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To the Next Generation of Program and
Project Managers

by J.R. Thompson

The success — or failure — of the next
generation of NASA program and project
managers will depend on how well we do
our jobs today. We will either pass along a
tradition of achievement or leave a diffi-
cult path for those who follow us. I would
like to pass on a stronger, more capable
agency to the next generation of NASA
employees.

Long after the majority of today’s leader-
- ship is retired from NASA, many of the
programs we advocated or worked on will
still be operational, for better or worse.
One day, I expect to turn my television on
to a 24-hour special access channel to see
what the Space Station Freedom crew is
working on. I expect to marvel in the prep-
arations for flight of the Lunar-Mars Mis-
sion, the grandest global enterprise of hu-
manity to date, and wonder at the latest
planetary discoveries. I hope to see the
U.S. flag on the tail of the world’s first
aerospace plane. I hope that people in
2010 will be able to marvel at these feats
with the same enthusiasm and respect
that we have now for the accomplishments

of our space programs of the 1960s and
1970s.

It is clear to me that our performance to-
day will determine what kind of NASA we
will have at the turn of the century. What
we do today at our desks, in our laborato-
ries, in our conference rooms and at our job
sites matters a great deal if we are to suc-
ceed in the new century. Today is the first
day of NASA’s future, and I believe it is a
very good one.

For example, we have achieved a good bal-
ance of science, manned spaceflight and
technology, not just one at the expense of
the others. We must maintain that bal-
ance, realizing that science depends on
technology and that there is no substitute
for human presence in space. By challeng-
ing the frontiers of science, we will ad-
vance the technology and make human
presence in space more useful.

However, we can’t afford to “fall in love”
with a new program to the detriment of ex-
isting programs. Almost every day I hear
of interesting new ideas coming to us from
the laboratories and the universities.
Some of these ideas have merit, but we
may have to bypass many of them so we
can do well with the opportunities we are
already committed to.

This is not to say that NASA is unwilling
to hear new ideas. We are always seeking
better, more cost-efficient ways of manag-
ing the programs we now have. Innovative
opportunities are already being identified
in such areas as space station payloads and
the Space Exploration Initiative, and we
should incorporate other good ideas as the
work progresses. But our primary job is to
focus our efforts on making our existing
program commitments a success. Most of
NASA'’s budget is to manage and develop
our ongoing programs and projects; only a
small portion is earmarked for new initia-
tives. No matter how much we want to
tackle new projects, we must first perform
those that have been mandated by the
President and endorsed by the Congress.
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> What We Can Do Better

NASA'’s senior scientists, engineers and
managers have excellent opportunities
now to define and manage NASA’s current
programs to ensure future successes. The
outcomes of our decisions and accomplish-
ments will be felt for years to come. Since
NASA is a highly integrated institution,
mistakes and missteps can affect us all.

One area that I have noticed as a major
source of problems is in defining program
requirements. It seems that just about ev-
eryone connected with a relatively simple
project can add on any number of require-
ments, which may get included without
being challenged. When all the require-
ments are finally compiled further up the
line, we find that we simply do not have
the resources to implement what we have
said the project needs!

The cost growth needed to accommodate
useless requirements can paralyze a pro-
gram or project. One way we can save
money and precious time and achieve bet-
ter performance is to do a better job in
Phase A and Phase B. We need to scope
out the requirements up front and then
challenge them internally.

We also need better ways of estimating
and controlling costs. I could name project
after project that was estimated to cost
millions and ended up costing billions in-
stead. It is good that we say we are willing
to compromise cost but not content, but
better checks and balances are needed all
along the way. Upper management is part
of this problem.

Our institutional reputation is built upon
competence. In this time of tightening up,

NASA'’s competence in the area of budget
and finance needs to be improved. I'd like
to see a little more tension between project
management and financial management.
If we don’t do a better job of estimating and
controlling costs, I can guarantee that
someone else will come in and do it for us.

Qualities of the New Manager

We must consider who will replace our cur-
rent management teams and where the
new leaders of NASA will come from. I've
seen the age distribution figures on NASA
personnel, which show that there is a big
gap between Apollo-era managers and rel-
atively new hires. Quite frankly, the num-
bers don’t scare me all that much because
young people don’t scare me. I've found
that whenever young people were thrust
into leadership positions, nine out of ten
times they did just fine. I'm not so sure
that middle-age managers have much of a
better record of success, but I am sure that
chronological age is not the main factor in
the success or failure of a program or pro-
ject manager.

I think that there are three basic qualities
an aspiring program or project manager
should have. First, I'd look for leadership
capability. Leadership can be interpreted
in a lot of different ways, but we all know
leaders when we see them. More often
than not, such leaders possess personal in-
tegrity. They command, rather than de-
mand, respect from subordinates. They ea-
gerly take charge of a program or project,
plan it out thoroughly and communicate
clearly with those who are under them,
above them and beside them. They are not
too proud or reluctant to incorporate prov-
en technologies, or to tap the expertise and
talents of outside agencies or institutions.
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You know what to expect from a good lead-
er, there are no surprises. When things go
right, these leaders praise the subordi-
nates; when things go wrong, they take all
the blame on themselves, then make sure
the problem is corrected and put the pro-
ject back on the right track.

Second, I'd look for common sense in
managing people and contractors. The
first step is to pick the right people to man-
age. Perhaps nothing is more important
than finding the right person for the job.
Common sense will tell you that incompe-
tent or mismatched people will kill a pro-
ject, but a good team will function well.

Once the best and brightest have been se-
~ lected for the team, the manager must del-
egate responsibility and authority to the
lowest level possible. Management is diffi-
cult and time consuming enough without
having to do someone else’s job or question
the dependability of the people you pick.
Contractors, too, deserve to be treated as
full partners. Increasingly, NASA pro-
grams and projects have an international
flavor. International partners must be
treated with the respect they deserve.

Third, I'd ask: Does this potential project
manager have technical moxie? To lead
others, sometimes you have to guide them.
Now technical moxie doesn’t mean the
technical knowledge to do everyone else’s
job, but rather the ability to learn all the
technical matters that are the manager’s
responsibility. A new manager isn’t ex-
pected to know the form, fit and function of
every little piece of a project at the start,
but sometime before test and verification
the manager had better learn those things.
I'd pick a manager who was a quick learn-
er and had solid technical know-how, rath-
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er than someone with a long list of varied
technical accomplishments.

The fact of the matter is, in NASA today,
few projects stand alone. As manager of
the Main Shuttle Engine, for example, I
had primary responsibility for that proj-
ect, but other Shuttle projects depended
upon our schedule and performance. They
had to know what I was doing, and I had to
know how they were putting all the pieces
together to make the Shuttle fly. Technical
collaboration across these projects was
critical to our mutual success.

Technical moxie involves some innovation
and creativity on the part of an aspiring
manager. Take a look at the job in front of
you now and look for ways to achieve better
performance with lower cost, in less time.
One way to do that is to use existing tech-
nologies, observe what others are doing in
allied fields, and take an item off someone
else’s shelf instead of recreating it each
time. It takes creativity to find the best so-
lution for the problem at hand.

Looking at your present work and finding
new ways of doing all tasks better is per-
haps the best exercise one can do as an as-
piring program or project manager. Be
open to new ideas, and stimulate new ideas
among your colleagues. Stimulation is at
the heart of everything we do at NASA,
and I hope I have stimulated a few ideas for
you to do your job extraordinarily well.
The future of NASA depends on you.

There is a connection between where
NASA is today and what it takes to become
a good program or project manager. The
key to both is to maintain your balance.
Just as NASA today strives to keep a good
balance of science, technology and manned
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systems, the aspiring manager needs to
keep a good balance of leadership ability,
common sense and technical knowledge.

g@%@ NASA'’s Future is Now

Although NASA is evolving, it has actual-
ly shrunk in terms of work force and real
dollars since the days of Apollo. As NASA
continues to change, projects will probably
have to be performed by fewer people,
which will force new solutions and bigger
challenges. Strong leadership skills can
go a long way in handling tough decisions
and tradeoffs.

