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Abstract: Science and technology have the "Four-Box Scheme of Abstraction" as the basic
paradigm, and solve problems by applying them to models (theories) established in every field.
This is not effective for "Creative Problem Solving", where a new way of thinking (theory) itself
is to be found. Thus, various researches on "Creativity Methods" for Creative Problem Solving
have made different approaches without a basic paradigm. Among them, TRIZ and USIT have
prepared for a new development. The author introduced both of them, integrated the huge TRIZ
into the concise USIT, and from the data-flow representation of the USIT process obtained the
"Six-Box Scheme". Having shown many TRIZ/USIT problem solving cases in the "Six-Box
Scheme", he is advocating the Scheme as a new "Basic Paradigm of Creative Problem Solving".
Now that the Scheme has established the problem-solving process in the "Thinking World", the
diversity of problem situations in the "Real World" is the focus of research in future. It would
be meaningful to examine various Creativity Methods and reposition and integrate them in the

"Six-Box Scheme". Note 1]
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[Note 11 This paper is written down as a revised version of a lecture (90 minutes) [1] in which the
author reviewed his research, while compressing the middle parts.

Current Situations of the Basic Paradigm of Science and Technology
The Basic Paradigm of Science and Technology Is the "Four-Box Scheme of Abstraction".

Science and technology support almost all of human culture, and enormous and extensive

researches, developments, applications, and educations are conducted day and night over the world.

As

the most basic thinking methods and guiding principles @.e., "Paradigm") in every field, of science

and technology, we may regard the "Four-Box Scheme of Abstraction". (Figure 1)
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Figure 1: Four-Box Scheme of Abstraction [8].

The Paradigm advises: For solving a specific problem, we should better abstract the problem and
use some known generalized model (or theory), instead of trying to solve it specifically/individually.
Since the solution methods (or solutions) for the generalized problem is already known, we may use
them as references (or hints) and go back to our own specific problem for coming up with some concrete
solutions. A simple example following this paradigm is the usage of the quadratic equations and the
root formula in mathematics. This way of thinking is taught and used everywhere from school
education to professional activities.

In accordance with this Paradigm, abstract models (or theories) have been developed in every field
and for various problems individually, and accumulated and used as vast knowledge systems in
science and technology. However, since the actual method of abstraction depends on the (individual)
model, we need to select a model first and then to fit our specific problem to the model.

In the cases of solving problems which require inventions or innovations @.e., "Creative Problem
Solving"), models we can use are often not clear or do not exist yet, and hence the "Four-Box Scheme
of Abstraction" is not effective. [Saying more clearly, "Four-Box Scheme of Abstraction" is a
paradigm for applying some established models, and is not a paradigm for finding/developing a new
model (or theory/product, etc.) (.e., for "Creative Problem Solving"), in science and technology in

general.]

1.2. Diversity of "Creativity Methods": Different Approaches Exploring [without a Paradigm]

Therefore, various methods for "Creative Problem Solving" have been explored [2]. The foundation
of these approaches is learning successful experiences of many scientists and engineers from ancient
times till the present. Many of the success stories are described as having been
"Inspired/enlightened", and the process getting the inspirations has been found almost commonly as
follows. [Based on G. Wallas [1A], with slight modification in (b).]

(a) Have basic knowledge, and carrying out studies and researches,

(b) Being aware of an issue, having been thinking about it for a long time, thinking and trying



various different ways. (During this time, our brain is supposed to be working subliminally for
generating various ideas by combining a huge number of memories sored in our brain.)
(c) At a relaxed state of mind, with some small event, dream, etc., an "Inspiration" has come out.
(d) Applying it to the problem, have succeeded to make a clear solution.

According to this finding, we understand that we have to work hard for a long time, but we can't

know when and whether we will get the "inspiration". Anyway, using this knowledge as a hint,

various ways of researches and practices have been explored in the world. For example:

1.
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Anyway, let's take time to study, research, do experiments, and make various trials.

