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Developing Adaptive Organizations, Part I:
Research Findings
Our last newsletter concluded that, despite their best efforts to make
decisions in the face of uncertainty, managers will at some point inevitably
find themselves surprised by an unexpected change in their environment.
Given this, a key question they face is how to ensure that their organization
will be able to adapt to such a change in a manner that ideally furthers its
success, and at minimum guarantees its continued survival.
In the management literature, there are two main schools of thought on this
issue. The largest body of work on the subject is generally optimistic, and
asserts that most organizations are capable of successfully adapting to
changes in their environment. However, writers belonging to the “population
ecology” school are much more pessimistic. They believe that in most
organizations there are substantial obstacles to adaptation. As a result, most
of the response to environmental change takes place at the “population” level,
in the form of old firms dying (e.g., via bankruptcy or merger) and new ones
being born through entrepreneurial action.
At the macro level, evidence with respect to these two schools is conflicting;
there are plenty of case histories of successful change, as well as some
powerful data on the strength of population level effects (e.g., only 29 of the
firms listed in the first Fortune 500 in 1956 are still in existence in 1998). At
the micro level, as any manager can attest, there is no shortage of claims
(usually by consultants) as to the efficacy of various programmatic
approaches
to
“change
implementation”,
“transformation”,
and
“organizational learning.” However, a 1997 analysis of three of the most
popular of these approaches (downsizing, reengineering, and total quality
management) by the National Research Council (a joint undertaking of the
National Academies of Science and Engineering) concluded that “none of
these approaches appears to have a consistently positive relationship with
organizational effectiveness...Spotty evidence of their impact on effectiveness
exists, but evidence also exists that each approach is useless, if not
harmful...[However], the reasons for the wide-scale failure of these
approaches remain unclear.”1
Where does this leave a manager faced with the challenge of ensuring the
adaptability of his or her organization? For the past four months we’ve been
looking at this question, searching for answers that are grounded in data and
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analysis rather than assumptions and assertions. This issue of Management
Insights (and the next one) summarizes the results of our explorations.
Our starting point is the relatively recent body of scientific findings about the
nature of non-linear systems.
Linearity and its Discontents
“We are essentially linear creatures. Whether this is the native mode of
humanity or whether it is primarily the result of acculturation is open to
question...However, it is unarguable that our society fosters and rewards
linear behavior and performance from kindergarten on. Our educational
system teaches it and grades on it, our workplaces hire, fire, and promote on
it, and our governmental programs are designed and executed on it...Often
associated with the name of Sir Isaac Newton, Newtonian or linear science
has become a powerful philosophy to both describe and ultimately control
nature.2 The key features of linear systems include the following:
•

The dominant feedback loops in a linear system are negative ones
which act to dampen the effect of any change. As a result, changes in a
linear system are proportional: small changes in inputs lead to small
changes in outputs, while big changes in inputs lead to big changes in
outputs.
Given this, the natural state of a linear system is
equilibrium. Any disorder that exists is caused by outside shocks to
the system, and is transitory.

•

Cause and effect in a linear system are readily understood and
demonstrable; as a result, one can safely predict that an action taken
under a given set of conditions will always produce the same result.

•

A linear system is additive: the whole is equal to the sum of its parts.
This leads to reductionism, or the practice of taking a large,
complicated problem and breaking it down into more manageable
pieces, analyzing them, and then combining the results to arrive at an
optimal solution.

•

From an organizational perspective, the purpose of control in linear
systems is to gain certainty (i.e., minimize surprises). Control in linear
systems tends to be a top down process: Managers are said to be “in
control” and situations (or organizations) “under control.” Control, in
this sense, is achieved by the use of negative feedback loops that
compare the outcomes of behavior to pre-existing targets, and trigger
responses to minimize deviations from plan.
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By way of contrast, non-linear systems have very different properties:
•

The dominant feedback loops between the variables in a non-linear
system are positive -- rather than dampening the impact of a change,
they magnify it. Non-linear systems are therefore disproportional:
small changes in inputs can product big changes in outputs, and vice
versa. As a result, disequilibrium is the natural state of affairs in a
nonlinear system, and can persist for long periods of time even in the
absence of outside shocks.

•

Cause and effect in non-linear systems are widely separated, and
generally difficult to identify with each other. Predicting the future
behavior of non-linear systems is therefore extremely difficult.

•

Non-linear systems are not additive; the whole may be equal to more
or less than the sum of its parts. This usually makes reductionist
analysis of nonlinear systems impossible – they must be understood at
the level of the whole system, rather than the individual parts.
Because of the difficulty in doing this accurately, managers solving
problems in nonlinear systems typically seek a solution that is “good
enough” rather than optimal, because the latter is inherently
unknowable.

•

As we will further discuss later on , in a non-linear system control is
not something imposed by management; rather it is a quality of the
system as a whole. The aim of control, in this sense, is to maximize
the adaptiveness of the overall system by avoiding the two extremes of
steady state equilibrium and purely random activity. This is achieved
through simultaneous bottom up and top down processes that employ
both negative and positive.3

