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I. SUMMARY

A. STATEMENT OF THE PROBLEM AND METHOD OF APPROACH.

The.Department of Defense is vitally interested in obtaining:the great-
est possible return from the investment it-makes in fesearch and exploratory:
development. There are many aspects of this problem. This ‘study explores one,
the effect of environment, -in an attempt.t6 develop hypotheses which would assist
the Department of Defense to-increase its effectiveness in‘the administration of
research and exploratory development,

The primary objective of this study is to-discover circumstances which
the Defense Department could manipulate or control, -and which favor the initia-
tion, execution, and utilization of research and exploratory development projects,
In the term environment we include all ¢ircumstances which might-influence the
initiation, execution, or utilization of the work. We have directed most of our
attention, of course, to those factors which might be used constructively as- tools
in the management of research and exploratory development..

The projects we have considered are idealizéd as’ resgggchand explor-
atory development Events (abbreviated as RXD Events, or R Events, or XD
Events, as the case may be). We conceive of an. RXD Evént.as a-period of tech-
nical aétivity with.a:well defined outcome. One of its attributes is that it involves
some creative or innovativeact; dnother is tkat it produces an irrevocable or
irreversible change in the state of knowledge, in.the understanding of what'is
feasible or how-something can be done, This outcome must be such.that the RXD -
Event’influenced the development of a weapon system. The outcome maybe.a
(progtess report, a proposal, a journal article, a:patent. disclosure, or some
other document which summiarizes the information generated in the RXD Event;.
it may-also be a verbal presentation; a successful' execution of .a: field test, a
consensus in a committee meeting, or some other action not.ordinarily conceiyed’
of as information-bearing or information-transmitting, The:outstanding quality
of the-outcome is that it is'the dividing point beiween the state-of knowledge be-
fexe the RXD Event-was completed; -and-the state of knowledge after the RXD
Event was.completed. An extrems test is whether the knowledge contained or
.dérived from the RXD) Event would be presérved and propagated from that point
onward without any further contribution from its protagonists, An example.of
an RXD Event is described-on page B-6, Appendix B.

The ultimate critérion for selection of these particulax Eventa was-
utilization in a weapon system procured:by the Defense-Department for opera=
tional use. In 6ther words; a particular Evefit was-included in our sample:only
aefter we verified that some opetrational° weapon  system was made possible in
partthrough the availability of knowledge: evolved by the:particular Event.
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Most of the research and exploratory development Events were-iden~
tified in' historical -gtudies of six xepresentative weapoir BYStEmSl chosen by the

Department of Defense. No attempt was made to-produce a complete list of such

Events since certain.impostant areas of research, such as nuclear warheads,
were off limits.by virtue of security restrictions. Instead, the purpose was to
develop a list sufficient to explore the methodology of uncovéring.such Events,
and to provide a xeasonable base for study of various types of research and ex-~

ploratory development environments, It was evident that. most weapons systems
‘are-an outgrowth of a broad activity in rasearch and exploratory development

extending over a period of many years.

Eighty-seven Events were identified (see Appendix C for details), of
which werdescribe 11 as Research, 59-as Exploratory Development, and 17 as
Advanced Development. The latter were included to provide some test of the

1ine of demarcation. between:Exploratory Development and Advanced Development.

A simpie of 63 Events, including all 11 Research Events and 52 Exploratory
Development Events, was selected as a basis for further environment studies..
These Events took place at 36.different laboratories of the following types:

‘Govizrnment Laboratory (3)

Government Laboratory-University operated (5)

Government Laboratory-Industry operated (1)

‘ University (2).
Industry (24)
Research Institute (1)

Wevgathered no .control samples of unutilized research and exploratory develop~
inent nor of research:and exploratory development projects that were "failures."

Two methods were used to uncover research and exploratory develogp-

-ment Events, One consisted of beginning with a development utilized in one of
‘the-six selected weapons systems.and tracing it back in history toward its-ex-

ploratory development and research-phases, The second method was to start
with a research Event and trace forward the ensuing developments-into posgsible
weapons system use. Both methods required extensive readiag of reports co-
oxdinated with interviews- of Department of Defense and laboratory personnel,

since no weapons-systems histones existed which contained information of this
sort.

1. Mark 46-0 Torpedo, XM 102 105 MM Howitzér, AGM-28.Hound Dog Micsile,
Polaris Missile, Minuteman Missile and Séxgeant Missile

Hrthur D Uittle Ine,




Both methods resulted in uncovering a predominance of Events of an
exploratory development rather than-a research nature, We believe there are
two reasons for this. First, most of the many developments which go into making
a new weapons system possible are triggerediby the needs and operational re-
quirements of such systems. The ideas-utilized in the solution of these needs are-
of an innovative type and the resulting work i8 usually characterjzed as explora-
tory development in nature rather than research. There were few. cases of scien-
tific breakthroughs apparent in the systems étudied to date. Secondly, while-it
nay appear to be logical that the aforementidned exploratory devel>pment is
easily traced back to the specific research knowledge upon which the innovator
based his reasoning, this is not the case. #ll too often such basic knowledge
and understanding had become generally available in the text books, and the
innovator usually had absolutely’no idea what specific bits of knowledge he tapped
or who had evolved this knowledge.

We believe that studies of otheryjeapon systems would also uncover
more exploratory dé.elopment than research, Therefore, this-study-is, (and
others like it would -be)-heavily weighted toward a stwdy of exploratory develop-
ment environment, These few cases of regearch have led us to believe that
resedrch environments differ {from exploratory development environments, We.
have therefore treated the environments of research Evefits independently from
thosé of exploratory-devislopment Events.

The following sections describe-a numiber of findings 2nd recommenda-
tions based on these environmental data. Most of ‘them.are based on the 52 en-
vironments of exploratory deyelopmentﬁEvents alone; although many of the state~
ments would not be much different if they were based on all 63 environients.,
Those findings peculiar to research environments.are treated-later, although
some references to research and others‘to the total population of research-ancd
exploratory development are made:from time. to time where it serves to make
the results easier to understand.

A task implicit in this study wassthe determination of what is meant
by environment, Initially, our investigations were.directed toward objective,
quantitative,. §tatic factors.such as type of institution, educational background
of pacticipants, pattern of ‘funding, mechanism of reporting, and:so forth., How-.
ever, -as this list was gradually extended, it became.obvious that.dny description
based only on such factors would be:incomplete and would fail to show significant
relations implicit in-our data. We therefore found it desirable to-introduce terms:
and concepts from the behavioral sciences, and to deal explicitly with motives,.
attitudes, and thé processes-of human interaction.

1-3
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We ‘have found it especially important to distinguish between two
contrasted systeins.of management and contiol: authoritarian systems based on
a static hierarchy with well-defined levels of authority and chains of command;
and- adagtive systems ‘with diffuse authority and responsibility, with communica-
tion through a broad network, authority based on wisdom and experience rather
than organizational status, and iinplementation by consensus rather than by
decree, The-associated terms used to describe types of inter-personal and inter-
group relations usually found with these systems of management and control are
coercion-compremise and consensus-collaboration, respectively, Each of these
terms characterizes an environment with many inter-related features, They are
expldined-further on pages I-16 and I-18,

~ While each of these systems has particular utilities, a majoz:thesis
of this report is that research and exploratory development thrive in adaptively
organized groups enjoying consensus-collaboration relations with their sponsors.

Finally, we have two warnings to issue. First, the data obtained in
this initial study represents a limited sample, so that findings only, not defini-
tive conclusions, can be drawn. Second, many opinions and prejudices exist
with respect to proper methods of -administration.of research and development,
and we hope we have prevented.our own from affecting the course-of this study:

Arthur 2 lttt[c..'ﬂnr
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B. FINDINGS AND RECOMMENDATIONS CONCERNING EXPLORATORY
DEVELOPMENT ENVIRONMENT

Our most detailed findings concern exploratory development because
most of our RXD Events are more typical of exploratory development than of
any of the other-categories of R&D recognized by the Defense:Department. The
Department defines exploratory development as follows:

Exploratory Dévelopment (6.2) - Includes ail effort
directed toward the solution of specific military problems,
short of major developinent projects. This type of effort
may vary:from fairly fundamental applied research to quite
sophisticated breadboard hardware, study, programmisg,
and planning effort, The dominant characteristic of this.
category of effort is that it be pointed toward spécific mil-
itary problem areas:with a view toward developing and
evaluating the feasibility and practicability of proposed
solutions and détermining their paraméters. Program.con-
trol .of the exploratory development element will.normally
be exercised by general level of effort.

The principal findings and associated recommendations are set forth
on the following pages. Most of the findings are illustrated and illuminated with
‘statements by experienced managers and. quotations from.the literature. Quota-
tions matching of:contrasting with-certain-of our findings' have been hard to find.
We believe that these findings either are new or'are expressed in-a novel way.

I-5
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an‘E,RA*rURE FINDINGS

Thére is also today atendency to let the spectacular aspects of some
kinds of technology lead us to.give undue attention to those things which are
glamorous, at the expense of those things which are impoxrtant and badly needed.
As we push ahead with-the military uses of outer space and the advanced tech-

) nology of space.science and exploratlon, as indeed we are-and must, an¢ as we
‘pursue glamorous technological objectives in other fields, let us not forget that

we have vitally important, if less Spectacular, programs in military technology
and in Science that must not be downgraded in the emphasis we give them and in
‘the top-flight manpower we assign to.them.

I do not.imply that we should be any less bold or audacious, any less

far-reaching. and creative in our techiiology. I.do suggest that we have.problems

of common-sénse priority and funding and use of scientists and engineers which
require dismphned judgment in our planning and in egtablishing requirements.

Research, especially applied research, can help provide the critical analysis

necessary-to.definé meaningful priorities, (j. R. Killian)

) Successful products are not so nuch the results of good ideas but-of
one man's determination to make them succeed. (General Dornberger)

Genius is one percent inspiration and 99 percent perspirauon

»(Thomas A. Edlson)

The full fruition-of scientific work depends upon three things: the

- -desire to know, the ihitiative to find out, and.the awareness to apply.

(Sir Cyril Hinshelwood)

Innovation is the basic. furiction of ‘management, whether of industry;
politics, science or the arts, and niznagement must coax or coddle it jnto beirig.

(William T, Brady). -

The complexities of nature will always limit:man's knowledge to a
smattering of truth. ‘Science advances by the slow attrition of ignorance and by

the constant recognition-of its uncertainties. (Heni'y DeWolf Smiyth)

I-6

e e e e o e R b .

Aethue BMistle e,




1. ‘Most RXD Events Resiltin Modest Innovations

Whert.this study hgan, many people believed that weapon system de-
velopment depended on a siccession of “key events" and important technological
and scienzific breikthroughs. The evidence gathered from the:six histcrical
surveys we have undeitaken in our study showthat this is- probably not true: The
innovations resulting; from our 52 Exploratory Developmeént Events were. modest;
however, ‘they-did make an important contribution to the-value. of thé weabon
system in which théy are used, ’

In mo§t cases the innovations interact and reinforce-each other, The
resultifig improvements in pexformance, operational utility, and cost.cannot be
attributeéd to one innovation.only, because the benefit from exploiting.each inno-
vation depends om. epriting others at the same time, For instance, the-high
search rate for the Matk 46 torpedo guidance system is only useful bécause of
the high spéed of the vehicle, This was possible only because of‘several innova-
tions-introduced in the fuel and-niotor, which in turn put requirements.on-the
propelior, on hydrodynamictnoise reduction, and on signalprocessing. These
made other innovations hoth necessary and useful, and-when they were achieved,
a vastly improved torpedo resiited. But each Event, taken individually, is not
a major technical breakthrougli-or key idea.

Of the several hundred ideas we have examined in tie backgrounds: of
six weapon systems, only two, both:Research Events, could be considered key
ideas or major technical breakthroughs: the invention of the transistor -and-the
development of a high temperature sliock tube and resulting advances in gas
dynamics. We infer-that the major effort in exploratory development is probably
not for key events“and important technical Lreakthroughs but for a very much
larger number of significant but individually modest innovations,

Recommendation

Any program for improving the management:of exploratory develop-
ment resources must show.substantial interest in ind.concern for modest innova-
tions. The Department of Defense must encourage theii initiation, execution
and utilization, and must,recognize the interrelations ainong such-innovations
and military needs.

Htthur E 'little.lnt
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THE LABORATORY DIRECTOR

Literature Findings

The research.director-is the most important single factor in the suc -
cess-of the laboratory. He must not only set the tone of the laboratory through
the acquisition, inspiration and encouragement of its staff, but must ailso work
with top corporate management. As one of those most responsible for long range
Corporate success, he must be one of the top management team responsible for
the establishment of corporate plans and objectives. Only top-management has
the over-all understanding and power to. set levéls of risk and to implement plans.
(B.S. Old)

Research is related to every facet of the business. Corporate policy
and.research policy must go nand-m-hand -and anything short of responsibility

for research at the top. of the organization is a dangerous dilution of effort.

‘Management needs to know what research is being'done, and why, and generally
how.. A good deal of research operates onthe hairline of success or failure;
management is-the:fulcrum. (E.N, Fuhkhouser, Jr.)

Maximizing creative-cutput. is probably the most important day-to-day
task of the research managér. The success of organized research is dué to the
fact-that the organizations have been built up and are controlled by scientists.

No one organization arrangement is best for all purposes. Each case deserves
special consideration.to determine how the work should /be oxganized. (W.D,Lewis)

Any laboratory which is built around the dominance of its director, how-

ever gifted and benevolent he may be, is ill prepared to_cope with its future. The
" best-thing a director can do for a research institution is so to shape it that he is-

not necessary to its' vigorous continuity (Ralph Bown)

Time is a resource like money, raw materials or facilities; it flows
on inexorably and once expended cannot .2 regained. We have the-opticn of in-

- vesting it wiselytor squandering it.extravagantly, We cantiot be certain, but

prudence makes-us assume that our opponents are not squandering time extrav-
agantly; we must make sure our investment of it‘is sound, As research directors.
and administrators, we may not play the part we once did in invention, innovation
or discovery, but we can do one thing of unique importance. We can bring tech-
-nology.into communication with its environment sooner than the entrepreneurs
-and planners: of the ecofidmic social and political world. It is up to us to try.

(R,E. Gibson)

It is:a rareindividual whe combines all the attributes necessary to
‘becoming a stccessful research director, (Merritt Williamson)

I-8
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2. The Environment is Strongly Affected by the Laboratory Director

Most (46/52)* of the directors of laboratories in which the Exploratory
Development Events:took place were ranked by us as good or excellent in ¢capabil-
ity. In general, these laboratory directors were men characterized by breadth
and depth of technical insight, by previous technical accomplishment which af-
forded them stature in the technical and scientific community, by skill*in com-
municating with and motivating subordinates, by aggressiveness and imagination
in the promotion and pursuit of objectives which inspired :onfidence in sponsors.
Without doubt we confirm the lessons stated in the literature to the effect chat
‘the director is a major factor in the success of a laboratory. He is in a good
position to maintain’the type of’environment desirable foi exploratory work; most
of the recommendations in this report can be encouraged, implemented and sup-
ported by the laboratory director.

One attribute of the good director is tie ability to:keep alive and nur-
ture ideas, In all but a very few cases, the research directors had succeeded
in building an ervironmert such that the innovator reported no.difficulty in either
selling his idea to his Superiors or in proceeding on his own, depending on his
position in the organization. Furthermore, the environment was such that the
innovator received encouragément, and through various means had funds made
available to him, because the value of the projgét was xeccgnized by the appro-
priate people within the organization.

Another characteristic of the outstanding-director is the ability to sell
the developments of his laboratory. In many of thé cases noted in this study, the
.director wae actively engaged in such selling, and usually his reputation was
such that his judgment was respected by thé Department of Defense,

It should be noted‘that in certainyDepartment of Defense laboratories,
even the outstanding directors. complained that they felt remote from "top manage-
ment" in the Pentagon This wes given as:the reason for the departure of scme.
such individuals from Government serv[ce

Recommendations

The Department of Defense should give weight to the reputation of the
laboratory director when allocating exploratory development resourxces. It should
consider training programs for develsping those scientists in its-own laboratories
who have management poteatial, as well as means. for ‘attracting.as laboraory
directors:promising yoiing'men from outside Government circies.

In addition, it seems clear that despite-the difficulties involved, im-
proved communication of plans, requirements, and:gbjectives between Depart-
‘ment of Defense "top management" and in-house laboratory directors must be
sought..

*The actual number of cases in our limited sample is shown as the numerator
of a proper fraction; the denominator is the size of the sample, usually 11 R
Events, 52 XD Events; or 63 R&XD Events; e.g., 46/52 means that the state-
ment was true.for 46 of our 52 Events.
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LITERATURE FINDINGS

If'y’ou do not expect to be in business five years from now, there is no need

for expenditures for scientific reséarch. (G. Guy Suits)

Governinent, business, and industry are dependent.....not alone on tech-
nology but on.an accelerating growth of knowledge deriving from reseaxch that once
was sometimes described-as "finure." (Glenn T. Seaborg)

’ The application of sc‘iencécap.be directad to produce results of value; the
creation of science proceéds from the free operation-of the minds of scientists.
(C.E.K. Mees and J.A. Leermakers)

Yet with all this, I‘'would still say that the-prime need in mddern technology
is for wiser, smarter thought and action about what we have, rather than reliance on
a headlong hunt for miracle solutions, or brute-force, extravagant effort tc find what
we do not have. I would still say that the most significant impact of science-on our
techitical systems will come from:bettexr methods for studying and layout of what
choices really exist; and for differentiating between what we know and what we can
merely guess. (F. R. Kappel)

Thus, inevitably the key issue is management of the total research resources,
not the management of ‘specific research programs even though that too, is gravely im~

portant. The mainspring of the issue is in selection of courses of action which can
hdave a major impact on an institution, based on full recognition of the part research

and-development can play, a willingness to recognize that such a major impzct involves
real risks, and finally the selection of the specific R&D programs which can bring suc-
cess'to the strategy. (P. E:-Haggerty).

One of the first things a research institution needs is.a'technical or scien-
tific objective, Only:by havirig some reasonably well defined goals can reseaxchers
make those choices which they face at every turn as-to which: of several possikle lines
to follow. This statemeént does no violence to the classical concept that true research
is without restraint and follows the intellectual curiosity of the researcher.

(Ralph Bown)

If there is any one aspéct of the: subject which deserves particular promi-
nence,. I believe it is that of choosingthe Fight definition of mission for an R&D enteg-
prise. To make the right choice, and then to-adhere to it, may not be as easy as it
sounds. For example, one may have to.decide rather frequently whether entrance into
a new field is, in fact, compatible with the long term objectives-of the organizatidn.
We have occasionally, iin the past, had the even more wrenching experience of with-
drawing from promising areas in which we were already well established because they
thréatened to. lead us too faf away from our primary objective of providing even better
communicatior; service. However, such mission definition is'necessary if the organi-
zation is to develop the "enduring themes" and flow of technology which I'have described,
In the long run, it is thé best means of g1vmg the organization continuing purpose and
v1tality (James B, Fisk) :

I-10
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3. Investment-Strategies

We have -enough backgroind information to infer investment strategies underlying’
most of the Exploratory.Devéiopment Events.(33/52). One strategy was:observed 17 times:

‘¢ Invest in fields charscterized by rapid change,. continuing interest
to weapons technology, and a relation to a clear current need for
weapons improvements,

Six other broad strategies were seen two to five times each:

o Invest in reséarch and development institutions characterized by a.
record of accomplishment, facilities well matched to the work to be
done, access to university resources, an objective approach to alter-
nate solutions, or a director whose dynamism.inspires confidence.

e Invest in men of distinguished accomplishment in the field of interest,

¢ When the need is clear, support evaluation work on all ideas which
show even remote promise:of meeting the néed,

e Allocate some discretionary funds to a large class-of research and
development institutions, recognizing that creative -ideas-occur at
random, that broad awareness of military needs will promote produc-
tivity, and that the capability to:evaluate randomly occurring ideas:
promptly is desirable,

e [orce technological progress by attempting to deveIOp.a.wéapon system,
even though advances in a number of areas will.be essential to success,

e Focus exploratory development effort.by clear statements of weapon
system performance requirements, but let technological advances
pace system developmoent effort.

In most Events (33/52) the boundaries among:Research.and the various claysés of
Development were blurred; in most (33/52) .some idea, stimulus, or informatinn was derived
from a less basic.development, production, or operational program; and.in-a substantial num-
ber (11/52) the Event was initiated-after the beginning of system development of one of the
systems in which it was used. Interdisciplinary stimulation influenced most of-the Everits
(29/52) and even more (36/52) were infields of science or technology which were rapidly
changing at the time,

Recommendation

The Department-of Defense should continue to devote attention to the formulation
-and improvement of strategies for research and exploratory development investment. Ad-
ministrative and fiscal distinctions among Research and various categories of Development
should not discourage mutual stimulation and support. Exploratory development fesources
'should be made available to respond to problems arising in advanced-development, -opera-
tional system devel>pment, and use of materiel, The Department should nct constrain re-
search and exploratory development by partitioning its resources among fields defined so-as
to be static and mutually exciusive, but should adapt to interdisciplinary activity and to un-
-certain and-changing boundaries among fields.,
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LITERATURE FINDINGS

A company's way. of handling new idéas has a ¢ritical affect on
thevquality, novelty and daring of ideas its staff ' members will offer, This
effect, like feedback in an électronic circuit, can work to stabilize the typical
outpiit-of the organization or it can work to neutralizé or di'stupt its function-
ing-depending on the way management's actions are perceived by the research
workérs. (W.C. Lothrop, S. Kingsbury, L. W, Bass )

One particularly impoztant personal characteristic in research
leaders iis intellectual generosity. In a field where fruitful ideas are a major
measure:of a man's worth, a research leader must be prepared t help others
find gold, to steer them away from fool's gold, to leave people alcae or to
guide them-on the basis of a shrewd-assessment of brains and personalities ..
(We, H. Sebrell)

In practice, one of-the most difficult tasks of a laboratory director
is'tooverrule an investigator, even if the director is convinced that the in-
vestigator is digging in an exhausted vein for the sake of digging. The batting
average. of the laboratory director in making these decisions - and the skill
-which he displays in having people accept his.decisions - .area major mea-
sure of his effectiveness. As the laboratory ages, these:decisions must be
made more often, uniess the laboratory director is exceptionally lucky:

(W. H. Sebrell)

The-scientist in the applied oy developmental field is simultaneously
lashed by necessity and stimulated by rewards. ‘He is challenged by competi-
tion, disciplined by .deadlines, judged by resuits - and.he thrives.and produces.
(H'. ‘Work),

Seeing field-use allowed the engineers on Corporal to think of ways
to improve-on the basic mission. (R. J. Parks, concerning the origin of the
~ Sergeant system)
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4, The Sdmulation of. Technological Advan_gg

In nearly all:Events ((49/52). the buxst of successfully utilized activity constituting the RXD:
Event-started only when the following three elementa were present

¢ An:expliciily understood need;,.goal or mission.

¢ A source of ideas, typically a.pool of information, e.tpericice
and insight-in the minds >f people:wko could apply it.

e Resources, usually‘facili'tifés, matezials, money, and trained
and experienced men, who could be-committed to do a job.

These three elements can h;é<brought together in various time sequences; the-last member
to be joined to the other two (or:one) .¢«n.be regarded as the "trigger” for the RXD Evsnt-activity.
'The following triggers each occu: ~ed in-about one-third of the Events studied:

¢ The allocation of resources to look for ideas in ordef to meet
a.recognized need (16/52).

¢ The occurrence of-an idea or an invention which met &« need,
-using-available resources .(22/52),

® The recognition of a‘need, which could be met by available
ideas and resources (14/52).

The trigger-usually comes some time after:the other two elements have been joiiied; the
median:delay-is-one or\two years, but the spread‘is broad. 'Regardiess-of the time delay»and the order
of the sequence, the initial activity in the RXD Event was nearly always done at the place.where the
jdea was-generated (47/52). ‘In-about half-of-the Events (27./52) a more -specific understanding ofa
need, goal or mission war disseminated after a more general expression had already been widely
recognized; in nearly alljof: these \:2:5/27) the RXD Event was rebp’o'njsi@e to the more specific need.

It is notable that this waé true in many cases when the rzcognition-of the need was not the trigger.

These RXD Events have riot promptly exploited availabie scientific and engineéring back-
ground. .Except for the innovation‘in the RXD Event itself, the technological base usually had exiated

for several years before the Event. The spread of time delays was broad, with 2 median time of five

years for exploratory development and:three. years for research, This delay indicates a reserve .of

‘scientific ‘and engineering knowlédgé \hich is not being fully used.

Recommendation

Of the'three ways to trigger exploratory development activity, the Departmert.of Defense
at present systematically exploits only one: allocating resources-to look for ideas in. order to meet
recognized-need, The Depaitment should also exploit the-other two, First, ‘they should support
environments which-foster creative inspiration, have resources avallable to. exploit new ideas, and
can comimit those: resources rapidly aftiir exploratory e éffort and some initial evaluation. Secord, the
Department should spur the advance of weapons l:echnology by better anticipatior: of its needs, and
better dissemination:of these needs to.scientists and.engineexrs with a-good command of current:tech-
nology, who operatein an-environment conducive to creative work, and who can command resources
to evaluate ‘and execute‘theéir ideas. In any case, they" should encourage the conjunction of the three
essential elements; need, idea source, and committable resources, Wherever possible, general

‘needs should be reinforced with statements of specific need; however, the Department should avoid

the trap of proposing.a solution or a method of approach, The Department should avoid transplanting
ideas for research and exploratory development &t an:early stage; instead, it should.support initial
efforts where the idea is generated.
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- THE IMPORTANCE OF FREFDO v OF CHOICE

Literature Findings'

The way an industrial laboratory can:achieve a well-balanced research

program i trying to solve practical problems of business is to delegate the de-
-cislons on work choicés, insofar as possible, to the people who are actually doing

the work, There aré many reasons for this, and one of the most important rea-
sons i$ that.it is only those -people who are-qualified to do the work who know
enough about it and its applicaticns to be qualified to make the-choices; choices
in general are made at the forefront of knowledge, This is a basic and simple
concept withwhich it.is difficult to disagree,

If the man at the working level is really part of the organization and
has the interest of the'company at heart, and he has the authority and Tegponsi-
bility to make his decision and know that he can,follow'his own course to justify

‘his own.actions, then the company will benefit {o the maximum., (Ralph Bown)

Freedom in the choice of problems subject to the criteria of relevance;
freedom to carry a study out to the poirt of demonstrating the.merit of an idea -

these freedoms should not be thought of as inherent natural rights of individuals: -

they are to-be-earned over time by distinguished performance. (J.B. Fisk)-

Depending upon the -mission and nature-of the'work of the particular
laboratory, a fraction of the annual laboratory budget shall be set aside for work
judged by the laboratory director to be of promise or importance without need of
prior approval.or review at higher levels. The results of-this work shall.be re-
viewed by the Assistant Secretaries for-Research and Development:of the Military
Depaxtments. (Robert S. McNamara)
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9, The Importancé of Freedom-of-Choice.

“The decision to initiate work was made locally in most Events (41/52). In-only a few
(4/52) was the Event conceived by its sponsors and transmitted in a formal document such as
an RFP; in most Events (46/52) the understanding of the need was passed on informally rather
than by a formal.document,

Most of the Exploratory Development Events (31/52) were carried out by teama of
people,lnone of whom had distinguishéd professional reputations- at the time.

In most cases some of the protaéonists were familiar with military problems, They

had no problem in selling their idea within their local organization even though-its value -may

not have been recognized in its early stages in more remote parts-of the Defense Department..

Most Events-(41/52) were.supported initially from discretionary funds, funds.already
allocated for broadly defined related’work, or funds diverted from related activities; a much
smaller proportion (11/52).had funds specifically set aside.for the Event activity or specifically
approved after the idea for the Event was brought forth, It is interesting to note that in four of
the five Research and Exploratory Development Events where work was supported by finds re-
quiring prict specific approval by the Department of Defense after the'idea was generated it
was reported that.delays of six to twelve months occurred before resources were aliocated. On
the other hand, in all three privately funded Research and Exploratory Development Events re-
quiring prior specific approval, it was' reported that work was started promptly after need and
idea were brought:together. Duririg our interviews many contractors-eniphasize that. many of.
their successes could be attributed to flexibility both of funding and of'vopérat'ion.

We-have attempted a rather coarge and.subjective evaluation of the degree of specu-
lation which would have been perceived‘by:a reasonably competent chserver, prior to'the Event,
confironted with-the decision to invest money and resources in an effort to- accomplish the Event..
In nearly all Events (49/52) the initial- probability of success coupled with the potential value.of
success to-weapons technology-afforded overwhelming justification for the commission. of re-
Sources. Though the finding:is biased by the fact-that only successes have been studied, the
implication is that the initiation of utilizablé Tesearch and exploratory development most often

‘has not involved Gontroversial investment decisions.

Recommendation

The Department of Defense should consider means for ';Eurﬂler‘encouraging-ﬂex.lbility
in-the use of ¢xploratory development funds at the local level, The initiative for undertaking.

éxploratory work should be exercised by people closely associated with those generating the

ideas, such as members of the-laboratory technical staff and the laboratory director. Commit-

ment of resources should be prompt, and informal and open communication of needs and of prog-

TES8. toward fulfxllmg them should be encouraged.
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ADAPTIVE/AND AUTHORITARIAN MANAGEMENT ENVIRONMENTS

In order to be able to describe systems-of management meaningfully
but in as few words as. possible, we found it necessary to use some terms from
the behavioral sciences; Although they are well known in.some circles, they
may-be sufficiently unfamiliar ‘to warrant some definition at this point.

A number of social scientists (Section VII, 3, 7-11) have recently
concluded that systems-of management belong essentially. to two types, each of
which is characterized by a rather lengthy list of characteristics as recorded in
Tables V-2, V-3, V=4.ard V-5 of this report, Each of these authors uses differ-
ént names fot the two types, as shown in Table V-1; we call them authoritarian

and a‘daB' tive,

Our experience confirms these authors' observations that most partic-
ular examples show most of the attributes of one type and almost none of the
other; mixed specimens are rare.

An authoritarian management system is«characterized by a well-
ordered -hierarchy. Responsibilities and resources are subdivided into non-
overlapping parts and assigned to subordinates, along with the delegation of
limited authority. Conflicts and uncertainties are resolved by appeal to a higher
level in the organization. Status is defined by rank in the hierarchy, and commii-
nication is between superior and subordinate or between peers responsible to the
‘Ssame supervisor,

An adaptive management system is characterized by diffusion through-
out the organization of an understanding of objectives and of the responsibility
for striving for them. Experience, knowledge, and ability anywhere in the organ-
ization are a valid basis for decision-making, which is not the exclusive preroga-
tive of the "head.” The actual seat of decision-making:depends on the subject
‘matter, and concerted implementation of decisions is the result of consensus.
Status and authority are ambiguous, responsibilities overlap, and-control -and
communications flow through a multiply-connected sietwork rather than a well-
ordered-hierarchy,

As described by Burns.and Stalker:

"A mechanistic [authoritarian] management system
is appropriate to stable conditions. ..

The organic [adaptive] form i$ appropriate te changing
conditions, which give rise constantly to fresh problems and
unforeseen requirements for action,.."
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6. Reésearch and Exploratory Development Flourish in an Adaptively Organized Group

Nearly every (51/52) local environment in which Exploratory Development activities:
were carried on was adaptive rather than authoritarian, The following.non-exclusive factors
appear to have encouraged or sustained adaptivenéss:

‘o A philosophic commitment to adaptiveness on the ‘part of the
laboratory manager (23/52).

e Laboratory organization by tasks or projects. (22/52).

¢ A rapid growth in the-size of the organization, whick énhanced
fluidity (13/52).

® A dominant adaptive personality:(1i/52),

¢ The influence of goals whose importance transcended other
considerations (11/52),

‘o ‘A.competitive drive which transcended other considerations
(11/52),

The incidence of some of these factors 6verlap considerably, but the sample is too small to
validate significance of any correlations,

~ Pérsonal commitment was a positive influence in the achievement of success in nearly
every Event (47/52) and some form of competition was a positive influence in most (35/52).

A few Events (8/52) were carried out’by groups located in:organizations generally
managed according to an autheritarian pattern, but in nearly all' of these (7/8) the group func-
tioned adaptively. Part of their adaptation was to ingulate themselves from many of the author-
itarian controls in théir organization. In only one Event did we find complete permissiveness:
those constraints which normally exist in an adaptive management system were nearly always
evident (49/52).

Recommeéendation

7he Department of Defense policies should-encourage adaptivenessﬂ}n the institutions
where-it sapports research and exploratory development. Effective pursuit of the.Department's

‘goals should be the dominating congideration. i‘ree competition.among ideas and continued sup-

port of groups bringing valuable ideas to-fruition should be encouraged to insure ~daptiveness
Organjzation by tasks or projects, rather:than by a stable organization tree, should be encour-

-aged. Detailed definitions-of scope and method of approach, schedules and organization plans,

and Sther constraints which inhibit the free devélopment of adaptive controls, should 'be aveided.
Leiel funding.of organizations; which removes the burden of many authoritarian controls, should
be' counter-balanced by orientation toward goals, competition based on evaluation of technical

-achievement, and other forces to.assure that valid adaptive controls will arise to replace the
Authoritarian controls which are removed. Restrictive rules against the misuse of authoritarian

power, such as those arising from civil sexrvice personnel‘policies, should be eased as-author-
itarian controls are lifted, in order to -make it possible-for/adaptive.controls to function suc-~

cessfully.
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CONSENSUS -COLLABORATION AND
COERCION -COMPROMISE_RELATIONS

ftegardleés of organizational philosophies, the gross structure of
most R& D' laboratories and Defense Department agencies forces all intér-

-course betW‘een them into well -defined charinels of control, authority, account-

ability, andi*commumcatlon, ‘Discussions:of how these channels work are sim-

Pplified. by in\troducing some more concepts and terms- from behavioral science.

The contrast between coercion-compromise and consensus “collaboration sys -
tems as-described by Shepard (Section V-D, Table V-4) is related to the

" contrast between authéritarian and adaptive systems, and‘is especially easy

to relate to stich well.-defined channels between two .groups. The table shows
nine interrelated pairs of contrasting -characteristics. Most particular-cases
show many:-characteristics describirig-each particular relation.

" In.a typical consensus -collaboration systeq; the relationship is
governed by mutual confidence and trust. -Commitment to-one another and to

ishared .goals is rewarded, rather than obedience. The channel is used to pass.
'mformalxon and .deas in both directions and to establishand review joint. goals.

Informal communitation is possible because neither dispute nor - .censiure. is
expected; it is reguxred because there is no-a priori basis to decide what must
be communicated, and because attitudes and motives are as important .in this
system. as facts. According:to the circurastances, one or thé other mémber
may formulate a: decxslon, unpiementatlon is based On consensus rather than
authorxty -

- In a typical coercion-compromisé-system, authority and power are
unambiguously allocated. and the superordinate commands the obedience and

‘controls the:behavior of Subordinatés by using them. The subject matter of

communication is circumscribed, and its content is expected to be defénsible

' agamst ¢hallenge, for dispute followed by compromise is the normal way -of
résolving differences. Behavior-obedient to the commands:of authority is

rewarded: “Theirs's not to make: a'npiy, Theirs's not to reason why, Theirs's
but to-do- and die;," - - : ]
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7. «Conéensus*-‘Collabb‘rdtzion.Rélatlonship,wlthéSponsors 19 l?esirable

g A cénsensus ~iollaboration relationship between.the, grcup dolig the- ‘RXD and its sponsor-was -
§ usually found (38/52). A niimber of nonexclusive factors were iden*lﬁed which support:and encourage
such a relationship. Thosé¢ cited most frequently were:

¢ Long piarsonal association between the parties (21/52)..

e Attention:of both parties focused primarily:un the goals
of the effort rather than the means (19/52).

eStrong technical insight on the part.of both parties-(14/52).
' The distribution of these factors overlaps with no clearly-significant correlations.

In most of the remaining Events-(11/14) where/there wis a coercion-comproniise relation-
ship, :a secondary informal communication channel :vas éstablished which replaced:or augmented the
_ official channel of communications.

Knowledge of the need was communicated informally in most Events (46/52). Many of the
scientists and engineers working on these Events hadiprior experience witi military problems. The
promocter of initial support for most (37/52) Events was closely associated with the concelvers of the
Event, and the conceivers. remained closely associated with.the execution in:nearly llx‘(45/52) Events.
In a large majority (42/52) someone closely associated:with the:conception or execution was aico-in-
strumental in bringing about utilizatiorx -of the Bvert.

The Polaris Steering Task:Group, made up of outstanding men from: a.number of agencies and

- 'firms -with:something to offer the Polaris-system development, was' cited'many timés as an instrument .

- for rapid, uninhibited exchange of ideas and information, leading to décisions and‘action. Several of its
‘¥ members have told us that they- would not _participate in such a.Group today, because interpretation of
"conflict of iiiterest" policies would now prevent their own firms from participating in the. lmplemenntion
§ of decisions arrived-at in that way. Another inhibition which-was remarked:on is the restriction.-on

(# communication between:would-be purchasers and vendors during the period between issuing a request
for proposal and the making of‘a' competitive award. Thi& prevents refinement of understandlng of the
job just at the period whenall concerned are.best motivated to imprave. it.

Recommendation

i 8 The Defense Department should simplify its adrainistration of exploratory development in

order to focus attention-on the goals that motivate the effort, rather than:the means.of achieving them.

Other factors, such as long personal.association among.the parties and strong technical insight, which

.are:known.to support consensus -collaboration relationships,. should be- encourqed Emphasis on lut!wr-
- ity-and obedierce,:sharp boundaries in scope of activity, separation.of divers-aspects-of communlc.tion

1 (e, g ., technical and contractual) into different channels,. and other factors known to lead toward coerclon-

compromise relationships should be discouraged by the: Defense. Department .

Open:informal communications leading to- .cooperative formulation of goals and objectives and
4 mutual understanding of needs and progress should be encouraged.. The: penslties for pollclel inhibiting
§ open informal communications- should be compared explicitly with their beneﬁts . ‘Where the Department
is-seeking creative, innovative work, it should eliminate policies which prohibit. technlcal discussions
_ between contracting organizations and would-he-vendors, interpretations of "conflict.of intercat" which
prevent well-inforied and: well-motivated men from advising the Defense' Department. end -participating
in-development. planning and conception, .and other: restrlctionc to free intercourse.
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THE UTILIZATION OF EXPLORATORY DEVELOPMENT
- Literature Findi ngs .

R < -

" The-test-tube stage of the technological process--the research labo-
ratory --i§ the-ideal time-and place for scientific innovation and the free play of
creative talents. Hére competing ideas can grow.and.die in rapid succession
and at relatively minor risk, and optimum variables and configurations can be

' selected.