Try to generate ideas freely and abundantly and make trials of them.

Encourage imagination and fantasy. Think in animation.

Train ourselves to think flexibly from different perspectives.

Think with hints of various examples; Look for and collect hints.

Survey and study literatures and patents, and use them as references.

Describe and analyze the problems and tasks.

Prepare time/occasions, places, and environments for getting relaxed.

Meet and discuss with people having different backgrounds, ideas, experiences, specialties,

D
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Examples of methods created with these various approaches (.e., so-called "Creativity Methods" [2,

3]) are shown in Table 1.

Tablel: Examples of "Creativity Methods" for Creative Problem Solving [9].

Approaches

Examples in conventional methods

Examples in TRIZ/USIT

Basics in Science &
Technology

Principles, theories & models in each
discipline; knowledge bases

Knowledge bases of physical effects

Learning from cases

Analogical thinking, Collections of hints,
Equivalent transformation thinking

Active use of patent databases

Analyzing problems/
tasks

Mind mapping, KJ method (Affinity method),
Quality function deployment (QFD), QC tools,
Root cause analysis, Value engineering (VE),
Functional analysis

Problem definition, Root cause analysis,
Function & attribute analysis,
Formulating contradictions, Substance-
field modeling

Supporting idea
generation

Brain storming, Brain writing, SCAMPER

40 Inventive Principles, 76 Inventive
standards, Contradiction matrix, USIT
operators

Taking care of
environment and
mental aspects

Brain storming, Facilitation methods,
Cynectics, NM method, 'The 3rd
alternatives'

Size-Time-Cost (STC) operators, Smart
little people (SLP) modeling, Particles
method

Realizing the ideas

Design methods in each discipline, Pugh's
method, CAD/CAE, Taguchi method

Technical knowledge bases

Foreseeing the
future

Using various statistics, Delphi method,
Scenario writing

9 Windows method, Trends of technical
evolution, S-curve analysis, DE
(Directed evolution)

Towards a general
methodology

Four-box scheme of abstraction, analogical
thinking, ET thinking

Four-box scheme, ARIZ, Six-box
scheme of USIT




For these many decades, these numerous and diverse "Creativity Methods" have been advocated
and practiced in uncoordinated/confusing ways. Each of them aims at a "shortcut" and is effective
individually but partially; resulting the whole system is not clear. [This means that "Creativity
Methods" do not have its skeletal framework (or a basic paradigm). This statement is also the same
as that the "Four-Box Scheme of Abstraction" in science and technology is not effective for "Creative

Problem Solving" and that "Creative Problem Solving" has not found its basic paradigm yet.]

2. Recent Development in Search of Creative Problem Solving Methodologies
2.1 TRIZ (Theory of Inventive Problem Solving)

TRIZ was developed since 1946 and established by Genrich Altshuller in the private sector of the
former Soviet Union, and has been spread to the western world since 1990s and are now used in many
countries worldwide. Starting with patent analyses, he created a system of knowledge bases that
hierarchically organized scientific and technological information into various principles and their
applications in a user-friendly way from several perspectives. TRIZ is also remarkable for having
created systemic thinking and effective thinking methods to formulate and solve contradictions. [5]

Figure 2 shows the four main methods developed by TRIZ. Each method is based on the "Four-
Box Scheme" and accompanies a large-scale knowledge base of scientific and technical information

organized in its own way.
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Figure 2 The four main problem solving methods of TRIZ [5].

(a) In order to find some means to achieve a target function, the method explores various
scientific & technological principles and their technical application examples.
(b) Putting the focus on some aspect of the system's main part, the method finds the evolution

direction (or trends) of that aspect in various other systems and suggests some improvement of



the system.

