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The project manager is the leader of a team of
people charged with converting a broad set of
mission objectives into an operating system.
Project management is the set of principles
and processes used by a team to manage a pro-
ject from its birth to the end of its life cycle.
These principles and processes encompass all
the skills needed to plan, organize, direct,
staff, and control the project. My comments in
this article are based on nearly 30 years of ex-
perience in industry serving a variety of cus-
tomers, including NASA, DoD, other govern-
ment agencies, and industrial and commercial
end users. My examples are drawn from the
Space Shuttle project.

Essential Concepts:
Dynamic Process, Committed People,
Communications

Today's manager must thoroughly grasp these
three concepts -- have a working knowledge of
them -- in order to successfully run a major
project.

First, project management is a dynamic
process. Managers operate in an environ-
ment where priorities shift and decision crite-
ria change as a project progresses. Technology
progress usually occurs differently than
planned: funds are being expended, new peo-
ple are coming aboard, and schedule commit-
ment dates are coming closer. As a project
gains momentum, it becomes harder and hard-
er to shift direction and increasingly more im-
portant to make timely decisions.
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Second, project success is achieved
through the hard work of committed peo-
ple. They are willing to overcome the hurdles,
surprises, changes, problems, and heartbreaks
that occur during project life. These people
can be found at every level: on the factory
floor, at the engineering workstation, in the
schedule control office, at the shipping desk, in
the launch Center, at mission control, in the
controller's office, in the program office, with-
in the congressional staff, and also within the
executive offices. It takes committed people
from all functions within all involved organi-
zations to ensure that a project stays within
performance, cost, and schedule commitments.

Third, communicating relevant informa-
tion about the project -- upwards, side-
ways, and downwards -- is the cohesion
that keeps the total team in a consistent di-
rection. Information needs are different at
each level of the project organization. Infor-
mation needs at Headquarters to support a de-
cision made by Congress on future funding are
different than those of a Center project man-
ager to support a decision on the allocation of
resources among project elements. Still differ-
ent are the needs of an industry line manager
to support a decision on staffing for a six-
month period, or a subcontract manager to al-
locate resources among companies. We often
make the faulty assumption that all those in-
volved in the project know what is going on.
Communicating relevant information, either
on project status or sharing a problem, is a
principal mechanism for ensuring that the
project will be successful.
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However, before discussion of dynamic pro-
cess, committed people, and communicating
relevant information it is further necessary to
understand two related subjects: quality and
requirements.

Understanding Quality: An Attitude

Quality as a concept is often misunderstood.
The contemporary definition is “meeting the
requirements established for the system.” For
example, the functional requirements at the
system level, specifications at the end-item
level, the inspection process at the manufac-
turing level, and documentation at the test
level are all requirements to be met.

Confusion often arises among the concepts of
quality, safety and reliability, and product as-
surance. In both manned and unmanned
space systems, stringent requirements are es-
tablished for safety and reliability on the basis
of the consequences of losing the payload or
the launch vehicle. However, safety and reli-
ability are similar to other performance re-
quirements, although their priority in the re-
quirements tree might be quite high. Similar-
ly, a set of requirements is established for the
processes needed to implement product assur-
ance. Quality, in my view, is an attitude of
commitment to perform to those requirements.

In systems design, development, and oper-
ations, requirements are established to ensure
a system will do its intended job. Therefore, no
compromise is made with respect to quality. If
the system does not meet its requirements,
then either it must be fixed or the requirement
re-examined and changed to fit the behavior of
the built system, if its intended job can still be
performed. Although this might seem to be an
extremely expensive way to operate, it is my
experience that meeting the requirements or
equivalently building a quality system is most
cost-effective. The issue is making sure the re-
quirements are correct; there are no options on
quality. There is no substitute for producing a
system that will do the intended job.

Understanding Requirements:
The Foundation

When a project is initiated, the manager has
three available resources: the mission objec-
tives; the current state of the art technology
(in its broadest sense -- tools, devices, standard
specifications, and processes); and collective
past experience. Very often, the mission ob-
jectives are a mixture of requirements and de-
sign. The state of the art of technology weaves
its way into the requirements by the fact that
many requirements are, in reality, point solu-
tions rather than statements of the problem.
Past experience is very valuable when proper-
ly used, but all too often we embed require-
ments that solve a problem no longer relevant
to the one at hand. These distortions of true
requirements can limit our ability to use tech-
nology advances creatively.