No matter what happens, I don’t think
that you should try to guess the future. In-
stead, you should be looking at the job in
front of you, trying to do it better, more
safely and more efficiently. The answer is
not out there or coming later — it’s right
in front of you, right now.

In closing, I'd like to suggest that there are
some other things we can and should be
doing to leave NASA a better agency than
we found it. One thing is to stimulate an
interest in aerospace among children, the
next generation of NASA program and
project managers. Volunteer for a hitch on
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NASA speaker’s bureaus at Headquarters
and each Center. Schools, social organiza-
tions, churches, and fraternal societies are
hungry for news and views about the aero-
space industry. The interest is there, but it
needs to be cultivated.

Take advantage of the NASA Program and
Project Management Initiative. Take the
courses and read the literature or, if you're
an experienced veteran, volunteer to teach
or write so the corporate memory of NASA
is not lost. Shared experiences and lessons
learned are legacies we can leave behind
for the next generation.

Finally, I would suggest to all, young and
not so young, to be open to new ideas. I'm
constantly on the lookout for ways I can do
my job better, here and now, not in some
vague, distant future. Since we came on
board, NASA’s new leadership has made a
lot of changes. Change is a sign of growth,
but what I want to leave with you is the no-
tion that growth doesn’t mean just size or
numbers — it also means quality. In the fi-
nal analysis, I'm not asking you to do more,
but rather to do better. No doubt, the best
way to succeed is to inspire our young peo-
ple by doing the common tasks uncommon-
ly well and building a better NASA.
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Project Management in NASA: 1980 and Today

by Donald P. Hearth

NASA'’s public image has been damaged
during the past year by a growing public
perception that “NASA doesn’t manage
complicated space projects very well —
certainly not as well as they used to.” The
experiences with the Hubble mirror, the
hydrogen leaks in the Shuttle, and the con-
tinuing cost and management changes in
the Space Station Freedom Program sug-
gest that the public perception has some
justification. This situation was, probably,
a major factor in the creation of the Augus-
tine Commission which is examining the
future U.S. space program as this article is
being written. '

We should recognize that the problems
noted above are isolated ones and that
there have been many recent successes; for
example, Voyager and Magellan. More-
over, the “good old days” weren’t always
“good”; we also had technical, cost and
management problems in the “old days.”
Perhaps, one could argue, NASA is being
held to a more rigorous standard of project
management performance than during its
first 30 years. This may very well be the
case. Nevertheless, I believe that NASA
occasionally deviates from some of its es-
tablished principles of sound program and
project management, and the such devi-
ation may contribute to some of today’s
problems.

In 1980, I had the privilege to lead a team
that examined NASA project management
experience since the early 1960s and the
problems in the management of then cur-
rent NASA projects. This study resulted
in the identification of factors that encour-

aged cost growth and schedule slips as well
as factors that contributed to successful
project management. The findings of the
1980 study are summarized in this article
along with a personal set of “Project Man-
agement Principles.”

. The 1980 Study

In the late 1970s, NASA experienced major
costs overruns and schedule slips with pro-
jects such as Shuttle, Hubble, and IRAS
(the infrared astronomical explorer). The
NASA Administrator established a study
to examine NASA project management
and to make recommendations on how to
improve the agency’s performance.

The team we assembled included individu-
als with extensive management experience
in NASA Headquarters and the NASA
Centers, as well as experience with un-
manned and manned projects. The team
was first rate, including individuals such
as Jack Lee (Spacelab Project Manager and
current MSFC Director), “Gus”
Guastaferro (Director of Planetary Pro-
grams in OSSA and currently a Vice Presi-
dent at Lockheed), Charlie Hall (former
Pioneer Project Manager), and Tommy
Campbell (current NASA Comptroller).

We worked closely with the Administra-
tor’s Office, the Headquarters Program Of-
fices, the NASA Centers, NASA contrac-
tors, former NASA employees, and con-
gressional committees. As far as we know,
no information was denied us, and all of
the people interviewed in government and
industry were extremely open and candid
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The study was conducted over a four-
month time period in the three phases out-
lined in Table 1. The major Conclusions
and Recommendations are listed in Tables
2 and 3. Many of the findings relate to ac-
tions taken before formal project approval.

have their own principles of project man-
agement. The 1980 study and the NASA
experience have resulted, in my opinion, in
the principles noted later. They include ac-
tivities that occur before a project is ap-
proved, since these establish the baseline

Most individuals who have been associated
with the management of technical projects

for implementation of the project. (Many of
these principles are included in a memo-
randum from the NASA Administrator on
February 6, 1985, and NASA Management
Instruction 7120, approved on the same
date.)

Project Management Principles

Table 1 - The Process Used in the 1980 Study of NASA Project Management

Phase 1

Cost and schedule data were collected for all NASA projects (spaceflight, aeronautical and large con-
struction) since 1958. The data collected included initial estimates, at the time of “commitment” to the
OMB and Congress, and final (or current) figures. In addition, information on all NASA competitive
procurements was examined.

Discussions were held with NASA personnel at various management levels in order to develop a list of
potential factors that they felt contributed to cost and schedule growth of NASA projects. Factors identi-
fied included contractor “buy in,” turnover of NASA project managers, inflation, inadequate NASA trav-
el money, technical complexity, etc.

Phase 2

The study team selected a group of projects for detailed examination. The 13 projects selected included
some that met initial cost/schedule estimates and some that overran initial estimates, as well as projects
that were implemented by various NASA Headquarters Program Offices and NASA Centers, some that
were implemented in-house and under contract, and some that were implemented at various times in
NASA’s history. In other words, we attempted to select a representative cross section of NASA projects
for intensive study.

The study team divided itself into two-person teams; each team examined two of the selected projects.
Project documentation was examined, interviews were conducted with past and present managers in
NASA Headquarters and the Centers, and interviews were conducted with industry personnel that were
involved in the preparation of the company’s proposal and/or with NASA or the industrial firm. Each
team identified, to their satisfaction, the reasons for the cost and schedule performance of each project.
The study team examined the experience of other government agencies in the management of projects
with advanced technology; particular attention was given to development projects in the U.S. Air Force.

Phase 3

The results of the first two phases were analyzed to identify “generic” factors.

The study team prepared a final report comprised of a set of briefing charts and a written statement on
its conclusions and recommendations.

Results of the study were reviewed with NASA management, a representative group of NASA project
managers, industry, and the Congress.
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My principles for the successful manage-
ment of NASA space flight projects are as
follows:

1. NASA should be realistic and honest
with itself, with the Executive Branch,
with the Congress and the public in terms
of the goals, capabilities, costs, schedule,
and technical risks of a new project when it
is under consideration for approval to pro-
ceed into design and development. NASA
should not overstate goals and not be de-
luded into a success-oriented cost and
schedule in order to obtain project approv-
al.
' %

2. Advancing the national technology base
is an important purpose of the space pro-
gram. Thus, NASA should not reduce the
technical challenges of NASA projects sim-
ply to reduce the possibility of cost growth
and schedule slips. NASA must, however,
consider the project’s technical risks dur-
ing the pre-approval phase and in design-
ing the implementation phase as well as
the project organization. NASA, OMB and
the Congress should expect up to a 30 per-
cent cost growth even if the project is well
managed and there are no major technical
surprises.

3. A NASA project should be well under-
stood before it is approved for design and
development. A through definition of the
technical aspects, management (including
the roles of the NASA Centers), cost and
schedule is required to estimate potential
risks to NASA management, the Execu-
tive Branch, and the Congress as they con-
template approval. Up to 5 to 10 percent of
the runout cost of a project should be ex-
pended during the definition phase. NASA
managers must not assume that approval
of definition funds automatically means
approval and funding of the project itself.

4. When a project is approved by NASA
management, the OMB, and the Congress
for implementation, the project’s technical
goals, schedule, runout cost, annual fund-
ing, organization, etc., are established. If
the project stays within the agreed upon
boundaries, the OMB and the Congress
should ensure continued funding during fu-
ture annual budget cycles and allow NASA
to manage the project.