(¢ The method formulates the problem as a contradiction in the form "when we try to improve
one aspect of our problem system, some other aspect gets worse." Then the knowledge base of
the method suggests, as hints, several solution ideas (in the form of "40 Inventive Principles")
that were often used in precedent cases (of patents) successfully for solving such patterns of
contradictions. The knowledge base (called the "Contradiction Matrix") was developed by the
huge analyses of patents all over the world.

(d) The methods represents the core part of the problem system in the form of a (kind of)
functional analysis, and, depending on the type of problem, suggests its (standard) solutions in
the words of a functional analysis.

All these four methods have the great advantage that they are applicable across all fields of science
& technology (and even wider in non-technological fields) and across all development stages of
technology. [This is remarkable that TRIZ methods have the form of "Four-Box Scheme" but greatly
overcome the limitation in the specific application fields in the "Four-Box Scheme" in Fig. 1.]
However, TRIZ has four big methods in parallel, with focusing on different aspects of the problem
system, and hence has the disadvantage that the whole process of TRIZ (such as in ARIZ) is complex

and unclear.

2.2 USIT (Unified Structured Inventive Thinking)

USIT was developed in 1995 by Ed Sickafus (Ford Motor Company) by revising the Israeli SIT
(Systematic Inventive Thinking) method, which greatly simplified the TRIZ solution generation
methods into simple 5 methods. Sickafus created a concise and consistent process for Creative
Problem Solving (See Fig. 3). In contrast to TRIZ, the USIT method does not rely on handbooks or

software tools, but guides the users (mostly engineers) in their thinking process. [6]
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Figure 3: USIT process for Creative Problem Solving [4]

The present author introduced TRIZ in 1997 and USIT in 1999, and has been working to find a way
to integrate the ideas and advantages of the two methods. In particular, all the solution generation
methods of TRIZ (Fig. 2 and others) were disassembled into their sub-methods and reintegrated them
into the five USIT solution methods, resulting the USIT operator system (having 5 solution methods
containing 32 sub-methods) [7]. As a result, we have a general-purpose Creative Problem Solving
Method that is easy to learn, easy to apply, and effective.

A jump occurred when I expressed the improved USIT process in a data-flow diagram in place of
a flowchart (Fig. 3). The data-flow representation was refined into the "Six-Box Scheme" and
realized to be the "Basic Paradigm of Creative Problem Solving", as explained in the next section [4,

8]

3. The "Six-Box Scheme": A New Paradigm of Creative Problem Solving.
3.1 The concept and usage of the "Six-Box Scheme"
The "Six-Box Scheme" is represented and defined by the "data-flow representation" as shown in

Figure 4 [4, 8].
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Figure 4: The "Six-Box Scheme" a new Basic Paradigm of Creative Problem Solving [4].

The data-flow representation, in general, specifies and describes (in the boxes) the information (or
data) to be obtained at each stage, and shows (with arrows and ovals) the process of thinking/handling
for obtaining the information at each stage. It should be noted that the data-flow representation
does not specify any further detail of processing, and allows for the variety and arbitrary choices of
processing methods (and even returns and repetitions among the boxes).

In the "Six-Box Scheme", the upper and lower halves of the figure (as indicated by the rounded
rectangles) are considered to belong to different worlds. The lower half is the "Real World," where
the problems (or the tasks to be accomplished) exist and the solutions are to be implemented. There,
we evaluate and choose the problems to deal with and the solutions to implement in terms of
technology, business, society, etc., depending on our own situations. On the other hand, the upper
half is the "Thinking World," where we use problem-solving methods as the guides for considering
problems as broadly, freely, and deeply as possible (without being bound by reality), creating solution
ideas, and presenting candidate solutions to the Real World.

Problem recognition (bottom left, Box 1) is carried out in the "Real World", where the person(s) in
charge (e.g., managers of the company or the field) define the problem to address (Box 2) after
considering the specific situations of technical, business, and social environments and selecting the
problem with their value judgment. Then, the person(s) organize an appropriate Team and request
them for solving the problem in the "Thinking World".