This is not to say that we don't want innovation &t an advanced engi-
neering'stage,.or even in-the rhanufacturing phase of an importart project. We
do, for innovation must traverse that route to the ultir‘nate\ customer. But itis
expensive to experiment at full scale; -and-the design of the new process, or
material or method, is preférably done at small scale, A constant change-if
“final" design and performance objéctives in response to the introduction of in-
novation, too-late, causes the.project completion date to recede constantly into
the distance, and the expenditures to grow out of all relation fy-forecast costs.

This problem is met in its extreme case in-t'.e development of com-
plex weapons and weapons systems in the Departmer: ‘6f Defense. Because of
the usually long development cycle, the typical horrible dilemma is the compe-
tition between the availability of -hardware and ii§ obsolescence rate. If the
system design is frozen tod early, it will be-obsolete when produced, and if it.
-is not frozen at some point .in'the developp ent cycle, :it*will never be produced
8(. dll. The Solomon-who sits in judgme-it in-such cases must-determine a cer-

ain point of no return, and at this point the innovators must. be flrmly ushered
out of the roorn -so that the .production people can take over to manufacture, if
necessary, a potentially obsolete-product. Errors in judgment in_this matter
may be-extrernely costly, and.in the specific case of weapons systems, could

_-be fatalF, To make the right decision-here-one requires, in.addition to judgment,

Y

of course; a’ parucularly -clear, unbiemished crystal ball, and a rabbit's foot of
Pproven. efficacy.(C.G.. Suits)

We'encg’urage the search for new inventions; we keep the mind:stimu-
lated, bright, anéi free to seek out fresh means of transport, communication,
and.elergy; y~t we rémain, in part, appalled by the consequences of our ingenulty
and, too.frequently, try to find. secunty through the shoring up-of ancient and
irrelévarit-conventions, the éxtension of purely physical safeguards, or the
delivery of decisions we ourselves should make into the keeping of superior
authority like the state.(Elting Morrison)

The cost of development is far greater’than the cost of research,

and 1f abig: development gets off on the wrong foot, the price is terribly high
(F R. Kappél)
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8. Utilization of Res eax"ch. and Explbratoryr Development

Inforral communication is as important in effective utilization of
exploratory development as it is in the iritiation. ‘In most (33/52) Events; -
papers, patents, and reports were not important in| ibringing-about: the first
utilization. The median delay between completion ¢f an.Event and its: incorpora-
tion in a system developmert is-around:one yéar, but thespread is-wide. The.
median Exploratory Development Event'is initiated two years before the initia-
tion of the development of the system in which it' was;used; but many (1 1/52)
were initiated after system development. As noted before, most. Events: (.,a/SZ)
derived some idéa 4¢ stimulation from less basic development activity,. e.g.,
advanced dévelopment, manufacture, etc. '

Avrumber of laboratory and weapons system contractor nuanagment
persons havé expressed strong belief:that some exploratory- development funds
should be made available Guring weapons .systems:developments. If such fiinds
are not available, they contend that an erivironment is established ih which they
must choose between neglecting exploratory development which- -appears to'be
justified in- order to improve the system, or riskingeproceeding with exploratory
development under funding which is labelled by another category. In- -addition,
if exploratory development advance funds are available, improvements can be
made dn the second generation of 2 weapons system, if.they are achieved too.late
to be-utilized in the first model. )

Recomimendation

The Defense Départment should not rely only on.papers and reports
for the utilization of exploratory development. Informal personal comtnunica-
tion should be encouraged. The cost of restrictive policies arising-from secu-
rity. competitive bidding,. conflict of interest, mutually exclusive definitions of
missions, etc., should-be weighed against their benefits, -and:the :Department
should find ways to felax them:-where desirable for the good of exploratory -
development. Stimulation of exploratory work by system development, followed
by prompt exploitation in.the system, is doubly effective,. and: should be en-
‘couraged by free communication and by providing.for the support and-staffing -
of éxpl oratory-development in close association. with operational system develop-
ment-and other fionexploratory activities.
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-COMPENSATION: AND REWARDS
: 'Literatu:e Findings

A compensation-plan must reward the research man as well.as the
corresponding skillful manager or .the laboratory will soon:be made up 6f many
‘nanagers: and few able researchers. Money may not be-everything, but it is a
long-way ahead-of whatéver is in second place.(C.G. Suits)

Scientists.and eﬂgingers, when they have solverl a probiiem, should be

- rewarded, not necessarily- withmore‘money,fbyr. rather a-distinct acknowledge -
. _ment of their activities in arriving at the solution.(D.B. Keyes)

Engineers value thost of all the feeling of service and accomplish-
ment that goes with enginéering work well done and the praise and acclaim of

their fellow engineers, and the community at large.(W .T. Nichols)

Opportunity for-individual growth both in salary and in other satis-
factions-is essential to a vital organization. A conviction:on the part of e -
‘ployees that meritorious performance will be honestly appraised and adequately
‘rewsrded is a'necessary ingredient of their loyalty. (R Bown)

While pay, opportunity, technical challenge, security, and-association
with a.good’organization all affect the morale of scienusts, two-items stand-out
in their importance: :

1. Confidence that the organization is well managed
and. is ‘moving-efféctively toward realistic objectives.

2. Genuine feeling of being truly integrated.into the
business, -of being an accepted, influential member
of the business team. (R, W, Larson)

The sr)aric of innovation f\r,equently is the-only absolutely indispens-
able-element in a chain of events which produces technological progress In
view of this, however, it is dietressing to find that thc-,s mnovator s creatlve

takes place under the heading of reduction to practice. (C'_ G. Su1ts)
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9. Compensation and Rewards

In view of the existence of the report to-the President-on Government
Contracting for Research and:Development (30 April 1962), which dealt at
length with compensation stiuctures inside -and cutside of the Government, we
decided to take a different approach to the subject of salary.

In-our interviews, questions were asked ahout a wide range of en-
vironment details; but rather than discussing salary directly, we dealt with
such matters as group morale and motivation, and waited to see if the subject
of salary would be mentioned. Siirprisingly, it never was. We can only con-
clude'that men working on successiul exploratory development.projects; within
the environment of a well-managed laboratory (and most of our cases were),
have a feeling that their efforts are being recognized and that management 1is
treating them fajrly.

However, we did encounter a distinct feeling on the part of the in-
novators that their successes had gone unrewarded. In many cases, we were
among the first people from- outside the laboratory to -call'upon the scientists
and engineers concerned to discuss their successful exploratory. development
Event. Needless to.say, we were ‘almost invariably provided a warm and
enthusiastic reception.

Kecommendation-

While compensation is-certainly a most important factor in environ--
ment, the Department of Defense can and should take steps, ‘as-noted in various
recommendations in this report, to improve other environment factors to assist
in offsetting compensation differences where they exist.

In particular, the Department of Defense should recognize in.some
appropriate-ways those scientists and engineers ‘who have contributed develop-
ment¢ utilized in operational weapons systems.
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'C, _ FINDINGS AND RECOMMENDATIONS CONCERI\ING RESEARCH
’ ENV‘IRONMENT ’ '

The work under this. assignr;ent uncovered only 11 Events which fit
the definition of Research stated by the Department of Defense:

‘Research (6.1) - Includes all effort-directed toward
increaséd knowledge of natural phenomena:arid environ-
ment and-efforts directed:towaxrd the solution of problems
in the:physical, behavioral and social sciences that have
no clear military application: It would thus, by definition,
include all basic research and in addition, that applied re--
search directed-toward the éxpansion of knowledge in var-
ious scieéfitific-areas. It does not include efforts-directed ;
to prove the feasibility of solutions of probiems-of imme-
diate military importance or time -oriented investigations

* .and dévelopments. The research elements are further
.¢hardcterized.by using level of effort-as the principal
program control. '

This number of events is obviously:insufficient-to permit any
detailed-study of réséarch environment as distinct from exploratory déveiop -
ment environment. Nevertheless, it is important to comment to the extent
possible on this subject. _

In the United States,, approximately one half of -the ‘funds designated
as research expenditures flow to work performed in colleges and universities,
with the remaining half being distributed between industry, govemment and non -
profit. institution laboratories in.that order.

It is“thus clear that the traditional environment for research springs
from the universities. The trend:has been for nonuniversity laboratories-per -
forming such.research to emulate within their research sections.a university-

type environment. Extensiveliterature. exists.on this subject.. We proposeto. = -

base our limited observations in part upon this literature.
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_ THE CASE FOR RESEA’RCH

Literature: Findings

Why should- the Department of Defense support basic: research rather
than. leaving it entirely to other government and nongovernmert agencies? The
answer'is. at least.threefold.

" . The Department of Defense requires the most advanced technology
much. more than: civilian industry does. Its technical problems are greater than
those Pposed by the civilian. \echnology It-always operates in its development ’
program.at.the limit. .of known science. Thé Department of Defense cannot
therefore entrust the responsibility for scientific progress entirely'to other
agencies-which are not aware of its desperate necessities.

Secondly, the Department of Defense must see to it.that the United
States..is in.the very forefront of science in order to protect its vast investment
_and the-security of:the United States against technological surprisé and to avoid
obsolescénce. The-whole.defénse system of a country canbe outflanked by a:
new scientific advance such as atomic weapons or radar whenthis equipment
is- not a‘part of its arsenal.

Thirdly, the Department of Defense-must support basic research in
order that its body of officers and civilians-are kept-continually ‘aware of
scientific advance » It can remain in-close contact as a:part-of a rottine through
awarding of contracts, justification of budgets -and programs .etc, Liaison
officers alone cannot do the job becaise they would lcse-the intimate connection
‘with thexSCiEHtlflC community.(I.I. Rabi)

» Certamly no-one-can-take issue with the-necessity for basic research,
for-to do so would be to deny the impact of human creativity on our spiritual
and'matérial well:being. ‘Each step forward in man's progress can be traced
back to a flash of creative genius in the mind of-some gifted individual. To:him
the utility of his brainchild is far less important than his success in penetrat-
_ing'to some small degree.the dark-curtains of .our- ignorance. The financial

support-of-academic research, it seems to.me, is a clear responsibility of
»industry and government . {Crawford H. Greenewalt) :

The security ‘of tj;e United States-depends today, as never-before, upon
the rapid.extension:of ‘scientific ‘knowledge . .So important, infact, has-this ex-
tension become tc our country that it may reasonably-be said:to be a major factor
-“in.national suxvival‘(Sciemiﬁc Research Board Reportto the ‘Pre’sidept 1947).

There is nothing which can better deserve patronage than the promo-
tion of science .(George Washington)
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1. The Case for Research

The fact that this study disclosed only eleven research Zvents (all
connected with thé work on transistors at.the Bell Laboratories, and'the work
on:gas ‘dynamics at Cornell and Avco) should not be misinterpreted to-mean
thit research is not of vital importance to the Department of Defense. While
thé¢-ultimate importance of just: these few Events-to weapons systems can.
hardly be overestimated, it is:not a central purpose.of this report to-make a
case for the role of researcl. The case for research has been stated eloquently
inithe facing-quotations, andin detail in:various publications.*

The indication that this: study did bring out was that the technological
uiderstanding on which the exploratory development Events were based had,
i general, been available about five years prior-to the initiation of the explor -
atory development Event. Furthermore, in a predominant number of cases
t]ie Department-of Défense was. supporting research in:-the particular fields of

gcience in which thi¢.advances were made. Thus the.investment strategy of the
Ii)epartment of Defense-in research was, in most-cases, assisting in developing
knowledge in those:technologies. necessary to the evolution of future- operational -
weapons -systenis. The only investment strategy we could uncover was the
«zlassical one-of backing persons-of knéwn capability in the field'of science-of
interest:(10/11).

"Basic Research in the Navy, june 1, 1959; Symposium. on Basic Research
May 1959
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THE ATMOSPHERE FOR RESEARCH

Litefanire Findings

= ‘The main’requirement in.support-of hasic research is to-pick a man of good quality
rather than: being too-particular about just what he:does in fulfillmg the terms of the contract.

;(Wf F. Libby)

. There is no.better way to “tone up" a research staff and its over-all program than

to encourage- -insist upon if- need be--some fundamental research. (Roger Williams)

The interaction of résearch Workers with development -éngineers in industrial lab-
oratories.is important to- development—-both in direct consultation and in longer -term con-

tinuing education--and- such communication can be important to the ritsearch man-too. His

role in.this interaction. is to "‘keep ‘the thinking straight, " to reduce empiricism, and by

physical insight and. analysis to infuse development activity with- scientific method. The

quality and tone of a development-organization are importantly influenced by the presence of
a good basic.research activity in the industrial laboratory. ‘Research personnel can also be
a source of excellent development engiaeers at a proper- stage-in-a.man’ 's career, as experi-

- encehas shown(] -B. . Fisk)

In:the govefnment and in the universities the- strategy of research continuing right
through to development.and engifieering- technology is too-often enslaved by a misconceived
devotion-to-cause- and effect. “The freewheelmg 1ndiv1dual researcher knows that he cannot

trace.in advance:step:by step the measures necessary to-invade a problem. It.is a foolish

conceit for-an industrial laboratory or:a.government program, and, particularly, in military
affairs for a-technical fallacy known as a set of requirements, to.believe that- step-by -step

. ‘charting of a;course-into the unknown can be done W-.0. Baker)

We all believe that the real key to basic research is'the continued stable support
)f the: individual research man, ‘to give him fiill- freedom, with- moderate austerity, to in-
vestigate problems in whichche is interésted. (Merle A. 'I\ive)

Those scientists- having the ablesit and most creative minds will prefer to use them
in basic research by following up-the undirected,. uncontrolled, unspecified, unprogrammed
and-certainly- unknown courses revealed as the work goes ahead (W .O. Baker)

“Theé:bhasic researcher, needs. to be protected from-the pressures .and concerns

_ which- typically permeate the- going enterprise. His attention.must be directed outside the

enterprise into: ‘the ecology, and-there to a set-of peers who work in approximately-the same

field- of -abstraction- and speak.the Same language, who-will evaluate and stimulate his work
. On: criteria grounded in:theory. The gpplied researcher, on the other hand, needs to be.
%fully exposed to the usual pressures-of product cost, sales appeal, Pproduction-schedules,

etc. He must, therefore, be well integrated in the larger enterprise and in frequent itera-

tion with those who will produce, use and distribute: lus products, (George P. Bush and Lowell
H... Hattery.) .

1-28

ﬂrthur bil lmlr,llnr

T S e e




2. Atmosphere for Research

The literature on research environment emiphasizes the need to-select
good:men, provide them with the facilities and equipment they require, and-then
give.them freedom to pursue problems: of their choice,. freedom t6 communicate
with others in related fields and freedom to publish.

It is clear that the Military Departments. must strive to invest the
majority-of their reseaxch funds in fields. of science:which are related to their
missions . Some funds must also be invested in fields less. obvicusly mission-
related because of the unpredictability of research results-and the.complex
interrelationships between fizlds of science. In"z number of our interviews it
was apparent that the-science administrators of tl!_e Departments, working with
‘the advice of outstanding scientists, have developed competence. in this area;
‘particularly in.the Office of Naval Research.

In all the 11 cases we studied, the énvironment fitted the classical
university pattern. The workers were given freedom to the point-that general-
ized work statements were used and the paths of investigation not questioned..
Thus the-environment was approaching one of permissiveness. It would seem
that the Départment of Defense should support.this: policy as stronglyas pos-
sible. Any attempt to-place controls intheir area will. simply cause the scien-
tists to seek support elsewhere as they will ‘insist upon their tradinonal en-
vironment of freedom ,

In 10 of ‘the 11 cases:the research Event was performed in labora-
tories which also carried out development work .

Recommendation

In view of the fact that research is of vital: ‘importance in-providing
the knowledge-and .understanding from which- technological advances spring, it
is. recommended-that further:data be gathered in subsequent studies to. cast more
light oni ways.and means for the Department:of Defense to. promote favorable.
environments-for research within its own laboratories as-well-as in those with
which it contracts . -
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D. COMMENTS WITH RESPECT TO FURTHER: STUDIES OF RESEARCH AND
EXPLORATORY DEVELOPI ':.NT MANAGEMFNT ' : :

It is beheved tha* this study, while. prelimmary in- nature, ‘has served
- the: purpose. of 1nd1cat1ng ‘that information of importance to the Defense Depart-
e mgnt regardmg researih: management.can be: dérived from a study of the history
- ~of the research-and -exploratory development aspects of operational weapons
svstems

ey -y

- The:obvious- weaknesses of this prehmmary study are the narrowness
wf:the data«base, and ‘the fact that the environments.of "fa1lures or unutilized
f‘Events ‘were-hot- studied :

: Four important.lessons were learned during the-course of this -study
- -which should be. taken iinto ¢onsideration-when establishmg the methodology to
’ be: utihzed in future studies
L Less time 'should be spent on the'-RXD Event Descrxpuons
and correspondingly more time- devoted to env1ronment
studies

> More social scientists should part1cipate in- order to-add
~to-the depth and understanding-of envn'onment information .

¢ More attentlon should'be:devoted to: those portions -of¢ the
Départment of Defense- involved in reseasch-and. exploratory ’
= - development management which must interact with the
Government, ‘university and- 1ndustry labo"atories . ‘

e The scope of ‘wedpons ‘systems-histories- should be: augmented
- to-include more information about researcn and’ exploratory
‘development. .

- Recommendation

§ : ‘The Department.of Defense should extend:studies -of this type-into
- . -additionzl-weapons:systeéms-in order:to bioaden its knowledge and increase its:

' "~ effectiveness: of the:manageément. of research.and exploratory-development.
‘Greater participatlon ‘by in-house personnel in, such studies would provide
valuable-training. However, it mlght Prove to-beé:necessary to-use-some:out-
side assistance-in-order to- obtain objective-information; particularly in-the
‘sensitive-areas of "failures" and of relationships:between outside-Gontractors
-and:the: Department o -
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II. DISCUSSION OF DATA, FINDINGS: AND RECOMMENDATIONS

A, INTRODUCTION

The following section shows how data about the environments of RXD
Events support the conclusions and recommendations already disclosed in-
Section I. The environments of a:total of 63 RXD Events were studied, of which
11 represent Research and 52 represent Exploratory Development.

Not all of the RXD Event Descriptions tabulated in Appendix C are in-
cluded in the detailed study of environments. First, only those we believe to be
research or exploratory development are consiaered. When a final evaluation
was made, a number of the Events in Appendix C were ultimately judged to be
more characteristic of Advanced Development.. Secondly, any Event in which
the bulk of activity took place before 1946 was excluded, because their number
was small, the period of WW II was atypical, and the effort required to gather
a complete environment description was large. Finally, a small number of
Events included in the library of RXD Event Descriptions were excluded from
the environment study, either because their environments overlapped substan-
tially or because their descriptions were incomplete and the amount of effort
required to complete them seemed excessive.

Because-of the way in-which these RXD Events were identified, we
have no reason to believe they represent a random sample. We can anticipate
that our methodology favors recent Events and Events closely associated with
the particular weapon system-development activities studied.

The observations in the next section are based on the totality of
evidence at our disposal, including RXD Event descriptions, trip reports,
responses to the Standard Environment Questions in Appendix D, and-the recol-
lections of staff members. In order to sharpen the distinctions, a number of
very specific questions were:posed as various hypotheses were formulated
(questions described in Appendix E). These questions were answered by the
staff member who conducted the field interviews, but without referring xack to
their sources. A machine computer print-out.of the responses and a tabulation
of their frequency distribution are also presented in Appendix E. Exploratory
Development Events are separated from Research Events, but otherwise the
identification of particular Events is -withheld, and their oxder scrambled to
protect the confidence of our sources. Each horizontal line in the print-out
refers to a single Event among those listed in AppendixC.
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B. INITIATION OF RESEARCH AND EXPLORATORY DEVELOPMENT

W

1. Strategy

When this study was begun many people believed that weapon system
development depended on a succession of 'key Events" and important technical
and scientific breakthroughs. The evidence gathered from the six historical
surveys undertaken in this study show that this is probably not true. Most of
the RXD Events which have heen discovered result in modest innovations,
which however make an important contribution to-the value of the weapon sys-
tems in which they are used. In every case, the weapon system affected is
significantly better than its predecessors in performance, operational utility,
or cost.

In most cases, the performance improvement cannot be attributed to.
one innovation only, because its value will depend on the exploitation of other
innovations at the same time. For instance, the high search rate of the Mark 46
torpedo guidance system is only useful because of the high speed of the vehicle..
This.is possible only because of several innovations in the fuel and mctor. These
in turn put requirements on the propellor, on hydrodynamic noise reduction, and
on signal processing, which utilize other innovations. The result is a vastly
improved torpedo, but the RXD Events taken individually are not major techni-
cal breakthroughs or key ideas.

We have screened several hundred ideas and innovations in the back-
ground of six weapon systems. The search favored the discovery of large,
spectacular advances, for the methodology depends mostly on what prople
remember. Over one hundred discrete innovative efforts have been identified,
and most have been written up as RXD Events. Ornly two- of these, the invention
of the transistor and the development of a high-temperature shock-tube, could
be considered a key idea or a major technical breakthrough. (Another major
breakthrough, the nuclear warhead, was in a technical-area we avoided because
of secrecy.) The estimated cost of these two RXD Events is less than a :nillion
dollars, and the total cost of all the RXD Events we have studied is over $20 mil-
lion. We infer that the major expenditure in research and exploratory develop-
ment is not for key Events and important breakthroughs, but for a very much
larger number of significant but individually small innovations.

Even though the verdict of history makes most RXD Events look
small, each was a contribution of substantial importance in its own era. We
have attempted a rather coarse and subjective evaluation of the degree of specu-
lation which would have been perceived by a reasonably competent observer,
prior to this Event, confronted with the decision to invest money and resources
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in an effort to accomplish the Event. In 57 Events (8R, 49XD) the initial prob-
ability of success coupled with the potential value of success to weapons tech-
nology overwhelmingly justified the Commission of resources. Though the
finding is biased by the fact that only successes have been studied, the implica-
tion is that the initiation of utilizable research and exploratory development
most often has not involved controversial investment decisions.

Even after the passage of years, a clear DOD investment strategy
appeared in the background of 33 Exploratory Development Events. The strat-
-egies can be catalogued in seven broad nonexclusive-classes. Most of these
are well-recognized in university and industrial research, as well as in military
and other branches of government sponsored research. Others may be more
peculiar to weapons development. These classes and their frequency of occur-

rence are as follows:
a. Invest in fields of research and development characterized by --

obvious continuing interest in weapons technology,
and/or

a rapid rate of change in the state of scientific
understanding and technological exploitation,
and/or

a clear current need for improvements.
(17 Events)

b. Invest in research and development institutions characterized by--
a record of accomplishment, and/or

facilities well -matched to the work to be done,
and/or

access to university resources, and/or
an objective approach to alternate solutions, and/or
a director whoese dynamism inspires confidence.

(5 Events)

c. Invest in men of distinguished accomplishment in the field of
interest. (3 Events)

d. When the need is clear, support evaluation work on all ideas
which show even remote promise of meeting the need. (5 Events)

QArethur D Aittle, Inc,




e. Allocate-some discretionary funds to a large class of research
and -development institutions, recognizing that creative ideas-occur at random,
that broad awareness of military needs will promote productivity, and that the
capacity to evaluate randomly occurring ideas promptly is desirable. (2 Events)

f. Force technological progress by attemgting to develop a weapon
system even though advances in a number of : -eas will be essential to success.
(4 Events)

g. Focus research and development effort by clear statements-of
weapon system performance requirements, but let technological advances pace
system development effort. (3 Events)

Because of the size of the sample, the relative frequencies of these
-strategies are not significant.

Our observations do not support the view that research and-explora-
tory development are-phases.in an orderly progression from basic research
through exploratory development, advanced development, engineering develop-
ment and system. development to production and use. In fact, in 40 Events
(10R, 30XD),. the changes in the character c. activity which correspond.to-the
transition from research to exploratory development or from exploratory
development to advanced developrnent were not clear. Furthermore, in 41
Events (8R, 33XD), the activity derived some essential idea or stimulus, or
information, from a less basic development activity; that is, an RXD Event
characterized as exploratory development derived some idea, stimulus, or in-
formation from some advanced development; éngineering development, opera-
tion system development, operation, test or evaluation. Eleven Exploratory
Development Events started after the initiation of system development in the
system in which the Event:'was used, and derived various kinds of stimulation,
including financial support, from the system development. A significant.pro-
portion of worthwhile exploratory actiity has been carried-on where explora-
tory development overiaps advanced development and system development, and
the circumstances are such that we believe the exploratory development activity
benefits from the intimate-contact.

To summarize: most advances from RXD result from innovations
whose value is moderate but clearly larger than the expected cost of the RXD.
The required investment-decisions are not controversial. A superficial review-
-of strategies reveals that a number have been used, but none is obviously:
dominant.

Based-on these general findings, we recommend that the-Department

of Defense show substantial-concern for small innovations, and notbe pre-
occupied with major breakthroughs. The jet engine, the magnetron, the
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transistor, and nuclear fission are:important, but they are not the only kind of
advances which-our progress depends on, and they probably account for only a
small proportion of our research. and exploratory development expenditures.
The Department should continue to improve strategies of RXD investment. Most
of the technical decisions are not very controversial, and could (later sections
suggest they should) be-delegated to men quite close to the exploratory work,
such as laboratory directors, project managers, and experienced RXD personnel.
The kinds -of work described as research, exploratory development, advanced
development and so forth, should not be-fsrced into mutually exclusive classes,
nor should exploratory effort be-divorced from operation, manufacture, and
system development unless some benefit accrues which compensates for the
penalty to the exploratory efforts.

2. Initial Triggering of an RXD Event

In 49 Exploratory Development Events and ten Research Events, the
burst of successfully utilized_exploratory activity which we have called the
Event started only when the three following elements were present:

a. An:explicitly understcod need, goal, or mission;

b. A source of ideas, typically a pool of information,
experience and insight in the minds- of:people whe:
could apply it; and

c. Resouxces, usually facilities, materials, money,
and trained and experienced men, which could be
committed to do-ajob.

As an illustration, -consider RXD Event No. 20, the.Development of
techniques for the preparation-of sound thick sections of highly oriented pyro-
lytic graphite (Appendix BY. This activity was carried out in the Materials
Section of a nuclear power .group-in the Research Division of the Raytheon
Company. The nuclear power group was working on a concept for a liquid-
metal fueled, gas-cooled nuclear reactor.

The particular need-in-this case was for a suitable impermeable pro-
tective coating for graphite, to-permitits-use as a primary material of con-
struction. The properties of gfgphite- make it particularly suitable to serve
certainfunctions ina reactor; impermeability was desired to control the diffusion
of the gas coolant. This particular-formulation of the need was jointly arrived
at by the people in the Materials Section and other scientists and technologists-
actively engaged in reactor design. The over-all goal, which was shared:by
the Materials Section, was to demonstrate the superiority of a nuclear reactor
based on shme novel concepts-.
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The resources were the Materials Section itself, with its staff and
facilities, organized and established quite explicitly to do work of this character
as part of a general program to develop a new reactor.

The-source of the ideas was the members of the Materials Section.
Most of them were young and had considerable academic background and some
professional experience, although they had not had :any opportunity to build broad
professional reputations. Many of the members of the group had come from
the Canel Project at the United Aircraft Company, and therefore had significant
experience in reactor problems and in the development of materials for use in
reactors. They had further opportunities to explore this area of professional
activity after the Materials Section was formed at Raytheon in the Nuclear
Reactor Division.

Nearly all of the RXD Events show this same general pattern, but
there were three exploratory development Events which were exceptions. In
each, understanding of a need was lacking; instead, these Events were-a rapid,

flash-of-insight inventions. In the one Research Event which was an exception,
the lead investigator appeared to be well motivated, but not by an external

mission or goal. His motivations were closer to the scholarly ideal cf broaden-
ing his understanding and of fulfilling his scholarly responsibility by generating
new knowledge and passing it on to the world.

The three elements listed above can come together in various ways,
and various time sequences. We can regard the'last element of the three as
the "trigger' which initiates the Event. In 18 Events, (2R, 16XD), this trigger
was the allocation of resources to look for ideas in order to meet a recognized
need; in 28 Events (6R, 22XD), the trigger was the occurrence of an idea or
invention with clear potential to meet recognized needs using available resources;
and in 17 Events, (3R, 14XD) the trigger was the recognition that a need existed
which.could be met by an idea and resources already at hand.

The traditional method of stimulating technological advance is to
recognize or anticipate a need, and then allocate resources for exploratory work
in search of ideas to fill that need. These findings reveal two alternatives.

The first, stimulating or recognizing ideas and inventions, probably cannot be
-achieved by a deliberate-plan; however, it is possible to provide environments
which foster creative inspiration. (Such a course presents special problems

‘to.the Department of Defense, but casual observations elsewhere during the

course of this study make us believe that the Department of Defense has missed
opportunities to follow this plan where it might be useful.) The second alterna-
tive plan is to formulate-and promulgate needs so that they are understood
wherever ideas may spring up in the presence of resources to exploit them.
More is said about this alternative in a later section.
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The triggering element generally occurred from-one-to-two years
(median) after the other two-elements had been joined, but the distribution -of
delay time-was very broad. For half of the Events the technological base had
existed five or more years priox to Event initiation: that is, except for the
particular innovative idea which formed-the kernel of the Event, .all the other
science.and technology involved had existed and been available for five or more
years. Again, the distribution of times is very broad about this median. This
clearly suggests that inore rapid technological advance is possible if there
could be a more rapid bringing-together of needs, idea sources, and allocable
resources in the right kind of environment.

In.57 Events, (10R, 47XD), the initial activity occurred at the place
where the idea was generated, no matter which among the three elements above
was the trigger. In a later section it will be shown that the atmosphere.con-
ducive to executing research and exploratory dévelopment is also one likely to
encourage original ideas, and one likely to -have resources available.

In 32 Events, (5R, 27XD), a recognition of a specific need"followed
some time after a more general need had been widely recognized. In 30 of
these (5R,. 25XD), the Event was responsive to.the more specific need rather
than-the more general. For example, RXD Event No. 86, the.design-and
demonstration of a low-cavitation propellor,was based on general work started
at Naval Ordnance Research Laboratory at Pennsylvania State University. This
work primarily took the form of theoretical analysis and experimental studies

-of hydrodynamics at the Garfield Thomas Water Tunnel,. and-it was carried on

for six. years inthe-absence of specific requirements for high-speed quiet
propellors.,

In 1954, the Bureau of Ordnance made a specific request concerning
the feasibility of :a high-speed, low-cavitation propellor for y=e in torpedoes.
With this -stimulus, an experimental propellor was- designed-aad demonstrated
in about a'year. We are told that-ORL had claimed for about five years before
that they could design such a propellor, but no actual-design appears to-have
been undertaken until the specific need was pressed. Since then, the design of
high-speed, low=cavitation propellors has:become commonplace..

‘Logically, making a-need-more specific reduces the range of-accept-
able solutions. Nevertheless, in this case-and in most of the others, the work

‘which actually achieved a'futil'ized* result was stimulated by the specific need.

Furthermore, this work resulted not-only in a specific propellor, but in general

design methods so broad-that no further work onthis-class of propellors is-

likely-to-be-called exploratory development..
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The recognition:that solution of a.special:.case often leads to the in-
tellectual insight required to understand:a general problem has been made, for
example, by George Polya D may contribute-also to motivation and commit-
ment, which are shown in later sections to be:significant.

‘The prevailing pattern for the-initiation of an RXD-Event is- the.fol-

lowing: a need, a source of ideas, and resources are brcught together in some

sequence; upon the commitment of resources, work begins, usually where the
idea was generated. An RXD Event canbe initiated by broadcasting an-under-
standing of needs, particularly of a specific need, or by prompt nourishment of
ideas which spring up where they were not anticipated, as well as by the more
systematic and traditional plan of systematically allocating resources. The
Defense Department should try to take advantage of the alternate ways of
stimulating exploratory activities. Also, the Department should note.that most
innovative ideas which come to fruition are nourished initially where they are
generated, and should avoid policies which result in transferring RXD ideas
from one place-to another before they are well formed.

3. Tnitial Funding

In 53 Events, (10R, 43XD), work was started.promptly after the need:
and the idea were -brought together. The standard is the subjective standard of
our respondents. Their remarks, stimulated by questions, reveal whether the
participants felt any delays-or whether the activity was simply based on the
time it takes to do-the work. In ten-cases there was a delay between getting the
idea and commencing work. The-delay was nearly always to get money, usually

‘a supporting -contract.

Logically, it might seem that an expression of need and an idea for
fulfilling it would together make up something valuable, One could well imagine
storing such combinations and reactivating:them according to some-scheme .or

Ppriority when it becomes izasible to start work. However, none of our examples

exhibit this pattern. The-closest example we have -appears to-be RXD Event
No. 13, conception and -demonstration of thrust reversal in a solid propellant
rocket motor. Here the conception.-occurred in 1951, and was written up in a
report in-June, 1952, by H.S. Seifert at the Jet Propulsion Laboratory; because
his own 'iaborat;ory,administxatmn was -unwilling to. support experimental work,
the idea lay fallow.. The decision was not motivated by a shortage of funds, but
by the judgment that the idea was not as good as others competing for attention.
In 1955, Ritchey at the Thiokol Chemical Corporation, Redstone Division,
initiated an experimental investigation of thrust termination methods. One of

‘the two methods studied was the thrust reversal technique advocated by Seifert.
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In contrast to-this, we have many examples where an idea was for-
gotten and.then rediscovered. RXD Event No. 16 is an example. This work, on
canted rotatable nozzles, was carried out in good faith, -and was actually used.
in the Polaris system in.the form developed by Kershner and his associates at
the Applied Physics Laboratory of Johns Hopkins University. However, when a
patent application was filed for the idea, it transpired that a similar -idea had
‘been filed on previously. Apparently the first statement of the idea was not
readily available to Polaris, and was lost as far as application to Polaris was
concerned.

‘'The systematic review by the Patent Department is intended to reveal
interference and to identify the inventor having priority. Since-our methodology
has not provided for any systematic study of priority, we cannot make a valid
estimate of the number of times an idea is discovered, lost, and then redis-
-covered and acted upon. Other studies, 1nclud1ng one carried-out by Arthur D.
Little for the National Inventors' Council,{2)show that if an idea is set aside on-
paper, for consideration by someone else at a later time, it is not likely to
result in the undertaking of a technical research or exploratory development
‘program..

It is interesting to note that under the traditions, precedents and
statutes of patent law, an-invention is not considered complete until it is
diligently reduced to practice. Lack of diligence--that is, failure of the inventor
to work steadily and continuously from. the time of his conception until he re-
duces the invention to practice-or files a patent application--limits the rights
-which he may claim to-his invention. '

The pattern of initial funding is shown in-the following table
(Table II-1) Forty-three Events (8R, 35XD) were launched with funds and-
resources specifically allocated for discretionary expenditure, or already al-
located for the support of related work whose description fitted the work com-
prising the RXD Event, but in which the particular RXD Event was not specified
or anticipated. In an additional 7 (1R, 6XD), it was acknowledged that funds or
resources were-borrowed from other activities. In only 13 Events (2R, 11XD)
was the activity supported by funds specifically set aside. for-this -activity or
specifically approved after the idea was brought forth.

It is interesting to note that in four-of -the five cases where work was
-done on funds specifically approved by the Department of Defense for the-RXD
Event after-the idea was generated, it was reported:that resources were not
instantly allocated. Delays ranging from six to 12 months were reported. On
the other hand, no delay was reported in-the three instances where private
funds were specifically-approved for-work after-the-idea was generated. It
appears that funds for the private support of research and exploratory develop-
ment may be allocated so qu1ckly that the formal approval process is not fel"
as a-delay.
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TABLE II-1

PATTERNS OF FUNDING.

Source
DOD . Private
R XD Tota R XD Total

1. Available for discretionary

expenditure 0 4 4 0 3 3
2. For the support of related work,

but in which the particular RXD

Event-was not specified or antici-

pated 2 21 23 6 7 13
3. Borrowed from other activities 0 6 6 1 O 1
4, Specifically set aside for this. activity

(possibly as-one of many) before initiation 0 3 3 0 2 2
S. Specifically approved for this work after

the idea was. generated 1 4 5 1 2 3

A dominant: funding pattern emerges when the first three classes are
taken together. In 50 Events (9R, 41XD), the initial funding of the RXD Event
did not-involve a formal defense-of the merit of the activity before it was com-
menced.. Implicitly, or explicitly, the responsibility for deciding that the work
‘merited support was passed on to those who were about to do it and to their
immediate associates; failure to-allocate resources promptly certainly has
caused some ideas-to be lost, and evidence in a later section will show that it
may discourage people from generating ideas. The common pattern for initial
funding is for resources or money to be committed promptly on the basis of a
local decision. Thus; it would seem that-the Defense Department should :make
further provisions for prompt commitment of resources for initial exploratory
-efforts, and:should:make sure that the real initiative for making such allocations
is local. They should not require:-controls which involve justification based-on
the-promise of particular ideas-or methods of -approach in anticipation-of work.
Further, their controls should not introduce delay, and should operate so that
‘the real decision to-proceed is-made locally. Some suitable kinds of controls
-are discussed-in a later section. ’
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C. EXECUTION OF RESEARCH AND EXPLORATORX DEVELOPMENT

1. RXD Flourishes in an Adaptively -Organized Group

In.62 Events, (11R, 51XD), the local environment was adaptive
rather than authoritarian. (The words adaptive and authoritarian are used here
in a particular sense, Their outstanding characteristics. are shown in Tables
V-2 and V-3, and explained later in Section V-D-.)

In a typical authoritarian environment, authority is based on-position
in a hierarchy. Goals are well-defined and specific, and change slowly and in-
frequently. Tasks are broken into-component parts, and acre delegated by
authority at the top of the hierarchy, together with nonoverlapping authority and
responsibilities necessary to execute-them. Various parts of the organization
can function independently. Chains of command, channels of cemmunication,
responsibility and authority, and content of tasks are well defined for each
position in the organization; in-such-.a way that they are mutually compatible.

By contrast, in a-typical adaptive environment, authority is based
not on position in the hierarchy but on expertise with respect to-the task at hand.
This means that critical decision making is not confined to-the-top of thé pyramid
‘but is-diffused throughout the organization according to each man's ability to
.contribute wisdom where he has knowledge,. experience, or talent. Control in
an adaptive orgarnization is achieved by having as many-individuals as possible:
refer their decisions- and actions to- goals and standards. This means, of course,
that goals mustbe very well understood throughout the organization, andstand-
-ards -must be sufficiently shared-that decisions made by one will be endorsed
by the others. Communication is not through channels, since who is at-the "top"
-of the-decision-making hierarchy depends on the content of the decision., Values
and motives must-be communicated as well as technical facts, for there is no
prescribed channel of -authority with a recogmzed power to give rewards or
-invoke sanctions.