5. Both the NASA Headquarters Program
Offices and the NASA Centers have impor-
tant management roles during project for-
mulation and implementation. The Head-
quarters Program Offices have the lead
during project formulation and are sup-
ported by the Centers. Except in very
rare cases, project management should be
delegated to a NASA Center during formal
project definition and during project imple-
mentation. Headquarters should then per-
form the oversight function and “repre-
sent” the project in Washington. Delega-
tion to a Center is necessary in order to en-
sure that the project management organi-
zation has direct access to NASA’s techni-
cal expertise so as to staff the project and
have the technical resources available to
deal with the technical problems that will
inevitably arise in the project. In those
cases where the project management role is
retained in Headquarters, NASA must pro-
vide a workable mechanism that will en-
sure the same availability of the technical
expertise of the NASA Centers to the
Headquarters project management organi-
zation as if project management were at a
Center.

6. The line of management responsibility,
authority, and accountability for project
management should be from the Adminis-
trator to the Program Associate Adminis-
trator to the Center Director and then to
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the Project Manager. A Headquarters
“Program Director”/“Program Manager”
will normally represent the Associate Ad-
ministrator and interface directly with the
Project Manager in the Center. Thus, the
Project Manager reports directly to Head-
quarters as well as to the Center Director.
It is critical that the Center Director retain
a portion of project accountability to en-
sure that the full technical capability of
the Center is applied to the project as re-
quired.

7. NASA should minimize the manage-
ment and technical interfaces within its
projects. The number of NASA Centers as-
signed management responsibilities on a
particular project should be minimized. If
it is necessary to have two or more Centers
assigned to a project, one Center should be
designated as the Project Management
Center and be assigned overall project au-
thority (including the allocation of funding
to the supporting Centers). In addition,
the management and technical interfaces
between the Centers should be defined and
documented prior to the approval of the
project to proceed with implementation.

8. The individual who is most critical to
the success of a project is the Project Man-
ager. That person must be provided the
appropriate authority, responsibility, re-
sources (including access to NASA inter-
nal technical expertise), and access to
NASA management. The Project Manager
is then held accountable for the perfor-
mance of the project. Project reserves (i.e.,
contingencies) should be managed by the
Project Manager and be used to deal with
technical and schedule problems; not with
budget cuts. Project management in
NASA should be viewed as a desirable and
long-term career path for NASA employ-
ees.

9. NASA and selected industrial contrac-
tors should form a working team to imple-
ment the project. There should not be an
adversarial relationship between NASA
and a contractor. The selection of a con-
tractor during the acquisition process
should be based primarily on technical con-
siderations, the bidder’s management ca-
pabilities, implementation plans, and the
bidder’s past performance. Contracts on
tasks that have a high technical uncertain-
ty should be cost plus, not fixed price.

10. The Project Manager should imple-
ment a technical and management infor-
mation system which will enhance close
communication among all project elements
in government, industry and other partici-
pating organizations. The Project Manager
must maintain a day-to-day understanding
of the status and problems of work being
performed so that technical problems can
be anticipated and dealt with in a timely
manner. This will require project reviews,
in-plant representation, person to person
contacts, etc., in addition to a formal Man-
agement Information System.

11. NASA management should minimize
the extent of project elements outside of the
authority of the Project Manager which are
also in development. NASA must be realis-
tic in recognizing and providing in its pro-
ject plan for those supporting elements that
are not fully operational.

None of the above are meaningful without
the most important ingredient to successful
project management in NASA — capable
and committed people within the NASA
project organization as well as in those
parts of NASA Headquarters and the Cen-
ters that support the project during both
normal times and during project emergen-
cies.
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In light of NASA’s current problems and
the relatively low public perception of the
agency, what should be done about NASA?
This is a question that the Augustine Com-

mission is, no doubt, considering as it pon-

ders the nation’s future in space.

A major restructuring of NASA would be a
mistake. I believe that following the pro-
ject management principles proven by
NASA experience will result in improved
NASA performance in the management of
flight projects and increased public confi-
dence in the space program.

In addition, the roles and missions of the
NASA Centers need to be clarified since
they have become blurred in recent years,
thereby contributing to some of NASA'’s
current project problems. The Research
Centers (ARC, LaRC, LeRC) should con-
centrate on aerospace research, technology
(R&T) and support to the industry, other
government agencies, and projects man-
aged by the NASA Development Centers.

The project management roles of the Re-
search Centers should be restricted to those
small flight projects which are vital ele-
ments of their R & T programs.

The NASA Development Centers should
concentrate on development projects that
closely match their technical expertise and
experience. For example, GSFC should
concentrate on unmanned science projects
in Earth orbit, JSC on manned space sys-
tem projects, JPL on science projects in
deep space, and MSFC on rocket propulsion
and launch vehicle projects.

Other steps may also be needed. For exam-
ple, new mechanisms may be necessary to
continue to attract and retain high quality,
motivated people in NASA. NASA’s in-
house technical capability has been the key
to its success over the past 32 years and
sets it apart from many government agen-
cies. It is vital to the nation’s future in

space that this unique characteristic of
NASA not be lost.

Table 2 - Major Conclusions of the 1980 Study

1. There were four major reasons for cost/schedule growth in several NASA projects:

a.
b.

Technical risk. NASA projects generally include high levels of technical complexity.

Inadequate definition of technical and management aspects of a project (including the specific project to
be implemented) prior to seeking approval to proceed from OMB and the Congress. This problem is ex-
acerbated in that, in many cases, only advocates of the project review its readiness and the adequacy of
cost/schedule estimates prior to submittal of the proposed project to the NASA Administrator for ap-
proval. Inadequate definition was judged to be the most significant contributer to cost/schedule over-
runs.

c. Industry’s recognition of NASA’s tendency to select the low bidder in the competitive acquisition pro-
cess. (When the study results were reviewed with NASA senior management, they were surprised that
NASA tends to select the low bidder.) This has an adverse effect on project performance when artifi-
cially low bids are accepted by NASA and used to rationalize low project costs.

. Poor tracking of contractor accomplishments against approved plans in a timely fashion, leading to late
identification of problems.

2. The following have been significant contributors to good cost and schedule performance:

a. The function of the NASA Project Manager who is provided the appropriate authority, responsibility,
and resources (including access to internal NASA technical expertise) and who is held accountable for
the performance of the project.

. Adequate definition of the project to be implemented prior to commitment of its cost and schedule to
OMB and the Congress.

c. Proper planning and management of project contingencies.
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d. Early ﬁnderstanding between NASA and the implementing contractor(s) of the project’s scope, imple-
mentation plans, and interfaces.

3. Some NASA space projects have experienced cost growth in the development of their ground segments.
This has been due to a lack of understanding of the design complexity and inadequate definition of the
ground segment. This situation has been particularly evident in high data volume projects.

4. In some cases, the management of technically complex projects has been assigned to multiple NASA Cen-
ters without sufficient and timely consideration of the management relationships between the Centers and
the technical interfaces between the project elements assigned to the various NASA Centers. The resulting
project management complexities have contributed to cost growth and schedule slips.

5. A project will experience increased technical, schedule, and cost risk when it is dependent on the parallel
development of critical supporting elements that are outside the Project Manager’s control. An example is
the dependence of the Hubble managers on the Shuttle.

Table 3 - Major Recommendations of the 1980 Study

1. The technical challenges of NASA projects should not be reduced in order to minimize the possibility of
cost growth and schedule slips. Rather, NASA should allow for the technical risks in the extent and type of
the pre-approval work performed, the estimate, annual funding plan and the project schedule. NASA, OMB,
and the Congress should expect up to a 30 percent cost growth even if the project is well managed and there
are no major technical surprises.

2. The NASA Administrator should require a complete definition of technical and management aspects of
all new projects prior to submittal for new start approval; this should include the specific project proposed for
implementation. Five to 10 percent of the funds required for the complete project should be expended during
definition. If a budget “line item” is required for project definition, NASA should update its estimate of cost
and schedule to OMB and the Congress after definition is completed. This update should be viewed by all
parties as the NASA commitment (subject to Recommendation 5). Finally, Program Associate Administra-
tors should organize a review of all proposed projects by a group of “non-advocates” who have project man-
agement experience and understand the technologies associated with the proposed project.

