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What Organizational Leaders
Should Know about the New
~ Science of Complexity

THE SIMPLE

€ have always had a tendency to simplify the world around us in order to

understand it better and particularly to control it better, In physics, since

Greek antiquity there has been an overriding drive to explain the world in
terms of a few simple principles or laws, such as the primordial elements or the laws
of general relativity. In the past few centuries, the urge to simplify was augmented
by the belief that these simple laws would mechanically explain the world around us.
Similarly, in a business firm in a more imperfect way, it is the management control
system that is expected to mold the organization into a predictable machine. A
manager is expected to make a plan, execute it, and deliver the results, all in order
for the system to perform according to preset rules.

Overall this approach has been highly successful. According to this way of think-
ing, the inorganic world is shaped by forces described in only a few short equations.
Much of the scientific world has followed the lead of the physical sciences in looking
for simple fundamental principles that can explain everything. The business world
has had a rougher ride, but the existing systems and theories have delivered unpar-
alleled growth in material wealth. Since the Age of Enlightenment in the 18th cen-
tury, this development has kicked into high gear and delivered theories, for example,
on the workings of the psyche, on the biological fabric of nature through its genes,
and on the working of the economy. Although these were often less rigorous than in
physics, the approach has been essentially the same.

At the foundation of this approach lies an assumption on the nature of things,
whether in nuclear physics or in a corporation: It is assumed that the world is
fundamentally deterministic and that phenomena are mechanically driven by fun-
damental laws. Laplace worded this principle splendidly by describing the world as
a clock where everything is knowable and understandable by just following a pre-
dictable evolution through the immutable laws of nature. In business this principle
is not often made explicit, but it is pervasive everywhere. "Business process re-
engineering” infers that what is being engineered is a machine that needs tuning.
The language of business expresses it in words such as management control and
pulling levers. It is this view of the world that I would like to call “the Simple."” Simple
in the narrow sense that its phenomena are described by linear equations, in the
wider sense that everything is in essence predictable.

® 2001 John Wiley & Sons, Inc., Val. 6, No. 1



ESSAYS

There is a proverb that to the ham-
mer everything looks like a nail. Is it
possible that we have become Simplifi-
ers and see only Simple things around
us? Recent developments in science
suggest that this is indeed the case. We
have become so enthralled by the suc-
cess of our Simplification approach that
we seem to have force-fitted many phe-

Think of a clock, the archetypal
example of a simple system:
everything is done in a clock to
stamp out the effect of
randomness. Similarly theories in
which chance plays an important
role are sometimes seen as
| awkward or approximations at

| best.

nomena into the rules and laws that we
have devised. Thus, perhaps we may
have missed some exciting features and
passibilities. Thanks (o the emerging
science of Complexity, scientists of
multiple disciplines are starting to un-
earth the consequences of recognizing
some phenomena for what they are:
Complex and not Simple. They are
Complex in the sense that randomness
plays a large role in them,

The reader should not be needlessly
put off by the word Complexity, be-
cause this does not mean complicated;
in fact, we will see that Complex phe-
nomena often follow elementary rules!
Likewise many of the processes in large
organizations, such as logistics, strat-
egy, and organizational learning, seem
to be Complex rather than Simple.

The short history of the Simple that I
have sketched has not been the only
view of the world on offer; there have
been other currents of thought, whether
philosophical or inspired by religion.
Some state that the world is not mecha-
nistic, pointing to divine intervention,
others perhaps to its holistic nature, For
better and for worse western scientific
thought has been the dominant shaper
of our intellectual culture. The cardinal
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point of the new science of Complexity
is that the traditional way of looking at
things as Simple is now expanding to
include the Complex, while remaining
within the method of Western science.
Western science has the advantage over
many other schools of thought of allow-
ing rational debate and a structured ex-
pansion of knowledge. I believe that this
is why the development of Complexity
is so important, even if there are those
who will say that some of the insights
and conclusions have been reached be-
fore and elsewhere. Scientific method is
necessary in order to be able to debate
an idea beyond just sharing individual
intuitions. "Scientific” is one of the
most misused words, and stopping
short of trying to define it, 1 want to
limit its meaning here to strict and fun-
damental science, contrasting it to the
kind exposed by Sokal." This is not to
deny or demean the value of individual
intuition in any way, just to recognize
that it is difficult to build up a system-
atic and collective system of knowledge
without the structure and methods of
Western science, in particular the re-
quirement for theories to be falsifiable,

The purpose of this article is to share
with organizational leaders what les-
sons can be learned so far from the field
of Complexity to better design and uti-
lize the processes in their organizations.

