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FOREWORD
Thomas H. Hazlett
General Chairman

15th Annual Industrial Engineering Institute

The Proceedings of the Fifteenth Annual
Industrial Engineering Institute contain the
papers of the ten speakers who appeared on
both campuses, as well as the welcoming re-
marks by Chancellor Strong at Berkeley.
This year's group of speakers were especially
outstanding, which may be verified by those
who attended the Institute or by reviewing their
respective presentations reproduced in these
proceedings. A great deal of appreciation is
extended to these men, in particular those who
experienced some difficulty in order to appear
at the scheduled times in Berkeley and Los
Angeles for their presentations.

An endeavor was made to improve some of
the organizational and operational aspects of
the Institute this year. Only individuals who
were considered to be of equal interest to both
campuses and therefore might appear in both
Berkeley and Los Angeles were extended in-
vitations to participate, thus limiting the total

number of speakers to ten. The final announce-
ments for Berkeley and Los Angeles were com-
bined into a single publication, which facilitated
printing and mailing efforts.

The subject of the papers presented this
year, as in the past, were largely determined
from the summarization of the interest ques-
tionnaires completed by those who attended the
Fourteenth Industrial Engineering Institute.
Once the general subjects were identified, the
most capable individuals in each area were
located.

Any credit for the success of this Institute
must be shared with many individuals from both
the Berkeley and Los Angeles areas. Personnel
from University Extension in particular made the
task of general chairman rather enjoyable by
continuing to provide excellent support from the
first initial planning stages through to the actual
publication and mailing of these Proceedings.
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WELCOMING REMARKS

BERKELEY

Edward W. Strong
Chancellor

University of California
Berkeley, California

Last year you were welcomed to the 14th
Annual Industrial Engineering Institute by
Dean Whinnery. Speaking both as an official
representative of the University and as an
engineer, Dean Whinnery could perform both
a ritualistic and a useful function. The ritual-
istic function, the one that I am now perform-
ing, is that of the host welcoming the guest,
and you are indeed welcome.

The University is glad to have the oppor-
tunity of participating in meetings of this kind
and of doing all that we can do to have these
meetings be pleasant and profitable to you
who attend them. Of this you were assured by
Dean Whinnery when he spoke to you last year,
of this I assure you today.

But beyond that, Dean Whinnery in speaking
to you last year in his welcoming address,
spoke about the challange of the European
Common Market and of the need and the im-
portance of improving through Industrial
Engineering the productivity and efficiency of
our industrial plants. He made clear that we
consider it to be our responsibility in the
University to train skilled personnel needed
to meet the demands for their services in in-
dustry.

Finally Dean Whinnery also spoke about this
Institute as a means of exchanging ideas. Were
this a meeting of philosophers, I as a philos-
opher might try to be useful instead of just be-
ing ritualistic by venturing some remarks
about ideas and their exchange, but should I do

so, I would be talking shop. But to talk shop
with you would be to talk Industrial Engineering,
operations research, management problems
and the like. I confess that we have some man-
agement problems in the University, and I do
talk about these problems with other academic
administrators. But you are not here today as
academic administrators. I think that the
problems that we encounter, the management
problems in the University, are not totally un-
like the problems you encounter in your firms
and businesses and industries and yet they are
not the same.

The exchange of ideas that is useful relates
to the time, the place, and the context. Con-
sidering the time, the place, and the context
the most useful thing I can do here and now is
to get out of your way and to let you get down
to the business of exchanging pertinent ideas.
But I cannot refrain from a closing observation.

Were the power of man limited just to his
physical equipment, he would still be an animal
struggling to feed himself. Equipped with ideas,
man has devised the tools and controls that
have increased his powers, until today these
powers are far beyond anything dreamed of at
the beginning of the Industrial Revolution. The
problems of managing these powers to ensure
results that are desired and desireable, are
indeed large and formidable problems. I think
it is well that you are met to discuss them.

Again it is a pleasure to welcome you.
I wish you a pleasurable and profitable meeting.
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THE ANATOMY OF AN AUTOMATION PROJECT

H. H. Arnold
Department Chief

Manufacturing Development Organization
Western Electric Company

Winston-Salem, North Carolina

INTRODUCTION

This paper will present a description of a
project originated to provide fully automated
manufacturing facilities for an electronic com-
ponent - the deposited carbon resistor. A des-
cription of the product and of the consideration
leading to automation will be followed by a brief
description of the resulting production line. We
will then consider in some detail the actions
necessary for implementing the project from its
inception through its production trials.

PRODUCT DESCRIPTION

The deposited carbon resistor is basically
a comparatively simple piece of apparatus. It
consists of a thin film of crystalline carbon coat-
ed on a short ceramic rod. Metallic terminations
are placed in direct contact with the carbon film,
end caps pressed over these terminations with
leads attached, a helical groove cut in the car-
bon film so as to raise its value to a precise
final resistance, and finally an environment-
resistant covering placed over the entire unit.
These components are used in large numbers in
all electronic systems. As the complexity of
these systems has increased during recent
years, the number of resistors used has pro-
portionally increased so that now some electron-
ic systems utilize resistors in quantities meas-
ured in the millions. This large-scale usage has
demanded higher and higher reliability for these
components and was one of the primary factors
leading to the development of the automated pro-
duction line to be described here.

The production line is 110-feet long andcon-
sists of eleven machines - eight operating and
three inspection. Maximum production rate of
the system is approximately 1200 resistors per
hour in power sizes of 1/4, 1/2, 1 and 2 watt.
The process begins with the deposition of crys-
talline carbon on a purchased ceramic core.
The core then moves progressively through in-
spection, termination, capping, helixing to value,
second inspection, encapsulation in a protective
casing, marking, leak inspection, final inspec-
tion, and packaging.

Heart of the automated production'system
is a Librascope LGP-30 digital computer which
provides on-line control of the entire line. Wes-
tern Electric engineers modified it, adding input
and output circuits so that it could control the
programming, setup, and feedback control of in-
dividual machines in the system. Basically, the

computer performs in three areas: Production
control, quality control, and setup control.

Production Control - A month's require-
ments for resistors can be fed into the computer
at random by means of a keyboard or punched
tape. The computer sorts out the separate or-
ders, groups the resistors according to the four
basic power sizes, accumulates resistance val-
ues of each power size into an orderly produc-
tion sequence, and schedules the sequence in
which the various power sizes and resistance
values will be processed.

Quality Control - Using methods of statisti-
cal quality control, the computer analyzes con-
trol data accumulated at the three inspection
stations in the line and applies statistical tests
to determine if a deviation trend is developing.
No control action takes place while this analysis
indicates a normal statistical distribution around
a desired nominal. When a trend away from ac-
cepted manufacturing tolerances develops, the
computer uses stored data to calculate new set-
up information for the appropriate station.

Setup Control - In addition to feedback con-
trol functions, the computer provides initial set-
up of wattage size at eight machines and setup of
resistance values at six machines.

Time sharing of the input equipment and of
portions of the output equipment helps to con-
serve apparatus in the computer system. The
computer output is stored in transistorized reg-
isters and setups such as wattage size, gas flow,
and core speed require binary registers for
each machine. Those machines requiring deci-
mal setup - helizing machine, marking machine,
and two inspection storage bridges - share a
single binary coded decimal register. The in-
put unit is an analog-to-digital converter. Al-
though it is time shared between the individual
input stations, the 140,000 bit-per-second speed
at which it sweeps data into the computer pre-
cludes any delay in the manufacturing operation.

Computer control of the automated system
first occurs at the coating furnace at the begin-
ing of the line where ceramic cores are coated
with crystalline carbon to form a resistance
element. Three parameters govern the value of
the resistance coating: The speed of the core
through the coating zone, the pyrolysis tempera-
tore, and the flow of methane gas. The computer
controls these parameters by means of a data
feedback loop from the first inspection station
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which immediately follows the coating furnace
in the line. At this station the coated core pas-
ses between four probes using the Kelvin bridge
principle. Analog voltage proportional to resis-
tance is digitized and fed to the computer mem-
ory drums where it is stored and sampled on a
statistical quality control basis against pro-
grammed requirements, also stored on the
memory drums. The computer calculates the
data, and, if a correction is necessary, the
computer actuates solenoid operated digital
flow valves on the furnace to control the gas
flow in the coating zone.

After inspection (and rejection if necessary)
the coated cores are blown through pneumatic
tubes to the terminating machine where a gold
contact is sputtered over each end of a core.
During the sputtering operation, each core is
held in a mask which prevents the center of the
core from being coated. Since there are four
different sizes of cores used in the system, the
computer is used to program the proper mask
size when the machine switches over to differ-
ent core sizes.

The next machine in the system is a cap-
ping machine where gold-plated brass caps with
wire leads are pressed on each end of a core.
The capping machine uses two different capping
assembly heads to apply one of three different
cap assemblies for each of the four resistor
wattage sizes. The computer controls both the
switching of the assembly heads and the chang-
ing of the cap sizes.

The components are then transported to a
helixing machine which cuts a helical groove
into the carbon film of the core to obtain the
desired resistance. A computer-controlled
bridge monitors the cutting operation as it is
accomplished by rotating a chucked resistor
against a diamond-impregnated wheel. The con-
trol servos of the bridge balance when the de-
sired resistance is reached, disengaging the
lathe bridge. The helix lathe bridge is slightly
biased to compensate for machine inertia and
for resistance change caused by heat generated
in grinding. This data is programmed and
stored in the computer memory drum. The
computer also is connected into a servo that
controls the speed and pitch used for proper
spiralling.

The feedback control and self-correction of
the helix lathe bridge is based on a statistical
quality control analysis of values when the re-
sistors are inspected at the second inspection
station, immediately following the helixing ma-
chine. A Wheatstone bridge, set to the desired
nominal resistance value of each resistor lot
by the computer, precisely measure the resis-
tance of each resistor. Off-balance voltage is
digitized and fed back to the computer, which
then computes the desired correction and cor-
rects the helixing machine setting.

The resistor next feeds into an encapsula-
ting machine where a precured epoxy is fitted
over the core and two partially cured epoxy

pellets are inserted over each lead wire. After
heating, curing, and cooling the encapsulated
resistor is transported through a leak detection
machine which detects small holes or cracks in
the shell. Acceptable resistors are conveyed to
a computer-controlled marking machine where
the wattage, resistance value, production lot
number, and date are stamped on the encapsu-
lated resistor. Servo drives, controlled by the
computer, can set any of 45 different code num-
bers with over a million and a half permutations
of code and resistance value combinations. When
the line switches over to a different size core,
or different resistance value being processed,
the computer automatically resets the marking
wheels to the correct value.

After marking the resistor passes through
a third inspection station which checks the re-
sistance value and feeds the data back to the
computer. The information is used by the com-
puter to compensate for shifts in resistance
value caused by the heat of encapsulation. Cor-
rected changes are then transmitted to the sec-
ond inspection station and used to reset the com-
puter-controlled bridge for the helixing machine.

Final station on the line is the packing ma-
chine where groups of resistors are inserted
into foamed polystyrene blocks. This packaging
method is a function of customer demand. The
machine is controlled by the computer in that
servos are actuated to control the stroke set-
tings for the platen and anvil when the system
is switched into processing different core sizes of
resistors.

IMPLEMENTING THE AUTOMATION PROJECT

In originating and managing a project lead-
ing to a fully integrated facility of the type des-
cribed here, it has proved desirable to consider
the complete system as an entity rather than as
individual process machines, although the latter
approach is by far easier from the standpoint of
the planning engineer. Because of the inter-re-
lation between product design and individual ma-
chine decisions, the system concept becomes
quite important. Each machine in the system
can, of course, be designed individually, pro-
duced and proven in as an individual unit; but
for the over-all automated facility to work sat-
isfactorily, central coordination must be estab-
lished to keep all machines compatible with the
over-all concept.

ANALYSIS OF ECONOMIC CONSIDERATIONS

The first step to be considered in a program of
this type is perhaps the analysis ofneed for such a
system and justification of the necessary expendi-
tures of engineering and effort and money. The
economic factors are of major importance. The
criteria by which such expenditures are justified
will vary, of course, from company to company. It
has been reported that required payoffs within a
one-year, within a two-year, or within a five -
year period are used by various companies.
Other companies consider a long-term payoff
with a high required rate of return on investments.
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These calculations in general are quite straight-
forward and are based on savings in labor, im-
provements in yield, or improvements in ma-
terial usage. With the advent of complex elec-
tronics systems, however, still another criterion
enters the picture. While also relating to eco-
nomic factors it is much less readily calculable,
yet of perhaps equal or greater importance.
This is the necessity for inherent reliability or
consistent quality which can be achieved per-
haps only through fully automated production.
This latter consideration was the most influen-
tial in justifying the particular project being
described. Here the absolute necessity for im-
proved component reliability in itself would have
justified the project, even if direct cost consid-
eration had been unfavorable. It follows then
that for a project to be successfully initiated,
sufficiently sound justification must be provided
to warrant the expenditures involved.

TECHNOLOGICAL CONSIDERATIONS

The next phase of analysis has to do with
the technological considerations surrounding
the project. Two prime criteria exist. One is
that the product line is sufficiently stable so that
a reasonable degree of assurance is present that
the project can be completed and payoff realized
before a change in the state of the art obsoletes
the particular product to which the production
line is tailored. The second criterion is that the
product is sufficiently well understood from an
engineering standpoint that a knowledge of its
process variables at each critical stage of man-
ufacture is either already available or can be
reasonably obtained. In the particular project
under discussion, these criteria were satisfied
because of a considerable backlog of resistor
manufacturing experience by manual and par-
tially mechanized means. It is extremely im-
portant, however, that careful consideration be
given to these factors since a technological
change in product or an uncertainty as to how to
control a process variable could rapidly change
the anticipated savings to losses. A third tech-
nical consideration in tying together an auto-
mated facility is the feasibility of obtaining
mechanical cycle times for each operationwhich
are reasonably equal. Greatly different cycle
times in consecutive operations would either
create bottlenecks or make necessary multiple
paths at individual stations which might greatly
complicate the control problem. The electrical
and electronic feasibility of the automation pro-
cess also needs to come under consideration. In
order to control a given variable it is obviously
necessary to measure the resultant of this vari-
able. If measurement techniques for the critical
characteristics of the product are not already
available, the feasibility of providing these new
measurement techniques must be considered.
Finally, the extent and nature of the control sys-
tem and related data processing system must be
determined and its feasibility established.

PRODUCT- PROCESS-FACILITY INTER-
RELATION

The inter-relation of the product, the pro-
cess and the facility to be provided must be
emphasized. Most products which we have ex-
plored with an eye toward automation have been
found to require considerable change in order
to adapt them to most efficient automated pro-
duction. A close relationship thus exists between
the product engineering, the process determin-
ation, and the machine and control system de-
sign in order that decisions made in one area
can reflect consideration of the entire system
rather than relating to the individual aspect
alone.

An example of this inter-relation was the
choice of a resistor termination in the case un-
der discussion. The previous method of termin-
ation utilized a silver flake paint with an organ-
ic binder. This material required a sixteen-
hour curing cycle, quite incompatible with the
concept of in-line computer control. The choice
of a sputtered termination in order to reduce the
time of application thus determined the machine
design, and changed the resistor design to this
degree. At the same time the resistor design
involving no organic coating on the carbon re-
quired the use of a metal not subject to electo-
lytic migration, so that gold was chosen for the
termination material. This in turn required
changes in machine design to permit the use of
gold, a metal having a slower inherent sputter-
ing rate than silver. This interplay between all
phases of the project planning presents a con-
tinuing challenge to the system coordinator.

Once the feasibility of the project has been
determined from the standpoint of economic
justification and technical considerations, we
have found it highly desirable to establish de-
tailed scheduling of all steps of the project with
realistic objectives so that each individual task
can be properly followed and additional effort
applied where necessary. We are faced with the
necessity of determining from the standpoint of
budgeting and programming when a facility is
realistically likely to be in service. By the
same token we feel it highly desirable to es-
tablish tight objectives so as to challenge the
personnel assigned to the task to optimum per-
formance. This has led us then to a system
somewhat similar to the "Pert" (1) approach.
We establish engineering objectives for each
phase of the development and prove-in of the
system. At the same time we establish a more
pessimistic schedule which we consider the out-
side permissible times for each step of the
operation to be completed; thus our development
and production personnel work toward a more
optimistic objective whereas our production
commitments and funding provide for the more
realistic schedule. The various bench marks
that are established for the operation may be
listed as follows!
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1. Research and Feasibility Study

This phase of the program is basically
an engineering study to determine the
economic factors, the reliability fac-
tors and the technical feasibility of the
proposed project.

2. Proposal

The preparation of a proposal in what-
ever detail is necessary to satisfy the
responsible levels of management of
the desirability of the project in ques-
tion.

3. Funding

A period of time is normally necessary
in all but the smallest organizations
between the time a proposal is submit-
ted and a decision reached and funds
made available. This will, of course,
vary with the urgencies of the project
as well as with the individual company.

4. Prototype Development

In many cases where new ground is
being brokenit is advisable to build a
prototype machine. This facility may
or may not prove useful in the final
system design but it may be essential
in order to determine the best method
of performing a given operation or in
some cases to find a practical method
for its accomplishment. The individual
areas where this activity will be re-
quired must be identified and time al-
lowed for its accomplishment.

5. Design

The mechanical and electrical design
may be started immediately on some
phases of the program, but will neces-
sarily be delayed in areas where proto-
type development is called for. Thus
a staggered set of time intervals will
be determined for the design phase of
the project based on the necessity for
and the length of prototype develop-
ment activity.

6. Facility Procurement

Upon the completion of design, orders
can be issued for facility procurement,
either on one's own model building
shops or on outside vendors. We have
utilized several different approaches
for the procurement of facilities. These
include procurement of complete ma-
chines from outside vendors, purchase
of machine parts from outside vendors
with assembly and prove-in by our own
personnel, and complete manufacture
of the machine within our own organi-
zation. Each of these approaches is

feasible, depending on the time avail-
able and the degree of liaison required
between engineering and design person-
nel and the machine builder.

7. Debugging

This might well be considered the most
variable item in the development pro-
gram. It consists of taking individual
machines and/or control systems
through the required cycles and mak-
ing the necessary changes to meet the
system design objectives. It is at this
stage where perhaps the highest engin-
eering development skills are required
and where close relations must exist
between the system coordinator, the
product design engineers and the me-
chanical and electrical development
engineering personnel. Changes in one
area may very well cause unanticipated
effects in others so that a continual
interchange of information is desirable.

8. Final Installation

The final installation of individual fa-
cilities in the integrated system is
again generally staggered in time de-
pending on the completion dates, both
scheduled and actual, of the previous
tasks. This is generally a rather
closely predictable interval and con-
stitutes preparation for the next phase.

9. System Prove-in

The prove-in of the entire facility can
be started only when all the individual
segments are installed. However,
prove-in of sections of the facility is
highly desirable since it minimizesthe
complexity of the problems which de-
velop concurrently. Whenever two or
three machines can be tied together
these machines can be operated for
purposes of determining weak points in
the system planning or in the continuous
performance capability of individual
machines. In order to show up machine
reliability short-comings, long periods
of trial operation are necessary; thus
it is highly desirable if requirements
exist for product of the types the ma-
chines can manufacture so that their
output can partially offset the cost of
these trial operations.

10. Production Trials

After the entire system has been proven
on limited scale production, production
trials can begin. This is the phase of
the operation where the shop personnel
who will finally have cognizance of the
machinery receive their training and
pick up the continuing operating duties
from the development personnel. During
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this periods, increasing efficiency in
operation is expected leading to the
final objective.

11. Production Turnover

This is the point in time when the or-
iginal objectives are met, but does not
signal the end of development activity.
Continuous improvements in the facil-
ity may continue as long as improved
yields and "up time" warrant the cost
of development.

Not every manufacturing operation can be
economically automated at this time. It seems

likely that it would be many years before a major
portion of our manufacture will be automated in
the true sense of the word. It does appear cer-
tain, however, that the trend is in this direction
and that each year will see an increasing number
of automated production lines and integrated pro-
duction, control, and manufacturing systems
under computer control. The system outlined
here is, we believe, a typical one in that it con-
tains all the essential elements of the larger and
more sophisticated versions we will see in years
to come.

1. "Pert" is a production control plan
utilized successfully by the Navy and
others on several large-scale R and D
projects.

[5]



PERT - SOME APPLICATIONS
AS A DYNAMIC TOOL

Oscar Barry
Vice President
C -A-P-C -O-M

Oakland, California

I shall start by saying that I do not fully
understand what is currently meant by PERT;
I think that PERT means something slightly
different to each person. PERT started in life
five years ago by meaning something quite
precise and its rapid evolution has changed
some of its concepts but it looks as if the word
PERT will survive as the generic term for all
the various techniques of doing the same job.
PERT uses a network diagram to represent
the discrete activities that constitute a project
and the interrelation of these activities. Bas-
ically, PERT is event oriented and CPM is
activity oriented, but the differences are being
phased out.

Now to recap the basic concepts of the
systems, we will take a few minutes to go
through a sample problem and use attached
diagrams 1 through 6 to explain the solution.

I am a plant engineer; the Production
Superintendent is having trouble with his exist-
ing batch paper pulper and has approval to in-
stall a new one with an automatic feed and will
get delivery in two weeks. My boss, the plant
manager, tells me to look into it and get a
proposal on his desk. Let us examine part of
the problem of the new installation - to pre-
pare the base to pour concrete as a foundation
for the pulper.

I will divide this project down into eight
jobs or activities and I will list them as shown
on chart #1.

1.2 - Remove existing ground floor slab
and excavate.

1.3 - Fabricate and deliver reinforcing
steel.

1.4 - Fabricate and deliver imbedded
mechanical items.

2.3 - Form pits and sumps in base.
2.4 - Set chairs for imbedded mechanical

items.
2.5 - Set imbedded conduit.
3.5 - Set and wire reinforcing steel.
4.5 - Set imbedded mechanical items.

I will then arrange these jobs which to-
gether comprise the entire project in the se-

quence of the execution. If I represent each
job by a line I can generate the network dia-
gram shown on chart #2. I then estimate the
length of time it takes to do each job and may
calculate the length of time for the entire pro-
ject. My calculation process gives me the in-
formation indicated also on chart #2.

[6]

I then can go to my boss with my proposal
and I am happy because,

1. I know the duration of the project is 11
days.

2. I know the priority jobs.
3. I know what each trade must be doing

each day to the end of the project.
4. I know my latitude or float on non-

priority jobs.

But the boss says, "I want the project done
in a week."

I say, "But this will cost money and in any
case I do not know if I can complete this pro-
ject in 7 days."

"How much will it cost and prove to me
that you cannot do this in 7 days."

So I carry on my study still further. I
make more estimates and get all the informa-
tion shown on chart #1.

I have been fortunate enough to have a
friend who has developed an excellent com-
puter program and to avoid the leg work of
tedious calculation, I use a computer to de-
rive the answers shown on chart #6. This is
valid because 90% of the "'think" goes into
establishing the network or my sequence of
activities; the computer just assists me in
doing the repetitive arithmetic fast.

The process of the arithmetic is indicated
on chart 3 through 5. As shown on chart #3
the object is to reduce the overall duration by
one day. We examine all the activities on the
Critical Path and shorten by a day the activity
which will cost the least money, i.e. activity
2-3 @ $50 per day. The duration of the project
is now 10 days and the premium cost of this
one day reduction is $50. In addition, activities
1-3 and 2-5 have become critical, but at no ad-
ditional premium.

The next phase is to reduce the project
duration to nine days. We again examine the
Critical Paths - we now have three and the
least premium for the required compression is
by reducing the duration of activities 1-2 and
3-5 at a cost of $150; we also find we can re-
lax activity 2-3 by one day and save $50. The
net cost of the time reduction to 9 days from
10 days is $100 - this is shown on chart #4.

The final stage is shown on chart #5. The



Chart #1 Chart #2

Chart #3 Chart #4

Chart #5 Chart #6
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project is reduced to the minimum duration of
8 days. Minimum because each of the activ-
ities on at least one critical path have been
''crashed". The paths are 1-2, 2-3 & 3-5 and
1-3 & 3-5. The premium for this compression
is $150.

The results of the direct costs are entered
on chart #6. To the direct costs are added,
the optimum duration time based on cost fac-
tors only, is 9 days.

Now both the plant engineer and the plant
manager are happy and each is speaking a
common language.

To leave our example and get into actual
field techniques and application we find basic-
ally that if a project team knows what it is
doing, PERT can be a great tool or, "it tends
to make good firms better rather than bad
firms less bad."

I will describe in some detail one method
which has proved this to be true. When we get
to the field application we find many of the ob-
jections to the system are normal human prob-
lems and must be solved as such. For example,
the system to be effective, requires a complete
showing of the hand and if there is a feeling
that a PERT network will only be used as a
big stick to remind the estimater of bad estim-
ates then his projection will tend to be a little
less than honest. Therefore, a very clear
understanding of the uses to which the system
will be put must be understood at all levels of
management.

The results from PERT are only as good
as the information fed into it - this we will
call input - how do we get this information and
from whom?

We have found that the best person to get
this input is the person who has the direct
responsibility for executing the project. The
information is got by satisfying the following
question for every job or activity in the pro-
ject.

''Before I can start this subject activity,
what activities must be just completed?"

This establishes the job listing and the job
sequence. In practice the field superintendent
must have a clear concept of his methods of
execution, otherwise the interrogations can be
a long and tedious learning process. It is em-
phasized that one of the difficulties and suble-
ties of the interrogation is to be able to express
in terms of activities, the benefits of 40 or 50
years of experience, and unless the activity se-
quence and subsequent network reflects proven
''seat of the pants" judgments it is not making
the full use of available experience.

From the completed interrogation sheets
a network diagram is prepared. This catches
any discrepancies in the activity sequence and
also provides a numbering sequence which can
be used for computer input.

Then the interrogation is continued to ex
tract the estimated time taken for each activity.
Some changes are made in the sequencing at
this stage as the opportunity to review the en-
tire project is present. The refining of the net-
work has already begun. This information is
also obtained from the field superintendent.

From the information we now have, we can
calculate the duration time of the project and
indicate the critical path. This we now do.

The computation may be done manually or
by computer. The computer does a two-fold
function. It executes the calculations and it
gives us an output in a form best suited to the
needs of the field.

The calculations are not very advanced
mathematically, but are voluminous and pro-
vide for each activity the following information:

Earliest Start Time
Earliest Finish Time
Latest Start Time
Latest Finish Time
Total Float
Free Float
Independent Float

This information is useful to the scheduler
but it has very little sympathy of the foreman
or superintendent who wants to know:

1. What job do I start this morning based
on the information I have already given
you ? or

2. If I do the particular job I want to do
this morning, what effect is this going
to have on my completion date ?

We, therefore, should present the output of
our calculations in such a way as to satisfy the
needs of at least three functions:

1. The scheduler needs his information in
such a way that he can prepare a real-
istic schedule. He wants to know the
amount and nature of the float assigned
to each activity and he wants to be able
to refer quickly from the network dia-
gram to the activities. He then gets a
print-out called an ''activity listing"
and this listing is sorted so that we can
always find a specific event or node
number.

2. The field is not too interested in the
network diagram or in "complicated
mathematics" as such. The field wants
to know what it does today or this week
but usually from the reverse position
expressed as, "if I cannot do this activ-
ity today, what is my position on the
schedule?" To provide the field with
an output to flag this condition the fol-
lowing output format has been developed:

Earliest Start
Earliest Finish
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Semi-critical Start
Semi-critical Finish
Actual Start
Actual Finish
Critical Start
Critical Finish

This information is sorted by Semi-crit-
ical Start so that for any given day, or week, if
the activities have been started by their Semi-
critical Start times, then the field knows that
there need be no change in the overall schedule
to complete the project within the scheduled
time.

When the Semi-critical dates are exceeded,
the scheduling department must be informed so
that a revised schedule can be completed.
Management may have many such reports on all
the current projects.

This is done by listing the critical activ-
ities on each project in ascending order of
float up to say twenty days. If the report inter-
val is bi-weekly, this indicates that if every
current activity listed on this report is being
satisfactorily worked on, then the project will
meet schedule as any activity not listed has
the power to delay the project.

Now that we have proven techniques to
apply the PERT system to a non R & D project,
how do we know that PERT has any financial
advantages over the existing method? After
all, management expects a project to be com-
pleted in a given time and past experience has
shown that these estimates can be met. Unless
PERT can beat these schedules, while it may
make life easier for some of the field person-
nel, it does nothing for management and
profits.

Experience in applying PERT shows that
a fixed procedure has to be followed in order
to derive the full advantages of the system. I
shall describe the sequences we feel necessary
to achieve this result:

1. Derive the initial printout as described
by interrogation for sequence, prepare
the network, interrogate for time, and
calculate the results. The moment of
truth at this stage normally shows a
completion time in excess of that pre-
pared by conventional methods. The
first printout permits at least 90% of
the activities comprising the project to
be discarded as they have no effect on
the overall duration time. The remain-
ing activities then receive the individual
attention of the project team, with this
concentrated effort we proceed with the
next step.

2. The next step is to review the printout
with the originator and normally we
find some errors in sequencing and, on
second thought, some of the duration
times of the activities are a little pes-
simistic. Revised input is then pre-

pared and the subsequent printout will
normally show a scheduled completion
time at a little less than the target date
derived by conventional methods. At
this stage, PERT has done little for
management - at least management
feels so.

3. The final steps, and the payoff for the
system, is to review, in great detail,
those activities that are at or near the
critical path, and determine whether a
day can be saved from an activity here
and a slight sequence change effected
there. The technique of certain con-
struction procedures is re-analyzed
and small time savings usually result.
The input is then changed and the final
printout generated to show a comple-
tion date normally ten to twenty percent
less than our target completion date.
This is a realistic date but has the habit
of making all associated with the pro-
ject a little dubious of its realization.
For want of a better word, we shall say
"tight" completion date. This makes
management happy - real happy. As a
10% - 20% saving has been realized in
overhead at no premium, it is now nec-
essary to make reasonably sure that
this "tight" completion date can be
met! It is mandatory that our PERT
schedule be updated at regular and
close intervals. On a large project it
is usually a great advantage to update
at least bi-weekly.

To achieve updating, the field is asked to
do three things:

1. Enter the Actual Start and completion
times of each activity listed in the Con-
struction Schedule, that are current on
the Semi-critical column.

2. Advise of any anticipated sequence
changes that are contemplated in the
future.

3. Review the Critical Activity listing in
detail and enter any anticipated dura-
tion changes from that shown on the
schedule.

This is the dynamic part of the PERT tool.
The "best opinion" of a supervisor is better
now than it was two weeks ago, particularly as
his thoughts have been channelled into the ten
percent or less of activities that are listed on
the Critical Activity listing.

When this information has been provided
by the field, it is possible to determine by
normal inspection whether the duration time
for the project is affected. If the completion
time is in excess of our "tight" completion
date, then we go back to the field and find out
what means are necessary to overcome the
delay - other sequences changes and/or accel-
eration of certain activities. If we find, and
this sometimes happens, that our "tight-" com-
pletion time can and has been improved upon,
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then this is reflected in the report and becomes
the new completion date.

With the updated information the input is
again changed and the printout is made current
and provides the construction schedule for the
remainder of the project. A note here: If the
Semi-critical Start time has never been ex-
ceeded during the execution of the project, no
updating is necessary. The only thing then in
question is whether the original schedule was
too long in the first case.

1. Occidental Center - Los Angeles

The PERT system was applied to this
Center when the steel for the first phase of
construction had been topped out. At this
stage there was a major change of scope where
it was decided to erect the tower phase imme-
diately. It was decided by the owners to inte-
grate the mechanical services. A PERT net-
work was established and the completion time
established at 200 working days. The Critical
Path passed through the erection of two 20"
water lines between the chillers in the sub-
basement and the cooling towers on the roof.
The reinforced concrete supporting structure
was the prime delay in the completion of this
phase. The contractor indicated that acceler-
ation of this reinforced concrete structure
would be possible at a premium of $20,000.00.
A network diagram was prepared in great de-
tail for this phase of the structure and a sched-
ule printout prepared. The first week of over-
time amounted to about $500.00. The second
week of overtime amounted to $250.00 and
from that date no overtime was necessary on

this repetitive type work. Because of the very
clear definition of the problem involved and
the realization on the part of the work force of
exactly what was expected of them, they met
the target successfully at no premium after the
first two weeks. In this phase of the operation,
the original schedule of ten days per cycle was
reduced to four by the application of PERT.
The savings were approximately as follows:
20% in time for the entire project and 60% in
time for this change of activities directly
bringing about the overall saving.

2. Office Building

A contractor submitted a bid for an office
building and quoted a very attractive comple-
tion date. He received the job and discovered
that the completion date was unrealistic be-
cause of inter-relation between concrete and
steel in the erection of the structure. This
would add a further three months to the com-
pletion of the project. PERT was applied to
see whether it would be possible to bring back
the schedule to the quoted completion time. On
the initial phase it was found by intensive study
that two months could be picked up. The sched-
ule was so set up hoping to reduce the project
duration by the further month as a project
progressed. The first updating showed that
this schedule was, in fact, being bettered and
there were two phases where the sequence
could be changed to reflect the saving of the
month required. The revised schedule showed
a completion time in accordance with the orig-
inal bid. The contractor is convinced that he
would not have been able to realize this 25%
saving in time unless he used PERT.
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ARE INDUSTRIAL ENGINEERS TAKING
A BROAD ENOUGH VIEW?

H. Harold Bass
Supervisor Research and Development Group

Industrial Engineering Division
Eastman Kodak Company

Rochester, New York

The title of this talk is a question. Further-
mnore, it is a question I do not intend to answer
directly. What I infer is that industrial engin-
eers are not generally taking a broad enough
view. If they are not, the question then becomes,
''How can industrial engineers take a broader
view?" and ''Why should they do so?"

As a dutiful industrial engineer, I should an-
swer the "why " question first. It has seemed to me
that industrial engineers tend to get smothered in
their growing body of techniques and perhaps lose
sight of the ends towhichthese techniques should be
directed. Ifthereis anyonethemewhichhaspersis-
ted throughout the history of industrial engineering it
is the theme of improving Organization Performance.
These words, ''Organizational Performance" have
not been widely used to describe this central tenden-
cy of industrial engineering but they do describe the
focal point of all industrial engineering activities,
past, present and future. Intryingto provide a ''why '

I submit that a sharpening of the focus on this large
objective requiires us to take a broader look at all of
the factors which affect it. It requires us to examine
our kit of tools in light of how they enable us to help
our organizations improve their performance. If
you will, it requires a broadening of prospective.

There are a number of dimensions along which
breadth of industrial engineering practice could be
discussed. I should like to emphasize two dimen-
sions which I shall call the ''Systems Dimension''
and the ''Human Dimension.'"
I. The Systems Dimension

So much has been said and there are so many
points of view about systems and the systems' ap-
proach, that a little groundwork is required here.
It seems that there has been one characteristic of
traditional industrial engineering practice. Our
approach for many years assumed that we should
concentrate on unit operations. Despite admonitions
such as ''look at the preceding and suceeding oper-
ation" we have by and large tended to optimize Or-
ganizational Performance piece by piece. It was
implicity assumed that if each individual operation
in an organization (or system) was brought to some
peak of efficiency, then the sum of this was surely
equal to optimal Organizational Performance. The
Systems' concept teaches that the sum of optimal
parts is not necessarily equal to an optimal whole.
Interactions between units or sub-systems and en-
vironmental variables can affect the performance
of a system. The effects of this are only obvious
when we grasp the system as a total system.

Take a not too hypothetical example charac-
terized by many situations in our own plant and

which has as its central theme the problem of
allocation. Our example deals with a production
system which has many products flowing through
a multi-channel machine complex. For a given
production period, product requirements may be
expressed in pieces, footage, etc. and machine
capacities generally in hours. The system dic-
tates that the product requirements be produced
within the constraints of machine capacities.
Known information includes production rates and
costs for all combinations of products and ma-
chines. As a further complication, technological
improvements have resulted in higher production
rates and lower costs for newer machines.

Traditionally, when faced with a problem of
this magnitude, we attempted to examine each
machine individually and assign the most least
cost products to that machine. When all products
were assigned, products were then shifted from
their least cost machine into less desirable ma-
chines in order to avoid exceeding the total avail-
able capacity on any machine. Thus, by optimi-
zing the assignment of each machine in the sys-
tem, we were concluding that the total system
was treated in an optimal fashion. In other words,
the sum of the parts is equal to the whole. In our
example, because each machine was assigned
optimally, we concluded that the system itself was
optimal.

Let us digress for a bit and consider essen-
tially what we are attempting to accomplish.
First, we must decide which products to assign
to the many machines. Secondly, the assignment
must be made in some optimal fashion so that we
minimize the total cost of operating the system.
In our favor, however, is the fact that this de-
cision will be made under certainty for all is
known about the problem; costs, production rates,
requirements and capacity restrictions. In spite
of this knowledge, decisions are still being made
in a sub-optimal fashion. Today, the bulk of for-
mal theory in economics and management science
embraces decision-making under certainty. Sev-
eral of the matematical tools used are the calcu-
lus, which deals with finding maxima and minima
of functions, and linear programming, which
deals with optimizing multi-variable problems.

Linear Programming has enabled us to as-
sess the total system of products and machines,
take into account the many inter-relationships of
production rates and costs and arrive at a ma-
chine loading program that is within the specified
restrictions and is optimal for the total system.
Problems involving a large number of products
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and machines rapidly tax the capacities of the
most modern computers; however, an efficient
algorithm called the "Generalized Transporta-
tion Problem" (ref. SHARE NO. HD IB ML1) is
capable of solving problems with as many as 300
products and 18 machines.

A fundamental advantage of using a model
such as this is that it forces one to quantify the
variables that are used in the process of arriv-
ing at a decision. Such intangibles as "better
quality" or ''this product runs better on this
machine" are generally assessed using ''man-
agerial wisdom." The model, however, re-
quires these "judgement" factors to be specified
in economic terms.

