.  The incentive for the inventor, therefore, was to overcome this undesired result, which Altshuller called a technical contradiction.  He discovered 40 solution pathways that inventors used to solve these contradictions.  He called these solution pathways inventive principles.  These parameters and principles were summarized in a matrix which is called the Contradiction Matrix.  An abstracted example appears in Exhibit 3. 
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Source: Ideation/TRIZ (1995)

The feature that the inventor wants to improve is in the rows.  The undesired results are in the columns.  The proposed solution pathways are in the cells.  These are called pathways because they may not provide the direct solution to the contradiction, but they will trigger creative thinking that will take the engineer beyond the existing knowledge base.  This is where the well-established CPS methods can take over in the innovation process. Building on the I/T knowledge base both assures that a wide range of relevant alternatives has been considered and focuses the creative process so that innovation will be accelerated.  

Levels of Innovation. Altshuller noted that there are levels of innovation.  Some contribute more to knowledge than others.  In the 1960s he identified five levels and the percent of innovations at each level that existed at the time.

1.  Apparent or conventional solutions that enhance features in an existing system. (32%)

2.  Improvement in an existing system by adding a new feature, usually with some compromise elsewhere in 
the system. (45%)

3.  Substantial invention within the system using known technology. (18%)

4.  The use of science to take the design outside the existing technological paradigms. (4%)

5.  A pioneer invention of a new system that is based on a major discovery in science. (1%) (Terninko
Zusman, and Zlotin, 1996; Kaplan, 1996)

Clearly, a higher level of innovation will give a company a better competitive position that will be more difficult for others to copy.  Concepts such as continuous improvement and reengineering would be at levels 1, 2, and sometimes 3.

Ideality. A true invention overcomes the contradiction completely, but this rarely happens.  The goal of the inventor is to increase the ideality of the system.  Ideality is defined as follows:

    Ideality (I)= The sum of the useful effects (U) divided by the sum of the harmful effects(H), thus I= U/H.

The goal of the invention, therefore, is to increase U and decrease H.  This concept is similar to the input-output model in economics.  If this ratio were taken  to the limit, which Asthuller called the Ideal Final Result (IFR), H would be zero. This would amount to performing the function without the machine, a case which cannot exist (Kaplan, 1996).

The contradiction matrix has been joined by other models that are at a higher level of abstraction, thereby expediting the innovation process.

Physical Contradiction
Because each technical contradiction will contain a physical contradiction, and because physical contradictions require fewer principles, it may be more efficient to transform with physical contradictions.  A physical contradiction exists when a parameter is in contradiction with itself, e.g., the size of a car.  A car should be small for gas economy and easy parking, but it should be large for easy egress and carrying packages. It is frequently necessary to begin with technical contradictions to help identify the physical ones.  

Physical contradictions can be solved using Altshuller’s four  Separation Principles—separation in time, separation in space, separation between the parts and the whole, and separation upon conditions.  Because these separation principles are so powerful, we will examine applications of each one (Kaplan, 1996).

Separation in time.  Driving piles into permanently frozen ground required that the piles be pointed for easy driving but blunt to support the structure.  The solution was a hollow chamber  in the pointed pile.  The hollow was filled with wire, concrete rubble, and an explosive charge.  When the pile was in place the charge was detonated, which formed a blunt footing.  Thus, the physical characteristics were separated in time.  

Separation in space.  When coating metal parts, the process would be quicker if the liquid temperature were high, but heat decomposed the liquid.  The inventive solution was to raise the temperature of the metal part by passing an electrical current through it.  This raised the temperature of the liquid around the part but kept the remainder cool.

Separation of the parts from the whole.  “A bicycle chain must be flexible to traverse a loop and rigid to accept high loads from the pedals.  The solution, a chain of links, is rigid on the small scale but flexible on the large scale” (Kaplan, 1996).

