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The San Francisco 49ers will pay $61 million to bring in

the best football players that they can find to compete

for the Super Bowl this year. It would be absurd for them

to even attempt to compete without months of practice.

And yet, when a company spends $61 million on an IT

project or a new plant, they pull together a team and

expect them to be able to perform without any practice

at all. Managing projects is a complex task with many

interdependencies and performance pressures. The poor

performance that too often occurs in many projects is

largely a result of the way managers approach projects

and the decisions that they make. If managers are not

given a low risk environment in which they can under-

stand the interactions within a project and experiment

with different approaches and learn new behaviors, it is

unlikely they will change their approach or their results.

For difficult situations similar to the ones project team

members face, the Organizational Learning philosophy,

made popular by Peter Senge’s book The Fifth Discipline,

promotes the use of “microworlds” or “practice fields” as

agents of change (Senge, 1990). Practice fields are interac-

tive simulations that take either a physical or electronic

form and provide a risk-free environment for users to learn

the “structure” of a system. By “structure,” we are not re-

ferring to organizational structure, but instead to the inter-

relationship of the key components of a system (Senge et

al., 1994). In other words, a holistic view of why a system

behaves the way it does. A practice field is created using

System Dynamics, a computer modeling discipline devel-

oped at MIT in the 1960s, that incorporates feedback, time

delays and flows of materials, people and information. The

emphasis on the underlying structure distinguishes a true

practice field from a team-building exercise that uses a sim-

ple activity to develop and encourage teamwork.

Creating a holistic view that highlights cause and effect,

while extremely helpful, is only part of what is needed to

bring about improved approaches and results in projects.

Effective practice fields also create opportunities to build

new habits and decisions rules and must be tied to some

concrete actions that participants can go out and apply.

This paper illustrates the need for a practice field for

projects, describes how practice fields can be used as cat-

alysts for change, outlines some of our experiences creat-

ing and using practice fields that produce results, and dis-
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cusses how the practice field approach can be applied to

the project management discipline.

Mental Models Must Change

Strikingly similar patterns of project performance across

different industries and different project types, and the

similar explanations for project failure, suggest that pro-

ject team members tend to be overly event-focused and

have incomplete or incorrect mental models about how

projects work. Mental models of project team members

surface clearly when asked: why projects fail to deliver

what they promise? Typical answers include:

• Scope change

• Lack of skills and resources

• Low team moral

• Poor senior management support. 

These answers are usually phrased in way that suggests

failures where due to events that were outside the control

of the team:

“We were making great progress when the users

changed all of the requirements. That set us back sic

months.”

Although we had been working eighty hours a week,

the sponsor would still beat us up for being behind at

every progress review. The team was really down.

These events are often symptoms of the way projects

are organized and executed. By focusing on the “outside”

events, team members often chalk up poor performance

to bad luck and miss the potential to learn about impor-

tant feedbacks in their system. The behaviors, decisions

and cultures that create these problems are deeply in-

grained in our organizations and personnel. Additionally,

the belief that these factors are often out of the teams’

control makes changing attitudes and approaches even

more difficult.

Structure of the 90 Percent Syndrome

As an example, take the 90 percent syndrome. This is a

widely-known phenomenon that the last 10 percent of

the project takes far more than 10 percent of the budget
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Exhibit 1. Structural Thinking Example—The 90 Percent Syndrome
and time of the project—in other words, project com-

pletion gets stuck at 90 percent for what seems like ages.

This happens so frequently across different types of pro-

jects and industries that you are just as likely to see it ref-

erenced in a Dilbert cartoon as you are in a project man-

agement text book. The underlying structure of this phe-

nomenon is an example of a common archetype from

System Dynamics know as “Shifting the Burden” (see

Exhibit 1).

If the project gets a little behind (symptom), the team

might decide to cut some of its quality assurance efforts

thinking, “we’ll work out the errors at integration” or per-

haps they overwork the team (symptomatic solution).

