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Each Toolbox presents a different systems tool using relevant business examples. Readers are
encouraged o practice using these tools by applying them to issues of personal interest. See page 12

for a symbol key for the diagrams.

ENTRY POINTS TO MODELING:
Listening for “Dilemmas”

by Don Seville

This is the first of several articles in the “Entry Points to Modeling” series that explore
when simulation modeling is most appropriate.

ne of the biggest contribu-

tions that systems thinking

can make is to help managers
build theories about why things happen
the way they do. Actually testing those
theories requires tools such as computer
simulation models, which enable you to
see how different assumptions play out
over time. But because creating a
model can be expensive and time con-
suming, it realistically cannot be applied
to every issue. So how can you deter-
mine when simulation is appropriate?

When to Simulate

In general, simulation modeling is useful
for understanding complex relation-
ships, for developing and testing specific
policies, and for understanding the im-
plications of long time delays on a prob-
lem or issue (see “When to Simulate,”
April 1995). While these general
guidelines give you a sense of why mod-
eling can be useful, they don’t tell you
when a particular problem you're work-
ing on can benefit from simulation
modeling.

That is why experienced practition-
ers watch for certain signals that indi-
cate when it is time to move into simu-
lation modeling. One such entry point
is to listen for organizational “dilem-

»

mas.

A “dilemma” occurs when a group
is aware of multiple consequences of a
policy or strategy, but there is no clear
agreement around which consequence is
strongest at what point in time. In such
a situation—where there are strong pas-
sions around a specific issue and the or-
ganization or team is “stuck” at its cur-
rent level of understanding—simula-
tion modeling has the potential to be
very effective. The following six-step
process describes how modeling can be
used to resolve such dilemmas.

1. Identify the Dilemma
The first step is to listen for situations
where there are two different theories
about the consequences of a decision
(for more on this process, see “Using
Systems Thinking ‘On-Line”: Listening
for Multiple Hypotheses,” August
1995). Dilemmas are often character-
ized by one party strongly advocating for
a decision or strategy, followed by pub-
lic disagreement or private mumbling
about how that action will cause just
the opposite of the intended outcome.
For example, the plant manage-
ment team of a major component sup-
plier wanted to “load the plant”—that
is, continually push sales in order to
maximize the plant’s capacity usage.
But others expressed concern that load-

ing the plant might create other prob-
lems that would affect both quality and
service.

2. Map the Theories
Once you have identified the dilemma,
it is important to clarify the issues in-
volved by explicitly mapping out each
of the viewpoints using causal loop dia-
grams or systems archetypes. For ex-
ample, in the plant capacity issue, the
strategy behind loading the plant was to
increase sales in order to maximize the
capacity utilization of the plant, until
the available capacity falls to zero and
no more sales can be filled (Bl in
“Theory 1: Loading the Plant”). The
benefit of this strategy is twofold: by
increasing sales, the plant will boost
profits (R3); and by increasing the ca-
pacity utilization, the cost per unit will
fall, which increases profits and allows
more investment in plant capacity (B2).
However, other people felt strongly
that if plant utilization remained too
high, the ability to respond to customer
changes (flexibility) would go down,
eventually hurting the company’s repu-
tation as a supplier and leading to a de-
cline in sales (B4 in “Theory 2: Unin-
tended Side-Effects”). They also
believed that loading the plant would
cause the stress level in the organization
to rise, eventually eroding quality and
further hurting their reputation (B5).

3. Assess Dynamic Complexity
Some situations of “multiple hypoth-
eses” resolve themselves when the dif-
ferent parties work together to map out
each story and find that one is clearly
more accurate. But in cases where both
sets of interconnections are plausible
and the uncertainty or disagreement
still exists, further work is needed to
resolve the dilemma. If the uncertainty
is simply around a number (such as ac-
curate cost data) or the probability of
one outcome versus another, it is a
static problem and techniques such as
decision analysis may be appropriate.
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Simulation modeling, on the other
hand, is most effective where there is
some degree of dynamic complexity—
where the link between cause and effect
is subtle and the implications over time
are not obvious.

To check for dynamic complexity,
ask if the uncertainty or disagreement is
around what feedback loop is dominant
at what time—in other words, the long-
term impact might be different than the
short-term effects. If this is the case,
then some degree of dynamic complex-
ity exists and it is appropriate to move
into simulation modeling. In the manu-
facturing example, a key area of uncer-
tainty was the effect of various capacity
utilization strategies on the company’s
reputation (and therefore sales) over
time. The importance of this time delay
indicated a degree of dynamic complex-
ity that could benefit from a simulation
approach.

4. Developing the Simulation
Model

At this point, you are now ready to
move into the development of the
model. First, you want to focus the
model-building effort by asking, “What
do we need to learn in order to be able
to resolve the dilemma?” Stating the
objective up front will guide the rest of
the process.