3. Selection of contractors should be based primarily on technical considerations and the bidder’s manage-
ment capabilities, implementation plans, and past performance.

4. NASA projects should have adequate visibility of each contractor’s technical performance and utilization
of resources. NASA Project Managers should have access to the technical capabilities of the NASA Centers
in order to monitor the contractors, oversee the government’s technical work, and examine contingencies
and work-around plans that will be required by technical problems. NASA Center Directors should be ac-
countable to ensure that their Project Managers receive the technical resources required and that their Cen-
ters support, where appropriate, projects at other Centers.

5. After the implementing contractor is selected, the first months of the contract activity should be devoted
to developing an early NASA/contractor understanding of the project scope and interfaces. The project’s
commitment to OMB and the Congress should be updated after this “early understanding” period.

6. All NASA projects should have adequate financial reserves (i.e., contingencies). These reserves should be
under the control of the Project Manager and be used to deal with technical problems; they should not be
used to deal with budget cuts by NASA management, OMB, and/or the Congress.

7. NASA should minimize the management and technical interfaces within its projects. The number of
NASA Centers assigned management responsibilities on a particular project should be minimized. If it is
necessary to have two or more Centers assigned to a project, one Center should be designated as the Project
Management Center and be assigned overall project authority (including the allocation of funding to the
supporting Centers). In addition, the management and technical interfaces between the Centers should be
defined and documented prior to approval of the project.
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Building the Project Team

by Howard T. Wright

After reading the papers on project man-
agement by Aaron Cohen and Angelo
Guastaferro in an earlier publication of Is-
sues in NASA Program and Project Man-
agement, I find it difficult to add to the ex-
cellent advice provided by these exper-
jenced authors. I believe that they have
provided very sound advice on the “how to”
in project management, and, therefore, I
have decided to explore the human element
of motivation in a project team effort. In
addition, as I would like to stimulate some
thought on “industrial teaming” in today’s
international political and economic envi-
ronment.

Much has been written about the relation-
ship between morale and productivity, as
well as the difference between a leader and
a manager. I have experienced the feeling
of both motivation and demotivation while
working on project activities in which the
intentions of the leader are clearly to bring
about a successful conclusion to the project.
Why is there a motivating environment in
some projects and a demotivating environ-
ment in others? Although I cannot provide
a cookbook answer to this question, I do
want to describe some of the specific ac-
tions that I believe successful leaders have
taken to provide a positive motivating en-
vironment.

There is no doubt in my mind that morale
and productivity are directly related. To
be very direct, I believe that most aero-
space managers would improve the produc-
tivity of their organizations if they were to
take steps to improve the morale of their
people rather than spend their time and
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energy trying to solve the endless chain of
interesting technical problems that are
ever present in most aerospace projects. 1
must admit that I have been significantly
influenced by Robert Ranftl’s book R&D
Productivity primarily because his conclu-
sions are totally consistent with my exper-
iences and observations. Where productiv-
ity is concerned, studies show that attitude
and motivation — not 1.Q., education,
graduate study, etc. — are most important.
The productivity of an organization is de-
termined by the top five percent of the peo-
ple of any organization. Managers are re-
active, but leaders are pro-active (they fo-
cus on the horizon and are sensitive to the
effect of change). The most often cited rea-
son for poor performance is over-managed,
under-led organizations. And Ranftl as-
serts organizations are like nations: they
begin stoic, they end epicurean. (By the
end of the Roman Empire 50 percent of the
normal work days were holidays.)

Let me offer some other references that I
have found particularly helpful in under-
standing morale and leadership: In Search
of Excellence by Thomas Peters and Robert
Waterman, A Passion for Excellence by
Tom Peters and Nancy Austin, Intrapre-
neuring by Gifford Pinchot III, and The
Management of Research Institutions by
Hans Mark and Arnold Levine. In my view
these references are strong confirmation of
the premise that productivity is closely re-
lated to morale and leadership. Let me now
share some experiences that I believe are
characteristic of those leadership traits
that promote high morale and produc-
tivity.
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While working for Grumman on the Apollo
program it was my job to be the Lunar
Module contractor representative at
George Low’s Change Control Board meet-
ing in Houston. I flew from New York to
Houston every Thursday night for more
than two years to attend the Friday meet-
ings. When George said, “Let’s begin,” you
could set your watch because it would be
12:30 p.m. sharp. It may seem like a small
point; however, a great deal of preparation
involving many people was at stake.
Starting on time gave each of us a clear
signal that George felt that the meeting
and our time were both important. Ido not
like to think of the numbers of times I have
been summoned to a meeting only to be
kept waiting for 45 minutes or more. De-
lay is an unintentional demotivating activ-
ity that is more characteristic of a man-
ager than a leader. To keep employees
waiting sends a clear signal that you don’t
think their time is very valuable.

After joining NASA in 1973 to work on the
Viking project, I was fortunate to have
found myself in a very highly motivated
project office. It is sometimes difficult to be
specific about the reason for the high level
of motivation. However, the first thing to
come to my mind in looking back at those
days is the integrity of the leaders. Both
the Project Manager, Jim Martin, and the
Center Director, Ed Cortwright, were re-
spected by everyone for their undisputed
support and concern for the rest of the pro-
ject team, as well as their open and clear
communication. The Viking organization
was not unique. If you were to look at the
organization chart you would have to
agree that it was typical of most project or-
ganizations. What was unique, however,
was the feeling of responsibility that every
member of the organization had. When

Jim said you have the responsibility to
work a problem, he would make the assign-
ment in an open meeting in such a way
that the recipient of the assignment really
felt responsible — and the rest of the pro-
ject office also knew it. Everyone was moti-
vated to help solve the problem. Addition-
ally, a personal note of thanks was typical
of Jim Martin’s reaction to a job well done.

__ Team Building at NASP

Most recently, for about four and a half
years, [ had the pleasure and excitement of
working as NASA’s deputy on the National
Aerospace Plane (NASP) project. This joint
Air Force/NASA project office is located at
the Wright-Patterson Air Force Base in
Dayton, Ohio. The first project manager
for the Air Force was Brigadier General
Kenneth Stayton. General Stayton is an-
other natural leader whose inspiration is
contagious. Although General Stayton em-
ployed all of the traditional project man-
agement tools for planning, organizing, di-
recting and controlling, like all great lead-
ers he was concerned about people — plus,
he had a great sense of humor. Some of the
motivating activities that I can attribute to
him may seem trivial, but I think they are
responsible for creating the team spirit
that exists in the NASP project office:

Communication. An important aspect
of project management was always
stimulated by a daily senior staff meet-
ing at 8 a.m. sharp. If your calendar
happened to be full, a brief note to Gen-
eral Stayton would be answered by a re-
turn note the next day. This kind of re-
sponse gave you the feeling that your
participation and concerns were impor-
tant to him. Weekly all-hands staff
meetings kept everyone informed.

12
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Spirit Building. Leaders and followers
are all mere humans and in many ways
are very much alike. Getting to know
one another is an important ingredient
to working well together. To facilitate
an interaction between the project team
members, one person was asked to pro-
vide lunch for the rest of the organiza-
tion for a nominal charge every other
week. The ground rule was, no talking
about business during these lunches.
Some organized special events for their
turn, and I can fondly remember win-
ning the lasagna contest with my wife’s
favorite recipe. I called it “NASP (Noo-
dles and Sauce Poquoson) Lasagna.”
There were cookie contests at Christ-
mas time, and every year we were all
sure to be present at the luncheon im-
mediately following Chuck Anderson’s
vacation. Chuck would always return
from Minnesota with some of the great-
est sausage and grill it on a charcoal
fire right outside the office. Birthdays
were always celebrated with a cake,
now done on a monthly basis. At the
family pig roast scheduled each year,
there was something about getting out
at 5 a.m. with pick and shovel to dig a
hole to roast your own pig that brought
together those early birds like no
amount of office experience. Celebra-
tions and special lunches were antici-
pated and remembered like no other

management tool or technique in
NASP’s spirit building.