These actions usually create even more errors and rework

(side effect). Because of a delay in the system, none of this

“new” work is visible so the schedule looks like it is back

on track and the team has solved their problem … until in-

tegration. At integration, all of this hidden work now be-

comes apparent keeping the completion percentage at 90

percent for the last eight weeks of the project. Unfortu-

nately, because of the delay in the system, the mental mod-

els of many team members are likely to be incomplete.

Consequently, the lessons they learn from this experience

only reinforce symptomatic solutions like “there is ram-

pant underestimation bias that requires “extra” safety time

in the schedule,” and “we can’t work John too hard be-

cause he makes too many mistakes under pressure.”
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Their mental models keep them from seeing the possi-

ble underlying problems with their planning and work

processes (e.g., how they measure progress, react to slip-

pages, deal with unanticipated work), so consequently

they blame people and events instead of learning to work

on the fundamental solution. Although a “causal-loop di-

agram” like the one in Exhibit 1 is useful in depicting the

nonlinear structure of business systems such as projects,

we have found that its greatest benefit is not clearer com-

munication but instead the learning that takes place when

trying to create it. To challenge old mental models, we

need a tool that allows people to experience the structure

for them to see the ramifications of their actions and to

practice new decision rules and behaviors.

Practice Fields Create Change

Practice fields provide a risk-free environment where peo-

ple can try out new ideas and practice new ways of work-

ing and thinking. They take the form of interactive simu-

lations that can either be computerized, manual or some

combination of the two. Underlying practice fields are a

combination of quantified causal loop diagrams similar to

the one in Exhibit 1. Participants self-discover the struc-

ture of the system (i.e., why it works the way it does), and

the leverage points for change (i.e., where a small change

in input causes a large change in performance). We have
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• Accurate structural representation
• True cause and effect relationships
• Holistic view of the system
• Opportunities to practice
• Promotes teamwork
• Leads to actions

Key Elements of Practice Fields

Exhibit 2. Practice Fields for Business
found that this self-discovery process inspires people to

change by demonstrating the gap between current and

potential performance. Practice fields can also help to

build teamwork because they often allow multiple func-

tions to interact in a realistic environment. This gives the

team a better understanding of the pressures felt by dif-

ferent functions, the interrelationships of the different

roles and the methods and content of communication

required for success. Finally, a good practice field should

create actionable knowledge—real world actions that par-

ticipants can use to transfer their success in the simulated

environment to their actual working situations.

Getting Results with Practice Fields
Practice fields have been around for many years. The old-

est example is “The Beer Game.” It is a supply chain sim-

ulation, developed at the Massachusetts Institute of

Technology, that highlights systematic mistakes that peo-

ple make in managing a multistage distribution system.

Literally thousands of people ranging from graduate stu-
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dents to managers with twenty years of supply chain

experience have played this game. There is amazing sim-

ilarity in the outcome of this simulation independent of

the background of the participants. Participants consis-

tently perform substantially below the results of some

very simple strategies. When participants debrief, they

typically blame erratic demand for the wild fluctuations

in inventory and their poor financial performance. Only

after the debrief do participants learn that demand actu-

ally only makes one small change in the entire simulation.

While the Beer Game is not targeted at specific perfor-

mance improvements, it does demonstrate how the struc-

ture of the system and the mental models of the players,

determine performance much more than the outside

events that we all naturally want to blame (Senge, 1990).

A practice field that was developed for Georgia Pacif-

ic’s packaging division helped them to significantly in-

crease market share and profitability. This practice field

showed managers in the division how to coordinate their

sales, pricing and production strategies to profitably grow
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their business. By understanding the interrelated dynam-

ics of cost, volume and profit, participants were able to

create an integrated strategy across functions. Participants

left this two-day workshop with a concrete action plan to

get the cost-volume-profit virtuous cycle spinning in their

favor. At just one of the forty plants where they used this

approach, they were able to decrease cost per unit by 3

percent while increasing volume by 31 percent and prof-

itability by 276 percent.