An essential task for the project management
team is to ensure that requirements are pre-
cise and operationally valid and that sufficient
time is allowed to iterate them in order to as-
sure the simplest implementation. Require-
ments imposing unneeded constraints and un-
necessary complication must be changed. In
the ideal world, the “systems engineering pro-
cess” should ensure that this task is completed
before full-scale development begins. Since
this does not always happen, it pays to scrub
the requirements hard at the beginning, be-
fore trouble occurs, rather than wait for a cri-
sis. I can guarantee that there will be many
occasions to review the requirements during
the life of the project.

LESSONS LEARNED FROM
THE SHUTTLE PROGRAM

The Space Shuttle program was unique in that
only a very few key personnel changes oc-
curred from the start of development in 1972
until first flight in 1981. This was true for
NASA, at Headquarters and the Centers, and
for the prime contractors. Most projects, how-
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ever, see a greater turnover during a develop-
ment period as long as this. This particular
group of people also had some unique shared
experiences, having come through the Moon
landing program and the Skylab program to-
gether. Many of the people were also involved
in the earlier Phases A and B (conceptual and
design) studies and had participated in a very
large number of trade studies, from configura-
tion to technology to ground support concepts.

My experience did not include the early pro-
grams or trades; and as I started on the Shut-
tle, I felt as if I were jumping aboard a racing
train. As soon as I became involved in the
decision-making process, it became apparent
that external ground rules and constraints
were changing, that resources needed to be
shifted, and that many of the technology
choices would have to be re-examined. The
project stayed at this pace throughout the de-
velopment cycle. Further, it was a resource-
constrained program, constantly trading
schedule for current dollars -- similar to many
of today's programs. I will review some of the
situations that occurred during the Shuttle de-
velopment and extract some beneficial lessons.

Requirements and Early Design. During
the early design phase, there is constant
pressure to meet drawing release schedules;
often mistakes can be made by releasing
drawings before an adequate number of design
iterations occurs. On the Shuttle project,
experienced designers often withstood these
pressures and ensured that their designs
would meet performance requirements while
staying within cost and schedule constraints.
Sometimes -- due to pressure or inexperience --
they did not achieve this balance, for there is a
fine line between being ready to release and
embellishing the design.

The biggest payoff for reducing cost and
improving operating characteristics occurs in
the early design cycle. Current concepts, such
as “Simultaneous Engineering” and “Total
Quality Management,” involve the total team
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(engineering, manufacturing, test, logistics,
etc.) early in the design cycle. The objective of
these concepts is to simplify the total
production process, recognizing the value of
design iterations.
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installation operations took place at Palmdale, CA.

The system implementation is reflected in a
series of plans, i.e., engineering, software, pro-
curement, quality assurance, manufacturing,
etc. Asiterations are made to improve perfor-
mance, cost, and/or schedule, these plans must
be kept in step. Early attention to long-lead
items, critical processes, facilities tooling, and
test needs will prevent future problems. These
plans, when properly formulated, are the
means to communicate direction to the project
team and measure project progress. As a proj-
ect manager, one must keep the pace moving
quickly. One must always balance schedule
pressure, the quality of the technical output,
the implementation risk, and cost.

Mid-course Correction. The time span from
preliminary design review (PDR) to critical
design review (CDR) varies from project to
project. Itis a period of significant change: ex-
penditures are increasing as prototypes and
breadboards point to the need for technical
changes. Often annual funding limits and oth-
er external events result in considerable
schedule pressure, causing severe competition
for funds among project elements. As project
manager, one almost has to anticipate where
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the problems will arise and be prepared to
make adjustments. Problems can take the
form of schedule, dollar, design, or require-
ments changes.

During this period, there is time to change the
implementation characteristics of the system.
However, project managers should ensure that
the data they are receiving are real (i.e., they
must spend time visiting the development con-
tractors -- within the company and at subcon-
tractor and associate contractor sites). When
these implementing organizations understand
the need, the project manager will find that
their ability to react to change is far better
than either might think. Not making a deci-
sion to adjust can be far worse than a non-
optimal decision. Conversely, constant
changes can result in chaos. It takes a sea-
soned team to make the right decisions and
maintain configuration control.