Once you have established your
objective, you can define the boundaries
of the simulation model by identifying
the key decisions (critical policies that
the organization makes), the important
indicators (what you need to see from
the system to assess the decision), and
the uncertainties (most fragile assump-
tions about the relationships or outside
world) associated with the dilemma.

In the capacity utilization example,
the parties recognized that the dilemma
would be resolved when they knew both
the short- and long-term impact of dif-
ferent capacity utilizations on sales and
profits. Their primary decision was to
select a particular utilization goal (de-

sired production relative to capacity),
which could be assessed by looking at
the long-term behavior of sales and
reputation. The company’s key uncer-
tainties included demand and customer
sensitivity, because they didn’t know
exactly how the market would evolve,
and the impact of different utilizations
depended heavily on their assumptions
about the customer’s sensitivity to price,
quality, and flexibility.

Once you have established the fo-
cus and bound-
aries of the

time. At this stage, you are attempting
to be divergent—trying out many pos-
sible scenarios, any of which can lead to
new questions and experiments.

Using the simulator they had de-
veloped, the management team was
able to test different capacity utilization
levels, using various assumptions about
the market and customer “sensitivity.”
In the first scenario, the group made
two simplifying assumptions: that there
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(For more on the
actual mechanics
of model build-
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Theory 2: Unintended Side-Effects

By increasing sales, the management team hoped to maximize
capacity utilization, which would decrease the cost per unit,
thereby increasing profits and enabling additional investment in
plant capacity (B2).
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If capacity utilization remains too high, quality and fiexibility
may be adversely affected, eventually hurting the company’s
reputation as a supplier and leading to a decline in sales (B4
and BS5).
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would be no change in overall market
size, and that the organization could not
build new capacity. They then ran the
simulator, testing four different capacity
utilization “goals™ 70%, 75%, 78%,
and 82% of maximum possible capacity.

When they ran the simulation,
they discovered that when the plant is
running at 70% or 75% of its maximum
capacity, it is able to maintain a set
level of production. But at 78% or
82%, an unexpected oscillation oc-
curred—after a short period of time, the
number of orders began to drop dramati-
cally, and then gradually rebounded (see
“Scenario 1” in “Capacity Utilization
Scenarios”).

From these results, the group hy-
pothesized that at higher capacity utili-
zations the plant is less flexible in meet-
ing customer demands, which affects
the company’s reputation and leads to a
decline in sales. Once the number of
orders falls below the utilization goal,
the plant then has time to improve flex-
ibility and quality. Over time, its repu-
tation and sales gradually rebound until

once again it is in a situation with high
capacity utilization but low flexibility—
and the cycle begins again.

In the second scenario, the group
tested the same four capacity utilization
goals, but with new assumptions: that
the market would grow steadily, and
that the company would expand capac-
ity when the forecasted demand ex-
ceeded the current capaciry (see “Sce-
nario 2”). To their surprise, when they
ran this simulation, they found that a
lower utilization goal actually leads to
far more sales in the long run. From this
they hypothesized that at a lower utili-
zation, there is a greater unfilled de-
mand, which leads to more optimistic
forecasting and investment, more plant
capacity, and a better reputarion as a
growing reliable supplier.

6. Convergence: Resolving
the Dilemma

Testing various scenarios allows you to
explore assumptions and gather data.
But understanding more about behavior
over time is only useful if it helps move
toward resolution of the dilemma.

Therefore, the divergent phase should be
followed by a convergent phase, in which
the group closes in on the policies that
produce the most desirable short-term
and long-term behavior for the most
likely future scenarios.

In the plant capacity example, the
team discovered that there was an opti-
mal capacity utilization level, above
which the organization created unde-
sired oscillation. The resolurion to
their dilemma was to set capaciry urili-
zation at a level that balanced the need
to load the plant with the need to main-
tain flexibility and a high company
reputation. In this case, the use of a
simulation model enabled the team to
productively address an issue that had
been a long-standing dispute in the
plant, and to develop a policy that was
acceptable to all of the involved parties. @]

Don Seville is a research affiliate at the
MIT Center for Organizational Learning and an
associate with GKA Incorporated.

Many of these ideas emerged from con-
versations with Jack Homer of Homer Consult-
ing, Inc., who also collaborated on the design
of the model.

Editorial support for this article was
provided by Colleen P. Lannon.
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In this scenario, when the plant is running at
70% or 75% of its maximum capacity, itis able
to maintain a set level of production. But at
78% or 82%, an unexpected oscillation oc-
curs—the number of orders begins to drop
dramatically, and then gradually rebounds.
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The second scenario assumed that the mar-
ket was growing steadily and that the com-
pany would expand capacity when the fore-
casted demand exceeded the current
capacity. In this scenario, a lower utilization
goal (70% of maximum) actually leads to far
more sales in the long run.
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