For the last five years, we have been using a practice

field called The Manufacturing Game to help manufac-

turing companies improve their equipment reliability. The

Manufacturing Gameshows participants how the mainte-

nance, operations, and business services functions in a

plant need to work together to improve the overall

throughput and profitability of the operation. The work-

shop focuses participants on taking action to eliminate the

“defects” in the system.

Much has been written about culture change aspira-

tions of companies but not many companies have been

successful at accomplishing a complete change in culture.

British Petroleum’s Lima, Ohio refinery has accomplished

such a culture change using The Manufacturing Game.

The results have been dramatic. They have increased prof-

its by over $42 million while other performance parame-

ters like safety, product quality, cost, and reliability of sup-

ply, etc. have improved as well (Monus, 1998). Over fifty

companies in eight different countries have used this ap-

proach to improve their reliability performance.

Key Elements of Successful Practice Fields
As the above examples point out, the purpose of practice

fields is not only to help participants learn, but to also

drive the learnings into tangible, real-world results. It

has been our experience that for a practice field to be

truly successful in bringing about behavioral change, it

must deliver the following six key elements:

Structural Accuracy: Instead of focusing only on gen-

eral knowledge, a good simulation should capture the

feedbacks in the system, and model its behavior using real-

world data. As mentioned earlier, the model that under-

lies a good practice field represents the way the system

works. This model is typically created through rigorous

analysis and expert interviews. Consequently, a struc-

turally accurate simulation will allow participants to dis-

cover the key leverage points of a system—i.e., the actions

and decisions that have the largest effect on its perfor-

mance. We give some examples of key structural elements

of projects later in this paper.

Cause and Effect Relationships: In the real world, con-

nections between action and consequences are hard to see

because of real and perceived organizational barriers and
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time delays. Practice fields should sufficiently compress

time and space allowing participants to see how their

seemingly isolated actions affect overall performance, as

well as other functions in the organization or project.

Holistic View: Overwhelmed by the urgency of daily

tasks, people frequently possess a limited perspective of

their organization. Practice fields should be experienced

simultaneously by members from different functions, al-

lowing them to sit in each other’s shoes for at least one af-

ternoon. Participants gain a bird’s eye view of their busi-

ness system.

Practice: There tend to be few opportunities in a busi-

ness setting to have low risk, experiential learning. Prac-

tice fields should give participants multiple opportunities

to learn by doing, and to try some approaches and sce-

narios that would be too risky in the real world. It is crit-

ical that the facilitators of the learning laboratory foster a

safe and open environment.

Teamwork: A good practice field will foster teamwork

by focusing the team on the work. Much of the recent lit-

erature on teams (Katzenbach, 1993; Schaffer, 1988) in-

dicates that high performance teamwork is an emergent

phenomenon that occurs when a group has a challenging

task and a common focus. A practice field should both

identify the challenge and give the group a common lan-

guage and focus.

Action: Most importantly, a practice field must lead to

action. An enlightening and entertaining experience is not

sufficient. People have deeply ingrained beliefs and habits

that do not change very easily. A good simulation should

motivate participants by allowing them to invent the right

answer for themselves. Further, a good simulation experi-

ence will have a structured way of channeling a partici-

pant’s excitement and learning into real-world action.

We have found that manual simulations, which take the

form of a board game with several roles, are generally bet-

ter suited than electronic simulations for delivering all six

of these elements. Electronic simulations, also called man-

agement flight simulators, give the users a control panel

from which they can see and read critical information about

the performance of the system. The dynamics are usually

represented by “state of the system” numbers or graphs of

performance over time. Electronic simulations, because of

their quick response time, can be very effective as follow-

up, “what-if ” policy analysis tools once the dynamics are

clearly understood. While both types of simulation can be

structurally accurate and provide practice, electronic simu-

lations hide the cause and effect relationships of the model

behind a computer screen. Therefore, if the underlying

model is not already well understood, the reaction is often:

“This was a black box and I am not sure how it works.”