“Linearity’s real power has been in its ability to produce technology -systems designed to behave predictably...On every other front, however,
linearity has not come close to meeting with the success it has enjoyed in
technology...When linear thinking has met the multitude of non-linear
phenomena that exist in the real world, “it has established its domain by
either imposing non-linear substitutes or making excuses. In the former
case, the linear has invented the calculus, statistical techniques, and
operations research. These methods work well in linear and mildly nonlinear environments. But beyond a certain point, these methods give way to
rounding, ‘good enough for government work’, experts who contradict each
other, and the unintended results of well intended actions (Murphy’s Law).
The results of applying linear thinking to nonlinear problems are all round us
in painful and embarrassing profusion.”4
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By now, it should be clear that it is well worth our while to better understand
non-linear systems. It is to this subject that we will now turn, beginning
with simple (deterministic) nonlinear systems, and then moving on to
complex (adaptive) ones.
Deterministic Nonlinear Systems
A deterministic nonlinear system is a network of agents (or variables) whose
behaviors are determined by a common set of fixed, unchanging rules.
Agents in this system do not adjust their behavior in light of their
consequences -- there is no learning of any kind.
A simple deterministic nonlinear system is described by the following, which
is often referred to as either the “logistic” or “predator-prey” equation: Xt+1 =
rXt(1-Xt). For example, consider a valley populated by just two species, sheep
and wolves. Migration in or out of the valley is impossible, and the food
supply (grass for the sheep) is fixed. The percent of sheep in the valley’s
animal population next year (Xt+1) is equal to the percentage of sheep this
year (Xt) times their net growth rate (r, or the difference between sheep birth
and death rates) limited by the total food capacity available to support more
sheep (1- Xt).
When this equation is run over fifty periods, it displays some very interesting
behavior as the value of r increases. Given a starting value of X t =.5 (ie.,
half the valley’s population is sheep), when r is less than 2, the value of X
declines to zero, and sheep become extinct. When r is between 2 and 3, X
reaches a steady state equilibrium at increasingly higher percentages of
sheep in the valley’s total population. Up to this point the system’s behavior
has been linear. However, as r increases beyond about 3, the system begins
to act in new way. At first, it oscillates between two values (or equilibriums)
for X. Then, as r increases further, it oscillates between four, then eight, then
sixteen equilibrium values for X. Moreover, each of these new “bifurcations”
(ie., doubling of potential equilibrium values) comes more quickly -- the
length of time between each doubling is approximately 22 percent of the
previous interval. As r increases beyond about 3.7, the bifurcations increase
to the point at which it appears that X takes on random values in each period
as the sheep population either explodes or collapses.
The state of behavior to which the system (i.e., the sheep population)
converges is technically called an “attractor.” In other words, an attractor is
the pattern of behavior into which a system ultimately settles in the absence
of further changes to its control parameters (in this case, r). It is a possible
outcome that is contained within the simple set of rules that govern the
operation of the system. A stable equilibrium attractor is when the system is
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drawn either to a single point (a “point attractor”) or a periodic cycle (a
“periodic attractor”). Deterministic nonlinear systems are attracted to a
stable equilibrium when their control parameters are low. When the control
parameters are turned up high enough, the system is drawn to an “unstable
attractor”, which is another name for completely random behavior.
However, and critically for our purposes here, stable and unstable attractors
aren’t the only ones that exist in a deterministic nonlinear system. Studies
have uncovered the presence of another attractor that lies on the border
between stability and instability. This third attractor typically goes by either
of two names: “strange attractor” or “chaos”. It is an attractor in the sense
that it has definable boundary dimensions (like the stable attractor, and
unlike the random attractor), but it is strange in that unlike the case of the
stable attractor, tiny changes in the initial value of Xt will generate
extremely different values for subsequent Xs within those boundary
dimensions. This phenomenon is known as “sensitive dependence on initial
conditions.” Therefore, a strange attractor defines a bounded range of
outcomes into which the system may move, yet within which specific
trajectories cannot be predicted because of sensitive dependence on initial
conditions. The behavior of the system at this point neither random, nor
stable. Chaos is a paradox. This bounded unpredictability introduces
instability and disorder into the system, but also opens it up to immense
variety without pushing it over the edge into disintegration (randomness). In
this sense, chaos is therefore the archetype of creativity and innovation.5
At this point, another example is probably in order. Consider the nature of
an ice cube: the hydrogen and oxygen molecules that comprise it do not
move; they are stable. At the other extreme, consider steam: the molecules
that comprise it move randomly. Now consider water, in which the molecules
are capable of moving in an infinite variety of different ways (e.g., a dripping
faucet, waves, rapids, etc.) while always remaining as water. Assuming you
were looking for creative inspiration, which would you rather stare at: ice,
steam, or water?
Okay, you say, point taken, but what does this have to do with making my
organization more adaptive?
Two things.
First, many attempts at
organizational change seem to be based on two implicit assumptions: (1) the
environment will change in ways we can predict ahead of time, and (2) if we
get the rules right, we can predict that the organization will behave in a way
that leads to success in that environment.
This looks a lot like a
deterministic system. And that means that if the environment changes in a
way we hadn’t anticipated (i.e., r goes higher than we had expected), the
result can be anything but predictable behavior.
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Second, the idea that a system’s maximum creativity (and adaptability)
occurs at the “phase change” between stability and instability is critical. This
will be explored further in the next section.
Adaptive Nonlinear Systems
Unlike the agents in a deterministic nonlinear system, the agents in a simple
adaptive system have a purpose, and adjust their behavior in light of its
consequences for achieving that purpose (i.e., they are capable of type one or
single loop learning). Simple adaptive systems can produce remarkably
complex behavior. Consider a famous example. In a simulation model called
“boids”, agents are given three simple rules: keep up your speed, avoid
obstacles, and maintain a certain distance from the agents around you.
When the simulation is run, these three simple rules produce flocking
behavior. In other words, a new behavior (flocking) “emerges” from the
interaction of agents using these rules, rather than being specified at the
outset of the simulation. This of “self organizing behavior” is critical
characteristic of all adaptive nonlinear systems, and is an important
phenomenon to keep in mind as we go forward.
In a complex adaptive system (or CAS), agents are also able to adjust the
rules governing their behavior (i.e., they are capable of type two or double
loop learning). Much of the learning about the behavior of these systems has
come from evolutionary biology. In this context, biologists have replaced
organisms’ genetic code with computer code, and then run simulations to see
how a complex adaptive system evolves over time. Because their findings are
central to this paper’s conclusions, it is worthwhile looking at them in detail.
The most common tool used to simulate the evolution of complex adaptive
systems is called the NK model. In this model, an organism has N number of
genes, each of which can have a value of 0 or 1. As we know from life, some
genes are particularly valuable to have; they make us “fitter” relative to the
other organisms with which we compete for the resources needed for survival.
However, the “fitness value” of a given gene may depend not just on its own
value, but also on the value of other genes. For example, the value of
extremely good eyesight in a baseball player is compounded if she is also
highly coordinated, fast, and strong. In modeling terms, the fitness value of
each of an organism’s N genes depends not only on its own value, but also on
the value of K other genes. Finally, the overall fitness value of an organism is
logically a function of the fitness value of each of its genes. As NK models are
usually structured, each gene has a fitness value between 0 and 1,and the
fitness value of the total organism is defined as the average fitness value of
its individual genes.
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In terms of nonlinear systems, the K value in the NK model is analogous to
the “r” value in the deterministic nonlinear system described above. It is the
critical control parameter that determines whether the nature of the system
is stable, random, or in the phase transition between the two. At this point,
we need to make a short point about terminology. In the study of
deterministic nonlinear systems, the phase transition between stability and
randomness is known as “chaos.” Clearly, this is not what most people have
in mind when they hear this term. To make matters more confusing, in the