The Build Cycle. In the ideal world, produc-
tion fabrication occurs only after the design is
thoroughly reviewed, all parts function as
specified and are received on time, all software
is received on time and perfectly matches the
hardware, all subassembly qualifications are
complete, all assembly and installation pro-
cesses are perfect, and the expenditures of
those functions that have finished their work
are rapidly decreasing. In the real world, this
rarely occurs.

Hopefully, the requirements cycle has pro-
duced good paper specifications and processes,
and the quality attitude of meeting require-
ments is well established. If not, the project
manager is operating on quicksand -- this is
not the time to find out one has missed some
critical mission objective. The responsiveness
of the project management team is critical
during this period. Resources almost always
need balancing to meet the real rate of
progress. The project rarely has adequate fi-
nancial reserves to cover every problem, and
manpower reserves to meet every contingency.
However, at this time, the manager will also
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find that all the scheduled tasks do not have to
be completed in exactly the sequence specified.
There is considerable independent parallel ac-
tivity off the critical path. With proper contin-
gency planning, a responsive organization,
and timely decision-making, performance re-
quirements can still be met within cost and
schedule commitments.

Performance of the Space Shuttle’s thermal protection
system has exceeded expectations.

I well remember deciding to scrap a marginal
lot of strain isolation pads (SIPs) used in bond-
ing the thermal protective tiles to the Shuttle
vehicle. During screening tests, it appeared
that 1 to 3 percent of this lot was bad. There
was enough SIP material to install at least
1,000 tiles, and this obviously would mean
that 10 to 30 tiles might not have the proper
strength. The post-installation tile acceptance
tests would probably catch the bulk of the
problem. However, manufacturing and mate-
rial people developed a workaround plan that
allowed us to wait for a new lot with minimal
schedule impact to the total vehicle flow. We
chose to wait. We updated our process specifi-
cations at the supplier and at our factory to
eliminate the possibility of problem reoccur-
rence. We set the example to our floor person-
nel that we would accept no less than a quality
product. And as a result, the thermal protec-
tion system on the orbiter has performed well,
even better than expected.



Qualification and Preparing for Flight.
One of the least understood risks in project
management is caused by lack of attention to
the acceptance and qualification testing re-
quired to prepare for both flight testing and
operations. Too often, proper resource alloca-
tion in this phase is neglected. (This means
too little as well as too much.) Each of the
technical disciplines seems to have its own cri-
teria as to what needs to be proved by test ver-
sus how much can be proved by analysis.
Cryogenic and hypergolic devices always seem
to provide test surprises. For the Shuttle pro-
gram, simulation of complete structural loads
(including the thermal, vibroacoustic, and me-
chanical acceleration loads) was very difficult.
Software and avionics integrated testing is al-
ways questioned relative to its completeness.
(Are all the possible cases covered, including
the fault conditions?) Testing to prove life lim-
its can become very expensive, if not impracti-
cal. (Consider proving 10- or 30-year life with
adequate margins.) The physical size of an
end item and its operational modes (i.e., is it
reusable, does it have asymmetrical orienta-
tions?) will determine whether environment
test chambers can be used.

Six major steps a project leader can take to
minimize such risks are: (1) include seasoned
test personnel on the project team; (2) consider
the test requirements early in the project life;
(3) review the test requirements before testing
begins (e.g., testing gaseous oxygen flow con-
trol valves, tile test panels, and structural and
mechanical devices where the culprit was the
test requirement, test fixture, or procedure
rather than the device under test); (4) pay at-
tention to ground and flight test results -- es-
pecially where actual performance diverges
from predicted performance -- since these are
potential trouble spots; (5) be prepared to
make some tough decisions on the acceptabil-
ity of test results versus redesign and retrofit
versus limited life designation; and (6) not fly-
ing until problems that affect mission success
have been resolved.

17

Managing Projects -- An Industry View

Shuttle ground vibration test operations took place at the
Marshall Space Flight Center.

Operations. No matter how well one comes
through the previous phases, the operational
period will present some unique challenges.
Flight results, technology evolution,
turnaround improvements (if reusable), repair
and wearout, new missions, the desire for
increased performance, and the next version of
the system will demand additional effort.

