








If all three of the constituent indexes take the
value 0, the composite index likewise is 0; but
if any one of the three components takes the
value 1, the composite index will be greater
than or equal to 1.

In the applications studied to date in which
complexity was present, m = 1 or 2; s .= 1; and
d, lies in the range from 2 to 4, inclusive.
Consequently, typical values of I, from
applications lie between 4 and 7.

Based on all of the definitions, and the
experience to date with several hundred
problematic situations perceived to involve
complexity, the arbitrary rule for
determination of complexity for a problematic
situation is as follows:

The Classification Rule. If the
composite index, the Situational Complexity
Index I, is 3 or greater, the situation should be
classed as "complex". If it is 0, the situation
should be classed as "ordinary". Ifitis 1 or 2,
the situation should be classed as
"transitional".

Typical Values of the Indexes for Various
Situations. Table 1 shows values of the
various indexes stemming from 12 Interactive
Management Workshops held at the Ford
Motor Company, and from a series of
approximately 30 Interactive Management
Workshops conducted for or by the Defense
Systems Management College (DSMC), Fort
Belvoir, Virginia. Data are provided for each
of the Ford projects, and for the composite
results of the DSMC project, which extended
over four years®.

THREE-STAGE REDUCTION OF
COMPLEXITY THROUGH STRUCTURAL
THINKING. Given the indexes, it is possible
to consider how complexity can be reduced, by
showing how the indexes can be affected
through the application of a three-stage
process. The specific problematic situation
used to illustrate this reduction is the U. S.
defense systems acquisition process. This
situation provided the information represented
in the last three rows of Table 1. The three
stages are here described as the "Operational
Stage, the Tactical Stage, and the Strategic
Stage", where these names are arbitrarily

chosen to reflect somewhat standard usage in
the management of large organizations.

In the Operational Stage, as indicated in Table
1, 678 problems relative to system acquisition
were collectively identified by more than 300
program managers who were active in defense
acquisition management. In the Tactical
Stage, these 678 problems were placed in 20
tactical categories. Finally, in the Strategic
Stage, these 20 categories were placed in 6
strategic domains.

As shown in Table 1, the value of the Index of
Situational Complexity was computed to be 7
for the first stage, 4 for the second stage, and
2 for the third stage. Keeping in mind the
logarithmic nature of these indexes, the first
stage was 5 orders of magnitude more complex
than the final stage. The final stage was 2
orders of magnitude less complex than the
second stage.

In his dissertation, previously referenced,
Professor Alberts indicated that one of the two
main objectives of his work was to use that
work to represent a prototype process for
organizational redesign, a very complex
application of a designed process for reducing
complexity. The three-stage process applied in
this work might well involve only two stages in
many areas of complexity. A fourth stage
might be required in some instances. As
shown in his dissertation, the new design was
expected to resolve about 90% of the problems.
There remained about 70 problems
unresolvable in this design, originating from
outside the acquisition system, which could not
be resolved through exercise of internal powers.

It is fair to say that the complexity was
reduced dramatically as the work progressed
through the three stages. This reduction is
reflected in the staged decreases in I_from
7 to 4 to 2. When completed, a highly
transparent representation of the acquisition
system was available. This allowed persons in
the operational aspects of acquisition to relate
the problems they work with every day to the
higher-level categories; and vice versa. As a
result, a redesign of the system could be
carried out that reflected high visual capability
in connecting design options to problems at all



TABLE 1. DATA RELEVANT TO INDICES OF COMPLEXITY
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The prefix letter F in the first column identifies the row with the Ford Motor Company. The succeeding number keys the row to a particular Ford IM Workshop. The
prefix letter D in the first column identifies a set of approximately 30 workshops held by or for the Defense Systems Management College. The letters O, T, and S
accompanied by the prefix D refer to "Operational", "Tactical", and "Strategic", respectively, although those terms were not used in the IM Workshops.