study of complex adaptive systems randomness is called “chaos” (i.e., in this
case, it means what most people have in mind when they use the term), while
the phase transition is called either “complexity” or the “edge of chaos”. If
nothing else, this shows that the people doing this work are pure minded
academics rather than slick marketers!
Back to the properties of an NK model. Consider a model with ten genes
(N=10), which can be of either of two types (0 or 1) and whose fitness value
depends only on themselves (K=0). Different combinations of genes (i.e.,
N1=0, N2=1, N3=1, etc.) will yield different fitness values for the organism as
a whole. In total, there are 210 different possible combinations of genes. One
of these combinations will produce a fitness value that is higher than all of
the others. The best metaphor for visualizing this is that of a landscape.
Looking down on such a landscape, one would see the ground rising up
around a single peak. In the language of NK models, such a landscape is
termed a “smooth” because the heights of different points on it are highly
correlated with one another.
The simplest form of adaptation in an NK model is called mutation. In a
mutation operation, a new organism is created by switching the value of one
of the first organism’s genes. The resulting organism may have a higher or
lower fitness value. In the next period, both organisms mutate again, so that
the model now has four organisms. As this process continues, the resource
constraint is reached on the environment’s ability to support further new
organisms. When this happens, organisms with a fitness value below a
certain level are eliminated. This process is known a selection. As this
process continues over time, it will result in all organisms having the
combination of genes that yields the highest possible fitness. They will all
end up on the landscape’s single high peak.
The second form of adaptation in the simple NK model is recombination. In
this case, a new organism is formed by copying half the genes from each of
two other organisms.
Because more genes are changing each turn,
recombination reduces the time required for all organisms to reach the
highest peak on the landscape.
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Now consider the opposite case, where N still equals 10, but now K = 9. In
other words, the fitness value of any gene depends on the fitness value of
every other gene. In this case, the fitness function is highly nonlinear, and
the correlation between peaks on the landscape is equal to zero. Rather than
a single “global” peak, local peaks are scattered randomly, with no
relationship between them. Mathematically, the number of local peaks in this
model is equal to (2N/N+1, or 93). This very rugged landscape has some
interesting characteristics.
First, the average value of all the peaks is much lower than in the K=0 case.
Stuart Kauffman, the biologist from the Santa Fe Institute who has
popularized the NK model, has termed this the “complexity catastrophe.” As
he puts it, “because so many constraints [K] on the value of each N are in
conflict, there is now a large number of rather modest compromise solutions
rather than a single superb solution. There are, in other words, many local
peaks of a rather low height.”6
Second, because there are more local peaks, the expected length of time
required for an organism to reach a peak is much shorter than when K=0 and
the landscape has a single high peak. However, it is now possible that a
mutating organism will become “trapped” on a local peak that is lower than
the highest peak on the landscape. Consider an example. The simulation
begins with three organisms (A, B, C) located on different parts of the
landscape. Each organism goes through a process of single gene mutation.
Because the landscape is completely uncorrelated, succeeding generations of
each organism will “climb” the peak that is closest to them. Over a number of
periods, this results in all the A organisms being concentrated on a local peak
whose height (or fitness value) is .5, all the B organisms on a local peak with
a height of .6, and all the C organisms on a local peak with a height of .8.
After this point, succeeding rounds of mutation and selection will result in
the elimination of organisms A and B because they were trapped on relatively
low local peaks in the rugged landscape. Moreover, on a completely
uncorrelated landscape, recombination doesn’t offer a way out of this trap.
Producing a new organism via recombination is just as likely to result in a
lower fitness value as is producing one via a one gene mutation.
The third point is that on a truly random landscape, the number of directions
that lead uphill is cut in half with each step. In other words, when only one
gene is changed each period, the probability that the next change will
produce a higher fitness value is cut in half with each successful mutation.
Consequently, the time required to find a higher fitness value doubles with
each improvement.
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Having looked at the two extreme cases, where K=0 (a perfectly correlated
landscape with a single high peak), and K=(N-1) (a perfectly uncorrelated
landscape, with randomly distributed low peaks), let us now consider the
most realistic case, where K is somewhere between 0 and (N-1). What have
simulations taught us about the properties of this type of complex adaptive
system?
As K increases, the time required to find a higher fitness value via mutation
(also called “local adaptation”) will grow at an increasing rate until, once K is
around 8, it plateaus at a factor of about two (the time doubling situation
described above).
Imperfectly correlated landscapes are characterized by different
“mountainous regions”, within which the height of various peaks is positively
correlated. However, these regions can exist in widely separated parts of the
landscape. “Recombination on such landscapes can take one of two forms:
with other organisms located in a correlated or local region, or with
organisms from outside that region. In the case of the latter, every time a
“long jump” (that is, a recombination with an organism from outside the local
region) results in a higher fitness value, the expected number of long jumps
to find a still fitter combination doubles.”7
“This give rise to the phenomenon that the development of organisms on a
correlated landscape should show four time frames [or, in other words, a
predetermined life cycle]. Assuming the initial organisms start on a peak of
average height, in the early stages of the simulation, many long jumps will be
successful, giving rise to many different types of organism. As long jumps
become more difficult, the population will begin to climb up local hills to
improve their fitness [i.e., mutation will produce the most improvement in
fitness]. A sharp slowing in the rate of fitness improvement will ensue, as
progress up local peaks becomes more difficult. Finally, selection pressures
will eliminate organisms trapped on relatively low local peaks.”8
Up to this point, we have assumed that the fitness function that (along with
the size of K) defines the landscape has remained fixed. In other words, the
evolution of the organism we have been describing has occurred in isolation.
In the real world, however (and even in our deterministic nonlinear model of
sheep and wolves) this isn’t the case. The fitness value of a given
combination of one organism’s genes is often a function of the combination of
one or more other organisms’ genes. This means that a change in one
organism’s combination of genes can have a substantial effect on another
organism’s fitness. In other words, changes in one species’ genes can cause
the landscape faced by another species to “deform”, or take on a new shape.
When this is the case, the organisms in question are said to be “coevolving.”
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Biologists have expanded the NK model to simulate coevolution by adding
two new variables, “C” and “S”. In the NKCS model, the fitness value of a
given gene (N) in a given species depends not only on its own fitness value,
but also on the fitness value of K other of its own genes, and on the fitness
value of C genes in S other species. Think of it as a system made up of
linked NK landscapes (or a multidimensional chess game).
In this model of coevolution, the critical control parameters are K, C, and S,
which affect the degree of “connectivity” in the system. Depending on the
level at which they are set, the model will function in one of three states.
The system will be in equilibrium (known as an “evolutionary stable
strategy”, or “ESS”) when either (a) K is high for each species (i.e., they all
have lots of local peaks to become trapped on); (b) C is low, so landscapes
don’t deform (change) too much when other species make adaptive moves; or
(c) S, the number of other species interacted with is low. In the ESS average
fitness values throughout the system are low.
At the other extreme, the system will function randomly (or be in the
“chaotic” zone) when (a) K is low for each species (i.e., they are all trying to
move up to a few peaks); (b) C is high, so the location of these peaks
frequently shifts as each species makes its own adaptive moves; or (c) the
number of other species interacted with (S) is high. In this situation, known
as the “red queen effect”, average fitness values are also low, because each
species is chasing high peaks that move too rapidly to be climbed.
When organisms in each species are allowed to vary their values of K, C, and
S, simulations show that the system as a whole will naturally converge on
the values for K, C, and S that produce the highest average fitness values for
all the coevolving species. Not surprisingly, these values occur precisely in
the system’s phase transition between order (ESS) and chaos (red queen).
More importantly, as in the case of the boids’ flocking behavior, these values
for K, C, and S are not programmed into the system beforehand; rather they