Separation upon conditions.  Eye glasses can illustrate several separation principles.  Bifocals are separations in the space of the lens.  Changing to a special set of  glasses for working on computers is a separation in time.  Glasses that darken in bright sunlight is an example of a separation upon conditions.

The separation principles have a greater power to stimulate inventive ideas than the solution pathways in the contradiction table because physical contradictions are at a higher level of abstraction.  Because level of abstraction is a central concept in the development of science, we must a graphic illustration in Exhibit 4.

EXHIBIT 4
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Based on Kaplan (1996).

Without the abstraction of algebra one could spend a lot of time finding the values of X by trial and error, which is moving in reality from box #1 to box #4.  Moving up a layer of abstraction draws on existing knowledge, i.e., a generalized solution from algebra.  Linking this example to the I/T process, the problem (box 1) must be translated into an abstract problem (box 2) so the inventive principles may be used (box 3).  These principles, plus creativity, give specific solutions (box 4), which is a return to the real, physical world.  Translating Exhibit 4 into I/T terminology, box #2 is the problem and box #3 is a solution pathway.

Moving to physical contradictions would add two boxes to the top of Exhibit 4.  The top left box would be the definition of the problem in terms of physical contradictions.  The top right box would be the four separation principles.  It should be noted that moving to a higher level of abstraction reduced the number of typical inventive solutions from 40 to 4.  This is true of any higher level of abstraction.  The higher the abstraction the stronger the model, so less information is needed to solve the problem in abstract terms.  Creativity is required, however, to bring the solution back to reality and to implement it.

Levels of abstraction make the knowledge that is stored in world-wide patents more accessible.  It is no longer necessary for the inventor to examine hundreds of thousands of patents in search of stimulation.  While Altshuller began with 60,000 patents, the concepts are now based on 2 million patents.

Substance-Field (Su-Field) Model
The third system for classifying problems and finding solutions is the Su-Field Model.  This model takes the innovator into all of the subsystems of the object in question.  It begins with three basic parts—two substances and a field—graphed as follows:

ENERGY FIELD

(Mechanical, acoustic, thermal, chemical, electric, magnetic, etc.)





SUBSTANCE 1  <- - - - - - - - - -SUBSTANCE 2




(Product of system)

       (E.g., tool)

In this case the field is acting on substance #2 and there is the desired interaction with substance #1, but the result is insufficient, hence the dotted line.  A wavy line would indicate a harmful effect.  To achieve the desired effect (a solid line), one can change to another energy field or add another substance, Substance #3.  Kaplan (1996) gives as an example the problem of finding a leak in a refrigeration system. By adding a fluorescent material (substance #3) and using ultraviolet light (field #2), the leak can be located.  In this case both the field and a substance were changed. The Su-Field approach is a rapid prototype and is similar to doing fast mental experiments.  To expedite finding solutions, 76 standard solutions have been developed.

Another way of modeling is to add smart little people at that point in the system that is a problem and ask how they would solve it.  For example, smart little people will hold up a flexible shaft to prevent a sag while it is machined.  Creative thinking will show how they can be replaced with a disposable plastic cylinder around the shaft.  The plastic will support the shaft and move along as it is machined (Terninko, Zusman, and Zlotin, 1996).  The smart little people allow the innovators to focus on the total system and solve the subsystem problems later.

Ideal Final Result (IFR)
The IFR instructs the inventor to vision a system where the useful effects are high and the harmful effects are zero.  That would amount to performing a function at no cost.  While this state is probably not attainable, it does force the inventor to vision a solution and then work back from that point.  In CPS the participants are asked to give their wildest idea or envision the problem already solved.  It frequently becomes the basis for a solution that can be implemented.