* A single asterisk means that the value was estimated. ** A double asterisk means that the value was not determined, but the value used for computation is the
maximum possible value.




three levels. It is very likely that because of
this extensive referential transparency, the
relevant legislation passed by the U. S.
Congress involved only minimal modification to
the results coming from this work. The
legislation, identified as Public Law 103-355,
October 13, 1994, is cited as the "Federal
Acquisition Streamlining Act of 1994".

SOCIAL CHANGES THAT CAN RELATE
TO COMPLEXITY. Numerous past activities
in society have generated complexity;
supported the continuance of complexity; and
ignored systematic, scientifically-based
methods for coping with complexity. A major
probable cause of this has to do with the
prevalence in society of long-established, false
assumptions. Social changes that could be
based in corrective measures hold the potential
for major improvements.

In order to see why this is so, some of the
prevailing false assumptions will be identified,
some of their impacts will be noted, and some
corrective measures will be set forth.

Prevailing False Assumptions. The most
damaging false assumptions involve one or
more of the following:

» Science

* Language
» Validity

e Processes
* Contexts

For these five topical areas, one must
remember to see them in the context of
complexity, not in terms of ordinary situations.

False Assumption About Science.
It is falsely assumed that science (as a
body of knowledge) is changing rapidly.
This false assumption is commonly made
in working with complexity.

It is technology that is changing rapidly.
Science is changing slowly.

False Assumption About Language.
It is falsely assumed that language is
adequate to describe, diagnose, design,
and implement complex systems.

Complexity requires that language be
developed of the highest flexibility, while
preserving definiteness, and that persons
working together with complexity must share
a linguistic domain that cannot be delivered to
them from external sources, but must be
developed through dialog, systematically
carried out.

False Assumption About Validity.
It is falsely assumed that validity of ideas
applicable to ordinary situations carries
over to complex situations.

This false assumption underlies widespread
activities aimed at dealing with complexity
using methods and ideas whose validity rests
only on experience with ordinary situations;
and which are unresponsive to the demands of
complexity.

False Assumption About Processes.
It is falsely assumed that the choice of
processes for working with complexity is
domain- or discipline-sensitive; e.g., each
department of a university must have its
own discipline-distinctive processes.

The processes relevant to complexity must be
driven by the demands of complexity, and not
by domain or disciplinary requirements. What
is domain- or discipline-distinct is the content,
and its proper development requires the use of
domain- or discipline-independent processes,
tailored to the demands of complexity.

False Assumption About Contexts.
Particularly in higher education, it is
falsely assumed that each discipline or
domain should freely choose the
knowledge context within which it
operates.

While free choice of content within a context is
essential, the chosen context must reflect the
social demands of complexity. Context, as it
relates to disciplines, has to be defined and
negotiated participatively, in an open setting
where comprehensive concerns are addressed
to integrative requirements of applications.
Only after those concerns are negotiated, can
domains or disciplines attain the quality
required to meet the demands of complexity.



Consequences of the False Assumptions. The
consequences of the false assumptions just
described are individually damaging, and
collectively devastating.

Consequences of False Assumption
About Science. If it is assumed that science
(as a systematized body of knowledge) is
changing rapidly, many people (educators and
practitioners alike) will choose not to attempt
to stay apace of the change, in the light of
more pressing demands on their time, as well
as the absence of adequate supporting
infrastructure. This means that they will be
much more susceptible to views imposed by
presumed authority (the ‘"prestigious"
organization), aggressive consultants, and to
"groupthink". On the other hand, if it were
assumed that science is changing slowly, a
decision to stay apace with the change would
be much easier to make.

A mature view of the slow pace of science
would also support a much stronger effort to
keep technological and organizational changes
linked to science--not only for purposes of
providing scientific footing for those changes,
but also for stimulating scientists to take
advantage of practitioner-generated
information and experience to test the solidity
of the science. Then both science and
applications could be strengthened, through
their mutual association. The only
significant means of quality control of
practice in scientifically-based activity is
through this kind of comparison.