The various characteristics in which these idealized types of-organ-
ization systems-differ are strongly correlated: a small group has either most
of the qualities of an.authoritarian system or most of the qualities of an adaptive
system, but rarely-a half and half mixture. When we Jlooked: both at the general:
question-of whether the local organizational system was authoritarian or adap-
tive, and at a-number of specific factors which-are expected in adaptive environ-
ments, we discovered that the environments: in which these RXD Events-were
carried out are nearly all adaptive, according to either standard.
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. The way we examined the environment of Event No. 93, the.Develop-
ment of the H-6 High Explosive, illustrates the process we used when first
developing experience. During our visits at the Naval Ordnance Laboratory,
we accumulated -about 30, 000 words of trip reports and interview transcripts.
These were sifted for statements or groups. of statements matching the descrip-

tions given in Tables V-2 and V-3. No attempt was made to weight the statements,

but a consecutive sequence.of statements from one interviewee was counted as a
single statement. The results were as follows: Fourteen statements described-
characteristics typical of an adaptive environment: Five more drew contrasts
showing a characteristic -.of adaptive environments present in 1950-52 which has

‘been replaced since by the related authoritarian characteristic. These 19

statements tend to characterize the environment of Event 93 as adaptive.
Similar reckoning revealed only-five which characterized it as ‘an authoritarian
environment, and the 19-5 imbalance is further accentuated by the fact that
three of the five had to.do with the personnel relations-of one man said by his
colleagues to:be a misfit, who moved out of the research laboratory very
shortly thereafter into-an administrative position in an institution which does-
not carry on research and development.

After looking at a few examples, we have found it unnecessary to go
to the trouble of a numerical tabulation of particulars. In most instances, the
most casual review of the remarks made by our respondents clearly established
the environment-as belonging to one or the.other type in its dominant features.
With this understanding, we found the local envircnments of all R and- all but
one XD Event to be adaptive.

We attempted to account for the degree of adaptiveness by searching
for the presence-of factors encouraging adaptivity. Those which we observed
most frequently are listed below, -in decreasing order of.incidence.

a philosophic-commitment to adaptiveness-on the part
of the laboratory management.(11R, 23XD)

laboratory organization by tasks or projects
(OR, 22XD)

a rapid growth in the size of the organization,
which enhanced fluidity (2R, 13XD)

a dominant adaptive personality (3R, I1XD)

the influence- of goals whose importance
transcended other considerations-(3R, 11XD)

a competitive drive which-transcended other
considerations-(OR, 11XD)
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Although the:transcendent competitive-drive was reported only-in 11
XD-Events, the desire to show the superiority of a technical approach-or capa-

‘bility over -conventional approaches or those being worked cn elsewhere was

reported in 45 Events-(10R, 35XD), as a positive contribution to-success or
effectiveness. In only 3 XD Events was such competition reported as producing
an-adverse effect. Where competition contributed to success, it was usually by

focusing attention-on true-goals. and by providing an-additional goal-oriented

motivation: Competition is-rot commonly cited as- a.characteristic part of
adaptive organizational controls within an organization, but competition from

-outside served to reinforce an adaptive system, by providing values and motives
-common to everyone in-the-organization-which could be-talked-about freely.

The frequent statement that research and exploratory development
must be directed permissively, with looseness, relaxation of restraints, .and
so forth, is incomplete. The constraints arising from an adaptive system are
fully appropriate; total lack of direction-is not associated with successfully
utilized research and exploratory development.

Complete permissivity can be regarded as an ultimate and extreme
case of the operation of an adaptive system, where one personis so much more
capable and so much better informed.than his associates and-sponsors ‘that his
judgments  and decisions are endorsed by the group without any intercommuni-
cation, review, or other consideration. This may be the case where one man
is-working alone in an-area where he is well qualified, or where an experienced
and able-man is doing basic researchunder-circumstances where-his under-
standing of the problem is far ahead of that of his contemporaries.

‘People who are accustomed to working with -an authoritarian:system

-often recognize that its .ordinary méthods of control are inappropriate, but

cannot formulate a description of the appropriate substitute. It'is likely that

‘they cannot perceive.any control-or, for that matter, any organization at all,

in a fully adaptive system, which they would.characterize as loose, permissive

-and lacking control; they may complain with great-vigor about-the inefficiency

of an adaptive organization and declare that it.is chaotic, "screwed up, " poorly
managed.and otherwise unfit to be given serious consideration.

‘However, we find evidence that adaptive-controls were actually in-
voked-in all 1R and in 49 XD Events. Absolute permissivity existed-in. only
one XD Event; in two, our information was incomplete or equivocal.

The local environment with which we concerned ourselvss is that
comprising the individuals who did the research and exploratory development
and those with whom they had first-hand contact. This group would be part of
a considerably larger formal organization, such-as a formal special project
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group, a research laboratory attached to a manufacturing.organization,. or.a
government laboratory operated by one of the services. In all 11 Research and
in 44 Exploratory Development Events, the larger organization was predominately
adaptive. The remaining Exploratory Development Events include one in which
authoritarian controls were frustrated or overthrown but no clear adaptive pat-
tern-emerged, and five in which the group functioned adaptively despite an
authoritarian formalorganizaiion (part of their adaptivity must have been de-
voted. to insulating themselves from the authoritarian environment).

There is evidence in 11R and 47XD Events that personal enthusiasm,
dedication, and commitment to the achievement of goals was present and that

it contributed to success-or effectiveness. To dignify such a trite statement

as a finding of a research study appears fatuous, -but it has a real point. Com-
pare this statement, stemming from field observations from 63 examples,

with the assumptions about human nature and human behavior comprising
Douglas McGregor's "Theory X' '(3) (Section V-D, Table V -5):.

The averagé human being has an inherent-dislike of work
and will avoid it if he can.

Because-of this human characteristic of dislike of work,.
most people must be coerced, controlled, directed,
threatened with punishment to get-them to put forth
adequate -effort toward the achievement of organization
objectives .

The average human-being prefers-to be directed, wishes
to avoid responsibility, has relatively little ambition,
wants security above -all.

McGregor believes that these assumptions underlie the traditional
view of direction-and control, the one which we find exemplified by authoritarian

‘systems of management. Our -datum indicates that any system of management
founded on McGregor's Theory X assumptions is probablyinappropriate. On

the .other side, McGregor's ""Theory Y' assumptions include:

Man will exercise self-direction and self-control in-the
service-of objectives to-which he is-committed.

Our datum indicates that a system of organization based on Theory Y assump-

tions is, in this respect, consistent with the way in which we have observed

successfully utilized RXD has been done in-the past. Insofar as adaptive
organizations are based on Theory Y assumptions about human behavior, and
authoritarian on Theory X, our finding that the environments in-which these
RXD Events were done were adaptive is further supported.
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The exercise-of local discretion in-undertaking -work and committing

funds and resources was mentioned in Section IL. B 3-as part of ‘the-common pat-
tern for initiating an RXD Event. In an adaptive organization, local decision-

making is routine; this is further evidence that adaptive organization favors the
initiation of an RXD Event. As observed in II'B.2, most RXD Events are exe-
cuted where the important initial idea was generated; this suggests further that

.an adaptive environment may favor the generation of new ideas in response to

stimuli such as needs.

Getting an idea, initiating an RXD Event, and. executing an -RXD Event
are so closely allied that we could not tell whether adaptive organizaticn supports
one more than.the others. Sociological theory suggests that it should be helpful
in executing RXD, -important in initiating it, and essential in eliciting new ideas.

A number of recommendations can be based on this observation that
research and exploratory development flourishes best in an adaptive environ-

‘ment. In the first.place, an adaptive environment is easy to.recognize, and its

presence could be used as part of a selection procedure in.choosing research
snd exploratory development sources. This will cause no disturbance in the
research and development community, for this kind of management pattern is
widely recognized as-desirable, and is found. at the working level of nearly
every successful R&D organization. Secondly, the Defense Department should
take advantage of the qualities-of existing adaptively organized groups, partic-

ularly in searching for new ideas. To do-this, they must shed some of the

constraints ‘of formal communications normal to an authoritarian organization.
Third,. the Department should encourage and support adaptive organizational
behavior in-their R&D suppliers. For an adaptive organization to function, it
must have-material support and it must have access te: information: about real
needs, goals, missions, and-the values by which efforts are judged. Encourage-
ment-can be given by rewarding truly-valuable action and by recognizing and

-applauding-original, creative, imaginative, novel, change-producing behavior.

Fourth, the Department should avoid- inhibiting adaptive behavior. Many com-
mon ways of defining tasks and.describing jobs are in the.authoritarian tradition
of limiting scope and compartmentalizing authority. Many work descriptions
describe a method of approach of the organization-of a team, rather than the

goal to be achieved. The wording of many RFQ's encourages- a response with

-an organization plan showing separation of functions, ‘subdivision of responsi-

bilities, and localization-of authority. These and controls on accounting, con-
flict of interest, security-and other procedures limit the free exercise of

adaptive organizational control. The Department should avoid routinely adopt-
ing the standard .of the-easiest alternative, and should bear in mind that the
advantages to be derived froma successfully operating adaptive group-may off-
set the penalties- of procedures which in other contexts are not the mdst desir-
able.
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‘There are-three particular recommendations which it is probably
easier for the Defense Department to use thanthe others: first, direct attention
to real needs. Second, evaluate results according to their true value in a gen-
eral scheme of values, rather than by the adherence to-agreements. Competi-
tion may help-to.achieve this. Third, avoid burdening a successfully operating
adaptive organization with authoritarian controls.

2. RXD Flourishes When the Group Enjoys Consensus -Collaboration
Relations With -its Sponsors '

Consensus -Collaboration and Coercion-Compromise are a pair of
antithetical terms closely related to-the pair adaptive and authoritarian. They
are particularly applicable to the relations and communications between a pair
of individuals.or groups. The most obvious characteristics of these systems
are shown in Table V-4.

A typical coercion-compromise system .is based on-authority -and
obedience relationships. Behavior is controlled by the exercise of power and
the invoking of a system of rewards and punishments.

In a-typical consensus-collaboration system, the prevailing relations
are those of trust and mutual confidence. Control is achieved through agree-
ment on goals and values, coupled with a communication system which provides
continuous feedback so that the members of the system can steer themselves.

We examined the environment-of RXD -Event No.. 93 for evidence of
consensus -collaboration or coercion-compromise relations between the NOL
development group and the Bureau of Ordnance. This was done at the-same
time and in the same way that we searched for evidence of authoritarian or
adaptive organization; we found that the evidence for consensus-collaboration
relations ‘was even more one-sided than the evidence.showing a local adaptive
environment. Applying this experience, we found as before that well-identified
relations usually fall closely into-one pattern or the other but not into a mixed
pattern. In 11R and 38XD Events the relationship between the R&D group and
its sponsoring organization could be described as a consensus-collaboration
relation. In 14XD Events, the relation:is better described as a corecion-
compromise relation. In 10 of these 14, a well-defined informal channel also
existed which supplemented or largely replaced the official channel of communi-
-cations between f,the:sponsor and the executor of the research-and exploratory
development. Thus, -a significant open-communication channel existed in-61 of
65 Events. -
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The data purport to show two instances of corecion-compromise
relations- where consensus -collaboration-relations did not exist-between.
sponsor and-executor, and where-the initial stages of work were privately
funded. A more-detailed examination-of the sources shows that the desired

‘sponsor and the ultimate beneficiary was the Department of Defense, that the

failure to gain initial support was one aspect of the lack of consensus-collabora-
tion relations, and that private funds were tapped for initial support rather than
to let the project die.

Several factors were cited as bases for a.consensus -collaboration
relationship. The most frequently mentioned, in decreasing order of incidence,

‘are:;

Long personal associations between the parties (3R, 21XD)

Attention of both parties focused primarily on the goals of
the effort. (4R, 19XD)

Strong technical insight on:the part of both-parties
(8R, 14XD),

In 8R and 46XD Events, knowledge of the need was communicated
informally to those who responded with the idea to satisfy it, rather than by a
formal document or briefing. In many cases, we know there was give and take
in both directions; we believe there-was give and take in most. ‘Only in four XD
Events was the event conceived by the.sponsor and communicated primarily
through an RFP, an ADO, a GOR, or some other formal mechanism. In all
I1R and in 37XD Events, the promoter of initial support of the work was closely
identified with those who conceived the ideas.

The scientists and engineers involved in the innovation have in almost
-every case had past experience working on military problems. Often this
provided them with a knowledge of military requirements- equal to that of the
Department of Defense. Furthermore, this familiarity permitted them to work
with the military in arriving at final military requirements through a process.
of iteration, and-this iteération was clearly a positive factor in many cases.

In 2R and 16XD Events there was some evidence that the Department
of Defense-resisted innovation by turning down.or ignoring some:program for
carrying out these events.-or their-substantial equivalents. Six of these were
among the 14XD Events- where no- gonsemUSecoliaboration relation existed
between the RXD group and the sponsors. In 2R and 17XD Events, direct con-
tact-between-the group doing RXD-and-the Defense Department ‘showed-cvidence
that the Defense Department was acting in-the way -expected of an authoritarian
‘organization rather than an adaptive organization.. -Of these, eight were among
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the 14XD Events in which-no consensus -collaboration relation existed between
the"R&D group and its sponsors.

Thus, from several points of view the open informal communications
in a consensus -collaboration relation show superiority over restricted formal
communication of a coercion-compromise relation. This finding is consistent
with.other facts suggesting that an adaptive environment is more desirable than
an authoritarian environment for the execution of research and exploratory
development. The-expression of needs and goals, the dissemination of knowl-
edge about-them, bilateral discussion of goals and objectives, and the self-
organization of activity toward. fulfilling them are prominent parts of the
mechanism by which an adaptively oxganized group gets.its work done. For
adaptive control to work, the group must-be in a postion to discuss goals and
‘progress, -and to learn how their work fits into a larger scheme. In an
authoritarian system, the top management has the responsibility for dividing.
the problem into small tasks, and specifying those tasks so-that subordinates
-can carry them out by following orders handed -down from above. Free.discus-
sion of goals, objectives, problems, and progress is not part.of such a manage -
ment system. "Theirs's not to make reply; theirs's not to reason why; theirs's
but to do or die."

Based on these findings, it is recommended that the Department of
Defense attempt to maintain consensus-collaboration relations: with its research
and exploratory-development contractors, government laboratories, and other
agencies carrying out R&D on their behalf. However, while such a recom-
mendation is easily made, it will be much more difficult to carry out than the
recommendation to maintain an adaptive environment for research and explor-
atory-development. It will be difficult because one pary in these relationships
is-the branches of the Defense Depariment, which may see no good reason for
overthrowing the standards of their normal authoritarian organizational system
and the coercion-compromise relations which they have with other groups.
Outside of R and D, the normal relations between the Deferse Department and
its -contractors (or between an agency and a subordinate group), encourage
clear boundaries in authority, responsibility, and scope of activity. Controls
are:invoked which are intended-to discourage deception, to punish failure, and
to ensure that work meets pre -established—fspecifications,‘.

‘However, as we-have seen, this kind of relation is inappropriate for
the encouragement of research and exploratory-development, and the Defense
‘Department should be prepared to suffer the pains of,i,htern,alforga,nizational‘
~disruption to-avoid-such relations with research and exploratory development
units. It should, as a minimum, recognize where-consensus -collaboration.
relations already exist, and avoid upsetting them with authoritarian controls..
It should avoid defining fixed channels for communication and restricting its.
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content. It should invite bilateral discussion -of goals, values, needs, problems,
and- attitudes: as well as facts; it is particularly desirableto invite serious
discussion-of the-Defense Department's important needs and objectives and the
circumstances under which needs are felt. It should avoid-fragmentation. of
authority and responsibility, such as using separate channels for technical and
for .contractual negotiations. It should avoid a superordinate-subordinate
relation, and should invite R&D people to -discuss failures and errors under
circumstances where everyone can profit from-the-experience rather than in

-circumstances. where punishment is feared.

In summary, the Defense Department should abandon its ciaim to
superior authority and its prerogatives for making or passing on all decisions
when dealing with R&D people. The claim of superior knowledge is invalid,
and good R&D people will not long tolerate the exercise of authority by outsiders
whose knowledge they do not respect. On the other hand, after fear has been

allayed, scientific personnel will' welcome without prejudice the cooperation of

anyone, including those dedicated and.committed exclusively to the Defense
Department, who-can make a positive-contributiontoward worthwhile objectives.

It is to the Defense Department's advantage to be-seen as helpful cooperative

servants to R&D personnel, rather than as firm-minded masters, no matter
how just or fair.

3. Laboratories, People, and'Compen§at;on.

Eleven R.and 36XD-Events took place inlaboratories where our
rating of the laboratory director was good or excellent. In most of the remain-
ing-instances, none of our senior participants was personally familiar with the
laboratory director or his work; we assumed in these-cases that'the man.did
not have a distinguished reputation and tabulated a neutral response. The
standard is subjective, but the staff members who participated in this evalua-
tion-have participated in hundreds of research projects and management studies,
and have seen a‘large number of program managers under circumstances where
their performance.could be judged-to be poor, fair, good, or excellent.

Ten R and 43XD Events were done in-organizations which:already had
or were rapidly-developing reputations for first-rate development activities.
In ten.of the R Events, the principal contributor ‘had a distinguish.ed professional
reputation at the time the event occurred; this was true for only 21 of the XD

Events, although.many have-acquired-such reputations since. These —fact:s:,siifg-

gest that success in exploratory development does not depend so-heavily on

-outstanding people. -
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The labt ratory director is in-a good position to build iue kind of
adaptive environment in which an innovator can flourish. By teaching, rersna-
sion, and mediation, he can establish ax environment which encourages new
ideas, and make funds and resources available for initial exploratory efforts.
Newborn ideas are tender and fragile, and do not survive transplantation or
delay.

Another important function of the laboratory director and the labora-
tory management is to sustain desirable consensus -collaboration relations with
sponsoring agencies. Tie director and his policy-level assistants are in a
good position to deal freely and directly with high-level people outside, and to
gain direct kncwledge about needs, goals and objectives. At the same time,
they can sell the ideas from theix laboratory and show reasons why their staff
members can be-expected to do-a good job in development. They can use their
prestige, influence, and external contacts to bolster formai and informal com-
munications .

Even good laboratory directors, however, did not always succeed in
maintaining open communications. We heard from several former laboratory
heads that they felt remote from top managment in the Pentagon and that their
laboratories were too far removed from the mainstream of the Defense Depart-
ment's activity. Some who have left Government service cited this among their
reasons for leaving.

One aspect of the management of laboratories not previously men-
tiored is the observation that in 10R and 45XD Events the conceivers of the idea
remained involved in the execution of the research or exploratory development.
This n:ay be regarded as an aspect of motivation, as evidence for the adaptive-
ness of the local organization, or as evidence against rigid boundaxies between
various categories-of research and development or between various furnctions
served by members of a team deing exploratory work.

It has been conjectured that the personalities of creative people differ
significantly from those of most of their associates. We were in no position to
undertake personality profile studies, but we did undertake to inquire whether
the behavior of any of the principals in these RXD Events was seen as outside

‘the range of behavior considerec fitting, proper, or normal in the organization.

Charles Steinmetz was used as an-example to illustrate is meant by a man whose
behavior is outside the normai rai.ge for his organizaticn, but wiic is neverthe-
less welcomed as a productive member of the group. We found only eight
Events (7XD, 1R)where such unusual personality traits stood out.

This could mean any of three things. First, it could mean that the
kind of innovative activity represented by our population of events is not
11-20
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correlated with unusual traits of personality and behavior. It could also mean
that all of these oi'ganizations have screened their membership quite effectively,
irrespective-of the expectation of innovative contributions. Or it could mean.
that pecple with innovative personalities (if there is-any such thing) have f- nd
adaptive organizations where their /y¢havior is compatible with the orgadza-
tion's expectations.

The matter of compensation was approached obliquely. Most of our
interviews were unstructured and we put no limitation on the subject matter.
A wide variety of subjects concerned with morale, motivation, technical
achievement, transfer of personnel, and so forth were introduced into the
conversation, but we never introduced salary into the counversation. Surpris-
ingly, none of our respondents ever mentioned it either. We can only conclude

that men working on successful ¢xploratory development projects within the

environment of a well-managed laboratory have afeeling that their efforts. are
being recognized and that management is treating them fairly as far as compen-
sation is concerned. :

, It is recommerided that the Defense Department continue to weigh the
reputations of laboratory directors and laboratories as important evidence in
considering how to allocate resources. Most of the previous recommendations,
and probably other desirable policies not uncovered in this study, can be im-
plemented in part by finding laboratories of high repute and delegating a large
part of RXD planning and management to the laboratory director and his staff.

4. Field of Work

In gross terms, these events fall in the fields of chemistry, electrical
engineering, mechanical engireering, metallurgy, physics, and rocket-propulsion

engineering. No more than 20 percent nor less than 10 percent, of the Events

fall in any of these broad fields.

Looking at the field -of activity on a smaller scale, we found that the
field in which the Event occurred was changing rapidly at the time the Event
was initiated in 7R .and 36XD Events.. Furthermore, interdiscipiinary stimula-
tion within the organization was important in the conception and execution of

ten of the R and 29 of the XD Events. These two observations, and the difficulty

which we had in-making a unique assignment of field of science or technology
to many of the Events, suggests -that RXD-activity does not naturally fall into
mutually exclusive fields-of science -and technology.

It is recommended that the Defense Départm‘ent plan its research

and exploratory development program with-the recognition that worthwhile RXD-
is frequently interdisciplinary or occurs in afield which is. rapidly changing.
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The boundairies among fields of science and technology should not be allowed
to-constrain RXD activity.

D. UTILIZATION OF RESEARCH AND.EXPLORATORY DEVELOPMENT

The median delay between the completion of an R}D Event and its.
inccrperation in system development is around one year for an XD Event and
five for an R Event. Twenty-three Events were incorporated within one year,
and 12 Events waited five or more years to be utilized. This distribution of
times is shown in Appendix E.

Informal communications are just as important in the utilization of
XD Events as they are in their initiation. In 33XD Events, papers, patents
and written reports were not an important mechanism in bringing about first
utilization of the event. However, they were an important mechanism in all
11R Events. Nevertheless, in-all 11R Events (and in 42XD Events) utilization
was brought about (in part at least) by a person who is closely identified either
with the conception or with the execution of the event.

The relative timing between the initiation of an RXD Event and the
initiation of the system development in which it was used shows a wide spread.
The median R Event was initiated five years before system development, and
the median XD event two years before, but 11XD Events were initiated after
system-development had begun on the system in which-they were used. This
distribution is biased in both senses. On the one hand, long time delays
(greater than 12 years) were eliminated because we did not lock at RXD Events
initiated earlier than 1945. On'the other hand, the standard for acceptance or
rejection of a particular description as a valid RXD Event depended to a:-cer-
tain extent on its relation to needs ami 1o sponsors, and several possible RXD
Events were rejected largely because they were initiated substantially after
system development was undertaken, and were tainted with the suspicion that
they were engineering aspects of operational system development rather than
exploratory development. The resulting distribution is shown in Appendix E.

We find.that informal personal communications are an important
contribution-to the -utilization.of an RXD Event. A small propoxrtion of Events.
‘have a-built-in-market, for they are stimulated by a need arising in the system
-development which ultimately utilized them. It is recommended that the Defense
Department provide for informal personal communication of RXD -accomplish-
ment as well as for publication and distribution of papers, reports, and pateats,
ard that the Department recognize that a significant number of worthwhile
innovations are initiated only after a need for-them has arisen in a system
development.
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E. SYNTHESIS OF AN IDEALIZED PATTERN OF A RESEARCH AND

EXPLORATORY ENVIRONMENT

Most of the propositions in the previous section can be interrelated )
in one idealized environmental pattern. At the center of the pattern is the ‘.
research group itself. This should be constituted so that it functions according
to an adaptive system. In addition, it must accept a goal-or a mission, it
must have resources at its disposal, and it must be capable of generating ideas.

SPRERY; .
FREPL A

The m: »sion and goals which are communicated should have as few
constra.nts as possible consistent with the accepted value scheme. That is,
what should or should not be done should be governed by considerations of what
will and what will not beuseful or worthwhile. Constraints which are notrelated to
the ultimate goal and missionand which arise from values not appropriate to the
goal and missionshouldberemoved. Thereshould be a'value scaierelated to the ?
goaland mission, insuch a way" that the value of various ways to approach the goal
can be estimatedand compared. Understandingof the goals shouldbe sufficiently
géneralthat any action bringing onecloser to the goal will-be considered valuable.

Usually, a hierarchy of goals is required. The most specific goal
forms a basis for judgment and decision making, and the most general is
directly related to ultimate values and motivation. The relation between $pecific
goals and general goals and values is not constant. The value-of a technical
approach may depend.-on the availability of alternatives, the value of the solu-
tion to a problem may depend on its timeliness, the acceptability of a weapon
systems concept may depend on-the climate of national or international opinion,
and so forth. Means for establishing and re-establishing this connection must
be provided.

Control in the adaptive environment is achieved by diffusing and
understanding of missions, goals, and values sufficiently widely so that locally
made judgments ahout what is worthwhile and what is not, ‘what should be done
and what should not, are consistent with the-dominating scheme pf goals, mis-
sion, and value. This is in contrast with the authoritarian system, in which a
well-defined system exists for making decislions at one place and disseminating
them. Inasmuch as the relation between tie very specific-goals crequired for 7
everyday decision making and the over-all goals is not static, this diffusion ¢
must be repeated or continuous. This makes communications necessary, both
within the organization and between- the organization and the vitimate source of
motivation.

‘Within the adaptive group, the appropriate type of comiaunications
is part of a general pattern of organization. Between the group and the ulti- _
mate scurce of motivation an open-communication channel is called for. It .
should be possible to pass both information and attitudes and opinions in both
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directions through this channel. Every time new knowledge ¢= new insight is
developed, it must be possible to check decisions against the most general

scale of values, and conversely to derive an improved set of limited goals from
the general goal and mission. The result of this process is to reestablish trust
based on community of values and on agreement that the course of .action being
undertaken continues to he worthwhile in terras of the over-all goal and mission.
This process also serves to reinforce commitment to both the limited and the
general goals and mission. Needléss to say, rewards and penalties, both
material and psycholegical, should be consistent with the goals, missions, and
values as seen by everyone concerned.

Insofar as the ideas to be exploited are new and original, they cannot
be specified ahead of time. Dut partly systematic methods of problem solving
have been described. Poly_at(4) suggests that the three most impoxrtant methods
of finding ideas for problem solving are by analogy, by generalization from
special cases of the samie type of problem, and by specialization from: more
general cases. For these methods to be accessible, the researchers should
be familiar with more general and more specialized problems of the same type
and with analogouc problems. This suggests that the people on whom we
depend for innovative ideas should be people actively engaged in problem solving
and in innovation in fields related to the goal and mission. Common sense sug-
gests further selection on the basis of past success.

The character of the resources needed will be:defined by the mis -
sions, the limited goals, and the type of ideas which it is intended to exploit.
The amount of resources desirable is derivable, in principle, from the values,
which can be derived from the general goals and missions. An obvious way to
assure the availability of resources is to let them be built up as part of the
same activity which leads to the development of sources of ideas. To the
extent that branches of the Department of Defense operate according to an
authoritarian system, the ambiguous authority, responsibility, and status

implied by consensus-~collaboration relations would cause discomfort. There

seems to be no reason to ask that the Depariment of Defense abardon its
traditional organization solely to foster research and exploratory: development.
The existing organization seems to work for most of the Department's:pur-
poses. Therefore, communication with innovation-producing research -and
exploratory developiment activities must be somewhat restricted, and should
be channeled through to agencies capable -of maintaining consensus -ccllabora-
tion relations. From the point of view of tliose doing the exploxratory work, it
is desirable to arrange things so that these channels can be used as though
they were entirely open links to the whole Defense Department. In particular,
few limitations should be put on the kind of communication which moves in
either direction; transmission of motives, feelings, and attitudes should be
encouraged; the subjects of change in the Department of Deferise and how it
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might be brought about should be allowable topics of communication; and con-
trol by reward and punishment, encouragement and threat, should be avoided
in favor of control by communicating values, pooling information, and seeking
a consensus on the most desirable course to undertake.

It is obvious that -this model incorporates in their broad outlines of
many of the findings of Sectivns B,C and D above. We believe it is consistent
with all the Findings and Recommendations, although entirely unrelated to
some.

F. DIFFERENCES BETWEEN RESEARCH AND EXPLORATORY DEVELOP-
MENT '

The presently accepted definitions of research and of exploratory
development distinguish between effort directed toward the solution of problems
with no clear direct military applications, and effort directed toward the solu-
tion of specific military problems. A number of factors may blur the distinc-
tion.

In the first place, exploratory activity may be motivated by more
than cne purpose. Thé man who is actually. doing the work is likely to have
different motives from his laboratory director and from his sponsor, and is-
therefore iikely to disagree with them about what is really research and what
is really development. Here we are inclined to honor the research worker's
judgment over that of his. sponsors and supervisors.

Secondly, the clarity and directness of a military application is a
subjective judgment which may be strongly colored by the degree of under-
standing both of the projected exploratory activity and of the circumstances in
which a military application might be made. Once again, the man doing the
work is likely to have a different view from that of his supervisors and sponsors;
but in this case, we are inclined to give more respect to the latter.

Third, the present Defense Department definitions do not mention
nonmilitary problems and nonmilitary applications. Insofar as these defini-
tions are used by managers to pilace programs into fund categories, the

omission is reasonable. But the end use of exploratory activity may be an

application not anticipated when the work was done, and some-of our examples
(e.g., RXD Event 20, quoted in Appendix B) are clearly examples of explora-
tory development aimed at filling nonmilitary needs and solving nonmilitary
problems. It is plausible to generalize the Department's definitions simply
by omitting the word "military"” wherever it occurs. To insist on rigid,
mutually -exclusive-definitions of research and exploratory development is an
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invitation to argument. However, if we agree that the distinction is not absoiute
and that a unified activity may partake of both qualities, we can usually dis-
tinguish them.

The biggest source of confusion concerns the goals, missions, and
objectives of research. Insofar as research does not anticipate any particular
application, it may not be possible to derive a set of research goals and-objec-
tives directly from military problems, needs, missions, or objectives. The
Defense Department's program planners and managers may derive from mili-
tary needs, missions, and objectives, a sufficient basis for initiating and sup-
porting one or another kind of research; their deliberations may tell them what
areas of science to support, what kind of people to sponsor, and what kind of
institutions to place their work in. But when they have made these decisions,
they will not ordinarily try-to motivate the groups they support by showing, in
those terms, why the work is important to the Defense Department. The people
who do research.develop motives, purposes, and objectives of their own.

In nine examples of research, the chief motivation can be directly
related to two of three essentials we find for the initiation of exploratory work:
generating a source of ideas and generating a pool of resources. To this
extent, research can be indirectly related to military needs. Planning of this
kind of research could be enhanced by asking what kinds of facilities and what
kinds of instruments are potentially useful in exploratory development, what
kinds of problems would we like to know how to solve, and what kinds of knowl-
edge would we like to have.

As observed above, exploratory development activity is very likely

to be triggered by the emergence of a particular expression of a need. This

may be a new need caused by a-change of circumstances, a need which is
perceived for the first time because of some new knowledge, or an old need
which is restated in such a way that it stimulates acticn. Research can also
be triggered this way, but may have much more diffuse inotivation, such as the
conviction on the part of the principal investigator that his field of research is
important and interesting or that it may have social and economic significance
in the future.

When this diffuse-motivation exists, it is probably irrelevant to test
it for rationality. Although notevery man with a dream is likely to make-a
great contribution-to science -and technology, it appears that certain kinds of
contribution to science and technology are only made by men with dreams..
Therefore it is improper to eliminate research activity or deny support because
of such motivation; if work of this nature is to be supported at all, it is probably
wrong to use the character of the dream as part of the basis for decision. In
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summary, some research workers do work which is important to the Defense
Department for reasoas other than the soluiicn-of military problems and the
fulfilling of military needs, or the attainment of military objectives. Support
of this kind of work should be based on an estimate of its ultimate contribution
to the Defense Department, not on an evaluation of the investigator's motives
ana .~als by evaluators committed to military objectives and endorsing the
Defense Department's values.
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III. RESEARCH AND EXPLORATORY DEVELOPMEMT ORIGINS
IN SIX WEAPON SYSTEMS

A. INTRODUCTION

The results of our examination of six weapon systems, which have
been reported more fully elsewhere, are summarized in the nine sections below.
These are intended to be brief summaries for easy reference, and may not be
fully self-explanatory. In each case an attempt has been made to display in
graphic form a historical tree showing a main stream of development which con-
tributed to one of these systems, leading back to origins in exploratory activity.
The partict'ar innovative research and exploratory development activities which
we have identified as RXD Events are indicated on these trees. Thus, these
show the time sequence of the RXD Events, the interconnection of RXD Events
and other research and development activity into connected progressions, the
weapon system subsystems, circuits, devices, and materials which. benefited
from these progressions of research and development, and, in most cases, the
personnel involved in the RXD Event or the institution inwhich the work was
done.

‘Two things are immediately obvious. from these -graphical presenta-
tions. First, there are very few spectacular "key" Events, technological
breakthroughs, or other innovations which could be described in dramatic terms.
The bulk of the innovations were relatively minor, and seem in retrospect quite
uninteresting. Originally, we were determined to find RXD Events of great im-
portance, and tended to ignore avenues of investigation which would turn up only
relatively routine activity, The spectacular Events failed to materialize in large
numbers, and we now realize that the number of unspectacular RXD Events
could have been multiplied considerably if the study had been carried out with
more modest expectations. In fact, the study of the Bull-Pup Missile carried
out by the DDR&E steering group adopted such a point of view, and unearthed
proportionately a much larger number of RXD Events,

A second observation is that the RXD Eveuts contributing to a partic-
ular weapon system development are spread over a long period of time. The
actual time spread is underestimated in these charts, for we made no particular
attempt to carry our historical efforts back more than twenty years. Indirectly,
this shows that there is no well defined research phase or exploratory develop-
ment phase in the history of the development of these particular weapons sys-
tems. This point is further emphasized by later evidence showing that a signi-
ficant proportion of exploratory-development activities only take their definitive
form after problems arising in later stages of system development, or even in
operational use, have to be faced.
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B. XM-102, 105SMM HOWITZER

The XM-102 Howitzer was designed as a lightweight and thevefors
air~-transportable weapon capable of firing extended range ammunition.

Early in our study of this system it became clear that most of the
research and development supporting the system design had been pexformed prior
to 1946. Also the Technical Development Plan for the system required that pre-
viously proven subsystems be used. 71hus practically all of the work which went
into the XM~102 was engineering development and design based on research work
carried out prior to the time period of our study.

We found two RXD Events which, although not undertaken directly for
the XM-102, did provide a technical input., These are #75 (Gun Tube Erosion
Inhibition), and #78 (Autofrertage Swaging).

Most of the research and development since World War II connected
with field artillery support has been on rocket-assisted projectiles or short-
range missile systeris. In a well developed field such as conventional artillery,
only incremental and evolutionary improvements can be expected--mostly in
materials--since the technology is well understood., There has also been some
development.effort in new techniques and manufacturing procedures. The one
example connected with the XM-102 Howitzer is-described in RXD #78 (Auto-
frettage Swaging).
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C. MARK 46-0 ACOUSTIC HOMING TORPEDO

Figure IIi-C shows the time relationship of the RXD Events used {n the Mark 46-0 torpedo weapon system. Also
shown s the duration of each event, where it occurred, and the identifying number assigned to it.

Vertica! dashed lines show three important events in the chronology of the Mark 46-0 torpedo; the establishment of
the-Retorc1 concept, -the start of the Mark 46-0 development contra: ., and the first production contract, The Retorc I con-
cept, a lightweight torpedo. was conceived by C. Sandler of BuWeps in 1953 and dssigned to NOTS. This administrative move,
not acwally formalized until 1960, was of material assistance since it provided a means for. integrating the results of torpedo
supporting research and development programs into a weapon with a minimum of interface problems.

The mission of the Mark 46-0 torpedo is to home on and kill a high-performance, deep-running submarine from a

surface or air launch, This required a major improvement in existing torpedo capability. The significant developments
which made this possible were as follows:

1. An Efficient, Safe, and Reliable Fuel

The Mark 46-0 was the first torpedo to use a solid propellant as a fuel. As noted, the exploratory development on
the grain consisted of improvements by JPL on the early World War II JATO work at Cal Tech (RXD Events #1, 2). The
exploratory development was completed before the Clevite engine was concelved.

2, A Lightweight, Low-noise, High-horsepower Engine

The engine design was based on a completely new approach. H, Hamlin of Clevite developed a hot gas,. swash plate
engine. The noise level of this-engine was low, and it could operate under high-back pressure for deep operation. The engine
exploratory development was supported by Clevite and was completed before the start-of the Mark 46-0.contract (RXD Event
#88).

3. Low-cavitation Propellor

An increase in torpedo speed puts increasing demands on the reduction-of propellor cavitation noise. A successful
demonstration of a low~cavitation noise propellor was made in-1955, one year afrer serious work began (RXD Event #86).

4, -Counter-rotating Propellors

DTMB was familiar with ORL work and foresaw the possible need for developing a design theory for counter-rotating
propellors to ease shaft loads and gain efficiency, Exploratory development, using "free” funds resulted:in computer progranis
for rapid design (RXD Event #87), DTMB rompleted the MK 46-0 propellor design in 1959,

5. Improved Explosive

A continuing program to improve air and underwater explosives at NOL resulted in the development of-the H-6 ex-
-plosive for maximum air blast in 1950-52 and the later recognition of its desirable high shock energy characteristics for
underwater use, permitting a 15-25% improvement in explosive power on z pound-to-pound basis (RXD Events #93, 94, 95).

€. A,Reliable,Fall—safe Exploder

A_continuing researck program on torpedo exploders at APL.permitted this laboratory-to develop a short-range:in-
f! sence- fuze to permit reliable torpedo detonation. (RXD Event- #97), The cxploratory development began in 1954 at BuOrd-
request_and was completed in 1955, three years before the Mark 46-0 contract.was let.

7. A More Sophisticated Guidance and Homing System.
In order-to lengthen acquisition range and-improve-search volume rate, a vastly better receiver-transmitter-
transducer -package was-needed. The conceptual.synthesis and exploratory development.of a system (the Revel Panel) with-

significant processing gain improvement was compieted-in 1958 at.NOTS about the time the Mark 46-0 contract was let (RXD
Events-#81-84). The Initial work on an important aspect of the-Revel coscept was-also done-at NOTS 1n-1953 (RXD Event #43).
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D. INERTIAL GUIDANCE AND NAVIGATION

One of the basic requirements for the use of a ballistlc missile from a mobile platform {8 a navigation system capa-
ble of accurately locating.the platform at the-time of launch. Once launched, the miissile requires a self-contained-guidance
system capable of controlling its flight during the powered phase.