Further Development of TRIZ
The first TRIZ tools were developed in the Soviet Union between 1946 and 1985 (referred to as the “Classical TRIZ” era).  In 1986, the TRIZ Technical School was established in Kishinev by former students and collaborators of Altshuller’s: Boris Zlotin, an electrical engineer, scientist, and inventor, and Alla Zusman, a research engineer and patent agent.  The purpose of the Kishinev School was to advance the methodology and to provide training in TRIZ.  By 1989, the School had refined the existing TRIZ tools, developed additional tools, and begun advancing and adapting the methodology for use with computers.  By the end of the so-called “Kishinev Era,” over 6,000 students had been trained and more than 4,000 successful applications of TRIZ had been achieved.  In 1992, Zion Bar-El, an entrepreneur in the areas of high-technology and innovation, saw the potential of TRIZ and the Kishinev School, and brought the entire school to the United States, forming Ideation International, Inc.  

Ideation continued developing TRIZ, integrating the tools with software advancements in their Innovation WorkBench( System software.  This software includes the Innovation Situation Questionnaire, the Problem Formulator, a system of over 400 typical solutions, over 250 relevant technical articles, more than 1,300 innovative design solutions, and a results analysis module to benchmark and identify preferred design concepts.  A user interface leads the user through the problem-solving process by applying the most appropriate I/T tools. 

In addition to developing software products, Ideation has also applied the methodology toward solving complex problems in the automobile, aerospace, textile, wood, and petrochemical industries.  Examples of these solutions include a novel containment ring for jet engines invented for Allied Signal, and an innovative golf cart brake system for Rockwell International.  Ideation has also expanded the application of TRIZ beyond engineering and into the fields of business and management. 

The Problem Formulator is particularly relevant to CPS applications because it leads the innovator through an easy graphic representation of  the elements of the problem and their relationships.  We will follow the example of  a problem in aircraft jet engines where impellers burst and fragments fly.  The innovator simply types the name of the element and the computer places it in a box. The innovator then draws a line to link the two  boxes.  The computer then asks whether the link is required, causes, eliminates, or hinders the next element.  The computer then draws an arrow to represent this relationship, as may be seen in the upper part of Exhibit 5.  Using this diagram, The Problem Formulator then develops problem statements, samples of which appear in the lower section of Exhibit 5.  These statements are then prioritized and used to give direction to innovation.  

EXHIBIT 5.
The Problem Formulator
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The computer creates the following statements:

1.  Find an alternative way to provide (Ring is thick), which provides or enhances (High mechanical             
strength), and doesn’t cause (Ring is heavy).
2.  Find a way to enhance (Ring is thick).

3.  Find a way to resolve CONTRADICTION: (Ring is thick) should be for providing (High mechanical 
strength), and without causing (Ring is heavy).

4.  Find a way to eliminate, reduce or prevent (Ring is heavy), under the condition of (Ring is thick).

5.  Find a way to benefit from (Ring is heavy).

6.  Find an alternative way to provide (High Mechanical strength), which provides or enhances 
(Containing fragments), and doesn’t require (Ring is thick).

7.  Find a way to enhance (High mechanical strength).

8.  Find an alternative way to provide (Containing fragments), which eliminates, reduces or prevents 
(Fragments flying away), and doesn’t require (High mechanical strength).

9.  Find a way to enhance (Containing fragments).

.

.

12.  Find a way to eliminate, reduce or prevent (Impeller burst), under the condition of  (Centrifugal 
forces).

.

.

20.  Find a way to benefit from (Centrifugal forces). (Ideation/TRIZ, 1997)

The concepts of ideality and patterns of innovation can be extended for additional applications.  Two applications, Anticipatory Failure Determination and Directed Evolution, will be summarized briefly.

Anticipatory Failure Determination amounts to running the ideality equation backwards by asking, “How can we make the Ideality Ratio unfavorable?”  Engineers delight in finding ways that will make the new system not perform as expected.  The I/T tools are then used to prevent these events from happening.

In the same way that solutions to contradictions form patterns, systems in nature, organizations, markets, and society evolve in patterns.  The following eight patterns have been observed in large system evolution:

1. There is the well known S-shaped curve that can be divided into birth, childhood, growth, maturity, and        
decline.

