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Since the close of World War II, a period identified as one of high military hard-
ware production within the defense industry, there has emerged an aerospace industry
with low volume production of very intricate and sophisticated equipment for use within
and without the earth's atmosphere.

Relatively low volume reduces the need for a large labor force yet, conversely,
this force must contain higher mental and physical capabilities than ever before. With
over one-third of the aerospace industry's effort devoted to research and development,
creating and managing a labor pool able to cope with the technology of the future presents
a tremendous challenge fo management.

Out of the past few harried years have come many management fechniques to
cope with the increasing complexity of aerospace projects. Some were refinements of
older systems, while others were originated for specific purposes. Various organi-
zational shapings and reshaping have taken place to cope with the problem of efficient
operation in an environment of change. Most popular today is the systems management
of projecis approach. Proper utilization of both functional and project organizations can
provide an excellent check and balance as well as "purposeful conflict. " Martin Company
has for over ten years used successfiolly the Input-Output method of control within a com -
bined functional project type of organization for hardware type projects. But, could this
system or any system be applied to the ever increasing research and development efforts?

Management's answer was "yes'; research must and can be conirolled fo a plan.
Although planning and management of research has been a controversial subject for many
years, our experience indicates most attention devoted to the problem has focused on
criticizing management methods rather than seeking techniques to assess research per-
formance. Dissenters argue that you cannot sample and realistically portray the pro-
ductivity of a creative or inventive mind. On the surface, this skepticism seems reason-
able because of the apparent gulf between research and productlon. However, the dif-
ference is not as functional as it appears. Hardware production is accomphshed through
a logical series of events from problem to concept, through study and experimentation to
feasibility. These milestones may be mostly mental, but they do exist and are every bit
as important as the tangible milestones of a productmn effort,

Our problem at Martin was not how to manage research, since we knew our exist-
ing system was workable, but rather how to integrate the research planning and control
into the overall division planmning and control mechanism, This will be discussed in
detail, but rather than start with the broad brush treatment and work down to a research
task, let's take the research task and work up the system.

Research Conirol-An Example

I.et us po through the flow and control of a single research task. A hypothetical
task called Contract "X'" is a research task to investigate and analyze design specifi-
cations data for microwave antennas in unfriendly atmosphere. An authorizing docu-
ment, known as an Operations Directive (OD) is issued, which names the technical and
support staff necessary to carry out the work called for in the contract. The task leader
issues a technical statement of work, the finance representative issues a dollar limitation,
and the planner issues a master plan. In coordination, the planner, task leader, and
finance man develop 2 detailed work schedule for manpower, procurement, travel, and
support effort which we call a Gantt chart. From this is developed a budget plan or cash
forecast which we call the Input. A chronological list of schedule events, activities
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or milestones, against which a dollar figure has been placed becomes the required Oufput.
This list is also used to develop the master planning schedule page, which is used as the
monitoring document. At this point we have developed all the documents the planner
needs to monitor and control the project. However, these working forms are too detailed
for review by top management. To provide top management with a document that is easily
read, we next develop what we call an Input-Qutput performance chart.

On this chart we display general information, such as iask name, dollar value, and
time parameters at the top. This is followed by a listing of the scope of the work to be
performed, the deliverable items, and space for additional comments. Next come the
customer and key customer persommel, key Martin personnel, and the critical gkills re-
quired for the task. Below this is the master plan by key work items plotied against time.
Thus, we have displayed ""What is to be done by Whom for Whom for How much Where and
When, " In the performance chart we show how we intend to spend our resources and how
well we are following the plan. A graph is made showing planned dollars plotted against
actual dollars spent (Figure 23). Immediately below the graph is a cost breakdown cover-
ing manpower, consulting services, travel, computer services, materials, and facilities.
Thelastblock on the chart gives the current staius which is posted weekly. This one chart
gives top management a consolidated reference showing the requirements of the task and
the progress made from the start and the current status.

In our rasearch control room we have a chart to cover every company-funded or
contractual task being performed. These provide the Director of Research, other inter-
ested directors, or the General Manager,a method of rapidly assessaing the overall research
effort, However, since the time of top management is at a premium, we use the "Manage-
ment by Exception' principle, wherein problem areas are highlighted by a "panic button"
which ig placed right on this planning chart. Now, you could go into any control roeom and
find the same type Input— Output charts and the same method of operation as outlined here.
A single system of management control is used throughout., We have discussed the planning
process and reviewed the mechanism used to display the necessary information, but what
really makes the system work? Teamwork is the answer.

The Planner is a catalyst, an unbiased third party, whose questioning, monitoring,
analyses, and evaluation pinpoint problems and coordinate the actions of the technical and
support team. He must live withthe program, be able to intelligently discuss the technical
as well as the administrative aspects of the task. He must, of necessity, be a many faceted
person. Ideally, the research planner should be technically competent in all scientific
disciplines. However, such an individual would be the Director of Research, rather than
the planner. Our planners do have basic scientific backgrounds andgreat percentage possess
master degrees in Business Adminijstration or other disciplines. Above all, the planner
must be able to determine problem areas, evaluaie the impact on the program, and report
with clarity to management and recommend suitable solutions.