Physical simulations, on the other hand, allow participants
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Exhibit 3. Project Completion Dynamics and Value Assessment
to see and challenge important interrelationships because

they are laid out in front of them. Physical simulations are

also more effective at building teamwork and capturing the

emotional elements of a system by having multiple func-

tions interact in a realistic environment.

We believe that project management could benefit from

this approach to organizational learning, which has work

so well in other areas where improvement in performance

required a change in culture and mental models.

Practice Fields Applied to Project Management

A practice field for project management will need to

accurately capture the structure of projects and lead

teams to better teamwork and different actions that will

produce different results. 

The Underlying Structure of Projects
One of the keys to building a valuable practice field for

project management is to determine the structure that cre-

ates the behavior that we see in so many projects. Focusing

on the structure of projects can be thought of as focusing

on the interaction between the nine PMBOK knowledge
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areas. Having explored these issues with practitioners and

in the literature, we have identified the structural elements

in Exhibit 3 for inclusion in a project management practice

field that seem to account for the majority of the dynam-

ics that play out in projects. Loop 1 in Exhibit 3 represents

the increasing clarity of communications between the team

and the users and the sponsor as parts of the project are

completed. The team deals with potential scope changes in

Loop 2 by controlling the scope of work done which deter-

mines what is delivered, at what time and at what cost. The

planning and control of the project also determines how

the work is done in Loop 3. The work approach including

staffing, parallelism and risk management determine the

work completion rate and the error rate of the team. As

work is done, Loops 4 and 5 generate new, unexpected

work that must be completed.

Inclusion of these structural elements allows participants

to experience the difference between a functional/event-dri-

ven linear thinking, and a nonlinear/systems thinking view

of projects. They can use this new perspective to focus their

actions on key leverage points that are within their control.

(Causal loop diagrams not included in this paper can be

provided by the authors upon request.)
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Scope Evolves: Most people view scope change as an

entirely exogenous “event” that can frequently be blamed

for their project woes. In most cases, the seemingly whim-

sical nature of a customer or a far-removed sponsor only

tells part of the story. A structurally accurate representa-

tion of scope change includes the often-overlooked part

of the story that focuses on actions within team members’

control. The structural story forces one to acknowledge

that scope evolves from the communication between the

people who need the output of the project (the sponsor),

the people who will use the output of the project (the

users) and the people capable of delivering the project (the

team). One way the team can impact this process is by

building political capital with the sponsor and users,

which can be used to help control ideas from sponsors

and users, while well meaning, may not always be value

added. The ability of the team to communicate to users,

each other, the sponsor is also within the team’s control.

Structuring the project so that these interactions are made

early is potentially a key point of leverage. For example,

Microsoft has structured their software development ef-

forts in a manner that forces frequent integration between

separate streams of work and early and on-going user in-

put (Cusumano, 1997).

Sponsor Support Fluctuates: Much like scope changes,

sponsor support is frequently viewed as an exogenous fac-

tor, out of the control of team members. The policies and

decisions of the team determine the level of support of-

fered by the sponsor. Sponsor support impacts the stabil-

ity of the project budget and the ability of the team to

confront the sponsor’s ideas that the team feels are coun-

terproductive to project success.

Dependencies Impact Performance: Project team mem-

bers tend to rely on historical data to plan and schedule

projects. This often results in a safe, linear extrapolation

for the work to be done on a new project. However, this

method is unlikely to result in projects with breakthrough

performance. As concurrent engineering concepts have

pointed out, assumptions about dependencies can signifi-

cantly decrease the total cycle time for projects. Our own

modeling work has shown that changing these assump-

tions at the initial stages of the projects is potentially a sig-

nificant point of leverage. This is consistent with the new

product development literature. Preston Smith, in Devel-

oping Products in Half the Time, estimates that gains

made in the “fuzzy front-end” of projects can decrease cy-

cle times by up to 50 percent (Smith, 1991). A structural

view of projects shows the tradeoffs of an increase in par-

allelism—the shortening of project duration and the im-

provements in team communication at interface areas,

versus the counter-acting dynamic of the errors and re-

work that can be created by working tasks in parallel.
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Risk Management and Consequences: No where is it