naturally emerge as the system “self-organizes.”
This property of “self-organization” in complex adaptive coevolving systems is
the one that has most fascinated complexity scientists, suggesting as it does
the presence of very powerful and heretofore unimagined laws that govern
our existence.
Beyond this, the NKCS model also suggests the logic behind another
phenomenon that has been observed in the fossil record of life on earth:
punctuated equilibrium, or the tendency of extinctions to occur in a pattern
that follows a power curve (i.e., a large number of small events, and a small
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number of large events). In the NKCS model, when species are allowed to
invade each other’s landscapes (e.g., reproducing a variant of species A and
letting it loose in species B’s landscape), it becomes possible for a species
trapped on a relatively low peak on a rugged landscape to be driven extinct
by a fitter invader (which enters the landscape in a different region with
higher peaks). Depending on the nature of interconnections between the
extinct species and other species, this can trigger a subsequent sequence of
extinctions in other species that is either small or large. Typically, these
subsequent extinctions are small, but occasionally they are very large. As in
the fossil record, they tend to follow a power law distribution. Unsurprisingly
(by now) the probability of large extinction events occurring in a given system
is minimized when it is operating in the phase transition between order and
chaos.
The Relevance for Business
Are the findings from the NKCS model relevant for business? In some
important ways, business is very different from the NKCS world. First,
consider the difficulty in trying to describe a business in terms of its genes.
One could take either of two approaches. On the one hand, you could set the
value of each gene equal to a simple decision (yes or no), and then define each
N as a major policy decision that each organization operating in an industry
has to make. Assuming the decisions cover, at minimum, marketing,
production, finance, human resources, systems, corporate development and
R+D considerations the number of genes (Ns) involved becomes very large
(akin, perhaps to human DNA), and the range of possible combinations huge
(e.g., 235 assuming “just” five key decisions in each of these seven areas). On
the other hand, you could allow for a larger number of values for each gene,
and use fewer Ns overall -- however, you would still be left with a very large
number of possible combinations. Finally, the reality is that in business (and
unlike the model), the total number of variables that define the landscape
containing all possible combinations open to a manager can never be known
with certainty. Depending on your approach, there will either be new Ns or
values of N that you don’t know about.
Without going any further, one can immediately see an application to
business: given the number of possible “gene combinations” in a typical
industry, a systematic qualitative examination of each in search of the “best
one” is out of the question. Moreover, assuming that more than four of these
decisions are interrelated, the system itself will be highly nonlinear, and
therefore not susceptible to optimization using any type of mathematical
algorithm. Once again, a comprehensive search is out of the question. In
short, when defining their strategy (for which searching for the highest
possible peak in a rugged landscape seems a very good metaphor), managers
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cannot and should not spend their time trying to identify “the best one”;
instead they should look for one that is “good enough.”
The adaptive processes utilized in the NKCS model are also different from
those utilized by a business. Unlike the model’s mutation operation,
businesses can and do change more than one gene at a time when they are
trying to improve their fitness (e.g., their market value). In this sense, their
adaptation process is much more akin to recombination. However, it does not
occur randomly, as in the model. Businesses evaluate other organizations’
performance before changing their own (e.g., via benchmarking or strategic
alliances). They attempt to adapt intelligently. This difference and its
implications is the subject of a recent working papers by Jan Rivkin of
Harvard Business School and Daniel Levinthal of Wharton.9 Both Rivkin
and Levinthal note that many management approaches emphasize the
importance of fit between an organization’s strategy and structure -- in other
words, they stress the need for K to be relatively high. Consequently,
industry landscapes will tend to be relatively rugged (i.e., only moderately
correlated), which should result in a normal distribution that leaves most
firms on relatively low fitness peaks. In such a situation, one would expect to
see many firms attempting “long jumps” to improve their performance. In
the real world, however, such jumps have to contend with three factors that
are absent from “biological” versions of the NKCS model: barriers to entry,
uncertainty, and cost.
First, unlike the NKCS model, some recombinations are unavailable to the
firm because they are protected by strong barriers to entry (e.g., scale,
patents, sunk costs, etc.).
Second, uncertainty in the real world comes in two forms: first, whether or
not the firm accurately perceives the value of the trait (N) it is trying to copy,
and second, whether or not it can accurately replicate that trait in its own
organization.
On a rugged landscape, these uncertainties raise the
possibility that the change you are attempting will land you not on a higher
peak, but rather in a valley surrounded by peaks (which you can eventually
climb) that are lower than the one you left. In other words, a long jump
(multiple N) change can result in a decline in overall fitness (market value)
rather than an increase. Examples of this abound in the real world.
Moreover, the probability of this happening increases with the number of
strategy and structure variables that you change (in other words, the
probability of reaching a higher peak declines with the number of variables
you are changing).
Looked at from another perspective, it is also easy to see how a highly
integrated strategy (e.g., high K) in and of itself provides a barrier to
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successful imitation. As Rivkin notes, this explains “why some firms
continue to earn higher returns than competitors long after the causes of
their success have been documented and publicized.”10
However, as
Levinthal points out, the flip side of this is that it is as hard to change such a
strategy (if the landscape deforms) as it is to imitate it.11
Third, in the business world, change is not costless. The very act of changing
may therefore have an impact (though a transitory one) on an organization’s
fitness value (when that is defined as its market capitalization). Practically,
this is another barrier to long jump changes, as they would appear to be
much more expensive (and less certain) to undertake than local adaptation
(i.e., climbing up local peaks). Taken together, these factors may help explain
why major business transformations (i.e., attempts at long jump change) are
quite rare and not always successful.
On the other hand, some phenomena from the NKCS model track quite
closely with the real world of business. Lifecycles characterized by an early
profusion of organizations and product variants, followed by the emergence of
a few dominant architectures and firms, and then by a period of gradually
slowing incremental improvements are observable in many businesses. It is
also true that businesses in any given industry coevolve with other firms
located on at least seven other linked landscapes: customers (assuming they
come from only one other industry), suppliers (from at least four other
landscapes supplying capital, people, regulations, and information or
materials), substitute products, and complementary products (e.g., Microsoft
and Intel). Episodes of punctuated equilibrium that result from coevolution
are observable throughout business history (think of the consequences of the
invention of the automobile, airplane, or computer). Moreover, as coevolution
theory would lead one to expect, in many industries innovations that have
resulted in substantial improvements in fitness have first appeared in
peripheral regions of the industry landscape. One can also think of coevolving
business systems that have exhibited both exceptionally stable behavior for
long periods of time (e.g., the regulated natural gas electric power, and
telecommunications industries), as well as exceptionally unstable “red queen”
behavior (e.g., some parts of the high technology industry). The power laws
that describe adaptive walks up local fitness peaks also seem to describe both
learning curve phenomena and the diminishing returns associated with many
operational improvement efforts. Lifecycles and power laws also help to
explain why organizations tend to display more inertia as they get older,
particularly in industries that are not dynamic (e.g., those with low C and S).
At the aggregate level, one can observe a number of business behaviors
across a range of industries that align quite closely with the self-organization
to the edge of chaos phenomenon observed in the NKCS model. As you
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recall, the key control parameters in that model that determine whether it is
operating in equilibrium, chaos, or the phase transition are K (the degree of
interconnectivity between elements of an organization’s strategy); C (the
degree of connectivity between elements of an organization’s strategy and
elements of organizations’ strategy in other industries), and S (the number of
other industries with which an organization is connected). Across a large
number of industries, we observe the following phenomena over the past
decade:
•