Most of the development work done in the United States on the subsystems which were critical to the success of
navigation and {nertial guidance systems was concentrated on components for sensing angular and translational motion and on
computers which operate with the sensing systems to establish position and compute steering orders.

Figure III-D shows the distribution of time and locaclon of the principal RXD events which contributed to the develop-
ment of inertial guidance and navigation systems.

1. Navigation

The development of inertial sensing systems for navigation began with the gyrocompass, invented by Anschutz in
Germany aroind 1908. Working with Anschutz, Schuler.showed how the gyropendulum could be made {nsensitive to horizontal
accelerations His paper on the subject, which appeared-in 1923, presented a scheme by which a gyrostabilized element,
which could track the direction of true north in response to the accelerations induced by the rotating earth, could also track
the local vertical in response to the acceleration of gravity, undisturbed by horizontal accelerations (RXD Event £96). This
Inertial system configuration anticipated fundamental system characteristics appearing in the experimental FEBE sysiem built
at M.1.T. in the late 1940's (RXD Event #41), and in the Hound Dog and Polaris submarine navigational systems as bullt by
Nerth American Aviation, M,I.T., and Sperry Gyroscope. The Polaris submarine navigation system employed a precise fix-
taking system which Involved a significant'improvement upon the LORAN system developed during World War II. It udlized
higher frequencies and phase-matching of the two range measuring signals and employed sky- as well as ground-wave propaga-
tion (RXD Event #103).

2. Ballistic Guldance

Between World War I and World War II, Germany developed inertial guidance for ballistic rockets. Germany's inertial
systems evolved through a number of configurations, culminating in one which appeared late in the war, and invelved a platform
fsolated from vehicle. motion by gimbals and servomotors, and stabilized by three single-degree-cf-freedom gyroscopes (RXD
Event #42). A pendulous integrating-gyroaccelerometer measured velocity along the trajectory and terminated propulsion when
the desired velocity was reached. In the method of platform stabilization, this German system anticipated major features of
pladorm configuration in all of the weapon systems under discussfon. The gyroaccelerometer anticipated that used in Polaris,
apd the whole system accurately-anticipated those appeariny In the Sergeant; Polaris, and Minuteman missiles.

With the Initiation of long-range ballistic missile work in the United States, a-system of computing steering corrections
.ased upon celestial mechanics was suggested and developed at M, 1. T. and applied first to Thor and Jater to Polaris. This sys-
tem represented a significant Improvement over the straightforward extension of the German artillery-based system_to longer
ranges (RXD Event #62).

3. Component Development

Important contributions to gyro art began at M\ T. early in World War II with the development of gyroscopes with fm-
proved capabilities to sense angular rotation and compute lead angles for antlaircraft guns (RXD Event £49). A related develop-
ment was the microsyn, an extremely precise electromechanical transducer capable of measuring shaft rotation or applying
precisely meacured torque to a-shaft (RXD Event #50). Tiis component later was an'fmportant element of the-integrating rate
gyroscope developed at M.1.T. shoxtly after World War.Il, and leading to orders-of magnitude improvement in gyro accuracy -
(RXD Event #52). Only one gyro-has appearcd since this development which competes with it in accuracy and departs from it
fundamentally. That is the free gyro developed by North-American Aviation eight years later, in which the gyrowheel is freely
supported in.a spherical gas bearing (RXD Event #39). The basic features of the M.1.T. gyro are employed 1a the Sergeant,
Polaris, and Hound Dog systems. The North American free gyro s employed in Minuteman.

The M.1.T. gyro was significantly improved upon by North American, concurrently with its development of the gas=
bearing supported free gyro, whenthe company developed journal and thrust bearings with gas as the-lubricant for-the spin axis
of thexM.1 T. gyro (RXD.Event #63). This led to improvements In accuracy and lite which were important to the.performance of
the Polarfs submarine navigation system.

A further-improvement in the M.1.T. gyro became possible when a means of simply supporting the gyrogimbal by
magietic forces was discovered in 1953 and subjected to fairly continuous development before incorporation in the gyroaccelerom-
eters used in che-Polaris missile guildance system (RXD Event #61).

A basically different accelexometer from those used by the Germans during World War II and which has characteristics
superior to all except the best gyroaccelerometers, was developed at North American during the company’s extremely productive
pericd fn the middle 1950's. This device employed pendulous torque servobalanced against an eddy current torque induced by rotat-
Ing a permanent magnet, shunted by the pendulum, about che pendulous ax{s. The resulting device yields directly a measure of-the
velocity-through which it-has been accelerated, which data are of primary importance.in any inertial guidance or navigation system
(XD Event #48). This form.of accelerometer is-used in Hound Dog, Minuteman, and the Polaris-submarine navigation system.

4. Computer Dcvelopment

The other major area of the United Siates' contributlon to inertial guldance techrnlogy is in'the computers which inte-
grate the angular displacements of the sertical In an Inertial navigation system, and which integrate veloclty in an‘tnertial guidance
system, _In order to establish vehicle position. In-the guidance systems, steering orders are computed as well, North American
began-work on digital computers for this purpose In the early 1950s and by 1954 had demonstrated both the feasibility and the
superiority of digital differentlal analyzers_(rather than analog differential analyzers) for these functions (RXD Event 354). A sig-
nificant element of these dlgltal somputers was.the high-speed magnetic-disc memory supported by a gas bearing (RXD Event
#47). These computers and memorles are used in the Hound Dog and Polaris submarine inertial sysiems. The Polaris missile
uses.a similar_computer developed later at M.1.T., whereas Minuteman uses & digital computer which is'less closely related to
the first North American digital differentlal anal)rzer. but-retains some features of the earller_computer for certain critical
functions.
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E, TRANSISTORS AND OTHER SOLID-STATE DEVICES

Out of a number of research accomplishments which led to discovery of the transistor, and a much larger number of
RXD Events which followed, we have chosen.a few of the more important ones which contributed to major classes of traucistors
used in the weapons systems studied, Figire III-E {llustrates-their relationship., These Events are noted at the time interval
of their occurrence, ordered hy the field ot researcia, development, or fabircation to which the RXD was particularly applicable.
Table II relates the RXD Events to significant steps in the process ef making four of the many types of transistors being used in
the weapons systems studied,

It will be noted that after the rusearch in solid-state physics leading to the discovery of the transistor, the utilized
events came-in turn from the fields of metallurgy and chemistry, followed by research and exploratory development utilized in
improved geometrical configurations, production fabrication, and circuitry.

Transistors have had-a great influence on mecdern weapons system development and effectiveness, Most of the weap-
ons systems studied, particularly Sergeant, Hound Dog, Polaris, and Minuteman, depend greatly on solid-state devices, ampli-
fiers, and switching elements in their electronic circuits, especially in the subsystems-for guidance and navigation, These
systems -have all benefitted by the progress achieved over the last 20.years from solid-state devices, and many of the RXD
Events pertinent to transistors have .been applicable to all.

The transistor, due to its light weight, small size, low power consumption, low cost, and high reliability, has pro-
vided weapons svstems with a considerable computational and functional capability. Since'a substantial portion of the cost,
weight, and space of the aircraft, weapons systems, -and even satellites of today is occupied by the electronic subsystems, it
seamed.pertinent to conduct a separate investigation into the solid-state devices used in-weapons-systems, and into solid-state
devices and transistors in general. We have done this by examining the RXD Events directly applicable to types of solid-state
devices in major use; an outline of additional related RXD Events in the solid-state field is presented in Appendix C.

TABLE ill-1

FOUR. TRANSISTOR PROCESSES FOR FABRICATING TRANSISTORS
USED IN WEAPONS SYSTEMS

1. Germanium Alloy Transistor

(example - 2N404 used in Polaris)

Zone Melt Germanium (¥110)
Grow Single Crystal (£108)
Cut wafers and etch

Alloy Indium Junctions (¥109)
Alloy Base Contact.(#107)
Etch, encapsulate, etc,

Germanium Mesa- Transistor

"~ (Example 2N559 used in Nike)

Zone Melt Germanium_(#110)-

-Grow Single Crystal (#108)

Cut slices and etch

Diffuse Base Layer (#114)-

Alloy Base, Collextor Contacts (#107)
Etch Mesa, cut up-wafers:
Wire-Bonded Contacts (#115)
Encapsulate, etc.

Silicon Grown Junction Transistor

(example 2N117-120)

Grow Silicon Crystal (#108)
Grow Silicon Transistor (¥112)
Cut bars and etch

Alloy Base Contact (¥107)
Etch, e.cansulate, etc,

Silicon Planar Trarusistor

-(example.2N1613, etc., used-in-Minuteman)

Float-Zone Silicon (#116)

Grow Single Crysral (#118)

Cut slices-and etch

Epitaxial Deposition (#71, #111)

Oxide.Mask (several) #113)-

Diffuse Planar-Process (¥114, #101)
Alloy Contacts (#107)

Cut up and assemble

Wire-Bonded Contacts (#115)
Encapsulate, etc. )
Check- relfability

Qethur m.llittlc.glztr.




NOILYDOT ONV
JANIL A SINFAH XY 500 ANNOH 87-WDOV 40 NOLLNMGIY.LSIA g-1IT PANDIA

g9 09 ss 05 St b6l
T T T T T T T T T RIET T I T T T T T T T 1T T T T 11
SI2F Bz |
215 19 muAv M_
= i
m“m n BTS m_ (86'eS) MBd 3 invid wamod
E i & Dmm m_zo;«omaos 3NION3| o
—
% Mwu 5 FRELF x
(6G) SAITNHd : IZIJULILNY bdf m | ~
z= N _ 438HOS 8V
L aVavy
(08)"HOIW 40 n :4v3Yy _ ,
_ , , \
B Y, “ Suatawnv =
(09) NOSYIW3- :43LINILIV GVavY Z
RN . | -
- —~
(Sb'bp) NVNSIT0X :ONISSID0Hd TVNOIS “ A olokd | B
' | =
_ | “ _ | B o
L] | 5
.. H31NdWOD , =
Lo A | 3ONVaING \
($S‘'Lb) VYN :ININGOI3A3C ¥3LNdWOD V11910 “
P
i “
_ g
" \\.\\\\ _ | | 3onvaine =
(158} VWN: zu»mzomﬁuug« | pIONvaInS S
! _ Ly 7287 =
1] 4. L& =
ON IN3A3 aXy cs_ I trrrorae :oﬁummm 3d0JSOHAD =
|l
ININJOTIAIA GIINVAQY @ : “
. —_
INIWAOTIAIA ANOLVHOIdX3I E H M | , i
“ _ § | Psomoyroza [ .
HO¥VISIY ﬁ _“ (211-901)1 L' 39 ‘118 :0XH HOLSISNYYL A i
!
23N 11 1

oy

e

»




e e -

:
!
i

F. AGM-28 HOUND DOG AIR-TO-GROUND MISSILE

The Hound Dog is a jet-propelled, air-to-ground missile carrying a nuclear warhead and-incorporatinga stellar-

‘monitored, all-inertial guidance system. It became operational early in 1966. The missile operates in either high subsonic

or supersonic flight modes and is capable of both high- and low-level attack patterns. It weighs less than 12, 000 pounds, ap-
proximately one-half the weight of its immediate predecessors. This reduction in weight, accomplished at no sacrifice in
performance, was made possible by two significant advances in technology - the lightweight nuclear warhead and the all-
transistorized digital computer. The sequence of RXD Events that was used in the Hound Dog missile is shown in Figure
III-F.

Many of the RXD Events identified as being significant to Hound Dog were associated with the development of the
Verdan digital computer and with the accompanying inertial guidance platform. Both of these subsystems were developed at
North American Aircraft's Autonetics Division during the period from 1950 to 1957 and were ready for use in the Hound Dog
when that program was funded.

Autonetics drew at various times upon the work of the Gexman group of rocket technologists at Fort Bliss and upon
the work of Draper and others at M.1.T.'s Instrumentation Laboratory (including RXD Events #41, 49, 50, 52 and 95).

Autonetics' work on the digital differential analyzer {(RXD Event #54 began in 1950 in conjunction with the Navaho
program-with the primary objective of reducing the size of the inherently larger analogue computers then in use. A vacuum
tube version of this. computer, called the NATDAN, was built in 1955, employing a disc magnetic memory (RXD Event #47)
that contributed greatly to compactness and reliability. The relationship between the RXD Events in the area of inertial
guidance and navigation is shown in more detail in Secticn III-D.

The silicon transistor became-genevally available in 1954 through work at Texas Instruments (RXD Event #112) and
was assimilated into the Verdan and other sysiems at Autonetics. In-this'way, RXD Events #106, 108, 109, 110, and 111 also
were used.in the Hound Deg. These events and-their interrelation are discussed in Section III-E. Although the Navaho program
was canceled early in 1957, North American was able:to continue work on the most promising guidance concepts under an ex-
tension called "Project Peel-Off. " ‘This program provided the continuity between Navaho and succeeding systems and allowed
the complenon of GN-5 inertial platform in time for Hound Dog. This system incorporated a greatly improved pendulous inte-
grating-accelerometer- (RXD Event #48), and a means for converting the information provided by the platform components into
digital form for processing in the navigational computer (RXD Event #51).

The ability to operate at any time of-day and in any part-of the world was assured by the development of the twilight
astrotracker at Kollsman Instrument Co. (RXD Event #44). This development was one of a series of astrocompasses emanating
from a 15-year RXD #8 program at Kollsman, which began-with the first demonstration that a star could be automatically acquired
and tracked by a-telescope-and-included.the development of a unique shutter scanning and raster-chopping system for processing
the optical signal received by the instrument (RXD Event #45),

Among the several components available at the time Hound Dog was authorized was the radar. altimeter developed by
Emerson Radio and Phonograph (RXD Event #60). ‘This instrument provided the high reliallity required for the low-altitude
attack mode that was a part of Hound Dog's mission.

An operational problem in the B-52 gave rise to RXD Event #59. ‘In order to prevent deterioration of the plane’s fuel
tank linings by the énti-icing additive then used, Philiips Petroleum Company developed a compatible antifreeze that is now used
in nearly all JP-4 fuel. Since the Hound Dog uses the fuel of its mother plane, the B-52, this event'was utilized in 1959 when
the first missiles were flown.

A series-of developments in microwave absorber technology at the McMillan Labs made available a microwave ab-
sorbent material compatible with the structural, thermal, and electronic requirements of the Hound Dog. In 1959, it became
apparent that survival of the Houra Dog was threatened by its high radar cross section, and Professor Siegel of the University
of Michigan's Radiation Lab was asked to develop and define an absorber configuration to reduce that.cross section. Siegel
accomplished-this-(RXD Event #80), and a subsequent program-of materials testing resulted in the selection of McMillan's
material for use on-the Hound Dog.

Thie power plant of the Hound-Dog is the Navy's J-52 turbojet engine, modified for application to the missile's mis-
sion. The requirement for supersonic and subsonic flight modes necessitated the design of a two-position spike diffuser for
the engine inlet (RXD Event #58), and also generated an interesting:innovation in control system-design (RXD Event 453).

II-11
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G. SOLID PROPELLANT ROCKETS

In our examination of the Mark 46-0 torpedo, Sergeant, Polaris, and Minuteman weapons systems, we found that all
drew on a common background of solid propellant technology. Much.of this technology was not associated directly with the'

specific weapon system development, Thus we found it simpler to examine solid propellant technology per se before relating
it to gpecific systems.

‘Serious development of solid propellant rockets in the United States began at the-beginning of World War 1I'and has
progressed rapidly from the Bazooka and JATO units of that time period to the monolithic motors being tested today. This
development has provided in part for the deployment of a large number of successful weapon systems.

For this discussion solid rocket technology can be divided into three areas; propellants, controls, and materials.

1. Propellant Development

Figure III-G-1 shows the relationship between the major technical advances contributing to the development of high-
performance propellants for ballistic missiles. This work was done at-3ix different organizations.

a, Propellants

There are two major types of propellants: the double-base or homogeneous propellant; and the composite propellant,
for which the oxidizer is p~e<eat as a dispersed particuiate phace. A search for a solid propellant rocket with a long burning
time.led GALCIT (now JPL) to develop the first composite propelh\nt consisting of asphalt and potassium perchlorate (RXD Event
#1). This pi. :ellant was-first used in JATO units and'iater {n expérimental free-flight units,

Extruded double-base propellants originated in.Englind and were adopted in the:United Stites.for use in tactical
weapons. In 1944 the Explosives Research Lab (Bureau of Mines) originated and developed a.method of casting double-base
propellants which made their use in large rocket.motors possible. Further work-was carried out at the Allegheny Ballistics
Laboratory (RXD Event #4).

In 1958 workers at the Allegheny Ballistics Laboratory developed a-new propellant by incorporating composite ingre-
dients in a double-base binder. The composite-modified, double-base propellant provides the highest specific impulse of any
solid .propellart available-today and is used.in the upper stages of Polaris and Minuteman (RXD Event ¥11),

The composite propellant binder aormally acts as fuel and working fluld for the solid rocket and also serves to pro-
vide mechanical strength to the mixture, In the postwar years solid propellant development continued-at GALCIT (now JPL)
resulting in a composite propellant with-a-polysulfide resin substituted for the asphalt binder. The polymer improved the phys-
ical properties of the propellant, thereby increasing motor reliability and allowing the use of higher-energy oxidizers to improve
performance (RXD Event #2),

In 1954 a polybutadiene fuel-binder was developed at the Thiokol Chemical Corporation. Binders.of this type offer
improved physical and chemical properties over the polysulfides; they are used in large quantities today (RXD Event #7),

In 1955 the first of a series of polyurethane fuel-binders was developed at.the Aerojet-Genera! Corporation. The
polyurethanes also provided improvements over the polysulfides and have been used in many weapon systems (RXD Event #8),

A nitroplasticized polyurethane propellant whick was recently developed at the Aerojet-General Corporaticn provides
improved physical properties over earlier polyurethane propellants and i{s cured at ambient temperatures. The latter. character«
istic allows simplification, and hence weight reduction, {n the motor case (RXD Event ¥17),

¢. Case Bonding

-Early rockets were loaded with separate propellant cartridges, and motor cases were oxposed.to high-temperature
combustion products, The availability of the polysulfide fuel binder at JPL led to the development of a case-bonded propellant
grain design. Case bonding permitted the use-of lightwelght, high-strength materials for case fabrication. The case needs
only-to be vapable of-standing the chamber pressure during burning,- the propellant providing insulation until burning {s complete
(RXD Event #3).

.

d. -Aluminum-Fuel

In 1955 the Rohm & Haas Company discovered-that the addition of small quantities of powdered aluminum to a propel-
lant composition would eliminate combustion {nstability in the motor, In 1955 the Atlantic Research Corporation found that
aluminum also-provides a significant {ncrease in specific-impulse, These-two-discoveries led to the rapid development of
aluminized propellants for use In high-performance motors (RXD Events ¥2, 10). )
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2. Controls Development

Once the feasibility of solld rocket.propelled ballistic missiles was established, there was an immediat® need for
control devices associated with their use. The events-that we examined in our study are concerned with thrust conirol for

steering, thrust termination methods for rangr control, and ignition. The relationship of these events is shown in Figure
[11-G-2 and 3.

a. Directional Control

The Sergeant uses jet vanes for directional control developed earlier for control of liquid rockets. When Polaris
was initiatad, new directional control inethods were requirad, Fluld injection for thrust vector control was originally demon-
strated at the United Alrcraft Corporation between 1948 and 1951. However, the method did not gain acceptance until further
study had been conducted at NARTZ and'NOTS. Subsequently a liquid injection TVC system was developed by Hercules for use
in Polaris A-3 and another by Aerojet for use in Minuteman Wing VI (RXD Event ¥5),

In the early 1950's NAMTC developed the jetevator as a method of thrust vector control ({TVC) {n solid rockets.
The method was developed further by Aerojet and-utilized on Polaris A-1 and A-2 (S-1) (RXD Event #14),

Preliminary work on swiveled nozzles for TVC was conducted at Thiokol in 1956, and advanced development was

undertaken later by Thiokol, Aerojet, -and Hercules. Each of these contractors developed a swiveled nozzle for use in
Minuteman (RXD Event #15),

In 1958 a canted, rotatable nozzle was conceived at APL and suggested for use on Polaris, The concept was adapted
for use on A-2 by Hercules and on A-3 by -Aerojet (RXD Event #16),

b. Thrust Reversal

Reversal (or neutralization) of thrust in a solid rocket was firs?r demonstrated at Thiokol in 1956, using a method

based upon ideas generated at-JPL in 1952, This system has been employed by Aerojet and Hercules in the final stages of the
Polaris and Minuteman vehicles (RXD Event #13),

c. lgnition

The conception and demonstration of the pyrogen igniter vccurred at Thiokol in 1956, This type of igniter now 1
used in nearly all large motors and provides ‘more reliable ignition, particularly at high altitudes (RXD Event #12).

3. Materials Development

As higher-performance rockets became necessary for ballistic missile propulsjon, several new materials were
needed, These requirements fel® into two general categories: materials for structural parts not exposed to high temperature

gases, and materfals which could survive exposure to the rocket exhaust. The reiaticnship of these events {s shown'in Figure
111-G-2 and-3.

The consumable-electrode, vacuum arc-melting process has contributed significantly to the development of improved
structural materials. The process was developed by Climax Molybderum Corporation in 1944, and has been used to prepare
high-grade steels and titanlum foir rocket'cases, and molybdenum and tungsten for control surfaces (RXD Event ¥19),

Filament-wound motor cases were conccived and developed by R.E. Young during the period 1947 to 1956. The work
was initiated at the M. W, Kellogg Company and continued 2t the Young Development Laboratory. The cases consist of glass
fibers impregnated with-a thermosetting resin, providing the highest strength-to-weight ratio of any material used today, The

method has been used by Hercules for Polaris and Minuteman motors, and, more recently, by Aercjet for Polaris motors (RXD
Events #22, 23).

The use of reinforced plastica for temporary shielding of surfaces under conditions of high convective heat transfer
was first demonstrated in-this country at Redstorie Arsenal in 1953. The concept has been adopted and used widely by motor
manufacturers for insulating internal and external surfaces of rocket motors (RXD Event ¥30).

A method of preparing pyrolytic graphite in & form suitable for use in the throat section of a rocket nozzle was de-

veloped by Raytheon in 1957, The method was utilized by Hercules in the development of nozzles for the Polaris A-3 motor
(S-2) (RXD Event ¥#20),

In 1960 Avco concelved of the use of a composite of silver or copper and tungsten as a material for rocket nozzle
throat sections. The concept was developed by Aerajet and is utilized in Palaris A-3 (S-1) (RXD Evant #21),
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‘H. SERGEANT MISSILE

1. Background

The Sergeant missile deveiopment was based on work done at the Jet Propulsion Laboratory (JPL) on the Corporal
missile and dependedas well on the developmental work done on Hermes and earlier programs. The military requirements
for a family of surface-to-surface missles later to become the-Sergeant were first started in 1950. The Sergeant system
was designed as a flexible tactical weapon system that would greatly extend the range of conentional artillery. The system:
was required to have high reliability, use a solid propellant, be immune to countermeasures, have:.a wide range coverage, be
rugged, and be simple to operate and maintain. In April 1953, JPL submitted a preliminary design for such a missile and
received a development contract in January-1955. i )

‘Figure III-H- shows the tim2 and location of the principal RXD Events for the Sergeant Missile system.
| 2. Guidance

o o Py i e R e b T

“The Sergeant guidance system was based-on work dere at Peeremunde and at the M.I, T. Instrumentation Laboratory.
The missile guidance system was basically that developed:at Feenemunde for the V-2 missile (RXD Event #42) but incorporating
improved components developed at the M_I.T. Instrumentation Laboratory (RXD Events #49, 50, 52). The relationship of
these Events is-discussed in more detail in Section III-D.

The anaiog computer and contvol system used in Sergeant was based on the use of transistors. The relatjonship of
transistor research and development is discussed in Section III-E (RXD Events #106 - 108, 110, 111, 114, 115). Later de-
velopments in the system_ used at Sergeant include the germanium transistor developed by General Electric #{RXD Event #109),
float zone melting (RXD Event #116), and the silicon transistor develcped by Texas Instruments (RXD Ever: #112), Further
improvements were made by the substitution of planar transistors as developed by Fairchild.(RXD Event #101).

[Py

3. Propulsion

The Sergeant system uses a single-stage solid propellant rocket motor based on work at JPL and Thiokol. The
motor, which is mounted in a steel case, uses a case-bonded, polysulfide composite propellant grain (RXD Events #1.- 3).

The-ignition system uses.a pyrogen igniter developed by Thiokol (RXD Event #12). This.work is discussed ii greater detail
in-Section III-G..

4. System

’

The nzed for rapid-setup time-and simple-:maintenance was-met by the-use of a preprogrammed.autematic checkout
system. As a rizsult of work at JPL the-concept of-a-zero length-launch. system-was developed (RXD-Event: #66). The-missile
range was contrelled by- the use of aerodynamic drag brakes. Initial instability problems with-this concept were sclved-by-
JPL-(RXD-Event #65).

TI-17

Avthur D Nittle Ine. L




PROPULSION

AUNCH

-d

GUIDANCE

1
P

- %luéi %LOPN?NT 2!?5 Pééngu%ggmw 42, 4249,50 32,54)

GUIDANCE [EVELOMNT MIT (61,62)

NAVIGATION Wz
AND < GUIDANCE DEVELOPMENT/NAA (43, 63)
GUIDANCE | 77

LORAN C:SPERRY (IIOS)

Ga¥a¥,
2%0%0% %%

. B |
) : BTL,G.E, Ti, SIG.CORPS (106-112,116)
1 o0t sletstelosedeleletetetns
. ELECTRONICS ¢ ' OXIDE Kmf ‘BTL(113)
" d ||

CX NS RLBREY m I ]
9:67670%0%0%%4%4%%"4"% 0%%% | !
LLANT RESEARCH: GALCIT,JPL (1-3) ! |

I
ALUMINUM Ao%: !
L ) |

vz |

/

. [
mensus%« CASE: W?W‘G (22,23)
- I

i A 1 |
PG.YURETHANE BINDERS AEROJET (8,17)
VA A

PROPELLANTS | CcMOB PROPELLANT AIL Q)

AT RES.,ROHM&HAAS (9,10)

THRUST VECTOR CONTROL:UA,NAMTC ADL (5,14,16)

CONTROLS 4 [ IGNITION & THRUST REVERSAL: THIOKOL (12,13)
X ///// I |
- ARC MELTING: CLIMAX (19). I l ¥
/4 1T |
quzuie Mnmmew AVC0:(20,21)
A I .
MATERIALS < ABLATIVE msut.mo?,altosrous»(so)

BARE MISSILIE UNCH: LOCKHEED (36)

LEGEND
B reseancu

P72 EXPLORATORY
% DEVELOPMENT

B s
DEVELOPMENT
(X) RXD EVENT NO.

— A — — v — — — — ——— — — — ——
0 . g

l
l
1
I
3

SUBMERGED /. l / %
LAUNCH SHAPED LINE CHARGE: SR (38) d
e . - :E:
glo"’l E
O S Y B Y B 1.,.;111 11 87 R
1940- 45 50 55 b5 10

1I-18

7 FIGURE 1II-I DISTRIBUTION OF POLARIS RXD EVENTS BY TIME.AND LOCATION

-




w“

i S o e i ey

£ om0

I. POLARIS MISSILE

As recommended by the Killian Report In 1955, the Navy was given joint responsibility with the Army to develop-a
surface ship or submarine-launched IKBM. Early work involved an examination of the feasibility of a system based on the
Juplter liquid-fueled missile. After one year of investigation, the Navy was convinced that a much smailer solld-fueled missile
was feasible and-would be far moresattractive than the Jupiter would be from a.weapons standpoint. In late 1956, the Special
Projacts Office formally-created the Polaris program basing its action-on a number of bold assumptions concerning possible
improvements-in-guidance, propu’sion, and w«iliead technology that might'be achieved by-1965. Within three months the Steer-
ing Task Group (STG), a high level-advisory team, designed a-basic system envelope. ‘The first Polaris boat went on station
3-1/2 years later, 4 years ahead of the original plan.

By 1965 a third-generation Pols=is with approximately twice the original range and considerably more accuracy was
available. These improvements were obtained with only minor modifications of the original envelope dimensions. st by the
STGin 1957. .

‘Figure IlII-1 shows the RXD Events used in Polaris for guidance navigation, -propulsion, and launch. Either by request,
or’'because they were not-expected to contain many -Events of interest, -other areas:were not studled.

1. Guidance

The accrscy'with which the Polaris missile can be directed to a carget depends on the accuracy with which the sub-
marine position can’be determined combined with the accuracy of the missile guidance system. As with Hound Dog, the Polaris
guidance and navigationt system was based primarily on the work at M.1.T. and:Norih American Aviation.

The detailer relationship of the RXD Events on which these developments were based s discussed in-Section III-D-
(RXD Events #41, 42, 47, 49, 50, 52, 54):

Several gvidance Events were first used in Polaris. One of the more important was the development of-the Lanning-
Battin IRBM guidance equations.which simplified:-the computer, the platform, and the vehicle flight dynamics (RXD Event #62).
Another Event that was also developed at the M.I. T, Instrumentation Laboratory was the magnetic suspension gyro used in the
accelerometers in the guidance system (RXD Event #61).

Two Evénts at North American Aviation also contributed to the Polaris submarine navigation system. One of these
was the development of a gas lubricated bearing for the M.I1.T. gyro (RXD-Event #63). The other, first used in Hound Dog,
was an improved-accelerometer (RXD Event #48). In addition, the Loran “"C" system developad by Sperry provided improved
accuracy for submarine position location (RXD Event #103).

As was the case-with all the missiles we have examined, the development of the transistor. provided-a basis for de-
crease In weight'and {ncrease in reliability in Polaris. The relationship of the RXD Events leading to the use of the transistor
is discussed in Section III-E (RXD Events #106 - 112).

Trangistors based on the use of oxide -masking developed at the Bell°Telephone Laboratcries were first.used in
Polaris (RXD Event #113).

2. Propulsion

Polaris drew on the rapid postwar development of solid propellant rocket technology. Much of this:work was also
used in Sergeant and is discussed in'more detail in Section III-G (RXD Events #1 - 3). A number of later Events were used in
Polaris but not ip Sergeant. In the area of propellants, the development of aluminum additives at Atlartic Research and Rohm &
Haas for increased performance was of great importance (RXD Events #9. 10). Improvements over existing binders were made
by Aerojet, which initially used a polyurethane binder {(RXD Event:*8), and later used a nitroplasticized poi_’ '-lrethane (RXD
Event =17). The Allegheny Ballistics Laboratory dereloped a composite-modified, double-base. propeilant with the highest
specific impulse of any-propeliant available today (RXD Event #11).

A pyrogen igniter was used inmodels 2 and 3 of Polaris (RXD Event #12).

= he arez of flight control Polaris used a number of improvements-over.the method used by Sergeant. Several methuds
of thrust. vector control-{TVC) have been used, including fluid injection TVC, first developes by United Atrcraft (RXD Event 8 ;),
the-jetevator developed at NAMTC (RXD- Event #14), and.a canted, rotatable nozzle conceived by the Applied Physics Laboratory
(RXD Event #16). Finally, thé development of thrust reversal for range control at Thiokol was-first used in the final stage-of
Polaris (RXD Event #13).

There were a number of deelopments in.materjals construction--vacuunr arc-melting developed-at Climax-Molybdenum,
was used to make both high strength steel and tungsten (RXD Event #19), Glass filament wound motor cases were first used on
Polaris after thelr development-at M. W-. Kellogg and-Young Development Laboratories. (RXD -Events #22 and 23). Raytheou and
Avco-developed materials for the throat section of nozzles - pyrolytic graphite-at-Raytheon-and-a-siiver-tungsten composite-at
Avco (RXD Events #20 and 21). ‘Finally, thé development of ablative cooling at- destone was used-as-a basis for insulation of
Interior and ex.erior surfaces of the rocket motor (RXD Event #30),

3. Launch

When-the STG developed the-Polaris envelope parameters, the:launch mode was not established. In fact, whether the
missile was tn be-lauuchéd from a surf.ced or submerged submarine was undecided. In.the ensuing-months, It- hecame clear
that the-submesged launch-was-feasible. “ihe basic missile launch concept, analysis, ard test’ program-was-carried out con-
currently with system development. It was-not until late-in 1958 that the final decision to use the bare missiie launch was made
(RXD Event'#36).

One-requirement of the bare launch system was- -that of a- simple and-reliable method of-severing the diaphragm:cover-
Ing the launch tube. A line shaped.charge was developed at Stanford Research-Institute specifically for this purpose {RXD
‘Event #35).
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J. MINUTEMAN

. Background

‘The Minuteman ICBN. -was superjor to previous systems with respect to'its reljability, hardness, simplicity, short
reaction time, nd high cost eftectiveness. It was the first ICBM to use solid propellants with their advantages of long storage
life and lack of on-site handling.equipment.

System-devvlopment started-in February 1958 but-was preceded by exploratory-development, particularly in the
field of solid propellants. Propulsion and guidance technology was based on Polaris, which preceded Minuteman by more than
a year, while re-entry-technology was drawn from Atlas and Titan.

Figure III-J shows the time and location of the principal RXD Events for the-Minuteman.
2. Re-entry

Minuteman uses an-ablative refractory nose-cone to protect the warhead during re-entry. This system is primarily

‘based on'work at Avco-Everett. In 1949 and 1950 Dr. Arthur Kantrowitz of Cornell developed his high-temperature shock

tube (RXD Event #25). This device was used in later efforts at Avco and GE to-simulate re-entry conditions in the lsboratory.
As 2 result of this work'it was possible to predict the behavior of various nose cone materials during re-entry. The aero-
dynamic behavior of a blunt nuse cone was studied (RXD Event #26). Following this it-was discoverad thatthe heat-sink mode
of re-entry vehicle cooling would be inadequate for ICBM warhecds (RXD Event#27). Finally, a theoretical study of the be-
havior of specific. materials under re-entry conditions predicted their behavior with good accuracy and resulted in the use of
an-ablative quartz shield (RXD Event #28). The Mark 6 nose cone used on Minuteman I wasbased on this work and an.inter-
change of ideas between the parallel GE and Avco re-entry vehicle programs.

3. Guidance

The first inertial guidance.system for a-ballistic missile was:developed at-Peenemunde during World-War II. Tais
system accura.ely anticipated that appearing in Minuteman (RXD Event #42). Work in the United States since that time has
been-in the area.of components which sense anguiar and translational motion and in the computers which operate with the
sensors to establish position and compute steering orders. This work was concentrated at'the M.I.T. Instrumentation
Laboratory and North American-Aviaticn (RXD Events #41, 47 - 49, 50, 52, 54, 62, 63). An event first usea in Minuteman
was the free gyro where the gyrowheel is freely supported in a spherical gas bearlng (RXD Event #39). Theé relationship
of the RXD Events-in the area of guidance is more fully discussed in Section Iil-4.

4, Electronics

Success of the Minuteman system depends on reliability, simplicity and an assembly and deployment concept re-
quiring centralized precision assembly and checkout. This-concept has required a reliaLility lev=:{ previously unattainable for
the electronic subsystem, -

The heart of the guidance system is an electronic computer depending on transistors for its operation. Early.work
on transistors at Bell Teléphone Laboratories, General Electric, the Signal Corps and Texas Instrumen?s le! to the diffused-
silicon transistors first used.on Minuteman (RXD Events ¥106 - 110, 112-115), These were superseded by the planar tran-
sistors developed by Fairchild which permitted the reliability goals to be met (RXD Event #101). With the development of
epitaxial processing and-PNIP design at BTL, characteristics were improved still further. (RXD.Events #71, I11).

Recently, integrated.circuits were developed by Texas Instruments and Westinghouse and applied-to the guidarnce
computer by North- American Aviation (RXD Events #24, 32, 40, 117, 118). The relationship of these events is discussed in
more detail-in Section III-5.

5. Propulsion

Minuteman-is a three-stage missile, each-stage consisting of a single-solid:propellant-motor. The propellants used
draw on previous developments-which appeared in Sergeant and Polaris'(RXD Events #1 -4, 7-11). The propellants in thezfirst.
and second:stages are aluminized composites while the third stage is a-composite-modified double-base propeliant. Four
swiveled nozzles, investigatedtirst by Thiokol (RXD Event #15), are-used for_thrust-vector control on each stage. In a later
version, Wing VI, a-single-nozzle employing the secondary-fluid-injection TVC system Is used in the seconl stage (RXD-

Event #3),

High-strength steel, titanium and filament-wound motor cases are us"ed with tungsten nozzle throat inserts “RXD
Events-£19, 22, 23). .Ablative insulation is employed in a number-of locatiorns both-inside and outside the motors used in each

stage (RXD Event-#30). Stages A-2-and 3:-use’ pyrogen igniters (RXD Event #12). The relationship between the propulsion-RXD-
Events discussed here is givén_in greater detail in Section:1lI-7.
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IV. CRITIQUE OF THIS STUDY AND RECOMMENDATIONS
' FOR FURTHER WORK

A. SUMMARY OF RECOMMENDATIONS FOR F URT’HER STUDIES OF
RXD MANAGEMENT

1. Further Case History Studies

This study has already shown that.a historical methcd of studying
case histories of development can lead to the identification of a large number
of discrete exploratory development activities and some research activities.
This particular point needs no further proof. The relatively low yield of Re-
search Events compared with Exploratory Development Events is probably
intrinsic in this methodology, but further study could probably:show how to.
enrich the yield of Research Events.

This study has-also shown that a large body of information can be
generated about particular research and exploratory development activities of

the past. Much of this information enlarges our understanding of research and
exploratory development managemeént, and suggests ways to improve it. How-

ever, the amount and range of d«ta developed in the present study are small.
Further studies are needed both to-validate and to extend the results.

Many of the concepts introduced in-this study are foreign to tradi-

tional manngement .science ai practice. Before the results of this and further

studies car be implemented, it is necessary to admit the relevance of these

concepts, at least far enough so that the data can be examined:and talked about.

It is recommended that future teams undertaking this kind of ‘activity be-made
up-largely of Defense Department personnel who expect at some time to be
participating in and managing the Department's R&D programs. This method
of team organization will be doubly profitable. The Department will get more
data and more refined conclusions, -and the investigators will gain personal

experience which will augment this understanding and reinforce their commit-
ment to new policies.

2. Failures.

Further studies should-examine research _and"exploratory develop-
ment failures just as extensively as successfully executed and-utilized RXD.

A sample of failures-is: necessary to validate manyof the conclusions of- the
present :study.
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3. Es;ablishment of Objectives

Future studies on this subject should be aimed at the whole problem
of attempting to improve research and exploratory develcpment procurement
in the Department of Defense, rather than at the limited problemn of gathering
data of a particular kind according to a particular methodology.

