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Mastering the Mess

We frequently find ourselves immersed in intransigent situations
whose resolution demands a disruptive innovation. There are useful
strategies for these situations.

ave you ever found your-

self in a mess—a difficult

situation from which you
would like to extricate, but there
is no obvious way out? I will dis-
cuss here some recent findings
from our innovation project that
shed light on effective strategies
for finding paths out of messes.
Because there is a strong link
between big messes and major
innovations, mastering the mess is
likely to help you create your next
innovation.

Let’s start with examples. Most
of the great innovations of comput-
ing were responses to messes that
once existed. The digital electronic
computer, for example, was moti-
vated by two messes that arose dur-
ing World War II—overwhelming
stress on hand calculator teams to
rapidly produce accurate ballistic
tables for a growing arsenal of
munitions, and devastating surprise
attacks that the Allies could not
block because the Enigma cipher
hid German communications.
Table 1 lists a few computing
messes and the innovations that
resolved them. All these innova-
tions were social revolutions, sup-
ported to varying degrees by new
technologies: large communities of

people had to buy into new think-
ing and adopt new practices.
Messes are worse than prob-
lems. The word “problem” often
refers to a difficult situation, but
usually with the expectation that
solving the problem will end the
difficulty. Messes are complex and
inscrutable. There is no agreement

on whether the mess manifests a
single problem or the convergence
of many. With a mess, the prob-
lem is that we don’t know to
characterize it as a problem.

THE FAMILIAR MESs
Our world today is awash in
messes. My students have no
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trouble listing dozens of them.
They are not hard to spot—Table
2 lists the most common signs. A
few notable contemporary exam-
ples of messes are: user interfaces

Mathematicians spent a century searching for a
universal language for deciding which statements
are true.

The military could not break codes or calculate
numerical ballistic tables accurately.

Computer manufacturers could not stop virtual
memory systems from thrashing.

Software designers could not locate timing-
dependent bugs lurking in parallel systems.

Communication engineers could not establish
reliable long-distance communications.

Communication engineers could not establish secret or

authenticated communication in the open Internet.
Application designers could not find fast algorithms
for the burgeoning number of computational problems
in business, engineering, and science.

Computer users could not share information
among computers and each other.

Communication engineers could not compress
data beyond Shannon entropy limit.

Computer science departments losing many
systems professors to industry.

Computer architects could not make computing
inexpensive enough for universal access.

Avrtificial intelligence researchers could not convince

federal funders to support machine intelligence research.

Computational scientists wanted to start their
own field.

(the “GUI mess”); identity theft;
securing networks against attack;
spam; information overload; get-
ting dependable, reliable, useful,
safe, and secure software; getting
large hastily formed networks for
disaster relief to work effectively;
inspiring young people to take
up careers in computer science
(“enrollment crisis”); global
warming; and discovering terror-
ist plots beforehand. If history is
a guide, each of these will engen-
der a major innovation. Entre-
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preneurs know this well: they
dive into messes they care about,
knowing they have a ready mar-
ket when they find ways out.
Long-term messes become so

Godel’s incompleteness and Turing’s
noncomputability theorems initiated notion of
fundamental limits on computation (1930s).

Electronic digital computers (1940s).

Principle of locality showed how to limit load
by recognizing working sets (1960s).

Concurrency theory solved races, synchronizations,
mutual exclusions (1960s).

Reed-Solomon codes corrected long bursty
errors (1960s).

Public key cryptosystems and key distribution
protocols (1970s).

Principle of complexity classes showed that there
are no fast algorithms and we have to get by with
heuristics (1970s).

Internet (1970s); Web (1990s).

Lossy compression preserving valued bits enabled
small sound and video files (1980s).

NSF support of experimental CS (1980s).

Computer utilities (1960s), silicon chips, and
personal computers (1980s).

Concentrate on systems verified experimentally to
mimic intelligent behaviors effectively (1990s).

High-performance computing and communication

initiative united everyone under common umbrella
(1990s).

Table 1. Past computing messes and the
ways out.

familiar they look normal to most
people living in them. In the
absence of a means to fundamen-
tally change the mess, people
change themselves. They accept
the mess as part of reality and
build their worlds around it. This
is why a disruptive innovation that
promises an end to the mess is so
threatening: it challenges every-
thing connected with the mess,
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including social power structures

and deep beliefs.