INNOCENCE LOST

We saw that a fundamental drive of
Western thought has been to look for
laws that simplify phenomena in order
to make their behavior predictable. Be-
fore turning to the Complex, it is worth

quantum mechanics at the beginning of
the century, Quantum mechanics is one
of the very few fundamental pillars of
our entire scientific building, even if it
perhaps is distant for many people. It is
also a funny theory, and 1 used to won-
der with fellow students what made us
take it on faith instead of rebelling
against the professors who were teach-
ing us these wild thearies! Many scien-
tists share this amazement, but the po-
sition of quantum mechanics is secure
through the spectacular success of the
theory in terms of explaining and pre-
dicting. The meaning and the interpre-
tation of quantum mechanics have
been the object of much discussion®
and are ongoing today.*! The key ele-
ment that was introduced in quantum
mechanics was chance; no longer was
the behavior of the most fundamental
building blocks of matter predictable
and mechanistic like a billiard ball, but
randomness played an essential role.
Einstein's well-known comment (“God
does not play dice”) expressed the re-
pugnance of many to this interpretation
of the world. However, it is becoming
clear that the fundamental uncertainty
in quantum mechanics is a key driver
for development and evolution.
Somewhat similarly, many people in
corporate planning or logistics depart-
ments believe that their task is to model
the-corporation as accurately as pos-
sible and to eliminate chance. Of
course, they will admit to the fact that
they cannot know everything, but they
perceive random events as a nuisance
rather than as a desirable instrument of
change and order. We will see below

Using the approach of Complexity, scientists are letting computer chips
design themselves. Mimicking the approach of nature in combining natural
selection and evolution, chip designs have been achieved in record time,
with far fewer logical components than in the traditional way.??

stopping and wondering what the indi-
cations are that there are things that are
not Simple in a fundamental sense.
The first indications that something
was afoul were in the formulation of

that in Complex systems, chance has a
much more positive role than its repu-
tation in the mechanistic view.

Later in the 20th century, chaos®
mathematics appeared on the scene.
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This made matters even worse for the
determinists because now it was dem-
onstrated that perfectly simple systems
can exhibit chaotic behavior in a per-
fectly deterministic way. Simple feed-
back loops are enough in the right cir-
cumstances to send a system into hope-
lessly chaotic behavior. For our
purpose, the important feature of chaos
mathematics is the concept that very
small causes or fluctuations can have
enormous (i.e., nonlinear) effects. The

well-publicized example of the wing of

a butterfly in Rio causing a storm in
Chicago illustrates this point elo-
quently, if not very realistically.

paragraph my goal is to give a general
intuitive understanding of Complexity
and to point to some consequences for
organizational leaders.

THE COMPLEX

What is a Complex adaptive system
(CAS)? Tt is a system of semi-independent
agents that interact more or less ran-
domly to influence each other's behav-
ior. The agents must realize when their
interactions have left them better or
worse off according to a fitness criterion.
Think of a group of door-to-door sales-
persons who know that selling more is a
good thing and who randomly meet col-

you contribution to the system. Your fit-
ness is not absolute, but is relative to
the fitness of other agents in the system
around you. Thus you “learn” to adapt
your behavior to increase your fitness.
I'his web of very local and random in-
teractions, occurring without following
any explicit directives, lead to an in-
crease of the [itness of the entire sys-
tem. How does this happen? Quite sim-
ply, because your behavior contributes
to the fitness of the system in a positive
way and is linked to the system as a
whole through the feedback in the in-
teractions. Contrast this with a mecha-

nistic view where for Every move you

Peter Senge® describes the “beer yame” that he uses to familiarize managers with the power of feedback loops.
In this game the time delay in communication between consumers, distributors, and the factory leads to chaotic

fluctuations in the quantity of beer that moves through the supply chain: An effect that is undesired and
detrimental to all parties, but one that they together "cause” nevertheless.