4. Relevance of Literature of Behavioral Science

By design, the present study was staifed by consultants experienced:
in carrying out.and supervising research and development in engineering ani
the hard sciences. Behavioral scientists were excluded from central roles in
the study. Before the study was completed, we adopted models and concepts
from recent literature in the behavioral sciences to make a coherent interpre-
tation of the data.

We are now convinced- that the literature on innovation and research
management in the behavioral sciences is valid.as.a scurce-oiideas and ob-
servations in a study of this kind. Future studies should include experienced
behavioral scientists as part of their professional staff,

S. Fu‘;ther Validation of Results ,

In addition-to examining some failures to increase confidence in all
the conclusions, other studies could be supported to validate some speculative
results. Among these are the:contrast in the role of goals &nd objectives in-
the initiation of .exploratory development and in the. initiation of research, a
further examination of the way”R&D groups use communications with the spon-
soring agency when the sponsor will not support a consensus-collaboration
relation, and various ways in which the DOD supports or resists innovation
after research and exploratory development has been done.

6. Other Spudies 7

The-text of this report suggests a number of other areas.in-which
interesting and fruitful studies of research and exploratory development man-
agement might be carried out. These-include, for-example, the relationbe-
‘tween educational support programs and R&D productivity-in-the institutions
sponsoring the-programs; the-growth and-aging cycle of research and explora-
tory groups and-institutions; and the-question-of how to identify the point-at
which-a research-and exploratory development activity ceases to be-worthy of
support, and-how-to transform it into-a productive activity-or dispose of it.
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B. METHODQLOGY

1. Critigue

During the course of this study a number of.problems arose, some
of which were solved with little difficulty, but some of which remain. This
section is a brief review of those problems which are likely to recur if another
study of this type is attempted.

The first problem is the amnbiguity of the objectives of this study.
The work statement is method-oriented, not goal-centered. It describes in
considerable detail a sequence of steps to be carried out, with the implicit
assumption that no uncertainties will arise, or that when uncertainties do arise
it will.be clear how they may be resolved. The only géneral objective is "to
discover relations between the environment in which research and exploratory
development projects are carried out and:the extent to which these projects are
subsequently exploited in operational weapon systems,”" which is in itself, a
method-centered rather than a goal-centered -statement. The discussion in
Séction V-C, concerned with the rationale of the identification of RXD Events,
reveals that there aré still unanswered questions quite significant to anyone
attempting to carry out a study by this kind of method. Decisions based on an
estimate of progress toward’'a broader objective are needed.

Another problem is intrinsic in:the kind of historical survey we under-
took. Our respondents are preoccupied with system development, and they are
not vitally concerned with research aind exploratory development. In many

cases, they were ignorant of the actual degree of novelty of some of the innova-

tions in theitr system. (In general, they tended to overestimate rather than
underestimate the originality.) In other cases, their knowledge of the actual
sources of the ideas was very sketchy. Among the community of scholars
doing basic research at-the frontiers of -science, great importance is attached
to correct attribution of sources. Among engineers, this is a matter of indif-
ference except in cases of patent infringement. This appears to be a problem
of cultural usage, not one intrinsic to.the development of thought. For example,
sculptors today are given specific credit for their art, but the writers of tele-
vision scripts are given relatively scant attention; during the period -when Greek
culture dominated that of the civilized world, the Greek playwrights were closely
associated with their works, but the sculpture was unsigned.

Even in more fundamental areas of exploratory development, we found
most people uninterested in attempting to look back for the sources of their ideas.
The methodology we used does not seem to be a particularly fruitful one by which
to reach back all the way from application to fundamental research. It is rela-
tively successful in going back to early stages of Advanced Development and to
Exploratory Development.

Qrthur D Aittle, Yuce.
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The next problem is that research and exploratory developiment are
hard:to.define uniquely. This question is-taken up at length in Section V-C.

Another problem is that objective environment features, those which
can be counted, measured, or identified numerically, appear far less significant
than subjective properties involving attitudes, motives, and personal reactions.
We believe that.the objective rational environmental features:have just as much
significance. as the others, but they are already fully exploited as means to im=-
prove research and exploratory development productivity.

Another problem is that the data which can-be gathered are much too
voluminous to reduce by routine methods. In one single environment study, one
individual in ten working days and another in four working days gathered ma-
terials which, when transcribed, covered more than 30, 000 words of interview
transcripts. In addition, they accumulated many hundreds of pages of text,
charts, and tables which were specifically related to the RXD Event they were
studying and-its environment. Until some principle was adopted to focus atten-
tion on particular features of these-data, very little could be done with them.
There is no hope that it will organize itself or even.that such a body of data in-
cludes within itself 4 means for self-organization. This also makes it compara-
tively unrewarding to-attempt to cleave to-the original idea of writing an objec-
tive description of each environment.

The key to the reduction of massive data:is insight and a good hypoth-
esis. The environment descriptions are reduced to manageable propor.:ions
largely by adopting a point of view prejudiced by a hypothesis. Itthen becomes
pedagogically more desirable to state the hypothesis and .use parts of the en-
vironment descriptions.as illustrations, rather than to attempt to crganize the
data so thoroughly that the hypothesis-becomes obvious without being described.
But the hypothesis no more springs out of:the data than a theory of planetary
motion springs out of celestial observations..

2. Limitations of the Methodology

Two important limitations in the methodology of this study have come
tolight. First, only successfully utilized research and-exploratory development

has been systematically studied. There is no control against which-to compare

it. Second, systems «f research-and exploratory development management which
are not in common use have not.been seen. These limitations are discussed.
more fully below.

From the beginning we have had the idea of comparing utilized re-
search and exploratory development with research-and exploratory development
which is unutilized -or which is unsuccessful for some other reason. At one time,

Iv-4
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we had the idea of seeking out particular examples of unsuccessful research
and exploratory development, but this method was never supported. Then it
was believed that we could get data about some other population of research

and exploratory development activities different from a popuiation selected for
utilization. It was assumed-tha: we and the members of the steering group
would have ready access to bedies of inforrnation about projects in general,
average conditions, and so forth, which they could quickly turn into a composite
picture-of a contrcl population. However, the very thought of gathering together
such a body of information and stigmatizing i as characteristic of "other" or
“unsuccessful" research and exploratory development met so much resistance

‘that all such attempts were abandoned very early in the project. Informally, it
‘was made very clear to us by a number of people that it would be inexpadient to

pursue this line at the present time. As a.consequence, all our data concerns
utilized research and exploratory development only.

The methods of research and exploratory development management
and the environmental patterns found in our study seem to be the ones which are
in_ common use today. Without a-control populdtion, it is difficult-to:tell whether
their distribution is-enough different from that of a randorn selection to be sig-
nificant. But in any case, nothing was uncovered which struck the investigators
as exotic or highly unusual. Contrasts between research and-exploratory de-
velopment procurement methods which are successful and those which.are not
are therefore not warranted. Many examples show environment patterns differ-
ing from the-ordinary traditions, rules, and regulations. If one assumes, as
we have, that these differences are causally related to succecs, then inferences
can be drawn about general environmental patterns conducive to the execution
and utilization of good research and exploratory developinent. Extrapolation
from these inferences suggests that some patterns not commorly used today by
the Defense Department should be more effective than many of thu:patterns which
are in use. Butthe inference that.these patterns-are more desirable cannot be:
supported with examples.

.
M, P

3. Suggestions for Improvement

The most important weaknesses of this study cannot be corrected by

changing the methodology, for they concern the establishment of objectives and

communication and implementation of the results. Several of the problems

mentioned above are concerned with ambiguities or uncertainties in the-method-

ology which probably -can.be corrected more easily when-the objectives-of such &
a study are better defined and when a way of using the results is more explicitly

understood. The one gross deficiency in the-methodology which should be cor-

rected-is-the lack of a-way-to look at failure. Any future study carried on by

these methods should be provided with means:for studying unutilized and-unsuc-

cessful research and-exploratory-development as well as the-successful and:the

utilized. ;
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C. FURTHER.SUBSTANTIATION.OF RESULTS OF DOUBTFUL VALIDITY

The distinction between the way goals and objectives figure in the
initiation of exploratory development and the way they figure in the initiation of
research could be examined in more detail.

For this to be successful, a shift in emphasis would be required in-
order to uncover more RXD Events havingto do with research. At the present
time, the Defense Department spends far more -money on exploratory develop-
ment.than on research, and can look forward to exercising far more-control
over it. The wisdom- of devoting special effort to illuminating this specific point
about research management may thercfore be questioned.

A further analysis could be made of the way members of a research or
exploratory group use communications with.a sponsoring agency when the spon-
'soring agency-will not support a consensus-collaboration relationship. This
could prcbably be done better by behavioral scientists than by scientists and
engineers chosen for their understanding of the technical content of the research
and exploratory development in question..

The various ways in which the Defense Department supports or resists
innovatiow, with particular reference to the way in which it adopts new technology
in weapon $ystems, should-be studied. Insofar as.this resistance or supportis
anticipated, it affects the way in which the research and exploratory development
is done. Some of these effects have been:described in the present study. How-
-ever, after the exploratory work itself is complete, its success remains uncer-
tain, and depends on how successfully it can be exploited. Connected with this
is the question of how adaptively functioning suborganizations can:be incorporated
in a‘larger-organization which fundamentally follows the traditional authorization
Ppattern, in such.a way that the authorization:organization is not seriously dis-
turbed, but yet the innovative consequences desired from the adaptive subunits
are achieved. :

D. INTERESTING PROBLEMS BEYOND THE SCOPE OF THIS.STUDY

A number of conclusions and observations concern matters which
were never erxpected to be within the scope of this study, but which merit further
-study on the basis of their own value and intrinsic interest.

Some of the institutions-we saw hadr:educat’ional _support programs;
subjectively, these same institutions appeared unusually productive. Is-there
-any relation between-productivity and-the educational support program? It may
be that such a program contributes directly to-the professional competence of
the seaff, that it contributes indirectly by making the institution more attractive,
or that it'is related to-productivity only as:being a normal consequence of a par-
ticular type of management policy..
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The growth and.aging cycle of research-and development institutions
and groups is an interesting open problem. In-most of these, productivity does
not reach equilibrium and remain there, but fluctuates even when the internal
organization and external support appear stable. It has been suggested that a
new laboratory may function best on its first mission, because at that period in
its development it operates according to an adaptive system. As it grows older
its actual operation may fall into the more common and traditional authoritarian
pattern. If this turns out to be a common course, another problem is to learn-

how to identify this, to offset it, or, as a last resoft, wipe out the establishment
when it is no longer able to serve its function.

Some recent work in behavioral sciences suggcsts that creative and
innovative people have traits of behavior and personality which will put them at
odds with many organizations and social institutions. We saw very few examples
associated with our RXD Events. Does such a personal type exist, do such
people conceal their natural tendencies, are they excluded from organized re-
search and development activities systematically, or do they actually find them-

‘selves.at home in organizations where research and exploratory development is
the principal activity?

Qrthue D Litgle Inc,
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V. A REVIEW OF THE COURSE OF THIS STUDY

A, FORMULATION OF OBJECTIVES

Section I contains a brief statement of the problem, and Appendix A
contains the whole statement of Scope of Work, Statement of the Problem, and
Method of Approach, as found in the Work Statement of the contract.

During the second week of the study an extended meeting was held by
the steering group and the Arthur D, Little staff members. At that time, the
use and-purposes of the study were further described:

"This study has two important aspects. One is to gather
particular information about certain development proj-
ects and the research anid exploratory development which
provided the technical foundation for-subsequent develop-
ment, and to organize this information to show the rela-
tionships hetween management environment.and subse-
quent utilization of R& D results. The other is to pioneer
in methods of gathering and organizing such information."

The methodology was based-on historical analysis-of the research and
exploratory development origins of a number of weapon systems. Five tasks
were defined as comprising the job:

1. For each weapon system, identifying the technological advances
utilized without which-the system would not be operational (''technical items"
or "key ideas" -~ it was: difficult for the conferees to agree upon a:short desig-
nation).

2. Making a detailed exploration and description of the management
environment surrounding these advances.

3. Forming hypotheses cor.cerning the relation between management
environment and technological advances.

4, Making recommendations concerning future DDR & E policy.

5. Reading literature and state-of-the-art studies as sources for
background material -("intellectual background)..

Avthur D ULittle Ync,
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1t was originally hoped that the Defense- Department would appoint a
group of about five péonple -as full-time participants in this activity to carry on
cooperative and parallel efforts. This proved not to be feasible, but two mem -
bers of the Department of Defense did commit themselves to full -time activity
on this study for nearly-its whole duration. A number of others rounded out a
steering group of five individuais, all' making substantial contributions in-spite
of-their limited commitment of time to the job.

Conclusions and recommendations are not required by the work state-
ment, which asks only for formulation of hypotheses about the relationship of
environmental factors to degree of utilization, and satisfactory agreement be-
tween observations and hypotheses. Nonetheless, it has been possible to draw
some conclusions and make some recommendations. The work statement does,
‘however, express the hope that "after a few instances.are studied, there will
be a general agreement about what constitutes a key idea for the purpose of
this study." This hope has not-been realized. Even in the last month of the
study, agreement on a valid discrete unit of research or exploratory develop-
mer:t for the purposes of this study is far from unanimous.,

Arthur D.Little, Yue,
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B, HISTORICAL ANALYSES GF WEAPOMS SYSTEMS

Our historical analyses of weapons systems -had four objectives, The
first objective was to identify particular examples of research and exploratory
development (later formalized as RXD Events). The sccond was to establish
the utilization of this research and exploratory development in a recent weapon
system, and.to show how its use came about, The third was to show how the
consequences of the research or exploratory development aifected-the configu-
ration or the performance of the weapon system. The fourth was to show the
relation of this reseaxch and exploratory development to the science and tech-
nology-of its day.

The identification of particular examples of research and exploratory

-development in RXD Events was necessary as a starting point for a later phase,

the study of RXD Event Environments. In the past it was more common to take
a group, a laboratory, or an institution as a basic environment, and examine
its productivity in terms of all of the research and development activities. car-
ried.out there. When the environment of a single discrete research-or explora-
tory development activity -is sought, it is necessary to specify exactly what this
activity is. Section V-C discusses in greater detail some of the problems :in
identifying RXD Events.

1t was necessary to establish that-the RXD Event had consequences
actually used in recent weapon systems, because the feature distinguishing
these RXD Events from other research-and exploratory development activity,
and making them an interesting example for environment research, is precisely
that their consequences were used., ‘When the study was undertaken, we antici -
pated that we might have difficulty in determining whether a particular research
or expioratory development activity was utilized. In fact, this has not been the
case: it has always been clear to us and to others.if a particular RXD Event
was utilized.

Showing how ann RXD Event contributed to the value of a weapon
system has proved to-be much more difficult than showing that it was utilized.
In some instances, one element or subsystem replaced another with substantially
no.change in the rest of the weapon system, and a straightforward comparison
was possible; but such-cases characteristically showed rather small improve-
ments. On-the-other hand, when-a.big technological novelty was introduced, it

normally required an alteration of the system configuration and the introduction

of a number of other technological innovations before its full value could-be:

_-exploited. It was'then hard to-decide how to-distribute the credit for improve-

ment among the various -‘innovations.
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The change .in historical perspective also.contributed to-the difficulty
of showing how a particular technological innovation affected the value of .a
weapon svstem. A technological innovation does not spring into being full grown,
and -its value is often not immediately appreciated. In many cases the value of
a technological innovation is enhanced by later development and by an under-
standing of how to exploit it, Its value-is likely to grow on a typical "learning
curve." If a technological innovation overtakes its predecessor after the old
technology is mature, the improvement in value may approximate a step, as in
FigureV-1A. If the two technologies are both growing, the new is likely to
replace the old shortly after performance or value estimates cross. In this
case (illustrated in FigureV-1B), the contemporary estimate of performance
improyement is small compared to a retrospective evaluation of the merits of
the respective technologies, and a historical search for the "big step" improve-
ment in performance is frustrated, In.some instances the initial jump is nulli-
fied or even inverted, because incompatibilities arising from introduction of a
technical innovation are not foreseen and compensated for early enough. We
found a number-of instances where technological innovations introduced in one
model of a-weapon system were removed. in subsequent models. Presumably
they were used on the basis of an estimate, made in good faith, that they would
be more satisfactory than the alternatives that they displaced. Evidently a
more mature evaiuation-showed:that this was not true.

In the-end, it was decided that the fact that an innovation had been.
used in a weapon system was more significant than an estimate of the value of
the contribution. Where any estimate of value could be made, we attempted to
do so, but the decision whether or not to include an RXD Event .in our population
hinged-on whether it was used rather than-on whether it contributed more than
a certain amount of value,

The relationship of an RXD. Event to the science and technology of
its day shows many of the factors which influence program planning and program
management. It'shows whether the RXD Event was unique, or whether -there
were other R & D activities which might have led to equivalent results. It shows
whether the activity was specific to the application we saw, or whether it was
fallout from R.&D aimed at other goals. It-shows whether the application we
suw was the orly application, or whether it had other immediate significant -con-
sequences., These factors are much easier to judge retrospectively, but neces-
sarily form a large part of what the contemporary program planrer bases his
judgment on,

Qethur D Little, Ync.
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We studied the following six weapon systems*:

Mark 46-0 Acoustic Homing Torpedo
XM=-102 105 mm Howitzer

AGM 28 Hound Dog Air-to-Ground Missile
Polaris A -1 Missile

Minuteman Missile

Sergeant Missile

The first three of these systems were studied relatively independently-
from one another. The last three axe-all large inertially guided solid fuel mis -
siles, and since it-was anticipated that the fundamental technology underlying
them would overlap considerably, they were studied jointly by a single team.

In the end, three areas of technology were identified in which the background
and technological history of these three weapon systems overlapped so -much
that the studies were merged completely. These were the solid fuel propulsion
subsystems, the inertial guidance and-navigation subsystems, -and the-electron-
ics, insofar as it depended on sémiconductor devices. These three areas of
technelogy were studied somewhat independently of the particular weapon sys -
tems, and the results were later correlated with known features and applications
in the weapon systems under study. '

A brief review of‘the technology of these six weapon systems and

three areas of technology is contained in Section III. The charts in that section

show the RXD Events which were identified, and illustrate their relation to
weapon system development.

The principal method of investigation was by direct personal contact
with people responsible for system and subsystem performance and development.
We invited these people to discuss freely the early stages of thetechnical devel -
opment of the systems, subsystems, components, devices, etc., in which they
had a.hand. We urged them to identify turning points, breakthroughs, significant
problems, and other aspects of the development cycle which suggested modifi -
cation of a train of thought or abandonment of a preceding idea. When such a
turning point was detected, we attempted to identify sources of ideas and stimu-
lation, and repeated the whole process with personnel involved in the earlier
stage of evolution. We also studies historic evaluations of the systems and-
their development, and contemporary-accounts of the research and-development
activity, and formed our own opinion of areas in which significant technical

innovation had been introduced.

*In addition, the DDR& E steering group made a brief but intensive study of
the-Bullpup-missile.
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In studying the early development of semiconductor devices, includ-

- ing patticularly the transistor, we deviated from this program. We knew that

the early research and exploratory development work either was done at.the

)

~ Bell Telephone Laboratories or was so thoroughly intertwined with the work

done there-that a thorough examination:of the work done at BTL would immedi -
ately reveal most of the information. Wherever transistors and other recently
developed semiconductor devices are used, they rely at least in part on the
research and exploratory development at or associated with the Bell Telephone
Laboratories, Therefore, we studied this activity independently, and made no
further attempt to- justify the statemernt that the consequences of this research
and exploratory development were utiiized. It is noteworthy that this study of
research-and-exploratory development in semiconductor-devices very-quickly
yielded a much higher proportion of researchactivity than any of the other
studies,

Almost all of the members of Arthur D, Little's staff who-worked on
this job had experience in actually carrying.out research-and exploratory devel -
opment, and the majority had first-hand experiecace in the supervision-of re-
search and exploratory development. At the express request of the representa-

tives of DDR & E, almost all were engineers and physical scientists. When the

job was initially discussed, a great deal of skepticism was expressed about the
literature of the social sciences and about trends in modern management theory,
and it was expressly emphasized that the study should be carried out by people
who had practical experience in research-and research- management, who were
fully capable of gaining an understanding of the-technical contentof the research
and exploratory development activities they were investigating, Although this
condition was never-entered into-the work statement, it is implicit in the per -
sonnel qualifications carried as an attacament. ‘In the end, one consultant with
a background in social science and specialization in the organization of technical
institutions was retained, but the central roles in thestudy were all carried out
by men with backgrounds in physical science and engineering.,

QArthur-B:Yittle, Inr.
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C. IDENTIFICATION OF RXD EVENTS

1. What are Research and Exploratory Development?

. In attempting to define what is meant by an RXD Event, we have come
across four different, relevant definitions of research and exploratory develop-
ment. These are:

the present Defense Department's definitions of research
and-of exploratory developmny;

a description of 21 -idealization of what every R&D man-or
group leader calls a project, an activity with circumscribed
chjectives, carried ow as research or exploratory develop-
ment, in many cases with funding from the Department of
Defense;

an idealization pragmatically-arrived at for the purposes
of this study, comprising a description or an idealization
of those. things, whatever they are, whose-environments
is is our intention to study; and

an idealization for the future describing the purposeful
scientific creation and technological innovation whose-
consequences- may influence warfare, especially those
which may lead to chieaper and more effective weapon
systems and-other materiel, in which we think the
‘Department of Defense ought to beinterested whether
or not. its description agrees with any of the above.

What the terms research and exploratory development mean to any
man depend on his past experience-and on his point of view. There is a particu-
larly big difference between. the point of view of the man in-the laboratory who is
actually carrying out research and exploratory development and-that of the spon-
sor who is buying research and exploratory development, All definitions of re-
;s_earch:and:,explotatory,dev’elopmem; are:-colored with considerations-of motive,
intentions, and expectations. The reasons which a corporate manager or a
military-program sponsor has for supporting work on.a particular research proj-
ect may be very different from-the reasons. that the principal investigator has for
carrying-t out, '

So far as this report is concerned with-individual RXD Events and their
environments, we have usually adopted a point of view close-to that of the man-in
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the laboratory actually doing his exploratory work. From time to time this
revealed-a glaring inconsistency between his point of view-and that of non-paitic-
ipating managers and sponsors; an attempt was made to identify thesie inconsiat-
encies. Where we failed to do so, we ask the reader to consider thé possibility
of different points of view before concliding that an error has been inade,

The present-definiticns.of research and exploratory-develiopment used
by the Defense Department are.as follows:

Research:(6.1) - Includes all effort directed toivard increased knowl=
edge of natural phenomena and environment and efforts directed toward the
solution of probléms in the physical, behavioral and social sciences that have no
clear direct military application. It would, thus, by definition, include all basic
research and in additicn, that applied research directed toward the expansion of
knowledge in various scientific areas. It does not include efforts directed to
prove the feasibility of solutions of problems of immediate military importance
or. time-oriented investigations-and developments. The research elements are
~ further characterized. by using level of effort as the principal program control.

Exploratory Development (6.2) - Includes all effort-directed toward
the solution of specific military problems, short of major development piojects.
This type of effort may vary-from fairly fundamental applied fésearch:to quite
sophisticated breadtoard hardware, study, programming, and plariring effort.
The dominant characteristic of this:category of effort is that it be pointed toward
specific military problem areas with a view toward developing and evaluating the
feasibility and practicability of proposed solutions and determining their param-
eters. Program control of the exploratory-development element will normally
be exercised by general level of effort.

‘Further stages in the RDT&E program are categorized as follows:

Advanced Developments (6.3) - Includes all prcjects which have
moved into the development of hardware for experimental or operational test,
It is characterized by line item projects and program control is-exercised on a
project basis, A further descriptive characteristic lies in-the design of such
items being directed toward hardware for test or experimentation as ¢pposed to.
items designed and-engineered for eventual Service-use, Examples-are VTOL
Aijrcraft, ARTEMIS, Experimental Hydrofoil, X-15, and Aerospacz-Plane-Com-
ponents,

Engineering Developments (6.4) - Includes those development programs
being engineered for Service use but which-have not yet-been approved for pro-
curement or operation. For example, MAULER, TYPHON, B-70, This area is
characterized by major line item piojects and program- control will be-exercised
by review-of individual projects. 7
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Management. and Support (6.5) - Includes research and development
effort directed:toward support of installations or operations required for general
research and development use.. ‘Included would be test ranges, military construc-
tion, maintenance support of laboratories, operations, and maintenance of test
aircraft and: ships. Costs of laboratory personnel, either in-house or contract-
operated, would be assigned to appropriate projects or as-a line item in the re-
search, exploratory development, or advanced development program areas, as

appropriate. Military construction costs directly related to a major development

program will be included in the appropriate element,

Operational System Developments (6.7) - Includes research and de-
velopment effort directed toward development, engineering and test of systems,
support programs, vehicles and weapons that have been approved for production
and Service employment. ‘This area is. included for convenience in considering
all RDT&E costs of weapoits systems elements in-other programs. Program
contrcl will thus be exercised by review of the individual research and develop-
ment effort in- each weapon system-element,

The definitions of research and of-exploratory development (and of
Advanced Development also), are based on two criteria only: the purpose for
which the-work is to-be-evploited, and the-character of the funding to support

-and contzol it. Nothing is said about the nature of the work. These definitions

are straightforward for the sponsor-of research and:exploratory development,
who is presumably in a position to decide why and how he wants to fund a pro-
gram, but they are largelv-irrelevant in any attempt to learn-from work actually
done or from the people who actually did-it, which category the work falls into.
We know from a number of examples that the goals and objectives of the people
-actually-executing the work may.differ from the goals-and objectives of their
sponsors. We know also that they are usually ignorant of and often indifferent

‘to the particulars of funding, and sometimes evento thc-general source of funds.

We conclude, therefore, that the existing definitions.are useful .in program
planning and funding control by the sponsors of research and exploratory develop-
ment, bui are not useful as categories for describing actual instances of explor-
atory-and innovative-activity in terms of what was done, how it was accomplished,
who did it and why.

A more realistic definition is an-idealization of a unit of work com-
monly recognized by research workers.and managers as.a project, This is likely
to be an activity-carried on by a small number of pzople, in-close contact with
each:other, with unity-of-content and purpose, managed by-a single line super-

visor (if there is any formal management structure at all), A study-of the RXD-

Event Description format (Appendix :B) shows: that such a definition was chosen:

fairly early-as a foundation for our RXD-Event identifications. -At that time it

it was assumed-that research, exploratory developrnént, -and all:other innovative:
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activity naturally fell into such discxete units, and that our problem was simply
to locate these units and identify them. Experience in attempting to-do-this sug-
gests, on-the contrary, that the RXD Event Description, or any other idealization
of a discrete research or exploratory.development activity, is a man-made-con-
-cept, which may or may not correspond to the actual way in which technical in-
novative activity is-carried out. Such a definition may, of course, be agreed
upon-as a basis for further study, to eliminate the tensions resulting from certain
kinds of uncertainty and ambiguity. However, it.should not be allowed. to become
the basis for an assumption that the concept agreed upon is a basic building block
in the real world, and that actual circumstances will always fit the description.

This study is concerned with how research and exploratory develop-
ment are administered by the Department of Defense. In this context, the two
definitions. mentioned above appear adequate. However, from a more general
point of view, this study is concerned with how technological innovations are in-
troduced into weapon systems development. To-understand this, it is important
to study the origins of technological innovations, whether or not they conform to
any other idea of research and exploratory development. A particular example
can be found in the activity invclved in the conception of a bare-niissile, air-
ejected submarine launching system, which was ultimately used in the Polaris
-system. This work was exploratory in character, involved the-imaginative use
.of new ideas, and resulted in-innovation which was very important to.the opera-
tional usefulness of the Polaris missile; yet it has defied all attempts to describe
it as an RXD Event. Nonetheless, it has been agreed that this activity resulted
in significant technological advances and that the environment in which it.took
place is one which should be investigated..

The research and exploratory development activities chosen in this
study for environmental research are probably not fully representative of the
types of constructive innovative activity which the Defense Department's research
and exploratory development prograin should encourage. We can make a non-
exclusive definition of what -we think the Department of Defense Research-&Engi-
neering ought to.be interested in: purposeful creative -and innovative activity
whose consequences may influence warfare. This can be restricted to scientific
and technological activity, and further to that particular kind of activity which
may lead to cheaper and more effective weapon systems and other military ma-
‘teriel. Such a characterization certainly-overlaps. with the other three definitions,
but it is not co-extensive with.any, nor does it'yield immediate operatis nal crite-
ria enabling us to-decide whether a parricular activity really belongs to:tie cate-
gory or not. '
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2. Conflicts Aroused in-Reconciling Definitions- of Research and
‘Exploratory Development

A number of inconsistencies-among definitions of research and ex-
ploratory development could be resolved by adopting a minor variation of the
definition which is now official. The variation is that it would be required to
make the official definition agree with descriptions of present projects and pro-
gram elements. Such a change would resolve rather than augment some of the
present uncertainties. It would also-satisfy a common human desire to choose

-a definition once and.for all and would provide a rational basis for a library of

consistent data.

If we assume that exploratory development and research exist objec-
tively in the real world apart from the process we use. to define them, such &
course is entirely rational. We believe, however, that these terms are in.pait
the product of human inventiveness and that it is unwise to settle upon a rigid
definition so soon. Hayakawa has observed in connection with a.certain class iof
problems:

"Most intellectual problems are, ultimately, problems.of
classification and -nomenclature. .. The usual way in which
such questions are settled is by appeals to etymological
dictionaries to-discover the 'real meanings' of...woxds...
“The decision finally rests, however, not upon appeals-to
past-authority, but upon what society wants. . .Society, in
short, regards as: 'true' those systems. of classification
that produce the desired results."” (5)

‘We believe there is a great deal more to be said on how the results of the present

-study are to be-used, and we also believe that the ease with which results of

studies like this can be used depends in part on how definitions such as those of
research or exploratory development are framed. We recommend, therefore,
that research and exploratory development be defined for the time being as the
work represented by the RXD Events labeled "R" and "XD" respectively, and by
other work which later-investigators see fit to put into the same categories. It
is to be hoped that conscientious investigators will not frivolously classify data
into categories, and that when more data are accumulated. really meaningful dis-
tinctions between-tiiese categories will be made-clear. It-seems obvious-to-us.

‘that differences tased on funding sources and the short term expectations of spon-

soring-agencies are not the most basic differences between research and explor-
atory development, and are not a suitable bzsis for- diwdlng our population into
categories for the study of environments.

V-12

Qethue D Xittle, Ine.




3. RXD Event Description

The actual working definition of an. RXD Event is a compromise be-

tween an idealization-of the commonly felt concept of a research or-exploratory

development project, and a description of the particular-items of exploratory
activity whose environments we thought it importantto study. The principal
features of the RXD Event Description format and the instructions provided to
guide fieldworkers in filling it in are given in Appendix B.

‘We conceive of an RXD Event as a period of technical activity with a
well defined outcome. One of its attributes is that it involves some creative or
innovative -act; another is that it produces an irrevocable or irreversible change
in the state of knowledge, in the understanding of what is feasible or how some-
thing.can be done. This outcome must be such that the RXD Event influenced
the development of the weapon system. The outcome may be a progress report,
a proposal, a journal article, a patent disclosure, or some other document
which summarizes the information generated in the RXD Event; it may also be
a verbal presentation, 2 successful eéxecution of a field test, a consensus in-a
committee meeting, or some other action not ordinarily conceived of as informa-
tion-bearing or information-transmitting.

The outstaiiding-quality of the outcome is that-it:is the dividing point
‘between the state of knowledge before the RXD Event was-completed, and the
state of knowledge after the- RXD Event was completed. An extreme test is
whether the knowledge contained or derived from the RXD Event would be pre-
served and propagated from that point onward without any further contribution
from its protagonists . '

A clear understanding of the outcome leads directly to a description .
of a second datum, the technical activity. This describes the work which-was
actually done, suchas computation, environmental measurement, systematic .
testing or-whatever the actual participants in the- RXD-Event would have answered
if asked during theé course of a-day's work, "What are you-doing?"

A third datum-is the origins of the RXD Event. This is construed
broadly to include anything from-an accident of fate to a universally recognized
human crisis: that which motivates or triggers the purposeful technical activity
leading to the outcome.

These three data are reported in Section 5a-of the RXD Event Descrip-

tionform, Origin, Technical Activity, and Qutcome, They-are-preceded bya

very brief statement of the technical activity, which hints-at the origin and-the

outcome. This brief statement is available as a short description of the RXD
‘Event in-circumstances where the title is insufficient.
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The remaining items in the RXD Event Description form are then
fairly well defined by the origin, technical activity and outcome of the RXD. Event
and the particular questions and instructions accompanying the description form.
Appendix B-also includes a copy of RXD Event Description No.20, Development
of Pyrolytic- Graphite, as an illustrative example.
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D. RXD EVENT ENVIRONMENTS

1. Early Ideas About Environmental Factors

Even after the boundaries of an RXD Event have been carefully deline -
ated, the-circumstances and influences comprising its background are almost
limitless. Since the-detail in the environment descriptions must be limited, it
is desirable to have some rational criterion for choosing the detail to-be retained.

The first place to look for a rational criterion isthe primary purpose
of the study as a whole. All statements of this underlying purpose, including
the early statement by the Defense Science Board and the Scope of Work, State-
ment of the Problem, and Method of Approach from the governing contract
(Appendix A) imply an intention on the part of the Department of Defense to
consider new research and exploratory development procurement policies and
procedures in-order to-improve its use of research and exploratory development
resources. Even such a general statement is sufficient to limit the range of
environmental factors which can be considered relevant.

First, any information on which decisions-are to be based must be
available before the -deadline for decision-making has passed. Therefore we
can rule out factors which are intrinsically observable only after the work has
been completed. The environmental factors of interest are those which are
easily observable before or during the execution-of a program.

‘Second, these factors must be related-to the value, cost, degree of
utilization, or some other index of merit and effectiveness of the research and
exploratory development. It is advantageous if a causal relation can be estab-
lished between an environmental factor and some index of RXD effectiveness,
but it is still of interest if only a correlation or an association can be established.
Factors unrelated to RXD effectiveness are probably of interest only if identi-
fying-them corrects an error or resolves a previously existing uncertainty about
research and exploratory development management practice,

Third, these factors should be influenceable by the Department of
Defense. This includes factors such as the type-of funding, which:can be
directly controlled, and-those, such as climate, which may be-selected, if not
controlled.

Finally, we examined redundant or supporting data by asking our-

selves whether the value-of the data was in due propoxrtion to the labor required
to collect them.,
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-Our initial list of environmental factors was that contained in the.
work statement: circurastances of initiating, planning, contracting, .inancially
:supporting, organizing, staffing, controlling, evaluating, and utilizing the re-
sults of each key idea. This list was augmented in a number of ways, but it
‘became obvious that we could form no integrated picture of an environment out
of the kind of fragmentary information derived from examining such factors one
at a time.

To draw up 2 list of environment factors which-would coalesce into a
complete picture, it seemed desirable to start out with some idea of what the
picture should look like. For this reason we undertook to describe models for
the environment of research and -exploratory development. It was anticipated
that the model hypothesized would provide the broad outline, and that the ques~-
tions and answers necessary to fill in the details on the model for any particu-
lar example would themselves constitute the list of environment factors to be
considered.

Particular attention was paid to four classes of environment models,
those which depend respectively on: structure, function, interrelation among
organizational entities, and motivation and attitudes,

At this point in our study, it seemed that a study of organizational
structure was an entirely appropriate-starting point for environment research.
A program of investigation was drawn up to look at organizational factors. At
about the same time, we decided-to make one pilot study of environment with.a
very high degree of detail. We‘had no way of deciding whether a given list of
environmental factors was insufficient or excessively detailed, or whether it
covered:the wrong ground, and the only way to find out seemed to be to-carry
on one study covering environmental factors. in considerable detail in.all direc -
tions, and to tryto learn afterward which were important and which were not.
This study, which is briefly reviewed in the next section, proved to be a turning
point in all of our thinking about environmental factors. In the end it led us to
abandon the first two models of organization, and to devote nearly all of our
effort to the other two. -

2. Lessons from a Study of the Environment in which H-6 High-
Explosive-was Developed. ‘ o

The pilot study of research.and exploratory development environment
was a study of the environment at the Naval Ordnance Laboratories in the:Bureau
of-Ordnance, which resulted in the formulation of the chemical high explosive
H-6 used in the Mark 46-0 Acoustic Homing Toxrpedo.
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H-6 was the first high explosive mixture belonging to this family to
be used in an underwater weapon. Until shortly before the Mark 46 torpedo
went into development, there had been considerable uncertainty about which high
explosive parameter or combination of parameters should be maximized in order
to make a short range underwater weapon most effective. At about this time, it
was finally determined that total shock energy, rather than total explosion energy
or bubble energy, or peak pressure, was the parameter to maximize; and within
its family of three-component mixtures, H-6 had the proportions lea ling to
‘maximum shock energy.

During World War II there was considerable activity in the develop-
ment of high explosives, much of it sponsored by the National Defense Research
Committee at the Woods Hole Oceanographic Institution and at Bruceton, Penn-
sylvania. The National Defense Research Committee activity closed down at
the -end of the war, at just about the same time that the Naval Ordnance Labcra-
tory was moving into its new quarters at White Oak and was expanding its staff.
Commander Stephen Brunauer, Chief Technical Administrator for Explosives
Research and Development at the Bureau of Oxdnance, saw to it that the new
organization.of NOL included an Explosives Research Department. He used his
personal influence and-professional contacts to help in staffing the new laboratory
with people whom he knew to be able, and who had been carrying on research and
development in high explosives during the warx.

During the same period, Dr. Brunauer and his colleagues undertook
to plan and provide for many interesting pieces of work in high explosives devel -
opment. Ir particular, they canvassed government laboratories, industrial
laboratories, and universities: for ideas about potential high explosive mixtures
and compounds. One formal result of -their efforts was a Naval Ordnance report'(6)
which makes a number of specific suggestions for researchin explosives having
higher energy than those used during World War II. Among the families of ex-
plosives suggested is the ternary family containing RDX, TNT', and aluminum,
to which H-6 belongs.

In addition to this in-house work, the Explosives Research and Devel -
opment Office also funded a large number of exploratory programs with a num-
ber of contractors. Many of these provided continued funding of, or followed
leads arising from, NDRC -sponsored work.

Finally, the members. of this office maintained a position of close
personal and professional contact with the members of the new Explosives Re-
search Department at NOL, and participated in the launching of their initial
research programs and in the continued planning and suppoxrt of their activities
on behalf of the Navy.
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One of the programs undertaken at NOIl, was a systematic evaluation
of a range of castable mixtures of :RDX, TNT, and aluminum to determine
the .optimum explosive mixture for air-blast. A wide range of laboratory and
field tests was made.on 23 representative mixtures of this ternary family. This
particular study concluded that the mixture later called the H-6 was the most

effective among castable mixtures for weapons intended to be -exploded in free
air.