Work as Fun Time. The clocks on the
project office walls had no numbers on
them but were shaded green between 8
and 4:30, yellow between 4:30 and 6,
and red between 6 and 8:30. All were
labeled “fun” clocks to remind us that
works is enriching and fulfilling, but
can be overbearing. Productivity goes

down as the hours add up. Family and
rest are important, too, for team spirit.

Team building is nurtured by a genuine in-
terest in people — not just their profession-
al but also their private and family lives
should be of concern. Every success story
in A Search for Excellence reinforces this
conclusion. All of my experience tells me
that when adversarial conditions develop

within a project, you are headed for trou-
ble.

| Team Building for the U.S.

Perhaps I am a little obsessed with the no-

tion that working together toward a com-
mon goal is not only more productive but
also more satisfying than working in com-
petition. A U.S. executive at a Washington
Conference on foreign competition, record-
ed in Ira Magaziner’s The Silent War, said,
“No matter how hard we try on our own, we
can’t compete by ourselves.” What the
electronics industry needed, he said, was a
Washington-backed strategy to combine
the strengths of America’s companies, uni-
versities, and government labs. The com-
petition has been doing that for years, he
said; if the United States didn’t do the
same, we'd lose a piece of our living stan-
dard.

I personally believe that this statement can
apply to much more than just the electron-
ics industry. I believe it is particularly
true for the aerospace industry. It is com-
mon practice in Europe and Japan, where
government-supported industry consortia
teams are rapidly increasing their share of
the market at the expense of the U.S. man-
ufacturers in this high-technology field.

The NASP program has taken a bold step
in the direction of teaming the U.S. indus-
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try to improve the combined productivity
of their companies while rapidly and effi-
ciently developing and improving those
technologies essential to compete effective-
ly in the world marketplace. The resources
available in the U.S. aerospace industry
are a national treasure, and I believe it is
in the best interest of the U.S. for the gov-
ernment to try to eliminate the duplication
of effort that exists when each company at-
tempts on its own to develop the same tech-
nologies as its competitors. Today the
high-tech market is global, and we must
consider what the overseas competition is
doing in order to develop a strategy for the
U.S. This strategy must rely heavily on
the development of new technologies and
the synergistic combination of ideas that
are generated not only in industry, but
also in the universities and government
laboratories across the country. I think it
is appropriate for the government to take
the lead and organize a team effort involv-
ing all potential contributors.

In order to implement a consortium of con-
tractors to develop new materials for the
NASP, the joint Air Force/NASA program
office organized the National Materials
and Structures Augmentation Program. I
selected this name because the acronym
was easy to remember — National Materi-
als ASAP. All five major NASP contrac-
tors — McDonnell Douglas, Rocketdyne,
Rockwell, General Dynamics and Pratt &
Whitney — agreed to divide the materials
development into areas that each could
lead, and they agreed to share the results
of their efforts with each other. In a very
short time, contract arrangements were
agreed upon and implemented, and soon a
national team was in place, all working to-
gether to develop new materials. This
team is shown in Figure 1. Even at the
outset, the number of government labora-
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tories and universities across the country
involved in the program was impressive.

For those who would still argue that the
NASP program lost the element of compe-
tition, I would say, yes, perhaps so; howev-
er, it has been replaced with some things
that are even more motivating to the peo-
ple at the working level. First of all, there
developed a level of peer pressure among
the five prime contractors. Since there was
a semiannual review with the senior man-
agement of each company present, each
company wanted their part of the effort to
be progressing on schedule with subcon-
tracts let and progress to report. It was in-
teresting to me to see individuals from one
company helping another company to ex-
pedite this effort when in the normal com-
petitive environment they would not even
speak to each other. The second observa-
tion that I would make is that everyone in-
volved was a winner. There would be three
big losers if all five contractors were work-
ing in competition (the case for many
years) before the government would select
two winners. One way to look at the situa-
tion was to conclude that three-fifths of our
national resources would have been wast-
ed. Morale of the losers would have plum-
meted.

Recently the NASP program has taken an
even bolder step by forming a team of the
same five contractors to develop NASP
program configurations. Only time will
tell how effective this team will be, but I
predict it will result in a significant im-
provement in productivity, and certainly
eliminate redundant and costly activities.

I believe that cooperation is the only way
for U.S. industry to survive in this fiercely
competitive international marketplace.
Teamwork and morale contribute more to
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productivity than all of the formal project
management tools put together. Times
are changing and we should think of na-
tional team building in large projects, but
government must lead the effort to inte-
grate and coordinate the efforts of the U.S.

industry, universities, and government
laboratories in specific technology areas.
In other words, the same technique to build
a project team can be applied nationally.
Such an effort will require strong leader-
ship and sustained motivation and morale.
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Space Science and Satellite Applications:

Ingredients for Success
by John W. Townsend, Jr.

Dr. John Townsend retired from
NASA as Director of the Goddard
Space Flight Center in August of
1990. A memo he wrote to Goddard
branch heads and project managers
on January 21, 1963, recently sur-
faced and permission was granted to
share it with a wider audience. While
the memo is dated, it does capture the
philosophy of one of the agency’s up
and coming leaders. That same year,
1963, Dr. Townsend won the Arthur
S. Fleming Award as Goddard’s As-
sistant Director of Space Science and
Satellite Applications.

There have been a number of instances in
the past several months when I have had
opportunity to pause and reflect on God-
dard’s past flight program record. This has
come about both as the result of our suc-
cesses and failures, and those on programs
run by other groups active in space re-
search. In addition, I have also been re-
viewing our history to try to draw conclu-
sions that would be meaningful in the prep-
aration of a Goddard-wide “Reliability As-
surance Policy.”

To begin with, I must admit that our record
is not perfect. However, on the positive
side, there are some factors which have
guided our performance and led us to such
success as we have had. Some of these have
been conscious and some, to a certain ex-
tent, have developed unconsciously.

The purpose of this discussion is to outline
the basic philosophy that I believe we have
been following, and by so doing, to help en-

sure that our younger generation at GSFC
is aware of this thinking so that they can
be guided accordingly. As I see it, the prin-
cipal problem at the Center will be to as-
sure that the knowledge and experience of
our senior people are passed on in spite of
the fact that our explosive growth has
spread all of us too thin and made commu-
nications much more difficult.

I find, as the result of this exercise, that
there are two sets of factors which have in-
fluenced us. The first set is, in a sense, en-
vironmental and includes many things
that have just happened or are not under
our direct control, such as management
principles that we influence but do not set.
The second set are rules that we do have
under our control and have developed
through experience.

%
e

Environmental Factors

In the first category, I would include the
Center’s personnel and culture.

Goddard’s greatest asset is its personnel.
We were fortunate, indeed, to inherit sev-
eral large and skilled groups from the De-
partment of Defense. Many of these people
have had as many as 15 years experience
with rockets and rocket instrumentation
for scientific research. They have had their
own successes and failures and have seen
these in other programs. There is no sub-
stitute for such first-hand knowledge. 1
recognize that everyone is interested in
“management theory” nowadays and that
we get much free advice (and sometimes
instructions) in this category. What pains
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me is that some of the people giving such
advice have never even seen a rocket fir-
ing.

We have been successful, by and large, in
keeping our best people only through a
policy of insisting that they be allowed to
work on jobs that they wish to do and are
good at. This presents a difficult manage-
ment problem since management goals are
not always the same as the personal goals
of people doing the work, but the fact re-
mains that there is no substitute for the
person who really wants to do a job so bad-
ly that all else is of little importance.
Where we have been allowed to assign our
people in accordance with this policy, we
have retained them. Where we have failed
— for example, booster vehicles — we have
lost good people.

We have been fortunate to date in not hav-
ing “production” programs at GSFC. Since
most of our missions have been “one of a
kind” flights, we have all been impressed
by the seriousness of one mistake — there
haven’t been “four more to fly in case this
one doesn’t work.” I think this circum-
stance has resulted in closer identification
of our people with the job and greater per-
sonal pride of accomplishment.

Most of us believe that the least manage-
ment is the best management in an R&D
effort. Goddard has relatively clean man-
agement lines with few splits in responsi-
bility, authority, and accountability. We
have also gotten along without large staff
groups (at least in the technical areas).