Reengineering, delayering, downsizing, and other efforts whose effect
probably (in NKCS terms) has been to reduce connectivity within these
organizations (K);

•

Increased efforts to build closer relationships with customers,
suppliers, investors, and employees (i.e., to increase C);

•

And an explosion in the number of strategic alliances between firms in
different industries (i.e., an increase in S).

Graphically, one can see how taken together, these trends suggest the
movement of a large number of coevolving systems away from the stable zone
and towards the phase transition that generates maximum fitness.

High

Chaos
Phase Transition

External
Connectivity
(C x S)

Stability
Low
Low

High

Internal Connectivity (K)
In this regard, the NKCS model leads to a conclusion which, by the standards
of the traditional management literature, is quite radical: in a coevolutionary
system, any attempt to separate the concepts of environment, strategy, and
organization is at best artificial, and at worst dangerous. Far more
important than the traditional reductionist analytical tools are a holistic
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point of view and a talent for recognizing patterns in the behavior of the
system as a whole. Rather than planning extended sequences of intentional
actions, leaders should instead focus on managing short term performance
and medium term connectivity (i.e., K, C, and S) while utilizing feedback to
ensure that the system of which they are a part remains in the phase
transition state where the highest organizational fitness is possible.
Finally, perhaps one of the strongest endorsements of the validity of a set of
conclusions is when two different people using different methodologies arrive
at them independently. With that in mind, we will briefly review the
findings of an investigation by professors Andrew Van de Ven and Marshall
Poole, as published in the Academy of Management Review.12 Having
examined over twenty different theories purporting to explain the process of
organizational change, Van de Ven and Poole concluded that they were all
some combination of just four basic “motors” or drivers of change.
The first motor of change was the lifecycle: change was driven by each
organization following a predetermined path through a sequence of stages
(e.g., entrepreneurship, growth, maturity, decline). As we have seen, the
NKCS model demonstrates the evolutionary basis for the existence of the
lifecycle phenomenon. However, left unspecified by this theory are the events
that trigger movement from one lifecycle stage to another.
The second motor of change was termed “teleology”: a purpose or goal drives
change, as the organization passes through a cycle of defining a goal,
formulating plans to reach it, monitoring progress, and changing goals and/or
plans on the basis of the results achieved. In the NKCS model, purposeful
recombination and local adaptation are the analogs to teleological change.
This theory, however, left unspecified the process through which the goal is
set.
The third motor of change was termed “dialectical”: it assumes that
organizations exist in a pluralistic world where oppositions (i.e., thesis and
antithesis) repeatedly come into conflict to produce either stability (in the
case of a balance of power between them), or change (a synthesis). In the
NKCS model, this is referred to as coevolution. However, this theory left
unspecified how antitheses arise.
The fourth motor of change was termed “evolution”: it assumes that change is
produced via a sequence of organizational variation and selection based on
competition for scarce resources. The NKCS model makes just the same
point. Left unspecified by this theory, however, is the origin of variation.
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As you can see, each motor of change is inherently incomplete. Moreover, the
four motors operate over different time frames (longer for life cycle and
evolution, shorter for teleology and dialectical) and on different levels (within
a single firm for lifecycle and teleology, and within a population of firms for
dialectical and evolution). Taken together, however, they form a clear picture
of the complex adaptive process known as organizational change. As Van de
Ven put it, “we speculate that underlying the process of development
observed in organizations there exists a relatively simple system of nonlinear
relationships among the four motors of change we have identified.”
At the theoretical level, then, it appears that there is an underlying logic that
governs organizational adaptation. However, because this process is a
nonlinear one we cannot use these findings to produce simple Newtonian
prescriptions for how to change an organization. At best, we can describe the
nature of the system as a whole. In our next newsletter, we will look at a
number of specific approaches that attempt to apply these research findings
to produce improved organizational performance.
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Developing Adaptive Organizations, Part II:
Practical Applications
In our last issue of Management Insights, we described research findings (largely
from the field of evolutionary biology) that seem to have great bearing on the issue
of how to design and lead organizations that are highly adaptable and able to
successfully cope with surprises. In this issue, we are going to take a closer look at
three approaches for putting these findings into practice.
Command, Control and Planning in the U.S. Marine Corps
As defined by the Marine Corps1 “command and control” refers to “the means by
which a commander recognizes what needs to be done, and sees to it that
appropriate actions are taken.” As the Marines’ doctrine publications note, “in war,
the defining problem of command and control that overwhelms all others is the need
to deal with uncertainty.” Historically, military organizations have taken one of
two approaches to this problem. As described by the military historian Martin van
Creveld, “confronted with a task, and having less information available than is
needed to perform the task, an organization may either increase its information
collection and processing capacity, or it may redesign the organization and/or the
task itself in such a way as to enable it to be performed with less information. The
former approach leads to the multiplication of communication channels and to an
increase in the size and complexity of headquarters organizations.”2 Best described
as “command by plan”, this approach to command and control is typically
characterized by precise, positive control and highly detailed plans and orders to
subordinate units. The object of this Newtonian approach to command and control
is to gain certainty, and to impose some degree of predictability on the conduct of
war.
Given the nonlinear nature of war, command by plan is almost certain to be an
unworkable approach. As the Marines note, “uncertainty in war is not merely a
[temporary] environmental condition which can be reduced by gathering more
and/or better information. Rather, uncertainty is a natural and unavoidable
product of the dynamic of war itself...The fundamental point is than any military
action, by its very nature as a complex system will exhibit messy, unpredictable,
and often chaotic behavior that defies orderly, efficient, precise control...[Moreover]
the widespread belief that information technology will allow us to blow away [this
uncertainty] is a dangerous delusion which fails to understand the complex
[nonlinear] nature of war.”
With this as background, the Marine Corps “starts with a simple model of the
command and control process known as the OODA loop, which is an acronym for
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observation, orientation, decision and action. We first observe the situation -- we
