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THE REWORK CYCLE: Benchmarks for the Project Manager
Kenneth G. Cooper, Pugh-Roberts Associates/PA Consulting Group, Cambridge, Massachusetts
Editor’s Note: The following article is the
third in a three-pan series, the first two of
which are in the February 1993 issue of
PMNETwork. There the concept and work-
ings of the rework cycle are introduced.
Based on dozens of applications to major
development projects, the structure por-
trays flows of project work in which there are
multiple cycles of rework. Rework typically
represents the bulk of development project
expenditures and time. The absence of its
treatment in conventional methods and sys-
tems is a critical omission which consistently
leads to project overruns. This article trans-
lates experience using the rework cycle
“model” into practical suggestions and
guidelines for use by managers of develop-
ment projects.

When gauged by initial expectations for
cost, schedule, and planned product, the
prevailing modes of performance on com-
plex development projects are (1) surprise
and (2) failure. Conventional methods and
systems have contributed to the consis-
tently poor track record of complex project
performance. Critical-path-based methods
lack any consideration of the need for re-
working incomplete tasks. Earned-value
systems, even those endorsed or required
by the government, have been likened by
our contractor clients to driving a car by
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Figure 1. The Structure
watching the rearview mirror. We have
developed and applied extensively a
structure designed to portray and antici-
pate the rework cycle in development pro-
jects.

In the diagram below, the boxes repre-
sent pools of work (drawings . . . lines of
code . . . feet of cable . . . ).

At the start of a project or project stage,
all work resides in the pool of work to be
done. As the project begins and pro-
gresses, changing levels of staff (people)
working at varying productivity deter-
mine the pace of work being done. But
unlike all other program/project analysis
tools and systems, the rework cycle por-
trays the real-world phenomenon that
work is “executed” at varying, but usually
less than perfect, quality. Potentially
ranging from 0 to 1, the value of quality
(as well as that of productivity) depends
on many variable conditions in the proj-
ect and company, The fractional value of
quality determines the portion of the
work being done that will enter the pool
of work really done, which will never
again need re-doing. The rest will subse-
quently need some rework, but for a
(sometimes substantial) period of time
the rework remains in a pool of what we
term undiscovered rework—work that
contains as-yet-undetected errors, and is
 of the Rework Cycle.
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therefore perceived as being done. Errors
are detected by “downstream” efforts or
testing; this rework discovery may occur
months or even years later, during which
time dependent work has incorporated
these errors, or technical derivations
thereof. Once discovered, the known re-
work demands the application of re-
sources, beyond those needed for
executing the original work. Executed re-
work enters the flow of work being done,
subject to similar productivity and quality
variations. Even some of the re-worked
items may then flow through the rework
cycle one or more subsequent times.

For several years my colleagues and I
have been using simulation modelsl based
on the rework cycle, and adapting them to
accurately recreate, forecast, and diagnose
the performance of each of a variety of pro-
jects. Across the projects, and within certain
groups of projects, have emerged patterns of
behavior which can be useful as managerial
rules of thumb. While each project is indeed
different, the empirical observations and
measurements reported here are valid bench-
marks for all those who undertake to manage
the rework cycle in their own projects.

THE QUALITY RANGE
First, to underscore the magnitude of the

issue (and the appropriate degree of manage-
rial concern), consider the range of values
exhibited for “quality”—the fraction of
work being executed that will not require
subsequent rework. As indicated in the dis-
play box, the effective values range from
as high as 0.90 all the way down to below
0.10. The chart shows the range of “qual-
ity” values for each type of project2, and
the resulting number of rework iterations.

Of the projects examined, commercial
software development projects exhibited the
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QUANTIFYING QUALITY
This chart shows the empirically-derived value of “qual-
ity’’—the fraction of work being executed that will not
require subsequent rework—for dozens of real develop-
ment projects in different arenas. Along with the range of
quality for each industry segment are shown the rework
cycles implied by that range. As lower quality causes
more cycles of rework, more effort (cost) must be ex-
pended to complete the work—the equivalent of doing it
once, and then doing it all over again and again ... A
quality of 0.20 will require five cycles of work and cost
(four full. rework cycles) to “get it right.”