2.  Evolution is toward increased ideality.

3.  Subsystems do not evolve at the same rate, resulting in contradictions.

4.  Technological systems evolve toward increased dynamism and controllability.

5.  Technological systems evolve toward higher complexity, then toward simplicity, then toward 
complexity again, and continue in this cycle. 

6.  Technological systems evolve as a process of matching and mismatching components.

7.  Technological systems evolve toward the micro-level and increased use of fields.

8.  Technological systems evolve toward decreased human involvement.

Understanding these patterns will make it possible to anticipate scenarios of a system in the future.  This is a better approach than the technological forecasting methods that simply extrapolate past trends because they do not capture the fact that subsystems evolve at different rates.  

Using Directed Evolution, a future scenario can be created for products, services, processes, technology, organizations, industries, and markets. To understand the power of Directed Evolution, we must understand where it is in the hierarchy of problem solving.  Using the I/T concepts explained above, we may see four steps in this hierarchy, as follows:

1.  Identify the problem as a disease in a system that is the result of  mistakes in a system’s evolution.
2.  Use Inventive Problem Solving as a treatment for a disease.

3.  Use Anticipatory Failure Determination to predict and prevent problems.

4.  Use Directed Evolution as a decision-making process to control the evolution or adapt to it in ways that 
are favorable to the strategist.  Thus, it converts predictions into decision making (Ideation 
International, 1998).

THEORY OF CONSTRAINTS (TOC)
Eliyahu Goldratt’s Theory of Constraints takes a logical, hard-science approach to problem definition (Goldratt, 1997;1998a).  As a physicist he takes the position that conflicts exist in a system only if there are errors in measurements or assumptions.  Conflicts can be removed by tracing back through the system to find the cause.  Using project management as an example, the conflict exists when some combination of three commitments  cannot be met—time deadline, budget, and project content.  To meet the original commitment, one or more of these three commitments must be relaxed.  Goldratt shows how logic and the intuition of the persons working on the project can be used to avoid such conflicts.  He focuses on the causes of the failure to meet the time deadline. Just adding individual estimates is not realistic because everyone adds a substantial safety factor.  The reason for adding a substantial safety factor can be linked to the reward system of the organization.  Failure to meet a deadline is generally severely punished while finishing early is rarely rewarded.  He provides a simulation that shows how the time to complete a task can go from 10 to 16 days by moving the level of confidence of completion from 0.50 to 0.85.  Rather than adding a buffer at each step, he recommends putting it at the end of the project where it can be monitored.  

A project that is dependent on a single resource will be delayed when this resource must be shared among several projects.  The additive rule does not apply here because the resource must shift among projects, which takes time to get back up to speed.  He suggests that an individual not be assigned to more than three projects.  Goldratt reports wide acceptance of  TOC around the world and on many different applications.  The flow charts that his methods produce have some resemblance to the Ideation/TRIZ Problem Formulator.  He reports that TOC and TRIZ are being combined in Israel (Goldratt, 1998b). 
CONCLUSION

Innovation will become central to the decision processes of organizations.  Systems for innovating can make powerful contributions to the development of innovative strategies for solving problems and creating opportunities.  Which system to use will depend on the structure of the system knowledge base that exists, the nature of the problem, the decision processes of the organization, the preferences of the facilitator, and the degree of structure of the problem definition.  Going from the less structured to the more structured approach, the Osborne-Parnes process is the broader approach and uses the creativity of the participants to identify and to solve the problem.  The TRIZ model begins with a problem and generates new inventions by examining the patterns of previous inventions.  The TOC approach solves the problem by examining  the functional relationships in the process to discover conflicts in these relationships that impose constraints on the system being optimized.  As innovation becomes central to decision processes, more systems will be developed to meet the specific needs of organizations.  
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