Now we can ask, 'Is the technigue successful? ™ Most of those concerned say that
it is, although to different degrees, depending on whether you are talking to a planner, a
director, lab manager, or an inpdividual researcher. The system perhaps is most bene-
ficial to top managers in that they have a continuous current status, which allows them to
make rapid decisions where required. As you go down the scale from director to individ-
uzal research scientist, the acceptance is less, as is to be expected, since the work of the
manager, task leader, and individual researcher is being subjected to continuous and
close scrutiny. However, after a year of operation, it is our firm belief that most of
the individuals whose work is being monitored concede that conirol helps them do a better
job.

As an example of this, Martin has been able to achieve less than a 3% overall
deviation from the planned output and cost on all research tasks during the past year,
Early recogniiion of potential underruns in conjunction with on schedule performance
enables management to reallocate funds to other desired, but unfunded tasks. Further,
analysis of Inpui-Output performance permitted management the flexibility to expand the
scope of work on critical programs in support of the long range plan. Control of this
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nature maximizes the return on all research dollars spent.

Let us turn our attention to the problem of "Planning Research'to meet the long-
range needs of the industry. An Advanced Program Division must be responsible for new
business, determination of future requirements of the cusiomer, and the long-range
planning necessary to accomplish future tasks. We use a commitiee system of long-
range planning which we call the NEBAG Committee (New Business Acquisition Group)-
Each product area of interest to our organization, such as electronics, aerospace de-
fense, air-to-surface missiles, surface-to-suriace missiles, and communications has
such a commitiee made up of representatives from Advance Programs, Design and
Development, Research, Market Analysis, and Planning. These committees determine
the requirements of the customer as they are known or as study indicates, for the next
ten to fifteen years in the future. We use what we call a “'bubble chart"” (Figure 24).
This chart is for tactical missiles, air-to-surface, and shows the required systems as
projected from existing systems from each of our major customers.

As an example, let us look at the bomber advanced system. You can see we have
projected this out through 1967, when we feel a multiple reconnaissance strike system
will be required, and then out fo a spacecraft ASM in 1972. Notice that under each of the
bubbles we have listed the critical items of research and/or development required for
each system. As an example, for the tactical fighter in the year 1970 we have determined
that a critical requirement is for an all-weather high explosive launch leave and forget
air-to-surface missile. We have identified future critical items of research and/or
development required by 1970; in this case a low cost IG, a minimum area tracker, and
long range for the missile. You will notice on this chart that each of the bubbles has
identified under it eritical needs which have been agreed to by the above-mentioned NEBAG
Committee. Each critical need is developed into a program plan. The program plan de-
picted in Figure 25 is for a universal air defense system. This plan lists all the critical
needs as determined, and bar charted to show what needs to be done in order to reach a
particular state-of-the-art at a specified time. For example, let us take the computer-
controlled sensors, the last critical item listed under this program. You will notice that
in 1964 we have research funded and that we show there is research required in 1965 and
1966, study required during 1964 and 1965, start final design study in 1966, and establish
development requirements in 1866. This critical need is then further defined in a critical
need plan which gives a detailed definition of the critical need, a description of the pro-
posed solution, and a plan setting forth the required research. The critical research ~
tasks are then funded, and the planning process described at the beginning of this pre- -
sentation is again put into operation. o

The various bubble charts and critical need plans become the basis for the divi-
sion long-range operational plan which is monitored and updated constantly., Requests
for new tasks and our permission to bid RFP's are closely monitored through the NEBAG
Committee in the first instance and in the Bid and Proposal Committee i the second in-
stance to insure the proposed work does indeed meet the requirements of the long-range
plan. As an example, the Bid and Proposal Committee uses the form shown in Figure
26 in making the determination on a bid or no bid decision. Technical evaluation has
been made concerning the compatibility of the RFP with the long-range plan, competing
programs, competing contractors, technical strength versus competition, and teaming
requirements. Notice that an evaluation is also made of financial status, costi ratios,
cost advantages, cost tradeoffs, engineering manpower requirements, skills required
versus skills available, key technical people by name, sales infelligence and market
analysis about the firmness of the requirement, critical elements of the system, what
contracts have been awarded competition inthisarea, facilities and manufacturing require-
mentg, and management congiderations.

This method of long-range planning allows us to integrate the entire efforts of the
division into the best possible package for future success of the division. I also permits
us to maximize profit, and that is what we are in business for. However, if we had
accepted the theory that research could not be planned and controlled, long-range planning
would be of little or no value. Creativity can be planned and controlled-it’s part of our
daily routine at Martin.
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