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ABSTRACT
Complex environmental and ecological problems
require collaborative, interdisciplinary efforts. A
common approach to integrating disciplinary per-
spectives on these problems is to develop simula-
tion models in which the linkages between system
components are explicitly represented. There is,
however, little guidance in the literature on how
such models should be developed through collabo-
rative teamwork. In this paper, we offer a set of
heuristics (rules of thumb) that address a range of
challenges associated with this enterprise, including
the selection of team members, negotiating a con-
sensus view of the research problem, prototyping

and refining models, the role of sensitivity analysis,
and the importance of team communication. These
heuristics arose from a comparison of our experi-
ences with several interdisciplinary modeling
projects. We use one such experience—a project in
which natural scientists, social scientists, and local
residents came together to investigate the sustain-
ability of small indigenous communities in the Arc-
tic—to illustrate the heuristics.

Key Words: interdisciplinary; modeling; ecosys-
tem; collaboration; sustainability; Arctic; integrated
assessment; teamwork.

INTRODUCTION

In the past 100 years, knowledge has become in-
creasingly specialized. This specialization has re-
sulted in tremendous intellectual and technological
gains, but it has also led to increasing fragmentation
in the modern research enterprise (Nissani 1997).
Many of the important issues in society simply can-
not be addressed adequately by a single disciplinary
perspective. This is particularly apparent for issues
with an environmental component, such as water-
shed protection, sustainable development, and cli-
mate change. These issues demand that we take an
integrated view; they are essentially systems prob-
lems. To address systems problems effectively re-

quires us to bridge perspectives and disciplines
(Gunderson and others 1995; Parson 1995) and
deal with complex interacting processes that oper-
ate at different temporal and spatial scales (Holling
1995; Likens 1998). By integrating and synthesizing
knowledge from disparate domains, the emerging
field of integrated assessment (IA) attempts to ac-
complish this goal (Risbey and others 1996).

Within IA, simulation models are commonly
used for synthesizing disciplinary knowledge. They
are by no means new tools for scientists (see, for
example, the work on modeling marine ecosystems
by Riley 1947), and since the early 1970s, the re-
sults of such models have often been made acces-
sible to the general public as well (for example, see
the much-publicized Limits to Growth study by
Meadows and others for the Club of Rome in 1972).
Integrated system models offer three extremely
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useful advantages for interdisciplinary researchers.
First, systems models provide a way to codify
knowledge from different disciplines into a unified
and coherent framework. Second, they encourage
focused and disciplined thinking about the causal
relationships in a system. Third, they allow re-
searchers, ecosystem managers, and stakeholders to
explore how their system may respond to a variety
of scenarios so that responses can be formulated
and management actions can be implemented.
However, system models can only achieve these
advantages if they are developed and used deliber-
ately and thoughtfully.

Developing simulation models is part science and
part craft; there are no general, infallible rules. Dif-
ferent practitioners process their experiences in dif-
ferent ways. In this paper, we offer 10 heuristics for
interdisciplinary modeling that we have developed
over a period of several years through our experi-
ences in a variety of integrated research projects.
The primary audience we have in mind is people
who are not presently engaged in interdisciplinary
research but are interested in moving in this direc-
tion in the future. However, we also hope to stim-
ulate thinking, discussing, and writing about meth-
odology among current modeling practitioners, and
we believe that our emphasis on rapid prototyping
and sensitivity analysis will be of interest to them.

What do we mean by “heuristic”? Polya (1945)
defined this term as “the name of a certain branch
of study” whose aim is “to understand the methods
and rules of discovery and invention.” However, in
this essay, the word is used in the sense defined by
Starfield and others (1994): “a heuristic is a plausi-
ble or reasonable approach that has often proved to
be useful, a rule of thumb.”

In other words, this is a paper in which the find-
ings have been generated inductively from our col-
lective experiences on a range of interdisciplinary
projects rather than a deductive literature review
that investigates the success or failure of other
projects based on whether they did or did not use
these heuristics.