I'believe our basic policy of mixing the pro-
jects in with functional groups is a good
one. This item may be controversial, but
considering the job GSFC has to do, the
people it has to do it with, and conditions

under which we operate, I think the policy
is wise. Conditions may change in the fu-
ture, but for the present, organizing this
way ensures a maximum cross-fertilization
and prevents the projects from going off in
a vacuum where the basic mission of the
project is obscured by its size and impor-
tance.

We have insisted that we have “in-house”
competence and experience in each area of
endeavor where we monitor the work of
others. We have also managed our projects
and have done our mentoring with people
who are scientists and engineers first and
“management types” second.

The above factors, as I said before, are not
completely under our control; further, sev-
eral of them represent a philosophy based

on personal opinion and are hence debat-
able.

Policies and Rules

The second category is considered to be
more substantive and can be shown by our
experience to have contributed directly to
our success:

We have scaled our mission objectives to
the possible.

We have followed a policy of assigning our
experimenters and design engineers the
task of following their units from birth to
death, i.e., from concept through writing a
final report. This procedure is somewhat
unique in that most organizations of our
type build up a system, bypassing subsys-
tems, and the responsibility for them, from
a design group, to a development group, to
a fabrication group, to QA and test, and fi-
nally, to an integration group. In many
cases, field operations are carried out by
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still another group or by another agency.

By the time flight data wanders back, the
design engineer frequently doesn’t even
recognize it and is at a loss to explain
“what happened.”

GSFC technical personnel have a suspi-
cious nature — they don’t take anything
for granted. We try to follow the habit of
assuming that the mission could fail and
try to correct things before, rather than
after, the fact. This is a mental attitude
that I consider highly important. Be pessi-
mistic about success up to the last minute;
never stop trying to find the weak links.

Our better designs have either incorporat-
ed redundancy or have provided for isola-
tion so that a single failure or a few fail-
ures do not ruin a mission. In this connec-
tion, it is good design to avoid a situation
in which several events must occur in se-
ries before a desired operation takes place.

In general, it has been our practice to use
components with very conservative rat-
ings.

Resist schedule pressure if technological
problems are pacing. There is no excuse for
letting management deficiencies result in
schedule slips, but when the problem is a
research or development one, insist that
the unit is 100 percent right before it is
flown.

The principal cornerstone of our develop-

ment philosophy has been our belief and
reliance in a strong testing program. This
subject is in itself a matter for much more
thorough coverage than possible in this

note, but the following aspects are consid-

ered to be of paramount importance:

GSFC believes in the FULL SYSTEMS test
approach. Every reasonable attempt
should be made to test the entire system
under as realistic conditions as possible
and as early in the development cycle as
feasible.

GSFC believes in 100 percent flight accep-
tance testing at expected average flight
levels plus 2 sigma (95 percent level).

GSFC believes in testing a flight unit, des-
ignated a prototype, at approximately 150
percent of the flight acceptance tests.

After the testing program, the system
should remain intact and last-minute
changes avoided like the plague (firing jit-
ters problem). In almost every instance of
failure I can remember, the explanation be-
gan with the famous last words, “but we
only changed...”

I would like to close this discussion with
the comment that this Center is in no posi-
tion to get big-headed about its progress.
In the observatory class of spacecraft (Nim-
bus, OGO, OAO, AOSO) we have a new
generation of problems to face that are at
least an order of magnitude more difficult.
It would be my hope that this discussion
may serve to focus our attention on this sit-
uation and point a way towards success.
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Program Control: A Growing Career Opportunity
by Bill Sneed

Program control, an integral part of pro-
gram and project management, is emerging
as a management discipline in its own
right. Program control can be a career goal
in itself, or can become a steppingstone to
project and program management and even
beyond. There are various ways to achieve
a position in program control, and we will
discuss some of these routes in the follow-
ing pages.

3

Program Control: A Definition

The discipline of program control covers a
lot of territory. According to the Phillips
Model, developed in 1987, program control
covers program plans and requirements,
resources management, schedule manage-
ment, documentation and data manage-
ment, and configuration management.
Each of these subdisciplines is in itself com-
plex (see Figure 1). These functions will
vary from organization to organization and
with the size and complexity of a program
or project. Additional functions sometimes
assigned to the program control organiza-
tion are logistics management and man-
agement information systems. Program
control involves planning, organizing, di-
recting, budgeting, and controlling; and it
involves measuring performance against
the baselines of content, scope, configura-
tion, schedule, and cost of a project or pro-
gram.

Program control management also requires
the manager to develop and maintain an
integrated planning base of program re-
quirements and development plans. Once
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the baselines are set, the manager is ex-
pected to analyze and evaluate perfor-
mance and alternatives each step of the
way and to revise the baselines if neces-
sary. For ultimate program control, the
successful manager needs an efficient sys-

tem of reports, reviews, and action feed-
backs.

P

| Program Control at NASA

At NASA, program control as a manage-
ment science took hold in the 1960s with
the Apollo program — a demonstrated suc-
cess that was listed as the greatest engi-
neering achievement of the past 25 years
by the National Academy of Engineering.
With the proliferation of exciting and chal-
lenging new programs and projects made
possible by recent increases in the agency’s
budget, the need for program control is in-
creasing. Especially with the recent loss of
many senior managers, NASA needs and
will continue to need additional people to
implement its on-going and emerging pro-
grams and projects. This growth will cre-
ate tremendous career opportunities for
people who have a desire to participate in a
direct and meaningful way in the manage-
ment of programs and projects having
great national, scientific or technological
significance.

Program control functions are organiza-
tionally grouped in different ways by the
various NASA Headquarters program of-
fices and the Field Centers. The Office of
Space Flight (OSF) and its Centers group
most all of the functions under an organiza-
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Figure 1. - The Phillips Model of Program Control Disciplines

tional entity referred to as “Program Con-
trol.” On the other hand, the Office of
Space Science and Applications (OSSA)
and its Centers normally assign most of
the program control functions to the Depu-
ty Project Manager for Resources. Both
concepts have met with varying degrees of
success, demonstrating that the way the
functions are grouped is not an issue for
discussion.

What does vary is the relative importance
of each function to a particular project or
program. Program plans and require-
ments require the Program Control Chief
or Deputy Project Manager to establish
and maintain a system — a baseline — for
a series of development plans and techni-
cal requirements, setting terms for both
accountability and performance. Resource
management involves the monitoring of
both cost and personnel. The manager es-

tablishes a reporting status structure, cor-
relates resources with schedule and perfor-
mance, and assesses “what-ifs” and their
alternatives.

Schedule management is the very center of
program control, constantly playing off cost
and performance baseline requirements.
Schedule is a hierarchy of values covering
the entire program, with milestones for re-
ports and review, evaluation points and al-
ternatives. Tradeoffs among schedule, per-
formance, and resources are continual con-
cerns throughout a project or program.

Documentation and data management in
the Phillips Model simply require the man-
ager to establish and maintain a uniform
system of documentation. Configuration
management is a bit more complicated.
Configuration identification, control sys-
tem, accounting, and verification are all re-
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quired. The manager is expected to devel-
op a formal and disciplined system to es-
tablish and control baseline requirements
and configurations of all the hardware and
software needed in the project. The Tech-
nical and Management Information Sys-
tem (TMIS) now being developed by the
Space Station Freedom Program is expect-
ed to facilitate these functions.

The effectiveness of the program control
functions is indeed measurable. The re-
sults of a General Accounting Office audit
of 940 projects indicated that costs exceed-
ed plan about 50 percent and that projected
schedules ran over by about 33 percent.
An analysis of NASA programs indicates
that NASA program and projects exper-
ience similar cost and schedule perfor-
mance. With only minor improvements in
program control, the cost savings would be
enormous.

The importance of the program control dis-
cipline to the project manager is readily
evident from assessing a typical project
management organization structure (see
Figure 2). Note that the program control
manager reports directly to the project
manager. Because of the nature and impor-
tance of the program control functions, it is
essential that the program control man-
ager be involved in each and every project
activity, since nearly all decisions or ac-
tions of the project manager will affect pro-
ject plans, schedules, cost, or configuration.