Chaos mathematics (theory is too
grandiose a word) has been widely
popularized in management literature,
often unfortunately in a rather shallow
interpretation. Two points are most rel-
evant in my opinion for managers: First,
the fact that simple feedback systemns
can exhibit chaotic behaviors, very
much in contradiction with our (deter-
ministic) intuition. Thus, order-flow be-
tween distributors and a factory can
quite readily exhibit chaotic patterns
given certain feedback loops. Second,
that small causes can propagate to have
very large effects. Again using the ex-
ample of production planning, a seem-
ingly innocuous element in the produc-
tion line or in the sales channel can
cause havoc in the entire stream. In
Complex systems we will see that feed-
back loops and the nonlinear amplifica-
tion of small effects can be essential
drivers of order. This should be
counter-intuitive to many of us, be-
cause we deeply hold the belief that
small causes have small effects, i.e., as-
sume linearity above all.

Thus, quantum mechanics and
chaos mathematics have exposed the
shortcomings of the Simple way of

viewing the world, and the mechanists
lost their innocence. In the following
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leagues to exchange ideas and gossip.
The right combination of a fitness crite-
rion {more sales) and random encoun-
ters are what leads to a nonlinear
growth of order in a Complex adaptive
system (in this case more sales). Like in
a neural network, the combination of a
fitness criterion and random feedback
loops has become a highly efficient in-
formation processing system. It turns
out to be much more efficient than the
traditional method of having each sales-
person report back to a central market-
ing entity.

To illustrate this point, imagine that
you are such a semi-independent agent
in a Complex adaptive system. You are
perhaps an employee of a large multi-
national corporation, an amino acid, an
element in an (-!Cllﬁ}".‘-ill'!]'ll or even a
stockbroker. You are bouncing around,
randomly interacting with other agents
in the system. The one thing you

“know"” is what is “good™: the fitness cri-
terion. Most often the fitness criterion
has to do with survival in a wide sense,
such as the long-term profitability of
the corporation that you are in, survival
of the species that you are a part of, etc.
In every random interaction you receive
information on how your actions en-
hance or decrease your fitness through

wait for an explicit instruction, either
deduced from a rule or given by another
agent (i.e., the boss) in the system.
Before moving on, it is worth paus-
ing and wondering why this science
Complexity has become a topic now
and not much earlier? Traditionally sci-
ence has had two methods of investiga-
tion: theory and experiment. The gen-
eral idea was for experiments to either
confirm of falsify the theories. On the
one hand theory was developed either
to explain experimental results and on
the other hand, often out of intuitive or
aesthetic considerations to then be veri-
fied by experiments. This virtuous ex-
change has one serious limitation,
namely, that the theories have to pre-
dict something. This means that their
strict formulation, most often in the
form of mathematical formulas, needs
to have well-defined solutions. For ex-
ample, in economics the requirement
to have equations be solvable contrib-
uted to the assumption of the economy
being a balanced system, tending back
to equilibrium through the mechanism
of diminishing returns when destabi-
lized. Of course economists were con-
cerned with having their theories say
something useful about the real world,
but the development of theory was se-
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verely limited by the mathematics of the
Simple. When seen as a Complex adap-
tive system, the economy seems on the
contrary to be very far from equilib-
rium, as described by Brian Arthur® of
the Santa Fe Institute and others. Arthur
describes how, in certain markets,
through positive feedback a mechanism
of increasing returns arises, which ex-
plains the dominance of certain tech-
nologies such Microsoft Windows, the
QWERTY keyboard, or the VHS video
standard. In this kind of markets, ran-
dom initial fluctuations in market share
are amplified nonlinearly to become
dominant. With initial funding from
Citibank to work this very problem, the
Santa Fe Institute went on to play an
essential role in the development of the
science of Complexity.

In the postwar years the computer
erupted on the scene and with it an en-
tirely new way of doing science: theory
and experiment where joined by simu-
lation.” A problem that was too Com-
plex to understand theoretically or un-
derstand through experiments could be
simulated on a computer. All this simu-
lation has lead to a surprising discovery:
Very simple rules can lead rather easily
to very Complex behavior. The pictures
of fractals have been well publicized
and serve as a vivid illustration of how
much Complexity and also beauty can
be generated using very elementary
rules.

Not only can computers help us un-
derstand how chaos emerges from or-
der, but also quite surprisingly how or-
der emerges from chaos (or more pre-
cisely disorder). Complex adaptive
systems, under the right conditions, or-
ganize themselves through the sponta-
neous emergence of system level prop-
erties. These are properties that cannot
be attributed to the different parts of
the system, which means that they do
not arise from any component of the
system. This is an uneasy concept in
our mechanistic world view, but a man-
ager can perhaps relate to it by thinking
of a corporate culture or the identity of
a successful team. Corporate culture
has an intuitive reality, and although it
cannot be atiributed to any specific em-
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ployee or machine, it is a recognizable
property of the system as a whole.