The linear programming approach has prov-
en useful not only as a control in assigning pro-
ducts on a weekly basis, but for long range plan-
ning of machine requirements such as;

1. Determining where to place development
effort to overcome technological re-
strictions which limit the capability of
products to be produced on certain
machine s.

2. Determining the economics of adding
additional capacity which is generally
more efficient than present equipment.

3. Determining the best allocation of pro-
ducts for special situations such as ex-
tended periods of machine downtime for
maintenance or design changes.

This is just one example of work done in the
Systems Dimension. Actually, the technology in
this area has developed rapidly and can have
significant influence on our goal of improving
.Organization Performance.

II. The Human Dimension

For the Human Dimension, I'd like to cover
two areas; Work Physiology and Organizational
Behavior. Both these areas, involving the life
sciences, have been almost completely ignored
by industrial engineers; however, some impor-
tant beginnings have been made. Let's take Work
Physiology, first.

A. Work Physiology

In the year 1903, Frederick W. Taylor in
his book Shop Management stated, "One of the
most difficult pieces of work which must be
faced by the man who is to set the daily tasks is
to decide just how hard it is wise for him to
make the task." (end of quote) This, then, at the
time of Taylor was a decision under conditions
of uncertainty and not a measurement. And,
judging by the labor disputes which arise over
this question, we seem to be no nearer the point
of being definitive about this question than was
Taylor. In a labor dispute this past summer
which idled 77,000 workers for 18 days, it was
finally arbitrated, not measured, that "the

operators on the jobs involved were putting
forth normal and satisfactory working effort."

What is work effort? Is there an objective
way of measuring this effort? Effort can be de-
fined as an exertion of power or energy and this
can be measured and quantified. Energy cannot
be measured by measuring time, but it can be
measured by measuring such physiological
phenomena as heart rate, oxygen comsumption
and respiratory volume. The industrial engin-
eer has implied consideration of these physio-
logical phenomena in his concern with fatigue
allowances and rest pauses, but even these al-
lowances have generally been based upon time
criterion ratherthan physiological measure-
ments. Today the engineer has available to him,
thru his own and other disciplines, the knowledge
and capability necessary for making quantitative
determinations of many of these factors involved
in studying man at work.

In the future, to successfully fulfill our role
of studying man at work and to integrate him in-
to the organizational system, we need to know
the real demands which are being placed upon
people. In a sense, we need to know their toler-
ance to physical and psychological loading.
While as engineers, we wouldn't think of regular-
ly exceeding the design capacity of a production
machine, neither should we exceed the design
capacity of the human operator. Knowing this
design capacity has definite humanitarian and
economic value.

The optimum work situation is when the
work capacities of an individual are compatible
to the work demands of the job. If we underload
the individual, the situation is obviously ineffic-
ient and costly. Although it is less obvious, the
reverse is also very costly. The resolution of
grievances over work rate, working conditions,
and the costs of on-plant medical care, as well
as compensation, do not come cheaply.

While I have earlier singled out the area of
effort determination, I don't wish to imply that
this is the only area in which knowledge of human
capacities and capabilities is needed. Some other
work situations in which such knowledge is need-
ed are; tasks involving maintenance of a per-
formance level during monitoring and vigilance
tasks, frequent decision-making associated with
rapid paced operations, and the integration of an
aging industrial population into an increasingly
complex and rapid paced industrial enviornment.
To define and approach these problems requires
an understanding and application of physiological
knowledge which traditionally is foreign to in-
dustrial engineers. If they are to be solved, we
must seek the assistance of other professions
and disciplines. No one discipline is sufficient
within itself to bring to bear all of the effort
that is needed. This, then, dictates the need for
the team approach.

Our work physiology studies at Kodak Park,
which started about five years ago, developed
from a common need of the Medical Department
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and the Industrial Engineering Division to better
understand the physiological limitations and
capabilities of people. The understanding of
common problems that has developed between
these two divisions, in itself, almost justifies
the effort which has been expended on these
studies. The real reward, of course, is in our
growing ability to evaluate and quantify situa-
tions which heretofore, from a job design stand-
point, had to remain unknown.

Initially, our investigations were confined
solely to the ''effort" or "energy expenditures"
aspect of work. This was natural for several
reasons, namely:

1. High effort is more obvious to the ob-
server of the industrial scene and,
therefore, demands more attention.

2. While it is fractionated and scattered,
much work has been done and reported
by other investigators relative to
"'energy expenditure", which is a
measure of effort.

3. Instrumentation has been developed
such that it is now practical to mea-
sure this variable of "energy expen-
diture" on the industrial scene.

Energy expenditure is measured by the in-
direct calorimetry method; that is, respiration
and oxygen consumption are the variables which
are measured and converted to energy. Com-
bined with heart rate, these represent the
physiological responses which we feel are
necessary for accurately assessing high effort
industrial jobs.

Physiological measurements in conjunction
with time study now provide us with an insight
into industrial job design problems which is not
obtainable in any other way. Using criterion
relative to energy expenditure, we can now as-
sess jobs prior to the installation of a new work
standard or job design. We are in a better po-
sition to determine in terms of time and energy
what the job requires, the frequency of rest
breaks, the necessity of providing auxiliary la-
bor saving equipment or the need for re-engin-
eering the job completely. In situations where
the manufacturing process is not amenable to
change, then the same physiological measure-
ments help us to select persons with the physical
capacity demanded by the process. Most pre-
employment medical examinations do not com-
pletely provide this information.

This new approach to designing industrial
jobs has been successfully employed in many
types of jobs ranging from the handling of con-
tainers in a darkroom cold storage area to the
loading of box cars. A most rewarding use of it
involved the pre-evaluation of a proposed piece
of production equipment. The work physiology
studies indicated that additional materials hand-
ling equipment was necessary if we were to ob-
tain the anticipated increased production. The

nature of this materials handling equipment was
such that installation at a later time would have
caused an extensive shutdown with the resultant
loss of production.

With the measurement of and utilization of
energy expenditure as a factor in job design, we
feel we are just beginning our work physiology
studies. Energy expenditure is just one facet of
the problem. Other physiological phenomena of
people may be studied so that we can integrate
them into job systems which take advantage of
their capabilities and do not aggravate their
limitations. The result will be mutually bene-
ficial to the individual and the company. The
second part of our Human Dimension is Organi-
zational Behavior.

B. Organizational Behavior

I am using this term to refer to the behavior
of people in an organizational or industrial set-
ting. As an area of knowledge, among other
things, it refers to the reasons why people work
or don't work, decide or don't decide to perform
so as to achieve the objectives of their organi-
zations. If the concept of "Organizational
Behavior" seems remote from industrial engin-
eering to you, let me say that an incentive system,
or any control system for that matter, is primar-
ily designed to direct and influence the behavior
of people towards organizational goals. As in-
dustrial engineers we are, it seems, in the
business of designing systems to influence, di-
rect and control human behavior, but we've
never quite faced up to it in these very words.

The famous Western Electric Hawthorne
studies of thirty years ago marked the beginning
of organized research into Organization Behavior.
Since that time, studies in industry plus general
behavioral research have yielded information
which promises utility to industry.

I think I can summarize the results of this
research this way. Let's assume that a behavior-
al scientist was summarizing the case - a be-
havioral scientist who was familiar with research
findings and, most important, really knew what
industrial engineers did. I believe he might say
something like this:

"You industrial engineers profess, in
effect, a theory of management - a
theory of how to organize men, ma-
chines, and materials so as to get the
best results. The part of this theory
which deals with men assumes that the
performance of people will be best un-
der situations where they are told ex-
actly what to do and how to do it, and
are rewarded with money in proportion
to performance.

"Your way of doing business rests on
certain behavioral assumptions. Gen-
erally, you don't even recognize that
these behavioral assumptions are
assumptions - you take them for
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granted and rarely, if ever, examine
them.

''To put it another way, you are hip-
deep in designing systems for in-
fluencing behavior and you make al-
most no use of the collective scien-
tific information about the behavior
of man. The assumptions which sup-
port your practice are not all wrong;
they are just not complete nor up to
date. You need, first, to realize that
you are deeply involved in influen-
cing people's work attitudes, second,
that you do this based upon certain
assumptions, and third, that there is
a good deal of information available
which would alter and improve these
assumptions.

"Instead of assuming, as it seems
most industrial engineers have, that
people have an inherent dislike of
work, and that they must be direc-
ted and controlled as closely as pos-
sible, you might assume that under
the proper conditions, they will ac-
tually find personal satisfaction in
working towards your objectives."

He would conclude his case by directing
your attention to the research which has been
done in this field. Unfortunately, he would avoid
prescribing how you could "engineer" this situ-
ation but would indicate that this is your problem.

If there is any substance to his case, it
seems that this is a fundamental dimension along
which industrial engineers can broaden their
view s.

In the short time left, I can only outline the
manner in which we at Kodak Park are trying to
answer this challenge. In the first place, we
have acquainted ourselves with the research
which bears on the problem. We have tried to
integrate this to the best of our ability and re-
duce it to the probable effect it may have on our
practice. The following specifics are indicated:

1. Job Design

Instead of simply designing operations
from the point of view of the optimum
technical system, we think there are
gains to be made in considering the na-
ture of the jobs which people will do.
The usual industrial engineering cri-
teria for job design stress extremes of
task specialization. The consequences
tend to be meaningless jobs. That is,
jobs in which the individual has difficul-
ty seeing the relationship of his function
to a larger whole. A version of what has
been called Job Enlargement is called
for. This is not just a matter of adding
functions to a job, but adding a set of
functions which will comprise a set of
activities leading to accomplishment of

a visible objective. The activities
making up a job should be examined
to see if there has been a tendency to
remove the thinking functions and spe-
cialize them in other persons. Taken
as a whole, we should endeavor to de-
sign jobs such that people have a maxi-
mum of control of the variables which
lead to end objectives.

2. Goal Orientation - Information Sys-
tems

A natural consequence of the over-
division of labor has been to focus the
attention of individuals on very min-
ute goals such as pieces per hour. We
believe that industrial engineers should
re-examine their approach to the goal
setting function which is, after all,
what time study has led to all these
years. People, it seems, do not behave
on the job as isolated individuals.
Many jobs are parts of a system and
depend for success upon a high degree
of interdependency of people. We are
examining the structuring of goals to
see what beneficial effect there is in
providing the individual a perception
of his contribution to system goals.
This takes the form of specifying job
goals in terms of end-results and also
in terms of the contribution of job level
goals to system goals. Individuals are
kept informed of system objectives,
current progress of the system and
any contemplated changes in objectives.
In effect, they are kept "in the know"
about objectives and progress of the
unit as well as their own job goals. In
effect, we are trying to enlarge the
focus of the individual relative to end
objectives. By giving his more control
through Job Design and overall goal
orientation, we think his performance
and personal satisfaction will both
increase.

III. Compensation or Incentive Systems

For many years, industrial engineering ac-
tivity has been closely identified with incentives.
The classical incentive approach stresses the
closest possible relationship between pay and
rate-of-output performance. As any of you who
have administered an incentive system know,
you have to take the bitter with the better. There
are a number of practical problems or dysfunc-
tions associated with incentives. I shall not
stress these, but will try to describe the more
fundamental problems.

If we are to believe the results of behavior-
al research, people work for the satisfaction of
a number of human needs. Only some of these
can be satisfied by money.

The most serious indictment of classical
incentives is that they have pre-occupied us
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with money to such an extent that we have large-
ly overlooked other considerations. Such things
as achievement, responsibility, recognition and
work, itself, are satisfactions and sources of
motivation in themselves. Our problem, here,
is to retain some monetary incentive, some
pay/performance relationship, but not to do it
in such a manner that it is seen as the be-all
and end-all of motivation. We believe that
closer attention to Job Design and Goal Orien-
tation, previously mentioned, is one way of
providing a basis for satisfaction in the job.

There is nothing in motivational research
to indicate that relating rewards such as pay to
performance is unsound. How this is done
seems to be most important, however. We
think that money should be looked upon as an
after-the-fact reinforcement, not the primary
initial motivator of good performance. In con-
trast to classical wage incentives, which stress
close, short term, hour by hour correlation of
pay and performance, the shift from "motiva-
tor" to "reinforcement" may be brought about
by extending the time over which pay and per-
formance are related. In addition, by utilizing
longer time periods, performance considerations
like quality, versatility and dependability can be
considered in terms of pay.

We may close by reviewing the official
definition of Industrial Engineering as it ap-
pears on the AIIE Journal:

"Industrial Engineering is concerned
with the design, improvement, and in-
stallation of integrated systems of men,
materials and equipment; drawing
upon specialized knowledge and skill
in the mathematical, physical, and
social sciences together with the
principles and methods of engineer-
ing analysis and design, to specify,
predict, and evaluate the results to
be obtained from such systems."
If we are to believe this definition as a

statement of what industrial engineers do, then
we must assume that in our practice we do,
indeed, draw upon knowledge from the social
sciences. If anything, industrial engineering
has distinguished itself by almost completely
ignoring the social or life sciences. If we are
to be designers of integrated systems of "men,
materials and equipment," and if the design
activity is to be based upon specialized scien-
tific knowledge, then we had better equip our-
selves to do so, particularly in the social or
life sciences.
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SIMULATION STUDY
OF AN AUTOMATED MATERIAL HANDLING SYSTEM

R. C. Grassi1
Professor of Industrial Engineering

University of California
Berkeley, California

In each of the last three institutes there has
been a paper presented on some phase of sim-
ulation studies. In the papers which have been
presented previously the concept of a simula-
tion model as an approximation to a real situa-
tion has been developed. To develop a model
which successfully simulates a real situation
requires:

1. A technical knowledge of the industrial
system to be simulated.

2. Formulation of the system into a block
diagram, in which mathematical defini-
tion is given to the subsystems and
interrelationships.

3. Translate the block diagram into a
computer program.

Of the previous two exarnples of simulation
models which have been presented, one in-
volved a fork-lift truck system in which there
were random calls for service and random
service times. The other was a good deal more
complicated in that it described a manufactur-
ing activity in which the productive output of
a system, having a fixed sequence of operations,
was evaluated for various product mix inputs
taking into consideration stochastic delays and
breakdowns which might occur. This paper is
concerned with the simulation of a proposed
automated materials handling system for the
Alameda Naval Air Station, Overhaul and Re-
pair Department.

The main mission of the Overhaul and Re-
pair Department of the Naval Air Station is
the direct support of the striking forces of the
U. S. Navy air arm by the rework of aircraft,
guided missiles, target drones, pneumatics,
engines, accessories and components. This
includes disassembly, cleaning, examining,
repairing, modification, modernization, assem-
bly, test, inspection, preservation, and pack-
aging. To accomplish this mission, the Air
Station Overhaul and Repair Department is
staffed with 6,300 civilians and 100 military
personnel.

The proposed materials handling system
is for the Overhaul and Repair Department
Building in which engines are disassembled,
inspected and routed to various process shops
for repair, modification, and other operations.
At present, reciprocating engines, reaction
and turbo prop engines are being processed.
Normally, 10 days are required to completely
disassemble an engine and send the parts

1Co-Author: C. H. Farnham, Industrial
Engineer, Alameda Naval Air Station

through the processing shops. This activity
requires 175,000 square feet of office and shop
space and involves approximately 550 personnel.

The proposed materials handling system
would replace 5 electric fork-lift trucks and
860 linear feet of overhead trolley conveyer,
as well as eliminate the need for 14,500 fork-
lift operator man-hours per year. In the pre-
sent system, the fork-lift trucks use a 3 ft. x
3 ft. wood pallet for transporting the engine
parts and the overhead conveyer transports
parts in an 18 in. x 27 in. basket. The pro-
posed tractor-trailer handling system will have
11 dispatching and receiving stations. The
tractor is self-guided by following a magnetic
field surrounding a guide path wire imbedded
in the floor along a specified route. The trac-
tor senses the location of the wire and controls
its own front wheels. In the event that some-
thing remains in the path of the tractor, its
radar scanning equipment will sense the object
and actuate the tractor's stopping mechanism.
Each of the 11 automated dispatching and re-
ceiving stations will have both an unloading
and a loading conveyer. Pallet loads will be
placed on the station's top level loading con-
veyer by production dispatchers using existing
portable hydraulic lifts, and basket loads will
be placed on the bottom level loading conveyer.
Production dispatchers will program pallet
and basket station destinations by selecting the
proper button on the load destination program-
ming console. The dispatching capacity of a
station, in terms of the number of pallets and
baskets, will vary from station to station, de-
pending upon the load requirements of that par-
ticular station.

-DISPATCHING a
RECEIVING STATION

AUTOMATED MATERIAL HANDLING SYSTEM

Figure 1
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It is proposed that the tractor pull either
3 or 4 self-loading and unloading trailers, as
indicated in Figure 1. Each trailer will be
double-decked with 2 pallet compartments on
the upper deck and 4 basket compartments on
the lower deck. In the figure shown, we have
a simultaneous loading and unloading of pallets
as well as the loading of a basket on the trailer.

a 2 PALLETS
3, 4, 5 a 6 BASKETS

TRAILER LOADING COMPARTMENT

DISPATCH
t STAT ION

|UNLOAD A

AD UNLOAD B

i

LOAD a UNLOADING POSITION

Figure 2

In Figure 2, we have indicated the loading
and unloading positions the trailer may assume
at the dispatching station and also have shown
the trailer loading compartments for pallets
and baskets. In Position A, the trailer may
perform an unloading transaction. In Position
B, the trailer may simultaneously unload to
the dispatching station and receive a load from
the dispatching station. In Position C, the
trailer may perform only the transaction of re-
ceiving a load. The tractor-trailer train will
operate at a maximum speed of 3- miles per
hour and will only stop at a station in the event
that either a loading or unloading transaction
is required.

Up to this point, we have briefly considered
the nature of the overhaul and repair operation
at the Alameda Naval Air Station, the equipment
that is presently being used for materials handl-
ing, and the equipment that is proposed for mat-
erials handling.

At the time it was decided that a simula-
tion model be undertaken, it was found that the
data available with respect to the system char-
acteristics were not in a form suitable for a
simulation analysis - a somewhat typical sit-
uation. In general, the system requirements
with respect to the number of loads generated
and the transfer of these loads were known.
These data, which were collected by the pro-
duction engineering group over a 10-day per-
iod, were analyzed and re-evaluated so that
they could be used for formulating a simulation
model. In order to formulate the simulation
model, it was necessary to describe the trans-
fer of loads from one department to another.
Since the amount and depth of overhaul and re-
pair for a given type of engine varies, the se-

quence of operations and the transfer of mater-
ial could best be described by a probability
transfer matrix. If a load destination chart is
assembled indicating the number of loads trans-
ferred from a given station to each of the re-
maining stations, it is possible to calculate the
probability of transfer based on the number or
frequency of occurrences.

In addition, the study period revealed that
on the average 750 basket and 375 pallet loads
were generated daily in the system as a whole.
In analyzing the arrival distribution of loads to
each dispatching station, it was found that the
hypothesis of a Poisson arrival distribution was
acceptable. In terms of the simulation model,
there was no significant difference in the num-
ber of loads generated in the morning as com-
pared with the number of loads generated in
the afternoon. The data obtained by the pro-
duction group revealed that in some instances
loads required as much as 3 to 4 hours for
transfer. It was decided that the transfer of
loads on the average should be within one hour.

- RECORD

TRACTOR-TRAILER SIMULATION MODEL ELEMENTS
Figure 3

Let's now consider the simulation model
and its essential elements. The simulation
model can be best described by considering
four main elements of which we have already
mentioned three: 1) the arrival or generation
of load at the dispatching station; 2) the prob-
ability transfer matrix or load destination;
3) the tractor-trailer train system. All of the
transactions or elements which describe the
simulation of a tractor-trailer system are re-
lated to the fourth element, namely, clock or
time.

Element number one, the generation of
loads, is determined by a Monte Carlo tech-
nique whereby the interarrival time of loads
at the dispatching station is calculated by the
use of a random number generator from the
Poisson arrival distribution. Element number
two, the load destination, also involves a Monte
Carlo technique whereby a random number
generator is used in conjunction with the prob-
ability transfer matrix to determine the des-
tination of a load. This is illustrated in the
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figure by the blindfolded or random manner in
which the load destination is being selected. In
considering the tractor-trailer system, element
number three, the figure illustrates loads being
transported as well as loads at various stations
waiting to be picked up for transfer to their
respective destinations. In the simulation model,
all three of these elements are related to the
clock, the fourth element.

Loads are generated for 240 minutes in the
morning and also for 240 minutes in the after-
noon. No loads are considered to be generated
during the noon period from 240 to 270 minutes.
The tractor-trailer train operates 540 minutes
each day. Consequently, it performs loading
and unloading operations during the noon period
and for 30 minutes following the end of the shift.

The simulation model block diagram is
presented in Figures 4, 5 and 6:

Fig. 4. Trailer unloading subroutine
which considers the travel time
between stations and the trailer
unloading transaction time.

Fig. 5. Trailer pallet loading subroutine
involves the pallet loading trans-
action time and the pallet load
de stination.

Trailer basket loading subroutine
which is similar to the pallet
loading subroutine in that the
loading transaction time and the
destination of the baskets are
determined.

Fig. 6 Up-date the clock and go to the
next trailer or station. In this
portion of the block diagram the
loading and unloading transaction
time is added to the clock time.
In the event that there are loading
or unloading transactions to be
performed on the remaining trail-
ers at this station, an iterative
procedure is followed until all
transactions of loading and unload-
ing have been completed. The
tractor-trailer train may then
proceed to the next station.

TRAULER UNLOADING SUBROUTINE

Figure 4

The block diagram, Figure 4, begins by
reading in of data, such as; tractor speed, the
number of trailers in the train, individual
station dispatching capacity for pallets and
baskets, probability transfer matrix, distance
between stations, and the constants pertaining
to the rate of generation of loads at each sta-
tion.

The simulation program begins at the first
station with the clock set at zero. The travel
time to the next station is determined and
added to the clock time. During this elapsed
time it is determined whether pallet or basket
loads have been generated. The tractor inter-
rogates its memory system to determine if
there are any loads in the first compartment of
the first trailer to be unloaded at this station.
If there is a load in a compartment to be un-
loaded, the basket or pallet is unloaded and the
fact that this compartment is empty is set in
the tractor's memory along with the index
position so that subsequently the transaction
time can be calculated. The next compartment
of the first trailer is interrogated to determine

4~

TRAILER PALLET LOADING SUBROUTINE

Figure 5

if a load is to be unloaded at this station. When
all of the compartments in the first trailer have
been interrogated or unloaded, then the pallet
loading, Figure 5, subroutine is considered. If
there are any pallet loads at the station to be
loaded on the trailer, the tractor is interrogated
to determine if the first pallet compartment of
the first trailer is empty. If this is the case,
the pallet is loaded on the trailer and a random
number is generated for the purpose of deter-
mining the pallet destination using the following
procedure: A random number value is compared
with the probability of the pallet going to Station
No. 1. If the random number value is equal to
or less than the transfer probability of going to
the first station, the pallet load is designated
for Station 1. If the random number value is
greater than the transfer probability of going
to the first station, it is compared with going
to the cumulative transfer probability of Sta-
tions 1, 2, 3, 4, etc., until the transfer prob-
ability is equal to or greater than the random
ifnumbe Th statioto whitc theicumaiinvWhen
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transfer probability is equal to or greater than
the random number becomes the pallet load
station destination and is set in the tractor's
memory. As in the previous routine, the index
position used is set in the tractor's memory.
If the number of pallets loaded is equal to the
dispatching capacity of the station, the loading
of baskets is then considered. In a similar
manner, the tractor is interrogated and baskets
are loaded on the first trailer. The designation
of the basket load destination is determined by
the same procedure that was used for assigning
the pallet load destinations.

Up to this point in the block diagram, all
of the required loading and unloading transac-
tions have been performed on the first trailer
of the tractor-trailer system. As indicated in

UP- DATE CLOCK GO TO NEXT TRAILER OR STATION

Figure 6

Figure 6, the total transaction time for the
first trailer is calculated and added to the
clock time. Since we have only considered the
transactions which have taken place at the first
trailer, the program proceeds to the next trailer
and its first compartment and back to the first
block diagram for the trailer unloading sub-
routine until all of the transactions for the
trailers in the tractor-trailer system have
been completed at this station. If the clock
time is greater than 540 minutes the final sum-
mary of statistics is printed and the day's run
is completed. If the clock time is less than
540 minutes, the tractor proceeds to the next
station until it has reached Station 11 at which
time a cycle print-out is made and a new cycle
is started. If the clock time is equal to or
greater than 510 minutes, the whole routine is
repeated without the generation of loads. Like-
wise, if the clock time is equal to or greater
than 240 minutes or less than 270 minutes,
namely, the noon period, the cycle is repeated
without the generation of loads. If the clock
indicates it is not in any of these intervals,
the cycle is repeated with generation of loads.

Let us now consider in more detail the
subroutine for generation of loads referred
to in the first block diagram and shown in
Figure 7. In this routine, it is necessary to
calculate two times; the time available for
loads to be generated, and the time required

CIICULIVE IWM

SUBROUBIE FOR G R N

togenerate~~~~~~Taslad,whc asocul bxpese

generation time~~~~isnt geterta reulEto

re nhImeroEqure tge

. ES

timerequire~~~~~~~~~~,d(t o
genrae henexladisde

teSrie GenE oadE i
rE'int GEEavaIlab.t1t

GO TO TRACTOR TRAILER PMIR..

SUBROUTINE FOR GENERATION OF LOADS

Figure 7

to generate a load, which also could be expressed
as the interarrival time of loads. If the load
generation time is not greater than or equal to
the time available, the load is recorded as ar-
rived and theeo ime required to generate this
load is subtracted from the time available. This
generation time is initialized to zero and the
time required to generate the next load is de-
termined. The generation of loads is repeated
until the interarrival time is greater than the
remaining time available. At this point the
program returns to the tractor-trailer main
program becausewh bve generated all the loads
in the time available. The last load generated
will have to be evaluated at the next cycle with
respect to the time available. The foregoing
idealized block diagrams translated into com-
puter language required approximately 450
FORTRAN Statements and involved 10 subrou-
tine s .

Let us examine the underlying reasons for
approaching the solution of this materials handl-
ing problem by means of a simulation analysis
which by now should be somewhat evident. In-
itially the system was approximated in a deter-
ministic manner based on certain assumptions
with respect to the loading and unloading time
and the required number of loads to be trans-
ferred using a tractor-trailer system operating
at a speed of 3i miles per hour. However, in
such a deterministic approach, it was not pos-
sible to evaluate the stochastic nature of the
materials handling requirements and the occur-
rence of simultaneous loading and unloading
transactions. Although the dispatching capacity
at each station is a function of its load genera-
tion rate, any deterministic calculation would
not reveal the kinds of interaction which could
occur. For example, a high loading capacity at
a given station could result in using all of the
available spaces on the trailer system and pre-
vent subsequent stations from utilizing their
dispatching capacity with attendant increase in
the size of the queues and waiting time for the
following stations. The simulation approach
does not require a predetermination or guess-
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timate of the occupancy level of the trailer for
an average cycle, in view of the fact that the
randomness of load arrivals together with the
destination of loads is an integral mathematical
defined part of the model. Briefly then, by
means of such a model an insight could be ob-
tained of the stochastic interactions which
might occur in a materials handling system of
this type. Certainly, a most significant reason
for considering a simulation model is the ease
and facility with which design parameters can
be investigated. By means of the simulation
model and a computer program, it is possible
to evaluate a given set of design parameters
with 1 minutes of computer time for a 5-day
period of materials handling operation.
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The input data of a typical run for the sim-
ulation computer model is shown in Figure 8.
The input sheet shows the probability transfer
matrix for both the pallets and the baskets, the
distance between stations, and the loading doc-
trine or dispatching capacity of each station for
pallets and baskets. In addition, there is indi-
cated the trailer speed of 308 feet per minute;
the number of trailers, in this particular case,
3; the initial index time, .15 mins., that is the
time it takes the tractor-trailer train to posi-
tion for the first transaction at a station; and
the time for additional index, .17 mins., which
is the average time required to make a loading
or unloading transaction. If you will recall, re-
ference was made to a cycle print-out on the
fourth block diagram of the simulation model.

CYCLES C13PLET1E Z1.
CLCCK T131E 3 ,.44

PALLTS1ENER111L3 3. 1. 2. 2. 1. C. :. 0. C. 2.
BASK33I S GENERA3TLI 1. 2. 1. z. 1. 6. 0. 1. 1.

PALL33. S UNLCAILL 1. 4. 1. 1. 2. 1. 0. C. . C. 2.
BASK[13 01 -(331 . '. 1. 5. 3. S. 2. 0. .

PALLET1(1 1'3 I . . 1. 1. 0. 2.
BASKET3 S LAE1 . 1. 2. I. 3. 1. 3. :.. I. 3.

PALLETS WAlI '. 5. C. U. 5. 7. L. 2. L. O. ..
BASK3TS 33171 6. C. 2. t. 2. .. 10. . . 1.
TRAIL33 NC. I C1MPA1TFPI SlhlbE 2. 'v. 4. 7. 5. 2.
T1AILER NC. 2 CCYPARTPENT SlATU3 4. 2. 3. 2. 5. 5.
TRAILF3 N( CCY?ARTF3NT SIATUS L. 1. 5. 3. 9.

Figure 9

Figure 9 shows such a print-out of the 21st

cycle for the data input previously mentioned.
This cycle was completed at a clock time of
238.44 minutes, just a little over a minute be-
fore the noon period when generation of loads
will be terminated. The print-out shows for
each station the number of pallets and baskets
generated, unloaded, loaded, and waiting. In ad-
dition, the trailer compartment status is indi-
cated at the time the tractor-trailer left Station
No. 11. Referring to Trailer No. 1 compartment
status and reading from left to right, there is a
pallet in the first compartment for Station No. 2,
a pallet in the second compartment for Station
No. 5, a basket in compartment no. 3 for Station
4, a basket in compartment no. 4 for Station No.
7, a basket in compartment no. 5 for Station 5,
and a basket in compartment no. 6 for Station
No. 2. It is interesting to note that for this
cycle 12 pallets were unloaded and 9 pallets
were loaded. This can be explained in that at
the start of this cycle there were 6 pallet loads
on the tractor-trailer train which were unloaded
in cycle 21. Of the 9 pallets which were loaded
in cycle 21, 6 were unloaded, accounting then for
the total of 12 pallets unloaded and leaving on
the tractor-trailer train 3 pallets as shown by
the compartment status. If we were to look at
-the transactions which occur at a given station,
cycle by cycle, we could plot data for a day's
run such as shown in Figure 10.
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BASKET ARRIVAL AND LOADING

STATION 7, DAY 2

Figure 10

This figure shows, for Station 7, the basket
arrivals, trailer loadings, and the status of the
queue, cycle by cycle. The queue reaches a
maximum of 10 in the morning and a maximum
of 12 in the afternoon. The tractor-trailer was
able to reduce the queue to zero during the noon
period in one cycle. The graph clearly shows
that there were very few cycles in which the
station was not dispatching to its capacity of
6 loads per cycle. The arrival graph indicates
a maximum number of 10 in the morning and
12 in the afternoon as well as no generation
during the noon period.
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The summary of statistics print-out for a
day's run shown in Figure 11 lists information
pertaining to the activity at each station.

In the next three figures, results will be
presented for four different sets of design

--STATION
2 3 4 5 6 7 8 9112 34-5 6789111

Eo 10 4 9 10 7 5 155 0 I 3 7
_X 2 28 4 12 3 8 5 19 0 I 4 II

< 13 8 4 7 8 9 6 19 0 5 7
m 4 _ 4 6 9 7 5 14 0 4 7

I 8 4 3 6 1I0 25
CY 2 12 5 4 9 6 7 4 I 3 5

W 1 3 9 9 I10 8 3 I 2 5
1 4 _L8 7 13 7 7 7 2 I 2 4
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14 3 0.10 P2 11 2 1 1 1 2

Figure 12

parameters. In these runs, two sets of loading
doctrines were used, one set for Runs No. 1
and 2, and the other for Runs 13 and 14. For
example, looking at bottom of Figure 12 for
Station 1, Runs 1 and 2 had a station loading
capacity of 6 baskets, and for Runs 13 and 14,
Station 1 had a basket loading capacity of 3. It
should be noted that for Runs 1 and 2, the total
load dispatching capacity for all stations was
66 loads per cycle, 44 baskets and 22 pallets.
Runs 13 and 14 had a total station load dis-
patching capacity of 41 loads per cycle, 27
baskets and 14 pallets. Each of the runs rep-
resents 5 days of operation.

Let us first examine the maximum basket
queues for the various stations and runs. It
appears that the most significant differences
occurred at Station No. 1. Run No. 2, Station 1,
with a dispatching capacity of 6 baskets, had a
queue size which far exceeded the size of the
queue at the same station for Run No. 14 in
which Station 1 had a dispatching capacity of 3
baskets. This indicates that in this instance
the initial index time is far more sensitive in
the reduction of queue size than the station
loading capacity. The maximum pallet queue

situation at Station No. 1 behaved in a somewhat
similar fashion as the baskets.
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Figure 13 shows the average number of
baskets waiting per cycle and the average
number of pallets waiting per cycle. Comparing
Runs 1 and 13 for baskets waiting at Station No.
1, the average number of baskets waiting is
greater for Run 1 than for Run 13, in spite of
the fact that the basket loading dispatching
capacity for Run 1 at Station No. 1 is 6 baskets
while the basket dispatching capacity at Station
No. 1 for Run 13 is 3 baskets.

The average number of baskets waiting for
each of the other stations for Run 13 is only
slightly larger than the number waiting for Run
No. 1 with one exception, Station 3. However,
the station loading capacity per cycle for the
system is 27 baskets for Run 13 as compared
to 44 baskets for the system per cycle for Run
No. 1. Nevertheless, the average number of
pallets waiting per cycle at the stations for Run
No. 13 is greater than the number waiting for
Run No. 1. In this instance, the average number
of pallets waiting was sensitive to the loading
dispatching capacity of the system.

SATION
RUN 2 3 4 5 6 7 8 9 10 11

B 21 12 26 17 IS 14 19 12 12 14 15
p 20 17- 20 16 19 17 14 20 12 16 16

2 B 79 15 36 34 15 14 23 25 14 16 24
P 35 21 25 26 25 20 21 13 13 27 18

13 B 18 17 22 9 22 21 22 3 13 28 18
P 31 53 22 31 47 50 22 13 13 17 18

B 23 12 16 19 14 14 14 10 10 19 13
1 4 P 22 26 14 30 20 32 15 10 10 6 12

AVERAGE SERVICE TIME - MINUTES

Figure 14

Before we decide against the system in
which we have a total load dispatching capacity
of 41 units, it may be well to look at another
system criteria and also point out that the re-
duction in load dispatching capacity represents
approximately $10,000 less in equipment invest-
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ment. Since the original design criteria called
for the transfer of loads on the average within
one hour, let us examine in the next figure the
average service time requirement. Run No. 2
is not acceptable in that the service time for
baskets to Station No. 1 exceeds the criterion.
Both Runs 13 and 14 with the reduced load dis-
patching capacity satisfy the system require-
ments with respect to average service time.

SUMMARY:

It seems appropriate in summarizing to
mention that the Naval Air Station Industrial
Planning Division engineers originally consid-
ered 5 different material handling systems, in-
cluding the tractor-trailer system. Their
economic analysis revealed that the system we
have been considering here today was the most
promising in that it would permit the overhaul
and repair department to realize an estimated
annual saving of $107,500 and the total project
cost could be recovered in approximately one
year.

It is believed the proposed handling system
will significantly reduce the aircraft engine
overhaul flow time. Such a potential is avail-
able because there will be a reduction in the
parts delivery time. Presently, the overhead

trolley conveyer which handles baskets operates
on a 2-hour cycle time with service times ex-
ceeding this value, whereas the proposed system
for baskets will operate on an average service
time of less than 30 minutes.

The proposed system will undoubtedly in-
troduce a pacing effect in materials handling
since the servicing of the dispatching stations
will require attention at relatively uniform in-
tervals of time, namely, a tractor cycle.

The simulation computer model has flex-
ibility so that it can be adapted to changing con-
ditions of input parameters, for example, chang-
ing the number of stations, modify load generat-
ing rates for variations in the nature of input to
overhaul facility, etc.

Last, but certainly not least, the develop-
ment of a flow diagram portraying the logic of
the system will be valuable in writing a proper
set of bid specifications even if a computer pro-
gram had never been undertaken.

In closing, I wish to acknowledge the assist-
ance of Naval Air Station personnel and again
thank the Navy for permission to make this
analysis and presentation.
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THE WILL TO WORK

Spencer J. Hayden
Vice President and Secretary

Richardson Bellows, Henry and Company, Inc.
New York, New York

The industrial engineering approach to get-
ting a day's work for a day's pay eventually met
a point of diminishing returns some time ago.
Consequently, in the '40s we introduced a ''hu-
man relations" emphasis, which satisfied em-
ployees and management for a time. Now we
find that their results--good attitudes and good
morale--are not clearly related to measured
productivity.

Clerical Workers at Prudential

A recent major study of motivation was re-
ported by Morse and Reimer with Prudential
Life Insurance Company employees. The com-
pany was interested in improving the organiza-
tion and efficiency of four parallel clerical di-
visions, and decided to use two different
approaches: one program of changes to be
formulated and carried out by the clerical em-
ployees themselves in two of the divisions, and
the second featuring the traditional planning and
coordination of such a program in two other
divisions by management personnel at higher
echelons. Supervisors were trained in ap-
propriate techniques of either getting partici-
pation and decision making from their subor-
dinates, or getting prompt compliance to
instructions from above. Careful before and
after measures were made in order to deter-
mine which of the two approaches would be
most effective, and included in these measures
were comprehensive productivity and cost fig-
ures as well as employee attitude scores. The
actual improvement program was in effect for
about a year, so there was a good opportunity
to measure results.

Actually, two important hypotheses were
being tested: first, that employee participation
in decisions that affect their work helps to de-
velop attitudes that are favorable to work and to
the company. Second, that participating in such
decisions helps to improve employee produc-
tivity. The findings have significance for all
open-minded managers.