Development projects here are those which are domi-
nated by design/engineering activity to develop a new
product or system, and do not include the building of units
to a stable design.
lowest amount of rework (highest “qual-
ity”), ranging from little rework in some
stages to “only” one and one-half full
rework cycles in others. (Many such pro-
jects are actually adaptations of prior de-
velopments.) At the other extreme are
aerospace development programs-all of
these are advanced military develop-
ments, usually with substantial research
efforts-which typically have at least
four (and usually more) rework cycles in
the design effort. Between these two ex-
tremes are electronic systems develop-
ment projects (typically designing and
integrating systems of new hardware and
new software) which exhibit one to nine
full rework cycles, and the design of
large-construction projects, with a range
of about one-half to two and one-half
rework cycles3.

Clearly the larger the technological leap
being attempted by the overall project, the
lower this measure of “quality” will be (the
more rounds of rework). But even within
the range of each project type, there is
considerable variability in work quality
and, therefore, in the cost and time required
in a development project. Consider the
project performance improvement achiev-
able with even moderate improvements in
quality! In an era when 30-40 percent per-
formance improvements are set forth as
ambitious targets for organizations under-
going “change programs” and “process re-
engineering,” the high] y-leveraged impact
of this kind of “quality improvement” must
not be overlooked.
THE REWORK DISCOVERY TIME
Still, no matter what the quality im-

provement effort and impact, undetected
errors and rework cycles are unavoidable
in complex development projects. With
whatever rework is generated, it has its
most destructive effect on the whole proj-
ect when it is in the state of “undiscovered
rework.” Discovering the rework earlier
and faster removes much of the program-
wide disruption, especially the develop-
ment time impacts.

To illustrate this, we used our model of
the rework cycle to simulate the develop-
ment time required for a project under vary-
ing levels of quality and the speed of
rework discovery. Figure 2 summarizes the
results in terms of the multiple of the orig-
inal work schedule. (For convenience,
think of a development effort planned to
achieve initial work completion in one
year—the results shown in Figure 2 would
then be “number of years.”)

The chart shows four lines—for rework
discovery times equal to one-quarter of the
original design plan time (one-fourth year
in our example), as well as discovery times
of one-half, three-quarters, and one.

As is now obvious, improvement either
in “quality” or rework discovery yields
much better schedule performance. It is
noteworthy from the results charted that
lowering the rework discovery time in an
organization or project is most leveraged
in improving schedule performance
when quality is not at extremely low or
extremely high levels. At extremely high
quality levels, there simply isn’t as much
room for improvement of schedule perfor-
mance. And in the stages of a development
when extremely low quality prevails, rapid
rework discovery ends up subjecting the
execution of the discovered rework to the
same low-quality conditions that caused it
to cycle in the first place! In such condi-
tions, it is best to work first on quality
enhancement practices and systems, then to
accelerate the benefit with rework discov-
ery enhancements—such as earlier or im-
proved reviews or testing.

MEASURING WHERE YOU STAND
The prevailing rework discovery time

on design development efforts is typi-
cally in the range of one-fourth to three-
fourths the scheduled length of the
original design effort. In order to derive a
good approximation of rework discovery
times, construct a graph of the issues and
reissues of the work product in the stage
of development being examined (histori-
cally, if available; otherwise, monitor an
ongoing effort). Graph over time each
subsequent round of revision as a line.
Simplified, your chart should look com-
parable to that in Figure 3.

By measuring the typical horizontal “dis-
tance” (time) between each adjacent pair
of curves, good estimates of the rework
discovery time (and how it changes over
the project/stage) may be obtained.

Now you can also compute a good
approximation of the time-varying “qual-
ity” of a project stage’s work product.
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Figure 2. For most levels of work quality, improving the rework discovery time
yields significant improvements in development schedules.

Figure 3. A critical addition to the set of closely monitored project performance
measures should be the magnitude and timing of work revisions.
Calculate the ratio of (a) the number of
revisions to (b) the number of releases/re-
visions in the prior round, then subtract
each computed ratio from 1.0. For exam-
ple, if there were 350 “Revision B ‘s” on
500 “Revision A’s,” the prevailing quality
during the work on Revision As was: 1-
(350/500) = 1- 0.70= 0.30.4

ARE YOU
LOST IN THE TRIANGLE?