But perhaps the greatest negative impact of
this assumption arises by confusing science
with technology, confusion that has been
supported by mixing them in the public mind
by scientists, technologists, managers, and the
media. If a substantial majority of managers,
leaders, and practitioners are unable to
distinguish one from the other, the types of
benefits described in the preceding paragraph
are lost. One consequence is a continuing
deterioration in the quality of knowledge. But
still more damaging is the substitution of non-
scientific belief for tested results. "Venture
literature" of the type that is becoming
increasingly prevalent in the latter part of the
20th century substitutes, for archival
developments, an appeal to the latest fad.
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Consequences of False Assumption
About Language. When striving to
communicate with one another about
complexity, human beings lack the capacity to
assess the extent to which inadequate language
frustrates their attempts. But data are
available that demonstrate quite clearly these
aspects of language: (a) the inadequacy of
prose to communicate patterns involved in
complexity, due to the linearity inherent in
prose and the non-linearity inherent in
structures of complexity; (b) the inadequacy of
typical technological graphics to communicate,
because of the ad hoc style used to create such
graphics, (c) the undisciplined acceptance of
bad graphical patterns as internal standards
by educators, governments, and private-sector
organizations; and (d) the necessity for collegial
group development of a shared linguistic
domain, in order to make possible high-quality
communication about complexity. (The
feasibility of achieving this necessity has been
clearly demonstrated, and it can occur as a by-
product of facilitation in carrying out the Work
Program of Complexity.)

Consequences of False Assumption
About Validity. The individual develops bad
habits, thoroughly reinforced by repetitive
educational practices, that cause non-
appropriate processes to be applied in working
with complexity. Parallel with bad individual
habits are organizational bad habits, (i.e., the
consequences of the seamier side of cumulative
organizational culture) which ratify the use of
processes that are inappropriate to meet the
demands of complexity, within the
organization.

Consequences of False Assumption
About Processes. A very distressing
consequence of the false assumption about
processes is the extreme inefficiency introduced
in higher education caused by the practice of
each individual discipline to occupy learner
time teaching processes that either (a) appear
to be limited to application in the individual
discipline or (b) if the processes truly are
limited to a particular discipline, failing to
insist that they be augmented, in the
educational experience, with processes that
meet the demands of complexity, which are not
discipline-specific. ~But the inefficiency in
higher education is relatively negligible



compared with the mammoth social waste
when organizations behave in the same way as
educational institutions, failing to install and
manage processes that meet the demands of
complexity across the organization, before
moving into discipline- or product-specific
activities.

Consequences of False Assumption
About Contexts. Virtually all major issues or
situations that create significant difficulties in
society do not fit disciplinary or institutional
categories that define collegial groups. On the
contrary, they stretch across those groups
regularly and intensively. Still organizations

regularly institutionalize contextual
inefficiencies and confusion. Laissez-faire
practices in setting contexts lead to

consequences similar to those found in totally-
unrestricted economic systems: extreme abuse
of human beings by the lower-end
entrepreneurs. Keeping in mind that context,
content, and process are all invariably involved
in learning; the failure to facilitate learning by
allowing support to continue for unsatisfactory
contexts and processes becomes a major
obstacle to progress.

Collective Impact. If it were true
that each false assumption operated by itself,
the bad consequences would probably be much
more apparent, and corrective measures might
be locally instituted. But, as seems often to be
true, all of these bad assumptions are
collectively prevalent in many organizations
and in many problematic situations. Then they
reinforce one another, with the result that the
bad impact of each, individually, is multiplied
in the aggregate consequence.