First, it was found that the clerical groups
that participated most ended up with the best
attitudes towards work and the company. This
does not mean that they learned to love their
jobs. On the contrary, as in the case of most
low-level clerical employees today, they found
their work largely unsatisfying. Nevertheless,
clerks in these "autonomous" experimental
groups improved in their attitudes, while those
in the non-democratic groups deteriorated in

their attitudes toward work, supervision, and
the company. The first hypothesis was thus
proved.

With respect to group productivity and
costs good results were obtained for all groups
--with somewhat better results for the groups
that were not allowed to share in decision-
making! That is, when management ran the
show, costs were cut quicker and productivity
was increased faster than when rank-and-file
employees pitched in. Note that participation by
clerical employees did result in substantial im-
provement in productivity, but was not the fast-
est way of getting results. This is understand-
able. Management could dismiss employees,
transfer them, or change systems quicker than
most employees can, but this raised the question
as to whether there would be better long-term
gains when attitudes are favorable than in situ-
ations where the attitudes have deteriorated.

To summarize, employee participation paid
off in morale and in productivity. Greater gains
in productivity, however, were brought about by
more traditional, autocratic action, although the
duration of these gains may or may not be as
impressive as those in the democratic groups.

Supervisors At United Parcel

Victor Vroom, conducted studies recently
at United Parcel Service, to determine the re-
lationships between participation and personality.
Ways of dealing with individuals who show certain
characteristics may not work with persons dif-
ferently predisposed. The subjects were 108
first, second, and third line supervisors in the
company's two largest plants. These supervi-
sors were measured on five different scales;
(1) participation, (2) attitude toward the job, (3)
need for independence, (4) authoritarianism, and
(5) job performance. Vroom verified several
important hypotheses. First of all, the corre-
lation between participation and attitude toward
the job was significantly positive. That is, the
supervisors who reported that they took an ac-
tive part in making operating decisions also
showed the best attitudes. In addition, significant
differences were found between the magnitude of
these positive correlations for different person-
ality groups; strongest relationships were found
for persons high in need for independence and
low in authoritarian characteristics. The low-
est positive relationships were found for per-
sons weak in need for independence and strong
in authoritarianism.
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Next, participation was compared with job
performance. Significant positive correlations
for the total sample were found, supporting the
hypothesis that participating in making work
decisions tends to improve job performance.

To summarize, it was found that participa-
tion in decision-making has positive effects on
attitudes and on job performance. It was found
further that the magnitude of these effects is a
function of certain personality characteristics
of the participants. Authoritarians and persons
with weak independence needs were relatively
unaffected by the opportunity to participate in
making decisions. In contrast, equalitarians
and those who have strong independence needs
developed, through democratic participation
methods, more positive attitudes toward their
jobs and greater motivation for effective per-
forma-ace.

Blue Collar Workers At General Motors

In a study by James Kennedy and Harry
O'Neil at General Motors, an attempt was made
to find out if simple jobs breed more worker
discontent than complicated jobs. Only a few
empirical studies have been addressed to this
problem and these generally support the view
that job simplification may be a prime source
of employee frustration.

A survey of worker's opinions toward super-
visors and the general work situation was ad-
ministered to assemblers and utility workers in
four production departments of a plant. These
were hourly workers in departments located
adjacent to one another along the assembly line,
each department performing a set of comparable
assembly operations as the line passed through
their areas. The assembly and utility jobs dif-
fered in the following ways: each assembly oper-
ator performed a specific task or set of tasks
with a cycle between one and two minutes. The
tasks were either identical for each make and
model of car or were only slightly different.
Each assembly operator's job was highly repeti-
tive, routine, deskilled, mechanically paced, and
atomistic with respect to the final product. Each
utility job was varied, and included relieving as-
sembly operators for scheduled or emergency
breaks, helping assembly operators who were
unable to keep up with the line, demonstating
the job to new operators, and completing or
correcting operations that were done wrong by
assembly operators. The biggest difference
between the assembly operator's job and the
utility man's job was that the former performed
a single routine and repetitive task while the
utility man performed a wide number of these
same routine tasks - as many as twenty or thirty -
for lengths of time varying between one minute and
one day. The assembly operators had no freedom of
discretion in the performance of his job. On the
other hand, the utility men could exercise some dis -
cretion and choice as to which situation to handle and
how to approach it. This describes the situa-
tion in departments A and B. Shortly before the
study was conducted, the utility man's job in

departments C and D was changed and expanded
to include additional training and methods func-
tions. At the time the opinion survey was made,
department C had been assigned new utility men
who had completed a special five-week training
period on work methods. Department D had
been assigned new utility men but they completed
only half of the training program. Opinions of
the workers in the various jobs and departments
were then compared for possible differences.

The first interesting finding was that there
was no significatn difference between the atti-
tudes of the operators and the utility men in the
first two departments. This seems to challenge
the thesis that job simplification promotes un-
favorable attitudes; if this were so, assembly
operators should hold less favorable opinions
than utility men.

There was a significant difference in atti-
tudes between operators and utility men in De-
partments C and D, with the utility men more
favorably disposed than the operators. The high
utility scores in these departments may have
resulted from good recent training, or from the
fact that these were former operators who had
recently been promoted to utility man. Another
possibility was that the mere change in status,
rather than job content, influenced their atti-
tudes toward the favorable pole.

Judging from the results in A and B, the
favorable attitudes of the new utility men in C
and D might be only temporary, and later drop
to the level of the rank and file assemblers.
This would make an interesting follow-up study.

These findings have implications for advo-
cates of job enlargement or job rotation. It
appears that greater variety of tasks may not
increase satisfaction unless the tasks are part
of a unified and clearly integrated whole. Mere
enlargement of the job by adding a wide variety
of unrelated activities as was the case of the
utility men, or by rotating workers from job to
job, may not have helpful effects on attitudes
and morale.

Accountants And Engineers in Pittsburgh

In 1959 Herzberg, Mausner, and Snyderman
published a book titled The Motivation to Work
which reports some provocative findings on job
motivation. They asked accountants and engin-
eers in nine firms in the Pittsburgh area to des-
cribe occasions during which they felt exception-
ally good and exceptionally bad about their jobs.
They wanted to find out, using subjective case
histories, how events on the job shaped attitudes
and motives. A sample of two hundred such men
were selected and interviewed in depth.

The factors most frequently mentioned as
sources of satisfaction were recognition, the
nature of the job itself, achievement, responsi-
bility and advancement. Those most frequently
mentioned as sources of dissatisfaction involved
company policy, company administration, and
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supervision. Considerable data were subjected
to statistical analysis and yielded a wide variety
of provocative insights and hypotheses. The
authors wrote: "Let us summarize briefly our
answer to the question, "What do people want
from their jobs ? " When our respondents re -
ported feeling happy with their jobs, they most
frequently described factors related to their
tasks, to events that indicated they were success-
ful in the performance of their work, and to the
possibility of professional growth. Conversely,
when feelings of unhappiness were reported, they
were not associated with the job itself but with
conditions that surrounded the doing of the job.
These events suggested to the individual that the
context in which he performs his work is unfair
or disorganized and as such represent to him an
unhealthy psychological work environment. Fac-
tors involved in these situations we call factors
of hygiene, for they act in a manner analogous to
medica hygiene. Hygiene operates to remove
health hazards from the environment of man. It
is not a curative; it is, rather, a preventive.
Modern garbage disposal, water purification,
and air pollution control do not cure diseases,
but without them we should have many more dis-
eases. Similarly, when there are deleterious
factors in the context of a job they serve to bring
about poor job attitudes. Improvement in these
factors of hygiene will serve to remove the im-
pediments to positive job attitudes... Among the
factors of hygiene we have included supervision,
interpersonal relations, physical working con-
ditions, salary, company policies and adminis-
trative practices, benefits, and job security.
When these factors deteriorate to a level below
that which the employee considers acceptable,
then job dissatisfaction ensues. However, the
reverse does not hold true. When the job con-
text can be characterized as optimal, we will
not get dissatisfaction, but neither will we get
much in the way of positive attitudes..."

"The factors that lead to positive job atti-
tudes do so because they satisfy the individual's
needs for self-actualization in his work...Man
tends to actualize himself in every area of his
life, and his job is one of the most important
areas. The conditions that surround the doing
of a job cannot give him this basic satisfaction;
they do not have this potentiality. It is only
from the performance that will reinforce his
aspirations. It is clear that although the factors
relating to the doing of the job and the factors
defining the job context serve as goals for the
employee, the nature of the motivating qualities
of the two kinds of factors are essentially
different. "

The work of Herzberg and his colleagues
indicates the necessity for going beyond the
basics of most approaches to motivation; that
is, beyond merely providing good wage incen-
tives, company benefits, and policies, to the
heart of the work situation; the job itself.
Some Other Recent Findings

What are some other findings by invistiga-
tors of motivation ?

Briefly, the following appear important:

1. Supervisors with good attitudes towards
employees -- considerate, interested,
oriented toward their men -- tend to
develop the more productive groups.
Likert at the University of Michigan,
for example, has found a correlation
of .64 between such supervisory atti-
tudes and productivity in 52 group
studies! Similar studies at Ohio State
University confirm these findings.

2. The size and composition of work groups
also have a direct bearing on produc-
tivity. Overwhelming evidence is in
favor of small, closeknit groups. Among
the interesting research findings re-
cently, there is the work of Rice, who
was able to increase productivity by
decreasing work group size, after get-
ting disappointing results from the in-
troduction of new equipment and ma-
chinery. Primarily, he broke large
production groups into smaller seg-
ments, with dramatic results in effi-
ciency.

What are the implications for management
in some of these studies? They may be sum-
marized as the following points:

1. Management should recognize that
there exists a wide range of methods
of motivating employees and super-
visors to better performance.

2. Among these methods, experience and
experimentation show that some pro-
duce better results that others, both in
terms of morale and productivity.
Each method must be handled carefully
to avoid pitfalls. This requires con-
siderable familiarity with the literature
on motivation.

3. Management should audit what it is now
doing to motivate employees, and at-
tempt to evaluate the effectiveness of
each.

4. Management should identify each ma-
jor program that depends on employee
support for success. It should then
select an approach to motivation that
might yield best results.

5. Management should not hesitate to try
fresh approaches, or some variations
of the promising ones reported above.

We have not fully tapped our employees' re-
sources or fully stimulated their will to work.
This is our challenge today.
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MANAGEMENT BY INTEGRATION
AND SELF-CONTROL

A. H. Kuriloff
Vice President

Non-Linear Systems, Inc.
Del Mar, California

INTRODUCTION

I propose to tell you about an experiment in
management by integration and self-control
which has been going on for two and one-half
years in my company, Non-Linear Systems, Inc.
We develop, manufacture, and sell precision
instruments used in measuring the basic elec-
trical quantities of voltage, resistance, and
ratios of these quantities. Necessarily, there-
fore, we are strongly oriented toward the en-
gineering approach.

Most of our top management are profes-
sional engineers with many years of experience.
Over the years we have seen many spectacular
engineering achievements. We have come to
understand that no matter what the apparent
difficulty of the technical problem, if enough
time and money are available, the problem can
very likely be solved. And so I suppose, after
many years of engineering practice, technical
achievement began to pall. Consciously or not,
we sought new worlds to conquer. Our oppor-
tunities came as, in time, we moved from the
practice of engineering to its management.

As we began to study the many areas of
management, we came to see the need for new
ways, better ways of managing for the accom-
plishment of the technical task. Early in our
study we discovered that an engineering degree
did not give us the license to manage an enter-
prise. Being engineers by training, however,
we thought that we ought to approach the general
problems of management on some kind of ra-
tional basis.

We found that there is at the disposal of the
inquiring mind today a growing and comprehen-
sive literature, the result of forty years of in-
vestigation by skilled and competent researchers
in the problems of the manufacturing and busi-
ness enterprise. This data covers a multitude
of the aspects of organization. Many facets of
human effort involved in the business or manu-
facturing enterprise have been searched out
over the years. The literature is scattered
over a broad spectrum of research activity.
Contributions come from many fields.--sociology,
physchology, business management, industrial
engineering, human relations, general semantics,
anthropology. We became intrigued by the pos-
sibilities of applying this data to our business.
We decided then to enter into an experiment to
see if we could reorder and restructure our en-
terprise on the basis of this research. Our

experiment lay in what we may now call the
general field of management.

How does one go about managing an enter;i
prise ? There is no single subject that I know
of which may be labeled management just as
there is no single subject called engineering
one can study. If we consider current manage-
ment theory, we find a number of different
schools. Each is at odds with the others, each
defends its own position, each claims that the
others have major deficiencies. In a recent
article, Harold Koontz of UCLA, outlines the
major schools of management theory. Briefly
stated these are'

1. The Management Process School

This group concerns itself primarily
with the management as a process of
getting things done through and with
people operating in organized groups.
Management theory is regarded as a
way of organizing experience so that
practice can be improved through re-
search, testing, and teaching of funda-
mentals involved in the management
process.

2. The Empirical School

This approach identifies management
as a study of experience. By studying
cases in which management techniques
of various kinds were tried, by exam-
ining successes and failures, it is felt
that one can develop the abilities to
deal with the problems of management.

3. The Human Behavior School

This school believes that the essence of
good management lies in understanding
how people behave and interact in groups
Using the psychologist's clinical eye,
the proponents vary from those who see
the human behavioral aspects of man-
agement as a portion of the management
job to those who see it as the total job.

4. The Social System School

This group views management as an in-
tact social system based on cultural
interrelationships. They develop from
a sociological approach the theory of
management based on cooperation of
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systems involving persons able and
willing to communicate with each other
and act toward the accomplishment of
a conscious, common purpose.

5. The Decision Theory School

This school believes that the essence
of management lies in making decisions.
It therefore concentrates on decision
making as the central core of manage-
ment theory. As an apparent outgrowth
of economic theory it uses the tools of
the economics theorists to develop its
theses, expanding these to include the
whole spectrum of management activity.

6. The Mathematical School

The theoretical development of this ap-
proach to management theory is an
expansion of the methods of operations
research. Heavily emphasized are the
establishment of mathematical models
and processes. By use of these tech-
niques, practitioners believe they can
develop the best of the possible choices
in the solutions of any management
problem.

From the consideration of the various pos-
sibilities I have briefly outlined, it became ap-
parent to us that we were indeed entangled in a
prickly thicket of management theory. We re-
solved, therefore, to hack a path through the
thorns by relying on our training in the engin-
eering approach. Just as the engineer draws on
the particular discipline he requires to solve an
element of a problem, we determined to use
whatever tool, from whatever discipline seemed
appropriate, to try to solve the particular man-
agement problem in which we were engaged. If
an engineer wishes to design a cantilever beam,
he uses theory from mechanics and the strength
of materials. If he wishes to determine the vol-
tages and resistances in an electrical network,
he uses circuit theory. So we concluded we must
do with our management problems.

We would take what we could from the sev-
eral schools of management theory. But we
would not limit ourselves to these. We would
employ management process theory, or psychol-
ogy, or group behavior theory, or industrial
engineering, or whatever field of study or disci-
pline seemed indicated to solve our problems.
But first we had to acquire insight into the total-
ity of our fundamental problem, that is, the na-
ture of the enterprise and its organization.

THE HIERARCHY OF THE ENTERPRISE

We ultimately determined that there were
four levels of abstraction with which we had to
contend in organizing and managing our enter-
prise.

The Total Enterprise. We concluded that
the whole of the enterprise must be treated as

an element of society. We had to define our
business, its goals, and objectives. We had to
consider the nature of its responsibility to the
social structure of which it is part. We had to
assure to the best of our ability its capacity to
survive.

The Organization of the Enterprise. We had
to define the organizational relationships within
the enterprise: the formal structure, departmen-
tation, and departmental interrelationships had
to be determined.

The Nature of Organization of the Depart-
ments. The way in which departments were to
be structured, the groups of people within the
departments, and the nature of their internal
operations were problems which we had to solve.

The Utilization of the Individual. We had to
consider the most desirable ways of employing
the individual worker. We had to explore, test,
and define ways in which his relationship to the
group and to other workers could be ordered for
maximum total effectiveness.

These four categories mark what I term the
organizational hierarchy. Many disciplines must
be tapped to find appropriate answers for the
multiplicity of problems in each. To see how we
approach our experiment at each of these levels
of abstration in the hierarchy, we should prob-
ably most properly reverse the order of the
hierarchy and consider first the problems of the
individual.

THE INDIVIDUAL

Every business operates on the basis of
some kind of philosophy. This philosophy is
seldom overtly expressed, if indeed it is con-
sidered consciously by management at all.
Nevertheless, it can be shown that the organi-
zation of any business enterprise stems direct--
ly from the philosophy of those who run it.

The business enterprise is a group of people
banded together for the sake of an economic
purpose. It is clear that the organizational
structure and operational style must stem from
management's view of the people who form the
organization. The philosophical assumptions
management makes about the behavior and na-
ture of its people determine these patterns
directly.

The covert traditional philosophy says that
the employee is a pair of "hands." In fact, when
industrial organizations hire people, they very
often talk about hiring "hands." These hands
are considered homogenous and interchangeable.
They may be substituted readily for one another
on the production line. Since production line
tasks are usually cut down to a minimum num-
ber of small repetitive motions, no great skills
are required. The tasks may be learned by the
new worker with negligible training.

In addition, the average hand is thought to
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be really not very bright and essentially un-
modifiable. He is inherently lazy, will shun
work whenever possible, lacks sound judgement,
is shortsighted and prone to error. On top of
all this, he is probably a little dishonest. He
must be watched closely if he is to give an hon-
est measure of work for a day's pay. To sum
up all these statements, we may say that he
cannot be trusted. Therefore, the pattern and
operational style of the organization are struc-
tured to detect and correct error. The kind of
organization that results is very common in
our conventional enterprise. It is often called
the "accounting" model, displaying a complex
pyramidal network of authority relationships
with many layers of organization. The atten-
dant difficulties in communication, the dis-
tortions in content, as directives and informa-
tion flow up and down the communication ladder
are well known to all of us.

On the other hand, what kind of organization
emerges if management views the individual in
a different fashion? Suppose we were to say
that people are not "hands"; they are individual
human beings. Each has a discrete and different
complement of traits and talents. Suppose we
assume that people are not lazy; work is a nor-
mal part of the business of living. Suppose we
say that people are capable of being trained;
their skills may be enlarged by adequate and
proper coaching. They can do a bigger and
better job if we make it possible for them to do
so, if we assume that training is a major part
of management's job. In addition, suppose we
say that people are fundamentally honest; they
can be trusted. We can tolerate error as a
normal part of human endeavor so long as it
remains within reasonable bounds. We can ac-
cept a mistake providing it isn't repeated. If
we make these assumptions than we can organ-
ize our enterprise completely differently. We
find then that we do not need time clocks to as-
sure the worker is doing a full day's work. We
can eliminate many layers of authority in the
organization structure. We can improve our
communications by shortening and paralleling
the channels. We can adopt something closely
resembling the organizational structure we are
trying in our experiment at Non-Linear Systems,
Inc.

If you will examine the diagram of our basic
organization on this page, you will see how the
organizational pattern at Non-Linear Systems
looks. In it you will find a group of eight men in
the top block called the Executive Council. This
is the executive management of the company.
It is concerned with the establishment of goals,
the definition of the business, and over-all
strategic planning. The next level, that of de-
partments, involves those functions requiring
day-to-day operations. The managers of these
departments are concerned with tactical opera-
tions. They do the plannling needed for day-by-
day work, for procurement, for manufacturing,
for sales, for collecting the monies for sales,
for recording personnel data, for maintaining
the plant, and so on.

Organization Chart, Non-Linear Systems, Inc.

Significant in our experimental approach to
management is the way individuals are organized
into working groups. We use the group method
in every department in our company, Groups
range in size from three to nine people. As an
instance of how the group works, we might look
at our engineering operation. The engineering
group is known as a project team. It is under
the management of a project manager. He is a
highly-skilled, competent, experienced, electron-
ic engineer. He has working with him in the
minimum size group of three, a product designer
and an electronic technician. Each project group
works in its own rooms; sometimes two, some-
times three rooms. The project manager occu-
pies a private office. His product designer has
a private office and his technician works in a
development laboratory next to the other two
rooms. When a new project is started, the pro-
ject manager receives from the Executive Coun-
cil a specification for the instrument. The spe-
cification consists of a small sketch plus inputs,
outputs, and tolerances. There may be some ex-
planatory notes. An indication of the approximate
sales price of the instrument tells the project
manager how much he can spend for parts in the
production instrument. He studies the specifi-
cation and comes back with his recommendations.
After consultation with the Executive Council,
the changes that seem reasonable or desirable
are made in the specification. The manager is
told to go ahead with his work. He may now
proceed in his individual fashion with the de-
velopment of the instrument. He can buy any
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item he needs without countersignature as long
as the amount does not exceed $2500. He de-
velops the instrument. In time he comes up
with an engineering prototype. His product de-
signer and his technician have worked closely
with him through all phases of the job.

When the prototype is ready, the Executive
Council examines it. If we find that it meets its
specifications and looks satisfactory generally,
we proceeded into production. If there are de-
ficiencies, we may ask that further development
work be done. When we consider the item ready
for production, we assign one or two people
from an instrument assembly department to help
build several prototypes. This is usually done
in the project manager's quarters. We use the
prototypes for sales, reserving one for a pro-
duction model. Meanwhile the project manager
and his little group have produced the necessary
drawings and technical data needed for produc-
tion.

We believe that the project manager should
develop the original instrument, help build the
production prototypes, consult with the people
in our aLssembly department who must put it to-
gether, stay cognizant of technical and production
problems throughout the active life of the instru-
ment. The project manager has authority in
technical matters as long as the instrument is
made. No one may make a change in the design
without his approval.

Now let us look at an instrument assembly
department as an example of how a manufactur-
ing group works. The average group in instru-
ment assembly has seven people. One of the
seven is an expert electronic technician. He
has had years of experience and is extremely
competent technically. He is known as an assis-
tant assembly department manager. The group
itself is made up of all kinds of people. When
we made the switch from our old assembly lines
two and one-half years ago to the present group
method, we did not fire anyone. We simply re-
organized the available people into groups of
seven each.

Each group in the instrument assembly de-
partment is self-contained. By this I mean they
do the whole job. They put complete instruments
together from kits of parts, electrical compon-
ents and hardware. They place components on
the etched circuit boards, do the soldering, fab-
ricate harnessing. They build up the hardware
from the pieces delivered with the kits and as-
semble the total instrument. They then run the
machines in, calibrate them, troubleshoot and
repair if necessary. When they get all through,
they sign the quality assurance tag on the in-
strument and place it in its shipping box.

There is no formal planning. The members
of the group decide who will do what by mutual
consent and decision. They know each other's
strengths and weaknesses and will generally do
a far better job of planning when left alone than
if directed by somne kind of authority.

There are some very interesting things
happening in these groups. The capabilities of
the people have been developed in two and one-
half years to the point where they are able to
write their own instructions for procedure in
assembly. They write their own troubleshoot-
ing instructions. They help each other; they
help members of other groups; they help write
the service manuals we require for each in-
strument. They have acquired the skills and
knowledge to build half a dozen or so different
kinds of instruments in each group. By the way,
as a company we manufacture over forty differ-
ent kinds of standard instruments. It is very
interesting to walk through the rooms where
these groups are operating. You will see some
groups building several different kinds of in-
struments, for example. They seem able to
adjust readily and to accomodate to changes
from one kind of an instrument to another with
no apparent disorganization. It seems very
clear to us that the experiment is showing
markedly improved performance of the people
in the instrument assembly groups since the
change in the organization of two and one-half
years ago. In fact, production figures now show
performance 30% better than any time in the
company's history.

Now I said that there is no formal planning
in the procedures in these departments. By that
I mean we do not have a formal planning office
in our company. The planning done within the
groups results from the group's ideas of what
should be done and when things should be done.
However, the total work of the instrument as-
sembly departments must be planned from week
to week. We accomplish this kind of planning by
what we call our reservoir system of operation.
The Executive Council establishes maximum and
minimum quantities for each kind of instrument
we build. We change the mix from time to time
as conditions in the sales areas change. Now all
the instrument assembly managers have to do to
find what kinds of instruments to build next is to
count the number of instruments in each stack in
the storeroom, check against maximum and min-
imum quantities, and thus determine what instru-
ments to stop and start building during the next
few weeks. Additional data comes from weekly
meetings of the instrument assembly department
managers with managers of several other depart-
ments. Among these are representatives from
the materials department, which is responsible
for buying parts and components, and the dis-
tribution department which has inputs from the
sales regions all over the country. The mana-
gers thus receive some notion of what sales
prospects are for-the next few weeks and even
months. The instrument assembly department
managers use this data in making calculated de-
cisions to adjust their product mix.

The reservoir concept as I have described
it for instrument assembly represents an idea
we are experimenting with throughout the whole
company. We believe that it is possible to de-
velop reservoirs in all areas of operation in the
company. These reservoirs produce what might
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be called feedback in a servosystem. Operations
of the department are adjusted in accordance
with the command signals of feedback from the
reservoirs. For example, in our components
department which makes precision wire wound
resistors, stepping switch assemblies, and
cable harnesses, a reservoir system similar
to that in instrument assembly becomes readily
workable. In the distribution department the
reservoir consists of backlog of orders as yet
unfilled. In the sales regions we have an idea
that the reservoir concept can be developed in
terms of potential for making sales and for
creating new customers.

THE DEPARTMENTAL SYSTEM

We should now look at the structure of or-
ganization delineated by the department system
in the organizational chart. One must ask the
question when setting up the structure of an
enterprise: What is the logical sequence or
process by which to get from idea through de-
velopment, production, sales, collection of
receipts for sales, and to perform all the neces-
sary other functions to keep the enterprise run-
ning ? That is what we did in considering the
structure of our departmental relationships.
We tried to organize our company by the logical
flow of process in getting from idea through
development, sales, and collection of receipts.

We therefore set up our organization as
shown on the chart, starting with development
of the product in the project teams. Each de-
partment to the right represents the next logi-
cal step in the total process. The significant
point in this is: We have at our command a
very simple straightforward procedure to
accommodate growth. All we have to do is du-
plicate departments. For example, we have
twelve project teams shown in engineering. We
have two instrument assembly departments. If
it becomes necessary for the purpose of our
continued growth to add engineering strength,
all we have to do is create one, two, three, or
as many new project teams as required. If we
need more productive capacity for the assem-
bly of instruments, we merely parallel the two
departments we have with one, two, three, or
four or more. We can do this in the other de-
partments as required.

It is our opinion that the total department
should be kept small, certainly not over fifty
people. In this way we find that our strength of
management is concentrated in depth in the per-
formance of the job. We do not have to spread
our management thin. We concentrate it so that
its power is felt through every detail of the oper-
ation. We are able to sweep out the cobwebs
from the dusty corners. We think this is a very
effective way to use people; we think this is very
efficient in total performance. We think we have
discovered a simple key toward the perfection of
our own operations as we aim to future growth.

THE TOTAL ENTERPRISE

The last level of abstration in the organiza-
tion of our company might be called the total
enterprise. This consists of the whole organi-
zation as it is indicated on the chart. As I men-
tioned before, the Executive Council is com-
prised of eight members. In addition to the
president, who is chief officer of the Executive
Council, we have a vice president for each of
the eight areas in which objectives must be set
and accomplishments measured in any kind of
business enterprise.

The Executive Council is a strategic oper-
ating group. It plans for the long-range growth
and accomplishment of the company. It sets the
product line strategy. It establishes the policies
governing the operation of the company and the
departments. It initiates action in the eight
areas of management, for example, innovation:
the creation of customers, the creation of new
ideas for new products, the creation of new ways
of doing things in our company. We believe that
the activities in these eight areas thread through
the whole fabric of our operation. We do not
compartmentalize the efforts of our vice presi-
dents by rigid proscription. Each of the vice
presidents works from what might be termed
anchor points within his general area of oper-
ation. It is apparent that there will be times
when there are overlaps in the functions of these
executives. Therefore, we prefer to use the
term anchor points to describe the key points
from which each man operates. When there are
problems of overlap, the vice presidents resolve
the situation between themselves.

The departmental organization which I have
previously described reports to the Executive
Council in terms of functions. For example,
problems having to do with capital investment
are referred to the Vice President, Physical
and Financial Resources; problems having to
do with setting of prices go to the Vice Pilesident,
Profitability, and so on.

We are oftentimes asked, "What will you do
when you grow? IS your present organizational
pattern good enough to carry you as you get
larger?" Or sometimes we are asked, "How
large can you grow before the present organi-
zation becomes ineffective?" We must truthfully
say that we do not know the answers to these
questions yet. We think that the present form of
organization will be operable until we grow to
two or three times our present size, that is,
until the number of people in the company total
somewhere between six and twelve hundred. At
that time we expect that we shall grow by federal
decentralization. This is growth in the fashion
of the amoeba proteus. It puts out a little ele-
ment which enlarges, carryingwithita portion
of the nucleus of the parent cell. The element
then separates from its parent. It continues to
grow by itself and finally reproduces its parent
in size. In other words, there become two en-
tities similar to the original one. So we hope it
will be with our company. When we reach the
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point of division we will probably split off on the
basis of a somewhat different product line. We
will very likely establish our division in some
other geographical area. This division of the
company will be set up in the same way as at
Del Mar. That is, it will have its Executive
Council and its departmental organization. The
two divisions then will report through their
Executive Councils to a central council, one
added step in the hierarchy. We are of course,
in the realm of considerable speculation. We
do not know just how our plans will eventuate,
but we expect to apply the same approach in the
solution of these future problems as we have in
trying to solve the ones with which we now live
daily.

We have now briefly considered some of the
ideas in what we call management by integration
and self-control. The central core of ideas in
this kind of management deniands that the indi-
vidual know what part he plays in the achieve-
ment of company goals. Amanagement approach
based on trust provides the permissive atmos-
phere in which he can set his own objectives,
initate and carry through the appropriate ac-
tivities required to achieve these objectives.
The resources of the individual are more fully
employed in this activity. His abilities are used
and improved by training. He becomes a better
human being and a better citizen. The enterprise
begins to pay off its debt to society.

CONCLUSION

In concluding my remarks, it might be
fruitful to consider briefly some of the philos-
ophical implications of my thesis. Each eco-
nomic enterprise is an organ of society. In the
words of Professor Theodore J. Kreps, of Stan-
ford University. "The economic enterprise is
a way of life. It is not simply a segment of the
community cooperating or competing with other
segments, such as labor, consumers, or farm-
ers. It is the community getting its daily bread.
Its goals, its ethics, its welfare are inseparable
from the goals and aspirations and welfare of
the community."

The enterprise is therefore permitted to
operate freely and openly under the mandate of
the public. It may freely innovate new directions
for growth, method, and scope of operation so
long as it stays within the legal bounds which de-
rive from the public consensus. So long as the
enterprise does not violate the ultimate formu-
lations of what society considers good it is free
to pursue its future as it sees fit. In turn, it
owes to the society which fosters it, obligations
which it must honor. If it fails to honor its debts,
it will ultimately perish under the remorseless
pressure of social opinion.

Since the enterprise is the fundamental
wealth-producing agent in our society, it must
number among its foremost tasks that of sur-
vival. To survive, it must produce economic
and social good. Its future, to be secure, must
rest on a foundation of production for maximum
utility. Only in this way can the markets it cre-
ates endure. Its operations must be fundamen-
tally ethical; in conduct and act, its behavior
must be ethical.

The enterprise in the same sense as man
may be considered a time-binding entity. To
endure under the public consensus, itmusttrans-
mit social good through time. It must evolve by
developing more socially valuable characteris-
tics. Ultimately the value of its social contri-
butions must devolve on its consideration and
treatment of the smallest component of both its
own structure and that of society--the individual.

We believe that the future of our economic
and political society depends explicitly on the
way in which we view and treat the individual. If
we provide the kind of milieu in our industries
such as that possible in managing by integration
and self-control, if we encourage the intellectual
growth of our individual workers, if we tap the
latent resources of their minds, we cannot help
but improve our industrial enterprise itself. We
increase the capabilities of our people for be-
coming better citizens. We make the best social
contributions in meeting the obligations of our
enterprise to our community, city, state, nation
indeed, the community of man.
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MANAGEMENT OF RESEARCH
AND DEVELOPMENT

Wm. B. McLean
Technical Director

U. S. Naval Ordnance Test Station
China Lake, California

Management in the broad sense is the pro-
cess by which raw materials, men, and machines
are organized to achieve an objective. For the
accomplishment of the management p;-ocess, we
need, first, a vision of the objective to be
achieved; second, detailed plans concerning the
route, or routes, to be followed in reaching the
objective; third, individual motivations for the
people concerned which may or may not be re-
lated to the objective to be achieved; and lastly,
we need a mechanism for evaluation which will
tell us how well our management process has
succeeded in achieving its goals.

SETTING OBJECTIVES

The manager in setting the objectives for his
organization performs his most difficult and impor-
tant function. In a completely planned society he
might write in to the central planning authority and
receive a copy of the mission for his organization
with enough detail to relieve him of the goal- setting
responsibility and allow him to proceed directly to
plans. However, most of us would probably object to
this procedure. We have an intuitive feeling that we
want to set our own objectives withouttoo specific
guidelines and we would like to be judged by compe-
tition. This is the basic process in a free competitive
system such as capitalism. It has only very
broad general objectives, such as producing
more goods, and each individual organizational
entity can set its own local objectives and pro-
cedures to further the general goal. Our abili-
ties to satisfy society's needs are judged by
competition and rewarded by success or failure.
This process provides high incentives and high
motivation. People work best when they feel
they have set their own objectives. The general
management can be very loose and competition
provides opportunities both to try and to judge
all sorts of organizational procedures.

Paradoxically, this system seems to gen-
erate problems for itself merely because it be-
comes so successful that it satisfies all of our
needs. At this point we are tempted to fall back
on more centralized planning and more narrow
definition of mission in order to control our out-
put, rather than to undertake the more difficult task
of broadening our objectives and increasing our
needs so that competition can still have room to
operate.

A similar paradox seems to operate also
in Research and Military development. Here,
too, the competitive system seems to function
in such a manner as to overproduce and gener-

ate the need for more control. In Research we
set a general goal of understanding the opera-
tion of Nature. Such an objective allows free-
dom for each research man to define his own
areas of interest. Competition again provides
a general management function as long as all the
individuals can understand what the others are
doing and can judge their own rate of progress
relative to that of others. We again have a
breakdown when the rate of progress exceeds
our ability to absorb, and we have duplication
through ignorance. This is obviously a waste
and the demands for centralized planning come
to the front. Again, we have a choice between
broadening our ability to consume by discover-
ing better methods for transmitting and absorb-
ing information, or we can choose to limit pro-
duction by instituting centralized planning as a
substitute for individual goals.

In planning of military equipment with which
I am most familiar, we have for centuries oper-
ated under the general objective of developing
devices to more effectively destroy the enemy
or his tools for making war. The competitive
system to achieve this general goal does not
have the rapid feedback characteristic of the
other competitive systems because it requires
a war in order to provide the checking process.
However, until recently competition has been a
very effective management system for achieving
ever increasing effectiveness in our tools for
warfare. Very little coordination and planning
between nations has been necessary, and in fact
within each nation also very little coordination
between its different services has been used.
We are now faced again with too much success.
We have now developed, or soon will, the ability
for any organization to achieve the means of
killing all the people on earth. Again, through
success of the competitive system we have over-
produced and have developed strong pressures
for more centralized planning and regulation.

To me, the crux of the problem of setting
objectives for the management process is how
to keep them broad enough and just impossible
enough that people can generate their own meth-
ods of working toward these objectives and be
judged by the impersonal process of competition.
As each general goal tends to be reached, we
have a choice between finding a better broader
goal, or of slowing down progress by more cen-
tral planning and curtailment of competition.
I hope that the world will learn to generate
enough more broad human objectives to allow
each manager to set and follow his individual
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objectives and be judged by competition with his
associates, rather than by some supreme cen-
tralized planner. I am not prepared to offer so-
lutions in this area so let us assume we have an
objective and proceed to our plans.

THE ESTABLISHMENT OF A PLAN

If a man knows where he is, and knows
where he would like to be, then it would seem
that a plan for getting from one place to the
other would almost of necessity be obvious.
Perhaps part of the present emphasis on the
importance of planning comes from either hav-
ing so many available routes open to us, or from
the fact that sometimes our objectives are not
clear and we are unable to specifically localize
our present position. But in any case, from the
manager's and budgeteer's standpoint, a planned
course of action is essential if we are going to
material the forces necessary to start moving.

Anyone who has managed research and
development has generally experienced the
violent reactions of research people to estab-
lishing detailed, specific plans for their work.
I believe that this may very well be due to the
fact that training in the scientific approach is a
training in a method of procedure. Education of
a man to do research makes the planning of his
work so much a matter of second nature that he
cannot understand why people are always asking
him "foolish" questions about what he is going
to do next. All scientific work proceeds ac-
cording to a plan which is highly stylized; and
if a man's work is not carried out according to
this plan, he is judged by his compatriots to be
incompetent.

In order to understand the research man's
reaction, let us outline a work plan which can be
used for any research program. First, we must
find out where we are by studying the literature,
contacting others in the field, and finding out
where information is inadequate and where long
standing questions are unresolved. Second, we
must search for some new hypotheses as to how
things work, or how questions might be better
answered. Third, we must design experiments
of a critical nature to test the hypoteheses which
have been generated. Fourth, we must build
equipment and carry out the experiments. Fifth,
we will find that about once in ten times the ex-
periment will be successful and the results can
be published, recognized, and form the founda-
tion upon which further work can proceed. Nine
times out of ten the experiments will simply
lead to new questions, new hypotheses, and a
repetitive process of experimentation. I believe
that it is primarily this low probability of suc-
cess which makes the research man react so
violently to the adoption of institutionalized
management controls, such as PERT, etc. Once
he has committed himself to a course of action
on paper, in words which very few people under-
stand, he finds it extremely difficult to change
his course of action as his results dictate. If
what he was doing was not understood because
of its advanced nature in the first place, then
the reasons he feels contrained to change his

method of approach will be equally misunder-
stood. The only impression one can expect to
generate from the normal budgetary planning of
research and development is that the ideas pro-
posed generally do not work, and will need to
eliminate nine-tenths of our research effort in
order to make the whole organization profitable.
This would be a reasonable course of action if
we could solve the problem of picking the man
with the correct degree of omnipotence to be
able to eliminate the nine-tenths of the work
which is unprofitable without also throwing out
the one-tenth which represents progress.