Armed with this new information,
you will be able to assess where your
project stands relative to other develop-
ment projects. Further, you will be able
to determine much more accurately
where your project really stands as it
proceeds.

We used our simulation model of the
rework cycle to construct the charts in
Figures 4 and 5, which are necessary for
more correct mid-project assessments of
progress and the magnitude of remaining
effort. Using your estimates of project
quality and rework discovery time to se-
lect the appropriate chart, one may “look
up” the true (range of) real progress. In
fact, with the benefit of data on a com-
pleted project, one may construct one’s
own “progress ramp” chart by plotting for
the completed project: (1) the historically
reported “percent complete,” versus (2) a
retrospective computation of the percent
really complete then (you should compute
the percent really complete based on hours
spent to that point, relative to the total hours
eventually spent).

Perfectly accurate project progress
monitoring would yield a straight 45” di-
agonal (hence the triangular ramp shape):
at a perceived/reported condition of 20
percent complete, the actual percent com-
plete would be 20 percent, and so on.
Instead, real progress is typically less
than reported progress. Further, a given
level of reported progress might mean
any of a range of values for real progress
as shown in Figure 4.

Shown in Figure 5 for each of three
typical combinations of quality and re-
work discovery time are the relations
between perceived percent complete, as
reported by traditional systems, and the
real percent complete, when un-
discovered rework is taken account of.
In every case there is a gap between real
progress and that which is perceived.
Looking across the three charts, it be-
comes clear that the lower the quality
and the longer the rework discovery
times:

●

●

●

●

the larger the gap between real progress
and that which is perceived, and the
longer-lasting the gap;
the later in the project/stage that a sig-
nificant gap persists;
the greater and longer-lasting the un-
certainty in the size of the gap; and
the later the point of maximum uncer-
tainty about real progress.
THE 90 PERCENT SYNDROME
The demonstrated uncertainty in real

progress is responsible for several well-
known troublesome project phenomena.
One is the “90 Percent Syndrome,” in
which for a prolonged time project manag-
ers report to executives or the customer that
their effort is “90 percent” done. Examine
the middle progress ramp in Figure 5 for an
example of this. In these conditions, an
earnest, responsible manager might well
report 90 percent progress achieved, when
75 or 80 percent is really done. And so it
goes until, after much distress and disap-
pointment (and time and cost), 90 percent
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Figure 4. Progress Ramps help identify the true state of progress on a project or project phase.

Figure 5. Lower “quality” and longer “rework discovery times” disguise low real progress, and increase the range of uncertainty
in progress estimation.
is really achieved and the project moves
on to completion. Quite apart from any
lily-gilding inclinations of engineers,
there is a systemic cause for the 90
percent syndrome.

THE LOST YEAR
One of our clients, managing a large

new system development project de-
scribed (not calmly) a related phenome-
non, and requested a diagnosis. The
1000-person development effort had pro-
gressed to what seemed about two-thirds to
three-quarters completion. One year later,
after an additional thousand staff-years of
effort, it seemed that they had made no
progress, or had even lost ground, followed
by a slow pace of progress toward comple-
tion. He called it the “Lost Year.” His ques-
tion: “What happened?” The abbreviated
answer is clear once again from the middle
progress ramp. In these conditions, 70 per-
cent progress could be reported as “early”
as at 30 percent real progress. Quite some
time later (specifically, one year) having
made 25-30 percent more real progress,
“the system” can still be reporting 70 per-
cent progress, or even less.
What happened? A lot of progress was
made. A lot of rework was found and
corrected (work that had been viewed as
“done”). The “lost year” wasn’t lost; it
obviously felt like “one step forward, one
step back,” but it was just a large example
of the rework cycle thwarting conven-
tional monitoring systems. Even after the
“lost” year, the project, still being re-
ported at about 70 percent complete, was
in fact just 60 percent complete, so what
was seen as the remaining 30 percent felt
like it took a long time to finish.

THE DELAYED
PRODUCT INTRODUCTION

Not so very uncommon was the dilemma
faced by another client firm. They wanted
to introduce their new system product at
the earliest responsible time in a technolog-
ically competitive market. But they had a
history of undependable announcements
on product release schedules, followed by
dashed expectations. When could they re-
ally promise the market that this new sys-
tem product would be available?