CORRECTIVE MEASURES. Corrective
measures aimed at the collective aspects of
complexity cited in the foregoing can be sought
by the usual approach to inquiry. However
there is a comprehensive way to deal with the
totality, at least for the present, until
something better comes along. That approach
is to learn and apply the system -called
"Interactive Management". This system is
based in a science of generic design. The
latter, in turn, is based in a preliminary
science of complexity.’
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CONCLUSIONS. Complexity is a state of
mind, triggered into emergence by unsuccessful
efforts to comprehend a system that is
immersed in a problematic situation.

Efforts to cope with or manage complexity are
hampered by a variety of incorrect
assumptions. Research results are available
that correct the perceptions that have produced
those bad assumptions.

The research results provide a comprehensive
approach to complexity, which is responsive to
the demands of complexity.

Educational institutions should recognize their
role in helping overcome the bad impact of
complexity on human systems.

Practitioner organizations should take
advantage of existing science and processes to
provide remedies for unconstructive habits and
cultural features.



END NOTES

1. Some latter-day authors equate complexity to chaos theory or adaptive systems theory.
My response to them is this: "One twig does not a forest make, nor treble clefs a fugue.”

For a discussion of such activity, see the article "From Complexity to Perplexity" by John
Horgan, in Scientific American, June, 1995, pages 104-109.

2. Scholars of semiotics and of constructivism will object to the use of the word "rather" in this
sentence, because they will assert correctly that the perception of the system is constructed in the
mind of the observer and, for that reason, the distinction involving the word "rather" is irrelevant.
Common usage supports the sentence as stated, but that does not mean that the objection is not
valid.

3. Three publications present relevant material. They are: (1) G. A. Miller (1956), "The Magical
Number Seven, Plus or Minus Two: Some Limits on our Capacity for Processing
Information", Psychology Review 63(2), 81-97; (2) H. A. Simon (1974), "How Big is a Chunk?",
Science 183, February 8, 482-488; and (3) J. N. Warfield (1988), "The Magical Number Threse,
Plus or Minus Zero", Cybernetics and Systems 19, 339-358.

4. These three publications describe various aspects of variations in individual belief: (1) D. B.
Yntema and G. E. Mueser (1960), "Remembering the Present States of a Number of
Variables", Journal of Experimental Psychology 60(1), 18-22; Kenneth Boulding (1966), The
Impact of the Social Sciences, New Brunswick, NJ: Rutgers University Press (see especially
"spurious saliency"), and (3) J. N. Warfield (1995), "Spreadthink: Explaining Ineffective
Groups", Systems Research 12(1), 5-14.

5. J. N. Warfield (1995), "Structural Thinking: Organizing Complexity Through
Disciplined Activity", Systems Research 12(3), 000-000.

6. Daniel P. Moynihan (1972), "The Schism in Black America", The Public Interest (27). A
longer version was quoted, with permission, in J. N. Warfield (1976), Societal Systems:
Planning, Policy, and Complexity, New York: Wiley, 14-15.

7. Augustus DeMorgan (1847), Formal Logic, or the Calculus of Inference, Necessary and
Probable, London.

8. More complete information on the Ford work is given in the paper titled "Complexity
Measurement of Systems Design" by Dr. Scott M. Staley of the Ford Motor Company, which
will be presented at the First World Conference on Integrated Design and Process Technology,
Austin, Texas, December 6-9, 1995, and published in the conference proceedings. More complete
information on the DSMC work appears in the doctoral dissertation of Professor Henry Alberts,
titled "Redesigning the United States Defense Acquisition System", City University,
Department of Systems Science, London, U. K., 1995.

9. The management system is presented in: J. N. Warfield and A. Roxana Cérdenas (1994), A
Handbook of Interactive Management, Ames, IA: The Iowa State University Press. The
generic design science is presented in J. N. Warfield (1994), A Science of Generic Design:
Managing Complexity Through Systems Design, Second Edition, Ames, IA: The Iowa State
University Press. The preliminary science of complexity is being developed in a manuscript titled:
The Work Program of Complexity: From Origins to Outcomes.
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