To illustrate our 10 heuristics, we give examples
of lessons we have learned from developing inte-
grated interdisciplinary models for a recent project
investigating the Sustainability of Arctic Communi-
ties (SAC). This project involved a team of 25 sci-
entists (representing eight different disciplines in
both the natural and the social sciences) and resi-
dents from four indigenous Arctic communities in
the Yukon Territory, Northwest Territories, and
Alaska. Research team members came from several
universities and from government agencies. The
goal of the project was to investigate how changes

in climate, tourism, oil development, and govern-
ment funding could affect the sustainability of our
partner communities. The communities themselves
defined their goals for sustainability in the early
part of the project (G.P. Kofinas and others unpub-
lished). These goals included (a) maintaining a
strong relationship with the land and the animals,
(b) developing healthy mixed economies (that is, a
subsistence harvesting economy in parallel with a
cash economy), (c) exercising local control over
land use and resource use in their homelands, (d)
educating their young people in both traditional
knowledge and Western science while also educat-
ing outsiders about their way of life; and (e) main-
taining a thriving native culture (evidenced, for
example, by the use of indigenous language, respect
for community elders, and spending time on the
land). In other words, the communities saw sus-
tainability not simply in terms of sustainable re-
source use, but also in economic, political, and so-
ciocultural terms. To address this holistic set of
community goals, it was obviously essential to take
an interdisciplinary view of the system. An inte-
grated approach was in any case implicit in the
framing of the original project proposal and in the
range of disciplinary scientists included in the re-
search team. Their expertise covered the fields of
vegetation ecology, caribou biology, caribou behav-
ior, household economies, cultural ecology, social
anthropology, policy analysis, Arctic tourism, and
natural resource modeling.

The emphasis of this paper is not on the SAC
Project itself, although examples will be drawn
from that project to illustrate our heuristics. Also,
the heuristics given here relate primarily to scien-
tists working with other scientists on interdiscipli-
nary projects rather than to scientists working with
stakeholding. The SAC Project not only served to
bring scientists together, but also involved residents
of indigenous Arctic communities. A companion
paper to this one (G.P. Kofinas and others unpub-
lished) offers heuristics for researcher–stakeholder
interactions and for synthesizing local knowledge
and science. Finally, although we discuss various
aspects of teamwork and collaboration, our focus is
not on collaboration generally (as in, for example,
Gray 1985, 1991 or Kofinas and Griggs 1996) but
on the process of the collaborative development of
synthesis models.

Heuristic 1. Know what skills to look for when recruit-
ing an interdisciplinary team. It is not a foregone
conclusion that any given team of specialists will
work together effectively to produce a tightly inte-
grated view of a system. Indeed, there are many
challenges and obstacles that must be addressed
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before a variety of scientists can work together ef-
fectively in an interdisciplinary mode. Among these
obstacles is the problem of cross-discipline commu-
nication, since specialists are used to interacting
with peers from within their fields who share a
common view of the issues and a common lan-
guage for discussing them. The problem of commu-
nication will be addressed in heuristic 9, but it is
also relevant here because it can be a stumbling
block when choosing and recruiting team members.
To foster good communication among prospective
team members even at the recruitment stage, it is
essential to develop a prototype conceptual model
of the system (see heuristic 3).

A major obstacle to interdisciplinary work is that
scientists are trained and socialized from their grad-
uate school days to focus on narrow, tractable prob-
lems within clearly defined boundaries. They are
taught how to identify problems that lie on the
cutting edge of their discipline, and they learn ap-
propriate methods for solving these problems. In
other words, using Holling’s (1996) distinction be-
tween the science of parts and the science of the
integration of parts, scientific training is essentially
an induction into the methods and norms of the
science of parts. In the science of parts, investigators
within a discipline focus on a narrowly defined
question with the goal of reducing uncertainty to
the point of consensus. In contrast, the science of
the integration of parts calls for people who are com-
mitted to studying a complex system by focusing
not so much on the individual components of the
system as on the interrelationships among its com-
ponents. Although it is often true that outstanding
interdisciplinarians also have very high reputations
within a specialist field, the best disciplinary minds
are not necessarily the best interdisciplinary team
members. Interdisciplinary projects are intellectu-
ally demanding in a different way from classic re-
ductionist science, and they need at least some big-
picture researchers who will creatively explore the
linkages and interfaces between their own disci-
pline and other fields of inquiry in which they may
themselves have no special expertise.

Another key attribute of a good interdisciplinary
team member is the ability to simplify what is
known and, when necessary, guess at the unknown
(see heuristic 8). These activities call for people with
a deep grasp of their own disciplines: Weak or in-
secure disciplinary minds can frustrate team
progress by refusing to explore linkages, to simplify
their field, or to guess at unknown factors. Not only
are these activities necessary to make an interdisci-
plinary study a success, but they are often not the
types of activities that their own disciplinary peers

will recognize as valuable contributions to the
scholarship of their field, and publishing their work
may not be easy. Young scientists are particularly at
risk because they have not yet established their
reputation and because the reward systems of aca-
demia bend to favor disciplinary specialists.