I believe that external or organizational
planning for research should concern itself with
planning for the support and tools needed to en-
courage and assist good men. But we must im-
mediately face the problem of how to choose
these men. Judgement with regard to good re-
search men is not an impossible management
problem. Such men can be distinguished by
their knowledge of the state of the art and knowl-
edge of where the specific problems lie in their
particular field. They have a high degree of
enthusiasm for their work; they have more ideas
than they have time to try; and they generally
give the impression of having fun in the accom-
plishment of their job.

We often hear the philosophy that research
cannot be planned. I feel that this is a gross
mis-statement. All types of activity should be
planned if objectives are to be achieved; and, as
we have suggested, research in particular is
highly stylized in its planning. However, if it is
good research of a truly creative nature, it should
be sufficiently near to the boundaries of knowledge
that very few people other than the research man
involved will be able to understand or utilize the
detailed plans which he will prepare. If he is
forced to make such detailed breakdowns on
paper in place of in his head, he can well be
forced into spending most of his productive man-
hours trying to justify, with mathematical rigor,
things which are likely to start out as informed,
intuitive guesses.

If a management organization can't under-
stand or have access to research plans, then it
will, of course, ask how can it be sure of achiev-
ing an end result on a time schedule which will
allow the rest of its operations to proceed effec-
tively and congruently? I am afraid that this is
generally not possible. Plans and operations for
the rest of the organization should be based on
the known results of research rather than on the
hope for a breakthrough. If an organization feels
that it must have breakthroughs, then it should
proceed on the basis of competitive programs
with the expectations that approximately only
one in ten of such programs will be successful
in achieving the purpose intended. This will not
mean that nine-tenths of their money is wasted,
because the competitive situation will promote
progress in all groups, but not necessarily to-
ward the specific plan goal. The desire to com-
plete a program ahead of their competitors will
narrow the objectives of the competing groups
and eliminate wandering. On the other hand, the
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group which wanders in spite of the competitive
pressures may have a sufficiently good idea that
it may repay the organization's expenditures on
research and development for the next fifty years.

INDIVIDUAL MOTIVATIONS

Man is a planning and purposeful organism.
Before he will operate effectively in any organi-
zation, he must have an individual motivation for
the actions which he performs. The invention of
money was the single most powerful tool in sim-
plifying the manager's problem with regard to
inspiring individual motivation. The needs of
individual people can vary over a wide range.
They include such things as food, housing, en-
tertainment, power, etc. As long as these can
all be expressed in terms of money, the mana-
ger's problem in handling individual motivation
is simplified to controlling the single variable
of salary. Large scale organized activity prob-
ably would not be possible without the simpli-
cation in the generation of motivation which is
provided by the instrument of money. However,
one of the peculiar problems in the management
of research and development is that many of the
motivations of research people seem to bear
very little relationship to the money involved.
The research man tends to be more interested
in the importance of the job then he is in the
salary involved provided the salary is sufficient
to provide those of his needs which are common
with other people, such as food and shelter.
Money cannot buy for a man the recognition of
the importance of his scientific work which he
needs in order to feel secure as a person. In
fact, it may work in the reverse direction. The
desire to create, which is inherent in the true
development man, can be implemented through
the acquisition of money, but not if the money is
achieved at the price of relinquishing his free-
dom of choice in the selection of what is to be
created. Like creative men in other fields, the
research or development man is likely to con-
sider the expression of his personality through
his work to be more important than financial
returns from this work.

In order to motivate the research man,
the manager must be sure that the objectives of
the organization are worthwhile, that the indi-
vidual worker can see a relationship between the
things he wants to do and the things which the
organization would like to accomplish as a whole,
and that the organizational attitudes are such
that he can feel a strong sense of accomplish-
ment when the goals which he sets as an indi-
vidual are accomplished for the organization.

EVALUATION OF THE PRODUCT

For any organization or individual to feel
successful there must be some mechanism for
measuring the degree in which the goals which
they have established have been fulfilled. In an
organization which is profit-oriented, such an
evaluation is straightforward, rigorous, and
simple. If the figures are in the black, all as-
sociated with the organization are happy. If they

are in the red, or tending toward the red, then
something must be done to rectify the situation.
Government organizations, military organizations,
educational institutions, and research and devel-
opment activities, whenever they are adequately
removed from the profit making pressures, have
a more difficult time in establishing a proper
evaluation of the effectiveness of their processes
and results. For all such organizations I believe
the evaluation must be on the basis of competition
similar to that involved in making a profit. The
fact, however, that results cannot easily be ex-
pressed in terms of a single variable, such as
money, tends to make the evaluation process
much more difficult. Covernments are judged
by history, and military organizations by wars.
These are very harsh and final judgements and
do not provide a very adequate, self-rectifying
mechanism.

I believe that one of the most useful things
we can do to promote the improvement of re-
search and development management processes
would be to encourage mechanisms for evalu-
ation competition between research groups. In-
stead of trying to eliminate duplication in the
development of particular systems, we should
concentrate on trying to establish generalized
goals and techniques for judging the most satis-
factory solution. Until publications become too
voluminous to read, publication in technical
journals performed part of this function for re-
search. In the particular area of creative de-
sign, where I feel my special interest lies, I
believe we should develop critieria for design,
and evaluation procedures for design-critics
very similar to those which have been developed
in other artistic fields, such as music, paintings,
sculpture, writing, etc. Such criteria are admit-
tedly inaccurate, subjective and judgmental in
character, but they do provide a kind of public
recognition of achievement for skills which
sometimes require a negotation of monetary re-
ward for their proper expression. Evaluation of
technical accomplishments is a function which
needs seriously to be performed, and I believe it
is one which society is now lacking.

To summarize, I believe that management
for research and development is similar to other
types of management in that it requires the es-
tablishment of an objective, the working out of a
plan for accomplishment, the stimulation of in-
dividual motivation, and an evaluation of progress
on the product in order to provide corrective
mechanisms to insure continued improvement.
It is particularly complicated by the fact that
research people, in general, have individual mo-
tivations which cannot be adequately covered by
the common denominator of money. Much more
individual attention is therefore required on the
part of the manager to take care of these differ-
ences in individual motivations.

Life would be easy if the management of
research were as straightforward as I recently
heard it expressed by a man concerned primarily
with the management of funds. His process was
to lay out a planned schedule for the accomplish-

[ 34]



ment of research objectives. At the end of a
period of time, he compared how the work was
progressing relative to the established schedule.
On the basis of this evaluation, those projects
which were falling behind schedule were provided
with increased amounts of funds taken from a
constant budget at the expense of those projects
which were proceeding ahead of schedule. If
this highly plausible budgeteer's philosophy of

management is applied generally throughout
R & D organizations, I am sure that it is easy to
see that all of our efforts will eventually be con-
fined to impossible projects. I hope that this is
not the case; but sometimes, when I look over
some of our military programs, I become con-
cerned that such a management technique may
be at work undetected.
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MANAGEMENT PROBLEMS
IN A DYNAMIC SITUATION

John R. Moore
Vice President of North American Aviation, Inc.
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INTRODUCTION

Science and technology are progressing at
a dramatic pace.

The consequences to all of us are evident.
The potential consequences are the stuff of
which dreams are made.

The word "impossible" has all but van-
ished from our vocabulary. We live in a
"'space age" - an ''age of automation" - the
"'decade of the soaring Sixties." In our
great scientific complexes we almost literally
are scheduling inventions and technological
breakthroughs. The day is not far off when
machines will relieve us of much of the men-
tal drudgery of thinking, just as machines re-
lieved us of much of physical drudgery at the
time of the Industrial Revolution.

We can foresee automatic crews, auto-
matic oracles, automatic diagnostics, auto-
matic designers, even - perish the thought -
automatic secretaries. We can see new
sources of foods and fibers, new means of
communication, new methods of travel. Our
progress is - just as it has been through re-
corded history - increasing geometrically,
not arithmetically. For example, it has been
calculated that 90 percent of all scientists who
ever lived are living today.

We have seen the creation of whole new
industries employing, directly or indirectly,
millions of people. These have been consti-
tuted to exploit the galloping onrush of science.
The majority are called "aerospace" or "elec-
tronic systems," because these are where the
first needs were found and where the first
money was channeled. But they are broaden-
ing into every phase of our life and can better
be designated ''scientific industries."

Advances in individual disciplines are so
rapid that it is virtually impossible even for
specialists to read even a significant fraction
of all the scientific papers relating to their
specialty. Further, scientific activities have
moved out of the laboratories of a very few
major universities and industrial concerns
into literally thousands of companies through-
out the world.

Those of us who are charged with the re-
sponsibility for managing this avalanche of
scientific assets have come to realize, somne-

times through bitter experience, that we are
faced with new kinds of management problems.
Furthermore, the solution of these problems
demands some changes in time-honored man-
agement principles, perhaps less sensational
but every bit as important as the changes
wrought by the expanding universe of technol-
ogy. Such facts have been repeatedly empha-
sized during the last ten years by lessons
learned in the new, complex programs involv-
ing missiles, space and electronics. As a re-
sult, a whole new chapter of management prin-
ciples and techniques is being written to deal
with the dynamicism that characterizes the
new industries of science.

FACTORS AFFECTING SCIENTIFIC
INDUSTRY MANAGEMENT

A number of factors peculiar to the
scientific industries are the principal sources
of the dynamic management problems. Some
of these factors are:

SMALL NUMBERS OF COMPLEX PRODUCTS

The products are complex and built in
relatively small numbers. Each consists of
large quantities of interconnected elements.
Usually several different disciplines are in-
volved such as chemistry, metallurgy, me-
chanics, thermodynamics, structures, aero-
dynamics, all types of electronics, human fac-
tors and the new discipline known as "reliabil-
ity science.''

HIGH TECHNICAL CONTENT

As a consequence of product complexity
and multiple disciplines, the portion of total
product cost associated with technical activ-
ities is becoming comparable with that asso-
ciated with manufacturing, inspection and
material. These hoards of technically trained,
creative personnel must be motivated, coor-
dinated, controlled and provided with facilities
and equipment.

CONCURRENCY OF DEVELOPMENT AND
PRODUCTION MEANS CHANGE

Production must be initiated long before
the research and development have been com-
pleted. This makes inevitable a continuing
pressure for design changes which must be
evaluated, organized, analyzed for effects on
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other parts of the system, and controlled. As
a result, long production runs of a frozen con-
figuration are very unlikely. Nevertheless, the
advantages of the concurrency concept seem to
have been adequately demonstrated on a number
of major programs from a cost as well as a
schedule standpoint. This is because of the
fact that, as the equipment becomes more
complex, the effects of operational use are
very difficult to anticipate in any normal R & D
program. As a result, so many changes in
production hardware may be expected from
field experience that it is an advantage to be
able to have an R & D program in being to
verify the need for changes and the adequacy of
the changes to solve the field problems.

GALLOPING OBSOLESCENCE

The rapid advance in technical specialties
generates a rate of obsolescence which further
reinforces the dynamic nature of management
problems. This takes two forms - equipment
which is rendered obsolete in conception by
advances in techniques, ideas, components and
materials; and first-generation equipment
which acqutires its obsolescence because of the
inevitable imperfection of the first reduction
to practice of new concepts. The scientific
equLipment industry is entering a new cycle of
both types of obsolescence associated with the
first introduction into complicated systems of
those new products of solid state physics
known generally as microelectronics.

CAPACITY TO SATISTY PENT-UP DEMAND

Industries dedicated to the exploitation of
scientific assets are really in the business of
creating new businesses. These involve not
only new prodtucts, but complete new product
lines. As a result, such industries must or-
ganize, capitalize and facilitize to create and
fill a continuing succession of pent-up demands.
This inevitably results in more capacity than
is required for product lines to keep pace with
markets generate(d only by early obsolescence.
In addition, the types of organization, facilities
and personnel needed for developing new pro-
duct lines are substantially different from
those which are optimum for a more steady-
state type of operation.

SMALL NtTMBERS OF COMPLEX
CUSTOMER ORGANIZATIONS

Marketing activities must be geared to a
relatively small number of highly complex
customers. These customers are inevitably
vulnerable to the same problems of internal
coordination and communication that charac-
terize any complex organization. Furthermore,
the customers must be replete with a host of
specialists - technical, production, reliability,
financial, contract, operational, logistic and
management - each of whom may have the
authority to say ''no" and therefore must be
served and satisfied as much as possible.

A further characteristic of such complex

customers is their demand for visibility into
the detailed operations of their vendor's busi-
ness. The extent of such visibility poses a
major management problem involving a proper
balance between the collection of information
required to take action and make decisions;
and the interference with progress which the
generation of unnecessary information inevit-
ably produces.

With stuch customer visibility goes a ten-
dency to become concerned about detailed pro-
gram problems and a consequent desire to
''help" in their solution. A certain amount of
this help can be useful, but once again, a man-
agement problem on the customer's side in-
volves recognizing when to stop calling meet-
ings, conducting surveys, instigating "for in-
stance" study exercises and demanding reports
which interfere with the ability of an organiza-
tion's key people to spend time in solving the
problems which cause the customer concern.
Indeed, the situation can become so bad that
the most qualified people in an organization
can be rendered completely ineffective because
of their requirement to oscillate almost con-
tinually from the customer with the questions
to the second or third team members of the
organization which now must be charged with
the responsibility to provide the answers be-
cause they are the only ones with sufficient
time to work the problems.

COMPLICATED CONTRACTUAL RELATIONS

Contractual relations are invariably com-
plicated and tend more and more to involve a
host of incentive clauses which provide bonus
rewards for better than standard performance
and penalties for substandard performance.
These incentives may involve cost, equipment
performance, reliability and delivery schedules.
To complicate the matter even more, the ten-
dency is growing to require fixed-price or
fixed-price-incentive contracts even for large
research and development programs.

NUMEROUS EXTERNAL INTERFACES

External interfaces are numerous and com-
plicated. These not only involve direct cus-
tomer agencies, but associate contractors and
subcontractors. As a result, even the absolute-
ly essential external communication and coor-
dination requirements are tremendous.

COMPLICATED CONTRACTS DELAY
DEVINITIZATIONS, INCREASE RISK AND
REQUIRE MORE WORKING CAPITAL

A consequence of the customer complexity,
combined with the inherent complexity of multi-
incentive contracts for complex and unpredict-
able programs, is complexity in negotiation and
contract definitization. Both the customer rep-
resentatives and their industrial counterparts
are dedicated to minimizing the duration of
precontract activities as well as contract fact-
finding and negotiation. Nevertheless, the in-
creased complication of the whole operation,
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and the use of fixed-price contracts with lim-
ited progress payments, tend to extend periods
during which the scientific industries usually
cannot (if dealing with the government under
present regulations) recover more than 70% of
their costs. This poses problems of obtaining
financial support considerably greater in mag-
nitude and longer in duration than was required
during the cost-plus-fixed-fee era of first-
generation scientific systems. It also in-
creases the financial risk of major disallow-
ances.

Although such a situation may be consid-
ered a healthy manifestation of the operation
of the free enterprise system, it does never-
theless constitute a significant increase in the
financial problems attendant upon the manage-
ment of scientific industries.

DIFFICULTIES OF COST AND SCHEDULE
FORECASTING

Another management problem of the
scientific industries concerns the forecasting
of costs and schedules - particularly those
associated with equipments or systems being
developed and built for the first time. During
the decade of the 1950's when both the products
and the organizations were new, almost every
major program fell victim to serious cost
overruns and schedule slips.

The fact that there were as few financial
casualties as there were among the scientific
industries is only because the government
customer (and ultimately the taxpayer) bore
the brunt of such inaccuracies in forecasting
via the medium of cost-plus-fixed-fee con-
tracts. Many of us are familiar with the year-
end rebudgeting, inevitably resulting in the
stretchout, cutback, or cancellation of lower
priority programs in order to obtain the funds
required to finance overruns in high priority
programs. The cause of such problems in
forecasting involved the following considera-
tions:

a. The only persons who could describe
the product were scientists and engineers.

b. These scientists and engineers were
often of the most advanced and creative
type with no experience in production,
field maintenance or operation. They
sometimes seemed to feel that, once
they had worked out an idea for solving
a technical problem, some lesser be-
ings without human fallibility would see
that the idea was reduced to practice.
They also were instinctively optimistic
to the point where they biased their
predictions of success without properly
using even their own past experiences
of failure. As a result, their estimates
of cost and schedule were totally un-
realistic - often by factors of several
hundred percent.

c. The scientific industries themselves

had no background of personnel or ex-
perience required for manufacturing,
subcontract management, reliability,
change control, maintenance, repair,
and cost estimating.

d. The customer representatives had little
experience with the new complex tech-
nical equipment or the industries which
produced it. As a result, they often
tended to play one contractor against
another in a contest of promises with
no means for evaluating their realism.
This led to the "liars' contests" which
were often so characteristic of compe-
titions in the '50's.

e. The managements of the scientific in-
dustries were often either engineers or
scientists with no general management
experience or - just as bad - financial,
marketing, legal or production experts
with insufficient knowledge of the new
technology to evaluate the estimates,
promises and dreams of their "bril-
liant" technical staffs. Often, this lack
of knowledge resulted in a tendency to
approve little understood and unreal-
istic commitments, rather than risk
appearing unprogressive. This tenden-
cy was underwritten by the fact that the
cost-plus-fixed-fee contracts insured
that the only risks involved percentage
(not absolute) fee and reputation.

Although great progress has been made
recently, the problem of forecasting costs and
schedules for accomplishing complex objectives
with no similar precedent remains one of the
major management problems of today's scien-
tific industries - particularly with the financial
risks associated with modern fixed-price and
incentive-penalty contracts.

DIFFICULTIES IN CONTROLLING COSTS
AND SCHEDULES

Just as costs and schedules which can only
originate in the minds of an organization's
scientists are difficult to forecast - so are
such costs and schedules, principally effected
by highly intelligent and creative personnel,
very difficult to control. This results from a
number of factors:

a. The primary instinctive drive of crea-
tive personnel is toward perfection.
This results in a tendency for such per-
sonnel to discover and conceive contin-
ual ''improvements." Such improve-
ments may be individually of small con-
sequence to cost and schedule. Arraye
in their totality, they may result in
changes which unreasonably and unnec-
essarily delay the final completion of
anything, produce far-reaching changes
in corollary equipments (often not recog
nized) and trade the solution of well-
defined problems for a whole new set o
problems whose existence has not ever
been suspected.
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b. Most creative personnel instinctively
disdain the use of ideas or techniques
in their chosen specialty to which they
themselves have not contributed. This
makes it difficult for organizations in-
volving large numbers of such person-
nel to avoid duplication of effort and
achieve standardization of proven de-
signs and techniques. Often, the crea-
tive individual takes refuge behind the
rigorous (but unnecessary) require-
ments of specifications which require
designs to be able to perform under
highly improbably conditions. This is
particularly inefficient under the many
occasions when modification of the spec-
ifications would permit the use of a very
much simpler or more standard, cheaper
and proven design completely adequate
to meet all but the most improbably
conditions.

c. Large numbers of creative personnel
- often highly specialized - working on
many facets of a complex program pro-
vide extreme problems in communica-
tion. This results partly from the very
large quantity and diversity of informa-
tion which must be exchanged on a
daily basis and partly from the fact
that such creative personnel habitually
abhor the routine records, procedures
and disciplines which successfully
handle large quantities of information
among persons less steeped in origin-
ality.

ci. Intensive specialists often have more
difficulty understanding and speaking in
terms and concepts outside of their
specialty than less highly trained and
less specialized individuals. For exam-
ple, how many of us have heard brief-
ings by electronic specialists to opera-
tional, financial or management experts
in which the lingo used was replete with
''db," ''gain,"''bandwidth,"''nano-
seconds" - plus an ample serving of
alphabet soup to complete the incom-
prehensibility of the discourse to the
aucdience ? As a result, it is often
found that coordination or joint action
which, by procedure, should have taken
place, in fact was not achieved. This
can result in costly rework and delays
involving critical parts of a program
with consequent increases in costs for
the whole program so delayed.

e. Complex systems, involving multiple
interconnections inevitably will impose
large demands for communication on
the part of many key individuals. This
reduces the time available for these
individuals to carry out their non-com-
municative activities, thereby reducing
their efficiency and productivity. Such
reductions of time available to think
are doubly destructive in scientific in-
dustries, because both their technical

and management complexity require
more consecutive time to review, ana-
lyze and synthesize than less dynamic
operations.

Because of these factors, the control of
costs and schedules in industry involving rela-
tively large numbers of creative, scientific and
specialized personnel constitutes a major man-
agement challenge for which many erstwhile
"proven management techniques" need con-
siderable modification.

TECHNICAL AND PROGRAM PROBLEMS
MAY MAKE MANAGEMENTS LOSE SIGHT
OF OWNERS' INTERESTS

Preoccupation of attention with the prob-
lems of meeting difficult commitments of equip-
ment, technical characteristics, performance,
schedule and cost may result in failure by the
management of scientific industry to keep in
proper perspective the complete financial obli-
gation to its owners.

This obligation involves the exploitation of
its organization's financial assets, proprietary
positions and reputation as well as its strengths
of personnel, creativity and facilities. It in-
volves a ruthless dedication to maximizing the
long term return on its owners' investment by
meticulous attention to overall efficiency, ac-
curate evaluation of market potentials and
achievement of a profitable market position, as
much by well-conceived license agreements,
acquisitions or mergers as by investment in
new product developments and their exploitation.

Such financial, marketing and long range
planning activities - long the principal job of
the top managements of industries with less
product complexity and technical content -
must take their proper place alongside the un-
usual problems of forecasting, financing, mar-
keting, flexibility, motivation and communica-
tion on the dockets of the top managements of
scientific industries.

LARGE PROGRAMS MEAN FLUCTUATIONS
IN SALES AND NUMBERS OF PERSONNEL

Because of the tendency for end products
of scientific industries tn be involved in small
numbers of very large projects which must
progress through all phases - conception, de-
velopment, production, field support and over-
haul, it is very difficult for any but the very
largest and most diversified of organizations to
avoid serious fluctuations in sales, profits, and
numbers and types of personnel.

SUMMARY

The foregoing factors delineate the pecu-
liar management problems of today's complex
scientific industries as arising from: small
numbers of products of great physical and
interdisciplinary complexity; requiring rela-
tively high ratios of creative and technical per
sonnel; involving concurrency of development
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production and field support; subject to the in-
roads of galloping obsolescence; tending to
large oscillations in sales and numbers of per-
sonnel; requiring a continual creation of new
products and product lines to avoid serious
problems of excess capacity; involving a small
number of complex customers demanging multi-
incentive contracts; replete with the necessity
for vast amounts of communication, coordina-
tion and control across external interfaces;
with a requirement often not properly recog-
nized, to exploit all of the assets allocated to
each manager in a way to provide the best long
term return on the owners' investment.

PRINCIPLES FOR SOLVING
DYNAMIC MANAGEMENT PROBLEMS

It would be unrealistic to presume that a
complete set of principles and techniques for
the optimum solution of the management prob-
lems peculiar to a dynamic situation are even
existent today. Too little experience has been
gained from some of the actions which have
been taken to provide an accurate evaluation of
their successes. However, some broad and
general principles can be enunciated which
form a base from which to start.

These, in no way, should be assumed to re-
place or duplicate the vast background of good
management principles and practices applic-
able to less dynamic situations. Such prin-
ciples of good management, particularly in-
volving administration and human relations,
are equally applicable to the problems consid-
ered here. The discussions which will follow
should, rather, be considered to represent
areas for increased emphasis and supplemental
information to normal good management prac-
tices.

DEMAND FOR FLEXIBILITY

The first of these is the principle of maxi-
mum flexibility. Nearly all of the character-
istics mentioned previously require manage-
ment actions capable of change - because the
dominant feature of modern scientific indus-
tries is change - at rates often too rapid to be
coped with by classical management techniques.
This flexibility must reach into all elements of
management activity.

Flexibility in People

Flexibility must begin with the motivation
and training of the key people who determine
the success of the organization.

First Loyalty Belongs to the Owners

The ultimate responsibility of all employ-
ees is to maximize the long-term return on the
investment of the stockholders of the corpora-
tion. Management should bend every effort
toward motivating employees to realize this,
not only because of its truth, but also because
it represents the surest signpost to correct

overall decisions and action - particularly in
the complex operations of the scientific indus-
tries. Such motivation demands a reversal of
the natural instinct of people to give their
greatest loyalty to the smallest organizational
group with which they are identified. This does
not mean that management should not foster
the controlled competition among small groups
which provides team spirit and motivation to in-
crease output. It does mean that every em-
ployee's first loyalty must belong to the corp-
oration as a whole because it is the only perma-
nent entity in a situation where today's organi-
zation represents a temporary grouping of
assets - hopefully optimum, but subject to
change under the dynamic requirements of the
business.

Motivation and Reward Must Identify and
Emphasize Absolute Accomplishment

People must be taught to seek success
through the excellence of absolute accomplish-
ment as measured against the cost of obtaining
such performance by an alternate means. This
requires the development of methods for recog-
nition and motivation, often unrelated to an
organization chart. Thus, a brilliant scientist
or idea man may be irreplaceable by thousands
of individuals less peculiarly endowed. Such
individuals should be able to obtain both finan-
cial recognition and organizational "status"
without the necessity for dissipating their tal-
ents in directing the activities of large numbers
of people. The dynamic factors of complexity,
galloping obsolescence, concurrency of R & D
with production, the necessity for continually
creating new products, the risks attendant upon
cost-plus-incentive-fee or fixed-price R & D
contracts and the unusually high technical con-
tent of management decisions make it absolutely
essential that a number of the very best brains
available with broad technical capability and
some experience in management be freed from
administrative duties so that they can:

a. Review technical approaches on critical
multidiscipline programs.

b. Lead task forces to investigate new
ideas or solve critical technical prob-
lems .

c. Insure the solidity of the organization's
proprietary position in new fields by
generating and stimulating new ideas.

d. Insure the adequacy of the technical
content of training programs.

e. Keep abreast of technical progress out-
side of their own organization.

f. Stimulate interchange of sound technical
ideas within their own organization.

g. Advise line management on technical
factors affecting management decisions.

Such rare individuals must have authority
to effectively operate within the whole technical
organization, and status at least commensurate
with other line managers reporting to the same
executive. These individuals may bear the
title of "Chief Scientist" or "Vice President-
Technology. ''
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Correspondingly, individuals in manage-
ment positions should be compensated and
motivated toward advancement, not by how
many people they have organizationally beneath
them, but by how few they require to accom-
plish their assigned responsibilities.

Organizational Dynamicism Dictates
Advancement by Lateral Moves

Because of the impermanence of any or-
ganizational entity but the corporation itself,
motivation should be established, at least at
higher levels of management, for advancement
by lateral moves into new and different parts
of the organization as much as by promotion
vertically to take the jobs of their immediate
superiors. This motivation is important, not
only because of the realities of the organiza-
tional situation but, also, because by such moti-
vation there is more tendency for objective
collaboration and less likelihood of competi-
tion and "back-stabbing" between subordinates
and their immediate superiors - thereby mak-
ing feasible a much more effective use of
"'assistant managers" than is normally pos-
sible in a more static organization.

The Need for Broader Backgrounds

Further, regarding the requirement for
flexibility among the people in a scientific
business, it is important that they be trained
in the arts of efficient communication - writ-
ten and oral - involving disciplines beyond
their own specialties. Thus, the manager must
have a broad background which permits him to
at least understand the motivations and lan-
guage of creative, technical personnel. By the
same token, such creative specialists must be
schooled in the principles and language of con-
tracts, manufacturing, sales, politics, finance
and management to the extent necessary for
them to take a broad and flexible view of the
non-technical decisions which affect their as-
signments, budgets and environment.

The Need for Generalists

The need for breadth of background goes
beyond the requirements for cooperation and
communication among specialists. It is an im-
portant characteristic of many of the key man-
agement and technical personnel of a scientific
industry. Such a need for ''generalists" is be-
coming increasingly well-recognized in educa-
tional institutions and industry alike. These
are not "Jacks of All Trades and Masters of
None," but rather individuals whose training in
several disciplines is cemented together with a
firm foundation of technical fundamentals, prac-
tical experience in the real world beyond the
ivory tower, complete objectivity - and an abil-
ity to specialize temporarily but intensiv~ely as
necessary.

It is probable that the ultimate limitation
to man's ability to exploit the on-rush of prog-
ress in individual disciplines, will be the num-
ber and capability of the generalists required

to create, comprehend and control increasingly
complex combinations of interacting elements,
characteristics and human endeavors. As a re-
sult, one of the major problems of managing a
scientific industry is to find or develop the rela-
tively small number of generalists required to
fill key management and engineering positions
- particularly general managers, sales man-
agers, program managers, engineering man-
agers, project engineers and systems engineers.
This is not only because the type of person with
the mental acuity, memory and objectivity to
absorb and effectively use a broad training is
relatively rare - but also, means for develop-
ing such abilities are just beginning to be of-
fered in universities and industrial training
programs. Because such formalized training
programs are in their infancy, it particularly
behooves the scientific industries to cooperate
with our national institutions of learning and
with each other to accelerate progress in iden-
tifying the potential generalist and providing
him with the optimum combination of motiva-
tion, training and experience.

It is probable that the best results can be
obtained by intensive courses in the funda-
mentals of mathematics, physical sciences,
business, speaking and writing combined with
background courses in various specialties pre-
sented as applications of the fundamentals.
These should then be interwoven with a liberal
sprinkling of social, athletic and political ac-
tivities involving qualitative factors and human
relationships - all topped off with the respon-
sibilities and experience of practical applica-
tion of the training in temporary work requir-
ing specialization. This last is most important
in developing a true generalist (capable of
understanding those specialties with which he
must deal) as contrasted with a "wheeler and
dealer," who often is capable only of a glib
superficial appearance of many-faceted ability.

Organizational Flexibility

Principles Controlling Form of
Organization

Another requirement for flexibility involves
the organization itself. This includes not only
the form of the organization, but the several
factors which delineate its operation. First,
with respect to those factors establishing the
form of the organization:

Generally speaking, any organization can
be made to work if its people are determined
to make it successful. However, the principal
criteria for establishing the form of the organ-
ization are the principles that:

a. Decisions must be made at the lowest
competent level.

b. Essential communication must be ex-
pedited and rendered as efficient as
possible (an important factor in geo-
graphical decentralization).

c. Each level of management must have
clearly defined objectives and rela-
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tionships with subordinates, peers and
superiors.

d. Each manager must have consecutive
time effectively to discharge his as-
signed responsibilities and wield his
authority.

In modern, complex scientific businesses
there are generally three types of organiza-
tional arrangement. These are "functional,"
"product," and "project."

The Functional Grouping

A functional organization involves the
grouping of persons in accordance with simi-
larity of specialization, discipline or skill.
Thus, a functional organization gathers to-
gether separately those people engaged in re-
search, design engineering, manufacturing,
master scheduling, quality control, contract
administration, pricing, sales, personnel,
plant operation, logistic support, finance, ad-
ministration, etc.

Such functional groupings almost inevitably
are established at some level of every organ-
ization. This level depends upon the size of the
whole organization; the maturity of the products
being produced - maturity being measured in
terms of lessening requirements for continual
change - and whether the group's essential
communications are inter- or intra-disciplin-
ary. Thus, in almost all organizations, the
lowest (from a standpoint of the organization
chart) level of groupings is functional. How-
ever, in a steady-state business, having high
production rates of stable products, in a single
location, the functional groupings may extend
throughout the whole organization. Similarly,
organizations less than a given size will also
most probably be optimized by a functional
grouping.

Product Team Grouping

On the other hand, large scientific indus-
tries normally operate in such a continually
transient condition that the functional organiza-
tion is too much of a hindrance to effective
teamwork if carried much beyond the third
level. For such organizations, one or both of
the other types of groupings normally appear
at the highest level. Where the largest volume
of activities of the personnel in the group is
internal and aimed at producing a line of pro-
ducts which can be marketed as end items, the
"product organization" is indicated. Such an
organization normally is headed by a general
manager with profit and loss responsibility and
contains, in functional form, nearly all of the
elements of an autonomous business - market-
ing (both sales and contract administration),
material, manufacturing, quality assurance,
engineering, master scheduling and administra-
tion. It may also have some or all of its own
financial, personnel, logistic, industrial engi-
neering and legal departments - or these may
be supplied in toto or in part as centralized
services .

Such a product organization is the proto-
type of decentralization. It has the advantage
of providing a tight, efficient, internal commun-
ication system and a clear-cut identity for all
of its personnel which can be a basis for power-
ful team motivation. It also tends to give in-
dividualism the best chance to flourish in the
truest sense of the free enterprise system.

However, such product decentralization is
only optimum by itself so long as the product
line continues to flourish as a profitable,
separate entity.

The characteristics of organizational
esprit de corps and individualism which are
the product organization's bulwarks of strength
during periods of product health, tend to pro-
duce an inflexibility which renders cooperation
and communication across the organization's
boundaries very difficult. Then, when it is
necessary to cooperate with other organiza-
tions to produce a composite product such as a
weapon system or spacecraft - or when the
market for the product line shrinks so that an
organizational regrouping is indicated, the de-
centralized, self-sufficient, parochial, product
organization with its team pride is often at a
disadvantage compared with the less closely
knit functional organization.

Project Grouping

The third type of organizational grouping
combines a considerable fraction of all indi-
viduals working on a single, large contract,
project or program (as it is now generally
called). Such a "project organization" only
has meaning in an organization which has
several major projects - for if an organization
grows up around a single major project, the
whole organization is by definition a "project
organization." In this most extreme example,
a project organization includes all individuals
working on the project and is headed by a gen-
eral manager who is, at the same time, the
"program" or "project manager." Within such
an organization, there will certainly be one or
more functional sub-organizations and, if the
project is large enough, perhaps even sub-or-
ganization by major subsystem (which is some-
what similar to the product organization dis-
cussed previously).

The disadvantages of the project organiza-
tion have been recognized for so long that they
have actually delayed the establishment of such
organizations. The greatest disadvantage is
the fact that the project organization is im-
permanent. It lasts only as long as the project
which it is formed to expedite. After the pro-
ject is essentially completed, a major reas-
signment of key personnel and facilities must
be effected. Indeed, the complete project or-
ganization never achieves stability, because its
form, facilities, personnel and emphasis must
be geared to the evolving phases of the project
- from preliminary engineering, through de-
velopment, to production and, finally, into lo-
gistic support. Such a history obviously re-
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quires a change in management characteris-
tics, if not in managers themselves.

A second major argument against a pro-
ject organization is that there are never enough
good personnel to insure the optimum execu-
tion of each of a number of projects if each
good man is not available for more than one
project.

Nevertheless, it now appears that the re-
quirements for very large amounts of coordina-
tion and communication across the organiza -
tion's external interfaces - and the complexity
of internal communication and coordination so
necessary to insure the effective execution of
today's military and space projects involving
thousands of people, working to solve many
parallel problems without precedent, on a
tight schedule and a tight budget - can best be
met by a project type of organization.

It is a fact that project grouping cannot en-
sure the application of the best men of the
whole organization to each project as is theo-
retically possible in a functional grouping.
But this has been shown to be a lesser evil
than the complete saturation of these best men
which often renders them less effective than
others without so much native ability, but with
enough uninterrupted time to apply their tal-
ents efficiently as they can in a project organ-
ization.

Again, impermanence and instability can
be minimized by including only those functions
whose general form is subject to minimal
change as the project passes through various
phases. Consequently, a project organization
usually is embedded in a larger functional
and/or product organization which normally
includes a majority of the personnel assigned
to the project - at least at peak effort.

In such an arrangement the project organ-
ization deals with the functional and/or pro-
duct organizations somewhat as though they
were subcontractors. Thus, the project organ-
ization is normally the guardian of specifica-
tions, schedules, and expenditures. It is also
responsible for control and execution of com-
munications across the external interfaces for
the organization as a whole. In this way, it is
the organization's chief representative to the
customer and the customer's chief represent-
ative within the organization.

Early concepts of program management
tended to favor a relatively small program
management office having as its principal
responsibility the more administrative func-
tions of program control, master scheduling
and interface, with a corresponding program
office in the customer's organization: Such
offices had little or no directive authority over
the elements of the organization actually doing
most of the work. They had to attempt to ad-
minister the program by persuasion and ap-
proval authority only.

Experience has shown, however, as pro-
grams have tended to get larger and more
technical, that the original concept of a pro-
gram office does not provide enough capability
to justify the kind of directive authority over
all principal program activities in the whole
organization which has become evidently nec-
essary for successful program control. As a
result, the current trend in the management of
large technical programs is toward a project
organization much larger and broader in scope
than an administrative office - with real author-
ity to direct the activities of product or func-
tional personnel assigned to the program.

The activities of such a project organiza-
tion vary, depending upon the phase of the pro-
gram. In its first phase, the project organiza-
tion may include most of the personnel assigned
to the program. This is because the primary
efforts are analysis, system engineering and
planning. As the program reaches a hardware
phase, the project organization probably in-
cludes most of the following:

a. Formal customer contract
b. Systems engineering
c. Configuration control
d. Change control
e. Contract administration
f. Overall pricing
g. Reliability assurance
h. Master scheduling
i. Material review
j. Make-or-buy determination
k. System assembly
1. System test
m. Purchase, inspection, distribution and

control of material peculiar to the
program

n. Pilot-line production of elements pe-
culiar to and critical for the program

o. Selection or approval of subcontractors
p. Approval of activities with associate

contractors
q. Execution and/or approval of logistics

support activities for the program

Actual hardware detailed design, non-
unique material acquisition, subcontractor
management, detailed manufacturing, detailed
quality assurance, detailed logistic support and
services - such as the personnel department,
the financial department, the traffic department
and plant maintenance, would be accomplished
by the more permanent elements of the organ-
ization.