In the "Thinking World", we, the Team, start with reviewing the problem (Box 2) from our own
standpoint. Then, we proceed to analyze and examine the problem. First task is to understand the
present system having the problem (lower part of Box 3). We should understand the mechanism of

the present system and examine the (root) causes of the problem from the perspective of space and



time, system's components, their attributes (or properties), and functions. We should also think of
an image of an ideal system that solves (or does not have) the problem (upper part of Box 3).

Next, we need to get (basic) ideas for a new system (Box 4). By virtue of the information we have
obtained by the analyses up to Box 3, we are often activated to fully use our background knowledge
to the stage that various ideas come out smoothly. In addition, we can enhance our idea generation
by using various solution generation techniques (including TRIZ methods and USIT operator system,
among others).

Then, starting with the basic ideas (Box 4) we go ahead to build conceptual solutions (Box 5) that
would (should) certainly work effectively solving (or reducing) the problem. These are solution
proposals at the conceptual level (or in the "Thinking World") desirably in multiple aspects, e.g., short-
term/long-term, realistic/challenging, incremental/radical, etc. In any case, it is desirable that some
of us, the team members, have specialty or at least sound background knowledge in this specific area
(or else we need to get such knowledge/persons from outside).

We return the conceptual solutions (Box 5) to the "Real World" and report our reasonings and
proposals. Managers and staff in the "Real World" examine the proposed solutions in their feasibility,
effectiveness, economic factors, future potential, etc. on the basis of their actual situations of
technology, business, and society, and adopt some proposals. The adopted solution proposals need to
be processed further, such as designing, prototyping, improving, market investigation, mass
production, etc. before being implemented as a new or improved product/service (Box 6). After
appearing as a product in the market, sales promotion, maintenance/services, further improvements,
etc. are necessary. [All these activities of implementation (from Box 5 to Box6) need to be carried
out with full power of the organization for achieving success (i.e., Innovation) in the severe

competition in the Real World.]

3.2 Examples of description and usage of the "Six-Box Scheme"

The "Six-Box Scheme" is the Basic Paradigm of Creative Problem Solving. This statement means
that it is the outline of recommended process of Creative Problem Solving (where USIT is an example
of a concise process) and that examples of good case studies carried out with various methods can be
understood and described within this framework.

A number of case studies that the present author carried out with the USIT method are described
in the "Six-Box Scheme", and publicized in [9, 10].

Here I introduce the case study of "Saving Water for a Toilet System" by K.W. Lee et al. [11], where
they solved a contradiction problem elegantly with TRIZ, in a series of three slides (Fig. 5 - Fig. 7).



TRIZ Case Study of Solving a Physical Contradiction:

'Water-Saving Toilet'
by Hong Suk Lee and Kyeong Won Lee (Korea), TRIZ Journal, Nov. 2003.

Task: Reduce the amount of flushing water
necessary for the toilets.
-- Needs over the world.

Current problem: For flushing the waste,
water of 6 to 13 liters is used.

Analysis: S-pipe is necessary to block the bad smell from coming up,
and is effective for flushing all with the siphon effect.
S-pipe is not desirable for reducing the amount of flushing water.

Physical Contradiction: S-pipe is required to exist and not to exist.
Separation Principle: Separable in Time:

Required to exist -- during most of the time except flushing
Required Not to exist -- during the time of flushing

Altshuller's Method
(Solving a Physical Contradiction by the Separation Principle)

State the requirements clearly: This is a contradiction !
Requ?re the S-pipe to xist . We cannot satisfy these two

Require the S-pipe Not to Exist. requirements together!

(1) Separate the two requirements in terms of time, space, conditions, etc.
Requirements can be separated in terms of time.
Require to Exist, all the time except while flushing
Require Not to Exist, only while flushing.