ARE ALL MEsses RESOLVED BY
DISRUPTIONS?

There are two broad classes of
innovations. Sustaining innova-
tions are continuous improve-
ments; because they achieve
lower costs and greater efficiency,
they are likely to be socially
acceptable and valued. Disruptive
innovations shift to new para-
digms (new belief systems and
practices); because they change
who has power, they are likely to
be resisted and not win immedi-
ate social acceptance. In fact, the
resistance to disruptive innova-
tions helps perpetuate the mess.

The distinction is widely under-
stood and frequently discussed. In
The Innovators Dilemma, Clayton
Christenson demonstrates that
many disruptions begin with a
competitor going after the estab-
lished companies’ low-end business
[1]. In Creative Destruction, Richard
Foster and Sarah Kaplan discuss
how winning companies allow
themselves to be disrupted in order
to maintain strong market positions
(3]. In Warfighting and Disruptive
Technologies, Terry Pierce concludes
that successful disruptive military
innovations occurred because their
leadership initially disguised them
as (socially acceptable) sustaining
innovations [5].

In the military, continuous aim
gunnery (circa 1908) illustrates a
sustaining innovation and aerial
bombing (circa 1922) a disruptive
innovation [5]. In the computing
business sector, the continuing



evolution of chips according to
Moore’s Law (circa 1965) illus-
trates a sustaining innovation, and
Amazon.com (circa 1995) and
iTunes (circa 1999) illustrate dis-

Disordered condition

No obvious problem statement

No apparent causal relationships

Ad hoc, incompatible solutions
Improvements don’t work

Little or no progress despite huge effort
Feeling stuck

Confusion

Discord, conflict, turmoil

Controversy

Some people think the mess is normal
Table 2. Signs of mess.

ruptive innovations. By allowing
authors and artists to sell titles
directly without going through a
publishing house, Amazon.com
and iTunes are disrupting tradi-
tional publication processes. Both
were initially presented as sustain-
ing innovations (online stores) and
have now accumulated sufficient
market power that the disruption
cannot be blocked.

Sometimes it’s not immediately
clear whether an innovation is sus-
taining or disruptive. Distance
learning is an example. To many
educators, distance learning looks
like a natural extension of existing
teaching practices. And yet many
people react to it as if it were a dis-
ruption. The current state of affairs
with distance learning bears many
of the characteristics of a mess.
This means that the people work-
ing to advance distance learning

would be better oft applying the
strategies discussed in this column
than offering more analyses and
lists of benefits.

Messes seldom persist indefi-
nitely. The beginning of a mess’s
resolution is marked by a transfor-
mational event, such as introduc-
tion of a new technology or a new
social practice (see the figure here).
In most of the examples listed in
Table 1, the transformational
events were new technologies. We
are today enjoying their settle-
ments; the messes are gone, and
the technologies are so well inte-
grated into everyday practice that
we seldom notice them.

Now, the key observation is that
transformational events usually
turn out to be disruptive innova-

who believed that expensive com-
puting was creating a mess of the
computing-haves and computing-
have-nots saw the resolution in the
relentless chain of sustaining inno-
vations known as Moore’s Law.
Nonetheless, when confronted
with a mess, the odds are that it’s
an opportunity for disruptive inno-
vation. Turning this opportunity
into action is easier said than done.
The historical observer (“A” in the
figure) can easily see the mess, the
transformation, and the settlement.
But what about observer “B”? All
that person can see is the mess
itself. The transformational event
may already have occurred, but,
lacking the historian’s perspective,
this observer cannot recognize it.
B’s predicament is much like
that of a person
thrown into a

- labyrinth. B
mess settlement E> cannot see the
integration A labyrinth as a
&* whole and has

transformational

B event

The mess and its two observers.

tions. The reason is that the para-
digm (belief system) in which
people are living cannot resolve the
current situation. All attempts to
resolve the issue with sustaining
innovations have failed. The peo-
ple cannot see beyond their mental
framework to a big enough picture
that would enable a resolution.
While most messes resolve after
a disruptive innovation, a few are
resolved by ongoing sustaining
innovations. For example, those

no idea which

way to move at

a junction or
how long it might take to exit. A,
who can see the labyrinth as a
whole, has no such difficulty. The
best B can do is devise a good
strategy for traversing the
labyrinth so he can exit in the least
possible time without retracing
any paths.