All team members who embark on interdiscipli-
nary projects need to be made aware of these kinds
of problems in advance so that they join the team
with realistic expectations, an adventurous attitude,
and a willingness to work at cross-disciplinary com-
munication. For a project leader to know if some-
one is right for the team, he or she should look for
scholars who can see the big picture, whose track
record shows an ability to work with people outside
their own discipline, who are good listeners, and
whose interest in a problem outweighs their con-
cern for career advancement! How can such people
be motivated to participate? One incentive may
simply be an appeal the intellectual satisfaction of
seeing how their disciplinary interests fit within a
larger framework, thereby sharpening their under-
standing of their own disciplines.

Heuristic 2. Invest strongly in problem definition early
in the project. By their very nature, projects that
involve complex systems with many interacting
components lend themselves to multiple focuses.
Different stakeholders often have different percep-
tions of the problem. In addition, each disciplinary
expert has a vested professional interest in defining
the problem so as to give his or her discipline a
prominent role with a bias toward the researcher’s
particular expertise within the discipline. In the
absence of strong leadership, it is far easier to end
up doing multidisciplinary research (where experts
work in parallel with each other without much
meaningful integration) than it is to do truly inter-
disciplinary research. To address this challenge, the
problem needs to be thoughtfully and clearly de-
fined from the outset. This is never a straightfor-
ward exercise, even when there are compelling rea-
sons for the study. The parties involved in problem
definition need to understand that choosing the
focus of an IA project is fundamentally a negotiated
process. For this reason, all the parties (disciplinary
researchers, stakeholders, and funding agencies)
must be given opportunities to exchange perspec-
tives and must be aware of each other’s priorities.

Heuristics 1 and 2 are obviously interrelated. Un-
til you define the problem, you cannot assemble a
team; and until you have a team, you cannot really
define the problem. (This is why we promoted the
idea of developing a prototype conceptual model,
even at the stage of recruiting team members.) The
ideal situation is one in which a small group has the
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opportunity to make an initial attempt to define the
problem and then go on to recruit the additional
expertise necessary. This kind of opportunity re-
quires either project development funding or an
infrastructure that brings the small group together.

In the Sustainability of Arctic Communities
study, the High Latitude Ecosystems Directorate
(HLED) of the US Man and the Biosphere (MAB)
program provided an opportunity for a group of
natural and social scientists to interact with each
other across disciplines and to formulate a rough
and preliminary project definition. The HLED group
of six individuals started discussions 2 years before
the funding opportunity arose and decided to focus
on the combined effects of future climate change
and oil development on barren ground caribou
(Rangifer tarandus) and the indigenous communities
that depend on caribou as a subsistence resource. At
this initial stage, the stakeholder communities were
not directly involved. This was a mistake, even
though several group scientists had worked with
indigenous communities for many years and there-
fore had a good grasp of the issues involved. On the
basis of the preliminary problem definition, the
group obtained permission from the US MAB com-
mittee to advertise position descriptions for addi-
tional HLED members with expertise in cultural
ecology, modeling, and caribou biology. As new
people were recruited, they brought new perspec-
tives on the problem, and the process of negotiating
a common focus continued. The stakeholder com-
munities joined the project in the 1st year and
provided an important reality check on our under-
standing of the issues (G.P. Kofinas and others un-
published).

It is extremely difficult to anticipate the appropri-
ate problem definition at the outset of a project. In
fact, during the early part of the SAC project, the
participating scientists felt that the target was for-
ever shifting. In hindsight, the team ought to have
built more structure into the negotiation process to
ensure convergence on the problem definition. To
promote clarity of thought and allow the group
members to see whether the initial problem defini-
tion is correct, we recommend the following struc-
tured procedures:

1. Cooperate on the development of first proto-
type “straw” system simulation models, and

2. Submit the current understanding of the sys-
tem to a “peer review” by stakeholders. The
discipline of having to articulate the problem
definition to an audience beyond the team itself
helps to get the ideas clear.