(2) Find solutions which fulfil the requirements separately while the time ranges.
Ordinary timerange: = The S-pipe Exists.
While the flushing time range: The S-pipe does Not Exist.

(3) Then, use the two solutions together in combination.
(First, tell the combined solutions literally. %[How can we

and then think how to achieve them.) achieve this ??
The S-pipe exists while ordinary time, AND
the S-pipe does NOT exist while flushing the water.




How can we think? S-pipe Exists / Disappeas
==> The pipe is of S-shape / Not S-shape

== The pipe is high in the middle/
Not high in the middle
Instead of a solid S-shape pipe,

we should use some flexible pipe (say, of plastic)
which can be lifted usually and lowered while flushing

| ==
Can we make i O

1

i

i

A (3) at the end 3¢ (1) while ordinary
this work pipe  of flushing ‘ c‘,,:ff;e;m time
@

by itself?
weight

Solution:
The basic idea:

The pipe goes
up and down
by itself.

(2) while flushing

Results: Only 3 liters of water is necessary for a flushing.

Figures 5, 6, 7: Case study of "Saving Water for a Toilet System" [4]

The whole process of the case study is represented in the "Six-Box Scheme" in Figure 8. The
essence of this case study is that a "physical contradiction" (in the TRIZ terms) has been solved
smoothly by following the stages in the "Six-Box Scheme": namely, recognition of the problem (Box 2),
formulation of the contradiction (understanding the present system, lower part of Box 3), requirement
based on the TRIZ separation principle (understanding the ideal system, upper part of Box 3), basic
ideas stimulated with the understanding of the present and ideal systems (Box 4), and conceptual
solutions build up from the ideas (Box 5). The "Six-Box Scheme" describes the whole process

appropriately.
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Figure8: "Six-Box Scheme" representation of "Saving Water for a Toilet System" [9].

3.3 Significance and Positioning of the "Six-Box Scheme"

The upper half of the "Six-Box Scheme" (Box 2 to Box 5) is the process in the "Thinking World", and
corresponds to the "Four-Box Scheme of Abstraction" in science and technology (Fig. 1). However,
we see fundamental differences between the two, as follows:

Firstly, the process of "abstraction" in the "Four-Box Scheme" is fitting to a selected existing
model (or theory), while the process from Box 2 to Box 3 in the "Six-Box Scheme" is guided to
understand the present system by the analysis in several perspectives and also to make an image
of the ideal system.

Secondly, the "generalized solution" in the "Four-Box Scheme" is some preset answers in the
model receiving as the suggestions of hints, whereas the ideas (Box 4) in the "Six-Box Scheme"
we generate for ourselves as simple and basic ideas (instead of hints) for a new system. We can
generate such ideas mostly by virtue of being stimulated with the information we obtained in Box
3 and also by the help of various idea generation methods (i.e., various "Creativity Methods",
TRIZ/USIT, etc.).

Thirdly, the concretization process in the "Four-Box Scheme" is sometimes difficult because the
suggested hints often seem not so relevant to our specific problem, whereas the corresponding
process in the "Six-Box Scheme" can proceed smoothly (without such a difficulty) to think of and
design new conceptual solutions (Box 5) out of basic ideas.

In this sense, the "Six-Box Scheme" is widely valid and effective in the "Thinking World" as the
"Basic Paradigm for Creative Problem Solving".

On the other hand, the "Six-Box Scheme" in the "Real World" (i.e., the lower half of Fig. 4), however,



faces with a major challenge. This is because the "Real World" is extremely diverse, as illustrated

in Figure 9.
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Figure 9: Position of the "Six-Box Scheme" of Creative Problem Solving
in the "Real World" [12].

The Real World that requires Creative Problem Solving (and hence the application of "Six-Box
Scheme") is very diverse, including various industries and businesses, social and public organizations,
educational and medical fields, etc.