take in information about our own status, our surroundings, and our enemy.
Sometimes we actively seek information; other times, it is thrust upon us. Having
observed the situation, we next orient to it -- by making certain assumptions,
analyses, and judgements about the situation to create a cohesive mental image of
it. In other words, we try to figure out what the situation means to us and develop
‘situational awareness.’ Based on this orientation, we decide what to do, whether
that decision takes the form of an immediate reaction or a deliberate plan. Then we
put the decision into action, which includes disseminating it, supervising to ensure
proper execution, and monitoring the results through feedback, which takes us back
to the observation phase. Having acted, we have changed the situation, and so the
cycle begins again.”
“The OODA loop reflects the fact that command and control is a continuous, cyclical
process. In any conflict, the antagonist who can consistently and effectively cycle
through the OODA loop faster -- who can maintain a higher tempo of operations -gains an ever increasing advantage. With each cycle, the slower antagonist falls
farther and farther behind, and becomes increasingly unable to cope with the
deteriorating situation. [This shows that], along with uncertainty, relative speed is
the second essential element of effective command and control…The ultimate
measure of command and control effectiveness will always be the same: do we act
faster and more effectively than the enemy?”
How then do Marines operationalize these principles? They start by thinking of
command and control as “an adaptive process in which command is top down
guidance and control is bottom up feedback about the effects of the actions that
have been taken. It is fundamentally a cycle of reciprocal influence and continuous
adaptation. Its objective is not to achieve control in the Newtonian sense, but
rather to keep the entire organization surfing on the edge of being out of control,
because that is where the system is most adaptive, creative, flexible, and
energized.”
The key to making this approach work is the “mission order” format used
throughout the organization to convey instructions from superiors to subordinate
units. In a nutshell, the commander assigns missions, explains their underlying
intent, but leaves subordinates as free as possible to choose the manner of their
accomplishment.
In simplified form, a mission order contains four key sections, each of which is as
brief and simple as possible. First, a description of the situation as it is understood
by the person issuing the mission order. Second, a description of the mission itself:
the goal to be accomplished, and by when it must be completed.
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Third, a statement of the commander’s intent: a description of the end state that
accomplishment of the assigned goal is intended to produce; in other words, the
“why” behind the mission. “Between the mission and the intent, the latter is
predominant. while a situation may change, making the specific mission obsolete,
the intent is more enduring and should continue to guide initiatives undertaken by
those receiving the mission order. An effective intent allows subordinates to act
with initiative even in the face of disorder and change.”
Fourth, a statement of whom the units receiving the order need to coordinate with.
To the extent possible, the required degree of coordination is minimized (ie., K is
kept low), and the units involved are left to work out the specifics of such
coordination arrangements on their own, guided by their common understanding of
the commander’s intent.
As described by the Marines, “mission command and control is central to our
approach to warfare, because it deals better with the fundamental problems of
uncertainty and time. We sacrifice precision and certainty for speed and agility.
Mission command and control provides the flexibility to deal with rapidly changing
situations and exploit fleeting opportunities. It provides for the degree of
cooperation necessary to achieve harmony of effort, yet gives commanders at all
levels the latitude to act with initiative and boldness...In fact, it requires them to do
so. Being free to act on their own authority, subordinates must accept the
corresponding responsibility to take such actions.”
On the other hand, “this does not mean that subordinates are free to act without
guidance from above. In fact, initiative places a special burden on subordinates,
requiring that they always keep the larger situation in mind and act in consonance
with their commander’s intent.”
Nor does delegating authority to subordinates absolve higher commanders of
ultimate responsibility. They “have an obligation to frame their orders in such a
way that subordinates have sufficient understanding to act in consonance with their
intent, while not restricting their freedom of action. [They also have an obligation]
not to have a zero defects mentality, which tends to penalize and discourage
initiative.”
Overall, the Marines believe that “mission command and control has an important
psychological effect on the organization. Recognizing what needs to be done and
taking the action necessary to succeed is a satisfying experience and a powerful
stimulant to human endeavor. People not merely carrying out orders, but acting on
their own initiative feel a greater sense of responsibility for the outcomes of their
actions and will naturally act with greater vigor. Thus, mission command and
control is a source of great strength for the organization, especially in times of
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crisis.” In summary, “rather than increasing the amount of certainty we seek, by
mission command and control we reduce the degree of certainty we need to
succeed.”
What then, in the context of mission command and control, is the function of
planning? Marine Corps doctrine states that “we should not think of planning as a
scripting process which establishes specific actions to be taken and a timetable for
those actions. This approach seeks to narrow possibilities in order to minimize
uncertainty and simplify preparations and coordination. Rather, we should view
planning as a learning process which helps us to understand how to exploit various
possibilities an uncertain future may hold... The sign of a good plan is that it gives
you situation awareness, direction, and the flexibility needed to adapt successfully
to a changing situation.”
Marines believe that they “should plan far enough into the future so that we can
maintain the initiative and prepare adequately for upcoming actions, but not so far
into the future that plans will have little in common with actual developments.
Planning ahead is less a matter of trying to direct events, and more a matter of
identifying options and possibilities.”
In sum, “the goal of planning is to provide options for the commander to face the
future with confidence. The measure of a good plan is not whether it transpires as
designed, but whether it facilitates effective action in the face of unforeseen events.”
Finally, mission command and control has a clear implication for organizational
structure: “Headquarters staff should be kept small. The larger and more
compartmented the staff, the more information it will require, and the longer it will
take to perform its function.”
Competing on the Edge
Competing on the Edge3 is a recent book by Kathleen Eisenhardt, a professor at
Stanford Business School and Shona Brown, a former student of hers. Subtitled
“strategy as structured chaos”, is intended to help companies compete in “high
velocity environments” where change is pervasive and fast. The authors make a
number of recommendations for putting into practice ideas grounded in the theory
of complex adaptive systems. These ideas are summed up in ten rules:
1.