Heuristic 3. Use rapid prototyping for all modeling
efforts. Not only is it hard to define the problem
correctly on the first attempt, it is also extremely
difficult at the start of a new project to discern the
relative importance of each of the components.
Therefore, rapid prototyping of models is essential.
Instead of trying to specify at the outset of the
project precisely what the final model will look like
and what questions it will address, the participants
should recognize that the first year will be devoted
to the development of a prototype model aimed at
clarifying the objectives of the study. Moreover, in
subsequent years, the problem and the model will
be further refined through successive prototypes
(see Schrage 2000 for a number of case studies from
the business world in which prototyping and suc-
cessive refinement consistently led to superior final
products). It is only when project participants see
actual output from the model that they can begin to
grasp the big picture and gain an understanding of
the system dynamics as a whole. This understand-
ing allows them to place their own contributions in
perspective. Furthermore, it is only when a proto-
type model is up and running that the relative
importance of the various components of the sys-
tem or weaknesses in the framing of the original
hypotheses gradually begin to emerge.

For example, the original proposal for the SAC
Project envisioned a model time horizon of 100–
200 years. The revised proposal (with added em-
phasis on the Arctic communities) defined a time
horizon of 40 years. One of the original hypotheses
was that climate change would lead to changes in
summer vegetation biomass and plant community
composition, that caribou herds would be affected
by these changes, and that Arctic communities, in
turn, would be impacted by the caribou. On the
basis of this definition of the problem, a set of
sustainability indicators was developed; these in-
cluded plant biomass, caribou herd size, hunters’
time-on-the-land, and seasonal caribou harvest.
We designed a synthesis model that would address
the problem as it had been defined. However, in the
process of developing and testing the model, we
discovered that there are time lags of 50–100 years
before any substantial simulated effects of climate
change are apparent at a plant community or bio-
mass level (Epstein and others 2000); within a 40-
year time horizon, climate-related vegetation
changes were therefore almost insignificant. We
also learned from the initial modeling exercise that
as long as the caribou herd size is above a certain
threshold (estimated to be about 60% of its present
level), annual caribou migration patterns affect har-
vest success far more than a decline or increase in
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herd size. This suggests that the initial emphasis on
herd population dynamics may have been some-
what misplaced. In both of these examples, our
problem definition led us to believe that certain
factors were more important than they turned out
to be.

It is also important to make sure that the linkages
among different parts of the system are strong and
that the system behavior is not dominated by a
single component (in which case the problem does
not necessarily call for an interdisciplinary ap-
proach). Our experience, and that of other practi-
tioners (for example, Holling 1978; Walters 1986),
has shown that it is more fruitful to begin with the
system itself and to look outward to the compo-
nents rather than to look piecemeal at the system
from within the perspective of the individual com-
ponents.

One danger in interdisciplinary modeling work is
that people who are not fluent in systems modeling
may not engage properly with the task. The solu-
tion is not to recruit only model-oriented scientists
(which would limit the scope and breadth of the
synthesis), but rather to work at drawing nonmod-
elers into the process. Prototype models that are
simple enough to demonstrate and explain to all
team members are an essential step in the educa-
tion of nonmodelers.

Heuristic 4. Allow the project’s focus to evolve by not
allocating all funds up front. This is a luxury seldom
available to research scientists, given the current
policy of multiyear, multi-investigator projects.
However, one of the inherent difficulties with in-
terdisciplinary research is that defining the problem
often represents a major part of the project. Thus, a
chicken-and-egg situation arises. The problem can-
not be defined until a working team is in place, but
it is impossible to know how deeply to involve
specific team members until the problem has been
defined. Even when the problem is apparently well
defined, it is extremely hard to assess a priori which
components determine the system dynamics most
strongly until a first prototype of the synthesis work
has been constructed. It is likely that the relative
importance of the various components will only
emerge during the study. We have already alluded
to the initial hypothesis of climate change 3 vege-
tation change 3 caribou herd dynamics 3 caribou
availability to human communities. By the time we
discovered that this apparently central hypothesis
was not a main driver of change, the project’s funds
had been allocated and could not easily be shifted to
address newly evolving hypotheses.

It might be better if funding agencies awarded
preliminary planning funds (say, for the 1st year or

through the development of a first prototype
model) and then funded the remainder of the
project only when it was demonstrated that the
correct mix of scientists was working together ef-
fectively and attacking a well-defined problem. If all
the funds are committed up front for the full dura-
tion of the study, the project leadership has no
flexibility to add new people as their expertise be-
comes necessary or to reallocate funds from a com-
ponent of the work that offers little to the inte-
grated effort.