easier to blame “bad luck” than for consequences that

come from poor risk mitigation and identification. Time

delays cloud the cause and effect relationship between risk

management and its consequences, making the conse-

quences from poor risk management appear to be “ran-

dom” to team members. Even in the situations when

lessons about risk management are clear, they unfortu-

nately come too late in a project and at great cost. Project

team members with a structural understanding of projects

are able to see past the “bad luck” and focus on actions

within their control to eliminate or mitigate disastrous

risks. For example, Steve Newcomer of Alyeska Pipeline,

one of our current clients and collaborators, describes sev-

eral instances where he decided to suffer high up front

costs for the reduction of long-term risk on a project re-

sponsible for building a much needed bypass on the Alas-

ka Pipeline. For one instance in particular, he authorized

the spending of $40,000—before any work began on the

project—to bend a concrete covered pipe to failure in or-

der to prove to themselves and to regulators that the coat-

ing would not be damaged while laying the pipe into the

trench. Despite the “extra” expenditures, the project came

in under budget and also ultimately won the 1992 PMI

Project of the Year Award.

Unanticipated Work Impacts Multiple Areas: Even with

the best-managed projects, there are often additions to the

work, as the progress on one activity leads to the discov-

ery of unplanned additional needs. Most current project

management tools struggle with the nonlinear effects of

unanticipated work. A structural view of projects will help

team members understand how the timing of these dis-

coveries affect other team members and overall project

schedule, cost, and quality.

Errors Propagate Errors: Most project teams under-

stand that the “natural” rate at which team members make

mistakes is influenced by the alignment of the team and

their ability to resolve cross-functional issues. Good pro-

ject teams also understand that team alignment requires

more effort the larger the team grows. However, when

schedules and budgets are tight, alignment and quality as-

surance tasks are usually the first to be cut. Team members

also have a tendency to underestimate “errors created by

errors” in their benefit-cost calculations. This is because,

like risk mitigation decisions, the consequences of early

errors are not witnessed immediately. In their research on

the dynamics of project management, John Sterman and

David Ford of the Sloan School of Management at MIT,

create a highly modular model of project management,

which includes how errors can create highly nonlinear ef-

fects in projects depending on when they are created, dis-

covered and corrected (Ford, 1995). Their modeling work
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illustrates how a structural view of errors can enable team

members to better understand the ripple through effects

of quality assurance, both within and across project phas-

es.

Staffing, Training, and Overtime: When a project gets

behind one natural inclination is to add resources or to

work overtime. However, the benefit from adding more

resources comes only after a time delay. Locating and

training the resource requires time from the current team

that would otherwise be spent on work completion. Ad-

ditionally, while overtime can be used to get capacity with-

out delay and often at a lower overall cost, it comes also

with the potential for a more errors. The structure of

staffing and overtime are generally well understood and

widely documented (Brooks, 1975) and should be includ-

ed in a project management practice field.

Outside Pressures Influence Decisions: While the dy-

namics of multiple project management deserve the at-

tention of a paper (and probably a practice field) of their

own, the feedback between these other demands and pro-

ject decision-making should not be ignored in the analysis

of a single project. A key dynamic in any project is the bal-

ancing of project priorities with demands of ongoing op-

erations and other projects. Unfortunately this tension is

all to often viewed with an “us against them” mentality. A

structural view of projects acknowledges that the more re-

sources a project consumes the opportunity cost of the

project for the company rises.