As an example, the case of a manufacturing company is illustrated in Figure 9. A typical business
process in the manufacturing industry is described in the lower part of the figure. In every process,
different types of problems may arise in relation to all products and equipment. Whenever a problem
(or business anticipation in the next few years, etc.) arises, the problem is taken up (Box 1) and after
observing and evaluating problem situations some important problem (Box 2) is handed to the
procedure in the "Thinking World". Varieties of problems encountered in this process are shown in
the lower left corner of Fig. 9.

These variations affect not only on the problem definition (Box 1 to Box 2) but also on the activities
in the "Thinking World" (Box 2 to Box 5) and on the realization of solutions in the "Real World" (Box
5 to Box 6). Methodologies of "Creative Problem Solving" in such diverse situations need to be

developed further in future (even though some of them are under the way).

3.4 Understanding Various "Creativity Methods" Using the "Six-Box Scheme"
As mentioned in Section 1.2, conventional approaches to the methods of Creative Problem Solving

have been dispersed in various directions without any clear basic framework and guidelines (or Basic



Paradigm). It must be significant to position such "Creativity Methods" (see Table 1) in the

framework of "Six-Box Scheme", i.e., the new "Basic Paradigm of Creative Problem Solving".

overview of such possible positioning is shown in Figure 10.
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Figure 10: Understanding various "Creativity Methods" by positioning them
in the Basic Paradigm of "Six-Box Scheme" [12].

(a) Science and technology should incorporate the "Six-Box Scheme of Creative Problem Solving"
(in its entirety) as a basic paradigm, in addition to the traditional "Four-Box Scheme of
Abstraction".

(b) The approach of learning from examples is a simplified method of activities in the "Thinking
World.

(c) The approach of organizing and analyzing problems and issues corresponds to the methods at
the stages of problem definition (Box 1 to Box 2) and problem analysis (Box 2 to Box 3).

(d) Approaches of supporting idea generation deal with the idea generation stage (to Box 4), but
they often skip the preparation stage (up to Box 3) in the "Six-Box Scheme".

(e) Approaches that emphasize the mental aspects put much stress on the mindset in the whole
"Thinking World".

(f) Approaches of concretizing ideas correspond to the solution construction process (Box 4 to Box
5) in "Thinking World" and more significantly to the implementation process (Box 5 to Box 6) in
the "Real World".

(g) Approaches of foreseeing the future and suggesting directions to go are handled primarily in



the "Real World" and have a significant impact on how to think in the "Thinking World".
(h) The approaches of general methodology are related with the understanding and development
of the "Six-Box Scheme" and its whole methodologies.

The above is an overview of positioning and organizing various "Creativity Methods" in the
framework of "Six-Box Scheme", and we notice the importance of understanding each method and
clarifying its characteristics and effectiveness [9]. In Section 3.2, the case study of "Saving Water
for a Toilet Systems" is shown in the "Six-Box Scheme" and illustrates the Contradiction Solving
method in TRIZ in a concise manner. It must be useful to show such illustrative examples for various

"Creativity Methods" in order to organize a system of methodologies of "Creative Problem Solving".

4. Concluding Remarks

The main points presented in the present paper may be summarized as follows:

® The "Four-Box Scheme of Abstraction" is the Basic Paradigm of science and technology, but is
NOT applicable to "Creative Problem Solving".

® Conventional methods for Creative Problem Solving (so-called "Creativity Methods") have been
developed dispersedly without a Basic Paradigm.
TRIZ and USIT have prepared for the development of such a new Basic Paradigm.
The "Six-Box Scheme" has been advocated by the present author as a new Basic Paradigm of
Creative Problem Solving.

According to these findings, it should be important to understand various "Creativity Methods" in
the new framework of "Basic Paradigm of Creative Problem Solving" and to reorganize them into a
clear system of methodologies for Creative Problem Solving. Such a system of methodologies will
contribute to research and development related to creativity and innovations in the whole world with

the new basic framework and guidelines (Basic Paradigm).
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