Heuristic 5. Ban all models or model components that
are inscrutable. An “inscrutable” model is a black
box in which the inner workings are inaccessible to
all but the original developers. The user is required
to take the output on faith. The problem with in-
scrutable models is that people have no incentive to
engage with them intellectually. If the model pro-
duces any counterintuitive results, people cannot
access the logic that led to those results. It is not
surprising then that their usual reaction is to lose
trust in the model rather than ask about the inter-
mediate relationships that led to those final results.

In the SAC Project, a complex model of caribou
energetics (Hovey and others 1989; Kremsater
1991; Daniel 1993) was initially thought to be es-
sential at the interface between vegetation change
and caribou population dynamics. We realized later
that what we really needed were models of herd
distribution and movement, but a commitment had
already been made to this energetics model. Until
we developed a much simpler caribou population
model, the project depended on output from a black
box model that only a few people understood and
used. A top-down, rapid-prototyping approach
could have helped avoid this situation. Graphical
“box and arrow” representations of the system (Jør-
gensen 1986; Walters 1986) combined with the
simplest possible component models, programmed
using software that is easily accessible to all team
members (such as spreadsheets), allow a team of
scientists from different disciplinary backgrounds to
understand and engage with the key relationships
of the model.

Heuristic 6. Instead of concentrating on one all-purpose
synthesis model, invest in a suite of models, each with a
well-defined objective. This heuristic applies particu-
larly to the collaborative development stage of a
project. It allows participants from a subset of dis-
ciplines to engage with models that focus on the
interfaces between those subsets.

The idea of building a suite of models may seem
to go against the very idea of interdisciplinary syn-
thesis modeling, but meshing existing submodels
together can be a difficult and time-consuming ex-
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ercise. Submodels may operate at different time
scales because of the nature of the underlying pro-
cesses. Similar variables in two submodels may be
represented at different levels of detail from one
another. The probabilistic outcomes produced by
one stochastic submodel may not translate easily
into hard-and-fast input values for other determin-
istic submodels in the system.

Although it is essential to represent adequately
the logic and the results of each submodel in all the
other relevant submodels to which it links, if this is
done properly, it may not be necessary to have one
“supersynthesis” model that runs each submodel
within the same overall programming framework.
In fact, for quality-control purposes, it is probably
good to have some kind of human interface be-
tween submodels. This allows the results of each
submodel to be assessed and the quality of its con-
clusions evaluated, so it can be determined how
best to include the insights gained from each model
in the next submodel. This process helps to deter-
mine which details are not essential and allows the
development of a “boiled down” whole system
model at a level of abstractism that may initially
have been unacceptable to some team members.

A further argument for a suite of models is that
few users of the overall synthesis model will be
interested in all of its components. Most people
have an interest in only three or four of the out-
comes of the model. A suite of models allows users
to examine the components with which they are
familiar and to see how these results fit with the
outcomes they expect, based on their knowledge
and experience of that part of the system. However,
for nonscientific users, it is helpful to have a seam-
less interface that allows them to explore whichever
part of the system they are most interested in. If no
such interface exists, users will not readily recog-
nize that they are seeing an integrated view of the
system, and much of the benefit of the exercise will
be lost.

Heuristic 7. Maintain a healthy balance between the
well-understood and the poorly understood components of
the system. All system models are balancing acts
between what one knows and understands and
what one does not know. The temptation is to put
too much emphasis on those parts of the system
where understanding and data are good and to
ignore or gloss over the areas where little is known.
This is not surprising, given the way in which the
scientific enterprise tends to favor specialists. For
example, even though there may be a clear and
obvious link between caribou migration and house-
hold economic production, a caribou biologist
might know a great deal about caribou activities

and energetics, but relatively little about herd mi-
gration patterns. An economist may have a good
understanding of the factors that influence people’s
decisions to take wage employment, but know rel-
atively little about the factors that account for the
successful harvest and production of caribou meat
on the land itself.