A similar program was being carried on at just about the same time,

with the aim of preparing an underwater explosive with performance superior

to those-.commonly used in underwater weapons during World War II, The

same ternary family was studied, and-a number of tests.were carried out result-
ing in tables and graphs of shock wave energy, bubble energy, peak pressure,
and other-parameters important in the dynamics of explosion damage., At this
time, no identification of the 'best'" mixture for use in an viiderwater weapon
could be determined, because there was no unambiguous critericn of excellence.

Work was started at about the same time.at MOL and at the Under-
water Explosives Research Division of the David Taylor Model Basin near
Norfolk, Virginia, to determine the contribution of various explosion param-
eters to-underwater-damage phenomena. No definitive results came from this
work for a number of years, but around 1957 ix was. finally determined that for
a weapon intended to explode at short range, maximization of underwater shock
wave-energy is more advantageous. than any of the other underwater explosion
parameters used as indices of effectiveness. It was then easy to go back to the
work on underwater explosion parameters at NOL and determine that the mix-
tures having highest shock energy were those containing 20 to 25% aluminum .
By this time the H-6 -explosive, with 22% aluminum, had already been approved
for service use in an air -blast weapon, which made it unnecessary to submit a
new formulaticn for the long, tedious, and -expensive procedure required to gain
-approval: for service use. The H-6 mixture, exactly as formulated for air-blast
-use, was adopted for use in the underwater weapon.

Furiher details of this group of interconnecting activities is given in
RXD Event Description Nos. 93, 94, and 95.

In August 1964, we approached the Naval-Ordnance Laboratory and
the Bureau of Ordnance:-and-a number of former -employees of these establish-
ments for-an extensive-series of personal interviews aimed at understanding
‘the environment in which the particular-development of the ‘H-6 high explosive
took place, We guided ourselves by the following three-questions:

Why-did this RXD Event take place?
Why-did this RXD Event take-place where it did?
Why did this RXD Event take place when it did?
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We came prepared to consider a large number of variables and en-
vironment models, to review progress reports and funding documents, to study
work statements and technical reports, to-examine organization charts and
learn about personnel policies, and in general to take any amount of trouble
necessary to satisfy ourselves that any particular environmental factor did -or
did not bear significantly on the conduct of this particular activity.

In addition to talking to people, we reconstructed the explicit and
complete-table of crganization of the whole department for two points of time
during the period of interest; reconstructed the-total funding history of the pro-
gram as actually carried out; reviewed all of the technical reports on file in the
library bearing directly on this technical activity; reviewcd.a number of informal
written documents still in the possession of their authors; and examined the
formal and informal policy governing funding;, staffing, reporting, procurement,
acquisition of equipment and facilities, professional relations with the scientific
and educational communities, and many other factors.,

In-the end, however, after sifting the evidence as we were ableto
gather it, we found-only six factors or groups of factors which appeared to-us
significant, These-are:

1. 'The members of the professional staff’had.a complete general
understanding of the goals-and objectives of the high explosives research pro-
gram, and were personally committed to them,

2. Among the working groups, planning, control, -and discipline
were by general agreement based on a collective judgment of task needs and
urgency, backed up by (but not anticipated by) formal administrative action
where necessary.

3. The professional staff members at NOL- had close personal and
professional relations with their sponsors, the Explosives Research and Devel -
opment Office in the Bureau of Ordnance,

4, The members of the Explosives Research-and Development Office
in the Bureau of Ordnance actively sought the collaboration of professional staff
members at NOL in a variety of matters, including the planning-and-evaluation
of NOL's own program.

5. The head.of the Explosives Research and-Development Office at
the-Bureau of Ordnance, Commander Stephen Brunauer, is credited with great
motivation, technical understanding, and persuasiveness, and with having used ’
his personal resources in planning a high explosives program, in staffing ‘the
initial NOL. activity, in setting up the initial organization of high-explosives
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work at NOL, in-participating in and guiding the technical program in high
explosives, and in seeking financial support for the program both inside -and
outside of the Navy.

6. The NDRC «activity in high explosives was being shut down at just
the time that the NOL activity was being built up; this made available lines of
research and development which-had not been fully exploited, and experienced

professionals who were well motivated to complete the exploration of unfinished
areas of work.,

While uncovering this  group of six findings we were unable to convince
ourselves that less personal and more objective factors were as significant in
the successful execution and utilization of this RXD, This caused-us to revise
our opinion of what constitutes a good-description of an environment, and to go
to the-literature of the case studies of research and development environments
for help in interpreting our observations.

3. Lessons from the Literature of Management Theory and Sociology

a, Introduction: Authoritarian and Adaptive Environments, Ccercion-~
Compromise and Consensus -Collaboration Relations ‘

The results of our literature search are-described in the paragraphs
below. We limited ourselves for the most part to studies containing field data.

or based-on field investigations of environments where research-and exploratory
development were being done.

The most significant finding for the purpose of this study is- the identi-
fication of two polar classes of management environment, which we have called
authoritarian and adaptive. A number of authors have talked about similar con-
cepts, using a variety of terms, Table V-1 is a brief concordance.

In this report we used the pair "authoritarian" and "adaptive" when
talking about local organizational environments in general and the terms “co-
ercion-compromise' -and "consensus -collaboration" when emphasizing particu-
larly the relations between pairs-of individuals -or groups.
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TABLE V-1

TERMS RELATED TO AUTHORITARIAN AND- ADAPTIVE

Present Report Authoritarian Adaptive

Present Report Coercion-Compromise -Consensus -Collaboration
Burns and Stalker Mechanistic Organic

Sheldon A, Davis Authoritarian Dynamic

Herbert Shepard Coercion-Compromise Consensus -Collaboration
Simon- Marcson Executive Authority Colleague Authority
Alvin Gouldner Rational Model Natural System Model
Douglas McGregor Theory X Theory Y

b, Hower and Orth, "Managers and'Scientists"(7)

A search for publications -containing field data about particular local-
ized environments in which research and exploratory development-is done, at
once brought to light a study by Hower and Orth. This book presents a number
of cases involving human problems in industrial research organizations, par-
ticularly problems in the relations hetween scientists engagedin R&D activities,
on the one hand, and management persounel on the othex. The focus of the study
was upon matters of status, communicarion, motivation, morale, and manager
development,

The book presents a large amnunt of data, but offers no straightfor-
ward-conclusions. The authors, however, discovered and described two cultures
during their studies, management culture and scientific culture, which are dif-
ferentiated by their value systems, The authexs are careful to assert that value
systems alone are not sufficient to-bring a full understanding of human behavior.
However, they were able to use them to explain some-of the things which they
saw and heard in the environments which-they studied, and they confirmed our
observation that motives and attitudes were important factors to consider in
describing and evaluating a research or exploratory development environment,
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c. Bumns and Stalker, 'The Management of Innovation“(s)

Burns and Stalker based their conclusions on three sets of studies -of
technical innovation in an industrial environment,

The first study, originally directed at another purpose, discussed a
growing and commercially prosperous rayon mill with a functioning-hierarchic
control system. The functions of each manager ‘and worker were clearly speci-
fied; they were expected to follow, and did follow, the instructions which issued
in a steady flow from the general manager and through the hierarchy. The sys-
tem worked smoothly and economically, with the exception that the research
and development laboratory failed completely in its formal responsibility for
solving problems, curing faults, impcoving existing processes and products,
and. introducing new products or methods.

A succeeding study was concerned with an engineering company with
very large developiment interests. Here, because of the deliberate policy of
the head of the company,. the ranks and functions of the hierarchy of management
were i1l defined. The president bélieved that:the first requirement of the man-
_agement system was that it should make the fullest use of'the capacities of its
‘méifiiberyg; any man's job should, therefore, be defined-as littleas possible, to
allow it to expand or contract in accordance with his special abilities, Through-
out the organization there was a sense of insecurity, and the employees dissi-
pated much energy jn internal politics-and other actions clearly dissociated with
the concern's tasks. Yet the-firm was a commercial success, arousing the
suspicion that those organizational consequences- which-appeared:to be defects
were inevitably associated with organization for industrial change.

“The-next.study was -of a group of firms-in Scotland-which were at-
tempting a systematic and orderly transition. from their former line of work
into electronics development. Here the authors identified two divergent systems
of management practice, which they-call the mechanistic and the organic form.
A mechanistic management systém is appropriate to stable conditions, while
the organic form is appropriate to changing conditions, which constantly give
rise to fresh problems, Such problems require action, which cannot be broken
down or distributed automatically according to the functional roles of the hier-
archy structure. The outstanding characteristics of these two contrasted forms
are found in Table V-2,

The investigators later had an opportunity to -studya groug of cight
English firms, concentrating on the management difficulties peculiar to firms
engaged in rapid technical progress, and the particular problem of getting
laboratory groups, on the one hand (research-development-design), to work
effectively with production and sales groups, on the-other.
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TABLE V-2

ORGANIC AND MECHANISTIC MANAGEMENT SYS:TEMS

Towm Burns, and G. M. Stalker, The Management of Innovation, pp. 119-122

Mechanistic

the specialized differentiation of functional tasks into
which-the problems and tasks facing the concern-as a
whole are broken down

the abstract nature 2f each individual task, which is
pursued with techniques and purposes more or less
distinct from those of the concem as a whole; i.c.,
the functionaries tend to pursue-the technjcal im -

_provement of means, rather than the accomplishment

of the ends of the concern

the reconciliation, for each level in the.-hierarchy, of
these distiici pe~formances by the immediate superiors,
who are also, in turn, responsible-for seeing that each
is relevant in his own special part of the-main task

the precise definition of rights and obligations and tech-
nical methods attached to each functiona! role

*

the translation of rights and obligations and-methods
into the responsibilities of a functional position

hierarchic structure of control, authority and.
communication

a reinforcement of the hierarchic structure by the
lov..ion of knowledge of actualities exclusively at the
top of the hierarchy, where the final-reconciliation of
distinct tasks and assessment of relevance is made

a tendency for interaction between members of th~ con-
«ern te-be vertical, i.e., between superior and sub-
ordinate

.

a tendency for operations and working behaviour to be
governed by the Instructions and decisions .ssued by
superiors

insistence on loyalty to the concern and-obedience-to
superiors as a condition of membership

a greater importance and prestige attaching-to mternal
(local) than to general (cosmopolitan) -knowledge, ex-
perience, and skill
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Organic
the contributive nature of special knowledge and ex -
perience to the common task of the concem

the ‘'realistic’ nature of the individual task, which
is seen as set by the total situation of the concern

the adjustment and continual re-definition of indi -
vidual tasks through interaction with others

the shedding of 'responsibility’ as a limited field

of rights, obligations and methods (problems may
not be posted upwards, downwards or sideways as
being_someone's else's responsibilicy)

the spread of commitment to the concern beyond
any technical defir ition

a network structure of-control, authority, and com-
munication. The sanctions which apply to the indi-
vidual's ccnduct in his working role derive more
from presumead community of interest with the rest
of the working organization in the survival and
growth of the firm, and less from a contractual
relationship between himself and a non-personal
corporation, represented for him by an immediate
superior

omniscience no longer imputed to the head of the
concern; knowledge about the technical or commer -
cial natite of the here and now task may be located
anywhere in the newwork; this location becoming the
ad hoc centre of control authority and commaunication

a lateral rather than-a vertical direction of commun-
ication through the organization, communication be-

-tween people of different rank, also, resembiing

consultation rather than command

a content of .communication which consists of infor -
mation and advice rather-than instructions and
decisions

commitment-to_the concern's-tasks and to the 'tech-
nological ethos' of material progress and expansion
is more highiy valued-than loyalty and obedience

importance and presuge attach to affiliatioas and
expertise valid-inthe industrial and techntc.al and
commerciai milleux external to the firm
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The book, The Management of Innovation, is largely devoted to a
description of the methods of investigation, a review of the field data, a descrip-
tion of the two kinds of management systems with evidence that they actually
occur, and evidence to support the claim that institutions organized according
to a mechanistic system are suited to function in stable conditions, whereas
institutions organized according to the organic system are suited to function in
changing conditions. A review -of the data gathered in the study of the environ-
ment surrounding the development of the H-6 high explosive at the Naval Ord-
nance Laboratory, showed that the local environment corresponded very closely
to an organic management system, and was far from mechanistic. Furthermore,
the particular characterization of the organic management system, as defined
by Burns and Stalker, touched directly on many of the environment features
whiclh we had already concluded were significant,

Burns and Stalker also comment on the reaction of a mechanistic
organization faced with changing conditions. When the challenge is enough to
require the adoption of a new plan, the plan must be generated by, or close to,
the head of the organization. The philosophy calls for breaking down all jobs
into specialized functional tasks; this leads to the creation of staff groups at
headquarters for the purpose of-generating new plans quickly. The promulgation

' -of such plans, the training of people in their new role, and the control of the sys-
tem as people learn to function in a new way, calls for new specialists, with
task designations such as liaison and expediter, and also calls for increased
communication, reporting, and accounting. The tendency to refer all unprece-
dentad decisions to the head man, at a time when so many decisions are without
precedent, creates bottlenecks and delays.,

The corresponding picture, of the reaction of an organic -system
institution to a nonvarying challenge, was not delineated. Extrapolations sug-
gest that such an organization would be inefficient because of the expenditure
of time and-effort required to get simple things done. Lack of stimulation
might lead to apathy. In any case, the organization is unlikely to compete
successfully with a mechanistically managed institution well matched to the job.
When an understanding of the true state of affairs permeates the organization,
the organization is likely to adopt the structure and usages of a mechanistic
system which appears to be the one most appropriate for such a challenge.

d. Authoritarian and. Dynamic Management Philosophies -
i Sheidon A, Davis

" Sheldon Davis is presently Director of Industrial Relations at the
- 5, « Technology Laboratories in Redondo Beach, California, where he is
~twe- e organization of that institution and attempting to influence its acti-

vity construcively, As part of his work he has focused attention on the norms

V-24

Arthur D Aittle, Iuc.

— g - — e - N S
- N ¥ 8 R -




iy

( Rand McNally, 1965).

and values associated with particular kinds of organizations and the philosophies
of management associated with them. He has distinguished two extreme types,
authoritarian and-dynamic, and has compiled a brief catalog of important differ-
ences in their norms-and values, which make it easy to-distinguish them and
even to form a mental picture of the kind of organization which they describe.,
His tabulation is contained in Table V-3, This particular formulation has not
been published in the open literature, but-has been discussed at, among other
places, seminars in the Department of Behavioral Science at the Case Institute
of Technology., Itis reproduced here with the permission of the author.

It is quite clear that the philosophy characterized by Sheldor Davis
as authoritarian corresponds. to the organizational system which Burns and
Stalker craracterized as mechanistic; the philosophy he characterized 4s
dynamic matches the organizational system which they called organic. A further
check against the data accumulated at the Naval Ordnance Laboratory shows
ample-evidence that the local environment in which-the H-6 high explosive was
developed corresponded closely to Davis' pattern of a dynamic philosophy, and
failed in almost every detail to match Davis' characterization of an authoritarian
philosophy. ‘

e. Innovation-Resisting and Innovation-Producing Organizations - 8
Herbert A. Shepard ' ’ ' ’

The conclusions which Burns and Stalker faced on their studies- of

Scottish and British industries, and which Sheldon Davis based on his experience :
at the Space Technology Laboratories and elsewhere, agreed in describing two- o @
extreme types of organization and in identifying one type as suitable for opera-
tion in a static environment, -the other for a changing environment. A particular
aspect of response to changing conditions is the way in which innovations are
introduced and assimilated in an organization. This has been a special -topic of
study in recent vears by Herbert A, Shepard at the Case Institute of Technology,
and is the subject of a paper, "Innovation-Resisting and Innovation-Producing
Organization."(9) Shepard's obsexrvations are consistent with those common

to Burns and Stalker and Davis, and he goes somewhat further in his study of

the particular processes through which innovations are introduced or resisted.
This has led him to another characterization of organizational systems, in
which considerable attention is focused on vrelations among pairs of people.

His particular choice of contrasting pairs* of characteriscics describing a

coercion-compromise system and a consensus -collaboration system are repro -
duced in Table V-4. = — =

*From a chapter to be published in Handbook-of Oxrganizations, ed. James March
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TABLE V-3

CHARACTERIZATION OF AUTHORITARIAN

AND DYNAMIC ENVIRONMENTS

(Sheldon A, Davis, as communicated by James Powers)

Authoritarian

the engineers are "one-up' with
respect to non-engineers

people should control their feel-
ings, keep personalities out of
discussions.

very little-day-to-day coaching
of any real direct nature

high confidence (sometimes
cockiness) in instances

handling of differences and con-
flict resolution through power
plays, compromise, flight, -arbitra-
tion

task oriented communication highly
selective, filtered-and screened

maskmanship

much energy directed inward, off -
target, such-as repressed feelings
of inadequacy

deal through stereotypes: e.g;,
"fifth floor" (executive offices),
"electronikers"

éompetition
direction from above

each man looks out for himself

Dynamic

the notion that there is one profes-
sional staff with the organization
with differentiated skills

open expression of feelings when

relevant to the task

feedback in all directions as appro-
priate

introspection at.all levels: intra-

personal, interpersonal, intergroup

direct confrontation and problem
solving.

very opsn communication
openness

energy related to-task oriented
functions

breaking through the stereotypes

collaboration

direction from all levels

training each other and-being con-

sultants to-each.other
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TABLE V-4

COERCION -COMPROMISE AND CONSENSUS -COLLABORATION SYSTEMS

(Characterized by Shepard as transmitted by James Powers)

Coercion-compromise system

authority-obedience relation-
ships

rewards superficially coopera-
tive behavior and enforces miztual-
ly competitive attitudes

structure is power-based

subordinates view supervisors
as traditional bosses

the next solution is built like-the-
last sciution -

concept of supervision, an agent
of higher authority

the organization an end in itself

superordinate power is used to
control behavior

managen:ent skills possessed by
manager

Consensus-collaboration system

mutual confidence and trusting relation-
ships

rewards commitment to one another and
to superordinate goals

structure is task-based (human inter-
dependence and shared responsibiiity)

subordinates view supervisors as re-
sources to aid in problem-solving

creative atmosphere where new kinds of
solutions are actively sought out

concept of multi-group membership, a
catalyst in the maintenance of communica-
tion and consensus-among interdependent
units -

the organization is a means‘which its
members control towards ends which are
in accord with humanistic values

controi is achieved through agreement on

goals, ccupled with a communication sys-

tem which provides continuous feedback ¢
of results so that members can steer them-

selves

good manzgement is understood to be the
emergent product of adequate working
relationships
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Again it is clear that the coercion-compromise system corresponds
te Davis' authoritarian system and Burns and Stalker's mechanistic system,
whereas the consensus -collaboration system corresponds to Davis' dynamic
system and Burns and Stalker's organic system. In our study it opens a new
avenue for data gathering, for this particular selection of contrasted pairs of
descriptions is particularly applicable to relations, that is, generalized com -
munication li :ks, between well-defined groups. We were able to compare these
two sets of cescriptions with the evidence gathered in our study of the H-6 high
explosive development environment, and found that the relation between the
relevant groups at the Naval Ordnance Laboratory and at the Bureau of Ordnance
corresponded very closely to that of a consensus -coliaboration system, and
was quite far from that of a coercion-compromise system.,

£. Marcson, "The Scientist in American Industry"

Simon Marcson has made a depth study of a particular industrial (10)
laboratory, which he reports in his book The Scientist in American Industry = .

In the passage below, Marcson describes two types of authority which
he calls "executive authority" and "colleague authority." His description of
the accompanying systems of control, which he does not name, are essentially
what we mean by authoritarian and adaptive systems respectively.

Systems of Authority in the Industrial Research Laboratory

"Executive authority*" as a system of control need not be
dictatorial, nor must it disregard the rights of individuals.
Executives can and-do consuit their subordinates at times on
matters of policy. By one means or another they may seek
to gain the consent and participation of their subordinates
in the decision-making process. This does not mean, how -
ever, that subordinates have power to make decisions with-
out the authorization of their superiors. In the executive
authority system, individuals do not establish their own
goals or make their own decisions. Therefore, no
inatter how decentralized or 'participative' the managerial
hierarchy may be, -the authority rests with the responsible
executives. This type of authority accrues to the executive
based on his incumbency in a position and 'occurs within the

*Harbison, Frederick and-Charles A. Myers, "Management as a System of
Authority " in Management in the Industrial World (New York, McGraw -
Hill 1959) pp. 40-67.
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framework of pre-existing rules of the organization,'®
It is not based on either devotion or respect for him
as a person, 'but on an adaptation necessitated by his
rating power, '*¥

"Colleague authority, as has been noted, has reference
to a system of control which is shared by all the mem-
bers of the working group. Authority is decmed to rest
in the group rather than in an individual. It is true that
there is a delegation of decision-making authority to in-
dividuals in colleague authority systems, but the mem-
bers view such authority as originating in the colleague
membexrship.

"In the academic organization the individual is subject to
the authority of his professional colleagues. Through
the appropriate departmental or divisional machinery
they pass judgment-on his work, they recommend his
promotion, and they determine his status on the basis
of professional criteria, They also protect him against
an unwarranted exercise of administrative authority.
In short, in the academic organization, one's professional
colleagues are the ultimate souxce of authority, whereas
in the business corporation the top executives have the
supreme power, Matters of general policy regarding
teaching and research are presumed to be governed by
the appropriate groups of professional colleagues. In
the academic organization, the individual faculty mem -
ber is not subject to the authority of a chief executive or
a dean except in specifically circumscribed areas. In-
deed, the senior faculty member is insulated from execu-
tive authority by academic tenure to insurc his freedom-of
expression and choice of research, Academic adminis-
trators can and do lead, persuade, or implore faculty mem-
bers to follow certain courses of action, but in so doing they
may not rely upon a position of authority over the academic
community."

—

*hMierton, n. K., Social Theory and Social Structure (Glencoe, Ill., Free
Press, 1949) p. 15l.

**Blau, P, M., The Dynamics of Bureaucracy ¢University of Chicago Press,
1955) p. 173. '
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g. Gouldner, "Organizational Analysis”(l1)

In a continuation of the passage above, Marcson goes on to say:

"What seems to be emerging is a cenvergence of the indus-
trial organization and university models into a new type
of organizational model incorporating elemerts of univer-
sity professional status and industrial employee status.
In the meantime, as the new model emerges, the two op-
posing systems-of authority are not always compatible.
The consequences of this incompatibility may be character-
ized as strain."

This is an early mention, based on particular observations, of the
problem of synthesis between authoritarian and adaptive inodels of management
systems., The subject is taken up in greater detail by Gouldner in his- review
entitled "Organizational Analysis." First, he describes a rational model and
the natural -system model of organizational analysis, which corresponds closely
to the models of an authoritarian and an adaptive system respectively. After
making a comparison and contrast, he-goes on to state:

"My objective is to document the need for a science and
reconciliation of the rational and natural-system models.
Among these problems are the following:

"j. The authority of the modern administrator is
characteristically legitimated on the basis of his
specialized expertise....Problems arise, how-
ever, when administrators exert control over sub-
ordinates whose technical specialties or organiza-
tional experience difier from their own.....

"2. Another solution to the problem of exercising
authority over unfamiliar specializations involves
a self-imposed limitation on the criteria for in-
specting and evaluating the performance of sub-
ordinates.....

"3. A third solution to the problem of legitimating
authority over unfamiliar specializations is to

define administration as a distinct field in itself,
specializing in problems of 'human relations’' ....
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"4, Also implicated in the strain between authority
based on incumbency in office and authority based
on technical knowledge are some of the special
problems of recruiting, inspecting, and evaluating
the performance of technical experts in the modern
organization.....

"S. Another tension of modemn organizations may
also be seen as deriving from the relation between
its bureaucratic rationality and its social -system
imperatives....."

Finally, he says:

"To summarize, it has been suggested that a major task con-
fronting organizational analysis is the reconciliation of the
rational and natural-system models. What is needed is a
single and synthesized model which will at once aid-in analyz-
ing the distinctive-characteristics of the modern prganization
as a rational bureaucracy, the characteristics which it shares
with other kinds of social systems, and the relationship of
these characteristics to one another." \

Our major conclusicns center on the observation that the dominant
organizational pattern of the Defense Department is anthoritarian, thatthe most
suitable pattern of organization for research and exploratory development is
adaptive, and that relations between the types of patterns are strained. These
observations confirm Marcson's explicit statement. Gouldner's review in 1960
suggests ‘that sociologists are aware of this problem but that no-satisfactory
synthesis of the two systems has becn fully explained.

h. McGregor, "The Human Side of Enterprise" )

The studies cited above place considerabie emphasis on people's
behavioral patterns and the motivational patterns which underlie:their behavior.
Until comparatively recently, human motivational and behavioral factors were
associated with organizational description and theory, in the form of additional
detail and qualifications to round out a description founded on structure and other
attributes of the system, external to the human beings who are members of it,
The first systematic attempt to base crganization theory squarely on human
behavior and motivation appeaxs to have been made by Douglas McGregor in his
book The Human Side of Enterprise. In this study, McGregor reviews his
experience and his reaction to the literature of sociology and management
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science, and suggests that assumptions about fundamental patterns of human
behavior imply a great part of what is believed about management science. He
finds sociologists and management scientists and practitioners describing two
different kinds -of organizations with two different kinds of management patterns.
These organizational systems are somewhat inconsistent, and the incensisteucies
can be rejated to the assumptions about human nature and human behavior on
which they appear tn be based. He describes these sets of assumptions as
"Theory X: The Traditional View of Direction and Control" and "Theory Y:
The Integration of Individual and Organizational Goals," as reflected in

Table V-5,

Obviously, Theory X assumptions correspond to the mechanistic,
authoritarian, coercion-comproriise system, and Theory Y assumptions cor -
respond to the dynamic, adaptive, consensus-collaboration system, For the
purposes of our study, they are not particularly helpful in reducing data, for
they tend to require conclusions about human nature which we are unable to
draw directly on the basis of the kind of field data we have accumulated, Never-
theless, this characterization is of interest because it is the first general
attempt to found organizational theory principally on assumptions about human
nature and human behavior, It shows that placing primary emphasis on human
natire and human behavior is a comparatively new trend (1960} in management
science..

i. Speculative Extension Into Three Classes

McGregox's hint can be followed further, There is no need to limit
sets of assumptions about human nature and human behavior to two sets, or to
characterize them solely with the type of description wl.ich McGregor -has given.
A superficial view of the history of thought shows at least three systéms -of
assumptions which ‘men have made about human behavior and the relation of
man to the universe. Each one of these has some implications about the way
men would plan, organize, and execute an activity in response to their under-
standing of the environment,

In-one extreme philosophy the universe is regarded as deterministic.
Every molecule follows a predetermined course, as if by clockwoxk. The whole
plan for past, present, and future is complete. It is usually assumed that this
plan could be inferred from observation of the past and present. Only the short-
comings of our observational processes and the limitations of our mind prevent
us from knowing what the plan is and anticipating the whole future.
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TABLE V-5

TWO SETS OF ASSUMPTIONS ABOUT HUMAN NATURE

AND HUMAN BEHAVIOR

(The Human 5ide of Enterprise, Chaps. 3 & 4)

Theory X: The Traditional View of
Direction and Control

Theory Y: The Integration of Individual
and Organizational Goals

the average humar buing has an
inherent dislike of work and
will avoid it if he can

because of this human character-

istic of dislike of work, most

people must be coerced, controlled,
directed, threatened with punish-

ment to get them to put forth adequate
effort toward the achievement of organ-
izational objectives

the average human being prefers.
to be directed, wishes to-avoid re-
sponsibility, has relatively little
ambition, wants security above all

the expenditure of physical and mental
effort in work is as natural as play or
rest

external control and the threat of pun-
ishment are not the only means for
bringing about effort toward organiza-
tional objectives. Man will exercise
self-direction and self-control in the
service of objectives to which he is
committed.

commitment to chjectives is a function
of the rewards associated with their
achievement

the average human being learns, under
proper conditions, not only to accept
but to seek responsibility

the capacity to exercise a relatively
high degree of imagination, ingenuity,
and creativity in the solution of organ-
izational problems is widely not narrow-
ly, distributed in the population

under the conditions of modern indus-
trial life, the intellectual potentialities
of the average human being are only
partially utilized
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An alternative assumption is that not everything is knowable, but‘that
every phenomenon from the universe is part of a pattern, This may be called
an empirical or pragmatic philosophy. The local particulars of this pattern
can be discovered by careful observatior and reasoning. As more.and more
observations are accumulated, a more detailed understanding of this part.of the
umverse is developed. This understanding converges on objective truth, How-
ever, there is no way to find a master plan for everything for ever and ever,
Only a local understanding can be perfected, and-valid predictions do not extend

forever, but only for a short time.

At another end of the scale is the existentialist view of the unziverse,
The existentialists agree that a good part.of our understanding of knowledge and
feelings are within us as well as being objectively part of the outside world.
What we see is not an objective reality iu the sense of the determinists, but-only
our own reaction to what goes on outside. -Objective reality does not exist or is
unknowable, All we shall ever know is sensations, emotions, and insights, and
the intellectual constructs we can create from them.,

Derivable from these three types of suppositions about the universe
are three easily distinguishable philosophies of management, illustrated in .
Table V-6. A deterministic philosophy suggests a master plan. The master,
the "fearless leader," knows everything. He can make all decision, he can
direct an activity of any scope. He directs by breaking the activity into small :
tasks and issuing orders describing how each task is to-be done. A simpie
everyday illustration is a do-it~yourself electronic circuit kit, like the ones
from which many people have built hi-fi sets. Somebody has gone through the
process of designing and wiring an electronic system, identifying everything
that must be done and the exact way to do it, and writing out detailed directions.
By following the directions, anyone can build the desired circuit whether he
understands electronics or not,

Under an empirical philosopity, we can imagine-systematic activity
which cannot be predicted and programmed in advance. A management plan
based on unambiguous deterministic orders wouild be inadequate; an adequate
plan would have provision for making further observations and refining knowl-
edge to overcome the inability to predict in advance, In addition to specific
directives, such-a plan would include the use of decision rules requiring
judgment,

As an illustration of such a plan, consider road directions telling - .
how to get from one city to ancther, ‘These may consist of detailed (determin-
istic) directions about which direction to go, how far to go, where to turn, and
so forth, leading to a main artery; followed by the general direction "follow the
road signs leading to the destination city.” Without any detailed knowledge of
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where the signs are, we can nevertheless use such a set of direcﬁdns with high
confidence of reaching the right destination. Even if the road network is changed
so that the actual route is altered, thig program remains adequate without change.

Both of these schemes-work if roads have been mapped out. But what
happans if roads do not exist? And what happens if we don't know whether there
ie & city at the other end? This is the situation found in research. At the begin-
ning of a research project, the outcome is not known. Therefore, it is fruitless
to define a detailed sequence of operations to reach it, Itis even difficult to-con-
ceive of a decision rule which would distinguish a desirable outcome from a
worthless outcome. Theé research worker must exercise his judgment on the
basis of what he knows’, not solely on the basis of decision rules developed by
people who have not shared his recent experience. He must decide for himself,
then and there, that he has arrived at a ' worthwhile outcome or that he must
push on,

This process is more like exploring unmapped-territory than like
following a road network. -If the result later turns out to be valuable, it is

-called a discovery, whether it is the consequence of-dynamically planned travel

or dynamically planned research, The connection with the existential philosophy
of the universe is quite close. The outcome is not predicted, decision rules
cannot be put into straightforward affirmative propositions. Any achievement
rests in part on the explorer's capacity to make worthwhile decisions -as turn-
ing-points and obstacles arise.

Actual systems of management of reseaxch and development.can be
divided into-three corresponding classes:

authoritarian organizations, wkich in principle attempt
to describe all actions in advance;

adaptive organizations, which attempt to define not
necessarily the actions but the standards and values
-which shall be used to decide what actions will be
taken; these-standards and values are fixed from the
‘beginning; and

dynamic organizations where certain standards-and
values are agreed on but where it is also-agreed that
when the protagonist comes.to something new he tries-
to take advantage of what he sees, what-he knows, and
what he understands; he makes the best choice he can,
tells people about it, perhaps, but does not necessarily
wait for approval from headquarters.
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Different kinds of results are likely to come out of these three programs, No
research or exploratory developrunent results will comeé out of or be assimilated
by an organization which functions according to such an extreme authgritarian-
deterministic plan. An empirical-adaptive plan should allow much problem
solving, and modification of plans by accumulation of small changes. Either one
of these would discourage a totally '"'new" approach, and would be a hostile en-
vironment for a "breakthrough."

PN

At first sight, it is implausible that anything is ever leained hy
dynamic -existentia’ ‘methods. Yet all of us learn a great deal this way, For
example, this is the way we learn to talk. No one gives an infant a plan for
vocal experimentation. He makes noises, he gets responses., He learns to.
adapt the noises to the responses, and-after a while he learns to make long,
highly structured sequences of noises which we call speech: These enable him
to communicate, to influence people, and-to elicit favorable-changes in his en-
vironment., Almost everyone who ever succeeds in learning how to talk learns
this way.

e et Bt oot o

el

‘There are people who learn by an authoritarian mechanism,
such as the system which used to be used in secondary school teaching of
languages, The grammar is fixed, the rules of syntax are spelled out, the
vocabulary is defined by a dictionary., Some people learn to communicate-this
way, but most people who start this way never even learn to read, let alone to
speak or.to write, The more modern methods now used for language teaching
are adaptive, and appear to give better results, But by the dynamic existential
method, most children learn to speak fluently at the age.of three or four. With
some formal instruction they can read and write at the age of eigthit or nine,
Almost all literature (which is the written part of the creation;, innovation, key
ideas and breakthroughs in language), is written by people who learn-the existen -
tial way. Relatively speaking, the other methods are very unsuccessful.,

rh

This development of three types of management philosophy is purely
speculative, The literature of management scicnce and our field observations
give us meager support for it. If, however, we put deterministic philosophies
in one class and empirical and existential philosophies in another class, the
division corresponds closely tc the division between authoritarian and adaptive
systems of management and control,
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4, Lessons from-Other Field:Data

a. RXD Event Descriptions

‘ ‘Certain items of-environment information are called for in the RXD
Event Description, but ¢vén in the earliest stages of the study, when we were
learning how to collect ibformation for these-descriptions, it became clear that
our form reflected some misconceptions about research and exploratory devel -
oprient management environment,

The idealization Which we have tried to characterize as an. RXD Event
is not an:obvidus discrete unit of scientific or technical activity. Various people
look at research and exploratory development from various points of view, tend

to break it up in pieces according to the field of science or technelogy, the group
-of people who worked on-it, th2 purpose which was. served by the final product,
the source of funding, the institute where the work was done, the contents of
.discrete scientific publications, the boundaries.of inventions as construed by

the Patent Office and various other criteria. When these all define the same
boundaries, there-is no:problem. When they. did not, the burden of identifying
the event lay with us, and the resulting identification was sometimes viewed

‘with a skepticism which made it difficult to get candid information relating
specifically and directly to the RXD Event.

Scientific and technical personnel carrying out researcli and explora-
tory development are usually ignorant of the formal-task statements uander which

their work of a decade ago was carried, of the ways in which funds -were con-

trolled and distributed, and.even-of the ultimate source of funds. They were
comparatively ignorant of the formal organization charts and of the formal
review procedures used for technical and other control. On the other hand, they
had-a lively recollection of personal professional relations with colleagues, with
prospective users, with sympathetic representatives. of their sponscrs, with
their-sources of technical understanding, insight and inspiration, and with the
goals and aims to which:they were directing their efforts (in comntrast to the
nominal goals in their task statements).

As a_specific example, we find that almost all. the people.associated
with a project are-able to identify a "spark-plug" or.source of technical ideas,
but many-are unable to remember who-held the:ocifice of group leader or-depart-
ment-head, and-often they disagree on what the name-of the department was,
‘Most of the technical people claim:never to have seen the official task statement
or any-budget planning oxr control document related to their project. In cases
where we have been able to learn the title and funding description of projects,
the responsible technical people have indicated. :hat they do not remember or

V-38

Arthur D Kittle, Ine.




Y

e e

even recognize them. On the-other hand, almost everybody is able to tell
where he went for resources such as facilities, tecinical assistance, special-
ized:-consultaticni, supplies, and addition .of personnel; and:the various accounts
seem to be mufually consisteat.,

Orijrinally, we regarded this as a weakness in the field investigation
procedure, and:attempted to compensate fox it by collecting information from
staff and administrative personnel, and by looking for formal documents and
records. Inthe-end, however, we learned to regard this fact in itself as a
datum. What is remembered and the terms in which it is remembered serve

‘to point out some of the strong influences on what research and exploratory

development:scientists do, as-opposed-io other factors, which-exert little influ-
ence -and about which the scientists- are indifferent or ignorant,

The date at which.-an RXD Event was initiated was much more diffi-
cult for most people to rermember than the date when it ended. However,, the
sources of miotivation and inspiration for getting the work started, and the
people. who were involved, seemed to stayvivid in the memory, even when the
time and place were recalled only vaguely.

In seeking information about financial suppoxrt, we very quickly
learned that fund juggling of many kinds is widely practiced. It appears to be
taken fcr grantec-by a large number.of research:Scientists and dévelopment
engineers that they have .o real responsibility for living within the funding:-con-
trecls which are the formal norms of their institutions. We later learned that a
statement that time, materials, and facilities were borrowed froni other activi -
ties charged to other accounts, and a statement that getting the activity started
was not discouraged .and met with no unusual resistance, are not considered
contradictory by R & D workers in the field.

Research and development workers are often ignorant of thé actual
sources of the ideas which they are -exploiting, and the practical applications
which have been made of this work. When «sked to describe their activity,
they-are able to place the particular work which they contributed to an RXD
Event in a stream of ideas, and identify certaia ianits to and outputs from their
own activity. But these are not the same sequences which-one would use to
describe the evolution of a field uf science-and technology toward practical appli -
cation in a weapon system. The differences are a reflection of the differences
in goals and values between research and-development scientists and technologists
and the penple who are supporting-weapon system development procurement use.
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b. From the-Study of the Mark 46-0 Acoustic Homing Torpedo

Our study of:the development history of the Mark 46-0 torpedo was
the first to approach completion. Two of its findings contributed to the change
in emphasis of our study of environments, First, we discovered that all RXD
Events identified within the constraints of this study up to that time (July, 1964)
had been stimulizted by one or more of four particular conditions:

World crisis (World War II or Korea)

Operational problems observed in other systems
Long-term research in specific technical problem areas:
System research and development contracts.

Except for the third of these items, the conditions represented are not partof
the normal background of research and exploratory development planning.

The discovery-of a relationship.between innovative activity and cer -
tain special conditions caused us to turn more attention to the particular details:
which stimulate the initiation of the real activity of research and exploratory
development, rather thap to the circumstances leading to the issuing of a task

-order or authorizing of.a fund allocation.