Frequently, those who authorize additional
funds, be they Congress or Headquarters pro-
gram personnel, are not prepared to continue
investing during the program life. By this
point, the project team should have some prov-
en measures to judge the value of any change
to the system. Too often changes are made
without an operational set of priorities and the
result is that systems degrade in performance
rather than improve. The need for adequate
technical development, maintenance of con-
figuration data, and properly planned change
points is as great now as at any other time.
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Any change will impact the full range of oper-
ational tasks, from test and checkout proce-
dures to training. Careful screening of
changes and implementation planning will
keep the system operating successfully for
many years. Interaction with the ground and
flight teams will assure that valuable past les-
sons are not lost and that implementation pro-
ceeds smoothly. Not responding to valid needs
for evolutionary change will shorten useful
life and increase operating costs.

People: Building Commitment
and Attitudes

Project success will depend on the commit-
ment and attitudes of the people involved in
the project. The leadership of the project man-
ager and team is a dominant factor in estab-
lishing a motivational environment. Too often
we focus on organizational structure rather
than behavior. The organizational structure
of a project can vary from a direct-line project
team (everyone working for the project man-
ager) to a highly matrixed organization.
Which one is the best depends on many fac-
tors, such as the length of the project, the size,
the skill mix, and the history of the parent or-
ganization. All need to be considered, while
care is taken to balance project responsiveness
and organizational needs.

When we had to replace a multiplexer on the
Shuttle Columbia on the pad at KSC during
countdown, the only available spare was in
Palmdale, 3,000 miles away. Within 24 hours
the spare was delivered, installed, and
checked out in Columbia; the faulty unit was
returned to the manufacturer; and the fault
isolated to ensure we did not have a generic
problem. Without the commitment of every
person involved -- managers, technicians, lo-
gisticians, engineers, and pilots (at NASA,
Rockwell, and the subcontractor) -- two or
more days would have been lost, resulting in
increased costs as well as some very unfavor-
able criticism.
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Crew technicians complete a timely repair of STS-2.

Similar events happen every day in the life of
a project. The approach the project manager
and the team take has a great deal to do with
instilling the commitment and attitudes nec-
essary for success. The following are tech-
niques I have seen others use and have used
myself.

Building Teamwork. It is important to treat
all people and organizational elements fairly.
There is no substitute for ethical behavior and
technical integrity. Open and honest commu-
nication among all team members is essential.
Praise goes much further than blame; and
criticism should be constructive, especially in
large meetings. The manager and the rest of
the team must work hard to establish a project
outlook, a customer outlook, an end-user out-
look, and a “can do” attitude. Getting these
views accepted will obviate many organiza-
tional squabbles. It is extremely important
also to build trust and teamwork among orga-
nizational entities: government, prime con-
tractor, subcontractors, suppliers, Headquar-
ters, and Centers.

Building Consensus. Since decisions are re-
quired at every level, effective interchange
must take place with all involved parties. The
manager listens carefully during the discus-
sions and then works hard to get everyone to
accept the decision as the agreed-upon course



of action. Rarely are every person's desires
met. While differences of opinion are accept-
able, dissension is not. Furthermore, if new
information becomes available, the issue must
be revisited.

Quality is Mandatory. Since a quality prod-
uct is the project’s objective and requirements
drive the entire system, all those involved
know that their commitment to meet require-
ments will foster product excellence. Estab-
lishing the means to re-examine require-
ments, processes, and procedures will also fos-
ter product excellence. This applies to every
aspect of the job: to letters and reports, as well
as the hardware products. Everyone must un-
derstand the job to be done. In working to
clean up processes and procedures, the project
manager will do well to involve the doers as
well as the writers. This will maintain an atti-
tude of excellence and result in a quality prod-
uct.

Time is of the Essence. Creating a sense of
urgency is essential for project success. Sched-
ules are established to ensure that all project
tasks are synchronized and resources are prop-
erly applied. Since the manager’s actions and
team decisions are examples for everyone,
they should be timely. Adequate time must be
allocated and the schedule adhered to. The
project manager must clearly expect schedules
to be met or beaten and must follow up to
make sure the proper resources are being ap-
plied. If difficulties arise, then searching for a
workaround and eliminating the root cause is
much more productive than looking for some-
one to blame.