Furthermore, people like to concentrate on the
details they know about and understand (Likens
1998). In particular, scientists are socialized into an
epistemological framework that places a high value
on detailed quantitative hard facts and tends to take
a dim view of uncertainty (even when the uncer-
tainty involves an educated guess in an important
area where little else is known). They are often
skeptical of simplification and even more uncom-
fortable with the idea of making educated guesses.
For example, the village economy model we devel-
oped for the SAC Project contained over 90 differ-
ent job categories, each characterized in terms of its
required education level, its seasonal availability,
and whether men or women were more likely to be
found in that position. These definitions were
firmly grounded in survey data. However, the econ-
omists on our team were reluctant to speculate on
how these definitions might evolve over the next
40 years; as a consequence, the model contained
the implicit assumption that social norms such as
gender preferences for job types would not change
during two generations.

Maintaining the balance between the known and
the unknown requires strong project leadership. In
a review of IA projects, Parson (1995) observed:
“Since researchers working within their fields do
not normally attend to borders of other fields,
achieving this attention shift requires some form of
authority in an assessment project, or at least a
coordinating mechanism and a common language
for communicating across boundaries.” One way to
achieve such coordination would be to bring in an
outside modeling consultant who could facilitate
key workshops. In addition to providing a fresh
viewpoint, an outsider who has the trust of the
team could also provide the kind of authority that
Parson refers to. Modelers are certainly not the only
people who could fulfill this role. The two most
important qualifications are an ability to see the big
picture and the earned trust and respect of other
team members. These qualities may well be present
in one of the disciplinary specialists if he or she is
also a good big-picture scholar. However, through
rapid prototyping and sensitivity analysis, modeling
can be particularly useful for ranking the relative
importance of the parts and processes in the model,
as well as making a rapid assessment of the value
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and differences between alternative conjectures
about the unknowns. The synthesis modelers
should be encouraged and empowered to use their
skills to help resolve the tensions between simplic-
ity and detail that are inherent to any modeling
project (Costanza and Sklar 1985; Starfield and Ble-
loch 1991).

Heuristic 8. Sensitivity analysis is vital at all stages of
the modeling effort. Thorough sensitivity analysis
involves testing not only different parameter values
but also the assumptions and the effect of alterna-
tive educated guesses at the underlying processes
(see, for example, Starfield and others 1995; Star-
field and Bleloch 1991). Sensitivity analysis is the
only available means of determining what goes into
the model and what level of detail is necessary. It is
an essential tool for estimating the likely effects of
alternative hypotheses for system processes. Sensi-
tivity analysis should not simply be thought of as an
automated process that tests all parameters, but
rather an important part of the culture of modeling
that is used for the thoughtful exploration of alter-
native assumptions. It follows that the work of sen-
sitivity analysis should be done by most (ideally, all)
of the project team, not just the modeler. Because
each person on the team brings a different perspec-
tive to the problem, he or she is thus likely to run
different experiments and uncover different prob-
lems. In fact, team efforts are essential both for
identifying implicit assumptions (social norms do
not change during two generations, for example)
and for developing plausible alternative scenarios as
part of the sensitivity analysis.

Sensitivity tests are essentially mini-experiments.
To be effective in shaping the prototype modeling
process, the models supporting the mini-experi-
ments need to run virtually in real time. Waiting
days, weeks, or months for model results is too
long. We found that the ability to work as a group
to set up a model simulation, and then view the
results within a minute or two, was principally
responsible for most advances in developing model
relationships that crossed disciplinary boundaries.

Heuristic 9. Work hard at communication and budget
for face-to-face meetings. Effective communication lies
at the heart of interdisciplinary research. Not only is
it necessary for scientists to engage with one an-
other to produce an integrated view of a system,
their findings must also be explained clearly to
stakeholders and to the public. In the Internet era,
communication can take many forms, including
list-server memos, e-mails, phone calls, small face-
to-face work groups, plenary team meetings, and
public meetings. Each communication medium
serves a different purpose, and it is dangerous to

assume that simply because we have these tools at
our disposal, people from different disciplinary
backgrounds will automatically communicate effec-
tively with each other. In the SAC Project, scientists
often appeared to have reached a point of under-
standing in their discussions, only to find out later
that in fact they had two rather different things in
mind (sometimes as the result of using the same
words but meaning different things by them). Team
members need to make an effort to become more
familiar with each other’s mental frameworks and
to be cognizant of what specific people mean when
they use certain words or concepts. This is one
reason why rapid prototyping is so valuable. It leads
quickly to a product that provides a common lan-
guage and enables participants to say “No, that’s not
really what I have in mind.”