Advantage is temporary. “Managers who compete on the edge understand
that competitive advantage is fleeting, and so they focus on continuously
generating new sources of advantage.”
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2.

Strategy is diverse, emergent, and complicated. “Strategy is not a single,
simple approach to the marketplace. It is a diverse collection of moves that
are loosely linked together in a semi-coherent strategic direction. Managers
who compete on the edge let strategy emerge, then shape and articulate it.
They make a variety of moves, observe what happens, and follow through
with the ones that are successful.”

3.

Reinvention is the goal. Managers who compete on the edge look for
opportunities to reinvent their businesses and then let profits follow. They
worry about finding new ways to create value, but not necessarily about
being the most efficient firm. This shows up in performance measures such
as sales of innovative products, market share gains and sales growth relative
to leading competitors...The emphasis on reinvention does not imply that
profits are forgotten...only that reinvention is the smarter path toward long
term profitability.”

4.

Live in the present. “The present is the most important time frame...The
approach to managing today is to minimize structure. Managers who
compete on the edge structure their businesses as little as possible...A few
strict rules and a few slavishly monitored operating variables...indicate
necessary, but minimum structure...These managers use just enough
structure to keep things from flying apart.”

5.

Stretch out the past. Managers who compete on the edge learn more from the
past than their counterparts...They keep their product and service platforms
in the market longer than others, exploit derivative products more effectively,
and extend their offerings into new geographies and customer segments more
frequently...Wide use of the past diminishes risk and frees resources to focus
on new ideas...However, while using experience, these managers guard
against becoming locked into dated competitive models.”

6.

Reach into the future. “Managers who compete on the edge...[have] a longer
time horizon than most others. Driven by a belief that the future is
unpredictable, they launch more experimental products and services, create
more strategic alliances focused on nascent markets and technologies, and
employ more futurists than other firms. Driven by a paranoia that the future
is constantly changing, they revisit the future often...Yet at the same time
they are not entranced by the future at the expense of the more important
present.”

7.

Time pace change. Managers who compete on the edge pace change in their
business with the passage of time as well as by the occurrence of events.
They understand that pace is a critical strategic weapon...If they cannot set
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the pace, they try to match their tempo of change with the demand of the
market and the rhythm of other firms. Managers who compete on the edge
understand the power of rhythm to get their businesses into a groove and
keep them there.”
8.

Grow the strategy. “Managers who compete on the edge...do not build all the
pieces of their strategy at once...They begin with their current business, then
work to incorporate the past and link future opportunities, and conclude with
time pacing. These managers never start with the future...they start with
the basics of today.”

9.

Drive strategy from the business level. “The mindset is business level driven
strategy and accountability. Business managers control both parts of the
strategy: ‘where do you want to go?’ and ‘how are you going to get there?’
Managers realize that in high velocity markets, strategy cannot be driven top
down.”

10.

Repatch businesses to markets and articulate the whole. “Any neat match of
businesses with markets is all too fleeting in a world where opportunities
come and go, collide and divide...This constant flux creates the challenge of
continually reexamining the make up of individual businesses and their
matches with markets...Continuously realigning businesses with emerging
opportunities and articulating and occasionally shaping emergent strategy
are the principal responsibilities for managers who compete on the
edge...Pattern recognition and the articulation of the essence of patterns are
the skills that can be found at the heat of the senior manager’s job.”