In a similar development in manage-
ment literature and theory, emphasis is
being given to the system-like nature of
the firm by Senge,® or to the life-like
properties of an organization by Matu-
rana and Varela,” and more recently by
de Geus.'” These thinkers all share an
interest in seeing an organization as
something radically different from a
machine to produce certain results, but
more as a system with its own proper-
ties and identity, Complexity helps us
understand this concept more readily.

With the Santa Fe Institute'’ serving
as somewhat of catalyst, many com-
puter simulations have been made of
different Complex adaptive systems.
The goal is to understand what minimal
ingredients are necessary in terms of fit-
ness and in terms of interactions to ex-
plain Complex phenomena. Once the
ingredients are identified, they are sim-
ply played out on a compulter (o see
where they lead. Successful models
have been constructed that mimic the
behavior of such diverse phenomena as
the stock market,® the origin of life,"* or
the evolution of strategy. This has, for
example, led to a better understanding
of why bubbles and crashes occur in
stock markets and to an understanding
that the appearance of life on the planet
is not so improbable after all. The fal-
lowing example of strategy evolution is
worth looking at in a more detail be-
cause of its potential interest for busi-
ness firms. It illustrates the approach to
a problem using the methods and in-
sights of Complexity.

When Robert Axelrod'? issued an in-
ternational competition for the best
strategy for winning at a long series of
games of Prisoner's Dilemma,'* second
place went to a strategy called tit for tat.
In tit for fat, a player rewards her oppo-
nent who co-operates by co-operating
in return. Conversely, if the opponent
defects, she will retaliate with defection
in the ensuing round of the game. First
place went not to a strategy, but to a
computer program that continuously
evolves new strategies, This program
not only won the game, but perhaps
more important, demonstrated the very

nature of the evolution of strategies.
John Holland'® built a simulator that
had two very simple ingredients that
were sufficient not only to discover the
tit for tat strategy by itself, but also gen-
erate a continuous stream of alternate
strategies. The key is to code every pos-
sible strategy into a DNA-like sequence
then, to give every strategy a fitness cri-
terion, namely the amount of points
collected in the game. Finally, to design
a mechanism whereby strategies could
interact randomly and crossover like
DNA molecules, taking successful
pieces of strategy from other strings. In
other words, the system not only had a
mechanism for generating new strate-
gies (interaction) but also one for get-
ting new strategies accepted as domi-
nant ones (fitness criterion). Most busi-
ness firms could probably benefit from
understanding this fundamental model
of strategy evolution.

Brian Arthur of the Santa Fe
Institute has simulated the
behavior of the buyers and
sellers on the steck markets,
thereby reproducing the bubble
and crash cycle of stock
exchanges.

Some of the best examples of putting
the insights of Complexity into practice
come from the US armed forces. A par-
ticularly interesting one has been de-
scribed in a study from the University of
California at Berkeley and concerns the
method for landing fighter aircraft on
the deck of the USS Enterprise aircraft
carrier. Such an aircraft carrier has 5000
people on board, and obviously, having
the aircraft land safely is one of the
most critical processes of the entire sys-
tem. Four cables are strung across the
deck that decelerates the planes
through a hook that is dropped from the
rear of the aircraft. The tightening of
each cable must be tuned differently for
every landing, depending on, for ex-
ample, the wind and the weight of the
plane. Interestingly the Navy has not
opted for a computer-controlled algo-
rithm, but instead every cable is oper-
ated by a team that negotiates with ev-
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ery other team for the best cable setting
for every landing. Because the setting of
one cable depends on the others, in this
way the teams interactively reach a con-
sensus. In a mechanistic prospect, this
seems an inefficient way of doing things.
In the light of complex-
ity, it is an elegant ap-

tal model of how (Complex) systems
work, which more closely seems to ex-
plain the behavior of stock markets,
ecosystems, large firms, than the tradi-
tional approach. Complexity provides a
fundament for the thinking of writers