ARE ALL DISRUPTIONS

PRECEDED BY MESSES?

Although the transformation pat-
tern is common, the mess is not
a necessary precondition for dis-
ruptive innovation. Many inno-
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vations arise from other condi-
tions and motives. For example:
Someone serendipitously stum-
bles onto something wonderful
(penicillin). Someone envisions a
whole new potential (Alan Kay’s
Dynabook led to laptop comput-
ers). Someone creates a new
social entity that unleashes cre-
ativity and new values
(Mothers Against
Drunk Driving). Some-
one seeks an inexpen-
sive way to give to the i
many what only the
well-to-do can afford i
(Unix, Internet tele-
phony, low-cost inkjet
printers); many disrup-
tive innovations arise
from this source [1].
Many innovators
whose work could be explained in
this way actually saw themselves as
dealing with a mess. The percep-
tion of a mess can be a powerful
motivator. The strategies discussed
here can be quite effective in help-
ing them attain their innovations.

Category

CATEGORIES OF MESs

Messes come in four categories
(see Table 3) [4]. Unfortunately,
only the historical observer can
see exactly what kind of mess it
was. You need adaptive strategies
that don’t depend on which type
of mess you're in. For example,
you can set out to learn every-
thing known about the mess. If
your mess is Category I or II,
you'll sooner or later discover the
solution knowledge and bring in
an expert to help you deploy it for
your mess. If your mess is Cate-
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gory III, you won' find an expert,
but you will find that the con-
founding “system” responds in the
same way every time you probe it
with the same experiment. In
Category 1V, the confounding
“system” will adapt to your probes
and will not respond the same
way; it will appear chaotic.

Characteristics Actions

Solution knowledge exists in Redirect attention.

your own domain.

Solution knowledge exists in
another domain.

No solution exists in any
domain; system is very
complex but responds the

same way to repeated stimuli. discovered.

No solution exists in any
domain; system is chaotic and
adaptive, does not repeat
patterns under the same probes. system.

Table 3. Categories of mess.

One thing is for sure: you will
need higher levels of skill to work
with the higher categories of mess.
You can recognize Category III
because repeating an experiment
repeats the same outcome. You
can then formulate a strategy
based on the repeating patterns
you observe in the experiments.
This is an empirical process of dis-
covery, the scientific method at
work. Sometimes the patterns
needed to resolve the mess cannot
be observed with current methods;
only with finer instruments will it
become possible to make finer dis-
tinctions. Throughout most of the
1800s, for example, physicists
were at odds over whether light
traveled in a medium called ether.
They could not answer because
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Find an expert. Become an
expert and design own solution.

Explore for recurrent patterns by
probes and experiments, design
resolution around patterns

Try to organize the local parts
of system, then to spread the
new organization to the larger

they lacked the instruments to
measure ether. In 1887, the
Michelson-Morley experiment
provided the instrument. That the
instrument could not detect the
ether became part of Einstein’s
inspiration for relativity, in which
light travels at the same speed in
all frames and there is no ether.
Category III messes
demand a level of skill
comparable to a scientist
at the cutting edge who is
capable of inventing new
ways to interpret the data.

Category IV demands
the highest level of skill.
The messy system adapts
and changes as it is
probed. It tends to thwart
attempts to change the
mess. The innovator must
look for ways to bring about
local, mess-free organization that
can be propagated to the whole.
This requires astute networking
and political skills. Nancy
Roberts refers to Category IV
messes as wicked problems [6, 7].
Wicked problems defy repeated
attempts to solve them. They
demand skilled political and
social leaders who can bring
about new social agreements and
new organization within the sys-
tem. In 1980, Candace Lightner
founded Mothers Against Drunk
Driving to confront the mess in
the legal system that tolerated
drunk drivers and their carnage.
Lightner and her colleagues
showed great skill in attracting
media attention and in gaining
the support of politicians for new
laws (see www.madd.org.)