Cost is a Driver. Cost is an essential element
of the contract, and cost-effective performance
is everybody’s job. All organizational ele-
ments need to recognize and commit to the cost
objectives. Getting quality and schedule per-
formance are major factors in cost perfor-
mance, and driving for simpler implementa-
tion improves both. The project manager has
to ensure that enough time is allowed to get
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the simplifications at the design level and the
participation of needed disciplines. Life costs
must be a visible part of the decision-making
process.

Keeping in Touch. Too often the project
manager and team are consumed by meet-
ings, requests for status, and myriad other du-
ties which keep them in their own offices. This
is an easy trap to fall into. But the project
manager’s presence is needed out on the floor,
within the organization, at peer organizations,
and at the contractors’ sites. This presence
will motivate the workforce, demonstrate con-
cern, improve the information flow, and in-
crease team responsiveness.

Selecting the Right Team. Since there is no
substitute for talent, the project manager
must select people who are technically strong
(i.e., in engineering, manufacturing, schedul-
ing, contracts, etc.) and who display the com-
mitment expected. Often, rotation of the peo-
ple into different assignments will help keep
the talented people involved and committed to
the project. Those who do not fit should be en-
couraged to find other tasks better suited to
their talents. A strong team will create the
peer pressure so vital to ensuring an effective
attitude.

Reward and Recognition. There are many
opportunities to reward performance. All too
often in relations between the government,
contractors, and subcontractors, profit is used
as a negative incentive. If contractors meet
their commitments, they have earned profit.
If they have stayed responsive to overall proj-
ect needs, they have earned a good share of the
profit. If possible, unawarded period profits
can be effectively rolled forward to provide ad-
ditional incentives. Similarly, budget under-
runs can be used to initiate needed work earli-
er if project resources allow. Incentive and
fixed-price contracts often allow sharing of
cost savings that result in additional profits
for the contractor while saving significant dol-
lars for the government. Gainsharing
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is becoming a popular way of passing perfor-
mance incentives to the individuals.

There are many ways to provide non-monetary
incentives to a project team. Commendation
letters, formal awards, public acknowledg-
ment, and a simple, spoken “well done” will go
a long way to building the commitment and at-
titude needed for project success.

Communicating Relevant Information

Some people believe that the answer to all our
information needs is an infinitely large, auto-
mated data base with embedded expert sys-
tems to help us extract the information we
need to make decisions. Others believe that
all the key data can be put on three-by-five
cards and carried by the project team through
the life of the program. I would like to share a
situation to help explain my view of what con-
stitutes relevant information.

During the approach and landing test on the
Shuttle program, the Rockwell team had re-
sponsibility for the vehicle prior to rollout
from the hangar. We completed the pre-
rollout tests, moved the vehicle out, and
passed control to mission control at JSC. On
one particular flight, we were having some dif-
ficulties with the inertial measurement unit’s
alignment. A decision had to be made as to
whether the observed drift rates would be ac-
ceptable for flight. Although they were within
specification and met all the criteria, there
was obviously something going on that was
different from our expectations. We had only a
few minutes to decide whether we were “go” or
“no-go” for that day. I met with the two re-
sponsible engineering managers and their rec-
ommendation was “go.” The information that
I needed was their technical rationale and how
they conveyed the data. It was more than the
numbers: it was also their confidence. Infor-
mation needs are dependent on the problem at
hand and the people involved. Information
consists of more than computer-storable or
written data.

Recognize Differing Needs. Each level in
the customer, contractor, subcontractor, and
user organization has different needs for infor-
mation. Giving everybody everything is al-
most as bad as giving them nothing. Commu-
nications must, therefore, be planned in light
of established performance milestones that
measure progress meaningful to the level it is
reported to, in a form useful to the receiver,
and of value to those who provide it. Status
data can be verified by frequent site visits.
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In general, the two areas that are served the
worst are the top of the program, where infor-
mation is needed to plan future resource allo-
cations, and the detail working level (includ-
ing subcontractors), where daily work sched-
ules are made. The top area needs to under-
stand the future consequences of any major
event, and the detail level needs to understand
current detail status and decisions made that
affect in-process work. Some effective commu-
nication techniques are discussed in the next
sections. '

Use Electronic Information. Modern
computer-based systems offer tremendous ca-
pability to provide detailed information to a
very large number of people. They can be used
for detailed technical data (drawings, parts
list, algorithms, system and software require-
ments, user notes, procedures, etc.). They can
be used also for scheduling and control infor-
mation (engineering orders, parts ordering,



billing, inventory, configuration data, multi-
level schedules, etc.) and coordinating infor-
mation (electronic mail for bulletins, meet-
ings, decision status, etc.).