The program control functions encompass
two of the three performance parameters
for which a project manager is responsible
(technical, schedule and cost performance).
Given the importance of the role of the pro-
gram control discipline to the project man-
agement process and the increasing num-
ber of programs and projects under way or

RESIDENT MANAGER PROJECT
OFFICE OFFICE SCIENTIST
CONTRACTING CHIEF
OFFICER R ENGINEER
PROGRAM SPACECRAFT SCIENTIFIC
CONTROL OFFICE INSTRUMENTS
OFFICE OFFICE

Figure 2. - Typical Project Management Organization Structure
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The Space Shuttle Discovery heads for low Earth orbit on the first post-Challenger nocturnal launch. The
launch occurred at 7:23 a.m. on November 22, 1989, from Kennedy Space Center. This picture shows a side
view of Discovery, one of its two solid rocket boosters and the external tank. Seen from the main engines is the
“diamond shock” effect often associated with Shuttle launches.
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scheduled to begin in the near future,
there will be an increasing demand at
NASA for people interested in program
control — either as a career in itself or as a
pathway to other career objectives.

Training in Program Control:
The MSFC Experience

prioiioid

Recruiting and training personnel inter-
ested in career opportunities in program
control and beyond, especially those al-
ready working in the technical disciplines,
have been somewhat of a problem at
NASA in recent years. This challenge has
been met in various ways.

At the Marshall Space Flight Center
(MSFC), two training programs were initi-
ated to encourage people to enter into pro-
gram planning and control and into pro-
gram management. The first of these
training initiatives was established in the
Program Development Directorate. It al-
lowed intermediate-level technical person-
nel to cross over from their technical spe-
cialties to program control. After two
years of on-the-job training, these people
were assigned to a permanent program
planning position in a program office or in
an institutional directorate.

The second training program was initiated
in the Shuttle Projects Office to accommo-
date aspiring project managers. This pro-
gram required its participants to serve a
period of time in the program control disci-
pline, after which they were moved into
key project management positions as the
positions became available.

Both of these training programs were
highly successful in fulfilling MSFC’s
critical need for highly qualified program
control managers and project managers.

They also provided an effective means for
allowing aspiring individuals to achieve
their career objectives in project planning
and control and project management.

These and other training programs
throughout the agency have been instru-
mental in allowing employees to pursue ca-
reer goals while at the same time prepar-
ing them for key management positions in
NASA. Typical positions currently or pre-
viously filled by employees who thus rose
through the program control ranks are
NASA Comptroller, MSFC Comptroller,
MSFC Shuttle Projects Manager, Shuttle
External Tank Project Manager, Shuttle
SSME Project Manager, Shuttle Advanced
Solid Rocket Motor Project Manager, Hub-
ble Space Telescope Project Manager,
MSFC Assistant Director for Policy and
Review, Johnson Space Center Deputy Di-
rector for Administration, and Stennis
Space Center Associate Director.

. Formal Training in
Program Control

As an alternative or adjunct to on-the-job
training, the NASA Program and Project
Management Initiative (PPMI) of the Of-
fice of Human Resources and Organization-
al Development at Headquarters offers
courses in project management, advanced
project management, program manage-
ment, and executive project management,
as well as a specific skills course in pro-
gram control.

The Program Control course has as its ob-
jective “to present NASA and industry per-
spectives on the processes used to plan and
control resources during the life of a NASA
project.” Topics covered include resource
management; configuration management;
logic network and schedule development;
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2 Planning a Careerin
%% Program Control
R

development performance measurement;
barriers to assessing progress; parametric

cost estimating; contract management;
project control system design; and project
control procedures and technical require-
ments. Instruction is by lecture, panel dis-
cussions, case studies, and problem-
solving exercises. Instructors are NASA
managers, aerospace specialists, and pro-
fessional trainers.

Too frequently, for expediency, employees
are promoted or placed into positions for
which they are not exceptionally qualified
in certain critical skills. Requisite train-
ing and progressive job assignments are
not properly planned or accomplished in
such a way as to prepare the employee to
fully assume the many demanding respon-
sibilities of the new position. This has
been and still is a fairly common practice
for people ascending into key project man-
agement and institutional positions — not
because of choice, but because of the press-
ing needs to fill those positions. The re-
sults are often the cost and schedule per-
formance trends noted above.

Formal training in program control will
qualify aspiring program control manag-
ers and project managers to perform the
program control functions competently
and effectively. Coupled with on-the-job
training, completion of the course work
that NASA offers will produce qualified,
skilled program control personnel.
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In planning a career development path,
consider the skills and cross-training re-
quired to facilitate progress through var-
ious job assignments along the career lad-
der. Many key positions in NASA require
an intimate working knowledge of the pro-
gram planning and control skills enumer-
ated above.

People who select a career in aerospace
management should consider both formal
training — and a job assignment of a year
or two in program planning and control.
Proper qualification for any position is im-
portant not only for the individual, but for
the efficient and cost-effective manage-
ment of all of NASA’s programs. As one of
the NASA officials listed above said recent-
ly, “Working in the program control disci-
pline for a period of about two years was
one of the most valuable, broadening and
fulfilling assignments of my entire career.”

Those who choose to make program plan-
ning and control their ultimate career goal
will find tremendous rewards awaiting
them as NASA embarks upon new initia-
tives that will extend human presence in
space, expand the frontiers of our knowl-
edge, push the technologies for the better-
ment of human existence, and afford us a
better understanding of ourselves and the
universe.



Shared Experiences from
NASA Programs and Projects: 1975

by Frank Hoban

This paper summarizes the lessons learned
from two workshops held at the National
Academy of Sciences in 1975. The workshops
were sponsored by NASA in conjunction with
the National Academy of Engineering. Vince
Johnson, former deputy administrator of the
Office of Space Science and Applications,
chaired the sessions. The National Academy
of Engineering was represented by retired
NASA executives Robert Gilruth and Abe
Silverstein, retired USAF General King, and
Sid Metsger of COMSAT.

The first workshop was held on February 24
and 25, 1975, and covered nine projects:

Atmospheric Explorer Project
Goddard Space Flight Center

David Grimes, Manager

The Atmospheric Explorer Project consisted of three
Earth orbital missions, each utilizing a spacecraft
of approximately 1,500 pounds with a payload of
approximately 210 pounds. The science objectives
were to investigate the proton chemical process
accompanying the absorption of solar ultraviolet
radiation in the earth’s atmosphere by making
closely coordinating measurements of the reacting
constituents from the spacecraft. The spacecraft
was placed in orbit by the Delta launch vehicle. The
project staff never exceeded 14 GSFC employees.
The orbital mechanics of the mission permitted an
unrestricted launch window, and the launch dates
were met within 30 days of the target.

Mr. Grimes offered the following cost control
techniques:

e® Spread project subsystems throughout the
industry, thereby lessening overall risk; do not
keep too many subsystems with the prime
contractor. (There was not unanimous agreement
on this point.)

o Motivate the contractor to keep costs low.

e Have the prime contractor use fixed-price
contracts where possible

o Ensure that the project office and the contractor

accept one leader, the project manager, for all
elements of the project.

Mr. Grimes offered the following recommendations
for future projects:
For Contractors:

o Be willing to work as part of a NASA/contractor
team rather than at arm’s length.

o Be extremely cost conscious.
e Betechnically aware as well as competent.

For Project Managers:

e Get good people on the project team and make
sure they talk to each other.

o Be obsessed with cost and schedule — count
things.

® Motivate your staff with similar feeling, and
instill in them the conviction that success can be
achieved.

o Keep encouraging and pushing your people.

o Maintain an information net that alerts you to
difficulties within one day.

o Take the calculated risk.

For Field Center Managers:

e Ensure that the project leader has effective
control of project personnel.

e Ensure there is continuity of assignment of people
to the project team.
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Engineers at Kennedy Space Center place a nose
fairing around NASA’s Atmosphere Explorer-B
prototype spacecraft in 1966 at Complex 17B.

e Encourage the approaches described above.

e Provide the in-house manpower to support the
project.