If a modern, scientific equipment program
were to reach a steady-state condition, the
need for the project organization could be
greatly diminished, and it might be expected
that the most efficient operation could be
achieved with a return to the concept of the
program administrative office.

The Compound Organization

The foregoing discussion of the three

[43]



principal types of organizational groupings has
made it obvious that no single type is optimum
for a large, multi-program scientific industry.
As the result, it is not surprising to see at-
tempts to solve the problems of flexibility and
communication by organizations which involve
combinations of functional, product and pro-
ject groupings. In discussing such combina-
tions, it is necessary to make certain that a
clear understanding exists regarding the mean-
ing of functional staff as opposed to line organ-
izational activity.

As used here, functional staff activities in-
volve no directive authority but, rather, include
the following:

a. Expert advice and information to a line
executive

b. Representation of the organization in
functional activities such as committees,
professional societies, and conventions

c. Establishment of functional policy
d. Establishment of functional operating

procedures and practices
e. Evaluation of the applicability and use

of functional policies, procedures and
practices within the organization

f. Stimulation of communication among
personnel engaged in functionally sim-
ilar activities working in different or-
ganizational entities

g. Accumulation of functional statistics
h. Maintenance of a knowledge of the cap-

ability and assignments of top functional
specialists throughout the whole organ-
ization as required to plan reassign-
ments

i. Conduct of special functional studies
j. Formation and direction of crisis teams

or ''fire brigades" to solve critical
problems in one part of the organiza-
tion, with the help of other parts of the
organization not normally involved in
the problem

k. Establishment of the content of training
programs within the functional specialty

In this connection, the staff activity does
not normally involve control, although it often
may be desirable for the superior line execu-
tive to require staff review and approval of
commitments or plans which meet certain
criteria of importance (such as dollar value).

In contrast, line management activity is
concerned with the direction of personnel
whose output contributes identifiably and
measurably with the salable output of the or-
ganization as a whole.

In a multi-product, scientific business,
the optimum combination may include a central
functional staff straddling product organiza-
tions and project organizations. The central
staff is in a position to plan for, and effect the
redistribution of, assets required to meet
changing market conditions. This often in-
volves the planning necessary to form new
project organizations to handle new major

programs, or contracting other project organ-
izations as their programs phase out.

The product organizations provide the main
bulk of the organizational assets and the stabil-
izing influence to counter the transient effects
of project organizations. This stability can be
enhanced very greatly if the product organiza-
tions have major markets not involving the pro-
grams of the project organizations.

In contemplating such an organization it is
desirable to consider a more or less continual
flow of people into and out of the product organ-
ization for assignment either in project organ-
izations or central staff organizations. This is
partly the consequence of the changing phase of
projects, and partly for its broadening effect
upon the individuals who can gain experience in
at least two of the three types of organization.
Such personnel transfers ensure flexibility,
promote improved communication, increase the
objectivity of individuals and establish the
motivation for promotion by lateral movement
as contrasted with competition for in-line
positions. They also tend to minimize the
parochialism which normally grows within
permanently established teams, thereby making
it possible for the degree of cooperation and
efficiency of communication so essential in the
scientific industries.

Hypothetical Organizational Arrangement

Figure 1 shows a hypothetical organiza-
tion of product, project and staff-service func-
tions arranged in three top-level groupings.
These are assumed to be 3 project divisions,
5 product divisions, a systems division and 10
staff-service functional divisions.

The systems division is an organization
constituted to perform studies, analyses and
preliminary designs of systems, making use of
the products of more than one product division.
It also assumes the lead in preparing system
proposals, promoting system sales and nego-
tiating the first system contracts following
successful proposals, In these pre-proposal
and proposal activities it assumes the lead of
temporary teams recruited from product and
functional staff divisions. These teams norm-
ally form the structure on which a project
division is constructed to execute a successful
major systems program.

The existence of 19 separate top level or-
ganizations poses a span-or-control problem
for the executive office. Three methods il-
lustrated by organizations A, B or C provide
possible solutions to this problem. Each has
advantages and disadvantages depending upon
the individuals involved and the character of
the business. In all of them, the President is
assumed to have to be free for a considerable
amount of operation across external interfaces.
It should also be noted that all three organiza-
tions are careful to maintain the functional
staff executives of the same organizational
level as the line executives. This appears to
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Figure 1-C: ORGANIZATION C

be absolutely essential for their acceptance
within the line organizations which is so im-
portant for staff effectiveness.

Organization A divides the whole operation
into line and functional staff-service functions.
All of the product and project divisions and
the systems division report in through the
Executive Vice President-Operations. All of
the staff-service functions report in through
the Executive Vice President-Administration.
Both of these Executive Vice Presidents re-
port to the President.

Organization B recognizes that the same
kind of individual is not necessarily able to
handle both the technical and administrative
staff functions. As a result, three Senior
Vice Presidents are shown reporting to the
President and Executive Vice President. In
order to reduce the span of control of the
Senior Vice President-Operations, the systems
division is shown reporting to the Senior Vice
President-Technical Staff.

Organization C involves an Executive Of-
fice with a President and two Executive Vice
Presidents. These are purposely shown as
nearly parallel in authority because one fea-
ture of such an organization is the fact that
each Executive Vice President, as well as the
President, has complete authority over all
elements of the organization. Normally, the
product and project divisions report in through
the Executive Vice President-Operations, the
administrative and service divisions report in

through the Executive Vice President-Adminis-
tration, and those divisions associated with ex-
ternal interfaces and the future of the whole
organization report in through the President.
Here it should be noted that again the systems
division is shown normally reporting through
the President in order to lessen the span of
control of the Executive Vice President-Opera-
tions. If this executive span of control were
not so large, the systems division might better
normally report through the Executive Vice
Pre sident - Operations.

The advantages of organizations A and B
are the clear-cut lines of authority through the
Executive or Senior Vice Presidents. The dis-
advantage of organization A is the imbalance
between the small span of control of the Pres-
ident and the large spans of control of the Exec-
utive Vice Presidents, as well as the difficulty
of finding an Executive Vice President-Admin-
istration who has sufficient breadth to contrib-
ute effectively to both administrative and tech-
nical functions reporting to him. The short
span of control of the President may be an ad-
vantage or disadvantage, depending upon ex-
ternal demands on his time. Other difficulties
of organizations A and B involve the possibility
of communication barriers between elements of
the organization reporting directly to different
Executive or Senior Vice Presidents, and the
problems of command during periods of un-
availability of the President or his immediate
subordinates.

Organization C requires a strong compat-
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ibility among the President and two Executive
Vice Presidents. It also requires effective
communication within the Executive Office. It
has the advantages of a relatively balanced
span of control and a flexibility of command
during periods when any of the three members
of the Executive Office are not available. It
also simplifies the regrouping of the divisions
of the organization, because of the recognized
authority over the whole organization of each
member of the Executive Office.

If external demands on the President's
time are not so large that he has difficulty
communicating with and directing the number
of individuals reporting to him; and if three
individuals with the suitable combination of
competence and mutual compatibility can be
found; organization C probably provides the
best solution to the management problems of
a large, diversified scientific industry.

Of course, the organizational considera-
tions here have not specifically included a
geographically separate group or "branch
plant."' Wherever such a group reports, it ob-
viously is a strong contender for having its
own ''housekeeping functions," even under con-
ditions when such ftunctions might be central-
ized for several product or project divisions
on a single site.

The Need for Management Pools

Another requirement of organizational
flexibility is to have available key personnel
about whom new organizational entities can be
formed. This refers to some individuals with
general management capabilities and others
who can be assigned to new functional manage-
ment positions.

One way in which such a management pool
can be maintained involves the use of assistant
functional managers and assistant general man-
agers. This ''two-deep" concept is at variance
with classical theories of organization designed
to optimize more static situations. However,
it has the advantage of increasing the amount
of communication which is possible from the
dual-management office. This is often impor-
tant, not simply because the complexity of the
management problems may overload the ability
of a single individual (to meet all of the people,
attend all of the meetings, read all of the re-
ports and answer all of the telephone calls
which may be required), but also because it
becomes possible to divide the work between
an "inside man" and an "outside man." In
these days of complex customers, program as-
sociate organizations and very active commun-
ications across the external interfaces of the
organization, a manager may find it impossible
to spend all of the time necessary for his ex-
ternal activities and still have any left to direct
his internal organization.

In the dual-management office, this prob-
lem is solved by splitting the duties between
those generally concentrated outside of the

organization and those generally concentrated
inside. It should be noted that the word "gen-
erally" was used here because either manager
should be capable of operating across the ex-
ternal or internal interfaces. Since the cus-
tomer usually prefers to deal with the top man,
the external interfaces are usually handled by
the manager and the internal interfaces by the
assistant manager.

Another way to provide the management
talent required for the creation of new organ-
izational entities or the replacement of man-
agers lost by attrition, involves the use of in-
dividuals designated as "assistant to," who
are hired into such positions, normally report-
ing to an important executive, in order to en-
sure the proper status and compensation re-
quired to attract men of sufficient competence.

Such ''assistants to" can initially be as-
signed to jobs in which they will learn about
the organization and its business. Following
such an indoctrination they may be given short-
term, high-priority jobs or longer-term, low-
priority assignments until the requirement for
expansion calls for them to take their places in
the organizational game of musical chairs.
This may involve moves into positions, for ex-
ample, as assistant general managers to re-
place men selected to head up new organiza-
tions. Of course it is always possible that the
heads of the new organizations can be selected
directly from the group of "assistants to."

It should be emphasized that such a use of
"'assistants to" can only be justified under con-
ditions of incipient expansion and relatively
negligible effects upon cost factors. This means
that every effort should be expended to make
the use of the members of the management pool
during their "limbo" period productive enough
to justify their retention on the payroll.

Business System Flexibility

The requirement for flexibility has so far
been discussed as it pertains to people and or-
ganizations. However, because both people and
organizations can only work if the proper busi-
ness systems are available to ensure effective
communication, information handling and oper-
ating procedures, it is equally important to
provide flexibility within the business systems
which provide the road-map for the operation.

Operating Directives

The first elements of business systems in-
volve standard policies and procedures. Hence-
forth, these will also be termed "operating
directives." Such operating directives must be
consistent with the form of the organization
(including the titles of individuals in it) at all
times when these policies and procedures are
applicable. Some of us have witnessed the
chaos which can result from a carefullyplanned
and executed organizational change which was
effected in advance of a corresponding change
in operating directives. Under such a condition,
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confusion is rampant and discipline breaks down
because the operating directives are not applic-
able to the new organization and may even re-
fer to old organizational entities which no
longer exist. In order to avoid such chaos and
reap the full benefits of organizational flexibil-
ity, it is desirable that the operating directives
be reviewed, modified and approved by the
same individuals who plan the new organization
and by those key managers who must operate
within it.

Formalization of Deviations

One sacred rule of management holds that
any operating directive must be followed by all
members to whom it applies unless deviations
from it are themselves recorded, formalized
and approved by proper members of manage-
ment. Since it is particularly impracticable in
scientific industries to expect operating direct-
ives to be optimum for all the situations to
which they might apply, or even to keep pace
with the changing operational situation, it is
essential that there be a formal procedure for
deviation. Such a procedure should provide for
a permanent record of the deviation, a suitable
authority to approve the deviation, and a follow-
up by the appropriate business systems organ-
ization to determine whether the procedure
needs permanent modification. Furthermnore,
the approval should not involve a series chain
of several people but, rather, if it is desirable
to have approvals by several individuals, they
should be interrogated in parallel and have the
authority to reject the deviations within a spe-
cific (relatively short) period of time. Failure
for such individuals to exercise this authority
.should be taken as evidence of their approval.

Information Accumulation, Processing,
Display and Retrieval

The requiirement for flexibility in business
systems must also apply to the accumulation
and presentation of the information required to
run the business. This information may involve
operating costs accumulated by organizational
entity or by output component of deliverable
items. It may also involve status of the various
activities involved in the operating plan includ-
ing analyses, reports, drawings, tests, cost
estimates, proposals, issuance of purchase
orders, receipt of material, position in work,
delivery, billing and payment.

Again, because the essence of the business
involves charge, the business systems must be
able to accumulate, process and display infor-
mation regarding equipment configuration and
the effect on cost and schedule of changes which
are either proposed or have been approved.

All of this requirement for flexibility of
business systems seems to dictate the well
considered use of modern data processing
equipment. Despite the wide application of
such equipment to a variety of business activ-
ities (from accounting, through production con-
trol, to data retrieval), optimum use of elec-

tronic data processing has not yet been achieved.
There is reason to hope that the intensified in-
terest of the Department of Defense in command
and control systems will result in significant
progress in business systems as well. Further,
the recent breakthrough in the practical util-
ization of microelectronics, in conjunction with
the progress made in input-output and display
equipment for command and control systems,
can result in the replacement by decentralized
computing centers of large immobile computing
installations with their masses of data storage
equipment and requirements for large amounts
of power and complex communication systems.

Decentralized Data Processing

The decentralized or "satellite" centers
should be physically located close to the source
of their inputs and those parts of the organiza-
tion having the greatest need for their outputs.
Because of their tremendous computing speed,
they can provide desired information in answer
to specific interrogations by nearly instanta-
neous fabrication from minimal basic data,
rather than generating and storing all of the in-
formation which, someone has determined in ad-
vance, might conceivable be useful.

Of course, such satellite computing centers
should be connected to a headquarters center
from which they can be interrogated and to
which they normally transmit only summary in-
formation, thereby greatly lightening the load
on communication channels. Because such
satellite centers soon will make use of micro-
electronics to achieve easily portable, low-
powered equipment, they can be rearranged or
set up in new locations as required for maxi-
mum flexibility, without requiring special in-
stallations, cooling and power.

Operational Evaluation

No modern system is complete without
feedback. This is particularly true if the sys-
tem is complex and subject to relatively rapid
changes. In a modern, dynamic organization
this feedback might be called "operational
evaluation." The military services have long
used the "Inspector General" concept. This
concept may be modified to provide the feed-
back that is so necessary to make certain that
a business system is operating with minimum
error. Operational evaluation has two primary
purposes. The first consists of measurement
or audit of the adherence by personnel in the
organization to the policies, procedures and
good practices which constitute the operating
directives and are part of the operational plan.
The second consists of evaluation of these op-
erating directives themselves - determination
of their adequacy for the organization as it is
constituted at the moment and their consistency
with one another.

Operational evaluation as a function of
management must be carried out in some form
by every member of the management team.
However, in order to gain the benefits of pro-
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fessional evaluation, objectivity and an assur-
ance that the best practices existent in any part
of the organization are available for all parts
of the organization, it is probably desirable
also to have a separate operational evaluation
organization under an operational evaluation
manager. Such an organization can consist of
teams expert in each function to be evaluated.
For example, it can have a manufacturing team,
a material or purchasing team, a quality control
team, a contract administration team, a pricing
team, a marketing team, a logistic team, etc.
These teams should include representatives on
temporary assignment from the functional ele-
rnents of either staff or line organizations as
well as a few professional operational evalu-
ators. This has the advantage of maintaining
continuity as far as the evaluation techniques
are concerned, while at the same time assuring
expert functional opinion - both from the stand-
point of evaluating adherence to operating dir-
ectives and the adequacy of these directives.

Further advantages of including men on a
temporary assignment (say for six months to a
year) restult from the currency of functional in-
formation which such men bring to their evalu-
ation and the objectivity which results from
their knowing that they are on a temporary as-
signment and must live in another capacity with
the people whom they are evaluating. Such
team composition also assures flexibility be-
cause the use of individuals on temporary as-
signment makes it possible to adjust the size
of the operational evaluation teams as required
by the newness of the organizational grouping,
its operating directives and its personnel.

Operational evaluation may be carried on
by random sampling or by specific intensive
projects where the information required can
be pin-pointed or an evaluation has been deemed
to be useful. The latter may often best be
handled by an ad hoc commnittee directed from
an appropriate functional staff office. Which-
ever technique is used, the greatest care must
be exercised to make certain that operational
evaluation is not considered to be a spying op-
eration. The onus of spying can be minimized
if the operational evaluators are careful not to
be super-critical. As much as possible, they
should omit from formal reports the names of
individuals who have been found to deviate from
operating directives for the first time, while
simultaneously reporting the existence of devi-
ations to the individuals involved and their im-
mediate supervision.

When an organization is new or when its
procedures have just been revised, and when
operational evaluation is being carried out for
the first time, a much larger effort will be de-
sirable than that which is optimum when the
organization has more or less reached a steady-
state, when the procedures have become stabili-
zed and widely accepted, and when the person-
nel have learned to operate in the organization
and with the procedures. Experience has in-
dicated that competent, objective operational
evaluation organizations play a key role in

minimizing the operating difficulties inevitably
accompanying the dynamicism which character-
izes the scientific industries of today, provided
that they maintain competence, objectivity and
the flexibility to adjust to changing situations.

Training Programs

A most important element in the ability of
an industry to cope with the problems of com-
plexity and change, is a well-conceived, con-
tinuous training program administered by a
competent, permanent training department.
Many of us have seen the effects which such
training programs can have in creating whole
new industries. In the technical areas we have
seen courses in servo mechanisms convert
electrical engineers into automatic control
specialists, and electronic engineers or mathe-
maticians into computer design and program-
ming experts.

Time and again, training programs have
represented the only recourse to make up for
lack of experience. The organizations which
were able to exploit the advent of the transistor
did so primarily because of their ability to
train people in the use of transistors. More
recently, we have seen an increasing number of
training programs in many fields, technical
and non-technical. In the technical areas of
the electronic equipment industry, these pro-
grams have involved (for example) reliability,
value engineering, microwave circuitry, in-
ertial navigation, analysis of 3-dimensional
systems, operations analysis, statistical error
theory, celestial mechanics, and micro-elec-
tronics.

Other important training programs are de-
signed to teach production and support person-
nel specific skills necessary to perform their
tasks, and logistic support personnel how to
operate, maintain and repair complex systems.
When relatively significant changes are made
in any part of an organization's operation, it
becomes essential to provide training programs
to acquaint the personnel with the latest general
techniques being employed by industry at large,
and the specific techniques which have been
adopted by the organization for which they work.

Of primary importance in any program for
training people to work together and advance
inside the organization are the various types of
management training courses. They are most
essential during periods of organizational
change and rapid growth, both of which can be
effected only if competent supervisory and
management personnel are available. Training
programs for managers range all the way from
courses on the most rudimentary of super-
visory skills to more advanced programs in
management techniques, plus programs de-
signed to acquaint the managers of a particular
organization with the specifics of the organiza-
tion and its business systems.

Training programs may take a variety of
forms. They may vary as to duration, location,
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time of day, intensity and the organization
which conducts them. They may be held on the
job during working hours, partially on the in-
dividual's own time, completely out of working
hours and either on or off company property.
They may be conducted by the organization's
own training department, by paid consultants
who conduct the courses for the client organ-
ization, or as part of general courses given by
institutions of learning or professional organ-
ization such as AMA or AIM.

Items which all formal training programs
should have in common are:

a. They should be part of a formal pro-
gram with carefully established plans,
personnel, and objectives.

b. They should be carried out under the
cognizance and evaluation of a training
department and the applicable functional
organization. (Either should be continu-
ally monitored for effectiveness.)

c. The students should be required to par-
ticipate in the program by mandatory
tests and projects. It is only in this
way that the students can make certain
that their time is spent in actually
learning instead of merely auditing.

d. Recognition should be accorded the
students for completing the courses.

e. The more important courses should be
followed-up by both formal and informal
evaluation of their effectiveness and
utility. This can be accomplished by
requiring formal comments at a later
date by both the students and their super-
visors. It can also involve the comple-
tion and submission of a formal project
as muc h as a year after the course,
which project is generated by the student
and his supervisor with approval of the
training department.

Finally, all courses should be designed
with the idea of maximum efficiency in mind.
A training department should continue to strive
for efficiency, just as all elements of the oper-
ating organization must attempt to maximize
their effectiveness in achieving their objectives.
A common fault of formal courses is their ten-
dency to spend large amounts of time on topics
which have low probabilities of being useful to
the particular students in a given class. Stream-
lining of such courses can be more effectively
achieved if it is possible to form classes of
students with homogeneous backgrounds and ob-
jectives as far as the material in the course is
concerned. To this end the courses should be
carefully screened to make certain that their
content is stripped of non-essentials and pro-
vides maximum motivation for the students to
learn, with plenty of opportunity for them to
apply what they have learned in adapting to new
situations and hastening their progress along
the road of personal advancement.

Facility and Capital Flexibility

Other management problems characterized

by a need for flexibility involve facilities, cap-
ital and planning. First, with respect to facil-
ities, the necessity for organizational rearrange-
ment, as well as expansion and contraction with
variations in sales imposes unusual require-
ments for flexibility in facilities. This flex-
ibility involves both brick and mortar and sev-
erable items. In order to provide for the re-
arrangements attendant upon the formation of
new project organizations, it is desirable that
buildings be properly sized to house integral
numbers of complete operations which must be
able to communicate internally with the great-
est of ease. Furthermore, these buildings
should be laid out to permit the modular con-
struction of rooms, laboratories and work
areas which can be modified "over-night" by
merely changing prefabricated walls.

Flexibility to facilitize changing numbers
of personnel can be obtained by providing some
relatively short-term leased buildings and
equipments, properly phased as much as pos-
sible to match predicted personnel load varia-
tions.

Flexibility to handle variations in sales
can be obtained by the judicious use of over-
time along with contracts for time and material
for for the actual accomplishment of contract-
ually defined tasks with outside suppliers.

Flexibility in capital requirements can be
provided by the judicious linking of leased cap-
ital equipment with that which is owned by the
organization; and by the use of outside labor
and facilities, under contract to help provide
the equivalent of additional working capital.
These means are, of course, in addition to the
normal financial arrangements which are well
established in most businesses and the use of
progress payments by the customer.

Flexibility in Planning

The ultimate key to success in achieving
the flexibility required for the dynamicism of
the scientific industries lies in proper planning.
Such planning should include short-range (1
year), intermediate-range (3 years), and long-
range (10 years). It is most desirable for any
organization to formalize and regularly update
its planning even if unforeseeable conditions
and rapid changes render this planning increas-
ingly inaccurate as its time span is extended.
Even such inaccuracies form a basis for deter-
mining possible faults in the planning data or
systems, and possible improvements which can
be made in the operation.

The planning itself should be flexible and
should cover all aspects of the business. The
requirement for accurate forecasting is, of
course, proportional to the minimum lead time
for accomplishing the plan. Buildings cannot
be erected over night, key people cannot be
hired and instantaneously become effective on
a predictable basis; and even the training of
people in new job skills to the point of effect-
iveness takes considerable time.
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Planning may be approached in at least
two ways with respect to what future business
can be obtained. The first of these is based on
the capacity of the organization and the faith
that it can remain competitive as required to
generally fill its capacity. The second is based
upon the probability of obtaining specific pro-
grams and their effect on the operation. Where-
as it is often not possible at the time of planning
even to know of the existence of programs which
may become most important during the period
covered by the plan, it is often feasible to re-
cognize the probable growth of a particular
product area into which such programs will
fall. Of course, when programs are already in
existence within the organization, it is relative-
ly easier to predict their requirements for
people, capital and facilities.

A most important management problem is
associated with the difficulty of obtaining large
new programs at the time when the organiza-
tion is loaded with large existing programs.
As a result, if the organization depends entirely
upon large programs for its business, the plan-
ning may have to be based upon a predictable
(and sizeable) variation in sales. The only al-
ternative to this requires a very large organ-
ization with a greatly diversified product base.
Even here, where it is feasible to expect large
programs to be captured on a more or less
continuous basis, accurate planning must be
accomplished to provide for the shifting of per-
sonnel assignments and organizational changes
required to phase one program smoothly in be-
hind another.

Of course if an organization has a relative-
ly large number of small programs, its ability
to maintain a planned load without violent oscil-
lations is greatly increased. On the other hand,
in the scientific industries, even organizations
with a large number of small projects are still
unlikely to achieve steady-state mass produc-
tion and, therefore, must plan for continual
personnel reassignment, reorganization, and
change in facilities.

One of the greatest problems in planning
lies in "betting on the right horse." The aero-
space and military electronics industry can
count numerous examples of large programs
which were not carried to completion, because
it was determined after they had been started
that they did not provide an optimum expend-
iture of government funds. Consequently, an
organization must be prepared to evaluate the
probabilities of continuation of any program
which it attempts to obtain. This probability
of continuation is an important part of the plan-
ning which leads to the original proposal on the
program and the planning for providing people,
capital, and facilities, once the program has
been captured. This planning is often very dif-
ficult because it can be affected by so many un-
controllable factors.

Probably the best criterion for judging such
a program is to determine whether or not it
"'makes sense."' This requires an appraisal of

the validity of the overall objective; the pro-
gram's ability to accomplish the objective econ-
omically and in a timely fashion compared to
alternatives; the probability of funding; and the
reality of associate programs, schedules and
cost upon which it is based.

COMMUNICATION PROBLEMS

One of the greatest problems facing man-
agements of scientific industries involves all
aspects of the tremendous amounts of communi-
cation which are required to accomplish the
industries' objectives. This problem involves
the complexity of the information which must be
communicated, its quantity and its accuracy.
It includes attention to both transmission and
reception of the information.

Because of the quantity, it is absolutely es-
sential that management concentrate on elimi-
nating all communication which is not necessary
and increasing the information content efficiency
of that which is.

Courses in Better Individual Communication

The efficiency of each person's commun-
ication can usually be improved by courses in
writing and speaking, and by other courses in
reading and listening. Such courses, however,
will probably prove sterile unless followed up
by continuing appraisal of the effectiveness with
which individuals apply them; and by strong
motivation for continued improvement in these
areas by the individuals. Such follow-up and
motivation is properly a function of manage-
ment.

Elimination of Unnecessary Communication

Control of the quantity of unnecessary com-
munication is also a management responsibility.
Each of us, in thinking over his daily activities,
will recognize that he is acting as either an in-
formation receiver or transmitter much of the
time. The media for these transmissions or
receptions involve letters and reports to be
written and read; telephone calls to make and
receive; informal conversation; and formal
meetings or briefings. Each of these can be
subject to abuse from the standpoint of necessity.

Pride, Correspondence and Meetings

One great underlying cause of such abuse
is the fear of key individuals to be found ig-
norant on questions which they might be asked.
Another factor revolves around the status as-
sociated with being included on distribution
lists and in meetings. How many times have
valuable man hours been wasted by including
persons on distribution lists or as attendees at
meetings simply because they might "feel hurt"
if they were left out?

Correspondingly, many managers bring
their experts with them to meetings on the off-
hand chance that the expert might be able to
provide answers to questions which just might
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be asked. Much valuable time could be saved
if managers were willing to say "I don't know,
but I'll find out" at such time as a question is
asked, instead of requiring their experts to sit
through complete meetings in which most of the
time they have nothing to contribute. A con-
siderable amount of valuable time of key people
could be saved by a policy which makes it an
honor not to be included on a distribution list
or not to be invited to a meeting, unless the
necessity for each is clearly established.

It must become well recognized that the
choking effect of too much communication, and
the time which it unnecessarily requires of the
individuals involved, is often far worse that too
little communication which every now and then
creates a "horrible example." Unfortunately,
the horrible examples are clearly identifiable.
It is much more difficult to measure the loss
in efficiency of key individuals who must spend
too much time in reading unnecessary corres-
pondence and reports, listening to unnecessary
telephone conversations, and unnecessarily at-
tending meetings.

Minimizing Unproductive Exercises
and Studies

Another way in which too much communi-
cation affects operational efficiency involves a
widespread tendency toward repeated require-
ments of "for instance" exercises and studies
to handle situations which only might occur, to
a degree of detail which most probably would
not be required. This should be resisted firm-
ly by management.

Plan Communication to Minimize
Interruptions

Managers should also be careful to avoid
calling their subordinates unless it is absolutely
necessary, thereby risking an undesirable inter-
ruption of the subordinates' activities. Rather,
communication with subordinates and peers
should be limited as much as possible to meet-
ings or telephone calls scheduled in advance so
as to avoid disruption of the individuals' oppor-
tunity to concentrate for long enough periods of
consecutive time to complete their work assign-
ments.

Don't Travel in Herds

Another improvement in efficiency can be
achieved by avoiding the tendency to send herds
of specialists on trips to answer questions which
just might be asked of a manager. Not only does
this involve unnecessary travel expense but, of
greater importance, it represents a non-product-
ive use of key people. It often is possible for a
trip to be handled by one or two individuals, if
these individuals can obtain sufficient informa-
tion in advance to permit them to do their home-
work and to rely on the telephone to obtain
answers to questions which they did not anti-
cipate.

Problems of Information Accuracy

Other communication problems are associ-
ated with the accuracy of the information in-
volved. This is one of the characteristics of
the scientific equipment industries, particularly
those having complicated products being de-
signed, built and tested for the first time. As
a result of this it is not unusual to find infor-
mation which is a basis for action or decision,
distorted to the point where it may be worse
than useless.

Distortion by Series Transmission

One way by which this distortion occurs is
by a transmission through a series of individu-
als. Such a chain normally follows the organ-
izational lines and is characterized by a mis-
application of the principles that a manager
does not give direct commands to his subord-
inate's subordinates and a subordinate does not
call his boss's boss. Whereas these principles
are normally sound, they definitely do not apply
if the sole purpose of the communication is the
transmission of information and is not a basis
for action which bypasses a level of the organ-
ization. Much of this distortion can be elim-
inated by the use of parallel communication and
by the motivation of individuals away from the
desire to be involved directly in every com-
munication between their subordinates and their
bosses.

Regular Multi-Echelon Meetings
with Planned Agenda

One way by which the accuracy of commun-
ication can be improved is by the use of periodic,
scheduled meetings with planned agenda. Thus,
it is desirable for each manager to meet reg-
ularly, say once a week, with the persons re-
porting to him, both as a group and individually.
The distortion of series-transmission of infor-
mation can be further reduced if one of the
group meetings each month involves the sub-
ordinates of the individuals reporting to the
manager. Meetings involving three or more
echelons of the organization can also provide
improvements in communication and motivation,
as well as the opportunity for a powerful boost
in morale of the organization as a whole. Ob-
viously such large meetings provide only lim-
ited opportunities for group discussion and
should probably be limited to a planned program
of presentations with question-and-answer
periods. As a general rule, it is essential that
each meeting have minutes including both in-
formation items and action items. It is also
important to follow up on the action items of
the minutes and to review them at the following
meeting.

Formal Critical Problem Identification

Experience in the management of compli-
cated, rapidly changing programs has shown
that it is often very difficult to bring problems
to the attention of authoritative management in
a timely fashion. This is partially because of
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the natural reluctance of a person to admit the
existence of a problem to his superior or to
seek his help short of an obvious inability to
solve the problem himself.

A corresponding difficulty involves the ten-
dency of very busy individuals to neglect taking
immediate action on problems which have a
deadline for solution considerably in the future.
If the lead time required for the solution of
such a problem is long, such failure to initiate
action in time, because of the lack of immediate
urgency for the solution, can produce catastrophic
delays and increases in cost. It is important to
realize that problems under discussion here are
of the unexpected, unplanned variety not covered
by normal management visibility and review
systems (such as Pert for development pro-
grams).

One attack on this type of Communication
problem can follow ihe lead of the Air Force
Systems Command's Ballistic SN-stems Divi-
sion's ''Dynamo System." Such a system,
adapted for application in an indtustrial organ-
ization provides formal recognition of the ex-
istence of a problem which meets certain cri-
teria and simtultaneouslx initiates action to en-
sure its most effective solution. These criteria
are designed to ensure that the problem can
have important effects upon the organization
and its commitments in comparison to lesser
problems. Such effects may involve schedule,
cost, performance or commitment of assets.

Autonetics' Dynamic Management System

At the Autonetics Division of North Amer-
ican Aviation, this formal problem identification
is accomplished by the "Dynamic Management
System." Briefly, the system starts with a
list of key people in each part of the organiza-
tion who can approve the identification of a
problem and initiate a formal "Dynamic Man-
agement Action." Just as certain individuals
can approve the identification of a problem, so
there is a list of other designated individuals
at management level to whom the problem can
be directed for requested solution. The vehicle
is called a "Dynamic Management Action Re-
quest," and the manager who receives such a
request must reply to it, indicating his planned
action, within 24 hours.

Following initial acceptance of a Dynamic
Management Action Request, an assignment of
responsibility for working the problem is made
to a specific individual. Periodic reports are
produced showing progress toward solution and
naming the individual at the lowest level with
complete responsibility for the problem until a
solution has been effected. This is formally
recognized by the closing out of the Dynamic
Management Action with the approval of the
originator.

Formal reports of the 10 most pressing
Dynamic Management Actions within each or-
ganizational entity are prepared weekly and re-
viewed by the executive in charge. The 10 most

important Dynamic Management Actions within
the whole Autonetics Division are reviewed by
the Executive Office.

Such a formalized procedure of identifying
critical problems and making certain that ac-
tion is taken to solve them can go a long way
toward improving the c ommunication within the
organization associated with problem solving.
It can prevent lack of timely attention on critic-
al problems which otherwise might have "fallen
through the crack."

PROBLEMS OF APPROVALS

The more complex an organization becomes
the more individuals, management levels and
staff members can become involved in the re-
view and approval of important operating or
commitment documents. These may involve
operating directives, budgets, authorizations to
spend money, proposals, contracts and other
documents with financial, legal, security or
corporate image overtones.

Under such conditions there is every op-
portunity for force approvals up through a long
chain of signatures to the highest organizational
levels. If these are requested sequentially, the
result can be unreasonable delays in action both
from the time spent on each approver's desk
and the time in transit between desks. Further-
more, the total load on higher levels of the line
organization can become so great that it is
physically impossible for such executives to
find enough time to give all of the documents
which they must approve the consideration to
which their signatures should testify. The re-
sult is a tendency for the higher level exec-
utives' signatures to represent only their faith
in those who signed before them (or their staffs
to whom they may have referred the document
for review). Conversely, lower-level signa-
tures often represent a lessening of the feeling
of responsibility for critical review because
these people know of the responsibility for re-
view and approval at higher levels. It can be
seen, therefore, that a long sequential approval
chain can be damaging on at least five counts:

a. It delays the final execution of the
document.

b. It quite possibly actually lessens the
quality of the review and the validity of
the approval.

c. It imposes additional duplicate loads on
key members of the organization who
attempt to find time for some type of
review.

d. It imposes a considerable load on the
communication system of the organ-
ization with the attendant increase in
cost for reproduction, transmission,
and filing of documents.

e. It increases the probability of multiple,
sequential rework of the documents to
fit the desires of individuals who re-
view the material sequentially and feel
impelled to contribute to it.
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There is no single, clearcut solution to the
approval problem. However, some actions can
be taken which in part or in toto can reduce it.
These actions are obviously dependent upon the
situation which exists at any given time, the
competence of the individuals and the optimum
tradeoffs among the different courses of action
available. These actions include:

a. Parallel review in a single meeting of
the significant features of the material
by several levels of the management
chain. This can save time, force at-
tention by all members present, pro-
mote discussion, and reduce the costs
and delays caused by sequential rework
and document handling. The tendency to
wait until the material has been "pret-
tied up" or reproduced in final form
before review by high levels of manage-
ment should be avoided if possible.
This, of course, requires an attitude on
the part of individual managers which
does not ''mark down" the individuals
who prepare the material because of
mistakes which are found and changes
which are deemed desirable.

b. Establishment and execution of a policy
which balances the negative effects of
occasional "horrible examples" against
the overall cost in time, money and qual-
ity of work required to take maximum
precautions against mistakes.

c. Realistic evaluation of the consequences
of and risks involved in making various
types of mistakes. Such an evaluation
should determine the number and level
of the minimum approvals absolutely
required. Thus, in some instances it is
absolutely essential that material be re-
viewed for possible violations of secur-
ity regulations, legal implications, ef-
fects on the public and financial commit-
ment as well as the quality and accuracy
of its technical, marketing or manage-
ment content. Other material may not
require review by each or all of these
specialists.

d. Approval and review should be held to
the lowest level commensurate with
realistic ability for individuals to spend
the time and have the competence for
the review, together with their responsi-
bilitv and authority. Such "lowest au-
thoritative levels" should have the re-
sponsibility to call special cases to the
attention of higher authority and have
the required access to this authority.

e. Wherever possible, review should be
conducted in parallel and the reviewers
should exert their authority bv disap-
proval or comments within a specified
reasonable time. Lack of such disap-
proval, in writing, with reasons should
be taken as tacit approval. This pro-
vides one of the single most effective

ways to avoid the problems of multiple
approvals in sequence.

IMPROVEMENT OF INDIVIDUAL
EFFECTIVENESS

Some of the actions which can be taken by
management to improve each individual's ef-
fectiveness have already been discussed as
problems in training, motivation and commun-
ication. There are other considera:tions.

Make Sure the Problems are Real

It is obvious that maximum efficiency can
be obtained only if individuals are assigned to
work on real problems of unquestionable im-
portance to the achievement of objectives of
the organization. Nevertheless, one of the
greatest dangers in complexity and rapid
change, is the "spinning of wheels" of the key
people in the organization, either by working
on the wrong problem or working past the point
of diminishing returns.

In a less complicated operation, it would
be possible to require each supervisor accur-
ately to direct the work of those people report-
ing to him. But under conditions of massive
communication complexity and change, along
with work which is often being attempted for
the first time, each individual must be indoc-
trinated with the idea that he has the respon-
sibility for identifying the point of diminishing
returns and for questioning the importance of
his assignment.

In order to be able to carry out these
responsibilities, it is important that each key
individual in an organization be made aware of
the broad objectives of the organization and
the activities of others in it which are neces-
sary to fit with his own activity in achieving
these objectives. It is also desirable, as men-
tioned earlier, to train specialists in disci-
plines beyond their immediate specialty so
that they can understand and appreciate how
they fit into the organization and can commun-
icate efficiently with others working on differ-
ent aspects of common problems.

Although it is usual for individuals to as-
sume no responsibility beyond their immediate
assignments, a great advantage can accrue to
the organization as a whole if personnel are en-
couraged to point out difficulties or suggest im-
provements wherever they recognize them, re-
gardless of the direct relationship to their as-
signed work.