Planning and Control: The normal feedback between

project execution, progress reporting, project tracking,

and project control is an important structural element of

projects as it ties together many of the dynamics listed

above. As is shown in Exhibit 3, planning and control

have the ability to “kick-off” all the other dynamics. Ad-

ditionally, an initial plan itself creates incentives and re-

sponses, which affect the course of the project. In his re-

search of software development dynamics within NASA,

Tarek Abdel-Hamid of the Naval Post Graduate School,

shows how identical projects in all respects except initial

estimates, will produce different results even in a world of

perfect historical information (Abdel-Hamid, 1984).

Product Life Cycle Affects Project Value: Although our

tendency is to focus on the dynamics of a project, it is the

product life cycle that plays the most important part in de-

termining overall project value. There is a relationship be-

tween team member decisions and the long-term success

of the end-product of their efforts that is not often wit-

nessed or understood by all project team members. A pro-

ject that comes in on time and on budget but has an ex-

tremely high cost to maintain or does not serve a current

business purpose should not be considered a “successful”

project. For example, at the 1997 PMI Conference in
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Chicago, Judd Kuehn of Chevron USA, Inc. described the

building of a facility in the Midwest that came in under

budget and well ahead of schedule but produced a prod-

uct that was no longer profitable by the time the facility

was built (Cohen and Kuehn, 1997). Ultimately, the facil-

ity was mothballed as a successful-failure. A structural

view of projects acknowledges that project decision-mak-

ing should go beyond consideration of immediate objec-

tives and incorporate long-term product value.

Practicing, Building Teamwork, and Taking Action to Im-
prove Project Performance
By using a practice field based on the structure described

above participants would be able to practice new

approaches in a low risk environment. To foster practice,

it is important to have an open system that does not

force or exclude any one method or approach. Team

members would benefit from multiple attempts at one

scenario to see how different approaches can function

with the same initial conditions. Participants could also

benefit from multiple scenarios that highlight the need

for different approaches given different initial condi-

tions. For example participants could experience the dif-

ference between a project with strong sponsor support

and one with weak sponsor support.

Building teamwork requires that all of the relevant

stakeholders are around the table. A practice field could

be used as a new project kick-off or as a tool for a project

in the early stages of development. If users, sponsors and

team members can all see how their decisions and inter-

actions interrelate, everyone will have a better under-

standing of how their decisions and behaviors impact

overall performance and how they can help ensure over-

all success. Consequently, the team will have a much eas-

ier time on the real project keeping numerous groups with

different needs, perspectives and priorities aligned.

A practice field for project management should lead

teams to take different actions and make different deci-

sions. Some of the potential areas that teams could start

to take action based on the structure identified above are:

• Reschedule activities to put “scope discovery” activities

closer to the front of the project

• Execute some risk analysis

• Come up with an approach for errors and rework es-

pecially under schedule pressure.

• Clearly articulate the value of the end product and the

elements of that value

• Compress the schedule by using more overlap where

progress triggers can be identified.

These actions done as part of the workshop or as a fol-

low-up will start to change the approaches and the results.
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Conclusion

The similarities in project performance across industries,

and the similar explanations for the failure, suggest that

team members tend to be overly event-focused and that,

like most of us, have incomplete or incorrect mental

models and about how projects work. Project perfor-

mance will improve only if these deeply ingrained mental

models and their corresponding behaviors change. It has

been our experience that practice fields are a very effec-

tive method of driving people to new behaviors primari-

ly by giving them the opportunity to challenge their men-

tal models and discover new ways of doing their work.

Successful practice fields must include the following el-

ements: structural accuracy, holistic focus, clear relation-

ships between cause and effect, action, practice, and team-

work. A practice field for project management will help

project team members change their mental models and be-

haviors. It will give them the opportunity to experience

project dynamics, which are typically difficult to see all at

once, since they lie at the intersections of the PMBOK

knowledge areas. These simulated learning environments

have lead to significant bottom line performance im-

provements in several other fields. By creating opportuni-

ties for project teams to practice and learn in a risk-free

environment, practice fields can help significantly improve

project performance.
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