During Shuttle development, it would have
been impossible to complete the program with-
out computer-based information systems.
However, difficulty occurred with multi-
discipline information and multi-level (differ-
ent user level) data. The fundamental prob-
lem is that data were not structured into logi-
cally consistent databases. Inordinate effort
was required to translate, manipulate, and re-
format information. Therefore, care should be
taken on future projects to provide logical
structures, standards, and user-friendly inter-
faces to ensure that electronic techniques are
effectively used. (The NASA TMIS, Air Force
UNIS, and many corporate information sys-
tems are working on this issue.)

Use Meetings to Communicate. During the
Shuttle development program, many reviews,
panels, and boards were scheduled on a regu-
lar basis. Used properly, these were effective
means for communicating information, as well
as for making decisions. Daily morning meet-
ings between project functions at the contrac-
tor, between organizations at the launch site,
and between subsystem project managers at
the lead Center were used to measure the cur-
rent pulse of the project and resolve issues that
could impede work. Weekly meetings -- such
as the avionics review board (ARB), technical
status review (TSR), software control board
(SCB), change control board (CCB), program
review boards (PRBs), and vehicle status re-
views -- were ways to facilitate decisions that
had longer-term impact and to communicate
results to affected parties rapidly. Monthly or-
biter management reviews were an excellent
means for synchronizing all the functions, as
well as measuring cost and schedule perfor-
mance.

The problem, of course, becomes one of how to
do the work with all those meetings going on.
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With proper attention to meeting duration,
participation, and completed staff work, these
meetings are very effective. Letting the per-
son who is closest to the issue present the in-
formation and the lowest-level person make
the decision will speed up the process and
spread the work. Written minutes, rapidly
prepared, distributed, and posted for all to see
will get the information to the “floor” where it
is often needed the most.

Consider Contract Data as Important. Too
often, the contract and its associated state-
ment of work and schedule of deliverables are
known only to a limited number of people in
the project chain -- at the customer and at the
contractor. Yet, the contract is the document
that communicates the official requirements
of the work to be done and the schedule for
when it is to be done. Since government agen-
cies rarely use the contract as a mechanism
within their own organizations and the con-
tractor operates similarly, there is a great mis-
conception about the contract’s value: main-
taining its configuration, and using it as a
mechanism to communicate and control work.
Every project team leader should be familiar
with the contents of the contract, for it will en-
able them to maintain a fair and equitable po-
sition on many issues that will arise during
project performance. Insist on compliance
with the contract and initiate contract
changes when there is a legitimate addition,
subtraction, or change to be made.

Communicate with Your Customer. The
project team is both a supplier and a customer.
It is very important that the team recognize
this dual role. Too often I have seen the team
consider its customers (customers are both the
next level up in the project chain of command,
and those organizations that significantly
drive project requirements and funding) as en-
emies rather than friends. During the course
of a long-term project, the information flow is
virtually the only product that will assure
your customer that the project is on track.
Making this flow effective will also produce
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understanding of the external environment
and its dynamics, which, in turn, will generate
better decisions. An open, honest, and timely
information flow among the project team, cus-
tomers, and suppliers is a key ingredient of
project success.

Conclusion

Project management, especially as it has de-
veloped through NASA'’s large-scale successes,
is an extremely rewarding field. It enables
each of us to take part and direct a portion of
this nation’s progress. In the project manager
role, we take on considerable responsibility,
for we are accountable for the use of very valu-
able assets. It is our job to ensure delivery of a
system with the required performance, at or
before the planned time, and within cost lim-
its. Many skills are required and tools needed
to be an effective project manager. Today, the
task is being made both a little easier with im-
provements in communication media and si-
multaneously harder within our “fishbowl”
environment. Building on past success and
learning from mistakes are important.
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I have discussed what I believe are some es-
sential principles in effective project manage-
ment. There is no compromise to quality;
proper requirements are a solid foundation;
things will change; committed people make
the difference; and communication of relevant
information will keep a team on course.
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