A second observation made at that time which did not find its way into

the tabulation-of conclusions, but which did affect the way in which the program

was carried on, is-that a great deal of significant technical information and
technical stimulation is transmitted by personal contact and word of mouth.
Documents are not remembered as sources of information or of stimulation,
but rather as backups and references to be used after-an initial basis of under-
standing has been established by personal contact.

5, Cheécklist.of Standard Environment Questions

In -the end, we were unable to-agree upon an-exhaustive list of environ-

‘ment features with enough content to-permitus to deduce conclusions of the kind

we sought, Instead, we organized a body-of hypotheses, broadly resembling
the findings reported in Section I, and attempted to determine the informa-

‘tion necessary to show that our picture of the environment of an-RXD Event was

consijstent or inconsistent with the particular hypothesis. We elected to describe

this scope in‘terms of eight sets of typical questions, concerned with:

‘Timing, with. respect to the state-of science and
technology, to-the development cycle of the system.in.
which- it was used, and to other related scientific and -
technical activity.

“\{7-40
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Personnel involved in various imiportant phases of con-
ception, approval, professional work, and presentation of
results,

Motivation.

Atmosphere, including many formal and informal
organizational features cf the environment.

Financing, inciuding both nominal and actual means
for acquiring and allocating resources,

The idea, including its relation to contemporary
streams of thought,

Transition, aimed at discovering how the RXD
Event came to be used in a weapon sysiem.

Research and exploratory development management,
a general category for the inclusion-of information outside
the scope cf the other categories, particularly specific
suggestions for the improvement of research and explora-
tory development management made by respondents when
they learned the purpose of our study.

Appendix D contains the Standard Environment Questions, as actu-
ally distributed to the staff, It is accompanied by a brief covering memorandum
which states how this list of questions is intended to be used. This memorandum
is only a reminder, for the staff members who undertook responsibility for sum-
marizing the environment information spent many hours together in a series of
confereacss, drafting and redrafting sets of questions, exploring the consequences

-of various formulations, trying them out on a few specific RXD Events, and sug-

gesting fuxther refinements., Thus the list of environment questions and the
instructions represent, for the people who used it, a tangible reminder of a
considerable group.effort, It is not.expected that it would mean the same thing
to a person who did not participate in these conferences,

There was no formal routine for using these questions., They were
never posed directly to respondents. Freely structured interviews were used,
carried on permissively, with criticism avoided. The interviewer carefully
avoided evaluating the respondent, the environment, or the data while carrying

on the interview. Where the data did not fit the character of the questions, the

form of the-questions was abandoned and data was accumulated in whatever form
the respondent was able to talk about it. Respondents were assured that their
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confidences would be respected. Where later evaluation suggested that the data
were incomplete, doubtful points were clarified by follow -up visits, phone calls, .

-and other means. In most cases, after a satisfactery interview was carried out,

the interviewer was able to give an unequivocal answer to most of the questions
in this list, or to formulate a question which educed comparable information, or .
stated that the question did:not-apply in the case at hand.

We, nevertheless, believe the data to be valid for a number of reasons.
First, a personal relation of trust is established between the interviewer and the
respondent. People know how to withhold information, and the various conver-
sational gambits which are used when they are doing so are easily recognized
by experienced interviewers., However, when tlie respondents do undertake to
confide, most of what they say is likely to be sincere. Secondly, the-datx are
highly redundant; fifteen interviewers have talked to several hundred respondents,
and their impressions have been consistent. Third, the data tend to confirm
the personal experience of the interviewers and other ADL staff members who
have had recent experience as-consultants in problems of research and explora-
tory development management. Finally, the results are consistent with the
conclusions recently drawn by other investigators, particularly those described
in Section V- C. )

As the-data in tae study involving the Standard Environment questions
were reduced, a number of specific hypotheses were framed in the form of
tentative conclusions. The data were then re-examined to sce if they supported
the hypotheses in the particular form in which they were worded. In a large
number of instances, we were led to frame additional specific questions. about
each-event. These questions were answered-by our staff members on the basis
of information in their notes and in their memories, usually without recourse
to our respondents or to new sources. They reflect the judgment of our inter-
viewers, but may be based on information from several sources. These ques-
tions and the answers to them are displayed in Appendix E, The answers are
explained-in two ways. First, Table E -1 shows a coded machine computer
print-out of answers to each question and each event. In order to protect the
interests of our sources, the identity of the individual RXD Event is not given.
However, each horizontal line is a consistent set of answers for one particular
RXD Event. Figure E-2 shows the distribution of answers to each question,
first for 11 R Events, then 52 XD Events, and finally for the total population
of 63 Events, Most of the-quantitative statements in Section II are based on
these gpecific environmental questions.
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APPENDIX A

(Excerpt from the work statement to which this study is responding)

SCOPE OF WORK

The primary objective of this study is:to discover relations between
the environment in which research and exploratory development projects are
carried out, and the extent to which the results of these projects are subsequently
exploited in operaticnal weapons systems. Arthur D. Little, Inc., will find these
relations by tracing the development history of a selection of operational weapon
systems hack to key ideas; examining the technical, organizational, and fiscal
environment in which the key ideas were generated; and comparing this environ-

‘ment with the general environment in which research and development was car -

ried out at-that time. Arthur D. Little, Inc., will test hypotheses based on
observed differences by examining further case histories, until satisfactory
agreement between hypotheses and observations is achieved.

Another objective of this study is to gather and systematically disyilay
data uncovered in pursuing the primary-objective which may be useful in further
studies augmenting the present study: or otherwise related to it in subject matter,
which the Department of Defense may cause to be carried out. Arthur D. Little,
Inc., will document its work toward the primary objective and simultaneously
achieve the other objective by submitting a: final report, regular monthly letter
reports, and copies of working documents, and by discussion with representa-
tives of the .government as described below under the heading REPORTS.

The approach to this investigation will follow generally that suggested
under STATEMENT OF THE PROBLEM AND METHOD.OF APPROACH below.
It is recognized, however, that *he research methodology basic to this under-
taking has not previously been-established. Therefore, the method of approach
to this investigation, the selection of systems, sequence of steps, and the dis-
tribution of emphasis and effort on specific aspects of this investigation may be
changed from time to time at the request of the Department of Defense Project
Director or upon the request and recommendation of the contractor, subject to
mutual agreement on the alternate course of work to-be undertaken.

STATEMENT OF THE PROBLEM.AND METHOD OF APPROACH

The Department of Defense has spent many billions of dollars in the
last i0or 15 years on research and exploratory development. The results of
these 1i:search and exploratory development efforts were thereafter available
to the disigners: and developers of weapons systems and other operational equip~
ment. -Some research and exploratory development results have been used in

QActhur-D.Xittle Ine.
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weapons systems, some have not. Among those wiiich have been used, some

are crucially important technological resources- without which the stream of
development could not have continued, others were desirable but not essential
alternates-to other available resources. Those research and exploratory develop-
ment projects whose results have been used we shall call utilized, and those
whose results -have not been used we shall call unutilized. The quality of being
utilized - is one measure of the value of research and development.

Certain-environmental factors can be selected or controlled by the
Defense Department when research and exploratory development is procured.
By manipulating these factors, the Defense Department might be able to influence
the degree of subsequent utilization of the resuits.

The central problem of this study is to discover relations between the
technical, organizational and fiscal environment surrounding research and ex-
ploratory development projects and the degiee towhich results of these projects
are subsequently utilized. Particular attention will be paid to finding environ-
mental patterns associated with successfully utilized research and development,
and to finding relations which might allow-the Defense Department purposefully
to influence potential utilization by selecting or controlling environmental factosis.

Arthur D. Little, Inc., will begin by choosing one or more operational
weapon systems, and tracing the history of their development back in time,
identifying the key ideas whose introduction made the development possible.

The key ideas are those ideas without which the system concept could
not have been generated, or without which it could not have been executed, or
without which the final operational embodiment of the system would have to be
substantially different. It is expected that, after a few instances are studied,
there will be general agreement about what constitutes a key idea for the purpose
of this study. If not, it will be necessary to agree-ujon a compromise for the.
sake of uniformity.

Arthur D. Little, Inc., will then trace the key ideas.back to their
sources. in research and exploratory development and will study and describe the
‘patterns of-organizational, technical, and fiscal environment in which the key
ideas were generated.. These-sources will be found by looking at-technical and
contract documents generated-during latcr phases of development and by talking
to key investigators and appropriate management personnel who participate in
various: developmental phases.. ‘

The investigation:-shall include the technological description of each
key idea as well as the full-description and interpretation of the environment
associated with each, including but not necessarily restricted to the circum-~
stances of initiating, planning, contracting, fincancially supporting, organiziny,
staffing, controlling, evaluating, and utilizing the results of each key idea.
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At the same time, Arthur D. Little, Inc., will study the environmental
patterns of asample of rescarch and exploratory developments projects supported
by the Department of Defense, which is unbiased with respect to .utilization of
results. When these patterns are compared, we expect to see differences.
From these differences, we shall formulate hypotheses about the relationship of
environmental factors to degree of utilization.

It is.desirable to seek hypotheses based on envirenmental factors
which have some predictive value, that is, onfeatures of the environment which.
can be measured at or before the-time that research and development is carried
out, and well in advance of the time when the utilization of results can be deter-
mined unequivocally. It is also desirable to focus attention on those factors
which could be selected or controlled by the Department of Defense. .

It is probable that the amount of data available from the case histories . ‘

of the initial sample will be insufficient for a valid test of the hypotheses.

Therefore, more case histories will be studied. Arthur D. Little, Inc., will
carry-on a-continuous refinement-both of the amount of data sought and the

-details-of the hypotheses, until satisfactory agreement between-observations and

hypotheses is achieved.
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APPENDIX B
1
! RXD ZVENT DESCRIPTION
g .
3& (Outline for-use-in guiding field -work and reporting status.
' . The outline should be followed as closely as practicable;
P where specific informaticn is lacking or must be qualified,
the-corresponding -item of the outline should-explain such-
: limitation or be left blank; item 14 is-intended for miscel -
laneous comments or information not appropriate-else-
g where in-the outline.)
i
I 1L Tine
e
5%& A short descriptive title identifying the activity (e.g., development, demon-
o stration, investigation, study, etc.) which culminated in understanding of
: phenomena, demonstration of principles, or specific embodiment of princi -
? A ples (e.g., technique, device, material, etcs).
Note: An RXD event is céuceived here as corresponding to a period
of technical activity with a well-defined end point (e.g., the
e preparation of a report, presentation of a-technical paper at a
o professional society meeting, patent disclosure, -demonstration
; : of a: working model, etc.). Typically, a creative.or innovatijve
g act.is involved. Care should be taken to avoid: (1) inclusio:‘; of
normal engineering activity within the contemporary state-of-
I the-art, (2) lumping a number of RXD events into an ill-defined
i< class of such activity, and (3) confusing manufactured hardware
with RXD events.
\% 2. Weapon System
w3 _
V3 Name, -including the standard nomenclature and the common name, if needed,
ﬁi for easy identification. (The térm "weapon system" refers to entries in the
i é Weapons Dictionary of'the Secretary of Defense.)
P - L
3

3. §_1Lb'szstem

Reference to an analysis of the weapon system into immediate and separately
identifiable constituentgs, arbitrarily adopted as stancard for the purposes of
this study. - -

] - 7
O S L AR st

>

i v o
T e

M
L -
+ oot et e

Mote: For this.purpose, over-all System Concept, Aerodynamic Con-

\ o4 figuration, etc.,will be treated.as subsystems where -considered
b appropriate.
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6.

7.

‘ 8.

Element

Reference to an analysis of the subsystem into immediate and separately
identifiable components, considered as involving RXD events.

Note: For this purpose,. the Subsystem Concept, or the subsystem
itself, as defined above, will be treated as an-element where
considered appropriate.

Technical Significance

a. A brief paragraph describing as concisely as possible the important
technical content of this event, followed by more detailed paragraphs
describing the technical content of the RXD event, including its origins,
the technical activity, and the outcome,. specifying where possibie the
resulting materials, techniq\ues, publications, patents, etc.

b. A brief statement of the relationship of the-RXD. event, described in
5a, to the contemporary status-of science and-technology (e.g., the
first ‘example of:the application.of existing principles or techniques
to pexform a function, -etc.). '

.c. A brief statement describing the relationship of the RXD -event to the
system-or subsystem performance or to the succeeding related appli-
cidtion in the chain connecting it to the system in-question:,

‘Type of RXD Event

A short statement clarif‘y‘vi’ng the generic nature of the event:. e.g., scientific
research, exploratory materials development, manufacturing process devel-
opment, patented:invention resulting from design engineering, etc. The
purpose of this- statement is to-assist in classification of RXD.

Key Personnel

The names of’the individuals having a significant role in the RXD-event with
a brief description of their role and of their background and experience.
Such individuals may be employed in-the organization where the RXD was
performed, in a-Government project office or laboratory, or elsewhere.

Date-of ‘Event

5. 'The yearin which the specific RXD event activity terminated (seel
above). A more detailed specification of date should be included when-
available.

Qethue-D. Aittle. ne.
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b. A starting date, approximate -ov estimated-if necessary, consistent with
the interface activity preceding the RXD event, described in. 13 below,
should- be indicated. These initial and final dates should also .be-consist-
ent with-the financial descriptions of item 12.

¢ 9. Duration

The approximate length(s) of time covered by the specific technical activity
having the termination in 8 above.

10. Orxrganization
The names of:

a-. -the institutions,

the organizational subdivisions, and

c. the specific organizational components or project groups within which
the' RXD. event was. either performed or conceived, or where significant
supervisory or other related decision-making occurred.

a brief description of the organization including the interrelationships
among a, b, and ¢ and/or any special features of c that help to clatify
the nature of the organization.
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Note: Organizations other than that where the RXD event was per-
formed (e.g., a Government project office or laboratory) may
have played an important part in the RXD event and .should also
be identified where appropriate.

11. Organization Type

The generic types.of organization corresponding to 10-above. This should
contain sufficient descriptive material to clarify fully the types of organiza-
tion-and organizational subdivision in question: e.g., industrial (profit) -
corporate - research laboratory, industrial (profit). - operating division -
design engineering organization, university operated Department-of Defense
research laboratery, etc. The purpose of this paragraph (see also 6 above)
is to assist in the classification-of organization types.

12 Financial Support

Specific iriformation on: (

a. The source(s) of funds. This should include information both concern-
ing the internal accounting treatment of ttie funds-used and-the ultimate
sources of funds. Where the work is sfionsored by-the Government or

other sources external to the organization- (1G above) specific contract
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13.

14,

or subcontract numbers should be identified where possible. Where

the decision is made by the organization (10 above) to initiate the activity
represented by the RXD event, the way in which the costs are recovered
or treated should be clarified (e.g., the expression "company funds"
should refer only to the non-recovered expenditure of a company's earned
surplus; where subsequent recovery-in the sale of products or in negoti-
ated overhead on-government contracts is involved, it should be 30
¢rated).

“*e time duration of each souxce of funds.
The total cost corresponding to each source of funds. If the source

supported more than the RXD. event in question, give an estimate, if
necessary, of‘tiie portion attributable to the event. In general, esti-

‘mates +-.ould be given where specific cost data is either unavailable or

withheld.

Note: Cost information should be given in terms of total (i.e., fully
burdened) cost and such estimates should be formed, where
possible, if the accounting practice of the performing organiza-
tion differs:in this respect.

a.

‘System Interface Activiﬁy'

Information concerning the way-in which the RXD event was utilized,

that is, the steps by which it was incorporated.either in subsequent,

related RXD events or systems or in 2, 3, or 4 above. Wherever
possible, specific events should be identified: e.g., the preparation
of a proposzl, etc.

Information concerning prior RXD events, system activity, or incidents
which contributed to, influenced, or provided a motivation for the RXD
in question. In particular, where Government sponsorship of the RXD
workis involved, identify whether the technical initiative resided in

the performing organization, the-Government, or elsewhere.

RXD Event Circumstances

Miscellaneovs information relating to-the RXD event but not elsewhere classi-

fied. Management environmental information:may be recorded here. Wher-

ever, because-of the nature of the RXD event, it is-possibleto demonstrate
a relationship between the cost of the RXD event and the cost savings to the
Government of either the final weapon systems or specific delivered-hard-
ware, ‘this information should be-identified and reported here.

Arthur D Little, Ine..




. 15. Sources
Documents, persons interviewed;etc.
At the bottom. of the first page the author's name at the left hand side and
N the date of issue at the right hand side.
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1:XD- EVENT DESCRIPTION NO. 20

1. TITLE
Development of pyrolytic graphiié

2. WEAPON SYSTEM

Polaris
Minuteman

3. SUBSYSTEM

Propulsiorr

4. ELEMENT

Nozzle Throat Inserts

o ‘
=En

5. TECHNICAL SIGNIFICANCE

a. Origin, technical activity, and outcome - This event consists of the
development of techniques for the preparation of sound thick sections of highly
oriented pyrolytic graphite.

Pyrolytic graphite was known in the nineteenth century, in the form of a hard
carbon product of carbon-producing furnace operations, and Edison considered
it as a lamp-filament material. In 1952, it was studied in England as a coating
for graphite material of construction for the gas cooled nuclear reactor, but
was given 1p because of unsolved structural deficiencies. In 1956, a materials
research group at Raytheon Corp. began work with the material because of its
potential as a low permeability coating for the porous bulk graphite to be used
in the Raytheon concept of a liquid -metal -fueled, gas-cooled nuclear reactor.

In the prior work, hard carbon was deposited onto resistance -heated graphiteé
rods. by decomposition of hydrocarbons at the rod surface; the hard carbon prod-
-uct was subjected to excessive internal stresses, because of changing tempera-
tures due to the thermal insulating effect of the growing deposit. The Raytheon
group, however, was concerned with coating shapes witi cylindrical cavities,
and studied the deposition of the carbon on the interior of hollow cyl¢nders,
rather than as an external coating.

The deposition parameters investigated were temperature, furnace design,
hydrocarbon feed compound, and gas flow rates. It was found that a furnace

B. Bovarnick B-6 1 April 1965
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design having a hot wall at uniform temperature was required, so that the =
furnace hot zone would approach a black body cavity with uniform temperature ;
distribution. With the furnace hot zone at temperatures of 3500°F to 4500°F. ‘
specimen shapes could be coated uniform!ly by thermal decomposition of methane.
The sensitivity of the methane to premature decomposition, when exposed to inter-
mediate temperatures, was recognized and overcome by cooling the supply tube
into the furnace interior. The tendency of the feed stream to be depleted of
carbon in the vicinity of the supply tube exit was avoided by injecting the gas at
high velocity, thus distributing carbon-rich gas along the entire length of the «
deposition region. With the gradual optimization of these conditions, structur-
ally sound monolithic sections of pyrolytic graphite of moderate thickness could

be grown by deposition from the vapor phase thermal decomposition of methane. ~§

The examination of specimens showed that the material was deposited as an
assembly of graphitic crystallites, with a very high degree of orientation paral-
lel to the surface of deposition. The deposited material had very low permea-
bility normal to'the surface, very high thermal and electrical conductivities
parallel to the surface and low thermal and electrical conductivity normal to the
surface. These results were brought to the attention of SPO in early 1958. The
material was considered to have potential for re-entry as well as for propulsion
components.

b. Relationship to contemporary science and technology - The RXD event
demonstrated the fersibility of preparing pyrolytic graphite in the size range of
interest for functional shapes. Although properties of potential interest were
demonstrated, the earlier methods of preparation failed to produce a material
free of structural faults --cracks and delamination--in modest sized pieces..
This RXD event, which permitted the manufacture of test material and functional
shapes was the successful development of a process fur the deposition of sound
highly oriented graphite by high temperature pyrolysis of gaseous hydrocarbons.
The development included the principles for design of a furnace, delineation of:
the process parameters of temperature and gas flow rates, and development of
auxiliary fixtures, all of which were advances beyond the prior state of the axt
and necessary to the accomplishment of the RXD event.

c. Relationship-to succeeding development or to system perxformance -
The initial importance of pyrolytic graphite to the propulsion subsystem was that
its high surface-parallel thermai conductivity and low surface-normal conduc-
tivity was its potential for reducing the nozzle insulation problem substantially.
‘Early prototype tests with small moderate -temperature rocket motors showed
very promising behavior.

6. TYPE OF RXD EVENT

‘Exploratory development of a process whose product was not fully characterized.

Aethue D.Wittle dne.
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7. KEY PERSONNEL

E. Keon, Chemist, Reactor Materials Development, Chief, Materials Section,
Raytheon Nuclear Power Group
D. Keegan, Mechanical Engineer, Thermal Analysis.
{ Dr. D. Schiff*, Physicist, Reactor Physics
! R. Russel, Chemical Engineer, Reactor Materials ‘Bevelopment

These people were all members of the Raytheon Nuclear Power :Group and had
previously worked together on.the Canel Project. They subsequently left Raytheon
and set up an independent company to manufacture pyrolytic graphite shapes.

8. 'DATE OF EVENT

ay,

a. Termination - 1957

b. Initiation - 1956

9. DURATION

1 year to initial accomplishment, with continued-development effort for-a second
“vear. :

10. ORGANIZATION

a. Institution -:Raytheon Company

b. Subdivision - Research Division, Nuclear Power Group
-c. Group (s) - Materials Section

d. Description - The Nuclear Power Group at Raytheon had been set:up to
exploit the feasibility of the liquid metal-gas cooled reactor and was housed in
the Research Division for convenience. The Materials Section was a closely.
knit segment of the Nuclear‘Power Group with very high internal esprit-de coxps.
There was little interaction of the Section with the rest of the Research Division.

11. ORGANIZATION TYPE

Company owned and-operated basic research and development division housing
occasional entrepreneurial groups such as the Nuclear Power Group.

*Biography, American-Men of Science

Arthur D:3ittle, Inc.
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12. FINANCIAL SUPPORT

4. Source - Raytheon Company. Funds available from a negotiated over -
head allowance for research and development in company's production contracts
with DOD-were not recoverable for the-effort in the Nuclear Power Group.

b. Duration - General 3-year plan, on an "as required" basis without
formal allocation..

c. Amount - Specific determination of funds not available. Funding esti-
mated from manpower of four professionals and two-three technicians to be
about $150, 000.

13. SYSTEM INTERFACE ACTIVITY

a. With contemporary and succeeding activity - Development of the prop-
erties continued under company support. The accomplishment brought to the
attention of the.Special Projects Office early in 1958, following the industry-wide
solicitation of late 1957, was funded by the Re-entry Section. Because of its.un-
usual thermal properties, the pyrolytic graphite appeared to have exceptional
promise tc resolve the thermal protection problem of the re-entry vehicle.

The fundir  -also covered the preparation of test nozzles. These were found to
be effective under test with solid propellants. The process-development was
then expanded-and aimed, among other areas, at preparation of nozzles for the
Polaris. When successfully accomplished, the know-how was also.directly ap-
plied to the manufacture of nozzle components for the Minuteman.

b. With previcus activity - The motivation for-this RXD event was inde-
pendent of any weapr 1 system activity, but was-derived from the requirements
of the liquid metal fueled, gas-cooled nuclear reactor. A tentative Raytheon
conceptual design for such a reactor required that graphite be a major material
of construction and that the graphite be impermeable to the diffusion of the cool-
ant.gas. After the earlier work in England and general knowiedge of hard car-
bons, the effort was undertaken to prepare an impervious coating on graphite
by.gas -phase thermal decomposition-of hydrocarbons. While the material was
found to be essentially impervious-to the passage of helium, its mechanical and

thermal properties were unique, and it was brought to the attention of the Spe-

cial Projects Office as a thermal protection mateirial. It was at the Govern-
ment's request that the process developmeént was extended to the nozzle con-

figuration. , .

B-9-
Qerhur D Xittle, Inc.
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14. RXD EVENT CIRCUMSTANCES

The management environment surrounding this. event would be classed as per-
missive as-opposed-to authoritative. This management philosophy was promul-
‘gated by Dr.. I, Getting, then Director of Research and currently President of
Aerospace Corporation, who believed that the -scientific and project staffs should
have a free hand. Budgetary controls and formal paperwork were almost non-
existent. These attitudes extended down from project leaders to working groups.

15. SOURCES

Interview with H.F. Boyd of the administrative staff of Raytheor Corp., Research
Division. (Boyd probably has title of Assistant Director of Division.)

B-10
Arthur B ULittle, Inc.
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APPENDIX.C

TABULATION. OF RXD EVENTS

The following list contains some abbreviated information-about each
RXD Event identified in this study, and a short description of the technical con-
tent of the Event. The meaning of the various abbreviations is illustrated as
follows, using the:first Event as an example.

No. 1(XD) Development of composite solid propellants
Bastress ’ ‘

This event consisted of the development in 1942 of a new
solid propellant for rocket motors, made of potassium per -
chlorate mixed with molten asphalt, which would harden into a
tough solid upon cooling, and which could be cast into a solid
grain of any desired-shape.

1941-42 GAL/CIT Minuteman, Polaris,

Mark 46, Sergeant

NO. 1

This is a serial number designation for identification purposes culy.
The numbers are-not consecutive for serial numbers have been allocated to pre-
sumptive RXD-Events which were later rejected because they failed to meet
various standards.

XD

"R" designates Research; "XD" designates Exploratory Development;
"AD" designates Advanced Development (and "I" designates Invention).

BASTRESS.

The last name of the author(s) published as a source for further in-
formation about this Event Description.

DEVELOPMENT OF COMPOSITE SOLID PROPELLANTS

The title of the Event.

1941-42
This Event-was initiated-in- 1941 and ended in 1942.

Quthur D Xittle, Ine.
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-GAL/CIT

This Event was. done at the Guggenheim Aeronautical Laboratory at
the California Institute of Technology. Those abbreviations whose meaning may
be.oscure are identified below.

MINUTEMAN, ‘POLARIS, MARK 46, SERGEANT

The outcome of this Event or some consequence-of iits use was found
by us to be utilized- in the Minuteman, Polaris, Mark 46, and Sergeant weapon

Laboratory
Allegheny Ballistics Laboratory

Appliid Physics Laboratory/
Johns Hopkins

Applied Physics Laboratery/
University of Washingtor; -

Bell Telephone Laboratories

Bureau of Ordnance

-California Institute of Technology

David Taylor Model Basin.

Guggenheim Aeronautical Laboratory/
California Institute of Technology

General Electric
Jet Propulsion Laboratory
Naval Air Missile Test Center

Naval Ordnance Laboratory

Naval Ordnance Test Station

North- American Aviation

Pennsylvania State University/
Ordnance Research Laboratory

C-2

Abbreviation
ABL

APL/Johns Hopkins
APL/U. of Wash.

BTL
BuQrd
CiT
DTMB

GAL/CIT

GE
JPL
NAMTC
NOL
NOTS
NAA

‘ORL

Avthur D Aistle Yne,
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No. 2 (XD)
Bastress

No. 3 (XD).

Bastress

No. 4 (XD)
Bastress

No. 5 (XD)

Gallagher

No. 7 (XD)
Bastress

*Application of thermosetting polymers to composite solid propellants

This event consisted of the development of an improved solid
-propellant, using a polysulfide resin as a fuel-binder.

1945-47 JPL Minuteman, Polaris.

Mark 46. Sergeant

*Conception of case-bonded. radial-burning-solid propellant
rocket motor

This event consisted of an exploratory development of a new
concept in solid propellant rocket motor design.

1946-48 JPL Polaris. Sergeant,
Minuteman

Development of -castable, double-base propellants

This event consisted of the development of castable, double-
‘base propellants for use in large, long-duration thrust units.

1944 -45 Carnegie-ABL Minuteman, Polaris
(A-2 & 3)

*Development -of fluid injection for thrust vector control

This event consisted of the successful application of siicck
wave theory-to flight control of a vehicle propelled by-a. jet or
rocket-engine, and demonstrated that a secondary jet of fluid
directed into the main stream of engine exhaust gases would in-
duce a shock wave in the nozzle. divertingithe thrust vector to
an extent greater than that provided:by the secondary reactisn:
thrust alone.

1948-51 United Aircraft Minuteman (WS -133)
‘Polaris (A-3)

Development .of polybutadiene fuel -bingler

This event consisted of the laboratory development of a new
‘polymer material to replace those in current use as fuel-binders
in composite solid-propellants.

1952-54 Thiokol/ Minuteman-
-Redstone

The 63 RXD Events or. which the environment studies-are based are indicated

‘with an asterisk®.

JAethur D.Wittle Fnc,
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No. 8:(XD)
Bastress

No. 9 (XD)
Bastress

No. 10(XD)
Bastress

No. 11 (XD)
Bastress

No. 12 (XD)
Bastress

No. 13
(I & XD)
Bastress

*Development of polyurethane fuel-binder

This event consisted: of an intensive -investigation of polymeric
materials for use as fuel-binders in solid rocket propellants.

1954-55 Aerojet-General Polaris, Minuteman

*Use of aluminum to increase the specific impulse-of solid propellants

This event consisted of a combined theoretical and experimental
investigation of the effectiveness of metal fuels in increasing the
specific impulse of composite solid propellants.

1954-56 Atlantic

Reseaxch Corp.

Minuteman, Polaris

*Aluminum additive for control of combustion instability in solid
-propellant rockets - ’ *

This event consisted. of the recognition and experimental
verification of the utility of adding aluminum powder to rocket
propellants to-control combustion instability.

1955-56 Rohm & Haas Minuteman, Polaris

*Development of composite-modified double-base propellants

This.event consists of the development of a new class of
propellants-combining characteristics of two-previously used
classes: composite and double-base propellants.

1957-58 Polaris (A-3 & 3)
Minuteman

Hercules

*Conception and demonstration of the pyrogen igniter

This event consisted of the conception of a new approach to
the design of igniters for solid propellant rocket motors, and-an
experimental investigation of the concept.

1955-56 Thiokol/
‘Redstone

Polaris (A-2 & 3)
Minuteman

*Exploratory development of thrust reversal methods for solid

propellant rocket motors

This event consisted-of an analysis of a means-for providing
thrust reversal capability for a solid propellant rocket, and an
experimental demonstration of the validity of the concept.

1955-56 Thiokol/
Redstone

Polaris, Minuteman

C-4
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No. 14
(1 & XD)
Bastress

Concention and demonstration of thrust vector control (TVC) by

mechanical spoilers ( Jetevators)

This event consisted of the conception and demonstration of
the use of mechanical spoilers for controlling the direction of
thrust in a solid propellant rocket.

1951-56 NAMTC Polariz (A-1 & 2)

No. 15 (XD) *Development of swiveled nozzle fox thrust vector .control (TVC)

Bastress

No. 16
(1 & XD)
Bastress

No. 17 (XD)
Bastress

No. 19 (XD)
Bovarnick

No. 20 (XD)

Bovarnick

This: event consisted of a program of exploratory nozzle de-
velopment with the objective of developing a rocket nczzle with
a swiveled exit section.

1955-57 Thiokol/Redstone Minuteman

*Ccnceptxon of canted rotatable nozzle for thrust vector control (TVC)

This event consisted of the conception and design study of a
novel approach to thrust vector control in solid propellant rockets.

1958-58 APL/Johns ‘Hopkins Polaris-(n-2:& 3)

*Development of nitroplasticized polyurethzane composite propellant

This event consisted of an exploratory development effort to
produce a solid.propellant with- improved performance and physical
chiaracteristics over those of propellants used in Polaris A-1.

1956-61 Aerojet-Generdl Polaris (A-3)

Development of consumable electrode vacuum arc meltmg process
for forgeable refractory metals.

This RXD .event was the exploratory -development of the con-
sumable electrode vacuum arc meltmg process for casting a forge-

‘Minllteman, Polaris

1943-44 -Climax Molybdenum

*Developmernt of pyrolytic graphite

“This-event consists-of the development of techniques for the
preparation of sound thick sections-of highly oriented pyrolytic
graphite..

1956-57 Polaris, Minuteman

Raytheon

C-5
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No 21 (XD) *Invention of composite silver infiltrated porous tungsten rocket
Bovarnick nozzle ‘

This‘RXD event consisted of the invention of the concept that
a tungsten rocket nozzle could be protected against degradation
due to rocket exhaust gases, by impregnating norous tungsten with
a fusible material. which would vaporize and carry away thermal
energy in excess ot tolerance limits for stability and integrity of
the tungsten.

1959-60 AVCO/Wilmington Polaris (A-3, Stage 1)

No. 22 (XD) *Conception and development of filament-wound cases for sclid
Bastress propellant rockets :

This event consisted of the conception of 4 new approach to
the fabrication of rocket motor cases, and the experimental in-
vestigation of that concept.

1947-49 Kellogg Minuteman; Polaris

; (A-2 & 3)

3 No. 23 (XD) *Developrhent and analysis of filament-wound closed-end pressure
: Bovarnick  vessel o o '

This event consisted of the development of the analytical ap-
plied mechanics of the behavior of filament-wound reinforced
plastic closed-end pressure vessels.

1952-55 Young-Development Minuteman, Polaris
Labs.

No. 24 (AD *Development of reliable integrated circuits

or possibly This event consisted of the development of integrated circuits

’ ;;53 ber with technical characteristics and reliability sufficient to in-
enberg corporate them in the guidance computer of the Minuteman weapons
system.
1952 -64 Texas Instruments Minuteman

“No. 25(R) *Development of high temperature shock tube
Bovarnick X L o

This RXD:event consisted of ‘experimental research, culmi-
nating in the development of the high temperature shock tube, a
device for producing a controlled high velocity gas stream at ultra-
‘ high temperatures.

1949-50 Cornell U. Minuteman

atthttr—mzlitflc.ilnr.,
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No. 26 (R) *Identification of transition between laminar and turbulent flow on
Bovarnick blunt-nose body in high-speed air streams ‘ B

“"his RXD event consists of the experimental finding that in
an air stream at high velocity incident upon a blunt-nose body,
the flow pattern undergoes a transition from laminar to turbulent
at much lower Reynolds numbers than previously predicted.

1955-56 AVCO/Everett Minuteman

b

No. 27(XD) *Recognition of the inadequacy of heat sink for re-entry
Bovarnick I ' ! -

This RXD event was the experimental recognition- of the in-
adequacy of the high conductivity copper ‘heat sink for thermal
protection of the re-entry vehicle.

1955-55 AVCO/Everett Minuteman

No. 28 (XD) *Prediction and ablative behavior and flight test of quartz heat shield

: varnick . . o . .
k Bovarn This :RXD event consisted of predicting the ablative behavior

of a quartz heat shield-under the conditions of atmospheric re-
entry, and ve:ifying those predictions with an actual flight test.

1957-59 AVGO/Everett Minuteman

To. 3Q (XD) *Discovery of the princip’e of ablative cooling.
Bovarnick ’ ‘

——

This event consisted of the .discovery of ablative cooling as
a means of thermal protection.

1952-53 Redstone Arsenal: Minuteman, Polaris

No. 32 (XD) *Development of a-useful data processor using digital integrated
Rudenberg  circuits - ‘

‘ This event consists of the completion of a data processor

‘ computer (an arithmetic unit), usinga group of digital integrated
circuits performing logic and switching functions, each functional
element being on a single monolithic silicon wafer.

1958-61 Texas Instruments Minuteman.

No. 35 *Invention and development-of a shaped line explosive charge

(1 & XD) This event-consisted of the invention and-development of a
Freeman reliable explosive device for cleanly rupturing the mylar dia-
phiragm which seals the mouth of the Polaris launch tube.

P

1957-5% Stanford Research Polaris-(Fleet
Inst. ballistic. missile)
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No. 36 (XD) *Conception of bare-missile, air-ejected submerged launching
Freeman ‘ ’

This event consisted of the conception of bare-missile launch
for a large missile ejected from a submarine, and-exploratory

analytic work to identify technical problems requiring significant
experimentation or test.

1956-56 Lockheed Aircraft Polaris

No. 39 (XD) *Devzlopment of two-degree-of-freedom (free) gyroscopewith a
Heuchling spherical hydrodynamic gas bearing supporting the gyro wheel

This event-concerns the-development of a two-degree-of-
freedom (free) gyroscope in which the gyro wheel is supported in
-a spherical, hydrodynamically generated gas bearing. Thus,
hydrodynamic support in a single bearing was used to enhance
spin-axis bearing reliability, and to enrhance gyro accuracy by
minimizing gimbal-bearing friction..

1954 -56 NAA Minuteman
No. 40 *Concebtion and demonstration of integrated: semiconductor circuits
'(Io& i(bll) O;D) This event consists of the demonstration of the feasibility of
If){uiisenbzgg fabricating a complete electronic circuit, capable of performing

a- simple-circuit function, out of one piece of semiconductor
material, combining in this the functions of amplification, resis-
tance, capacitance and other component attributes by processing
all the equivalent elements for the complete circuit in-a mono-
lithic bar of -pure silicon.

1957-58 Texas Instruments Minuteman

No. 41 (XD} Development and flight test of the FEBE system

Heuchling This event consisted of exploratory system-development of a

non-radiating navigation and bombing-system, and of proving the
compatibility of a number of new components and subsystems by
incorporating them in a flyable model.

1946-49 MIT Instrumentation- Sergeant, Hound Dog,
Lab. Polaris, ‘Minuteman.
C-8
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a No. 42

3 (1 & XD-or
possibly XD)
Heuchling

Development of improved ballistic-missile-guidance system

This event concerns the conception and development by the
Germans at Peenemunde late in World War 1 of an inertial guid-
ance system for V-2 rockets, which anticipated the basic form
of the most advanced systems for ballistic missiles in use today.

1944-45 Peenemunde Sergeant, Polaris,

Minuteman

No. 43 (XD) *Development ¢f doppler enabler

Sykes/
Mazuy

No. 44 (AD)
3 Gallagher

RS
Sl

No. 45.
(I & XD or
possibly
- 1 & AD)
Gallagher

1
2y

Heuchling

‘This-event consisted of the development of a simple and ef-

fective circuit for correcting the frequency shift caused by the
forward motion of an active acoustic torpedo, thus permitting

the:use of a filter to remove reverberation.

1953 -54 NOTS Mark 46

Achievement of twilight astrotracker capability

This event consisted of the redesign of the tracking dynamics
of the KS-120 Astrotracker, to achieve substantially better twi-
light capability.

1957-60 Kollsman Hound Dog

*Development of raster -chopper and shutter -scanning system

This event consisted of the development of a means. for
evaluating the magnitude and-direction of tracking error perceived
by a star-seeking telescope, -and for converting the perceived.
error into correction data for input to the navigational computer .

1948-52 Kollsman Hound Dog

No. 47 (XD) *Development of disc memory for digital navigational computer

This event.concerns the developmen: of a compact, reliable,
low-capacity memory for the continuous, high-speed circulation
of digital data as appropriate in a digital differential analyzer.