Motivation to Report Mistakes is a Must

Another management challenge is based
upon the tendency of individuals to cover up
their mistakes rather than reporting them. It
has been demonstrated several times by spec-
tacular failures of complex system, that such
a natural human tendency can be catastrophic
if it affects the reliability of equipment. This
tendency can be just as catastrophic, if less
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spectacular, when applied to the reliability of
information which is the basis for important
action and decision. Of course, the tendency to
cover up has evolved from the very common
use of penalties for mistakes and rewards or
pride in reputation for doing a good job.

Although management must always take
every step possible to minimize the number of
mistakes which individuals make, it is even
more important, under the dynamic conditions
of the complex scientific industries, to motivate
individuals to discover and report their mis-
takes as soon as possible. This type of motiv-
ation can take many forms, but certainly one
which should be effective is to rely upon ran-
dom sampling to detect mistakes and to make
it well known that the penalty for covering up
or not reporting a mistake is far more severe
than the penalty for making it. Correspondingly,
the dissemination of information - the probable
accuracy of which is not delineated and which
is biased by half-truths, old truths, and un-
truths - must rank high among the categories
of "mistakes" which must be avoided if pos-
sible, and reported when identified.

Motivation to Control Originality

The problem of motivating highly creative
individuals to use the ideas of others and work
already accomplished elsewhere, requires con-
tinual management attention. Sometimes a very
fine line must be drawn between the exercise of
control,s designed to avoid the inefficiency of
unnecessary originality and the stifling of
creativity which could result from too much
restriction on originality. To this end, rewards
of remuneration and a status must be realined
to give proper credit for maximizing the use
of standard techniques, designs or equipments.
Such use of standards often actually requires
more ingenuity than the invention of substitutes.
There are at least two reasons for this.

Requirements are Not Sacred Until
Questioned

First, the requirements or specifications
for new work are often written without a knowl-
edge of work which has been done in the past;
and, therefore, cannot be satisfied by the use
of, or relatively simple improvement or mod-
ification of previous work. Under such a con-
dition, the first step should include a re-exam-
ination of the validity of those parts of the re-
quirements or specifications which render pre-
vious work inapplicable. It is often found that
the originator of such requirements or spec-
ifications is quite willing to modify them, if he
can be shown that by doing so he will not be
trading new problems for old and can have the
corollary benefits of experience, with its im-
provements in cost, schedule and reliability.

Information Svstem Must Simplify
Discovering What Has Been Done

The second reason is associated with the
problems of finding out what work has already

been done. To this end, it is most important
that a formal system exist for recording and
indexing such work to permit its discovery with
relative ease. The problem is even more dif-
ficult where the work has gone on outside of
organization. Here, one of the most important
services of a functional staff can be the main-
tenance of a continuing survey of information
available from outside the organization, and a
system for making such information readily
available on call when identified in any one of
several different ways.

Problems of Priorities

All individuals have a continuing problem
of establishing priorities with respect of their
own activities. This ranks high in importance
of the list of items affecting an individual's man-
agement of himself and the value of his output.
Great weaknesses can exist if individuals tend
to give equal priority to all assignments or
highest priority to the most recent assignment,
to the latest task, to those having the loudest
voices (''the squeaking wheel"), to the activity
which is most interesting personally to them,
or even to the directives of their superiors'
bosses.

It is important that personnel be able to
develop their own assessment of the time re-
quirements to accomplish their assigned work,
and of the relative importance of the various
jobs for which they may be simultaneously re-
sponsible. It is essential that they do not hesi-
tate to inform their superiors of these estimates
and of their personal ideas regarding priorities.
They must realize that they can only perform a
service for the organization as a whole, and
their boss in particular, if they inform him of
the consequence of new assignments on the
discharge of previously allocated responsibil-
ities, and make certain that he at least under-
stands their evaluation of the priority of each
task for which they are responsible.

The failure to question the boss and the
boss's latest directive, when such a directive
can be carried out only at the expense of pre-
vious assignments, is a most common failing
at all levels of an organization. It is one which
requires intensive objectivity; willingness to
admit personal fallibility inconsistent with the
organization chart; courage; and a degree of
tolerance of the line relationships often incon-
sistent with the normal tendencies of human
beings.

It is, of course, possible to mention qual-
itative factors (which must seem obvious but
are quite difficult to quantify) affecting the es-
tablishment of priorities. Each task can be as-
signed a certain importance relative to the
others. This importance varies as a function
of time. A first step in assigning priorities is
to establish the relative importance of each
task in terms of tradeoffs among the quality of
its accomplishment, the date of completion and
the cost. Each task must require a certain
total time out of the personal budget of the in-

[ 55]



dividual and a certain calendar time, since
often the individtual's activity must be per-
formed intermittently around the series work
of others. A second step in the establishment
of priorities involves an ability to make ac-
curate estimates of total hours required. Ob-
viously, those tasks which require a long cal-
endar time to complete must be started suf-
ficiently in advance to meet their schedule.
Often the amount of time required can be varied
radically by the quality of the results achieved.
One important consideration is the minimal
acceptable performance consistent with com-
mitments and other elements with which the
task must combine to produce an organizational
output. By the proper mix of importance and
time it is theoretically possible to establish a
list of priorities on any given day. It is norm-
ally patently impossible to meet all of the re-
quirements imposed to optimize all tasks sep-
arately. The best solution can be obtained
theoretically if we try to push our efforts until
all incremental outlays (or efforts) are just
equal to incremental returns.

Since such a criterion is most difficult to
quantify, we must end up applying our best
judgment to establish personal priorities, hope-
fully avoiding the pitfalls mentioned above, but
always guided by the practical fact that our
superior has the authority to override our own
priority schedule.

One important consideration, particularly
for manager, is not to schedule each day com-
pletely. This is for two reasons: First, to
handle unscheduled interruptions requiring
time not possible to foresee in advance; second,
and perhaps more important in a scientific
industry, it is most important that time be al-
lowed for intensive analysis and concentration
to a degree not normally required of managers,
on the special problems and considerations
which lead to significant action.

The Conservation of Consecutive Time

Finally, a factor which is often not recog-
nized although obvious to anyone from his own
experience, is the importance of avoiding an
overload an any key individual in the organiza-
tion. This overload may arise from the assign-
ment of more work than he can possibly accom-
plish, but it is more likely to result from un-
necessary and unproductive interruptions and
diversions which do not provide the sufficient
consecutive time for him to complete his
thoughts. The importance of this is emphasized
when it is recognized that the complexity of
topics requiring mental activity in a scientific
industry is so great as to make it necessary to
use relatively longer periods of time to com-
plete thoughts than must be emphasized in less
dynamic industries.

How many of us, who have been repeatedly
interrupted in the performance of a task, have
not felt that our output might be increased
several hundred percent if we only had twenty
percent more consecutive time available ? This

is because every interruption of thought re-
quires a certain amount of "setup time" when
thought on the problem is once again resumed,
analogous to the setup time on a machine in ad-
vance of the actual accomplishment of work.
Consequently, the recognition of the importance
of minimizing interruptions and trying to sched-
ule those which are necessary, to maximize the
consecutive time of key individuals, can prob-
ably increase such individuals' output dramatic-
ally with a corresponding improvement in ef-
ficiency of the organization as a whole.

SELECTION AND DEVELOPMENT
OF MANAGERS

Two dangers - too much management by
specialists and too little technical competence
and ability to concentrate as necessary - make
it most important for the board of directors of
a scientific industry to make certain that their
top management understands the peculiar prob-
lems of their industry and the special charac-
teristics of managers which it requires. Just
as important, their organization must be able
to select men with adequate intrinsic manage-
ment capability and provide means for their
training and development.

Inadequacy of Classical Methods

The problems of selecting and developing
various types of managers for the whole spec-
trum of classical and industrial organizations
has received broad attention by institutions of
learning, management professional societies,
management consultants, and industrial organ-
izations. Most of the basic principles of such
selection and development processes are ap-
plicable to the scientific industries. This is
particularly true in areas involving human re-
lations and administration. Accordingly, only
those characteristics of managers and factors
affecting their selection which are peculiar to
the scientific industries will be considered here.
Such items, as almost all others discussed
herein, involve the unusual complexity and
dynamicism of these industries.

In the selection of managers it is first
necessary to identify individuals having the
proper inherent characteristics and ability.
These can then be augmented by knowledge ob-
tained from training courses, personal study,
and, most importantly, experience. Finally,
it is necessary that they have the opportunity
to manage under conditions which permit their
continued development. This opportunity to
practice management as well as the acquisition
of knowledge must involve ''feedback," ob-
tained by measurement against such standards
as performance relative to others, performance
relative to established objectives, and the recog-
nition and correction of deficiencies.

The cliche that a good manager can man-
age anything is not nearly as applicable to a
complex, dynamic industry as to the more
classical type of management position. One
reason for this is the fact that the problem of
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interpreti-ng standarcd marnagement performance
indices ancd trends is much more difficutlt be-
cause of the amount of data which must be sum-
marized, the great diversity of this data with
its attendant difficulties of standardization, and
the rapidity of change of information from which
such data are derived.

As a result, the managers at all but the
lowest levels in a scientific btusiness cannot
rely on delegation and report as a basis for
disctussion and decision to the same extent as
the managers of more stable operations. It
is not enotugh for a manager to be a good ad-
ministrator, a master of delegation, a writer
of clear directives, a rapid reader of reports
and an inspirational leader. This is because:

a. The changing nature of the business and
the organization makes it less possible
for the people reporting to a manager to
develop atutomatic competence in their
jobs by long experience doing a type of
work which changes slowly if at all.

b. The great diversity, quantity and rate
of change of information used as a basis
for decision and action makes it con-
tinually important for managers to eval-
uate the information which subordinates
supply in terms of its accuracy, com-
pleteness, consistency and obsolescence.

c. The quality, complexity of content and
rate of change of information which is
the basis for directives makes it much
less possible to rely upon the accurate
interpretation of these directives by the
individutals receiving them without oc-
casional intensive discussion and fol-
lowup.

d. The requtirement for technical ability
and creativity in subordinates resulting
from the type of work which they are
called upon to perform, tends to make
them speak and listen in a highly spec-
ialized lingo of their own. More than
normal care must be taken to ensure
that directives are understood by them
and reports from them are properly
interpreted.

e. The creative, technically trained sub-
ordinates mentioned in (c) are often
driven by the urge to obtain ingenious
and tunique solutions to special problems
which may produce chaos in complex
efforts, if not properly identified and
controlled.

f. Technical, creative personnel resist
being motivated by, or taking direction
from, bosses whom they consider their
intellecttual inferiors, who do not qualify
as technically competent and who cannot
explain to them in their own frame of
reference the reasons for action or lack
of action with which they may disagree.

The characteristics of subordinates which

requiire particular abilities in their bosses, ap-
plv in reverse to the characteristics which the
boss must in turn exhibit to his own superior.

Characteristics Peculiar to Managers in a
Scientific Industry

As a result, any manager with a significant
position in a scientific industry has special need
to varying degrees (depending on his level and
function) for the following basic qualities and
capabilities:

a. Knowledge and analytical ability which
permits him to probe intensively into
the work of his subordinates, as re-
quired, to help them solve their prob-
lems and make certain that they under-
stand his directives and requests.

b. Knowledge and tolerance which permits
him to communicate well with his peers
and superiors and to appreciate the
basis for their actions and requirements.

c. A broad understanding of disciplines
beyond those of his particular job
which indirectly bear upon his own ac-
tivities and decisions.

d. Practical imagination and ability to
think in terms of complex patterns and
multi-move strategy.

e. Ability to "cover ground" requiring an
unusual mental flexibility and alacrity.

f. Ability to communicate relatively large
quantities of complex information ef-
fectively and efficiently.

g. Ability to "bound" a complex problem
in such a way as to exhibit its funda-
mental limitations and identify incon-
sistencies or errors.

h. Ability to recognize strategic factors
among a complex mass of interacting
situations and data.

i. Ability to recognize intuitively "old
truths, half truths, or untruths" pre-
sented as a basis for action.

j. Ability to conduct meaningful inquisi-
tions designed to bring out hidden
factors, evaluate the uncertainty of in-
formation and determine priorities for
action without involving personalities.

k. Willingness to undergo intensive in-
quisitions without feeling or acting
defensive.

1. Complete objectivity.

m. Willingness to risk being wrong, re-
cognize or admit being in error and
take corrective action without feeling
personally involved.
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n. Courage to make decisions and take ac-
tion on the basis of minimal information.

o. Understanding of the degree of uncer-
tainty entering into his decisions, di-
rectives and the data which he receives
and produces.

p. Confidence which does not permit him to
be swayed by rumors, attacks, dis-
couragement and misunderstanding.

q. Ability to assess the effect of unusual
situations on the performance of sub-
ordinates, associates and superiors in
evaluating their capabilities applicable
to other situations.

r. Physical, emotional and nervous
stamina which will permit him to sur-
vive, without ulcers or a nervous
breakdown, the frequent demands for
evening and weekend work and the in-
tense pressures of a complex, dynamic
business.

s. A family which understands the unusual
requirements of his job in terms of
time and pressure.

t. Understanding of the dynamic and com-
plex characteristics of the scientific
industries with its unusual demands for
flexibility, personal efficiency, tech-
nical competence and effective com-
munication.

Selection of Managers

Selection of New College Graduates

These special manager characteristics
and capabilities seriously affect the method of
selecting and developing managers for a
scientific industry. Thus, an unusual premium
is placed upon identifying men with the physical,
emotional and mental capabilities of an extensive
generalist, yet capable of intensive inquisition,
analysis and investigation required to handle a
special situation. College graduates with these
capabilities usually make good grades in a
technical major, while at the same time taking
part in several, and leading at least one extra-
curricular activity either on or off campus.
Often these students are recognized debaters
and public speakers, athletes, editors, student
officers and active participants in social ac-
tivities. They seek responsibility and discharge
it effectively. They carry an unusually heavy
and diversified schedule of courses and activ-
ities. They often hold down jobs in addition to
their school activities. They learn early what
the real world is like and develop the broad
and balanced personal perspective necessary to
recognize and define important problems - yet
they are able to specialize as necessary to
achieve a high scholastic standing and solve the
key problems which they identify.

As a general rule, it is better in seeking

potential manager talent to hire a college grad-
uate with a B average (containing some A's) and
a heavy load of extracurricular activities than
one with an A average and a very light extra-
curricular involvement. Such completely
specialized individuals are necessary to carry
on advanced analytical and creative activities
on problems identified as important by general-
ists - but, if given positions of authority, they
very often end up by concentrating on problems
which challenge and interest them personally
but are of secondary importance in the business.

Of course, it would be a grave mistake to
assume dogmatically that a student who did not
take part in extracurricular activities will
never continue to mature after graduation and
develop the characteristics of a generalist
which will make him a good manager. However,
such a change in individual characteristics can
only be identified after it has occurred, and
hardly constitutes a good gamble in the hunt
for potential managers among the college grad-
uates.

Manager Development Programs

Once good manager material has been
identified, he should be put to work on at least
one and preferably more specialized assign-
ments, while at the same time being encouraged
to continue his education by taking a carefully
selected series of courses in basic management
skills and supervisory techniques. It is im-
portant that the individual selected as a poten-
tial manager should be under continual sur-
veillance of the organization's manager devel-
opment organization. This organization should
keep track of his training activities and on-the-
job progress - acting as advisors to both the
individual and his superiors on his training
program and assignments. The training should
involve, in addition to general courses on man-
agement theory and practice, a specific course
in responsibility, authority, company policies,
and applicable procedures and practices pecul-
iar to his own organization.

The progress of the man with management
potential should continue to be evaluated by the
manager development organization as well as
the organization's higher-level managers. Ad-
ditional specific training programs with on-the-
job application, combined with progress inter-
views and planned rotation of assignments,
should continue the manager's development.
Suich rotation of assignments can be most use-
ful if it involves at least two of the three types
of manager activity - line operation, staff and
program management.

Selection of Managers from Industry

The foregoing represents an idealized sit-
uation suLch as would not normally be achievable
tintil an organization had existed in a mature
form long enough to permit the time which such
a manager selection and development program
would require. A more usual case in the
scientific industries involves an organization
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which evolved from a handful of analytical or
idea technologists through the phases of devel-
opment, production design, production and lo-
gistic support. For such an organization the
majority of managers must often be selected
from the personnel at hand, who have shown
some capabilities of leadership and admin-
istration. To this end, it is important that the
characteristics and requirements of managers
in the organization be clearly and widely dis-
tributed. A smaller number are hired from
other companies where they presumably have
acquired manager experience and demonstrated
their capabilities.

Managers selected from either source must
undergo the same kind of evaluation and coun-
seling that was outlined for new college grad-
uates, except that the activity cannot usually be
as well planned and must be more intensively
sandwiched into the manager's schedule as a
higher-priority commitments may permit.

Here, to an even greater extent than for
the new college graduates, it is most important
to be able to identify in the individual those
potential characteristics and qualities outlined
above. Since these men are often older and
with their high-priority job assignments, have
less time available for training. Also, the loss
of a key technical man of unusual competence
to become a second rate manager constitutes
a loss to the organization and a disservice to
the individual. There is no single, certain
method for doing this. However, each of the
characteristics should be carefully defined in
terms most applicable to the performance,

opportunities and constraints under which each
individual has been known to operate. Then all
means of obtaining this information should be
interrogated, and a composite characteristic
profile prepared for each manager or candidate.
This profile should be used in the now standard
manner to point the way to items needing im-
provement. All normal methods - counseling,
studies, and training programs - can then be
considered to achieve the desired progress and
capability. Further, the performance of such
managers on their jobs must be closely mon-
itored and used to update their evaluation and
profile of important characteristics and cap-
abilities and to point the way to action which
will improve their capabilities.

CONCLUSION

The industries which have grown up to ex-
ploit the wonders of science have problems of
management which are unique. Our ability to
solve these problems may provide the ultimate
limitation on our ability to take advantage of the
work of our scientists. Much progress has been
made in identifying these problems, but much re-
mains to be done in accomplishing their optimum
solutions. Yet upon these solutions depends the
brightness of our future and even the survival
of our way of life. The people of the Free
World have been made well aware of the deadly
challenge of the scientific race now being run.
We must also realize that, to win this race, we
dare not be second best in solving problems of
management essential to convert the scientific
breakthroughs to usable reality.
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INCREASING PRODUCTIVITY THROUGH
JOB ENLARGEMENT

Irwin A. Rose
Vice President of Manufacturing

The Maytag Company
Newton, Iowa

It is a pleasure to meet with you and tell you
of our experience in The Maytag Company with
job enlargement, or job enrichments, as com-
pared to otur experience with excessive job spe-
cialization.

When excessive specialization results in un-
necessary de-skilling of the task, an examination
of other alternatives in job design calling for an
increased number of skills, responsibility, and
variety in the task may be in order.

Our experience on a number of jobs indicates
quite clearly that product quality, direct cost,
indirect cost, and relationships within the organ-
ization can be improved by designing more oper-
ations into a single job, resulting in a longer
cycle of time.

Since jobs in mass production plants are
frequently planned along lines that call for a
great deal of specialization, many of the tasks
will have the following characteristics: (1) small
repetitive increments of work (2) minimum skill
requirements, (3) mechanical pacing of the work,
(4) operator difficulty in relating the task to the
finished product and, (5) adherence to a rigid
time cycle.

By contrast, job designs which provide the
operator with a variety of work, along with re-
sponsibility for quality of the product which the
operator cheeks and for which the operator is
held accountable, together with operator free-
dom to set the pace within limits would, for the
puirpose of this discussion, meet the require-
ments of an enriched job.

Where prodtucts are assembled on a pro-
gressive line, there may be a limited choice of
means of assembly, related to the design of the
product. The layout or equipment may also con-
trol the sequence of operation. This results in
either the grouping of certain operations or the
possibility of limiting an operator to the perform-
ance of a few motions. Where there is no choice,
I see no point in taking exception to the exces-
sively specialized task.

The simple question that arises at this point
is to what extent can we design jobs and modify
conditions so as to increase the number of op-
portunities for cost reduction by the use of job
enlargement? Looking at our fragmented tasks
in retrospect it becomes apparent that many
forces operate to obscure the attractive possi-
bilities of the enlarged job design and after jobs

are in production, force of habit operates to per-
petuate the over-specialized job.

The physical layout and material delivery
systems which have been developed to serve con-
tinuous lines at times can influence both planners
and supervisors to limit the choice of methods to
be considered. Innovations can be employed to
overcome these limitations when there is an ap-
preciation of the advantages of the longer work
cycle.

One very effective installation which I saw in
a mass-production plant demonstrates this clear-
ly. The operator performs a number of operations
----- including assembly, soldering and testing
---- the supply of parts are made available by
making use of a simple spiral chute., fed by the
main assembly conveyor, which places the com-
ponent close to the work station. The operator
is not paced by the conveyor and merely flips a
switch to position the work. After completing her
work, she manually prepositions the finished part
in such a way that it is automatically picked up
and moved to the next station when a free position
occurs on the conveyor. The important materials-
handling advantages of the progressive line are
preserved while providing the operator with a
variety of work, including the responsibility for
the quality of the work, which she checks. In
this case, a refinement in the method of delivery
and removal of the parts opened up the way to
improve the method at the work station.

Over-emphasizing the importance of mechani-
cal pacing of the work may cause some super-
visors to be predisposed in favor of excessive
specialization, whereas. other methods would be
more productive. What I have in mind is best il-
lustrated by the following questions, taken from
an industrial study.

''' Why were relations with men so important?
Did not the moving line determine how men should
work and keep them at it? Some foremen said it
did and that this mechanical compulsion made less
human supervision necessary. "

''The line does a lot of work for you. The
men have to keep up with it. If I stand down at
the end of my section, I can see if anything has
been done wrong by one of my men, and I can
find out why."

The Foreman on the Assembly Line - Walker,
Guest and Turner
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"I like the moving line because you know
where yotur people are. The first thing I do
when I come into a department is to try to do
away with subassembly operations. I don't like
them at all. The line here, the moving line, con-
trols the man and his speed. Then, no matter
how slow a man is, he has to keep moving.
We're all human, we like to go as slow as we
can unless we are pushed, and this line controls
him perfectly."

Advantages of Job Enlargement

While it may seem paradoxical, our total
training costs for enlarged jobs are somewhat
less than our total training cost when training
for the fragmented job. The following compari-
son is offered by way of explanation of this fact.

When a 20-per-cent increase in production
is required on a line employing 100 people. all
operations normally require rebalancing. As a
result, all of the jobs of the people presently
employed have to be changed, and, in addition,
new people have to be trained. Learning is only
one of the factors present when dealing with re-
sistance to change. Informed professional people
have agreed that the setting of an accurate labor
standard is relatively easy. Acceptance of the
standard is the important consideration. and it
is a prerequisite to serious effort on the part of
the operator. This makes our task harder be-
cause of the large number of people involved in
the adjustment which occurs when all the jobs
are changed.

Contrast this situation with the condition
that prevails when the job is enlarged so that
each operator performs the entire job. Assume
that at a production level requiring five full-
time operators,there is a need for a 20-per-cent
increase in output. A new operator is then
brought in for training, with proper allowance for
training time. The five operators continue to
produce at full-capacity, since there is no change
in their jobs. As a result, the new operator has
a very good example set for him by five different
individuals who are performing at a particular
standard, and this standard is not likely to be
questioned. The new operator, under these con-
ditions, will generally strive to develop compe-
tance within a reasonable period.

A change in the labor standard, regardless
of its cause and character. can always be the
basis for doubt and concern on the part of those
employees affected. Since this is so, production
level changes on the paced line, with the resul-
tant modification of grouping of elements and the
"new standard" introduce this factor of doubt
concerning the standard.

By the use of the job enlargement principle,
such changes are accomplished by the simple
process of removing individuals-the labor
standard is not affected. The only time the
standard is modified is when there is a change
in design, specification, or method. These are
obvious to the worker, and he understands that
a change has actually been made. As a result,

he is mtuch more inclined to accept it rather than
a mere "regrouping" of the same work which in-
volves no such change. The fact that alterations
in design are relatively infrequent makes for a
high degree of stability and the avoidance of con-
fusion. Because new standards are not required.
much costly staff time is saved; and in addition.,
the staff is freed to do creative work.

If assembly jobs are planned so that the
worker becomes more skilled, we can take care
of our present production more efficiently. Be-
cause of the versatility developed in the operator,
his future job assignments are easier to learn.
The more skills an operator acquires. the easier
it is for him to master new ones. It would appear
that in addition to enjoying lower training cost, the
developing of greater operator skills also pro-
vides greater flexibility.

Most subassemblies in our plants seem to be
logical items to be considered for job enlarge-
ment. There are, of course, those assembly jobs
which involve simple repetitive motions that might
be profitably mechanized. These include such
items as the assembly of washers to screws and
the prepositioning of parts on conveyors and
similar items. Our experience with job enlarge-
ment indicates that more rather than less mecan-
ization of simple operation is apt to occur.

A careful analysis of methods- with at-
tention focused on opportunities for eliminating,
combining and simplifying to permit expansion
of the job ----- will be far more profitable than
pre-occupation with balancing time values on the
fragmented job.

The complete assembly of our automatic
pump, for instance, consists of 25 component
parts ----- a variety of materials ranging from
small screws to the largest component, a die
cast housing approximately seven inches in di-
ameter. After assembly, the unit is given a
run-in test, and a water-immersion test. Each
pump permanently carries the operator's identi-
fication.

Before job enlargement, a progressive assem-
bly was made on a bench and on a power conveyor
which then moved on to the water-immersion test.
The major portion of the work was performed on
moving conveyors. Four to six operators were
employed, depending on production schedules,
and this resulted in a very high degree of spe-
cialization. For some operators, the work in-
volved only the assembly of a couple of parts and
the driving of several screws.

With job enlargement, each operator per-
forms the complete assembly and is individually
responsible for the quality of the assembled
pump. The operator's work time for the enlarged
job is about 90 seconds as contrasted with 20
seconds for the previous group assembly.

A U-shaped assembly bench was developed
that provided, within the operator's work area of
about 3 square feet, convenient location of the 25
component parts, three assembly fixtures and the
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water-immersion test unit. Relocation of equip-
ment for performing the last machining operation
on several of the larger components allowed the
use of chutes and roller conveyors to supply the
assembly benches, eliminating considerable ma-
terial handling.

Application of work simplification princi-
ples resulted in double-station assembly and
testing fixtures that were designed to allow the
use of simultaneous motions during the major
part of the operation. Other innovations were
incorporated which reduced the assembly time
and consolidated material locations to allow
maximum use of motion economies. This
degree of refinement was not possible for the
previous conveyorized assembly group.

Thus, we have provided an operator with a
variety of work and a responsibility for quality
as well as the pace of the work ----- not just
more work of the same kind. There has been
less bidding off the job, and therefore, less
training has been required. Grievances on labor
standards have been reduced, and the operators'
earnings have been maintained at a satisfactory
level. Housekeeping is better, and because of
the stability, supervisors are able to do a better
job in this area. In addition, two economies
were realized: (1) an annual cost reduction of
$9,000 and, (2) an improvement of quality with a
refuction in the number of defective parts from
a five-per-cent to less than one-half per-cent.

A total of 15 installations of different jobs
produced in a similar manner to the pump as-
sembly have been completed, an additional 7 in-
stallations are in the process of being developed and
should be completed in the next 60 days. In every
instance, total costs have been reduced with a
reduction in such significant items as cost of re-
work and cost of quality control. These savings
are due to improved methods, improved mater-
ials-handling and operator responsibility for
quality, coupled with operator accountability for
quality. Included in the new installations are
several complete washer and dryer assembly
jobs of special models that are not produced in
great volume. By revising existing delivery and
assembly conveyor systems we were able to
provide improved job designs and facilities of
the non-paced type of installations for the pro-
duction of complete assemblies.

It appears to me that based on our experience
to date we can enjoy the full benefit of the improved
job design described on our main assembly lines.
In order to do so it will be necessary for our engin-
eers to clearly see the advantages of the improved
job designs and to make the necessary changes in
facilities. The challenge of providing the creative
changes in facilities required, can, and will, be
accepted by engineers, the over-specialized oper-
ations are not the only way of doing the job. Further
flexibility is required in order to enjoy a wider
choice of methods.

Employee Response
While no mention has been made of job sat-

isfaction, we have a genuine interest in the

subject. For many years. we have used our Em-
ployee Idea Plan which is based on work simpli-
fication principles as a means of stimulating
interest in matters of mutual concern.

Our conviction that a man's job was the
logical point to develop our mutual interests sug-
gested the use of work simplification as an ap-
propriate means to this end. An indication of the
importance attached to our efforts can best be
demonstrated by the fact that all of the officers
of the company actually spent three days evalu-
ating the complete program before endorsing its
adoption by the organization. Finally, every em-
ployee has at least ten hours of training in work
simplification. Each group of workers taking
such training is addressed by a member of man-
agement, who explains the need for employing
the best methods and solicits the worker's in-
terest and suggestions. As a result, in addition
to enjoying a substantial monetary benefit each
year. we have established a relationship which
is conducive to change. The understanding
achieved by the employees has resulted in far
less suspicion of the motives of management,
and an appreciation of the necessity for im-
provement in order to serve our customers
better.

Our endeavors in this field were followed by
a very thorough attitude survey and feedback con-
ducted by the Institute for Social Research at the
University of Michigan in 1951, 1952 and 1953. It
is interesting to note that continued research
gathered by this same group in several enter-
prises has confirmed, to a considerable degree
findings of their study of The Maytag Company
and has supported the approach to job design
described earlier in this paper. These findings
are well described in Rensis Likert's recent
book, entitled," "New Patterns of Management."
Some of the conclusions related to attitudes that
came out of this survey provide an interesting
contrast to the present attitudes reflected by our
job enlargement experience.

Our early survey indicated that many work-
ers thought they were working somewhat faster
than they would like to work. Many workers also
said that changes took place which reduced earn-
ings. When asked if this affected them personally,
nearly all replied, "No, but someone whom I
heard of had his rate cut. " With grievance pro-
cedures readily available, the probability of over-
looking an error in standards seemed rather re-
mote. Even allowing for the self-interest involved
in this proposition, the prevalence of the opinion
that the pace was excessive indicated the need to
look at both the way the job is designed and the in-
terpersonal relationship. particularly in super-
vision. It is our considered opinion that changes
which we are now making in job design will favor-
ably modify worker conclusions concerning pace
of work.

New Patterns of Management - Rensis
Likert, McGraw-Hill, 1961
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The following are some of the benefits which
have resulted from job enlargement: (1) more
stability because of a reduction in the number of
operators bidding off of jobs; (2) more stable
operator earnings as a result of not being de-
pendent on other persons' effort; (3) better
relationships with supervisors because of this
stability; and (4) clearer understanding by the
operator of his responsibility for quality.

Effect on Supervision

The opportunities for job enlargements are
not confinedto the highly organized manual jobs
that are paced. Some of our instruction and
oversight jobs classified as weekly salaried
supervisory assignments. As a result, every
time a schedule was changed men were trans-
ferred in or out of the Union ranks. After care-
ful consideration, we were convinced that with
proper standards the work of instruction and
supervision could be more effectively performed
by a working foreman who was eligible for mem-
bership in the bargaining unit.

The effect of this change was to increase
the responsibility for performance at both the
worker's and the working foreman's level and
to upgrade the jobs of the remaining salaried
foreman at the same time.

Quite aside from the high cost of having this
level of supervision, the weekly salaried men
performing these services were not getting the
experience in shop practice that was required to
maintain respect for their job contributions. By
making the instruction and supervision a part of
the responsibilit- of the working foreman as a
member of the unlit, it was our intention to em-
phasize the importance of results and to require
operator responsibility.

Traditiotially. too much of supervision's
titne has been spent reacting to current prob-
lems and situations. The working foreman, in
the proper cdischarge of his duties, relieves the
salaried foreman of much of this burden. The
salaried foreman, therefore, is now in a position
to ftulfill the true responsibilitiies of his job, in-

cluding in ample measure, foresight and judge-
ment. "Attention to future planning and events
on the part of the foreman is a major factor in
the execution of the responsibilities properly
delegated to salaried supervision.

Two areas of job enlargement have been
stressed in this discussion: that of the worker
and that of the supervisor. Increased produc-
tivity can be secured through the employment of
the concept of job enlargement. While we are
enthuisiastic about our experience at the Maytag
Company there are difficulties. Many of our
people seemed to regard "de-skilling" as evi-
dence of an efficient operation, which does not
necessarily follow. Since job enlargement re-
quires a reversal in thinking as contrasted to
the "de-skilled" approach to job design, the
necessary change in concept and in practice
presented a considerable difficulty.

Job enlargement is one of the most appro-
priate and effective devices with which industry
can respond to the demands of change, which are
now upon us because of the rapid strides being
made in mechanization. We can now design and
put to work increasingly complex mechanical
and other systems to do the work for us. but we
have done only half the job if we ignore the human
equation, whether it be the supervisors or the
supervised. Work demands a meaning if it is to
be of value, and job enlargement introduces this
purpose and meaning. It provides challenge.
interest, and satisfaction; and it enhances re-
sults in terms of both quality and cost.

Based on our experience up to this time, it
is our feeling at The Maytag Company that results
achieved to date justify critical examination of
individual situations for the purpose of employing
enlarged job designs to the extent which the indi-
vidual situation may permit.

Exe cutive Foresight: Definitions, Illustra-
tions, Importance, by Stanley Stark, The
Journal of Business, University of Chicago.
Vol. XXXIV, No. 1 - January 19l1
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LEGAL AND MANAGERIAL CONTROL OF
WORK RESTRICTIONS IN INDUSTRY*

John R. Van de Water**
Associate Professor of Industrial Relations and Business Law

University of California, Los Angeles

This paper will take an objective but firm
view of featherbedding in American industry,
will note its cost, will study the inadequacies of
current law and of management's rights in deal-
ing with the problem and will recommend changes
in the law, and will review both the public and the
private programs currently invoked to aid re-
training and job security while seeking to accel-
erate the pace of technological change.

I. Inducinig Causes

Work-restrictive practices are commonly
thought to be desired by workers merely to se-
cure a larger or more prolonged share of indus-
trial income, or to enable them in the absence of
any work strain to do a lesser amount of work
for the current rate of pay.

They may also be a result of unjustifiable
speed-up, stretch-out, or rate-cutting policies
or ill-timed technological changes by manage-
ment.'

Yet their effects are just as harmful when
they are a counter-attack upon managerial action,
if going beyond whatever is, objectively, "reason-
able" protection. Controls of such practices are
imperative if American commerce and industry
are to function with optimum efficiency.

"'Prepared under a General Grant for the
Study of Industrial productivity and the Law,
from the Bureau of Business and Economic
Research, University of California, Los
Angeles, California, for which appreciation
is expressed. The findings of fact and con-
clusions set forth herein are solely the re-
sponsibility of the author.

"'Associate Professor of Industrial Relations
and Business Law, Graduate School of Busi-
ness Administration, University of California,
A.B. 1939, J.D. 1941, University of Chicago,
Member of the California Bar; Industrial Re-
lations Consultant. Appreciation is expressed
for the research assistance of Mr. Kenneth
M. Simon, School of Law, University of Cal-
ifornia, Los Angeles, California.

1On this duality of motives, see Daykin
Walter L., "Featherbedding", 7 LAB. L.J.
699 (1956).

II. Definition

Such practices generally include limitations
on the use of labor-saving techniques and ma-
chinery, the requirement of more workers for a
job than are needed, retardation of the amount of
output in established periods of time, cutting down
on total hours of work, elimination of competitive
products from the market, insistence on an ex-
cessive number of work operations, forcing the
replacement of one group of workers with another,
and the refusal to supply workmen to certain em-
ployers on a long-run or continuing basis.

To name but a few, relevant make-work and
work-restrictive practices have included the en-
forced three day work week of John L. Lewis and
the United Mine Workers;2 the refusal to use
labor-saving devices by the cigar makers, paint-
ers, masons, plumbers, and stonecutters; certain
refusals to supply workmen by unions controlling
the available skilled manpower;3 insistence on
"bogus" (or unused) typesetting when printing is
to be done from plates cast by use of a "matrix"
or cardboard impression, which type is unneces-
sarily proofread, corrected, and then destroyed;4
the "quote" and "standby" rules and the control
of recordings by the organized musicians, in-
cluding minimum sizes for dance and theatre
orchestras, a requirement of hiring standby
musicans, and the forcing of radio stations to
use "live" musicians when recorded music is

2In the Matter of United Mine Workers, Dist.
31, CIO 92 N.L.R.B. 953, 960 (1950), en-
forcement granted per curiam, 190 F. 2d
251 (4th Cir. 1951).

3Such a refusal by New York stone carvers
occurred on the stated grounds that the
prices were getting too cheap in the indus-
try. Rochette and Parzini Corp. v. Campo,
301 N.Y. 228, 231, 93 N.E. 2d652,653(1950).
Analagously, the I.L.G.W.U. demanded a 35
hour basic work week to protect New York
manufacturers from destructive competi-
tion; Los Angeles Times, May 18, 1953, pt.
I, p. 18.

4American Newspaper Publisher Ass'n v.
NLRB, 345 U.S. 100 (1953).

[64]



used;5 the mileage, switching and work special-
ty limitations, and the minimum crew require-
ments imposed on the railroads;6 similar
minimum crew requirements in the longshore,
construction, printing, motor carrier and tex-
tile industries;7 the insistence by carpenters
that the work be done at the site of the job even
though it already has been done, or it would be
cheaper to do the work, at some other place,
and bY painters that their members repaint or
go over with a dry brush painted articles that
are furnished by a factory; the restrictions of
work in the construction industry by limiting
the size of the brush uised in painting, limiting
the number of bricks that a bricklayer can lay
in a day, limiting the number of laths that a
lather can tack in a day, and limiting the num-
ber of barrels of lime a plasterer can handle
in a specified period of time;8 the instance by
unionists on doing work formerly performed by
small business owners;9 the combination of
closed shops or union shops with arbitrarily
closed unions to limit the size of the available
work forces;10 picketing of retail outlets with
the purpose of getting more work by perman-
ently eliminating competing products;11 and
engaging in slowdowns and forcing the dis-
charge of employees who "work too fast."'12
We all know to our sorrow of many such types
of restrictive action employed in past years
during the construction and equipping of our

5NLRB v. Gamble Enterprises, Inc. 345 U.S.
117 (1953); Countryman, The Organized
Musicians; I and II, 16 U.CHI. L.REV. 56,
239 1948-49).