The diagnosis revealed a somewhat
higher quality than in the prior charts, but
with a longer rework discovery time, as
characterized by the third progress ramp
(shown again in Figure 6). In this condi-
tion the true status of a development proj-
ect remains highly uncertain until the
very end. Combined with consistent over-
estimation of progress are wide (vertical)
bands of uncertainty within which per-
ceived progress may become unexpect-
edly “stuck.” While real progress is being
made, the late and prolonged appearance
of previously undiscovered rework re-
sults in ever-sliding, undependable esti-
mates of completion time—particularly
at the later stages, when companies are
making announcements of new product
introduction schedules.

This client’s organization and practices
had been set so as to encourage high levels
of “completion” before subjecting to test-
ing the integrated prototype. The analysis
led the client to implement a new struc-
ture and set of procedures that included
much more testing earlier. While this in-
creased testing costs, total project time
and costs were reduced significantly. And
although the resulting earlier rework dis-
covery was a bit “scary” to the managers
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Figure 6. The end can appear to be near when real progress is as low as 30 percent,
leading to overly-optimistic product introduction plans, destined to be delayed.
at first, much more dependable introduc-
tion schedules were attained.

CONCLUSION
Despite the need for advances in the

stagnated theory and practice of develop-
ment project management, no new gim-
micks, no new software, will significantly
improve development projects’ perfor-
mance. Rather, we need to improve our
fundamental understanding of how projects
really work. A healthy start is understand-
ing the critical role of the rework cycle. It
must be recognized, monitored and mini-
mized—and if it is, we can eventually
achieve dramatic breakthroughs in project
costs and schedules.

Documented herein are the range of
quality and rework in different projects,
how to monitor quality and the rework
discovery time, and how to translate these
newly-collected measures into more ac-
curate project progress assessments.
They are necessary, but only the most
basic steps toward a more strategic and
realistic view of projects.

Even with “a better model,” there will
remain a managerial inertia forged from
years, even decades, of misunderstanding.
It will not be enough for project managers
to internalize the associated lessons of the
rework cycle. They must also learn the
important differences between (a) the sub-
stantial influence the manager has over pro-
ductivity, quality, and rework discovery
(and hence, project costs and schedules)
and (b) the relative lack of control the man-
ager has over these same conditions. Un-
derstanding how the actions that managers
can take influence their projects’ outcomes
requires extensions beyond the basic re-
work cycle structure. The very best of proj-
ect managers know these intuitively. But
just as important, managers’ formulated ac-
tion plans and their logic must be effec-
tively and persuasively communicated to
(and implemented with the aid of) many
other players-senior company managers
and colleagues, the project staff, partners
and suppliers, and customers themselves.
The passive manager (or worse, those who
encourage obfuscating or ostrich-like be-
havior) won’t make waves—nor will they
make any contribution. Their projects will
continue to fail. Successful project manag-
ers will take on the roles of thought leader
and action leader—the advocate and in-
strument of change in the systems and
practices that surround them. The alterna-
tive—the unmitigated machination of the
rework cycle—will mean continuing the
familiar pattern of development projects:
unforeseen costs, unexpected delays, and
unfulfilled promises.

END NOTES
1. These project models were built using

the dynamic continuous simulation lan-
guage DYNAMO; see DYNAMO User’s
Manual. Pugh-Roberts Associates, and
Introduction to Systems Dynamics Mod-
eling with DYNAMO. Richardson,
George P. and Pugh III, Alexander L.

2. We acknowledge the bias in the data
caused by the fact that easy, smoothly-
running projects rarely command the at-
tention of consultants brought in by
management. Therefore, the true range of
“quality” values is likely to be broader “to
the right” for each class if one includes
less difficult projects.

3. Take heart, home builders: the con-
struction projects in the sample reported
here—power plants, combatant ships—
all significantly exceed $1 billion.

4. Technical content and organizational
practice in executing and reporting revi-
sions vary widely. Account should be taken
of the fact that the amount of effort on
successive rounds of revisions will change
(usually decrease). All measures of “qual-
ity” reported herein have been normalized
to represent revision effort that is equal to
original releases on a per unit basis.
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