For Headquarters Program Managers:

e Back your project manager.
e Compete with other projects for scarce resources.
e Convince center management that headquarters

supports the project and project manager.

Mariner/Venus/Mercury 73 Project
Jet Propulsion Laboratory
Gene Giberson, Manager

The project consisted of a single spacecraft launch to
the planets Venus and Mercury during the 1973
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launch opportunity. The mission plan’s primary
objective specified a flyby of the planet Venus with a
continuing trajectory toward a flyby of Mercury.
Subsequent post-Mercury planning allowed for
return encounters of the spacecraft with Mercury.
The program had a firm not-to-exceed budget of $98
million with the stipulation that a spacecraft system
contractor was to be used for the design, fabrication,
and test of the flight spacecraft and test articles.

The experiments and the participation of science
teams were also limited to a fixed budget included in
the $98 million ceiling. The project experienced
excellent cost control throughout and underran the
contract effort. The Jet Propulsion Laboratory in-
house effort — consisting primarily of mission
operations, tracking, data acquisition and science
management — also experienced an appreciable
underrun. Mr. Giberson elaborated on the following
guidelines used by his team during the management
of the Mariner/Venus/Mercury Project:

e Establish firm in-house mission specifications
and strongly resist any deviation from them.

e Establish firm science mission requirements, in-
cluding all science interfaces prior to spacecraft
design.

e Establish firm cost estimates with principal in-
vestigators, and instill within the science team
the not-to-exceed philosophy of the project.

o Establish a design carry-over attitude for the
subsystem managers and resist any state-of-the-
art improvements.

A major point touched on during the discussion was
the trade-off between the spacecraft implementation
phasing alternatives available and the spacecraft
systems contractor. One plan had the contractor
work force building up rapidly, with the contractor
buying all parts, completing all design effort and
subsystem fabrication early before retrenching into
a one-year slack period prior to a second manpower
build-up for final assembly, test and launch
operations. This plan had the obvious advantage of
staying ahead of the inflation spiral by completing
all costly procurements early in the program. The
second plan involved delaying contractor start as
late as possible, building up fast, reaching a peak
level of effort just prior to final checkout and
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launch, and then terminating the project activities
in a short period of time. The latter plan, adopted
by the project, was cost- and success-oriented, but
assumed considerable risk. It was recognized that
this plan might not be the best approach for a
program involving major new developments.

Mr. Giberson submitted the following activities
related to project success:

Pre-Project Mission Design

o Establish mission objectives.

e Use science steering group.

—Establish technical requirements/ perform-
ance trades. Develop preliminary cost
estimates.

Emphasize design carry over approach.

Establish “baéeline” mission trajectory.

Emphasize cost trade-off analysis:

— Implementation models.

— Hardware quantities, design inheritance.

o Select “baseline” system configuration.

e Establish target cost.

Project Definition and Planning

o Restrain staff size.

e Expand “baseline” system designs and

interfaces.

Develop detailed cost estimates for implemen-
tation alternatives.

Establish project guidelines and constraints.
Conduct scheduling/cost trades:

— Maximize cost predictability and control.

On science/mission/spacecraft design interaction: ‘
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Establish operating budget.

Budget planning:

— Use fixed-cost/variable-scope approach.

— Emphasize cost-at-completion.

— Use no-year funds approach.

— Assure compatibility of scope and resources.
— Stress candor on plans, allocations, and status.
Prepare detailed implementation plans:

—Make specific and detailed request for
proposals.

— Make careful make/buy trade-off assessments.

— Use existing documents and administration
systems.

— Select fee approach.
Indoctrinate personnel:

— Raise cost consciousness.
— Make cost goal believable.

— Foster an understanding of cost control plans
and system.

Project Implementation
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Define contracts prior to start of work.

Establish organization impedance matching and
communications for:

— Intense technology transfer.

— Cognizant engineer concept.

— Work package approach.
— Frequent face-to-face meetings.

— Timely problem identification and resolution.
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VENUS — MERCURY 1973 SWINGBY
EXPLORES TWO PLANETS

INTERNAL MASS DISTRIBUTION,
THERMAL REGIME, ATMOSPHERE &
CLOUD CHARACTERISTICS

MERCURY

— Periodic status/performance reviews.

o Maintain current implementation and budget
plans.

o Do only essential work.

e On-load and off-load manpower in timely
fashion.

o Use “tiger team” problem solving.
o Tailor test activities.

Recommendations

(1) Planearly and in detail.
(2) “Start” late.
(3) Useexisting designs where practicable.

(4) Established cost-at-completion budgeting and
control.

(56) Communicate often.
(6) Doonly what's essential.
SPHINX Project
Lewis Research Center

Robert Lovell, Manager

SPHINX was the smallest spacecraft discussed dur-
ing the workshop. The objectives of the project were
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to obtain engineering data on the interaction be-
tween a high-voltage surface and space plasma. Al-
though a launch vehicle failure terminated the oper-
ational phase of the satellite, SPHINX was consid-
ered successful from the standpoint of cost control -
and schedule performance. From its inception, the
project was considered to be a high-risk, low-cost ef-
fort (approximately $1 million), with no redundancy
in the spacecraft.

An engineering model and a protoflight model
spacecraft were designed, fabricated, and tested in-
house. The experiment, a technically difficult, high-
voltage instrument package, was designed and
fabricated under contract.

Many problems were encountered during the design,
fabrication, and test phase of the contractual effort:
technical difficulties in developing the high voltage
instruments, lack of adequate center engineering
support during the early part of the program,
unavailability of parts, and the use of research and
development contractor personnel for spacecraft
support.

Recommendations for future projects of this type
were:

(1) Establish a realistic schedule early in the
program.

(2) Apply sufficient in-house engineering design
effort during the preliminary design phase.

(3) Obtain a complete parts inventory as early as
possible.

(4) If all parts are not available, make the design
compatible with the parts that are obtainable.

(5) Insist on project, not research, personnel from
the contractor and use an experimental shop
approach.

Viking Project
Langley Research Center
Angelo Guastaferro, Assistant Manager

The Viking Project was a two-spacecraft mission to
Mars, both scheduled for launch in the summer of
1975. The payload was launched on a Titan/Centaur

28



SHARED EXPERIENCES FROM NASA PROGRAMS AND PROJECTS: 1975
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launch vehicle. Each spacecraft included an orbiter
and a lander capable of soft-landing on the Martian
surface and conducting a series of meteorological,
biological, and planetological experiments. Viking
experienced a considerable cost growth, from $364
million estimated in 1968, to $930 million projected
in 1975.

Factors contributing to the early cost growth in-
cluded:

e Lack of understanding of the magnitude of the
project.

o Use of cost estimates scaled up from the previous
Lunar Orbiter project.

o Poor appreciation of the effects of inflation.
o Noreasonable industry cost estimates.

o Lack of ability to pinpoint critical technological
areas requiring state-of-the-art improvement.

During the discussion, the following points were
made:

i\ 0

DEPLOY.
PARACHUTE
6400 METERS

ORBITER

ENGINE IGNITION
1200 METERS
(4000 FEET)

ENTRY TO LANDING
6 TO 13 MINUTES

o It was not clear that additional money during the
early phases of the project would have been used
to the best advantage because the real problems
were not well identified.

o Insufficient in-house engineering during the
early phases contributed greatly to later
problems.

e State-of-the-art improvements need special atten-
tion as early as possible.

o The role of the scientist/principal investigator in
all projects should be re-examined. The principal
investigator on Viking had no direct responsibil-
ity for schedule and cost, and limited responsibil-
ity for the performance of the experiment hard-
ware. A consensus was that the scientist should
be given the total job, including responsibility for
cost, schedule, and performance. '

o There needs to be more emphasis on in-house en-
gineering.

The deputy project manager provided the following
observations and recommendations:
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(1) Realistic costs are difficult to estimate using
limited parametric studies.

(2) Realistic cost estimates must be developed pri-
or to large expenditures of project funds.

(3) Science definition and scientist participation
in instrument development should be man-
aged firmly.

(4) Beware of “state-of-the-art” pitfalls.

(5) Invest significant early money in hardware
development and testing.

(6) Assign well-trained contractor management
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