6Levinson, Railway Labor Act--The Record
of a Decade, 3 LAB. L.J. 13, 19 1952). For
a detailed presentation of specific state crew
laws and of railroad contractual arrange-
ments, see Backman, Jules, The Size of
Crews, 12 LAB. L.J. 805 (1961).

7Backman, supra n. 6.

8Daykin, supra n. 1.

9See Gitlow, Union Stabilization Programs and
Competition, 3 IND. & LAB. REV726, 238
( 1952)..

10James V. Marinship Corp., 25 Cal. 2d 721,
725, 155 P. 2d 239, 332 (1944).

11Such as the attempts of the Butchers Union
to eliminate the competition of frozen food
products. Kold Kist, Inc. v. Amalgamated
Meat Cutters, AFL, 99 C.A. 2d 191, 211
P. 2d 724 (1950).

12Such was involved in Printz Leather Co., 94
N.L.R.B. 1312 (1951). The given definition
and examples have appeared in other writ-
ings of the author.

nation's missile bases.13

III.Extent of Injury

1. To the economy. The existence of such
practices as these results in enterprise
after enterprise having to pay money for
labor services which contribute nothing
toward increasing the quantity or quality
of their final products. These costs must
be passed on to the consumer of the parti-
cular goods or services in the form of
higher prices. The firms are just not
able to absorb those costs and still oper-
ate profitably. Such increases in labor
costs without commensurate increases in
productivity create an inflationary force
upon the general economy.

As noted by Dr. John J. Quigley, Staff member
of the New York Regional Renegotiation Board and
former Chief Economist of the New York Regional
Office of the Office of Price Administration:

Nearly every person in the country is
injured to some degree by raising
prices. The most harmed are the peo-
ple who live entirely on fixed dollar
incomes, millions who depend on pen-
sions, others who receive all or most
of their income from bond interest,
dividends on preferred stocks or the
proceeds of insurance policies . . .

In this same group are those with in-
come fixed for considerable periods
by law or custom, to whom increases
always come long after the cost of
living has risen. Even the member of
a powerful union which is able to stay
ahead, or abreast of the rise in living
costs, through increases in wage rates
and fringe benefits, has much of the
increase offset by rising prices.... 14

The extent towhich wages increase at a
more rapid rate than does productivity, to
bring such hardships, may be illustrated by the
following. From the period 1947 to 1958, in
basic steel the output per man hour increased
27%, while wages (not including fringes) increased
100%;

13Van de Water, John R. Application of Labor
Law to Construction and Equipping of United
States Missile Bases, 12 LAB. L.L. 1003
(1961).

14Quigley, John J., Sharing Increased Produc-
tivity The Best Inflation Control, 189 COMM.
& FIN. CHRON. 2307 (May 21, 1959).
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in tobacco products, the increases were 52% and
78% respectively; in the railroad industry, output
per man hour increased 56% while wages in-
creased 105%.15

2. To particular Industries. While there
are strongly differing points of view as to the
harm caused by such conduct,16 there is general
recognition that certain industries have been
substantially hurt17 and that individual businesses
have been completely ruined,18 by make-work
practices. For example, the American mer-
chant marine carried two-thirds of the U.S.
trade in 1946, but by 1960 this figure was reduced
to 10 % through slowdowns, cost-increasing, and
work-restrictive practices.19 The need for con-
trols in some industries is urgent.

IV. Legal Protection of Employer Against Un-
justified Output Restrictions

Legislation on both the federal and state
levels currently provides certain legal controls

15Business Week., p. 113, Jan. 13, 1960.

16See SLICHTER; THE AMERICAN ECONOMY
(1948); TRADE UNION ATTITUDES AND
THEIR EFFECT UPON PRODUCTIVITY, in
INDUSTRIAL RELATIONS RESEARCH ASSO-
CIATION, INDUSTRIAL PRODUCTIVITY 110,
125-129 (1951); Wolman, Industry-Wide Bar-
gaining, 1 LAB. L.J. 167 (1949); Chartener,
Trade Unions and Productivity, I EDITORIAL
RESEARCH REP. 63, 71 (1950).

17Elisha M. Friedman, consulting economist,
has estimated that, "A six percent saving in
labor costs would easily be possible withthe
cooperation of the railroad unions in aban-
doning featherbed rules, restrictive labor
practice s, and by having the states repeal the
excess crew laws enacted under union pres-
sure... " Chartner, supra n. 16, at 77. Mr.
Neitzert, attorney for the railroad, in his ap-
pearance before the Presidential Board cre-
ated during the 1960 railroad strike, stated
that outmoded working rules were costingthe
railroads $600,000,000;;a year. See Gomberg,
Wm., The Work Practices Problem, 12 LAB.
L.J 643-659, at 651 (1961). For an excellent
demonstration of these costs, see also 114
RAILWAY AGE 18 (1958).

18See the fact situation in Senn v. Title Layers
Protective Union, 301 U.S. 468 (1937).

19Strother, Robert S., Our Strike-Strangled Mer-
chant Marine, Reader.' s Dige st, Feb. 19 6 3,p. 7 5.

of such practices. Some are effective controls
and other are not.

Section 8 (b) of the Taft-Hartley Act20 makes
it illegal for a labor organization to force pay-
ment for services not performed. But the section
is useless in reality, since the United States
Supreme Court has held that a violation of this
section can occur only from demands for payment
where no work is to be done. No violation occurs
if services are proferred, however useless and
unnecessary they may be.21

Other provisions of Taft-Hartley have been
enforced, however, to preclude certain make-
work activities, even though those provisions are
not drawn as "anti-featherbedding" legislation
on their face. Thus it has been held a violation of
sections 8(a) (1), 8(a) (3), 8(b) (1) and 8(b) (2), to
discharge or to force the discharge of an employ-
ee who refused to slow down his work operations
to a union-determined speed,22 And a violation
of Section 8(b) (1) was found in coercing non-
union employees into working a three-day work
week.23 The secondary boycott section was
violated by inducing employees to refuse to han-
dle prefabricated materials coming from an-
other employer in order to force the less efficient
processing of materials at the job site.24

The Anti-Racketeering Act25 has been used
to impose fines, under its prohibition of obstruc-
ting commerce by robbery or extortion, upon the
forceful compelling of employers to pay wages
for unwanted, superflous and fictitious services.26

20The National Labor Relations Act, 49 Stat.
452 (1935), as amended, 29 U.S.C. §6 151-68
(1952).

21American Newspaper Publishers Ass'n v.
NLRB, 345 U.S. 100 (1953); NLRB v. Gam-
ble Enterprises, Inc. 345 U.S. 117 (1953).

22Printz Leather Co., supra n. 12.

23NLRB v. United Mine Workers, supra n. 2.
24Joliet Contractors Ass'n v. NLRB, 202 F. 2d

606 (7th Cir.) cert. den., 346 U.S. 824 (1953).
For a discussion of how these sections oper-
ate to affect the permissibility of make-work
practices, see Van de Water, The Secondary
Boycott Provisions of Taft-Hartley; Their
Potential Influences on Make-Work Activity,
28 So. Cal. L.R. 33 (1954).

2547 U.S.C. 9 506 (1952).

26United States v. Green, 350 U.S. 415 (1956).
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Union conduct has been found to be within its
intendment.

As an example of state controls, an attempt
to make work for union members by restraining
the sale of competitive products has been held
illegal27 within California's anti-trust law.28

These legal controls over union make-work
practices are for the most part hit or miss, in-
consistent, uncertain of enforceability, or inef-
fectual. It is submitted that careful reconsider-
ation of controls in this field is desirable in the
public interest, with due care for properly pro-
tected bargaining areas and for the legitimate
interests of employees, employers, consumers,
and the national welfare.

V. Legally Permissible Employer Self-Help
Techniques

Throughout the nation, employers have taken
it upon themselves to exercise their managerial
right to conduct their businesses as they see fit,
which in their minds includes the right to rid
their businesses of wasteful practices. Individu-
ally and collectively employers have themselves
taken the initiative to eliminate make-work
activities. The courts have endorsed many of
these actions as being legally privileged.

1. Managerial right to control the work
force. The judiciary has recognized a right in
the individual employer to control his work
force so as to obtain maximum production and
minimum waste from its employment. This right
includes the ability to hire whom he chooses,
discipline employees, and discharge incompe-
tents, with the one limitation that he cannon in-
terfere with the exercise of employee rights 2
established by the federal Labor Relations Act.9
It includes the ability to discharge for criminal

27Kold Kist, Inc., supra n. 11.

28CAL. BUS. & PROF. CODE §§ 16720-58
(Deering 1951Y.

29The determining factor, in deciding the legal-
ity or illegality of employer conduct, is the
absence or presence of an anti-union motive,
and whether employer conduct "naturally
and probably resulted in encouragement (or
discouragement) of membership in a labor
organization . . . ." Note, 39 CORNELL
L.Q. 747, 754-55 (1954).

activity,30 vandalism,31 dishonesty,32 disloyal-
ty33 interference with production through absen
teeism, talkativeness, or other misconduct34 in-
cluding slowdowns,35 irregular work speeds,36
violation of company rules,37 insubordination,38
and failure to follow the production schedule,39
and for failure to work overtime.40 The employ-
er has the right, also, to lay off employees or
shut down or remove his plant for economic
reasons.41

2. Permissible opposition to concerted re-
strictive activities. The courts have established
that the employer may collectively bargain to
obtain a management prerogatives clause,

30Chicopee Mfg. Corp. 85 N.L.R.B. 1439 (1949)
(family battle); NLRB v. Federal Bearings
Co., 109 F. 2d 945 (2d Cir. 1940) (petty
larceny); Kentucky Firebrick Co., 3 N.L.R.
B., 455 (1937), enf. granted, 99 F. 2d 89 (6th
Cir. 1938) (shooting non-union workmen).

31River Falls Co-Operative Creamery, 90 N.L.
R.B. 257 (1950); NLRB v. Montgomery Ward
Co., 157 F. 2d 486 (8th Cir. 1946).

32NLRB v. Wesf Texas Utilities Co., 119 F. 2d
683 (5th Cir. 1941); Columbia Pictures Corp.
82 N.L.R.B. 568 (1949).

33NLRB v. Local 1229, IBEW, CIO, 346 U.S.
464 (1953).

34NLBR v. Russell Mfg. Co., 191 F. 2d 358
(5th Cir. 1951).

35Wyman-Gordon Co. v. NLRB, 153 F. 2d 480
(7th Cir. 1946); Elk Lumber Co., 91 N.L.R.
B. (1950).

36Swift & Co., 11 N.L.R.B. 809 (1939) enforced
as modified, 108 F. 2d 977 (7th Cir. 1940).

37NLRB v. Montgomery Ward & Co., supra
n. 31.

38Lloyd A. Fry Roofing Co., 85 N.L.R.B. 1222
(1949).

39Goodyear Aircraft Corp. 63 N.L.R.B. 1340
(1945).

40C.G. Conn Ltd. v. NLRB, 108 F. 2d 390 (7th
Cir. 1939).

41NLRB v. Jones & Laughlin Steel Corp., 301
U.S. 1, 46-46 (1952).
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including the unilateral discipline of employees
and determination of the work schedules, with-
out violating Secs. 8(a) (5) of Taft-Hartley.42

It has been added in the past that a company
need not continue to bargain with a union which
orders a slowdown during negotiations.43

Defensive lockouts by all the members of
an employers' association are a lawful form of
opposition to whipsawing tactics.44

The employee may hire replacements and
retain them in preference to strikers who were
out for a make-work objective.45

He may refuse reinstatement to violent
strikers .46

He may enforce his rights against any em-
ployees who breach contract terms.47

But incentive plans and work rules must re-
main bargainable issues.48

VI. Balancing the Competing Interests Through
Legal Controls

1. The Problem. Labor law deals with an
area fraught with complex human motivations
toward good and ill, conflicting interests and or-
ganized and loudly proclaimed group prejudices.

42NLRB v. American National Ins. Co. 343
U.S. 395 (1952).

43Phelps Dodge Copper Products Corp., 101
N.L.R.B. 360 (1952).

44NLRB v. Buffalo Linen Supply (Truck Drivers
Local Union No. 449), 353 U.S. 87 (1957);
Morand Bros. Beverage Co.. v. NLRB, 190
F. 2d 576 (7th Cir. 1951), subseq. opinion
240 F. 2d 529 (7th Cir.), cert. den. 346 U.S.
909 (1953).

45NLRB v. Mackay Radio & Tel. Co. 304 U.S.
333 (1938).

46NLRB v. Fansteel Metalurgical Corp., 306
U.S. 240 (1939).

47NLRB v. Sands Mfg. Co., 306 U.S. 332, 344
(1939).

48Libby, McNeill & Libby, 65 N,L.R.B. 873
(1946).

Inherent in our national philosophy is the
belief that the fundamental right of labor to or-
ganize, to engage in collective bargaining, and to
engage in other concerted activity for mutual aid
or protection, should remain under legal safe-
guard.

However, the mutual obligations of organized
labor and management to bargain in good faith
and not to intimidate each other in the selection
of their representatives should likewise remain
as legal duties.

Thus the problem arises as to where to draw
the line between (1) the rights of free collective
bargaining and of other concerted activities for
mutual aid or protection on the one side, and (2)
the duty not to engage in undue work restrictions
on the other.

2. Factors in balancing these interests by
control. Unions have a legitimate interest in re-
lation to the production process (1) in protecting
employee health; (2) in protecting employee safe-
ty; (3) in the question of sharing financial benefits
from technological advance; and (4) in the prac-
ticability of limiting or avoiding technological dis-
placement and its effect on the worker, in process
of methods and equipment improvements.

There are sound grounds also for making
illegal union-enforced demands of payment for
services not relevant or useful, especially if
(1) the evidence of lack of relevancy be required
to be that degree of evidence which lies "beyond
a reasonable doubt", and (2) establishment of
work safety rules, the protection of employee
health, and the practicability of avoidance of
technological displacement, all be considered
"relevant", and therefore bargainable, issues.

3. Summary. In summary, it is submitted
that Taft-Hartley should be amended appropri-
ately to make illegal the forcing of clearly irrele-
vant and useless work and to apply administrative
hearings and the injunctive process to halt such
conduct. There should be established a similar
control policy over the railroad and commercial
airline employees who are subject to the Railway
Labor Act rather than to Taft-Hartley. Further,
Federal legislation is needed to clarify the right
of state protection through controls consistent
with those under amended federal law, in the
"twilight zone" where the National Labor Re-
lations Board can but will not act under its cur-
rent jurisdictional standards. And the United
States Department of Labor should draw up uni-
form legislation in this field and propose it to
the state legislatures.
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If labor's legitimate interests are candidly
recognized and left a matter of free collective
bargaining, it is believed that organized labor's
support could better be won toward improved
work efficiency. Official union support for ob-
struction to technological advances is lessen-
ing,49 and there is substantial evidence of
positive union aid toward increased productivity,
Certainly the workers, as a whole would benefit
from a program which improves the efficiency
of the general work force.

An imperative need in the field of law and
human administration is for personal and
government action to bring organized labor and
management together in a spirit of voluntarism
to reach decisions based not on class self-
interest, but on the absolute moral standards,
and on the intelligence arising from a conscious
search for what is right for everyone, which is
so essential to democracy's answer to Leninism.
This objective provides one of the great challen-
ges in the United States, today.

VII. Current, Managerial Methods of Control of
Make-Work Practices. Many employers across
the nation, large and small, have initiated pro-
grams of their own which may be worthy of
other's adoption.

1. Exchange of other job security for elimin-
ation of work restrictions. The most prevalent
means employed by management to control or
eliminate make-work practices is to promise
some other job security guarantee, in exchange
for a promise by the union to cease its insis-
tance on such restrictive practices. Commonly
the employer will agree that no employee will
be displaced by automation if the union will not
resist efficiency improvements. These workers
are then retrained at company expense, rather
than laid off, to enable them to remain employed
in other capacities with the company or in the
community.

a. Promise to eliminate work restrictions
in exchange for fund to provide employee bene-
fits on displacement. The foremost of such
plans is that executed in 1960 between the

49"Opposition to technological change has
almost no overt and few covert supporters
in union leadership ranks." Steiber, Jack,
Work Rules and Practices in Mass Produc-
tion Industries, SCHOOL OF LAB. & INDL.
RELNS., MICH; STATE UNIV., REPRINT
SERIES NO. 48 (1962-63).

Pacific Maritime Association (on behalf of the
employers) and the International Longshoremen's
and Warehousemen's Union. The union agreed to
the following clause:

"(1) The . . . agreements shall be re-
vised to eliminate restrictions in the
contract and working rules, as well as
in unwritten but existing union unilateral
restrictions and arbitration awards which
interfere with the Employers' rights
dealing with sling loads, first place of
rest, multiple handling, gang sizes, and
manning scales, so as to allow the Em-
ployers to:

a. Operate efficiently
b. Change methods of work
c. Utilize labor-saving devices
d. Direct the work through Em-

ployer representatives while
explicitly observing the pro-
visions and conditions of the
employees and avoiding speed
up. 'Speed up' shall be under-
stood to refer to an onerous
workload on the individual work-
er. It shall not be construed to
refer to increased production
resulting from more efficient
utilization and organization of
the work force, introduction of
labor-saving devices, or re-
moval of work restrictions."

The agreement is thus referred to as a
modernization of longshore work rules,50 since
this clause would seem to allow the employers
to change or eliminate any rules which are
wasteful.

The employers, in turn, agreed to establish
a fund and to contribute to it $5,000,000 per year
for five and one-half years. This in effect, is
the price they agreed to pay to 'buy out' the
restrictive work rules and the longshoremen's

50Killingsworth, The Modernization of West
Coast Longshore Work Rules, LAB. &
INDL. RELNS. CENTER, MICH. STATE
UNIV., REPRINT SERIES NO. 46 (1962-
63); Fairley, The ILWU-PMA Mechanization
and Modernization Agreement, 12 LAB. L.J
664-680 (1961).
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resistance to mechanization."51

The agreement is to terminate on July 1,
1966. During its term, all men who were fully
registered longshoremen and clerks at the in-
ception of the agreement are entitled to the
following benefits: (1) It is guaranteed that
there will be no layoffs. (2) Voluntary early
retirement is available at age 62, at a benefit
of $200.00 monthly, which equals the combin-
ation of maximum Social Security benefits and
the amount due as the regular longshore pension.
When receipt of Social Security benefits begins,
when the employee is 65 years old, the fund will
provide the worker with only $115 monthly. If
a man continues to work until the time he nor-
mally would retire rather than retiring early,
he receives the equivalent of $220 per month
for the 36 months from age 62 to age 65, which
he would have received had he retired early,
or $7,920 in one single payment. (3) If work
opportunities decline, the parties are free to
invoke compulsory early retirement, in which
event the men, as an inducement to retire,
would receive a higher benefit; $320 per
month. 60% of the annual contribution, or
$3,000,000 is to be used to finance these pro-
visions, as "the men's 'share of the ma-
chine '*.52 (4) If a worker's average weekly
earnings fail to meet the equivalent of 35
straight-time hours per week (roughly $100),
this amount becomes due weekly as guaranteed,
This provision is to be financed with the re-
maining 40%, or $2,000,000 of the annual contri-
bution, as the price "the men are to receive for
selling a portion of their property rights in the
work rules . . . which they have struggled to
obtain and which they are loathe to relinquish."53

Furthermore, these benefits accrue only to
fully registered workers. There are in the
working force also men known as "B" workers,
and men known as "casuals". The former are
men who eventually wish to become fully regis-
tered longshoremen and union members. They
are willing to work for lower wages in order to
earn the opportunity to become fully registered.54

51Killingsworth, supra n. 50, at 300. See also
Kossoris, Working Rules in West Coast
Longshoring, 84 MONTHLY L; REV. 1 (1961)
on the "sharing savings" plan the employees
discarded in favor of the "buying out re-
strictions" plan.

52Killingsworth, supra n. 50; Fairley, supra n. 50

53Fairley, id, at 672.

54Killingsworth, op. cit.

Casuals have no particular attachment to the
industry. They work only on peak days when the
lists of fully registered and "B" men have been
exhausted. These are men having such other
regular jobs as teachers, firemen, and police-
men, who obtain an extra day's work in this
way.55 The parties have given the fully regis-
tered men a further cushion against the effects
of work opportunity declines due to rising pro-
ductivity, by agreeing to reduce the percentage
of work going to the "B" men and casuals from
12% to 5%. Thus more of the available jobs will
go to the fully registered men.

It has been reported that "The employers
are confident that the savings made possible by
the agreement will be far greater than the fund
contributions. What the employers are paying
comes to between 4 and 5 percent of total
payrolls . .

"It is noteworthy that this unusual agreement
was reached without any participation of any kind
by third parties." 56

However, this program did not establish work
measurements which completely insure against
slowdown by other than through relying on the good
faith of the men.

A similar plan, which did not prove success-
ful, was instituted at the Armour Company. In
1959 an "automation fund" was established in
the amount of $500,000. A formula of 1¢ for
each hundredweight of tonnage shipped served
as the basis of company contributions. The
money was to be used initially to study the
problems of retraining the employees and pro-
moting employment opportunities within the
company, and secondarily to execute the find-
ings. The fund was administered by four repre-
sentatives of Armour; two each from Amalga-
mated Meat Cutters, and Butchers, Warehouse-
men and United Packinghouse Workers; an im-
partial chairman, Dr. Clark Kerr of the Univer-
sity of California; and an impartial executive
director.

The fund was eventually used to finance the
retraining of Oklahoma City plant workers, but
only for those who could show an aptitude for a
particular different job and "reasonable job
expectations" as a result of retraining; and then
only in courses offered by a competent agency.
The fund was to pay the first $60 of the cost of
the course, and one-half of the remaining cost,

55Fairley, op. cit.

56Killingsworth,OP. cit., at 304-305.
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up to a total of $150. Thus for some workers a
substantial personal investment was necessary.

Of 400 laid off, a lesser number applied for
retraining, and 60 were screened as eligible.
They were trained in "typing, office methods,
blueprint reading, upholstering, welding,
basic electronics, real estate procedures, air
conditioning, and auto mechanics."57

An experimental plan was instituted under
which laid-off employees could be transferred
to other Annour plants, and they were provided
with moving expenses.

Severaince pay was awarded to laid-off em-
ployees, as well.

But the plan has not really worked. The em-
ployees were reported generally to be low-
intelligence people. They were, in addition, no
job openings either on transfer or in the com-
munity. Only the highest-rated and the highest-
paid qualified, as easily adaptable and easily
trained, and these men got jobs at less than
what they had been makitng at Armour.58

b. Promise to eliminate restriction in ex-
change for employer financing retraining of
displaced workers. A like plan, based on an
agreement to create a fund for that purpose, was
initiated at Xerox.59 The Haloid Xerox Corp.,
Rochester, New York, and the Amalgamated
Photographic Supply Workers Union, established
an agreement which provided for sending selec-
ted men from the paper-sensitizing operation
back to school, training them, at company ex-
pense, as machinists, and relocating them as
needed in the machine manufacturing operations.

The estimated cost of all 72 eligible employ-
ees taking the course was $150,000; but is cheap-
er than laying off proven employees and hiring
new, unknown machinists from the general labor

57This plan is described in Business Week,
p. 135-138, April 15, 1961, from which the
discussion in the text is adopted. For a
discussion of plans in the maritime and
meatpacking industries generally, see
Daykin, Work Rules in Industry, 12 LAB.
L.J. 380-386 (1961).

58Business Week, supra, n. 57.

59This plan is described in Factorj, 118:86-89
(July 1960), on which the textual discussion
is based.

force. The retrained men are proven employees;
retaining them produced valuable rewards in the
form of "high morale, confident employees, good
community relations, and the trust and cooper-
ation of the union." The cost is therefore small.

To be eligible, an employee had to have 10
years' service, a willingness to work and the
ability to offer 10 more years of service. The
courses were given at the Rochester Institute of
Technology, for 6 weeks in duration. During each
of the first two weeks, 2 days of machine-shop
theory were taught, and during the final two weeks
the class was split with 6 men to take advanced
machinery and the rest to learn mechanical as-
seinbly.

The plan worked because it was in "an ex-
panding company with enough diversity to absorb
the retrained men;" because of "proximity of a
good technical school"; because of the company's
history of favorable union relations; and because
of "alert, responsible management.60

c. Additional participation by other commun-
ity businesses and local government. One com-
mendable variation of such plans engaged not just
the cooperation of the immediate union and em-
ployer in seeing that displaced workers are re-
trained, but also the cooperation of the neighbor-
ing employers and the local government as well.
The Ford Motor Company, in its Chester, Pa.
plant, first offered laid-off employees an oppor-
tunity to work at its Mahwah, New Jersey, plant.
But most owned homes in Chester, and wished to
take their chances there.

The company therefore instituted retraining
classes for them.61 Courses were conducted
five days a week from 8 a.m. to 2:30 p.m., in
two buildings of the Chester School District. The
town contributed the use of those buildings. The
state put up $21,000 for teachers' salaries and
equipment, under a 1957 law for training the
unemployed. And local industry, the Vertol
Division of Boeing Co., Baldt Anchor and Chain
Division of Boston Metals Co., and Sun Ship-
building and Dry Dock Co., supplied machinery
and materials on loan or as gifts. Those plants,
in addition, told what jobs they had available and
retraining was done specifically to fill them. Then
the state planned to place those employees without

60Factory, ibid.

61This plan is described in Business Week,
p. 74, July 29, 1961, which serves as the
basis of the textual discussion of the plan.
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appitude for retraining, in less demanding
specialties.

Ilere, too, the advantage of using proven
workers was present, with the added advantage
of assured places for the retrained workers
right in their own town.

d. Federal legislation. Another variation
does not even require mutual agreement between
the employer and the union. The federal Man-
power Training and Development Act62 allows the
employee who has been displaced to apply for re-
training benefits. "EEnacted in 1962, this program
is designed to retrain those whose present skills
are made obsolete by technological change and to
equip those who have no skills. Training is gear-
ed to skill needs as determined by the Labor De-
partment in labor market surveys. The training
is done primarily through vocational schools
supervised by the Department of Health, Educa-
tion and Welfare, although on-the-job training
also is possible. Eligible workers received
training allowances which are about the same as
state unemployment compensation.

''To receive a training allowance, a worker
must have had three years' employment experi-
ence and be the head of a household. For young
people age 19 to 22 who have not had enough work
experience to qualify for regular benefits, train-
ing allowances of up to $20 per week are provid-
ed. Individuals under 19 may be admitted to
training facilities and also be eligible for the
travel and subsistence allowances provided for
all classes of trainees. These amount to $35 a
week and 10¢ a mile car allowance for those who
have to go away from home for training."63

e. Exacting an agreement to abolish make-
work practices without having to agree in ex-
change to retrain employees. Occasionally,
management may be able to exact an agreement
to abolish make-work practices without having
to offer promises of retraining in exchange. For
example, the American Oil Company operated
its plant with management personnel during a
191-day violent strike, inducing the union to
settle. In the settlement agreement,64 manage-
ment obtained a work assignments clause per-
mitting the company "to assign men to minor
jobs outside their regular classifications if the

6242 U.S.C. § 2571, P.L. 87-415 (1962).

63BUREAU OF NATIONAL AFFAIRS, LABOR
RE'LATIONS EXPEDITER, p. 366.

64This agreement is described in Business
Week, p. 113, Jan. 13, 1960, which serves
as the basis of the textual discussion.

work is incidental to their main work", giving
the company "new flexibility in making work
assignments." In addition, the company re-
tained its right to prescribe the work to be done
in each of nearly 100 job classifications and to
determine the qualifications necessary to per-
form each job", with no veto power in the union.65

Similarly, the Swift and Wilson companies in
the meatpacking industry, "rather than accepting
automation funds and other union demands which
they felt would limit management initiative, both
long strikes and eventually settled for somewhat
larger wage and fringe benefits but without con-
cessions on management rights".66

f. Ability to abolish practices unilaterally by
exercise of management prerogatives. Or, hav-
ing exhausted the available administrative pro-
cedures in an attempt to reach agreement with
the union over the compromise of restrictive
practices, the employer may, it has been held,
exercise his management prerogative unilater-
ally to discontinue the wasteful practices. A
Federal Court of Appeals, in Brotherhood of
Locomotive Engineers v. Baltimore and Ohio
Railroad,67 held that the trial court had properly
dismissed a petition by the union requesting an
injunction restraining the employers from putting
into effect proposed work rule changes. The Em-
ployers, said the court, had negotiated with the
unions to the fullest extent required by the Rail-
way Labor Act, had accepted the recommendations
of a special Presidential commission, and had
agreed to submit the dispute to arbitration, and
were therefore free to exercise their management
prerogatives to effect the rules changes unilater-
ally when confronted with the union's unyielding
position. The court was express, that:

''(a) There is an area in the adminis-
tration of a railroad business in
which management is free to oper-
ate without consultation with the
representatives of its employees.

(b) The exercise of management's
prerogatives is, however, sub-
ject to the employees' right to
bargain collectively in areas
covering rates of pay, rules and

65Business Week, ibid.

66Steiber, supra n. 49, at 10.

67CCH LAB. RELS. Para. 17,929 (CA-7 Nov.
28, 1962).

[ 72]



working conditions of the employees,
and on the question of whether these
areas include the proposed rules",
relating to the operating employees
of the railroad.

(c) When, after compliance with the
procedural requirements of the Act
relating to a proposed change in an
existing agreement or the intro-
duction of new terms where no
agreement exists, resort to collec-
tive bargaining fails without the fault
of management, it may thereafter
freely exercise its managerial
prerogative in such areas of oper-
ation as may have been up to then
disputed. "

Thus the employers were allowed to institute
the following changes as outlined by the Court:
(1) the elimination of existing rules and agree-
ments requiring the use of firemen on other
than steam locomotives when used in yard and
freight service; (2) the revision of rules govern-
ing the basis of pay and the assignments of rail-
road operating employees used in through freight
and straightawavpassenger service; (3) the elimin-
ation of rules requiring the use of a stipulated
number of trainmen in road train crews and a
stipulated number of brakemen in ground crews;
and (4) the elimination of rules requiring the
use of operating employees on motor cars and
self-propelled work machines used in inspection,
construction, repair and maintenance work."

2. Employee Indoctrination

(a) Without financial incentives. A
second major means of controlling make-work
activities is an intensive effort by management
to demonstrate to the employees that they gain
by the economies resulting from elimination of
work-restrictive practices. For example, the
Hudson Pulp and Paper Company instituted an
''Operation Capacity" to inspire enthusiasm and
boost morale of its 4,000 employees in five plant
communities.

Included in the 14-point program where
the goals of strengthening the organizational
structure, expanding the sales force, reempha-
sizing customer service, improving company-
employee communications, increasing supervisor
training, reducing unnecessary paper work, and
waging an all-out war on featherbedding.68

The plan operated through the plant man-
agers meeting with the employees. They showed
slides and gave talks on contemplated departmen-
tal projects. All activities were coordinated by a
steering committee of company executives.

68263 PRINTER'S INK 56-7 (June 27, 1958),
from which the textual discussion of the plan
is adapted.

The slide program introduced O.C., or
Ossie, the symbol for "Operation Capacity". It
was shown that if Hudson, then operating at a
full activity level, were to drop to the industry
level (5/6 of capacity), some of the employees
would lose $52.50 per month in wages and many
others would be laid off. It was explained how
a 32 reduction in costs would allow increases
in the sales force and in advertising, to open
new markets and thus assure their jobs. The
emplo ees were also told how they could save
that 32¢, such as through finding new ways to do
their jobs faster and cheaper, keeping quality
high and reducing scrap and waste and not toler-
ating slackers and featherbedders.

As incentives, score cards were kept
for the best departmental achievements.

The plan is reported to have achieved
the goals sought.69

(b) With financial incentives. Additional in-
surance can be afforded to the employer that the
employees will in fact reduce or cease their
wasteful activities by offering them a monetary
inducement to do so. This inducement would
take the form of granting to them a share of all
savings resulting from increased productivity.
The leader in the use of such a savings-sharing
plan (as distinguished from the common profit-
sharin,g plans) is Kaiser Steel Company. Their
plan 70- provides for the monthly sharing with
employees of 32.5% of the total net dollar gains
from increased productivity of labor and the
use of materials and supplies. That figure repre-
sents the historical ratio of labor costs to total
manufacturing costs at Kaiser. It provides that
no worker will be laid off because of technological
advances, with workers who would otherwise be
laid off because of the introduction of new ma-
chinery being placed in an employment pool and
retrained as needed for new jobs. The company
predicts that there will be no long-standing labor
pool, since the attrition rate is higher than the
rate ofjob losses due to technological improve-
ments. 1

The base year for determining costs
of sold products is 1961. These expenses in-
clude both labor and material costs for each ton
of finished steel. As technology increases out-
put, unit costs should decrease, and the resultant
savings will be placed in the fund for distribution
monthly. The parties may agree to use those
funds to improve existing vacation, holiday, re-
tirement, and other fringe benefit programs.

69PRINTERS INK, ibid.

70These descriptions are adapted from the
description of the plan in Los Angeles
Times, Dec. 18, 1962, PART II, P. 1.

71Los Angeles Times, ibid.
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Employees are guaranteed as a minimum any
economic gain negotiated in the ftuture in basic
steel. However, it is believed that the Kaiser
employees' share of the savings resulting from
improved technology should always exceed any
such amounts.72

Any of the 40% of the Kaiser employees now
on incentive plans may elect by a majority vote
to transfer to the sharing plan.

The plan is to operate for a four-year period,
subject to annual review and revision. It elimin-
ates periodic negotiations and corresponding
contract deadlines on wages, fringe benefits, and
technological changes. Thus it is designed to
eliminate strikes arising over those issues - a
commendable objective, indeed.

The nine-member committee whose studies
produced this plan is headed by Dr. George E.
Taylor of the UJniversity of Pennsylvania. Other
public members are David Cole and Dr. John T.
Dunlop. Edgar Kaiser, head of the firm, repre-
sented the company, and David J. McDonald,
president of the Steelworkers, was the union
representative.

The benefits to be derived from such a re-
duction in operating costs while at the same
time increasing productivity are not realized
solely by the employer. Undertaking such a
program by the parties on a voluntary basis, as
was the case with the Kaiser management and
employees, can be said to display an appreciation
by the parties of the role which they can play in
managing their affairs, not only to serve their
own interests, but also to serve the public wel-
fare. Utilization of this anti-inflationary device
may prove commendably to serve the interests
of labor, management, and the public alike.

The principle involved, and the potential
benefits to be derived, have been described by
Dr. John J. Quigley in this way:73

"To put the problem briefly -- each party
to production and sale would like increased
income, but would prefer to avoid rising
prices of the things he wants to buy. The
business owner would like higher profits,
but he cannot continue to get them if the
wages, raw material costs, and other
prices he pays continue steadily to rise;
the wage-earner wants ever increasing
wages, but he would prefer to avoid a
rising cost of living; the consumer wants
the same or better products, but he does
not want to pay ever rising prices for
them.

''Is it possible for all three of these groups
to receive increased benefits from more

efficient manufacturing operations over
a long period of time ? It is, if we con-
tinue to obtain increased productivity,
and we are willing to share its benefits...

"During a good part of the last 13 years,
owners and organized labor have alter-
nated in seeking to appropriate for them-
selves all or most of the gain from in-
creased productivity. Typically, such
gains flow entirely to owners for a few
months to a year, then a new wage bar-
gain brings a part, or all, or sometimes
more than all, of such gains to organized
workers, until a further period of pro-
duction improvement has witnessed a
further increase in productivity, with
consequent gains to owners, then work-
ers, etc.

"What if, instead of continuing to see-
saw struggle of the past, owners and
organized workers were to agree to
share increased productivity, as it
occurs, not only between themselves,
but with consumers (in the form of
lower prices) ? . . .

"In order to get an idea of what would
be likely to happen in such a case, let
us make a few fairly realistic assump-
tions:

"(1) That for an appreciable period
of time, say five years, productivity
throughout manufacturing, and in some
areas of mining, transportation, and dis-
tribution continues to increase steadily
at something like the rate which has
been secured in recent years.

"(2) That this increase consists
partly in the average physical volume
of output, and partly in absolute re-
ductions in dollars of direct and indi-
rect labor production costs.

"(3) That benefits are received
almost immediately after the increased
productivity occurs, that is, during the
same year. For example, a labor con-
tract might be based on the agreed state
of the increased productivity to be se-
cured during the year, with the workers
getting one-third of the estimated amount.
Owners would, of course, benefit quarter-
ly as higher profits were recorded, and
consumers would benefit when prices
were lowered.

"On the basis of these assumptions, we
can calculate approximately how much
increased productivity will occur each
year. In the first year, the labor cost
of the quantity produced the previous
year is reduced 3%. Since total labor
cost before the saving was about 50%
(35% direct labor, and about 15% as the
labor part of factory overhead) of the
cost of sales, that total labor cost was 35%
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of sales. Total labor cost now becomes
34% of sales (2.9% reduction of labor
cost). So here is 1% of sales as an in-
crease in productivity to be divided.

"But total production has increased 2%
in the first year, which means that the
non-labor part of factory overhead
(formerly at least 10% of sales) is now
10/102 or 9.8% of sales. Here is addi-
tional increased productivity of 2% of
sales .

"If the total increase in productivity is
divided equally between the three groups
directly concerned, profits (which sel-
dom exceed 10% of sales) will increase
4%, wages will increase 1.2%, and yet
prices can fall .4%. Thus wage earners
and the several millions of small stock-
holders will receive benefits from two
directions.