STRATEGIES

To find a way out of a mess,
you'll need an innovation. I've
already discussed how innovators
rely on seven foundational per-
sonal practices [2]. However,
because messes are complex and
inscrutable, we need higher-level
strategies to deal with them; six
are described here.

Declare. You must begin by
declaring that you see a mess and
intend to do something about it.
Your declaration is needed
because many people find the
mess to be completely normal
and see no point in fighting it.
Your declaration will mobilize
others who may be willing to join
you in the struggle.

Learn all about. Make yourself
a student of the mess. Learn every-
thing you can about it. Read
what’s been written, talk to people
about what they know, gather
data, perform experiments. Even-
tually, you'll either come across an
expert who can solve it for you, or
you'll figure out its a Category III
or IV mess and need a team with
the right expertise. When you
become an expert on the mess,
you'll see patterns that no one else
has seen, which you can exploit to
find a way out.

Question the paradigm. The
“paradigm” is the belief system in
which everyone is operating. The
existence of a mess is strong evi-
dence that the paradigm is not
able to resolve the problem and in
fact may be the cause of the mess.
Therefore, try to identify all the
assumptions in the belief system
and see if any of them is question-

able in the current situation. Pay
special attention to anomalies;
they reveal the limitations of the
paradigm.

Think together. You need to
look outside the current paradigm
to find a solution to the mess. But
you don’t know what “outside”
looks like; you are blind to what’s
outside and lack the language to
discuss it or even think about it.
So bring together people who look
at the world in different ways and
are willing to think it through
with you. Chances are that the
group will see something together
that no individual saw alone. Col-
laborate with them on a solution.

Lead. All the declarations,
learning, questioning, and thinking
will come to naught unless some-
one steps up to lead the change. If
that’s not you, youd better con-
vince someone else to do it.

Disguise. This is Terry Pierce’s
advice. Assuming you do find a
path out of the mess, you are quite
likely to encounter resistance to
your proposed disruptive innova-
tion. So find a way to make it
blend in with what people find
familiar. The more it blends in the
less likely it will inspire resistance.
You can get enough of a critical
mass of people buying in to sus-
tain the innovation when other
people start to recognize the dis-
ruptive nature of your plan.
(Think of Amazon.com and

iTunes as examples.)

CONCLUSION

I have discussed messes, which are
difficult, intransigent situations
that people want to exit but feel

stuck in. While some messes may
be irresolvable, we can often find
ways out of messes through six
basic strategies.

Human adaptation to the mess
explains the hostility that often
greets the disruptive innovator.
Their innovations challenge peo-
ple’s identities and social power
structures. The hostility comes as a
great and sad surprise to many
innovators, especially those who
focus on the technical problem
and not on the people. This social
characteristic of reaction to mess
disruptors explains why Pierce
proposed the disguise strategy. @

REFERENCES

1. Christenson, C. The Innovator’s Dilemma.
Harvard Business School Press, 1997.

2. Denning, P.J., and Dunham, R. Innovation as
language action. Commun. ACM 49, 5 (May
2006), 47-52.

3. Foster, R., and Kaplan, S. Creative Destruction.
Currency, 2001.

4. Kurtz, C.F. and Snowden, D.J. The new
dynamics of strategy: Sense-making in a com-
plex and complicated world. IBM Systems J. 43,
3 (Mar. 2003), 462-483.

. Pierce, T. Warfighting and Disruptive Tech-
nologies: Disguising Innovation. Frank Cass,
2004.

6. Roberts, N.C. Wicked problems and network
approaches to resolution. 7he International
Public Management Review 1, 1 (Jan. 2000).

7. Roberts, N.C. Coping with wicked problems.
In L. Jones, J. Guthrie, and P. Steane, Eds.
International Public Management Reform:
Lessons From Experience. Elsevier, London,
2001.

N

PETER J. DENNING (pjd@nps.edu) is the

director of the Cebrowski Institute for Innova-
tion and Information Superiority at the Naval

Postgraduate School in Monterey, CA, and

a past president of ACM.

© 2007 ACM 0001-0782/07/0400 $5.00

COMMUNICATIONS OF THE ACM  April 2007/Vol. 50, No. 4 25