To further elaborate on the patching idea, as described by Stuart Kauffman it is
basically coevolution applied at the organism (or organization) level. As he
describes it, “the approach is simple. Take a hard conflict laden problem in which
many parts interact (eg., high N and high K) and divide it into a quilt of nonoverlapping patches (which reduces K). Connect each patch to its immediate
neighbors. Then try to optimize each patch. As this process unfolds, the coupling
between parts across patch boundaries will mean that finding a good solution in one
patch will change the problem being solved by the parts in the adjacent patches...If
patches are too few, you will get a stable equilibrium; if there are too many, you will
end up with red queen chaos. The goal is to find the number of patches that results
in the system operating in the phase transition between stability and chaos.”4
Crisis and Renewal
Subtitled “meeting the challenge of organizational change”, Crisis and Renewal5 is
another recent management book that is based in part on the application of ideas
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from the world of complex adaptive systems. What makes this book particularly
interesting is the background of its author, David Hurst, who was for many years a
line manager in a large firm. Unusually in the management literature, Hurst
describes change as a continuous cyclical process rather than a sequential linear
one. Here is the graphic he uses to describe it:

As Hurst describes it, “the first feature of the ecocycle model is that it splits the
process of organizational change into two half-loops. The front (performance) loop is
the conventional life cycle (points 8 through 3). The back (learning) loop is a less
familiar renewal cycle of death and reconception (points 4 through 7).” In terms of
the numbering of the phases of the cycle, Hurst made the strategic management
phase number one “because that is where most management textbooks start.”
“The performance loop of the organizational ecocycle is identical to the conventional
lifecycle... The entrepreneurial phase of the cycle is characterized by the reduction
of [successful experiments] into a repeatable formula, which is then extended. Once
an organization is established, its conventional life cycle is dominated by a rather
lengthy [strategic management phase] during which managers can behave as
instrumentally rational actors. During this phase of the cycle, organizational
growth may be fairly smooth and linear. The fundamental purposes of the
organization are seen as economic and hence calculable. All action is (or should be)
a means to economic ends...[During this phase], a manager is continually trying to
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fit a relatively well defined organization to its environment; the emphasis is on
planning and control.”
“However, once the growth in overall demand slows, the [conservative phase begins
and the] competitive premise becomes ‘more of the same’... Managers tend to
restrict activities to those that have proved to work. Considerable effort and capital
is invested in describing these activities and embedding them in technology and
formal organizational procedures to perpetuate their performance ... [During this
phase] the organization will specialize, ‘stick to its knitting’ and emphasize
efficiency ... Activities within the system become tightly connected with each other
via technology of all kinds, and there is limited variety in the way procedures are
performed ... Managerial discretion within the system becomes more and more
reduced ... [However], in the process of institutionalizing their successes and
pursuing efficiency, however, conservative organizations sacrifice resilience and
flexibility and become more vulnerable to catastrophe.”
“The next phase of an organization’s life cycle is characterized by crises,
discontinuities, and wide fluctuations in variables such as sales and prices that
have traditionally been stable ... Managers’ feelings of fear and uncertainty contrast
unfavorably with the feelings of control and even omnipotence that characterized
the previous phase of the cycle ... The confusion phase of the cycle breaks the
constraints that bound the organization in the final phase of the conventional life
cycle (e.g., a compensation system that rewards the wrong kind of behavior, an
information system that supplies inappropriate data, and a human resource system
that attracts and promotes people who have been selected for their ability and
willingness to preserve the status quo, not challenge it).”
“Confusion sets the stage for the emergence of a values-based, charismatic leaders
who model the behavior they expect from others. This values based leadership
seems to be essential to the attraction of creative people and the development of
contexts that nurture innovation and entrepreneurship … Individual efforts,
previously self-centered, now become connected with important values and take on
new significance ... This allows the formation of a loose network of creative people
held together by shared values and an emerging vision of a common purpose. With
the emphasis on learning and the options for the future this generates, the renewed
organization regains the ability to choose between different courses of action, and
moves back into the entrepreneurial phase of the performance loop.”
Conclusions
This issue of Management Insights and the one before it have focused on the issue
of how to make organizations more adaptive and better able to cope with surprising
changes in their environment. While the business world seems awash in unproven
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“magic bullet” solutions to this problem, we have tried to show that there are, in
fact, valid and valuable research findings in this area, as well as a number of
approaches to practically applying them. From our extended review of these
materials, a number of key conclusions have emerged:
•

Uncertainty is not something “out there”; rather it is an inherent part of the
coevolving systems in which organizations operate.

•

The underlying cause of this uncertainty is the nonlinear nature of these
systems, and their consequent tendency toward states of disequilibrium.

•

Within this context, organizational adaptation results from not one, but four
processes which operate over very different time frames and are subject to
varying degrees of management influence.

•

Given the nature of the system within which organizations operate, we need
to recognize the limitations of many analytical techniques which work best in
linear or only slightly non-linear contexts.

•

This does not mean, however, that we are doomed to stumble blindly into the
future; rather we need to change our expectations about the nature of the
foresight we can reasonably expect to develop. While it is not possible to
forecast specific outcomes over anything more than a very short time frame,
it is possible (eg., through use of simulation or scenario techniques, or the
application of power laws) to develop an understanding of how coevolving
systems as a whole function, the boundaries that define the range of possible
futures they could produce, and the threats, opportunities, and options
contained within those boundaries.

•

There are also approaches that can help us to effectively manage our
organizations in the face of this irreducible uncertainty. In the short term, we
can use approaches like mission command and control to maximize
organizational initiative and adaptiveness within a goal driven framework.
In the medium term, we can manage connectivity, both internally (eg.,
through patching) and externally (eg., through the structure of our alliances
and intensity of our relationships with customers, suppliers, and producers of
complementary products and services). In the long term, we can expect to
pass through renewal cycles, and take steps to both induce them and to lead
them effectively.

•

Our approach to control needs to recognize that it is best focused on the
system as a whole, rather than on its parts, and is best accomplished via a
“mutual influence” process based on guidance and feedback.
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Finally, all of the above make clear that at the personal level, one of the most
important functions of leaders is to both absorb and help subordinates to cope
with the relatively high levels of personal anxiety that can be created by the
irreducible uncertainty that is a dominant feature of the systems in which
their organizations operate.
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