"If the same plan were followed for
five years, the result would be approxi-
mately as follows:

Year Owner's Profits Wages Prices

1958
1959
1960
1961
1962
1963

100.0
104.0
108.0
112.3
116.0
120.6

100.0
101.2
102.4
103.6
104.8
106.0

100.0
99.6
99.2
98.8
98.4
98.1

I. . . All that is necessary is that the ma-
jority of those most concerned understand
what is possible and desirable, and agree
to share the increased productivity of in-
dustry in the future."

Although it has recently been contended that
such voluntary arrangements are impractic-
able,74it should be noted how closely the Kaiser
plan approximates the hypothetical labor contract
constructed by Dr. Quigley, and every encour-
agement should be given for experimental means
toward reduction of our current work-restriction
problem.

3. Building teamwork to reduce resistance
to introduction of improvements. Thirdly, in the
exercise of their managerial ingenuity, various
employers have created a spirit of teamwork
between management and employees and among
employees, so that introduction of technological
changes as they become wise is not unyieldingly
resisted by the workers. They have come to
feel, through management efforts, that the team

74For an argument that increasing wages only
with increases in production will not work,
because of the practicability of business and
investment decision-making, see Thulin,
[Productivity Guides Won't Work, 40 I-{ARV.]
BUS. REV. 70 (1962).

benefits by reduction in operating costs, and that
they benefit as members of that team. The work-
ers have no fear of management installing new
procedures for its benefit without regard for
their potential displacement, since the feeling of
mutual trust and confidence developed by man-
agement precludes such concern by the workers.
They will freely allow experimentation with and
introduction of new systems, relying, correctly,
on their belief that successful negotiations will
ensue to provide a means for protecting their
interests - perhaps one of the means already
discussed.

Varying devices are employed to build the
requisite teamwork. The most prominent among
small businesses is through management mixing
with the workers and showing a genuine interest
in their problems by inquiring about them. In the
Weyerhaeuser Company for example, the office
staff at Tacoma headquarters were questioned as
to which areas were those about which employees
were requesting answers. On obtaining that in-
formation, a Tacoma Office Employee Committee
was formed to recommend to the Personnel De-
partment the most appropriate program for pro-
viding those answers, and the officials most
capable of providing the right answers. A series
of meetings on company time was suggested, at
which the best informed men in the given topic
area would answer the employees' questions.
The program is reported as having met with
success, in developing a feeling in the employees
of being a part of the organization.75

At the Kansas Gas and Electric Company in
Wichita, company officers and department heads
tour each of the seven division offices in seven
cities, for two weeks in August of each year,
spending the day visiting with employees and their
spouses for an informal gathering. There em-
ployees visit informally with officers on any sub-
ject, after the one hour meeting in which they
have reviewed company progress. The company
feels that the meetings, on the employees' own
time, have sparked increased interest in the
company.76

At the unionized American Velvet Company
in Stonington, Connecticut, the emphasis in com-
munications is also on informality. At eight
o'clock each morning the president and top com-
pany executives visit every department in the
shop. "The president and his aids are usually
called by their first names, and there is no fear
or resentment on the part of the employees when

75Newcomb & Sammons, Communications
Clinic, 36 PERSONNEL No. 6, p. 75-78
(Nov-Dec. 1959), from which the description
of the plan in the text is adopted.

76Id. at 76.
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they see top management coming".77 "An op-
portunity exists for all to talk to the boss, offer
ideas, or lodge complaints." "There are no
barriers between departments or individuals.
When a problem arises it is everybody 's prob-
lem."78 A finer example of teamwork and
mutual trust and confidence would be hard to
find.

The same company has a unique committee
known as the ''Pops' Committee", composedof
all the former presidents of the local union and
acting as a top advisory board to both the com-
pany and the union. Though it has no authority
to change existing regulations, its recommen-
dations carry much weight - - reportedly much
more than would the suggestions of outside con-
sultants.79 Rapid expansion and the develop-
ment of new fabrics have brought on such prob-
lems as excess overtime in some departments
while none is worked in others, piecework rates
thrown out of line by changing methods and equip-
ment, and uneven work loads. A "Planning
Board" was formed as a subcommittee of the
''Pops' Committee': In an on-the-job study the
opinions and advice of affected workers are ob-
tained. Suggestions to management follow.
Three members of the Board are Union mem-
bers, displaying management respect for and
recognition of the union as an interested and
responsible party, able to make contributions
in establishing and developing an efficient pro-
gram production.80 Here would appear to be
another fine example of mutual trust and team-
work.

Among large companies, General Motors
Corporation was a leader in imaginative de-
vices for raising employee morale and instilling
a feeling of belonging to the team. The company
began a "My Job Contest", awarding prizes for
the best employee essays entitled "My Job and
Why I Like It". Attitudes were improved by

77Case study by Paul, George S., for the
National Planning Association, reproduced
in their COMMITTEE ON THE CAUSES OF
INDIVIDUAL PEACE UNDER COLLECTIVE
BARGAINING, CASE STUDY NO. 11: AMER.
VELVET CO. & TEXTILE WORKERS UNION
OF AMER., p. 30 (April 1953), from which
the textual discussion is adopted.

78Paul, ibid.

79Id. at 31-32.

80Ibid.

accentuating the positive aspects of the employ-
ees' jobs.8l

The essays could, of course, be analyzed to
learn about employee attitudes about their jobs
such as by noting what aspects did not receive
favorable mention; but the approach, in addition
to getting information, "confirmed to the em-
ployee that Management was interested in his
viewpoint and that he could get them to the top
if we wanted to do so."82 The requisite feeling
of belonging was accomplished.

4. The "Bubbling Up of Ideas" Through
Outsider Interviews

In recent years the writer has found another
means of improving participation and productivity
to be helpful to many corporations. That method
is referred to as the "Bubbling-Up of Ideas".
As an outsider, in work with corporations in re-
cent years, the writer has often interviewed all
levels of management and supervision and at
times selected non-supervisory employees to
secure their suggestions for the benefit of the
company and themselves on a myriad of topics.

At an introductory steak dinner, a presen-
tation is made on certain fundamentals of manage-
ment, communications, morale and decision-
making. Each person attending is promisedthree
things, in reference to the forthcoming individual
conferences where his suggestions will be elici-
ted:

(1) That every idea he has to suggest will
be passed on in a written report to top
management;

(2) That no individual will be quoted as to
which ideas come from him, though
where necessary the department or work
area referred to will be pinpointed; and,

(3) That regardless of the proclivity for
condemning individuals, which some
interviewers may have, no such con-
demnation of individuals will be passed
on because the program is seeking posi-
tive improvements at no person's expense.

The following are some of the amazing num-
ber of topics which are covered in such interviews

8 1DAVIS, HUMAN RELATIONS AT WORK, pp.
90-91 (McGraw-Hill 1962).

82Id. at 375.
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during 20-minute periods, with expansion to
longer periods of time only where clearly found
to be desirable:

Wages and Wage Systems
Fringe Benefits
Working Conditions
Communications
Leadership and the answering conflicts
Employee recreational and social programs
General morale
Organization, departmentation and lines of

authority
Hiring, training and Career Development
Directing the Work Force
Delegation of Authority
Long range - and - short range planning
Management controls and Feedback

When the interviews are completed, they
are reported in great detail under Supervisory
and Non-Supervisory sections; a quantified
summary is added; and an evaluation and a ser-
ies of recommendations for action on a priority
basis are appended.

Following study by a management team, a
dinner is then held with all participants sitting
at tables in carefully mixed groups, where they
receive a report on Management findings and
intended action, discussing at their tables their
viewpoints and priorities for further improve-
ments, reporting through their own selected
chairman their findings before the entire group
and receiving further comments and clarifi-
cations from top management in attendance.

As the Manufacturing Director of a major
Southern California cooperation, then going
through the difficulties of a major reorgani-
zation, commented following such a final meet-
ing: "As of four o'clock this afternoon, I was
totally convinced that we could not possibly solve
the problems attendant to our reorganization
program. Seeing the spirit and the positive,
creative thinking demonstrated here this evening.
I am now convinced that we cannot possibly help
but solve these problems."

The findings from these many "Bubbling
Up of Ideas" programs have been that signifi-
cant changes do occur, both in attitudes and in
material corrections, as a result of such a
program's influence. And these results arise,
not so much from an outsider telling a company
what it should do, but through passing on the
recommendations for improvements made by
responsible persons within the firm itself. It

is believed that here lies a sound and broadly
usable way to accelerate management's and
every person's gain, from both the creative
thinking and the detailed knowledge of those who
perform the company's specific functional jobs.

If those people are worthy of their jobs at
all, they can be inspired to communicate valu-
able information and recommendations, if the
company will demonstrate its interest, produce
a creative environment for easy communication,
assure the anonymity of the persons interviewed,
and take the time to study suggestions, decide
specific actions, and report fully on resulting
plans, moves, and results to all those who have
given their thoughts through the interview pro-
gram.

VIII - Conclusion

In conclusion, it can be stated:

1. The laws against featherbedding in this
country are inadequate and should be
strengthened, to deal with serious
hindrances to American productivity.

2. By firmness and moral courage,
management, and the government it-
self, could often avoid featherbedding
activities under existing laws to a
far greater extent than is presently
accomplished.

3. Yet labor unions have a proper role
to play in protecting the interests
of employees in the course of tech-
nological change.

4. Exciting, voluntary programs are
being worked out by management
and by management in cooperationwith
labor unions across the land, to develop
an understanding of the economics of
production and to protect proper em-
ployee interests, while accelerating
the rate of technological and produc-
tivity improvements.

5. Such improvements can benefit labor in
general, management, the stockholders,
the consuming public, and our posture
of national strength. Current experi-
mentation should therefore be studied
carefully for possible expanded appli-
cation, by the private sector of our
economy.
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Sunnyvale

BLOSSOM, Frank M.
Eitel McCullough Co.
301 Industrial Way
San Carlos

BOLTER, Wayne Lee
Fibreboard Prod.
W. Church St.
Stockton

BONZO, Cecil
Johns Manville
Stockton

BRANDT, Robert G.
NAS
Alameda

BRENNAN, E. F.
Richmond Chase Co.
Box 1030
San Jose

BROTHERS, John
Fibreboard Paper Products
Stockton & W. Church St.
Stockton

BROWN, James R.
Personal Products
150 Lawrence Station Road
Sunnyvale

BRUNER, John J.
Safeway
1100 78th St.
Oakland

BUCCIARELLI, Joseph B.
Mare Island Naval Shipyard
Vallejo

BUCK, Charles
U.C. Counseling
Berkeley

BUELL, Vic
Hewlett-Packard Co.
1501 Page Mill Rd.
Palo Alto

BUER, Finn Yngvar
Sacramento State College
Sacramento 19

BUNNELL, George E.
Travis Air Force Base

BURBACK, Harry M.
Naval Supply Center
Oakland

BURGELIN, Louis B.
Mare Island Naval Shipyard
Vallejo
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BURKE, Maurice W.
Crown Zellerbach
Box 1057
Antioc h

BURKHARDT, Lloyd
Hewlett-Packard Co.
1501 Page Mills Rd.
Palo Alto

BURNHAM, Donald H.
Westinghouse
Sunnyvale

CARMODY, Robert F.
Greyhound Corp.
Market & Fremont St.
San Francisco

CARNEY, Wright M.
U.S. Air Force
2145 Paradise Dr.
Tiburon

CARUER, Bob
Student
U.C. Berkeley

CERQUI, Donald E.
Diamond Walnut Growers
Box 1727
Stockton

CHADWICK, Harold M.
General Electric Co.
5441 14th St.
Oakland

CHRUDEN, H. J.
Sacramento State College
Sacramento

CHURCHILL, Steven
U.C. Ind. Eng. Dept.
Berkeley

CLARK, Donald E., Jr.
San Francisco Naval Shipyard
San Francisco

CLARK, James F.
U.C. Ind. Eng. Dept.
Berkeley

CLARKE, Brandon
Naval Air Station
6262 Ascot Drive
Oakland

CLAUGUS, Harold W.
Proctor and Gamble
Box 7718
Sacramento

CLEMONS, Harry R.
Military Sea Trans. Serv.
Fort Mason,
San Francisco

COE, Robert K.
Sacramento State College
6000 J St.
Sacramento

COLVIN, Ron
General Foods Corp.
100 Halyoon Dr.
San Leandro

CONNOLLY, W. L.
Grove Valve & Regulator Co.
6529 Hollis St.
Oakland

CONTON, Lee E.
National Seal Div.
Broadway & National Ave.
Redwood City

CRAWFORD, William
U.C. Counseling
Berkeley

CROW, R. T.
Methods Engineering
Columbia-Geneva Div. U.S. Steel
Pittsburgh, Calif.

CURRENT, K.A.
IBM
Monterey & Cottle Rds.
San Jose

CUSAK, John
U.S. Naval Air Station
Alameda

DAISO, Leonard
San Francisco Naval Shipyard
San Francisco 24

DALTON, R. D.
Walnut Creek

DANE, Charles M.
Naval Supply Center
Oakland

DANIEL, Mary C.
Naval Supply Center
Oakland

DAVIS, Robert L.
Fibreboard Paper Prod.
First & L Sts.
Antioch

DeMAYO, P. Lt. Jg.
Naval Supply Center
Oakland

DEMING, R. L.
Tracerlab
2030 Wright Ave.
Richmond

DEROMEDI, Frank D.
Cutter Lab
4th and Parker St.
Berkeley

DEVERAL, W. L.
U.S. Steel. Gen. Sup.
Box 471
Pittsburgh, Calif.

DODDS, Jack W.
Lockheed Missle and Space
Sunnyvale

DORWARD, Jack
Lawrence Radiation Lab.
Berkeley

DOUGALL, John B.
Safeway Stores
140 Leonard Dr.
Concord

DOUGLAS, Glen
General Foods Corp.
100 Halycon Dr.
San Leandro

DREHER, W. C.
Owens-Corning Fiberglass
Box 89
Santa Clara

DRYER, P. A.
Mare Island Naval Shipyard
Vallejo

DUBUQUE, Charles G.
Orangeburg Manufacturing Co.
Box 517
Newark

DUECKER, Tom
Stockton

EHLERS, Jack K.
Fairchild Semi-Conductor
545 Whisman Rd.
Mt. View

ELLIOTT, H. K.
Alameda State College
Hayward

ERTSGARD, Carl
Eitel-McCullough Co.
301 Industrial Way
San Carlos

EWBANK, Russell M.
Aerojet General Corp.
Sacramento

EWERS, Arthur J.
Eitel-McCullough, Inc.
301 Industrial Way
San Carlos
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FACER, James
Standard Register Co.
2101 Livingston St.
Oakland

FADA VI, Morteza
Walworth
6529 Hollis St.
Oakland

FARNHAM, Calvin H.
Alameda Naval Air Station
Alameda

FEITEN, W. P.
United Air Lines
San Francisco Int. Airport
San Francisco

FENTON, George M.
Mare Island Shipyard
Vallejo

FINKE, Roger A.
Eitol -Mccullough
301 Industrial Way
San Carlos

FISHER, Thomas C., Jr.
Mare Island Naval Shipyard
Vallejo

FLEAGER, William M.
Pacific Telephone Co.
400 Mission St. R. 300
San Francisco

FONTES, William
Friden, Inc.
2350 Washington Ave.
San Leandro

FORSTER, Arthur
Naval Air Station
1133 Oakland Ave.
Piedmont

FOTTER, Millard J.
Calif. State Poly College
San Luis Obispo

FOWLER, Don E.
Caterpillar Tractor Co.
900 Davis St.
San Leandro

FOX, Cary
Student
U. C., Berkeley

FRITCH, Wayne E.
Naval Supply Center
Oakland

FROST, William F.
Mare Island Naval Shipyard
Vallejo

GALL, John E., Jr.
Ampex

GARRISON, George
Standard Register Co.
2101 Livingston St.
Oakland

GASKILL, James
U.C. Ind. Eng. Dept.
Berkeley

GILLIAM, Andrew E., M. Sgt.
USAF
Travis Air Force Base

GOLDSMITH, Neil
Naval Air Station
3260 Rohrer Dr.
Lafayette

GOLF, George P.
Advanced Tech Labs
369 Whismen Pl.
Mt. View

GREEN, Jack H.
Asarco
Box 52
Selby

GREENHALGH, R. N.
Aerojet General Corp.
Sacramento

GUPTA, Krishan K.
U.C. Student
Berkeley

HIANNAH, John H.
Standards Engineer
American Standard
1900 Marina Blvd.
San Leandro

HARRIS, Milward V.
Friden, Inc.
2350 Washington Ave.
San Leandro

HEIDEL, Chas. W.
W. P. Fuller & Co.
South San Francisco

HEPPE, C. Jms
Industrial and Management Con.
Box 4114
Stockton

HEBERT, Laurent 0.

Mare Island Naval Shipyari1
Vallejo

HERNANDEZ, Paul
Lawrence Radiation Lab.
Berkeley

HILL, David, Dr.
U.C. Counseling
Berkeley

Mt. View
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HEYM, Howard
U.S. Naval Ammunition Depot
Concord

HICKMAN, Herbert
U.C. Ind. Eng. Dept.
Berkeley

HILSINGER, Wm.
Aerojet
Sacramento

HIXSON, Charles R.
Aerojet
Sacramento

HODSON, Robert
Tri-Valley Packing Assoc.
240 Battery St.
San Francisco

HORINE, Alfred W.
U.S. Naval Air Station
Alameda

HORST, J. A.
Moore Business Forms, Inc.
5750 Hollis St.
Emeryville

HOWELL, Robert P.
Standard Oil
1225 Bush St.
San Francisco

HUMORESTOK, J. T.
Naval Supply Center
Oakland

HUTCHINGS, Leonard R.
Colgate-Palmolive Co.
2700 7th St.
Berkeley

HYLAND
U.C. Student
Berkeley

HYAMS, David
FMC Corp.
San Jose

INGRAHAM, R.
Sylvania
Box 18 8
Mt. View

IRVINE, Robert
Day Brite Lighting
530 Martin Ave.
Santa Clara

JARVIS, E. H.
Southern Pacific Co.
65 Market St.
San Francisco

JENSEN, Walter F.
Naval Supply Center
Oakland



JONES, Wilbur W.
California Packing Co.
215 Fremont St.
San Francisco

JORGENSON, Wesley H.
Grove Valve & Regulator Co.
Mather Air Force Base

JOSSIS, Sig
Grove Valve & Regulator Co.
6529 Hollis St.
Oakland

JUDD, G.
Sylvania
Box 18 8
Mt. View

JURSCH. C. F.
Southern Pacific
General Shop
Sacramento

KALANGE, George
Ultronix'
111 E. 20th Ave.
San Mateo

KAY, Leon G.
Oakland City College
5714 Grove St.
Oakland

KING, H. H.
United Air Lines
San Francisco Int. Airport
San Francisco

KING, Myron D.
Grove Valve & Regulator Co.
6529 Hollis St.
Oakland

KIRK, Barbara
U.C. Counseling
Berkeley

KNAPP, S.
Bethlehem Steel Co.
Box 444
Alameda

KOBRIN, D. M.
Fairchild Semi Conductor
545 Whisman Rd.
Mt. View

KOSTER, F. D.
Chico State College
Chico

KRE, LL, L. Wynne
Standard Brands Co.
500 Paul Ave.
San Francisco

LAKEIN, Alan
Southern Pacific Co.
65 Market St.
San Francisco

L'AMOREAUX, R. C.
Calif. & Hawaiian Sugar Ref.
Crockett

LANSDON, Dan
Hewlett-Packard Co.
1501 Page Mills Rd.
Palo Alto

LARKIN, Donald G.
East Bay Muni. Util. Dist.
P.O. Box 4616
Oakland

LARSEN, J. W.
Moore Business Forms, Inc.
5750 Hollis St.
Emeryville

LAVINE, Jack
Naval Supply Center
Oakland

LAXON-ROBERTS, W. T.
Philco Corp.
Palo Alto

LEACH, Doug
Foremost Dairies, Inc.
425 Battery St.
San Francisco

LEW, Fay W.
Tiegel Mfg. Co.
Bragato Rd.
Belmont

LE PAGE, Don
East Bay Water
2127 Adeline St.
Oakland

LONDONO, Edgar
Montgomery Ward
Oakland

LUND, Robert
Richmond Chase L. D.
Box 1030
San Jose

LYMAN, Ted
U.C. Finance
Berkeley

MACHADO, Kenneth
Eitel-McCullough Co.
301 Industrial Way
San Carlos

MALCOLM, James
Safeway Stores
4th and Jackson Sts.
Oakland

MARKS, Alan D.
Varian Associates
611 Hansen Way
Palo Alto
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MARTIN, Ralph E.
International Harvester Co.
2834 Summit St.
Oakland

MATTHEWS, Howard H.
Ampex Corp.
2755 Bay Rd.
Redwood City

McCLELLAND, Mary
Montgomery Ward
Oakland

McCORD, Ray
Standard Register Co.
2101 Livingston St.
Oakland

MCGEE, W. C.
Naval Supply Center
Oakland

McINTOSH, Henry C.
California Packing Co.
215 Fremont St.
San Francisco

McJUNKIN, H. K.
Tidewater Oil Co.
Avon Refinery
Martinez

McKEEN, Everett
Hewlett-Packard Co.
1501 Page Mill Rd.
Palo Alto

McSORLEY, Richard
Ultronix
111 E. 20th Ave.
San Mateo

MEYER, 0. F.
Ryan Aeronautical Co.
2701 Harbor Dr.
San Diego

MIELICH, D. C.
Moore Business
5750 Hollis St.
Eme ryville

Forms, Inc.

MILLEMAN, William T.
Naval Supply Center
Oakland

MILLER, Herbert
Ultronix
111 E. 20th St.
San Mateo

MOLLOY, E. J., Jr.
Union Oil Co.
Oleum Refinery
Rodeo

MONTGOMERY, John T.
Burke Rubber Co.
2250 So. 10th St.
San Jose



MONTY, David
Standard Register Co.
2101 Livingston St.
Oakland

MORETTO, Victor
Montgomery Ward
Oakland

MORRIS, Robert C.
Varian Assoc.
Palo Alto

MtURRAY, Lee S.
Columbia-Geneva Steel
Pittsburg

MYERS. T. G.
Kaiser Altiminuim
30(1 Lakeside Dr.
Oak] andci

MILES, Trae - A.
Chico Stale C'ollege - Business
Chico

NAYLOR, C.
Matson
215 Market St.
San Francisco

NE LSON, Frank
Aerojet General
6419 Oak Creek Way
Citrus Heights

NELSON, Howard
Rayclad Tubes, Inc.
Red wood City

NERKOZIAN, G.
U.C. Student
Berkeley

NEWBY, William A.
Grove Valve and Regulator
Oakland

NEWMAN, Frank
Beckman Instruments
220 Wright Ave.
Richmond

NEWTON, K. C.
IBM
Monterey and Cottle Rds.
San Jose

NEWTON, Thomas R.
Mare Island Naval Shipyard
Vallejo

NOORANI, Hamid
Coast Manufacturing & Supply Ca
Box 71
Livermore

NORDAHL, James D.
Coast Manufacturing & Supply Cox
Box 71
Livermore

NOVAK, Paul
U.C. Ind. Eng. Dept.
Berkeley

OBERT, T. W.
United Air Lines
San Francisco Int. Airport
San Francisco

O'BRIEN, John A.
Ampex
934 Charter St.
Redwood City

ORR, William F.
Basie Vegetable Prods, Inc.
Box 599
Vac aville

OTT, Darryl
U.C. Student
Berkeley

OTTENHEIMER, Richard J.
Armstrong Rubber Co.
Box 129
Hanford

OWEN, J. I.
USN Radiological Def. Lab.
1717 Moreland Dr.
Alameda

PADDOCK, Robert M.
Mare Island Naval Shipyard
Vallejo

PARKS, George M.
U.C. Ind. Eng. Dept.
Berkeley

PEAL, Marshall L.
Federal Supply Service
49 4th St.
San Francisco

PEDRONCELLI, R. B.
Naval Supply Center
Oakland

PENNINGTON, D. E.
Tektronix, Inc.
Box 500, Beaverton
Oregon

PENNEY, Steve
U.C. Student
Berkeley

PERCY, Oran K.
Lockheed
Sunnyvale

PERIN, Ray
Perin Co, Inc.
128 Starlite St.
South San Francisco

PERRY, Lewis B., Jr.
U.C. Personnel
Berkeley

PETERSEN, A. A.
Western Electric
1717 Doolittle Drive
San Leandro

PETERSON, Byron L.
Colgate Palmolive Co.
2700 7th St.
Berkeley

PETRIS, G. C.
Moore Business Forms, Inc.
Emeryville

PHILLIPS, P. L.
Southern Pacific Co.
65 Market St.
San Francisco

PIERCE, Bob
Hewlett-Packard Co.
1501 Page Mill Rd.
Palo Alto

PIKE, Richard 0.
Campbell Soup
Franklin Blvd.
Sacramento

PINGER, Roland W.
U.C. Ind. Eng. (ret)
Berkeley

PRAYOR, Ralph H.
Chico State College
Chico

PYLE, Larry T.
Durkee Foods
2900 5th St.
Berkeley

RADMACHER, Alvin R.
Campbell Soup
Franklin Blvd.
Sacramento

RAVIZZA, Kenneth J.
IBM
Monterey & Cottle Rds.
San Jose

REARWIN, W. Heath
Friden, Inc.
2350 Washington Ave.
San Leandro

REAUGH, Myrl A.
Union Oil Co.
Oleum Ref.
Rodeo

REED, Harvy G.
Sacramento State College
6000 J St.
Sacramento
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RICHARDSON, Joe
Lockheed M & S Co.
Sunnyvale

RICHTER, G. H.
IBM
Monterey and Cottle Rds.
San Jose

ROBINSON, Gordon H.
U.C. Ind. Eng.
Berkeley

ROCK, William
Gerber Baby Foods
9401 San Leandro St.
Oakland

ROSKI, John Co.
Naval Air Sta.
3130 Gibbons Dr.
Alameda

ROVVIN, Harold W.
Naval Supply Center
Oakland

RUTHERFORD, Charles B.
Mare Island Naval Shipyard
Vallejo

RUZICKA, Anthony
Kaiser Aircraft & Elec.
880 Doolittle Dr.
San Leandro

SAINIO, Paul H.
Red. Military Officer
2627 44th Ave.
San Francisco

SAMLI, Coskun A.
Sacramento State College
6000 J St.
Sacramento

SAMPERT, Herbert C.
U.C. Forestry
Berkeley

SANDERSON, R. S.
Avon Refinery Tidewater
Martinez

SCHERINI, Rose
U.C. Counseling
Berkeley

SCHLAEPFER, Fred S.
Ampex
1020 Kifer Rd.
Sunnyvale

SCHROEDER, Robert L.
Johnson Service Co.
3031 Bridgeway
Sausalito

SCHUERT, Edward A.
U.TS.N.R.D.L.

SCHULZ, Arthur H.
Safeway Stores
Box 660
Oakland

SCHWING, Richard
Varian Associates
611 Hansen Way
Palo Alto

SCOTT, William D.
Columbia-Geneva Steel
Pittsburg

SHERMAN, Clermont
U.C. Student
Berkeley

SHOCKLEY, P.D., Jr.
DuPont Co.
Box JJ
Antioch

SHORT, William R.
Calif. & Hawaiian Sugar Ref.
Crockett

SHUSTER, Louis, Jr.
Sacramento State College
Sacramento

SILCOX, Roy H.
Montgomery Ward
Oakland

SIMENSON, Louis
Dow Chemical Co.
Pittsburg

SIMOES, Norm
U.C. Student
Berkeley

SKILLINGS, I. W.
Pacific Fruit Express
116 New Montgomery St.
San Francisco

SPOONER, Ken
Tektronix, Inc.
Box 500
Beaverton, Oregon

SPURGEON, W. R.
Moore Business Forms, Inc.
5750 Hollis St.
Emeryville

STAIB, Donald A.
United States Steel Corp.
1849 Oak St.
Alameda

STANTON, Edwin C.
Friden, Inc.
2350 Washington Ave.
San Leandro

STATES, Hugh W.
Bay Microfilm, Inc.
4009 Transport St.
Palo Alto

STEED, W. W.
Johns -Manville
7507 Coral Lane
Stockton

STEEN, M. V.
Lockheed M & S Co.
Box 504
Sunnyvale

STEINKE, Fred
U.C. Berkeley

STENGELE, F. H.
Southern Pacific
65 Market St.
San Francisco

STEVENSON, K. A.
American Can Co.
145 Costa Rica Ave.
Burlingame

STONE, Glen
Durkee Foods
2900 5th St.
Berkeley

SYLVESTER, Gerald D., Lt. Cmdr.
Mare Island Naval Shipyard
Vallejo

SYMES, Richard
Gerber Baby Foods
9401 San Leandro St.
Oakland

TARLETON, Colby D.
12th Naval District
San Bruno

TAYLOR, Ronald W.
International Paper Co.
1601 Las Plumas, San Jose

THATCHER, B. L.
Johns-Manville Products
Box 1587
Stockton

THOMAS, Doris
Diablo Valley College
Golf Club Rd.
Concord

THOMAS, Meegan
U.C. Counseling
Berkeley

THOMPSON, Leete A.
Sacramento State College
6000 J Street
Sacramento

San Francisco
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THOMSON, E. G.
U.C. Metal Proc.
Berkeley

TILSON, D.
Matson
215 Market St.
San Francisco

TRACY, Myles A.
Chico State College
Chico

TRAUBE, Robert J.
FMC Corp.
Box 585
Santa Clara

TROXELL, John P.
U.C. Business Adminis.
Berkeley

TRYONS, Walter W.
U.S. Steel Corp.
Pittsburg

TSAI, William H.
Calif. State Poly Col.
443 Bernardo Ave.
Morro Bay

TURNER, David N.
Flour Prods, Co.
Box 1267
Santa Rosa

TUTTON, Venson A.
2107 Fairway Dr.
San Leandro

ULLMAN, N. F.
Safeway
Box 660
Oakland

VAATtJEIT, Steve
U.C. Student
Berkeley

VAN DOLSEM, Dale
Ampex
Redwood City

VAN ERP, W.
Matson
215 Market St.
San Francisco

VELEZ, Francisco
Stanford University
Palo Alto

VERKOZEN, A.
622 21st Ave.
San Francisco

VIELBIG, Joseph F.
Colgate-Palmolive Co.
2700 7th St.
Berkeley

VALLMAYER, J. W.
Aerojet General
7524 Fair Oaks Blvd.
Fair Oaks

VOTAW, Dow
U.C. Business Admins.
Berkeley

WAITE, Richard B.
Pacific Gas & Electric Co.
840 Bedford Rd.
Salinas

WALDE, Leonard O., Jr.
American Standard
Box 1866
Richmond

WALKER, Donald
Standard Register Co.
2101 Livingston St.
Oakland

WALLACE, F. P.
United Air Lines
International Airport
San Francisco

WALSH, Thomas R.
Mare Island Naval Shipyard
Vallejo

WALTKE, Edwin H., Jr.
Aerojet General
Box 1947
Sacramento

WARREN, Richard A.
1237 Monte Vista
San Luis Obispo

WASON, Robert G.
Jennings Radio Mfg. Corp.
970 McLaughlin
San Jose

WASSON, Donald A.
Mare Island Naval Shipyard
Vallejo

WEIR, K. C.
Sandia Corp.
Albuquerque, N. M.

WEISENBERG, Joseph O., Cmdr.
Naval Air Station
95 Colgett Drive
Oakland

WEISS, Lewis C.
Sylvania Electric
Mt. View

WEISSMAN, Martin, Dr.
U.C. Counseling
Berkeley

WENDEL, D. N.
Southern Pacific
65 Market Street
San Francisco

WHALEY, Don
Fibreboard Paper Prods.
First and L Sts.
Antioch

WHIPPLE, Walter W.
Pacific Fruit Express
116 New Montgomery St.
San Francisco

WHITED, Robert
Naval Air Station
6461 Regent St.
Oakland

WHITEHEAD, Ted
California Packing Corp.
215 Fremont St.
San Francisco

WHITEHEAD, Edwin
37 Montecello Ave.
Piedmont

WILLIAMS, Charles Edward
Calif. State Poly. College
872 Veneable Ave.
San Luis Obispo

WILLIAMSON, Robert Boeing
Boeing
Seattle, Washington

WILLIAMSON, S. R.
Mare Island Naval Shipyard
Vallejo

WING, Laurence
Naval Supply Center
Oakland

WITTEGREN, Art
Philco
3520 Tracy Dr.
Santa Clara

WOBBER, Don
Wobber Bros.
444 Jessie St.
San Francisco

WOOD, Robert A.
Lockheed
525 B Piazza Dr.
Mt. View

WOOLLEY, Ellis H.
Consultant
1431 Jackson St.
Oakland

WORTMAN, C. B.
Mare Island Naval Shipyard
Vallejo
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WRZESINSKI, Richard J.
Caterpillar Tractor Co.
800 Davis St.
San Leandro

WUEBEL, Paul A.
3518 Winway Cr.
San Mateo

WYNGARDEN, Len
Columbia-Geneva Steel
Pittsburg.
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ROSTER OF ATTENDANCE

LOS ANGELES

ABRAMS, Richard M.
122714 Lakewood Blvd.
Downey, Calif.
North American Aviation, SNID

ACKERMAN, R. F.
1001 E. Broadway, Hawthorne
Northrop Corp., Norair Div.

ADAMS, Stan
117 W. 9th St., Los Angeles
United Steelworker

ALLEN, D. C.
North American Aviation
S & I.D., Downey

ANDERSON, Ralph
Norton Air Force Base
San Bernardino

ANDERSON, Roy L.
Douglas Aircraft Company
Long Beach, Calif.

ANGEL, Robert
Norton Air Force Base
San Bernardino

ARNOLD, George
816 Dodsworth Ave.
Covina, Calif.
Production Mgr., ORMCO

AUSNESS, A. R.
North American Aviation
S & I.D., Downey

AWBREY, R. E.
808 Western Ave., Glendale
Librascope Div.
Supervisor Mgt. Engr.

BAGBY, R. D.
1001 E. Broadway, Hawthorne
Northrop Corp., Norair Div.

BAHERSBY, Mark
Lockheed California
Division of Training

BARBARA, R. R.
North American S & I.D.
Downey

BARTELT, H. W.
USMCAS El Toro Sta.
Santa Ana
Home: 2418 N. Alona
Santa Ana

BASFORD, Harry J.
Hughes Aircraft Co.,
El Segundo, Calif.

BATISTIC, Stephen J.
4123 Mayfield St.
Santa Maria, Calif.
USAF, Vandenberg AFB
Industrial Engineer

BECKER, F. L.
Hughes Aircraft
Culver City, Calif.

BERGHAUS, Leo
1645 W. Valencia Dr.
Fullerton, Calif.
Chief Ind. Engr.
Hunt Foods & Industries

BENN, Sydney
Norton AFB
San Bernardino

BLANDIN, Robert
P.O. Box 182, Riverside
Consulting Engineer
Bourns Inc.

BOE, Keith
Norton AFB
San Bernardino, Calif.

BALLARD, Ray
Norton AFB
San Bernardino, Calif.

BOSEN, Evan
USMCAS, El Toro
Santa Ana, Calif.
Home: 3501 Sunnywood
Fullerton, Calif.
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BOSWELL, H. Curry
Norton AFB
San Bernardino, Calif.

BOYLES, J. S.
So. Calif. Edison Co.
P.O. Box 351
Los Angeles 53

BRACH, Robert E.
5630 Arbor Vitae
Los Angeles 45, Calif.
Bendix Computer Div.
Sr. Industrial Engr.

BRAINARD, S. P.
North American S & I.P.
Downey, Calif.

BRODHEG, Donald
BUWOPS Flt. - Road Rep.
Pac. Nas. N. I., Navy
San Diego, Calif.

BROWN, Helen K.
System Development Corp.
2500 Colorado Ave.
Santa Monica, Calif.

BRYAN, Robert
5150 Rosecrans,
Hawthorne, Calif.
Mattel Toymakers
Industrial Engineer

BUCK, James H.
Collins Radio Company
Newport Beach, Calif.

BULKMAN, Erwin
Naval Supply Center
U.S. Navy, San Diego, Calif.

BULLARD, Duane
4017 Kendall
Naval Supply Center
San Diego, Calif.

BURNETT, L. R.
North American S & I.D.
Downey, Calif.



CADENHEAD, Tracy
6315 Bandini Blvd.
Los Angeles 22, Calif.

CADY, Rae 0.
Norton AFB, USAF
San Bernardino, Calif.

CAYE, Carl H.
AFPRO, Hughes Air Craft Co.
Culver City, Calif.

CHIPPS, James
5150 Rosecrans
Hawthorne
Chief Industrial Engr.
Mattel, Toymakers

CONSIDINE, John F.
Lindbergh Field
Ryan Aeronautical
San Diego, Calif.

CONTINENTAL GRANITE
P.O. Box 1507
Escondido, Calif.

COPELAND, C. M.
Hughes Tool Co.
Florence Ave. at Teale St.
Culver City, Calif.
Industrial Engr.

CRISPIN, Thayer
3000 Ocean Park Blvd.
Santa Monica, Calif.
Douglas Aircraft Company

CROWLEY, R. G.
North American S & I.D.
Downey, Calif.

CUTLER, Burton
1815 Venice Blvd.
Los Angeles 6, Calif.

DALY, James
USN Construction Center
U.S. Naval School
Port Hueneme, Calif.

DAVIDSON, Ernest
3717 Park Place
Glendale 8, Calif.
Applied Research Labs, Inc.
Production Manager

DENNIS, Vaughn
Norton Air Force Base
San Bernardino, Calif.

DIEPENBROCK, Robert A.
Standard Oil of Calif.
P.O. Box 97
El Segundo, Calif.

DIETRICH, William
USAF, Norton AFB
San Bernardino, Calif.

DILLMAN, Hugh
Autonetic s
Box Y 1
Anaheim, Calif.

DONALDSON, Robert
Chrysler Corp.
5800 Eastern Ave.
Los Angeles, Calif.

DONEGAN, J. W.
Hughes Aircraft
Fullerton, Calif.

ELLORMEIER, Joel
Naval Supply Center
San Diego, Calif.

ELIAS, George C.
Hughes Aircraft Company
Fullerton, Calif.
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