1952-54 ‘NAA Hound Dog, Polaris,
Minuteman:
C-9.
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No. 48 (XD) *Development of pendulous integrating accelerometer
Heuchling ’ ' '

This event-involved the conception, design and feasibility
testing of a small, simple, and extremely precise integrating

accelerometer.
1954-57 NAA Hound Dog, Minuteman
Polaris (SINS)
No. 49 Development of gun sight incorporating a gyro as rate sensor and
(1 & XD) analog computer ) )

Keuchlin . .
' g This event concerns the conception and development of the

first gyroscopic lead-angle computing gun sight for shipboard:
anti-aircraft guns.

1940-41 MIT Instrumentation  Sergeant, Firund Dog,
Lab. Polaris

No. 50(XD) Development of the microsyn as a precise torque generator for
Heuchling application to computing gyroscopes

This event involves the conception-and-development of the
microsyn--a small, rotary, differential-reluctance, torque motor
capable of developing torques precisely relatsd to-excitation cur -
1ent.

1942-42 MIT Instrumentation  Sergeant, Hound Dog,
Lab. Polaris

No. 51{AD) Developmeat of digital readout and control of gyros, accelerometers.
Heuchling and platform gimbals ' o '

This event consisted of the -developnient of digital readout,
~ control, and driving circuits for gyros, accelerometers, and.
platform gimbals, using established principles and techniques to
solve the interface problems arising between a digital computer
and an analog inertial measuring and control system.

1954-57 NAA Autonetics Div. Hound Dog, Polaris,
Minuteman
No. 52 “*Development of the single-degree-of-freedom integrating rate
(I & XD) gyroscope S S S

Heuchling This event involved the invention, development and laboratory

-demonstration of the floated single-degree-of-freedom integrating
rate-gyroscope as a superior -inertial-sensor of angular motion.

1946-48 MIT Instrumentation  Sergeant, Hound Dog,
Lab. ‘Polaris

C-10
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No. 53 (AD) Adaptation.of pressure sensing device for use as engine power «
Gallagher control

This event consisted of the use of a standard safety device to
provide throttle control in a missile engine.

1958-58 NAA Hound Dog

No. 54 (AD *Development of digital differential analyzer for aircraft navigation
or possibly

This event consisted of the development of a digital differen-

XD) . tial analyzer having particular features of logical design, machine
Heuchliing . . crs s e i e .
organization, and input-output facilities to suit °t for use in an
aircraft navigator.
1953-57 NAA Autonetics Div. Hound Dog, Polaris,
Minuteman

No. 58 (AD) Development of the variable-position inlet diffuser
Gallagher ’ o ‘ '

This event involved the development of-a conical-shock (or
"spike") type of engine inlet diffuser suitable for use at both. ©
subsonic and supersonic-velocities, and marked the successful
embodiment of principles set forth by Ostwatisch and Ferri in.
the late 40's and early 50's.

1957-58 NAA Hound 'Dog

No. 59 (XD) *Development-of fuel antifreeze

This event consisted of the search for a material that would-
prevent icing in JP-4 fuel.

1959-59 Phillips Petroleum Hound Dog

No. 60 (XD) *Development of a reliable low-altitude radar-altimeter
‘Gallaghier ‘ N i ( '

This event consisted of 'tfxeudevelop‘ment of a radar altimeter
circuit that allowed highly reliable operation at low altitude in
a jet-engine environment.

1955-57 Emerson Hound Dog

s
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No. 61 (XD) *Development of the magretic suspension to replace jewel bearings.

‘Heuchling

on the gimbal axis of precise gyros

This event conzerns the discovery, analysis, parametric des-
cription, and development of an-electronically simple, electro-
magnetic radial and thrust bearing to support the gimbal of a
single-degree-of-freedom gyroscope, and thereby, to reduce

further the gyro drift which is caused by small uncertainty torques
in the gimbal bearings.

1953-59 MIT Instrumeriation Polaris
Lab.

No. 62 (XD) *Development of guidance concept based upon comnitation and

Heuchling

control of velocity to be gained

This event involves the conception, formulation, preliminary

design and analytical evaluation-of an improved inertial guidance
system for ballistic missiles.

1953 -55 MIT Instrumentation  Polaris
Lab.

No. 63 (XD) *Development of hydrodynamically generated gas journal and

Heuchling

No. 65 (XD)-

Stuart

No. 66 (XD)

Stuart

thrust bearings for gyros

This event concerns the development and application of hydro-
dynamically generated gas journal and thiust bearings for the
gyro wheel of single-degree-of-freedom gyroscopes.

1954-56 NAA Polaris

Development of missile thrust control. method

This RXD event consisted of the development of an uncom-
plicated and readily actuated but positive thrust control method
for the Sergeant missile solid propellant rocket motor .

1956-59 JPL Sergeant

Development of zero length nonvertical missile launch

This RXD event consisted of the conception of an-unconstrained,
nonvertical launch for a missile of substantial! size, and the experi-

‘mental and analytical exploratory -investigation required to deter-

mine a reasonably proportioned system and demonstrate -its feasi-
bility.

1957-59 JPL Sergeant
C-12
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No. 7I'(R)
‘Rudenberg

No. 75 (XD)
Stuart

No. 78 (XD)
Stuart

No. 80

*Development of epitaxial deposition-of semiconductor material

This event consists of the development of a method of adding
a thin layer of single crystal semiconducting material.to the sur-
face of a single crystal wafer.

1950-60

BTL

Minuteman

Development of propellant additives to inhibit gun tube erosion

This-event-consisted of a systematic evaluation of potential
propellant additives in relation to gun tube erosion, and resulted
in the identification of a-class of metallic oxides as useful.in-

hibitors-.

1954-58

Swedish -government

Development of autofrettage swaging

Howitzer

This RXD event consists of the development of a new means
for increasing the effective bursting strength of artillery gun

.tubes .
1956-59

*Classified

‘Watervliet Arsenal

Howitzer

No. 81 (XD) *Development of Revel Panel, transit time alignment compensation

Sykes,

‘Mazuy

This event consisted of the development of a- method for..com-
pensating for the loss in sensitivity of-an active acoustic torpedo
during the circling search mode by shifting the transmitting beam
to lead the receiving beam axis .

1956-58

NOTS

Mark 46

No. 82 (XD) *Development qf Revel Panel, reverberation filtration-

Sykes,
Mazuy

This event consisted of the measurement of the levels of
reverberation-that might be-experienced by an active acoustic
torpedo and the development of a suitable filter system for in-
creasing the signal-to-reverberation ratio of the Mark -46-0 tor -
pedo acoustic homing system .

1956-58

NOTS

C-13
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No. 83 (XD)
Svykes,
Mazuy

No. 84.(XD)
Sykes,
Mazuy

No. 86 (XD)

Klein

No. 87-(XD)
Klein

No. 88 (XD)
Klein

No. 92 (XD)
Klein

*Development of Revel Panel, recognition of noise-limited and
reverberation-limited conditions.

This event consisted of the development of a method for
continuously recognizing whether an active acoustic homing
torpedo was.self-noise or reverberation-limited and for sélecting
the target detection method suitable for the prevailing condition.

1956-58 NOTS Mark 46

*Development of Revel Panel, bilateral automatic gain control

This event consisted of the recognition of the fact that the
reverberation level for active acoustic torpedoes was not always
an exponential decay curve, and the design of a suitable gain
control system.

1958-59 NOTS Mazk, 46

*The design and demonstration of a low-cavitation propellor

This event-consists of the design and demonstration of a
high-speed, low cavitation-noise propellor.

1954-55 Penn. State U/ ‘Mark 46

ORL

‘Development of rational design criteria for counter-rotational
propellors - T .

This event consisted of the examination of the theory of
counter -rotational propellors and the development of rational
-design procedure.

1955-59 DTMB

Mark 46

*Development of hot-gas engine

“This event consisted of the development of a swash-plate
engine to be operated from bot gas generated by a monofuel.

1953 -56- Clevite Mark 46

*Development of an effective-and. reliable influence fuze for
acoustic torpedoes S ’

This event consisted of the development of a short-range in-
fluence fuze for achieving the reliable detonation of acoustic
‘homing torpedoes.

1954-55- APL/U.. of Wash. Mark 46
C-14
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No. 93.(XD) *Formulation of H-6 explosive

Raisheck

This event consisted of the systematic experimental study-of
-a ‘family-of high-expiosive mixtures to find the mixture having the
optimal air blast consistent with. castability and safety. require-
ments.

1950-51 NOL Mark 46

No. 94 (XD) *Optimization of RXD/TNT/A] mixture for maximum underwater

Raisbeck

No. 95 (XD)
Raisbeck

No. 96 (XD)
Heuchling

No. 97 (AD)
Heuchling

shock energy

This event consisted of systematic experimental measurement
of the underwater blast parameters of a family of high-explosive
mixtures.

1950-52 NOL Mark 46

Determination of most desirable compromise ameng shock and
bubble energies for an underwater explosive

This event consisted of systematic-theoretical and experi-
mental studies: of the relation between underwater explosive para-
‘meters and damage .

1956-57 NOL-DTMB Mark 46

Conception of the -84 -minute pendulum to-prevent vehicle hori-
zontal accelerations.from causing -spurious precession of a gyro-

compass .

This event-involves the conception, analytical justification, and
proposed mechanization of a means of preventing a marine gyro-
compass from experiencing transient disturbances in response

to horizontal accelerations. of the sort which arise during a change
in ship's course.

1906-23 Anschutz Hound Dog, Polaris

Development of an improved Marine-Stable Element (MAST)
utilizing post-World War II inertial component and system ideas

“This event concerns the application-of a recently developed
single-degree -of -freedom integrating rate gyroscope (RXD Event
Nn. 52), and:the platform stabilization-and north- and vertical-
tracking features under development for the Air Force (RXD Event
No. 41), to the Navy's long standing problem of providing a set of
stabilized reference:-coordinates for use in gun-laying-aboard ship.

1948-54 BuOrd Hound Dog, Polaris

C-15
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No. 98 (AD) Development of a ship's inertial navigation system (SINS)
Heuchling ‘

This. event-concerns the conception, development.and sea
tests-of the first experimental inertial navigation system for
shipboard and submarine end use.

1950 <1955 MIT Instrumentation Polaris
Lab.

No. 99:(AD) Development and flight test of the first all-inertial aircraft naviga-
Heuchling. tion sxéperﬁs. SPIRE {(Space, Inertial Reference Equipment)

This event concerns the conceptual design, development and-
flight test of the first all-inertial aircraft navigation system.

1949-53 MIT Instrumentation Polaris, Hound Dog
Lab.
No. 101 *Development of planar transistor process technology
guﬁﬁfﬂ?«iﬁ This event consists of the invention and exploratory develop-
‘werg ment of a process for making silicon transistors using photo-
lithography and diffusion, simpler and cheaper than earlier
methods, which led to transistors of extremely high reliability.
1957-58 Fairchild ‘Polaris, Minuteman,
Sergeant
No. 103 *Development of the Cytac long-range, precise, hyperbolic radio
(AD or navigation gyStém ‘ ‘
possibly XD) This:event involved tire conception, analysis, construction
Heuchling

and feasibility demonstration.of a low-frequency, long-range,
precise, hyperbolic radio navigation-system employing both
envelope and.carrier-phase matching for timing measurements-.

1953-54 Sperry Polaris

No. 106 (R) *Research on a solid-state amplifier (transistor)
Rudenberg o

This event consisted of research on solid-state physics o ob-
‘tain new knowledge of the functional properties of semiconducting
materials, which might be used in-the development of completely
new and improved components of communication systems-and which
led to-the discovery lof the:transistor.

1945-48 BTL Polaris, ‘Minuteman,
Sergeant, Hound-Dog

C-16-
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No. 107 (R) *Conception of transistor with bonded, alloyed .contacts
Rudenberg

This event consisted of the conception and demonstration of
methods-of constructing transistors-with bonded or alloyed con-
tracts having properties resembling those of point-contact or
junction transistors..

1948-48 BTL Sergeant, Polaris,
Minuteman, Hound Dog

No. 108 (R) *Development of method for growing high-purity single crystals
Rudenberg of germanium '

This event consisted. of the study of imperfections arising in
crystal-growing, and the selection and adaptation of a method of
crystal -growing to the point of producing large pure single-crystals
of germanium and silicons.

1948-50- BTL Hound Dog, Polaris.
Minuteman, Sergeant
No. 109- *Development of a germanium-transistor with alloyed indium.
(XD) junctions o . o
-3
Rustenberg This event consists of the development of a technique for the

preparation of a junction transistor without resorting to multiple
doping during crystal growing.

1951-51 GE ‘Hound Dog, Polaris;
Sergeant

No. 110 (R) *Demonstration of zone melting for purification of metalis

Rudenberg This event consists of the discovery and demonstration of a
P new, highly efficient method of fractional crystallization of mater-
! ials, called zone meiting or purification, where short transverse
molten zones of the metal are caused-to-move gradually through
the iength.of a sclid metal ingot bar, thereby sweeping most of
the impurities toward one end. .

1950-51 BTL Hound Dog, Minuteman
Polaris, Sergeant

No. 11I'(R) *Development of high-frequency PNIP transistors
Rudenberg This-event consists of the -analysis-of the limitations of high-
frequency transistors.-and their reduction-through the incorporation.
f an-additional, thin high-resistivity layer on the collector side
of a junction transistor.
1952-53 BTL Hound Dog, Minuteman,
Polaris, Sergeant

-C-17
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No. 112 *Development of silicon transisto.

,;XD) This event consists. of the development of a silicon transistor.
udenberg
1953-54 Texas Instruments Minuteman, Polaris.
Sergeant, Hound Dog
No. 113 *Development of ar. oxide masking process for delineating diffusion
(1.& XC) regions on silicon transistors
Rudenberg

This event consisted of the development of a method of laterally
delineating areas on.a silicon wafer for the diffusion of impurities,
thus providing simple patterns of doped semiconductor regions to
act as emitter or base areas in a transistor.

1.54-55 ‘BTL Minuteman, Polaris,

Sergeant

No. 114 (R) *Research on diffusion techniques for transistors
Rudenberg: ‘ -

This event consisted of research on-diffusion techniques in
semiconductor material suitable for transistors, particularly
silicon or germanium, which would avoid the undesirable side
effects encountered in earlier applications to transistor and- junc-
tion fabrication.

1950-56 BTL ‘Minuteman, Polaris,

Sergeant

No. 115 (R) *Development of thermo-compression bonding for  transistors
Rudenberg ' ) ] o

This event consists of the development of a method of making:
reliable concact to the small islands of metallized patterns on
a single crystal wafer of silicon, without applying deleteriously
high pressures or temperatures to-the wafer.

1954-56 BTL Minuteman, Polaris
No. 116 Development of method. for levitation of a f_].oating zone of silicon
(I &XD) This event consists of the invention and development of a
Rudenberg

method -of generating a stable layer of molteu: silicon material
‘between the ends of two short silicon crystals arranged.coaxially,
without having the molten zone in:contact with-a crucible.

1952-53 US Signal Corps Minuteman

C-18
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No. 117
(XD).
Rudenberg

No. 118
- (1&X)
Rudenberg

N
L

fwd

~>

*Development of molecular -electronics amplifiers

This event consists-of the-development of an integrated circuit
based on "molecular electronics, " exploring the capabilities of
germanium and silicon structures and fabrication processes to
produce useful linear or analog functional circuits on one block
of semiconductor material.

1958-61 Westinghouse Minuteman

*Conception and demonstration of "molecular electronic" integrated
circuits ' ' "
This event consisted of the implementation .of so-called molec-
ular electronic concepts by actual functional electronic blocks,

in this case on oscillator controlled in frequency by light or heat,
built entirely on-one piece of semiconductor material.

9

1957-58 ‘Westinghouse Minuteman
3>
G
X\ :
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APPENDIX D

STANDARD ENVIRONMENT QUESTIONS

It should be undexrstood at the outset that the environment in-which an
R&D event was performed cannot be ascertained by means of a questionnaire.
Nor can a standard set of questions be utilized, because the real environment
information comes out only in an informal type of interview during which good
reprort is established.

The-only-use which can be made of a set of questions is simply to re-
mind one of the ground which should be covered. How cne phrases the questions
is quite dependent upon the type of person being intexviewed and-the conditions
surrounding the interview.

In performing technical audits we have found that it is usually more
productive if two ADL people interview a man as this makes it easier-to keep
the questions flowing, and permits our staff members to compare and discuss
‘their reactions subsequent to-the interview.

In analyzing the results of our environment studies it might be of
some interest to look at the answers to groups of questions. There may be a
core of things which are usually found in a successful’ R &:D eavironment.

The following set of questions is not presented.-as being:complete,
but as a starter. A particular effort has been made to word the questioas so
that the answers can be terse. One penalty is that the answers may be redun-
dant (e.g., le, 2f, 3c). Another penalty is that some questions may fail to

apply (e.g., Sc).

1. Timing
a. When did the RXD Event begin and end?

b. Was the Event part of a steady sequence from research,. to-exploraiory
development, to advanced development, to engineering development,

etc., with clear transitions and no gaps. in-time or character of the
work? (If no, explain.)

c. When was the initiation of the weapon system development in which this
RXD Event was utilized?

d. Would:the state of scientific and technical knowledge, instrumentation,
etc., ‘have allowed this work to be done earlier?

Aethur A Little, Inc.
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e. (Cf. 3c) If perception of a military need, mission, or system problem
was a stimulus to this Event, what was the delay (if any) between the ¥
stimulus and the initiation of the Event?

Personnel )

a. Who conceived the idea? Was this the same person who launched the
work?

b. Was formal approval required before work could begin? If so, by whom?
If not, whose acquiescence or informal:-approval was required?

c. What was the administrative delay, if any, .in getting the work started?
Did our correspondents report any earlier proposals to do the same
work?

d. Who worked on'the RXD Event, and what were their backgrounds and
reputations?

e. (Cf. 3d, 3e, and 4h) Was there any professional stimulation froin others
inside or outside the-organization, -in particular, anyone from DOD? If
so, from whom? v

f. (Cf. 3c) If a military need, mission, or system problem motivated
this RXD Event, who-got and sold the initial concept as a response
suitable to the stimulus?

g. (Cf. 3c, le) Did our respondents report any particular dlfticultles in
selling the idea for this application?

Motivation

a. Why and how did the persons responsible for the idea get the idea?
b. Did they have a background of association with DOD activities?

c. Was. the idea entirely separate from any military need; or was it need,
mission, or systems oriented?

d. What degree of urgency (with respect te both-time and importance) was
reported? Was any competition reported? Do our respondents report
the establishment of any formal priorities? If so, who established
them?

e. (Cf. 4g and h) What degree of encouragemert or opposition to this
activity was reported? (Cf. 4g and'h) Did it come from within or-out-
side of the organization?

Qethur D Little, Inic,
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4. Atmosphere (If a group smaller than the whole institution can be identified. ¢

as-the locus.of the Event, answer a, b, e and d for this group also)
a.

b.

What laboratory was involved?

What general reputation did the laboratory enjoy? What were its-strong
and weak points? Had it enjoyed this reputation for some time before
the Event? Did it continue to enjoy this reputation for some time after
the Event?

{
What were its size and age? !

(Cf. 6e) What was its reputation in the particular field of the RXD !
Event? ~ : %

Who was the laboratory director, and what was his reputation. '

(Cf. Ic) Did the laboratory director or anyone else outside the group
play a significant role as intermediary between the idea man or group
and the sponsors or users of the RXD? If so, explaiu.

Was the management of the group authoritarian or adaptive? (See
WM# 16.)

Were the relations between the group and its sponsors. based on con-
sensus-ccllaboration or coercion-compromise? (See WM# 16.)

Do our respondents reportany indications of unusually low or high
morale?

Were -any special circumstances reported which inhibited or helped
this. RXD Event?

5. Financing

a.

Were the-earliest stages of this work funded from government or

non-government funds? Was the-funding from sources designated speci- '
fically for this task, from sources generally set aside for discretion- i
ary.commitment to work of this character (including institutional 1

funding), or diverted from funds ordinarily commited to other work

(including allowable overhead and bootleg)? 4

(Cf. 4g) If any part of the funding required formal approval, how long
was it before this approval- was granted? If there was any delay, was
the work interrupted:-or was it informally supported in-the interim?

. Who-granted the formal approval?

Was there funding by another agency after the initial funding? (Omit if

answered. in 5b.)

D-3
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e. If the ultimate source of the initial funding vas the Defense Department, v
did its source correspond to 6.1, 6.2, 6.3 ....6.77

f. Were any exceptional relationships between the idea people or the
director and the DOD people having authority to spend money reported?

g. (Cf. 6a, 2e) Was any unusual degree of harmony or conflict between
the DOD project officer -and the contracting officer reported? If so,

were any particular problems or benefits reported in consequence of
this?

‘h. What was the cost of the RXD Event?

6. The Idea

a. (Cf. 1b, 3c) Was this RXD Event the logical outgrowth of more basic
work preceding it?

b. Who did this more basic work?
c. Did this. RXD work lead to papers, patenté, or reports?

d. (Cf. 3d and 3e) Were the merits of the idea sufficiently vivid at-an

early stage to attract support -- to attract good people from outside
the "starter' group?

e. In what field of science or technology does this RXD Event fall?

f. How mature was this field of science or technology? What was the re-
lative experience or reputation of the protagonists in-this field? Did
they enjoy a higher reputation or have more experience in another
field?

g. Was this.a field in which the DOD was supporting work? If so, did the
support extend to work aimed at the same mission as this Event?

7. Transition (The purpose of questions under this heading is to try-to find
out how the R¥XD Event came to be used in a weapons system. Often in the past
it has been difficult to. sell the military on the potential value of a finding.)

a. How was the RXD progressed through to a completed development for
use in a weapons system?

b. What were the major problems involved (money, channels, priorities,
competition, etc.)? .

c. Who was the "salesman" for the use of the idea?

d. Who was the military man who had to be scld? Did-this individual keep s
changing?

D-4
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e. Were the military requirements clear?

12
f. Who formulated them and in what sort-of a document (GOR, ADO, RFQ,
etc.)?
8. SORXDM
a. What measures to improve the environment for RXD were suggested by
our respondents?
b. What particular ideas, if any, did our respondents suggest which might
add to the substance-of our report?
D-5
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APPENDIX E

SPECIFIC ENVIRONMENTAL QUESTIONS

A. INTRODUCTION

The following list of questions was formulated during the reduction
of the data, to assist in drawing specific comparisons. These questions were
not put to our respondents, but were answered by our interviewers after inter-
views had been completed. They reflect the judgment of the interviewer, and
may be based on information from several sources.

Because of the small size of the sample and the coarseness of a
forced answer to multiple choice questions, we do not regard any single total
or distribution as significant, However, the qualified statements about trends
and distribution in the Discussion can-be referred to these data if desired.

Each question is accompanied by its code and the frequency of an-

swers, Table E-1 displays all the data in matrix form. Each row represents.

one -RXD Event, each column one question. The rows are randomly scrambled
to protect the confidences of our respondents. Table E -2 shows the frequency

-of answers, as sorted by a computer,

Arthur D Xittle Yne.
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B.

INITIATION OF RESEARCH AND EXPLORATORY DEVELOPMENT

Strategy

Cost Effectiveness (Col. 30)*
At the time this Event was 1072,
initiated, a reasonable estimate 1071,
of its potential value times its 100 .
probability of success would 10'1 .
have exceeded a reasonable pre- 102 .
diction of the cost of the Event lQ3 .
by 10°1, 109, 10!, 102, etc: 104 .
Risk Strategies- (Col. 31)
No strategy of technological False
speculation by DOD is-visible in True
the circumstances surrounding Other
the decision to fund this work:
The following strategy was observed:
Invest in Fields (Col. 71)-
Invest in-fields of research and de- False
‘'velopment characterized by obvious con- True
tinuing interest in weapons technology,. Othe~
and/or a rapid rate of change in-the
state of scientific understanding and
technological exploitation, and/or a
clear current need for improvements:
Invest in Research (Col. 72)
Invest in research-and development False
institutions characterized by a. True
record of accomplishment, and/or -Other
facilities well matched to the work
to be done, and/or access to
university resources, and/or an
objective approach to alternate
solutions, and/or having a director
whose-dynamism inspires-confidence:

vest in Men (Col. 73)
Invest in men of distinguished False
accomplishiment in the field of True ..
interest: Other

Frequency ¢
Code 11 R 52 XD 63 RXD

»
............. 8 - - -
........... .9 1 1 2
............. 0 2 2 4
............. 1 2 28 30
............. 2 6 19 25
. - 2 2
............. 4 - - -
------------- 0 - 33 33
........... ! 8 18 26
............ 2 3 1 4
............. 0 11 35 46

............. 1 - 17 17 .
............ .Q 11 47 58
............. 1 - 5 5

............ 01 49 60- |
............ .1 - 3 3

*The designation Col. 30, etc., refers to the location of the data on the input card and unprocessed

E-2

data printout. It is of no concern to the reader, but is retained as an aid to the authors' verifica-
tion that the data are accurate.
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invest in Evaluation Work (Col. 74)

When the-need-is clear support
evaluation work on all ideas True .v.vvveveennl
which show even remote promise Other

of meeting the need:

Allocate Discretionary Fund (Col. 75)

Allocate some discretionary funds False..... rereas 0
to a large class of research and True ..... R |
development institutions, recogniz- Other

ing that creative ideas occur at

random, that broad awareness of

military-ueeds will promote pro-

ductivity, and that the capability

promptly-to evaluate randomly

occurring ideas is desirable:

Force by W/S Development (Col. 76)

Force-technological progress by False......... ....0
attempting to develop a weapon True ... wereaseeal
system even though advances-in ' Other

a number of areas will be

essential to.success:

Force by Requirements (Col. 77)

Focus research and development
effort by clear statements of True .......... eal
weapon system performance re- Other

-quirements, but let technological

advances pace system develop-
ment effort:

Clear Transition (Col. 19)

Transitions in Stages of Development - False....... wievel0
The changes-in the character of activity
corresponding to the transition R to XD
or XD to AD were not clear (including

‘transitions at-beginning and end-:of

Event):

Progress Irregularity (Col. 12)

This activity derived some essential False........ weasl0
idea, or stimulus, or information from True ..ooouvenens ..
a less basic development activity

(i.e., from AD, ED, OSD, T or E)

Answer F only if all ideas, resgources,

and stimulation resulted-from non-

‘technical:considerations-and from.

previous R-and (in-the case of XD)
previous XD):
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Initiation of an RXD Event

. 6. Three Elements Essential to RXD (Col. 1)

When this RXD Event was initiated, the TrUE v vvvivinvnnas 1 10 49 59
following three were elements present:

an explicitly understood need, goal, or

mission; resources (facilities, money,

materials, men) which could be committed

promptly; a source of ideas (experienced,

imaginative men).

If false, the followiﬁg were missing: Missing need ..... 2 1 3 4

7. Element which Triggered Event (Col. 26)

The element which triggered this Need ........o0uts 1 2 16 18

Event was: Idea ............. 2 6 22 28
Resource Alloca-

15 10 + RPN 3 3 14 17
Other -
8. Trigger Delay Time (Col. 27)

Triggering occurred after the other two Oyears ........... 0 2 19 21

elements had been joined for years: lyear ......ovvh 1 6 5 11 .
2years....eeeennn 2 1 10 11
Jyears........... 3 2 6 8
4dyears........... 4 - 6 6
Syears.....oeunes 5 - 2 2
6years........... 6 - 1 1
7years ..eeveeeens 7 - - -
8years........... 8 - - -
9 or more years....9 -

9. State-of-the-Art Delay in Years (Col. 28)

An adequate scientific and technologi- Oyears........... 0 - 4 4

cal base for this event had existed lyear ............ 1 1 2 3

for __ years before the Event 2years.......o...n 2 4 10 14

was initiated; i.e., this innuvation Jyears......coeunn 3 1 S 6

+ technology which has been around 4years ..oeveeennn 4 - 4 4

for years = Event. Syears........... 5 - 6 6
6byears........-.. 6 1 1 2
7 years ....... eedd 1 - 1
8years........ .. 8 - 4 4
9. or more-years...9 3 16 19 .

E-4
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10. Locus (Col. 6)

.

11.

12.

13.

R~

The initial activity was done at the place

where:

Specific Need (Col. 3)

Two levels of need were recognized,
a general need expressed earlier
and a. more specific need expressed
later, and the RXD Event was
stimulated:

Work Was Started Promptly (Col. 2)

Work was started promptly after need
and idea were brought together:

DOD or Private Fund (Col. 21)

The funds which supported the
initiation of this RXD Event were
ultimately:

. Type of Fund (Col. 22)

The initial stages of work were
funded out of funds:

The idea was
generated......... 1

The need was
expressed ........ 2

At neither place ...0

Where both idea was
generated and need

By the later more
specific need...... 1

By the more general

Other, including no
need or only one
level of need ex-
pressed........... 2

Initial Funding

From the DOD ....l

From private
SOUTCES tvovrens 2

Other .......ovv0s 3

Avaijlable for
discretionary ex-
penditure ......... 1

For the support of
related work, but in
which the particular
RXD Event was not
specified or antic-
ipated ............ 2

E-5

10 47
- 3
1 1
- 1
5 25
- 2
6 25
1 9

10 43
3 38
8 14
- 7
8 28
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14.

Type of Fund (Col. 22) (Cont.)

Borrowed from other
activities .......... 3 1 6 7

Specifically se\ aside
for this activity
(possibly as one of
many) before

initiation .......... 4 - S 5
Specifically approved

for this work after the

idea was generated. .5 2 6 8

(Source of initial
funding deoubtful)....6

15. Local Decision (Col. 55) 3
The decision to give initial financial False.............. 0 2 10 12
support to this work was made locally: True ...ovvivnnnn, 1 9 41 50
Other ............. 2 - 1 1
C. EXECUTION OF RESEARCH AND EXPLORATORY DEVELOPMENT
RXD Flourishes in an Adaptively Organized Group
16. Adaptive Environment (Col. 7)
The local environment in which the RXD False (author)...... o - 1 1
Event was carried out was adaptive True (adapt.) ......1 11 51 62
rather than authoritarian: Neither or NA ...... 2 - - -
17. Adaptiveness was introduced and
sustained in the situation by:
Philosophic commitment to adaptiveness (Col. 43)
A philosophic commitment to adaptivencss Faise.............. 0 - 29 29
on the part of laboratory management; True ....cvvvvvnnns 1 11 23 34
Supergoals (Col. 44)
The influence of goals whose importance False.............. 0 8 40 48
transcended all other considerations; True .......... IR | 3 11 14
Other.......... veed2 - 1 1
A dominant adaptive personality (Col. 45)
A dominant adaptive personality; False.........ov... 0 8 41 49
, True .....ovvvvnees 1 3 11 14
E-6
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Rapid size change (Col. 46)

A rapid growth in the size of the Fals€......vvenen. 0 9 39 48

organization, with enhanced fludity; True ......... | 2 13 15

Mission change (Col. 47)

A change of mission; False............. 0 1r 50 61
True ........0vv0. 1 - 2 2

Organization by tasks or projects (Col. 48)

Laboratory organization by tasks False............. 0 1 30 41

or projects; and/or True ....coovennn. 1 - 22 22

Competition to survive (Col. 49)

A competitive drive which transcended False............. 0 11 41 52

all other considerations.. True ....ooovueen. 1 - Il 1L

The environment was not adaptive (Col. 50) False............. 0 11 51 62
True ..covvvnennns 1 - 1 L

'18. Significance of Competition (Col. 16)

' The desire to show the superiority of False.......couu.. 0 - 3 3
technical approach (or capability) over Tree ..ooevvvnnnn, 1 10 35 45
conventional approaches or those being Other............. 2 1 14 15
worked on elsewhere appeared to con-
tribute positively to success- or effec-
tiveness. (Other if nc competition;

F if competition produced an adverse

% effect): :

119. Adaptive Control Present (Col. 18)

The controls appropriate to-an False............. 0 - 3 3
adaptive system were present, True .......ccvv 1 11 49 60
(If external evidence-is gathered, Other............. 2 - - -
past performance examined, and
purposeful decisions made accord-
ing to values and standards appro-
priate to goals, these constitute
valid adaptive controls.):

20. Within Authoritarian Organization (Col. 8)
The RXD was_done in an adaptive subunit False............. 0 - 3! 1
of a larger basically authoritarian True ............. 1 - 7 7

, organization (c.g., "loosely" super- Cther............. 2 11 44 S5

vised R&D group, a group operating

i "not according to standard-practices, "

¢ etc.) (other = parent organization 77

?‘é not authoritarian): B

Avthur 8. Xittle, ¥ne,
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21. Importance of Commitment (Col. 15)

There is evidence that personal Fals€...oovvvuennn 0 - 5
enthusiasm, dedication, and commit- True coeeeveen., LWl 11 47
ment to-the achievement of goals

were present in those working on

the RXD Event and that it con-

tributed to success or effective-

ness:

22. Adaptive Decreases (Col. 14)

The degree of adaptiveness of this False............. 0 11 22
orgaiization decreased steadily True ...oovvvnnnnn 1 - 21
with time: Other...........u. 2 - 9

RXD Flourishes When the Group Enjoys Consensus-Collaboration
Relations With its Sponsors o

23. Consensps-Collaboration {Col. 10)

The relation-between the group doing True ...oovvnvnen 1 11 38
the RXD and their sponsors (prime con-

tractor if sub, parent organization,

if a separate lab, contracting office

if a DOD-contractor, etc.)was.a

consensus-collaboration. relation:

(If the first statement is False) False........c.... 0 - 3
There was a significant informal True ..... e 2 - 10
communication channel supple- Other.......co0u0e 3 - 1

menting or replacing a direct
channel to the sponsor:

24. The basis of the consensus-collaboration
relationship between sponsors and pro-
tagonists in this case was--~{not mutually

exclusive).
Long-personal association (Col. 37) False.......vo0v.. 0 8 31
. True .....ovevne-.l 3 21
Strong technical insight at both (Col. 38) False,............ 0 3 38
ends of link = _ o True ......... weeal 8§ 14
Attention focused on goals (Col. 39) False......covuven. 0 7 33
B ' True ...ooovvvvnnn 1 4 19

E-8
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25.

26.

27.

28.

29.

A single superpersuasive personality (Col. 41) False

(Col. 42)

Informal Exp. (Col. 4)

The understanding of the need was
passed on informally, rather than
exclusively by-a formal document
(RFP, SOR, etc.)

Spcnsor Conception: {Col. 29)

This Event was not. conceived by its
sponsors and promulgated in an RFP,

‘GOR, etc.:

Promoter-Conceiver Relationship (Col. 34)

The promoter of initial support for
this work was closely identified with
the conceiver(s) ¢f the ideas:

Resistance to Innovation (Col. 11)

Some program for carrying out
this. RXD Event or its substantial
equivalent was turned Jdown, passed
over, ignored, or refused funds, by
DOD at or before the time the Event
was done:

DOD Author (Col. 13)

This RXD Event shows-evidence that the
DOD.acted inthe way expected of:

Other bases absent.0

Other bases pres-

g

oooooooooooo

TrUE vvovevnnieerens 1

(53 4| S 1
Not consensus-
collaboration...... 2
False............. 0
True .....covveee. 1
Other............. 2
False............. 0
True ..ovvvvveven. 1
Other.....ooovnens
False.....ovveunnn 0
True ......cceon.. L
Other............ 2
Fals€...vueeeuunnn. 0
True ...ovvveennn. L
Other............. 2
an adaptive
organization.......0
an_authoritarian
organizztion....... 1
(ambiguous,
equivocal, or not
observed)........ .2
E-9

11 44
- 8
10 39
1 1
- 12
2 2
8 46
1 4
4

3 40
8 8
- 14
11 37
- 1
6 30
2 16
3 6
1 17
2 17
8 18
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43
16

14
48

36
18
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30.

3L.

32.

33.

34.

35.

36.

Laboratories and People

Laboxratory Director (Col. 20)

The reputation of the laboratory
director was:

R&D Reputation of Group (Col. 35)

At the time this work was done, the
organization in which it was done
either already had or was rapidly
developing a reputation as a first-
rate development activity:

Fair, poor, no infor.

Outstanding Contributor Reputation (Col. 33)

No principal contributor to this
Event was professionally distinguished
at the time the Event occurred:

Conceivers Involved in Execution (Col. 51)

Conceivers remained involved in the
execution of this RXD:

Exceptional Personnel (Col. 17)

. The behavior of some creative and

imaginative individual(s) involved

in this RXD Event was seen as outside
the range normal to the organization
("mad scientist, " "odd-ball, " etc.):

State-of-the-Art Change (Col. 32)

The field in which this Event occurred
was not changing rapidly at the time
this Event was initiated:

InterdisciglinarzStimulation (Col. 36)

Interdisciplinary stimulation within
this organization was important in

the conception and execution of the

idea:

or NA .......... 2
Good ......0vvunn 3
Excellent ......... 4
False............ 0
TrUe .vvvvevennens 1
Other............. 2
False............. 0
True€ .vovvvvvnenns 1
Other............. 2
False............. 0
True ...ocoevvunnns 1
Other............. 2
False............. 0
True ..c.ovvevenens 1

Field of Work

False............. 0

True ..coovvivnenns 1

Other............. 2

Ealse ............. 0

TrUC v v ivrvennns 1

Other............. 2
E-10

- 16
- 11
11 25
1 8
10 43
- 1
10 21
i 30
- 1
1 6
10 45
- 1
10 45
1 7
7 36
4 13
- 3
1 22
10 29
- 1

16
11 .
36 |

31
31

23

39
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UTILIZATION OF RESEARCH AND EXPLORATORY DEVELOPMENT

. Delay after Completion (Col. 52)

Adelay of _ years occurred between Oyears........... 0 3 20
the completion of this RXD and its in- lyear ........... 1 1 9
corporation in system development: 2years........nn 2 1 7
dyears......ouen 3 - 7
dyears........... 4 - 3
Syears........... 5 2 2
6vears........... 6. 1 -
7 y€ars ...iivennnn 7 1 3
8 years....... .08 2 -
9 or more years...9 - 1
. Paper Bridge (Col. 53)
Papers, patents and reports were False......oouvten 0 11 18
not an important mechanism.in True ............. 1 - 33
bringing about first utilization Other............. 2 - 1
of the RXD:
. Human Bridge (Col. 54)
The personnel bridge (salesman) False...... e 0 - )
to utilization of this RXD was TIUE ovvnnnnnnn. 111 42
closely identified with either Other........... .2 - 1
the conception or the execution
of this RXD, or both:
. Timing (Col. 23-24)
How many years before (or after) the 3 years after ..... 96 - 1
initiation of system development was 2 years after..... 97 - 2
this RXD Event undertaken: 1 year after...... 98 - 4
0 year after ...... 99 - 4
0 year before..... 00 1 8
I year betore.....0l 1 S
2 years before....02 2 4
3 years before....03 - 7
4 years before....04 1 7
S years before....05 1 4
6 years before....06 - -
7 years before....07 3 1
8 years before....08 1 3
9 years-before....09 - 2
10 years before....10 1 -
11 years before....11 - -
12 years before....12 - -
E-11
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