One way to foster better communication is by
developing simulation models in easily accessible
modeling environments, such as spreadsheets. The
goal is to work continually toward a culture of
transparent and accessible models, so as to ensure
that the models are understandable to everyone on
the team. In this regard, we have found that spread-
sheets have several advantages over traditional pro-
gramming languages such as FORTRAN, BASIC, or
C��. Most scientists are familiar with the spread-
sheet environment and its basic concepts. Also,
spreadsheets allow us to quickly and easily develop
straw models as part of the dialogue among the
participants, so we can constantly point to some-
thing tangible and ask, “Is this what you mean?”
The built-in graphing functions of spreadsheets en-
able graphical model output with very little pro-
gramming effort. Finally, because spreadsheets per-
form calculations each time a cell is changed, they
are powerful tools for sensitivity analysis.

In addition to communication within the team, a
second area requiring careful consideration is how
the integrated work of the team will be communi-
cated to the stakeholders and the public, a task that
is vastly underrepresented in many scientific
projects. Interdisciplinary research that affects peo-
ple’s lives directly must be explained to them in
accessible language, stripped of its technical scien-
tific terminology. The results need to be put into
everyday terms, and it is crucial to spell out both the
practical implications of the findings and the areas
of uncertainty. Funding agencies need to be willing
to support the outreach and extension part of in-
terdisciplinary research, and scientists need the help
of communication specialists to get their results into
public discourse in a form that can be digested and
discussed. The SAC Project’s efforts at outreach in-
clude the development of a simplified interactive
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Web-based model interface that we call the “Possi-
ble Futures Model” (G.P. Kofinas and others un-
published). The model demonstrates our attempts
at ongoing innovation in all areas of the interface
between model and user: ease of use, hypertext
documentation, graphical output, and built-in fea-
tures for explaining model results and documenting
users’ feedback comments.

An important lesson from the SAC Project is that
the budget for face-to-face meetings was inade-
quate (both for meetings among researchers and
meetings between researchers and community
partners). The proposal did include funds for an-
nual project meetings of the entire team; these were
of some value, but we found it far more profitable
to hold work sessions involving small numbers of
researchers from the various components to de-
velop specific component linkages. E-mail is not an
effective medium for planning and for the creative
generation of ideas. Written exchanges work best
once there is a common understanding of the prob-
lem, common assumptions, and a negotiated set of
task assignments; face-to-face meetings are indis-
pensable for these groundwork decisions. Because
face-to-face meetings are so much richer in com-
municative content and because they allow trust to
be built more easily than can be done in a series of
written messages (Daft and Huber 1987), meetings
with component researchers are also critical to the
work of the synthesis modeler. When we began to
hold these meetings, considerable momentum was
gained. Face-to-face contact should be a nonnego-
tiable part of any IA budget, particularly when team
members are geographically dispersed.

Heuristic 10. Approach the project with humility.
Even though the scientists on the team may be
world-class experts in their respective component
fields, they are all likely to be amateurs when it
comes to the system as a whole. It is worth remem-
bering that a distinguished group of component
experts does not guarantee a distinguished system
team. In fact, since laypeople often have a deep and
holistic understanding of their local environment,
we scientists may be no more “expert” than they
are, even though their knowledge is not necessarily
scientific. All team members must take the time to
probe and query each other’s approaches, assump-
tions, and methods. More important, they must be
willing to have their own assumptions and state-
ments probed by others. This requires humility, a
willingness to be challenged by team members out-
side one’s own area, and an openness to learning
from such transactions. The excitement and chal-
lenge of interdisciplinary research lies in uncover-

ing together the unknown—namely, the behavior
of the system.

Humility and caution are especially important
when scientists work on projects that are intended
to inform policy, thereby affecting people’s lives.
Synthesis modelers bear the brunt of the responsi-
bility of ensuring, first, that the assumptions behind
the models are carefully spelled out and, second,
that robust conclusions are shown to be robust even
in the face of uncertainty.

In the spirit of humility, we acknowledge that the
10 heuristics presented here are obviously not ex-
haustive. Integrated assessment is a very compli-
cated business, and as a form of inquiry, it is still in
the early stages of development. Not only are the
dynamics of large complex systems hard to under-
stand, but the challenge of bringing disparate per-
spectives together is a formidable one. We offer
these principles simply because we believe it is im-
portant for synthesis modelers and interdisciplinar-
ians alike to reflect on what they have done, in the
hope of doing it better the next time around.
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