These are uncomfortable prescripts for
many of us, but we should seek comfort
and insights in the formal models of the
new science of Complexity to help us
understand them. Many systems (but
not all) are very much complex adaptive
systems, and
managing them

plication of the prin-
ciples: a clear fitness
criterion (safe landings)
and lots of interactions
between the agents.
As a final analogy, 1
would like to invite the
reader to imagine tak-
ing a walk in an imagi-
nary rugged landscape.
The goal of the walk is
to find the deepest valley; our fitness
criterion in this case. One sirategy could
be to always walk downhill from every
point. This will certainly achieve the
goal of reaching a deep point, but it will
be unclear whether this is the deepest
point or just a local pit. Another strategy
could be to walk downhill, but ran-
domly change direction at a certain fre-
quency and then compare the altitude:
This will avoid becoming stuck in a lo-
cal valley because the random deviation
from the downhill path can very well
send you back uphill in some direction.
However, if there is too much changing
of direction, this will result in purpose-
less wandering. The key to success in
Complex adaptive systems is to strike
the right balance between order (always
walking downhill) and disorder (random
changes of direction). Given the right
feedback mechanisms, a system far from
equilibrium poised at the edge of order
and disorder will spontaneously organize
itself in a sustainable and efficient way.
What the “right” balance is depends on
the circumstances, and it is the role of
the leader to understand the dynamics
of Complexity and to design the right
balance into his or her organization.

COMPLEXITY AND BUSINESS

Unfortunately there are no "eight easy
steps” to use Complexity or “twelve key
rules” to apply as in much of manage-
ment literature. Rather, Complexity is a
very fundamental evolution of our men-
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The image of a landscape can be pursued in concrete examples:
consider IBM in 1970, operating in what seemed like a very smooth
landscape. Corporate processes could be optimized for efficiency, with
little energy expanded in exploring the changes in the landscape around
it. When the landscape changed radically with appearance of the PC,
IBM found it lacked the capability to explore the new nature of the
landscape and adapt its processes accordingly. A radical and painful
overhaul was needed to adapt to the new landscape.

such as Senge,® Zohar,'® and De Geus."?
The emphasis on the company as a sys-
tem, on the importance of servant lead-
ership, on the organization as living en-
tity that needs to learn and be diverse to
survive: these are all aspects of Complex
adaptive systems.

What lessons can be drawn for orga-
nizational leaders out of Complexity? A
leader in an organization can learn
about Complexity and then tune his or
her intuition to be able to manage the
key ingredients that drive the emer-
gence of order in a complex adaptive
system. For reasons of space they are
only mentioned here in summary form.
A further detailing of these rules and
their origin in Complexity will be the
subject of another article. These ingre-
dients include the following items:

e an appreciation for the holistic na-
ture of a system and emergence of
system level properties

® a nondirective style of leadership

e creating clear fitness criteria for the
organization (goals)

® having just enough rules to limit ran-
domness in the organization to where
it is fruitful, but no so many as to put
the organization into a state of equi-
librium. The organization will func-
tion at its best when poised at the
edge of disorder. Designing the rules
to achieve this balance is probably
the most important and challenging
tasks of the leader.

as if they were
deterministic
systems will be
suboptimal. It
will be subopti-
mal not only in
terms of the sur-
vival of the sys-
tem itself, but
also in terms of
the development
of the individuals in it, for they will not
be challenged to use all their creativity
to optimize their own fitness and that of
the whole.

FURTHER READING

For those who are intrigued by and
want to know more about Complexity,
Mitchell Waldrop has written a lively in-
troduction'” to the history of the people
and the thinking of the Santa Fe Insti-
tute. Nobel prize winner [lja Prigogine
and Isabelle Stengers have laid the
foundation of the subject with a funda-
mental book on the origin of order.'®
Fritjof Capra in a recent work places
Complexity in the context of the evolu-
tion of 20th century thought.'* Finally
another Nobel prize winner, Murray
Gell-Mann has put his considerable di-
dactic and intellectual resources into an
excellent and fundamental introduction
to the topic.*

Several consultants are putting the
lessons of Complexity into practice by
advising organizations. Michael Mc-
Master has written on the organization-
al consequences of Complexity.*® Rich-
ard Pascale has described the transfor-
mation of one of the shell's divisions.”
Ton van Asseldonk has looked at how
Complexity can help firms deal with in-
dividualized consumer demand in an
eloquent dissertation.”” Howard Sher-
man has published a book on the evo-
lution of strategy in the light of Complex
adaptive systems.”
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